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Table 1-1 List of selected sludge fertilizers

Analysis value(%)”

Abbreviation Type of the material
A-N N-N C-K,0 W-K,0
Al 0.08 b 0.36 -
<LOQ Sewerage sludge

A2 - - 0.38 -

Bl <LOQ <LOQ 0.25 -
Excrement sewage sludge

B2 <LOQ <LOQ 0.20 -

C1 <LOQ <LOQ 0.07 0.06  Industrial sewage sludge

D1 - - 0.37 - Ashes of burning of sewage sludge
Sewerage sludge, Excrement sewage sludge,

El 0.12 0.30 0.52 - Industrial sewage sludge, Raw materials of
vegetable or animal

E2 1.28 0.02 0.09 <LOQ Excrement sewage sludge
E t I R terials of

B 0.37 <LOQ 013 ] xcremen sew.age sludge, Raw materials o
vegetable or animal

B4 i i 0.8 i Sewerage sludge, Industrial sewage sludge, Raw

materials of vegetable or animal

a) Mass fraction

b) under LOQ (Minimum Limit of Quantification)
A-N:0.07 % (Testing Methods for Fertilizers(2025) 4.1.2.a)
N-N:0.01 % (Testing Methods for Fertilizers(2025) 4.1.3.c)
C-K,0:0.05 % (Testing Methods for Fertilizers(2025) 4.3.2.a)
W-K,0:0.04 % (Testing Methods for Fertilizers(2025) 4.3.3.a)

Table 1-2 List of selected reagents

Type of fertilizer or

Chemical name Formula Grade ] ;
subordinate material

Ammonium sulfate (NH,),SO, JIS K 8960 Ammonium sulfate
Sodium nitrate NaNO; JIS K 8562 Sodium nitrate
Urea CO(NH,), JIS K 8731 Urea
Calcium hydrogenphosphate dihydrate CaHPO,*2H,0 Guaranteed reagent Superphosphate
Potassium sulfate K,S0, JIS K 8962 Potassium sulfate
Potassium chloride KCl JISK 8121 Potassium chloride
Potassium dihydrogenphosphate KH,PO, JIS K 9007 Potassium phosphate
Dipotassium hydrogenphosphate K,HPO, JIS K 9017 Potassium phosphate
Calcium sulfate dihydrate CaS0,°2H,0 JIS K 8963 Composition uniformity

promoting material
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Table 1-3 List of selected complex fertilizers

Abbreviation Materials
Fl1 Superphosphate, Ammonium phosphate, Urea, Potassium chloride
0 Ammonium sulfate, Urea, Ammonium phosphate, Potassium chloride, Caustic
calcined magnesite, Borate fertilizer, Fused microelement fertilizer
3 Ammonia sulfate, Ammonium phosphate, Superphosphate, Potassium chloride,
Humic acid
F4 Ammonium phosphate, Superphosphate, Potassium chloride

(2) FRELAE

A-N (Table 2-1), C-K,0 (Table 2-3) } U8 W-K,0 (Table 2-4) (2O TIE, %A &Y 0.50 % (B &5y F
~10.00 % (& 47 38), N-N (Table 2-2) {22 TIE 0.50 % (B #:533) ~5.00 % (E & 573%) L7e b I A Bl A
REHZHES THEIRAEEHI I AR AL, 4 IRETOBEE 16 RORBERRLIZ. 2055, O mIRE
> 3 FEHT DWW TIIEEE K OFE EE O, b MRV EEHIE & TRROHEEICHIV V. BREH =
XN IBIRAEEO 53 HTE (Tablel-1), 3RIED 53 1A O GRIET ~/L UL TRk B EICFLER) 255
H U7 BRI A O TH A7 51 LT, ICP-OES 15L& 71— MR WO 1% IV = 7 15 R Fel 121, Table 2-5
DEBY, HIEAEEE 4 a5, ALARIEEL 4 S RZNSEIRE L7 BLAREL 12 fi0FF 20 fix .

