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1. [XL®HIC

RSB T T AR K AT EEE (ICP-OES) & W ARED A3 HTEIZ DUV T, 2011 ARG TR IEE
DA EEEBOIHTIEY, 2015 FEITHRALEH O AKVEME RS O3 HTIEY , 2016 AEITHCRAREH O 2h F
SEBURIER DAIHTIED , 2017 FEICF Zo D43HTEY, 2018 FEICETEALEL P O<IAME RSy DAHTIED, 2019
R BTN O KA E R D5 HrES, £ LT 2020 4EIIEEF O AR A IR K VAR o4y
BHHED S, 2 FAMIC B s, EEHERRBRIES I ST .

FITARRETIE, T BT TADIEL X BT V=07 NI ATVETED JUlE (—TF L~ oL 2 ARt
R AT Al e\ ND) (RIESIED AU (S-P20s) (LA, SP &) ORIEIZ-DUNT ICP-OES A e /T is
(BLF, RIEEN)) ZBRFEL, H—RBREIC LD Y MR E T o7, IBIZ, BRI S E OfMASICE T2
B PSR 12 A I IESH, ZNETEETLERED LI TR -7 Rk AR 8 AR B2
A LT IR (R ZR I B AR EIR G KL Z A PE T H BN ATREL 2o T2 D, FEERNIE RIS AV IR E
A NEE~OE A IC OV THRF L2 THiE 5.

2. MHEERUAE

1) AR
Table 1 |\Z/RL7ZAEEHZDWTIE, 500 pm D55\ A 1810 T 5 E T TRt L-b 0% 5T HEE L
7o AR FEHERE K OV —ZHEBIZ DWW T, #2MRER% VT 65 °CC 5 B LA EREEEE7-%4, 500 pm D55
WA S5 E TS THfEL7ob 0% AT B E LT, 2o, IEEERGEEHEY)'E FAMIC-B-14 Z
7z.
Table 1 Samples

Kind of fertilizers Number Materials

Chemical fertilizer 13 Ammonia, Ammonia chloride, Ammonia phosphate, Ammonium sulfate, Ammonium nitrate,
Borate fertilizer, By-product magnesium fertilizer, Canola oil, residue, Coated urea fertilizer,
Dried cells, Fermented rice bran, Fishmeal, Lightly baked magnesium, Liquid compound
Superphosphate 5 fertilizer, Magnesium sulfate, Manganese sulfate, Potassium chloride, Potassium sulphate,

Steamed bone powder, Steamed feather meal, Steamed leather powder, Superphosphate,
Triple superphosphate 1 Urea

Mixed fertilizer 4

2) HEZORR

(1) 7K:JIS K 0557 \ZHIET 5 A3 DIK.

(2) 4fE: BT AV ARDCHEE KB HT

(3) TrE=TK: BWETAVAFIIEHEE Bk (NH; 28 % (L E5Y )

VRSIATBOE N MO PEH B L et 2 — R e —
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(4) <X ABE—KFW: &7 AVLFMIEE Ktk

(5) N=T N~ A ABBBERTR . JIS K 8283 IZRIE T2 X A — /KT 173 g Z/KIZIMA THENL, =
F A2 g IS T DT =T KEBEIL 2Bk 2 TN, KZMZT 1000 mL L7z,

(6) Halk: BT AL LTI K58

(7) $HaFe(1423) 0 (6) DIEREOIRFE 1 L/AKDOIKRE 23 LAIRELIZHO.

(8) YUY LFEAERL (Be 1000 mg/L) : & L7 A /L LFEHZK JCSS

(9) ~NUUTLEAERR (Be 100 mg/L) @ ~VUUD AEHERL (Be 1000 mg/L) 10 mL % 100 mL R&7 7 A= (TL
D, FERRETHERE (1423) M2 5.

(10) WAFEHERE (P 10 000 mg/L) : ¥ 7' ~T/VRU»F ICP A

(11) VAFEAERR (P 1000 mg/L) : YAAEUENR (P 10 000 mg/L) 50 mL % 500 mL 2§77 A2|ZE, g
(1423) ZHERETIMZ THRELZ.

(12) WAFREYERL (100 mg/L) : W AAZHERE (P 10 000 mg/L) 5 mL % 500 mL 42577 A=2E0, Hg (1423)
RERETIA TRE L.

