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B4 50 2L (Table 1). K ENZOIEEHE, IEEHERERYE 2.3.1 12660 65 CT 5 RFLL_EO T
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Table 1 List of selected fertilizers and abbreviations

Type of fertilizers No. Main materials Abbreviation
Microbe phosphate 1 Industrial sludge — MF-1
fertilizer 2 Industrial sludge — MF-2
1 Industrial sludge Animal and plant origin SF-1
2 Industrial sludge Animal and plant origin SF-2
3 Sewage sludge Plant origin SF-3
4 Sewage sludge Animal and plant origin SF-4
5 Sewage sludge Human waste sludge SF-5
Sludge fertilizer
6 Industrial sludge Plant origin SF-6
7 Sewage sludge — SF-7
8 Human waste sludge — SF-8
9 Sewage sludge — SF-9
10 Human waste sludge Industrial sludge SF-10
1 Single superphosphate”  Ammonium phosphate” CF-1
Chemical fertilizer ? Ammonium phosphatea) B 2
3 Ammonium phosphate” — CF-3
4 Single superphosphate” — CF-4

a) Main material supplying phosphoric acid

(2) FRELAEE

B ORI, HIEIEE AL NE B IR A L7 RIEEL 20 M4 V72 (Table 2) . K5 OREAf M OVE &
FRR R T BROHEE 21X, Table 1 FOFEIDIED, BEIRD AURRIEEE (MF-2) & QbR NEEF AL L 7o kS 2R
A LT RAER 2 V= (Table 3) . AEEFR OASEIZ 3 X THBAZ 500 pm D550 il 5 F Tt LA
et CIIREL, IRA LIb DT R LTz
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Table 2 Proportion of prepared fertilizers
Sample Sludge Preparation Chemical Preparation

No. fertilizer  ratio (%)a) fertilizer ratio (%)a)

1 SF-8 0 CF-1 100

2 SF-8 25 CF-1 75

3 SF-8 50 CF-1 50

4 SF-8 75 CF-1 25

5 SF-8 100 CF-1 0

6 SF-9 0 CF-3 100

7 SF-9 25 CF-3 75

8 SF-9 50 CF-3 50

9 SF-9 75 CF-3 25

10 SF-9 100 CF-3 0

11 SF-10 0 CF-2 100

12 SF-10 25 CF-2 75

13 SF-10 50 CF-2 50

14 SF-10 75 CF-2 25

15 SF-10 100 CF-2 0

16 SF-4 0 CF-4 100

17 SF-4 25 CF-4 75

18 SF-4 50 CF-4 50

19 SF-4 75 CF-4 25

20 SF-4 100 CF-4 0

a) Mass Fraction (%)

Table 3 Design of samples used to verification of precision, estimation of LOQ ¥ and LOD"”
Preparation ratio (%)"
Design
Sample No. Ammonium Potassium Potassium oo neentration of
MF-2 sulfate dihydrogenphosphate sulfate CiabbaOn, W-P (%)
(NH4)2S0s KH2POs K2S04
21 95.00 2.50 1.94 0.50 0.06 1.20
22 75.00 12.50 9.68 2.50 0.32 5.18

a) Estimated lower limit of quantification
b) Estimated lower limit of detection
¢) Mass Fraction (%)

d) Water-soluble phosphoric acid

e) Calculation based on W-P concentration of MF-2 (0.20 %) and the theoretical value (51.90 %) of KH,PO4

(99.5 % as purity of reagent)
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2) BEF

(1) 7k: JISK 0557 \ZHLET 2 A3 DK

(2) RNFDU(VEETE=T L JIS K 8747 HrflitE (B LF)

(3) BERVTFUEATE=U LMK : JISK 8905 Hflkilk (PRl « B+ A /L AFEHiEK (50 &
JIED )

(4) <z ABR—/KF¥: JIS K 8283 H5ikakdk (B di{L)

(5) <AAPBIEIR(2 %) : (4) D AFE—/KFni) 20 g Z/KIZEEALT 1000 mL &L7-.