Table 2-1 Proportion of prepared fertilizers(A-N)

Preparation ratio(%)” Design
Sludee fertilizer . . . . concentration
Sample = Ammonium  Potassium  Potassium Potas sium - Dipotassium  Calcium FAND
B1 B2 C1 sulfate sulfate chloride dihydrogen-  hydrogen- sulfate °
phosphate  phosphate dihydrate (%)
A-N-1 36.00 47.40 2.00 2.00 5.00 5.00 2.60 10.00
A-N-2 40.00 23.70 2.00 2.00 10.00 10.00 12.30 5.00
A-N-3 50.00 4.74 2.00 2.00 10.00 10.00 21.26 1.00
A-N-4 50.00 2.36 2.00 2.00 10.00 10.00 23.64 0.50

a) Mass fraction
b) Calculation based on A-N analysis value of B1, B2 and C1 (< LOQ) and the theoretical value (21.20 %) of
(NH,4),S04 (99.5 % as purity of reagent)

Table 2-2 Proportion of prepared fertilizers(N-N)

Preparation ratio(%)” Design
Sludee fertilizer . . . . concentration
Sample e Sodium Potassium  Potassium Potassmm Dipotassium  Calcium FN-ND
Al BI E3 nitrate sulfate chloride dihydrogenp hydrogenpho sulfate o

hosphate sphate dihydrate (%)
N-N-1 40.00 30.65 2.00 2.00 10.00 10.00 5.35 5.00
N-N-2 45.00 18.40 2.00 2.00 10.00 10.00 12.60 3.00
N-N-3 50.00 6.15 2.00 2.00 10.00 10.00 19.85 1.00
N-N-4 50.00 3.04 2.00 2.00 10.00 10.00 22.96 0.50

a) Mass fraction
b) Calculation based on N-N analysis value of A1, Bl and E3 (< LOQ) and the theoretical value (16.48 %) of
NaNOj; (99.0 % as purity of reagent)
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Table 2-3 Proportion of prepared fertilizers(C-K,0)
Preparation ratio(%)” Design
Shudee fertiliz Calcium . concentration
Sample e T Ammonium Sodium hydrogen- Potassium Caleium K0P
Urea yaros sulfate of C-K,0
C1 E2 sulfate nitrate phosphate sulfate . 2)
dihydrate dihydrate (%)
C-K-1 26.00 20.00 10.00 5.00 10.00 18.50 10.50 10.00
C-K-2 35.00 20.00 10.00 5.00 10.00 9.35 10.65 5.05
C-K-3 30.00 20.00 10.00 5.00 10.00 1.80 23.20 1.00
C-K-4 21.00 20.00 10.00 5.00 10.00 0.90 33.10 0.50

a) Mass fraction
b) Calculation based on C-K,O analysis value of C1 (0.07 %) and E2 (0.09 %) and the theoretical value (54.05 %) of
K,S04 (99.8 %(C-K-1,C-K-3 and C-K-4) or 99.5 %(C-K-2) as purity of reagent)

Table 2-4 Proportion of prepared fertilizers(W-K,O)

Preparation ratio(%)® Design
Sludge fertiliz Calcium . concentration
Sample oge © il Ammonium Sodium hydrogen- Potassium Calcium .0b
Urea yeros sulfate of W-K,0
C1 E2 sulfate nitrate phosphate sulfate . 2)
dihydrate dihydrate (%)
W-K-1 20.00 20.00 10.00 5.00 10.00 18.52 16.48 10.00
W-K-2 35.00 20.00 10.00 5.00 10.00 9.35 10.65 5.05
W-K-3 30.00 20.00 10.00 5.00 10.00 1.85 23.15 1.00
W-K-4 25.00 20.00 10.00 5.00 10.00 0.90 29.10 0.50

a) Mass fraction
b) Calculation based on W-K,O analysis value of C1 (0.06 %) and E2 (< LOQ) and the theoretical value (54.05 %) of

K580, (99.8 %(W-K-1,W-K-3 and W-K-4) or 99.5 %(W-K-2) as purity of reagent)

Table 2-5 Proportion of prepared fertilizers for 2.5) (1)

Sludge Preparation Complex Preparation
No. L *
fertilizer ratio(%)® fertilizer ratio(%)"