(13) MREMAEERK (P 10 mg/L~200 mg/L) : WAAEAER (P 1000 mg/L) 1 mL, 2 mL, 5 mL, 10 mL, 15
mL 820 mL % 100 mL &7 7 ATZED, EHITANYIT LMMEAERK (Be 100 mg/L) 24528 ~7 7 A=(Z 10 mL
FTOMZT%, Wk (1423) ZAERETINZ QRE L. 728, TR EREEROREIX P &L T 10
mg/L, 20 mg/L, 50 mg/L, 100 mg/L, 150 mg/L & T} 200 mg/L THY, ZNZENNIERELL T Be % 10 mg/L &
AT %.

(14) FREHRTAEAER (P 0.5 mg/L~5 mg/L) : VAAEHER (P 100 mg/L)0.5mL, 1 mL, 2 mL %' 5 mL %
100 mL 2877 ALY, SHIZYUD AEHER (Be 100 mg/L) 452877 A2 10 mL Oz 7-%,
i (1423) 2L E TN TRA L. 728, MU R ERAEEROREIL P LT 0.5 mg/L, 1 mg/L, 2
mg/L &' 5 mg/L THY, THENNIERELL T Be % 10 mg/L A7 5.

(15) MR Ef A ZeskBRig . Hife (1423) 2 L7Z.

3) BERUEE

(1) ICP-OES: ®E#H&/ERT ICPE-8100 (B 7 mBLHI LK, v —Fr v v gstes)
(2) Ot EERE BERERT UV-1800

(3) B L% : Retsch ZM-200

(4) U4—#—sXA:Thermo Fisher Scientific FSGPD28

(5) /NI ER

(6) A 6 i

(7) AHk 3 i

4) SWmAE

IIHTREL 2.5 g Z/MUELERIZ AL, K 20mL~25mL Z Mz TV D5 L, O LERERE A 6 FET
250 mL £E 7 T A2 AM LIz, S HIZAKK 20 mL~25 mL Z 12 2 #8(E0 D Al £ TO#RIEE GFE 3
Bl 0 R U721, /DUFLEEN O RNEREY) % K TAHK LI LA, AHED3 200 mL (2725 £ TKTAH
W EDOREIRY & el LTz, ARV BEOREEZ M, FICERE TREML, JehEr (1) & L.
AR ORI G 2 ARk E & HIZHID 250 mL &8 7 7 A 2B LAR, N—T /b~ < X AVRBERIR
100 mL Z/1 2 Tz L, APBHIN D ETIRVIBEEZ. HICEET 7 A% 65°CE2 COKIBHT
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15 Z L IR VIBE RN O L RFRINEA L7z, B0 nIcmEAI L%, BERETKEMZT. A3IFETAH
AREHAIE (1) ROWREHRKR 2) o 5mL % 100 mL 287 7
Z AT AH, U LEAER (Be 100 mg/L) % 10 mL 1%, SHIZHRS (1+5) % 25 mL Nz, EHEETKE
A T=bDZEFEHEIR L, ICP-OES & HW TP OREAE L. 7235, ICP-OES IZLHE #IE, P1%178.287
nm, Be |% 234.861 nm O FAZDWTHHTL, P IRELIERIED I P/Be & AWV TR EMAERL, 3O
P DR EZRYD, HURIREL 2.2914 2T U THNTFUEH P OV AREE (P,0s) IR EEZ R 7=, Scheme 1 [ZARIED 71

wL, AkhaE (2) & L%,

—y =Rl

| 2.5 g analytical sample | Weight the order of 1 mg to a small mortar

Repeat 3 times

< About 20 mL-25 mL water

Grind

Supernatant filtration | Type 6 filter paper, 250 mL-volumetric flask

< Residue >

Transfer | Transfer residue to a filter paper

< Residue >

< Washing with water, until filtrate reaches about 200 mL
< Filtrate >

<A few drops of nitric acid

—Water (up to the marked line)

| Sample solution (1) |

Transfer | Together with the filter paper, 250 mL-volumetric flask

<100 mL of peterman citric acid

|  Shakingtomix | Stopple and shake to mix until a filter paper breaks down
| Heating | At 65 C £2 °C for 1 hour while shaking to mix every 15 minutes
| Cooling | Immediately