(6) Hilk: &J@otrH (BRI L)

(7) MEle: FEESITH (B L7V LF0EHEE)

(8) Ml (Vi+Va): (7) DHEIEDIERR Vi LAKDIERE Vo EERELIZHO

(9) flE: 4@ (BE L)

(10) fiHMfE: JISK 8541 FeikakdE (HNOs 60 % (H &), R LT B L7 AL LFEAIEE (50 FE) )
(11) FiEg7 =7 JISK 8960 Hifkakk (BHAL2)

(12) YABE —KFEHVT L JTISK 9007 Hifkakdk (B L)

(13) HiEEHUT L JIS K 8962 Frflkadk (BIH L)

(14) AZm—=A: JISK 8383 Hifkak3k (BI s L=:)

(15) ¥EMEIR: Z v G-60 (& L7 AV AR EHiER)

(16) VEMER: TEMEIRFE, ¥R (B L7 AL L2FEHi)

(17) 7rE=7/K: JISK 8085 Hrfkit#k (NH; 28 % (E E/r3#), B L7 A/ AFnehlisk)

(18) 7= /—/L7XLAr: JISK 8799 IRk (& L7 A /L LR EHiZE)

(19) WAAEHERE (P 1000 pg/mL) : JCSS (& L7 A /L AFEis)

(20) AAZHER (Au 1000 mg/L) : JCSS (& L7 A /L AR EHiEE)

(21) WEEYEHSAEYER (Au 50 mg/L) : (20) DEFEHERR 5 mL Z 100 mL 277 A3|280, B E T
i (1423) N7z,

3) HEERUFE

(1) RSN R BEERERT UV-1800

(2) M LA Retsch ZM-200

(3) ICP Z&H43 e /rhrdsiE: SEBERT ICPE-9820 (R 7 i@l i =, ~ /L F A7)
(4) ETEEXEHERR 0 RERE . w9 S RIERT

(5) tHIR_E TFisfE ARV IR : ADVANTEC THMO62FB + ADVANTEC 44

4) WA

FEITNEAHERBRIE I 572, C-P O HTITNEE ERERIE 4.23.a NFREIT T UBT UE=T L
WeSEYEEE 1 (LATF, TR 180D, ) 3T 4.2.3.d ICP 603 e #r ik (LLF, TICP-OES %1 &0M). )
ZHEVY, W-P D43 A IR 3R L 4.2.4.a WO 1E T 4.2.4.d ICP-OES &I ~T-. £ 7 1ED
7 —X % T2~ 7 (Scheme 1~ Scheme 3) . 7233, ICP-OES (£ B EDO 7 o — XX, W EELE
ML THHDEME L=, £7=, ICP-OES 1k TR EHA R OBl B IE X E i &S IcE &L,

WS BE IR IS BT AR BHE IR O i B BB I W AIE M IR D72 31T, 100 mL &7 7 A3 IIE M
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JR % N Z T % 0D i i IR ] 2 [ IRg L2 6 L 72 BB IR D e R D FE RE R & U, 2 I3 RUBHA IR & R AR 1238
& O E BRAIEZ4T V), TEMEIR SR DOV AN E BB IR B LW L2 TR L=,

ICP-OES JEIZDWTC, IERHEEFRBRIED 4.2.3.d X DV 4.2.4.d IZPHESILTODHE (BLF, T i &
BB ISV TNz, BRI EWNEREORR RMEO L CE BT 5515 (LT, TR L)) THIE
AT Tz, WAEHEVE X, JE IR K OCNEEEIRZZ i 9:1 OFIA T ICP FM i@ E A
L, Table 4 O E OIEREAME LTz, ICP FIE3 NN EEE DRI E S 1% Table 4 D &Y. it ik
AR E SUIWAR EE IS RO LT D BTl Bt R OV A (P) IR EEZ KD, LT O IR
H OV /UEE (P20s) I FEZH H LT C-P LT W-P &R 7.