! DI 0 Fl 100
2 D1 25 Fl 75
3 DI 50 F2 50
4 D1 75 F3 25
5 DI 100 F4 0

6 A2 0 F2 100
7 A2 25 2 75
8 A2 50 F2 50
9 A2 75 F2 25
10 A2 100 F2 0

11 El 0 F3 100
12 El 25 F3 75

13 El 50 F3 50
15 El 100 F3 0

16 E4 0 F4 100
18 E4 50 F4 50
20 E4 100 F4 0

a) Mass fraction
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2) HEFORHE

(1) A FliACKEREEE CREERUERT RFD240NA X% MILLIPORE Elix Advantage 5 #L<iZ Milli-Q
1X7005 (F+FNE) ) 2 VTR ERIL 7=, JISK 0557 IZHET 25 A3 DK

(2) 0.1 mol/L /KE&{bFRID MEEIR . A&l (B £ 7 AV LFEAISE)

(3) 0.25 mol/L fiile: &M (B L7 AL LFDEHIER)

(4) HElE: &Rt BRI A ESBINER (8 L7 AV 2F i) (F+&1E)

(5) Hale: Kot (B E7 AV LFDEHIEE)

(6) MMk (1+5) . (5) DIEFEDERE 1 LAKDOIEFE 5 LAIRELIEHD.

(7) M (1423) : (5) DIEFROEFE 1| LAKDOEFE 23 LAIRAELIZHO.

(8) Wefb~r o v L Rtk (BARIT)

(9) AF VLR Kk (BIEILS)

(10) AFL o7 —: ek (BEEALE)

(11) =& /7—)1(95) : Kt (& L7 ALV LFOGHEE)

(12) AF Ly RER (0.1 /100 mL) : AF/LLwR 0.1 g Zx% /—/1(95) 100 mL (ZIEALT-.

(13) AFL U7 —ERiE (0.1 g/100 mL) : AF L7 —0.1 g #xTX /—/1(95) 100 mL ([Z¥ENLT-.

(14) AFNL YR —=AF Lo T N—BBWHE: AF Ly R (0.1 g/100 mL)2 BEISHL, AFL T IL
—IRI% (0.1 g/100 mL) | BEZMNZT-.

(15) FSmAYEZE FHEYERL (NOs-N 1000 pg/mL) : JCSS (& 17 A /L AFEHEK)

(16) HFRHEAEYAENL (N-N 0.01 mg/mL) : AHFEME 2 2R HER (NOs-N 1000 pg/mL) O — & &2 /K THRL,
B TEAZ #EE (N-N 0.01 mg/mL) Z 5L 7=,

(17) kg (1D FoKRF . Rtk (BIEET)

(18) HMEER (1) : Fpfk (BIH(LZ)

(19) Fithdh — fiele SR . Rt (1D TLKF4 5 g 227K 900 mL IZEEA~L, Filfiedl (1) 4 g 2Nz T L
72, 1000 mL LL7-.

(20) 7= /— v Kk (BARES)

(21) #ilg: AESEREH (R

(22) 7=/)—)VEifg: 7= /—/V 15 g ZHilE 100 mL [Z¥E)>L, 80 °C~100 °C D/KIE T 2 BERNEL,
W L.

(23) TrE=TK: Rtk (NHs 28 % (H&DH), & L7 AL AFEHIHE)

(24) KEE{LINTT I Rk (BIHRAESE)

(25) MR~ 7 2w BB 1Rk (BEHRAE)

(26) AV 2EHERR (K:1000 pg/mL) @ JCSS k5041 (BT XIE JCSS (& L7 AL AFDGHER)
& = 5))

(27) HREFA I IMEHERR (K4 pg/mL~40 pg/mL) (7L —AFFWRSEER) © VD AMEHERR (K: 1000
ng/mL) B IC 2R T T ALy, RS IRED 1/10 BREOTHIHARGEZ AT, 8512, EiE
TAREMAT, 1 mLIZK ELT4 pg~40 pg 250 3D HERE 5 IREFRBIL-. 7ods, fiip H 22 ek
I, TSR ED 1/10 B EOTFHIHIANE R EZ 2 &7 7 ALY, FEETKEMZ .

(28) MEMAHV Y 2HEUER (K: 1 ng/mL~60 pg/mL) (ICP-OES %) : AU A=A (K : 1000 pg/mL)
TR R T T ALY, FERRE TR (1423) ZMAC, 1 mLIZ K ELT 1 pg~60 ug 57 3 HFE%E
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iz 6 JRPETEILTZ. 7ok, MR 22 BRI I T e (1423) 2 e,

(29) <AABE—KFM: Kk (BARALSE)

(30) <A APRYEWE (20 mg/mL) : <X AME—/KF#) 20 g Z/KIZEEHL T 1000 mL EL7z.