—Water (up to the marked line)

Filtration | Type 3 filter paper

| Sample solution (2) |

Sample solution (1) and
(2) each 5mL

100 mL-volumetric flask

<—HCI (1+5) 25mL
<Be standard solusion (100 mg/L) 10 mL
—Water (up to the marked line)

ICP-

OES |

Scheme 1 Flow sheet for citrate-soluble phosphoric acid in fertilizers by ICP-OES
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3. HMRRUER

1) REROERKE

P OIRFEN 0.5 mg/L, 1 mg/L, 2 mg/L, 5 mg/L, 10 mg/L, 20 mg/L, 50 mg/L, 100 mg/L, 150 mg/L }% T} 200
mg/L DR B IR ICP-OES T7U 4 A2 2 RIIEL, P ORELIERED I P/Be IZ LA B % Fig.
1 DEBVIER LT, PERRE () 53 0.999 LI ETHY, B D 95 %lE K I 3 & Fh k.

0.25

y =0.001x + 0.0005
1?2 =1.000

o o o
— bt (3]
o " o

o
o
W

Ratio of indicated value (P/Be)

0.00
0 50 100 150 200

Concentration of P (mg/L)

Fig. 1 Calibration curve of P

2) HREOE

(1) R SRREAE HER) B 2 PV N B FE DR AT

RIEOERE %rpﬂﬁﬁﬁ“ét&) NEREEREAR EME FAMIC-B-14 % 3 miffTIZE0 L7z, #5253 1T Table 2
DEFY, SEAMEILFRREE I3 2 E R OFFH N THY, HEM%aﬁ%’ﬁ%ﬁW@% A ITRENTODEED
B A 72 LT,

Table 2 The estimation of trueness using certified reference materials

Certified 2) . Warning limit for the certified
. Mean Certified value
Ingredients reference % ( on) 9% (Mass fraction) value
material % {Mass fraction ° % (Mass fraction)
SP FAMIC-B-14 9.23 9.18 9.01 ~ 9.36

a) Mean value (n=3)

(2) ZYPED RSN FRBRIE L O LT LD FLE ORI

Table 1 _rw:aiwr ZOWNWT, RIELIEEHERBE IS TWD NN T REV T T U7 = LK
SEICEEIRIZ I T E AT, 51:72&%5 2 DOHFHEICE D HTEOHBIIXZERL T, AiEOEEZ ML
*aﬁaﬂimg 2 DERY. &b, EAROBIE, B 7 R OFBIRE AR L, SO T X AR LTS
3, BT B OB R EIE 0.99 uhﬁwlﬁl JREBROBED 95 %IEHEXHENIC 1 3EEN, YA D 95 %IEHH
XIZ 0 235 E CTRVIERHERBRIEN B E A [ORSIVTWAEED HAEA7-L Tz,
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Fig. 2 Comparison of the measurements in between two methods

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

3) BHHEEHFEAVIEERESEHA~DER

Rk AR E AR E IR A EEHZ O W TO T A JTICRFE Iy BA R R THIEN AR THHI L
DD, AIEDERIEENSE AR EIRA IEEHCE 15 SP O T ~O F 28 sl REN KRt UT-. Rk AL 2%
AVFEERA L THSAHEIRIZEO AR AR A ZIRA Ui REEL e, N—2HEImIZIE Y AR A K
B ZEA L BEE 2 W TREIL-. 2ok, SRBLECEIO B OIR G HI G K OV Bl 1% Table 3 &
U Table 4 LBV THY, JFEH KL OFH RO AT ITARIEIC IV EREL7-.

BB AHEIR LB AR IR A ZIRE LT-FHREUEHZ DU TIE Table 3 D&Y, SP DFEFHED 5.34%
(E &) ISR U TOMT T 5.16 % (E &5 3R), BRI 97 % Tholo. N—rHE RS AR A K B
ZIRAULFRGEHZ W T Table 4 OEEY, SP OF%FHED 3.12 % (E £y R) I L TONHEE
311 % (E&ES#), BUERIT 100 % Tho7o. WTAOFREEHT BV TH o L TR BAL IR,
FERERBRIEM R & A CTEDOLNTWOEED HEFEATT-L QW . LIE3> T, ZNLDJREHEIR G LT
LG ThoTh, RIEN+H07eMiEE2 AL QLI EDN RSN