IHTREHR DY AR (P0s) R EE (% (57 5R) ) = A alBh ov A (P) R EE (% (&5 5R) ) x2.292

Note Short name used in the following schemes, tables and figures.
C-P: Citric acid-soluble phosphoric acid
W-P: Water-soluble phosphoric acid
Absorptiometric analysis: Ammonium vanadomolybdate absorptiometric analysis
ICP-OES: ICP Optical Emission Spectrometry

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

<150 mL of citric acid solution [about 30 °C]

Constant-temperature vertical rotating shaker

Shaking to mix (30 - 40 revolutions/min), at 30 °C + 1 °C, for 1 hour

Cooling Immediately (ex. In water)

<—Water (up to the marked line)

Filtration Type 3 filter paper

Sample solution (1)

Scheme 1-1 Flow sheet for C-P in fertilizers by absorptiometric analysis and ICP-OES
(Extraction procedure)
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If sample solution (1) is colored, perform

Sample solution (1) the following operation

Aliquot

) Transfer to a 100-mL volumetric flask
(predetermined volume)

<A few drops of hydrochloric acid (1+1)

«<—No more than 0.1 g activated carbon

Leaving at rest For about 30 minutes

< Water (up to the marked line)

Filtration Type 3 filter paper

Sample solution (2)

Scheme 1-2 Flow sheet for C-P in fertilizers by absorptiometric analysis
(Decolorization procedure)

Sample solution (1) or (2)

Aliquot

. Transfer to a 100-mL volumetric flask
(predetermined volume)

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

< 4 mL of nitric acid (1+1)

Heating Boiling

Cooling

< A proper amount of water
< 20 mL of coloring reagent solution

< Water (up to the marked line)

Leaving at rest For about 30 minutes

Measurement Spectrophotometer (420 nm)

Scheme 1-3 Flow sheet for C-P in fertilizers by absorptiometric analysis

(Coloring and measurement procedure)
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2.5 g analytical sample Weigh to the order of 1 mg into a 250-mL volumetric flask
<—Water, about 200 mL

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

<—Water (up to the marked line)

Filtration Type 3 filter paper

Sample solution (1)

Scheme 2-1 Flow sheet for W-P in fertilizers by absorptiometric analysis and ICP-OES

(Extraction procedure)

If sample solution (1) is colored, perform

Sample solution (1
P N M the following operation

Aliquot

. Transfer to a 100-mL volumetric flask
(predetermined volume)

<A few drops of hydrochloric acid (1+1)

<No more than 0.1 g activated carbon

Leaving at rest For about 30 minutes

< Water (up to the marked line)

Filtration Type 3 filter paper

Sample solution (2)

Scheme 2-2 Flow sheet of W-P by absorptiometric analysis
(Decolorization procedure)
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Sample solution (1) or (2)

Aliquot

. Transfer to a 100-mL volumetric flask
(predetermined volume)

< 4 mL of nitric acid (1+1)

Heating Boiling

Cooling

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

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

< A proper amount of water

< 20 mL of coloring reagent solution

< Water (up to the marked line)

Leaving at rest For about 30 minutes

Measurement Spectrophotometer (420nm)

Scheme 2-3 Flow sheet for W-P in fertilizers by absorptiometric analysis

(Coloring and measurement procedure)

Sample solution (1)

Aliquot

. Transfer to a 100-mL volumetric flask
(predetermined volume)

< 25 mL of Hydrochloric acid (1+5)

< Water (up to the marked line)

Measurement ICP Optical Emission Spectrometer

Scheme 3 Flow sheet for C-P and W-P i fertilizers by ICP-OES
(Measurement procedure)
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Table 4 Measuring condition of ICP-OES
P 178.287 (I)"

Wavelengtha) (nm) 2
Au 242.795 (1)

High frequency output (kW) 1.2

Plasma gas (L/min) 14

Auxiliary gas (L/min) 1.2

Carrier gas (L/min) 0.7

Observation direction Axial and Radial

Observation height Low position

a) I: Atomic beam

5) BREAE
(1) JBd €25 U i PR P D A &t

WS IEIC B WO TRBHATR ICE D LB IR EO EE2Z 52 E0NHH20, FAEICITS1 5720
IR EADONENRGHD . FENERITHELZ LRI THAIE, IEEREZ AWV TIHRE T 28 ENIERZER
BRIZICRE SN TWD. LL, — oG LB Chlt i L7 3UBHE R O & A3 <, 0.5 RFRRTFR EE o fik
B IR ] CIE I 3 R 4 7R 3B 23 HE R S U7, 0.5 1 R oD e (8 5 R O 68 28 AR 1 43 2 BB IR L2 oW
T, HE R Z — BRI R T 58, BAantEs, EIIOE < enmR I,