(31) REEAINTT I Kk (BIHAET)

(32) THIMHIANAR . REEI N T 12,5 g% 2000 mL B — D —|Zid00En, L EOKEMNZ,

iz 105

mL 252 12Nz, DEINEALT-. IEILT-%%, /KAEINZ T 1000 mL &L7=.

3) EERUHRE

(1) =% Retsch ZM-200

(2) RARRARHLERE

(3) EHEE 2L vh: REE T3 APB-620
(4) FEAL AT ELLE
(5) ZrJedeBEst: BERERT UV mini-1240

(6) Ki: ¥~IMEF BM100

(7) b TFisfERERE0 R thEE(L EFNOO-KT

HHET T CHA-600-12 AT-610

(8) I FiZERIEIRFEIEVIEYRE: ADVANTEC THMO62FA #1<I% THMO62FB X3 — = ®{EfT

RS-12 (FL 1% IE)
(9) JE W pT

NNAT Y e — R 72310 (IR HE —~ L MiE )

A
(10) ICP Ao HTaEiE : SR ERT ICPE-9820 (REMT M BLIAITT X, ~VFH2A7)

4) HHAEE

A-N, N-N, C-K,0 KO W-Ko0 Ot & OHIE 1%, Table 3-1 & U Table 3-2 O LBV AEEHERERTED Ky
Writz =, ICP R e moirE (LT, TICP-OES | & ). ) ORIESMIE Table 4 DEEY. 7213, &5
DI, Kok 7 a— — Scheme 1~Scheme 5 (277 L72. C-KoO KT W-K,0 1, (4.2) THEHILH
TEAE (KO W ZHURAR 2K (1.205) U TOdralEl oo C-Ko0 O W-Ko0 JREZ R HL7=.

Table 3-1 Methods® used for the evaluation

Distillation or

Extracti M t
Component Methods xiraction Coloring casuremen
procedure procedure
procedure
A-N 4.1.2.a Distillation method 4.1.1) 4.2) 4.3)
N-N 4.1.3.c Phenol sulfuric acid method (4.1.1.1) (4.2) (4.3)
C-K,0 4.3.2.a Flame atomic absorption @.1.1) ) 42)
spectrometry or flame photometry
433.aFla tomic absorpti
W-K,0 a Flame atomic absorption @12.1) ] 42)

spectrometry or flame photometry

a) Testing Methods for Fertilizers (2025)
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Table 3-2 Methods® used for comparion as a validated method
Extraction = Measurement

Component Methods
procedure  procedure

4.3.2.d ICP Optical Emission

-K 4.1.1 4.2
K0 Spectrometry ( ) (4.2)
W-K,0 4.3.3.d ICP Optical Emission @.1.2.1) 42)

Spectrometry

a) Testing Methods for Fertilizers (2025)

Table 4 Measuring condition of ICP-OES

P 178.287 (I)"
Au 242.795 (1)

Wavelength® (nm)

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
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| 2.5 g analytical sample | Weigh to the order of 1 mg and put in a 250-mL volumetric flask
|<— About 150 mL of hydrochloric acid (1+23)

| Shaking to mix | Vertical rotating shaker (30 - 40 revolutions/min), for 30 minutes
|<— Water (up to the marked line)

| Sample solution |

Scheme 1-1 Flow sheet for ammoniacal nitrogen in fertilizers by 4.1.2.a
(Extraction procedure (4.1.1))

| Sample solution |

| Aliquot | Equivalents of 20 mg - 100 mg as N, 300-mL distillation flask
< No less than 5 g of magnesium oxide

Receiver: 200-mL - 300-mL Erlenmeyer flask or beaker
A predetermined amount of 0.25-mol/L sulfuric acid and a few drops of

Steam distillation

apparatus
pparatt methyl red-methylene blue mixture solution
| Steam distillation | Distillation rate: 5 mL/min~7 mL/min
| Stop distilling | 120 mL - 160 mL distillate

< Water (wash the part of the distillation apparatus
that came in contact with the solution in the receiver)