Table 3 Analysis result of fertilizer prepared by mixing cow dung compost and superphosphate

Raw material analysis

Materials Raw material Blending ratio value X Blending ratio
analysis value (%) a)
(%)
Cow dung compost ~ 3.83 +0.16 ” 90 3.45
Superphosphate A 189+0.12 10 1.89
Desing value of adjustment sample 5.34
Analysis value of adjustment sample 516+ 022
Recovery rate 97 %

a) Mass fraction
b) Mean(n=3) + Standard Deviation
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Table 4 Analysis result of fertilizer prepared by mixing composted bark and superphosphate

Raw material analysis

Materials Raw material Blending ratio value X Blending ratio
analysis value (%) 2)
(%)
Composted bark 1.31+0.01” 90 1.18
Superphosphate B 194+0.6"° 10 1.94
Desing value of adjustment sample 3.12
Analysis value of adjustment sample 3.11+003?
Recovery rate 100 %

a) Mass fraction
b) Mean(n=3) + Standard Deviation

4) BHTRERU MR EOFE

ARIEDOPHTHEE I O G EE AR 95720, (LRAEEL A, 18D VB A K e OMLRAEE B & 2 ST T
HAZZE 2T 5 [FTa T o724 R0 Table 5 OLFY. IH1T, —ILEE T 21T > TRRONT M TS
K OV RS EE A SR DT fE R IE Table 6 O&38Y. GHTHXARMER 2L 0.7 %~1.9 %, AR 221X
0.8 %~2.0 % THhY, EEHEREBRIEM BT A ITRSNTODREED HZLL N ThorzZinb, RiEIT 572
FEAZAL TWDI MRS,

Table 5 Individual result of repetition test of changing the date

for the precision confirmation (% (Mass fraction) )

Testday  Compound fertilizer A Superphosphate Compound fertilizer B

1 5.30 5.47 18.85 18.78 53.18 53.97
2 5.48 5.44 19.45 18.68 53.00 53.44
3 5.42 5.36 19.24 19.33 53.67 54.31
4 5.53 5.51 18.96 18.14 53.30 53.23
5 5.44 5.39 18.90 19.16 53.57 53.20

Table 6 Statistical analysis result of repeatability test

Repeatability precision Intermediate precision
Sample Mean"” se RSD:”  CRSD:" sim’” RSDin"  CRSDim*
e e S N OB v S N

Compound fertilizer A 5.43 0.06 1.2 2 0.07 1.3 3.5
Superphosphate 18.95 0.37 1.9 1.5 0.38 2.0 2.5
Compound fertilizer B 53.49 0.37 0.7 1 0.41 0.8 2

a) Total mean (test-days(5) X parallel analysis(2)) e) Intermediate standard deviation

b) Repeatability standard deviation f) Intermediate relative standard deviation

¢) Repeatability relative standard deviation g) Criteria of Intermediate precision(Intermediate

d) Criteria of Repeatability precision(Repeatability relative trlative standard deviation)

standard deviation)
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5) EETRFOER

P DL 0.5 mg/L, 1 mg/L, 2 mg/L X 5 mg/L DR s R #E# % ICP-OES THIEL TR L 7=k &
BE MW TER FIRE O FRRAHEE L7z, B mft 5% 22 O MER 2 XX EUR EHRNOHEE LT R E
BT DY 7V OIEHE(R 7= SR B OB E 2 O CE B R IR M O H T IRZHEE L2k 5, 0.02 % (B &
45ER) TR 0.01 % CE B4y 3R) Fe i SHEE SN, 2, IEBIOAERE TEDLN TWEEA T &1
D/ NETHDFBER 2% A IEEND 0.1 % (B &%) 1IZxL T 1/5 BREDRE Th-o7z.

4. F&H

ICP-OES % FAV =B 1 D AT ERMED AUBR DT I DWW T —RBR RIS LD 2 Y AR L2 E 25, K
DFERAEFFT-.

1) PIREEDY 0.5 mg/L~200 mg/L DI TRt A 1ERL LIRS R, EFREL () 23 0.999 LLETHY, G154
D 95 YAZ T X N RENE EFNTNDI LA R LTZ.