ZZT, BB E R M2 F L. 4 B O Clieh & B ORI TG IR IEEL SF-2
OFRBHAW 25 mL % 100 mL &2 & 77 A2(2d), SR BRIE IS, Bl (1+1) Zi 2z Tkl
L, IGPERR 0.1 g Mz 7=, IRERMOARZEEL, 0 FERT, 0.5 BT, 1 BRI, 2 WER, 3 WERd, 4 FERT,
5 REFA] B O 20 IR & L7, 45 Wi (AL B BUBHR I & 2 D 1% DFRBR B AE I K> TR, I L 7=,

B Hi i R R D B £, A B RS I O T B B LZ ST, A USSR (B2 i) 268 T L, Ak 3k
ECIER S COD S G PE SRR SN0 HT i b D ICP-OES 1 (fftseh i AR 15, BT 1) > Y Co#E
LR L.

(2) EEOAM

ZYPEDERR S TS ICP-OES i (e @ fpiss, A5 M) LK EEEIZ DUV T, Table 2 (2R LT
RINEEE 20 MOHTEFERL, FFEO 2 TFIEO P EDOHEBKZER L. [FIREMROEEE (b), 817 (a)
B OFRBIR SR (r) 2 H L, BICTRIK AR T

(3)  DFFTHEEE B OS HTHE BE DR Aif

R0 AR BB 2 F5 1T B MR BE TR O OFAT R FE Je OV THDRS JEE 2R A9~ 5 728D, C-P IS DWW TR
RO ABEEE ME-2 J2 OB TRAEEL SF-5 %, W-P IO\ TR AR No.21, No.22 & U5 IR IR KL SE-
4 %, HRE 2 ROMTTHZZEATS BT -7,

(4) E8TRE OB H T IROHEE
RO AVBRAEEHO 2N E RIS T, C-P, W-P ZRGERR ST & 056, I/hEELT 1 % (HEDH) U ELE
DHNTNDHIEDD, ERTRD 1 % (EHEDR) LT THLILEMRTLUENDHY, Tha BT &
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PRI O HH FIROHEEEFT 72, C-P IXEARD ABRINE MF-2 Z, W-P [ZFH8ANE} No.21 %, & 7 S 0T
THMT L. IERFERBRIEH R E AY O FIEIZEW, H5N 70 EO I TIEEER 212 10 2/ U CE
& FIR%, 2xt(n-1, 0.05) ZF U TR FIRZH H L7,

(5) ICP-OES ik D iE &7 ¥kl OGBLIJT 17 Ot
JE kAR BR A N # S TUVD C-P J OV W-P @ ICP-OES &I THe i B EA R S COA 23, 2022 48
(CHRET SN2 AUBR A D) R ONAIIRIED AUBRT O ICP-OES 15 Tldkk 2 72 T A IE 95 B B CIAZHEED R
HASNTWS. - T, C-P KLY W-P ([ZOWTHIRHEEA W E BT EA I L., WAEHED R E (2D
W, VAR A B OVRTVE Y ABE O ICP-OES 15Tk Be VA WDHILTWAA, Be O@mMEEEEL, KA
RFTTIE Au &2 e, I T, @7 i USRI DIREZTT, BLRIT MO EA R LT
(a) HEAROEMME
P O 0 mg/L, 5 mg/L, 10 mg/L, 20 mg/L, 40 mg/L, 60 mg/L, 80 mg/L & T* 100 mg/L D &
AR A E LT, WEEEDORIEICOWTE 248080, Mkl EREIT P OEEICHT5 P OR
fil, PWAEHEVEIL P OIREEIZKR T 2 R ME D H (P/Aw) ICX D B AR LTz
(b) EEDOFHIM
Table 2 OFRBALEL 20 A& VT, #schig ERE BT ) O RS, & &5 1 T8I G M2 28 2
T2 E Stk DA FE O 3 M O B ZE R L, 2.5)(2) LR CFINE CH B Z7Rf L 7=,

3. HRRUBE

1) BesE-REREORE

WE S FE 1 TR R AU B B ONBTRAEELD W-P 20T Li=L 25, sEHNAR O BB ED fiE iR 2
0.5 FEIELCTEMLIZ7210 TlE, BRPERLIEEINH-T-.