0.1-mol/L - 0.2-mol/L sodium hydroxide solution (until the solution
becomes gray-green)

Titration

Scheme 1-2 Flow sheet for ammoniacal nitrogen in fertilizers by 4.1.2.a
(Distillation and measurement procedure (4.2,4.3))
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| 1 g analytical sample | Weigh to the order of 1 mg in a 250-mL volumetric flask

< About 200 mL of copper sulfate - silver sulfate solution

Shaking to mix | Vertical rotating shaker (30 - 40 revolutions/min), for 20 minutes

< About 1 g of calcium hydroxide

«— About 1 g of basic magnesium carbonate

| Shaking to mix | Vertical rotating shaker (30 - 40 revolutions/min), for 10 minutes
|<— Water (up to the marked line)
| Filtration | Type 3 filter paper

Sample solution |

Scheme 2-1 Flow sheet for nitrate nitrogen in fertilizers by 4.1.3.c

(Extraction procedure (4.1.1.1))

Sample solution |

(predetermined volume)

Aliquot . .
Transfer to a small evaporating dish

Evaporation

. No less than 80 °C Water bath
to exsiccate

|<— 2 mL of phenol sulfuric acid

Leaving at rest About 10 minutes after making phenol sulfuric acid contact with residue

|H 20 mL of water

Standing to cool |

Transfer | 100-mL volumetric flask with water

< Ammonia solution (1+2) ( until the color of a solution changes to light yellow)
< Ammonia solution (1+3) 3 mL
< Water (up to the marked line)

Leaving at rest | For about 30 minutes

Measurement | Spectrophotometer

Scheme 2-2 Flow sheet for nitrate nitrogen in fertilizers by 4.1.3.c

(Coloring and measurement procedure (4.2,4.3))
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1 g analytical sample | Weigh to the order of 1 mg into a 250-mL volumetric flask.

|— 150 mL citrate solution [about 30 °C]
Constant-temperature vertical rotating shaker (30 - 40 revolutions/min),
at 30 °C £ 1 °C, for 1 hour

Shaking to mix

| Cooling | Immediately
|<— Water (up to the marked line)
| Filtration | Type 3 filter paper

| Sample solution |

Scheme 3-1 Flow sheet for citric acid-soluble potassium in fertilizers by 4.3.2.a and 4.3.2.d
(Extract procedure (4.1.1))

| Sample solution |

| Aliquot | Transfer to a 100-mL volumetric flask

< About 10 mL interference suppressor solution
< Water (up to the marked line)
| Measurement | Atomic absorption spectrometer

Scheme 3-2 Flow sheet for citric acid-soluble potassium and water-soluble potassiumin fertilizers
by 4.3.2.a and 4.3.3.a (Measurement procedure (4.2))

| 5 g analytical sample | Weigh to the order of 1 mg into a 500-mL volumetric flask
|<— About 400 mL water

| 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 |

Scheme 4 Flow sheet for water-soluble potassium in fertilizers by 4.3.3.a and 4.3.3.d
(Extraction procedure (4.1.2.1))

| Sample solution |
I
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 5 Flow sheet for citric acid-soluble potassium and water-soluble potassium in fertilizers
by 4.3.2.d and 4.3.3.d (Measurement procedure(4.2))
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7z, [EUFEHROMEE (b), Y17 (o) X OFBIRE () ZH ML, BITEEXEAE RO,
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(4) EETRZEDOHTE
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[RATEDOIEELLT 2. 1) ()R- FHRAEELZ AT Table 3-1 ISRULTZHTEEICERD, K3k 7 S0HTT
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&% C-Ko0 KT W-K20 Do HrE DR BIIX K ONENFE R A Figure 1 1Z7R0L72. C-Ko0 T W-Ko0 DWW
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X (b) O A (@) D 95 %(E #E X B EAR BIREL () % Table 5 (R UT-. IEEHERBRIENT B E A TIXEFE R
DFEZD 95 YAZF XN 1 3FF4L, U D 95 %IEFIXHENZ 0 23& £, MHERENE 0.99 UL ETHHZE
EHELEL TS, C-Ko0 12BN T, [AIRFEAROMEZ D 95 %EHEXFNC 1 23E FH TRV, 2Ot 54
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15 | , 15