2) BEJEZFT D720, IR UEYE FAMIC-B-14 Z /54T U7-# 5, IERME R BRIEMHE & A IORS
NTWDEED BAEATT-L T, Fo, U EPHERSNERBRIE CHHLNTREVT T U@ T =T A
W EEE DRI EME L ELE LT R, RS ORBRIE THOZ LA MR L.

3) FRERIEEME AR EIR A ERH AR E L7 R EUR 2 BT T Lol Ik, Al e AR 3R B D%
FHE D EICRI TR R S R BR G E E A TEDLN TS EE D A2l Tz,

4) DHTREEE R OV RS EE OHEEZAT o7 R, PHMTHRMERERZEIL 0.7 %~1.9 %, TR E R 2
130.8%~2.0 % THY, IEEHEFRBIEHEE A RSN TWDKEED BLLU T ThoTe.

5) BMEHREAOTCERE FIREOBH FIREHEE LIREE, 0.02 % (B ESR) LY 0.01 % (E &) 2
ELEZ LT

YL EDZ NS, AIEITNEE P O FEEMED ABZRIE T 272018, 072 E A L TV ZED RS
7.

X m|

1) EEER, FHEEL, BHE, BT GRIEE T OARIV A, ), =L, Zab, §i kO O[F
REHIE —ICP Ity embrikiE o H —, IEHFZtEIE, 4, 30~35(2011)

2) HILAESTICP FH53 565341 (ICP-OES) VA Z XD WK AR 1 D K 2 5l oy DI E, AREHFZEHA, 8,
1~8(2015)

3) H LA ICP FH 55504 (ICP-OES) VEIZ K DICIR AR %) R BUREEM ORI E, JEEHIFZE @R,
9, 1~9(2016)

4) HIWLEIICP A I HEICL DT Z o ORE, IEEFZEEHE, 10, 29~40(2017)

5) RRRAE & ICP FE657 653 H (ICP-OES) VI KD E TR < st sy OWE, IEEHIFZEERE, 11,
14~28(2018)

6) MAMLIR ICP FEIE53 50T (ICP-OES) A KD E ALK th KA VE oy DIE, MEEHITFEHR S, 12,
28~51(2019)

7) FRAHKL SR ICP-OES {EIZ KD IEHH D IEAE M A K B OVRIME S Lol EIE OB %, IEEHFZEHR S, 13, 1
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~35(2020)

8) FMSZATBUE NRMOKPETE E 2 2 i 2 — (FAMIC) : IERF 3R % (2021)

< http://www.famic.go.jp/ffis/fert/obj/shikenho_2021.pdf >

9) NEEtOGEOMEREICEIT DR, W25 45 H 1 A, B/ 127 7%, BoRduESocdE 12 A 4 |, &
627
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Development of Determination Method of Citrate-soluble Phosphoric Acid
in Fertilizers by ICP-OES

AOYAMA Keisuke'
"Food and Agricultural Materials Inspection Center (FAMIC), Kobe Regional Center

Regarding the analysis method of citrate-soluble phosphoric acid (S-P2Os) using ICP-OES, the performance
of the analysis method by a single laboratory was confirmed.

Water was added to the analysis sample for extraction, then Peterman citrate solution was added for extraction,
then equal amounts of each extract were mixed, and Be was added as an internal standard to analyze the sample
solution using ICP-OES.

The analytical values obtained of this method were equivalent to Ammonium Vanadomolybdate Absorption
Photometry listed in Testing Methods for Fertilizers.

The authenticity of this analysis method was confirmed using a fertilizer in which cow dung compost was
mixed with superphosphate and a fertilizer in which bark compost was mixed with superphosphate. By the way,
these fertilizers can be newly produced from December 2019. As a result of analyzing these fertilizers, the SP
recovery rates were 97 % and 100 %, and it was possible to apply this analysis method to fertilizers produced
by mixing these raw materials.

The repeatability standard deviation and intermediate relative standard deviation were calculated by analyzing

the parallel analysis for 5 days, and the results were 0.7 % —1.9 % and 0.8 % —2.0 %. The lower limit of

quantification was estimated to be about 0.02 % ( mass fraction).
Key words  Fertilizer, citrate-soluble phosphoric acid, ICP-MS

(Research Report of Fertilizer, 15, 24-32, 2022)
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