ZDHIBLIGIEAREF SF-2 IOV T ICP-OES 1£&, TEMER 5 A D s R 228 5 L7 e FEEE D 43 BT il
7 HEHR U726 % Table 5 127”797, ICP-OES £ TOHTEE 100 %& L, WOt EIED MERHZ LB &4
K7z, ZOFER, W-P [THLE RIS 5 B ETiX ICP-OES EDO S LOGWIE L E D ST A &L,
FE R 2S 20 REE CROEIEEE 1S ICP-OES IED T ENIZFRI U&7 o7, C-P TILALERHH 0 FefH, 0.5
IF OWE L EE VLS ICP-OES 5L DI HHEICZIRIE LA L2, BOOFEIT DR NEE 2 BT, W-P /0HT
1% C-P AT CGREHA BT 03B BB OB DN KR EW 0 S G0N EL, FUERI2S 5 BRI R
DI EARR a7l bbdoE 2 bz,

W-P IZDWVT, BEIRD A REREEL QNG URAEEFET 8 sia FIVNT, ICP-OES 14 M UM 20 IR W FE VA
THMTEAT o7 (Table 6) . 2 HIEDHHTEIZDOWT, -FE (— X OEARIZED ) ORME, AEAMES %)%
FEf LT A5 B, A B TR B -T2 (1(8)=-0.40, p=0.70) . Ht- T, WIEIEREHEZIBIRIEE K OFE R A
FEAE BN A DR, BUBHAIR O BTG ME R A 3286 O R ERERHIE, 0.5 FERCRLEANR+43 7085
B 20 FEfiIET 52 ELT.
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Table 5 Measurement value by extension contact time using activated carbon with sample solution

Absorptiometric analysis (A) ICP-OES
Decolorization time (hours) 0 0.5 1 2 3 4 5 20 B)
C-P (%)” 242 238 239 238 240 239 238 235 2.28
(A)(B) (%)” 106 104 105 104 105 105 104 103 100
W-P (%)" 072 063 063 060 061 060 060  0.54 0.53
(A)(B) (%)” 135 119 118 114 116 113 113 103 100

a) Mass Fraction

b) The percentage of absorptiometric analysis measurement value when the ICP-OES measurement value is set to 100

Table 6 Comparison between measurement value of absorptiometric analysis (with or without
decolorization) and ICP-OES with W-P sample solution

Absorptiometric analysis (%)a)

Sample Without With ICP-OES (%)
decolourization decolourization”
SF-1 0.59 0.40 0.38
SF-2 1.55 0.63 0.58
SF-3 2.14 1.85 1.81
SF-4 1.01 0.42 0.38
SF-6 - 1.39 1.43
SF-7 0.57 0.45 0.47
MF-1 1.75 0.18 0.24
MF-2 0.27 0.22 0.31

a) Mass Fraction
b) Decolourization time: 20 hours

2) EEDOFFE

C-P KON W-P IZ8WVC, x il ICP-OES 1% (it sl #571) O HriE%, y SRt EED 5y
Witz 7 vy ST A B & ONEDRE AR Figure 1 1RUTZ. £72, YR EMROMEE K O O 95 %[5 HE X
CFARAREA Table 7 (TR LT, ZOFER, IEBFERBIEME S A OEEFMOHELE S (BlR EAROMEE
D 95 WIEFXENC 1 23 FEi, IR D 95 %IEHE X I 0 235 41, MHBREDS 0.99 UL ETHDHIE) Al
L, 2 FIEM THEZEDROOHT RSO
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— R EIZ LD Y M — 21
5 - , 100
150 C-P W-P
N~ Al N
=8 0 F R
g g 10.0 g _%
£ 89 50 ¢
58 &
=R £ 2
é E\i 50 r § °\o
2 < ;
»=1.009x + 0.008 ¥ »=1.003x+0.013
0.0 ) . ‘ 00 & . . . . )
0.0 5.0 10.0 15.0 0.0 2.0 4.0 6.0 8.0 10.0
ICP-OES absolute calibration curve (Radial) ICP-OES absolute calibration curve (Radial)
(% (Mass fraction)) (% (Mass fraction))