CK,0 W-K,0

vy =0.9645x - 0.0284 =0.9906x - 0.0701

10 + 10

AAS

%\\
N
AAS

1 1

10 15
ICP-OES (Radial) ICP-OES (Radial)

Figure 1 Comparison of analytical values between ICP-OES and AAS (% (mass fraction))

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

Table 5 95 % confidence interval and correlation coefficient of the regression line of Figure 1

95 % confidence interval Correlation
Component . :
Inclination(b) Intercept(a) coefficient(r)
C-K,0 0.950 - 0.979 -0.117 - 0.060 1.000
W-K,0 0.972 - 1.009 -0.182 - 0.042 0.999

2) KO (EUEER)

BT OERED RS 3 SOFEE 3 SOHMT oML EfEE R, SEO R R FHEIZ 5
BA 2RO TEEZTMBLZ 5 5% Table 6 (TRLTZ. T O S, £ TORECIREHERBRIENEE A TR
SNDOKREL VBT HEE D AEA T L.

7B, —HOIBRIENC W-K0 %88 T HIEHRA LTZEEIZ W-K0 O HHENERFHEL VB IR 725
FHINFBD LI, A OB, IRA LR o0 B NGB B 55 A ORI IR L Tk
0, ZOEFNIFEH RO BN LS.
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Table 6 Result of spike-recovery test

Component

Sample

Design

concentration of
component

(%)?

Analysis

value

(%)?

Mean of
analysis value

(%)?

Recovery

rateb)

(%)

Recovery rate

as target of the

trueness®’

(%)

A-N

A-N-1

10.00

9.82
9.83
9.95

9.87

98.7

97~103

A-N-2

5.00

4.97
4.95
4.98

4.97

99.3

96~104

A-N-3

1.00

1.00
1.01
0.99

1.00

99.6

96~104

N-N

N-N-1

5.00

5.15
5.08
5.05

5.09

101.9

96~104

N-N-2

3.00

3.08
3.08
3.09

3.08

102.8

96~104

N-N-3

1.00

1.01
0.99
1.01

1.00

100.1

96~104

C-K,0

C-K-1

10.00

10.03
10.26
10.12

10.14

101.4

97~103

C-K-2

5.05

5.05
5.09
5.09

5.08

100.5

96~104

C-K-3

1.00

1.02
1.01
1.01

1.02

101.6

96~104

W-K,0

W-K-1

10.00

10.16
10.22
10.43

10.27

102.7

97~103

W-K-2

5.05

4.96
4.95
4.94

4.95

98.1

96~104

W-K-3

1.00

0.96
0.94
1.00

0.96

96.4

96~104

a) Mass fraction

b) (Mean of analysis value) / (Design concentration of component) x100

¢) Shown in Testing Methods for Fertilizers (2025) Annex A
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3) BHTHRERUHREFREEOF

B2 2 REORENE 2 SOMTTREZZEZ T 5 Mg alT o7/ K% Table 7 \TRULTz. £z, fbiL7oib
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Table 7 Individual result of repetition test of changing the date for the precision confirmation
(% (Mass fraction))

Test day

Component Sample
1 2 3 4 5
AN 4.97 4.89 4.94 4.81 4.95
AN 4.95 4.94 4.88 4.84 4.95
AN 1.01 1.01 1.01 1.02 1.00
1.00 0.9 0.9 1.03 0.9
NN 5.15 5.16 4.92 5.03 5.04
NN 5.08 5.18 4.97 5.00 5.02
NN 1.01 1.06 1.02 1.02 1.02
0.9 1.05 1.03 1.02 1.03
D
O 105 L0l 105 105 1.00
K3 . . . . .
1.03 1.00 1.05 1.06 0.98
e 3B e
WO 1.05 101 100 L0l 0.96
WK . . . . .