Figure 1 Comparison of measurement value of W-P and C-P by absorptiometric analysis and by ICP-OES

Bold line: regression line, Dashed line: 95% confidence interval of regression line, thin line: y=x

Table 7 95 % confidence interval and correlation coefficient of the regression line of
measurement value between absorptiometric analysis and ICP-OES

95 % confidence interval Correlation
Component — :
Inclination (b ) Intercept (a) coefficient (r)
C-P 0982 - 1.035 -0.207 - 0.224 0.999
W-P 0.993 - 1.013 -0.030 - 0.056 1.000

3) BHTHERUTRMBEEDTE

WG L TR B 2 MOMT THZZL AT 5 BT 21T o7 2R % Table 8 (T/RL7Z. £72, £D
il R A e\ — JUBL B 53 WA AT AT > THESE ST OFT RS B2 S OV RS £ %2 Table 9 (SRLTZ. W
DR e CRABHI BN T, IEEHFEREBRIEM R & A RSN TOWDREOFFAFIN TH- 7.

Table 8 Individual result of repetition test of changing the date for the precision confirmation

(% (mass fraction))

Component . .Samp le Test day
(Abbreviation or sample No.) 1 2 3 4 5
Microbe phosphate fertilizer 1.90 1.94 1.98 1.83 1.94
C.p (MF-2) 1.95 1.93 1.98 1.84 1.87
Sludge fertilizer 8.28 8.31 8.52 8.09 8.05
(SF-5) 8.28 8.32 8.51 8.02 8.05
Prepared fertilizer 1.13 1.18 1.22 1.19 1.20
(No.21) 1.14 1.19 118 1.17 118
W-P Prepared fertilizer 4.95 5.18 4.91 4.99 5.26
(No.22) 4.95 5.20 4.84 4.99 5.27
Studge fertilizer 0.28 0.26 0.30 0.29 0.30

(SF-4) 0.25 0.27 0.30 0.29 0.31
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Table 9 Statistical analysis of repetition of the test results for estimating precision

Sample Mear® Repeatability Intermediate precision
Component  (Abbreviation or 5 D B) H 2) h)
sample No.) St RSD,” 2xXCRSD. sty RSDyry” 2XCRSD )
%) W’ ) ) %) ()
Microbe phosphate
o fertilizer (MF-2) 192 s ) v '
Sludigse Ff:esr;mZGr 8.24 0.02 0.3 4 0.20 2.4 7
P fertiliz
repeereg Zelr) er 1.18 0.02 1.4 4 0.03 23 7
P fertiliz
Wop repa(rNeg 2ezr) “ 5.05 0.02 05 4 017 33 7
Sludge fertili
u ?SeF_ei) izer 0.29 0.01 3.7 6 0.02 7.2 9

a) Mean value (n=sample number of parallel test(2)xnumber 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 2024
f) Intermediate standard deviation

2) Intermediate relative standard deviation

h) Criteria of intermediate precision (intermediate relative standard deviation)
shown in Testing Methods for Fertilizers 2024

4) EETREDH#TE

WS E VA TCHEE ST E B R IR & O HE T IR Ot 5% Table 10 127", C-P O E & FIRIZ 0.3 %
B By =) FR B, B FERIZ 0.09 % (B &), W-P OFE & PRI 0.1 % (& &) BE, R
HU TR 0.04 % (B 547 232) R BE LHEE STz, BARD AR IEEFD C-P K O W-P OIRGE AT BB 72 e /Ml
X 1.0 % THY, PEHERBRIERBE A ICBOWTERDOEE FIRITAERK LOSH T &K/
D 1/5 LT EHELTWD. ZOHEREEZ C-P 13 EEI>722%, W-P IEiifi7zL Tz,

Table 10 Estimation of LOQ and LOD values (% (Mass fraction))
Component Sample o  Standard b) 0
P (Abbreviation or sample No.) Mean deviation LoQ LOD
Microbe phosphate fertilizer

-P 1. .02 . )

C (MF-2) 93 0.0 0.3 0.09
Prepared fertilizer
W-P 1.13 0.01 0.1 0.04
(No.21)

a) Mean value (n=7)
b) Estimated lower limit of quantification (Standard deviationx10)
¢) Estimated lower limit of detection (Standard deviationx2x¢(n -1, 0.05))
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Figure 2 P Calibration curve by ICP-OES depending on the combination of quantitation method and

observation direction
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Figure 3 Comparison measurement value of C-P and W-P by ICP-OES depending on the combination of

quantitation method and observation direction

Bold line: regression line, Dashed line: 95 % confidence interval of regression line, Thin line: y=x
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Table 11 95 % confidence interval and correlation coefficient of the regression line compared with ICP-OES
measurement value of absolute calibration curve (Radial)

Component Quantitation Observation 95 % confidence interval Correlation
method direction Inclination (b) Intercept (a) coefficient ()
Absolute Axial 0957 - 0989 20057 - 0204 0.999
calibration curve
C-P ::1;;;1;111 Radical 1.002 - 1.032 -0.086 — 0.156 1.000
Int 1
Strln::(r;?d Axial 0.983 - 1.025 -0.062 - 0277 0.999
Absolut
Absolute Axial 0965 - 0.996 0082~ 0.049 0.999
calibration curve
W-P :trl;;g;:(ll Radical 0.990 - 1.012 -0.064 - 0.031 1.000
::1;5;1;?(11 Axial 0.990 - 1.014 -0.054 - 0.047 1.000
4. F&oH
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Bonr-.
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0.5 REfCHLEA AR+ 070 85 A3 20 BRI 9752 8L U7z, 7035, C-P CIIALE FER 0 FEH, 0.5 REM DU
JE1EL ICP-OES DS HHEICZEIRIZEA LK, BOOFEET V2N EEZ 5N

(2) HEEDFM D=0, 3E 20 48125V TC ICP-OES i (Mot ik, B7 M) SO SeEE®RD 2 )5
ETHMTL, BURRATERLIZRE R, WO B O THIREHERBRIEN B E A IORSh-HESE L
7=z,
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Performance Evaluation of Analytical Methods for Citric Acid-soluble Phosphoric Acid and
Water-soluble Phosphoric Acid for Fertilizers Such as Microbe Phosphate Fertilizers
- Single Laboratory Validation -

TAMURA Chiaki!, AOYAMA Keisuke?

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

A single laboratory validation was conducted to evaluate performance of analysis method for Citric acid-soluble
phosphoric acid (C-P) and Water-soluble phosphoric acid (W-P) in microbe phosphate fertilizer and sludge fertilizer
by absorptiometric analysis in Testing Methods for Fertilizers.

It was confirmed that the current absorptiometric analysis can be used for microbe phosphate fertilizer and sludge
fertilizer, but some fertilizers need to extend the leaving time of decolorization processing to 20 hours for the in
analysis of W-P.

To evaluate the trueness, comparison of measurement values by ICP-OES (validated method in Testing Methods
for Fertilizers) and absorptiometric analysis was conduct in C-P and W-P with 20 samples, and the regression line
was calculated. The trueness evaluated from these result was within the standards of Testing Methods for
Fertilizers Annex A. In addition, comparison of measurement values by ICP-OES with absolute calibration curve
and internal standard was conducted with 20 samples, and it exhibited a strong correlation.

To evaluate the precision, we conduct duplicate test in C-P and W-P for 5 days and analyze by one-way analysis
of variance. The repeatability relative standard deviation and intermediate relative standard deviation calculated
from these result were also within the standards of Testing Methods for Fertilizers Annex A.

The lower limit of quantification and the lower limit of detection by absorptiometric analysis were estimated to be
approximately 0.3 % and 0.09 %, respectively, for C-P, and approximately 0.1 % and 0.04 %, respectively, for
W-P.

These results show that for fertilizers such as microbe phosphate fertilizers the current absorptiometric analysis
can be used to analyze C-P, but some of samples needs extending the leaving time of decolorization processing time

to 20 hours to analyze W-P.

Key words  microbe phosphate fertilizers, citric acid-soluble phosphoric acid, water-soluble phosphoric acid,

absorptiometric analysis, ICP Optical Emission Spectrometry, decolourization

(Research Report of Fertilizer, 18, 10-27, 2025)