1.05 1.00 0.97 1.03 1.00
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Table 8 Statistial analysis of repetition of the test results for estimating precision

Repeatability precision Intermediate precision
Meana) o) d) €) 9) ) h)
Component ~ Sample s, RSD” CRSD, sty RSDyp® CRSD
(%) (%) (%) (%) (%)" (%) (%)
A-N-2 491 0.028 0.6 2 0.057 1.2 3.5
A-N
A-N-3 1.00 0.010 1.0 2 0.015 1.5 3.5
N-N-1 5.06 0.030 0.6 2 0.091 1.8 3.5
N-N
N-N-3 1.03 0.0085 0.8 2 0.021 2.1 3.5
C-K-2 5.16 0.090 1.7 2 0.11 2.1 3.5
C-K,0
C-K-3 1.03 0.011 1.1 2 0.031 3.0 3.5
W-K-2 5.14 0.062 1.2 2 0.065 1.3 3.5
W-K,0
W-K-3 1.01 0.016 1.6 2 0.029 2.9 3.5

a) Total average (test-days(5)xparallel analysis(2))

b) Mass Fraction

¢) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of repeatability precision(repeatability relative standard deviation)
shown in testing Method for Fertilizers 2025 Annex A

f) Intermediate standard deviation

g) Intermediate relative standard deviation

h) Criteria of intermediate precision(intermediate relative standard deviation)
shown in testing Method for Fertilizers 2025 Annex A

4) EETRFOH#TE

A-N, N-N, C-K20 KT W-K,0 D R53 755 0.50 Y% (E &5y 5) L7 D IR G Lo AE kL2 7 S0 T T
HrL, fO 7 THXHE R 22 -V CE & FIRE O FIRZHEE L2 fE % Table 9 ITRL7Z. 2O
R, EEROARBIEEHZBLE L2 IEE R O A-N OZKBEDE & FIRIL 0.08 % (B &5y 3) BB, Mt N IR
0.03 % (B &) B, N-N O 7 = /— LEiERED E & TERIE 0.07 % (B &5 5) FLE, it FERIZ 0.03 %
(HEEDHF)RE, C-K0 OT7L—LREFRIEIEDE & TIRIT 0.09 % (E &5 %) BE, il TIRIZ 0.04 %
(EEDHF)RE, W-K:0 OT7L— LR WIEEOE & FIRIE 0.08 % (B &53) B, Bl TIRIE 0.03 %
(EEDH) BELHESN. ERABIEEE 6 AL IEEIO 2<%, AERKS ESHIRE —CEa
FTAREEMTOFR/NREERLTEY, WT O SbER/INEIL 1.0 % (B #555) Thd. IERMEBRIEMNEF
A IZBWT, ERDOERE FIRITEATREERDOR/NED 1/5 LLTF ThHZEEHELEL TRY, #iEsh
72 B FRRIT A 0 ELHESEE D 0.2 % (& &5 3R) LLUF &7 L Tz,

YAS

\
/

I

I

\
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Table 9 Estimation of LOQ and LOD values
(% (Mass fraction))

Component  Sample Mean® csl;[:iriﬁzcr)j LOQ" LOD?
A-N A-N-4 0.51 0.0075 0.08 0.03
N-N N-N-4 0.50 0.0064 0.07 0.03

C-K,0 C-K-4 0.52 0.0084 0.09 0.04
W-K,0O W-K-4 0.51 0.0075 0.08 0.03

a) Mean value (n =7)
b) Estimated minimum limit of quantification(Standard deviationx10)
¢) Estimated minimum limit of detection(Standard deviationx2x¢(n -1, 0.05))

4. FE&H

Sy AT E PR OO, WD ABRAEENEARE LT 1G TR RS GREE S LR EL 2R A L 7= i e
BT, AN OZRE, N-N O7 = /— VEilglk, C-KoO KT W-Ko0 D7 — AR IEIC BT A
— R R E O Y MR EE ML A, ROFEREGT-.
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2) EERHEOT-8, F72% 3 JREOFENCELE 3 mOM TN L2 AT ED 3% R, 3B Ry 3%
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FREE, Kt TRRIE 0.04 % (B &5 3) 2, W-Ko:0 O7 L — AR EED E & FIRIZ 0.08 %
FREE, B TRRIZ 0.03 % (E &4y =) B SHEE Sae.
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Performance Evaluation of Analytical Methods for Ammoniacal Nitrogen, Nitrate Nitrogen,
Citric Acid-soluble Potassium, Water-soluble Potassium Fertilizers
Such as Microbe Phosphate Fertilizers
- Single Laboratory Validation —

OKUNISHI Manan', YOSHIMOTO Masayuki?, YAGI Toshiharu®, MASUI Ryota®, SAGARA Mayu® and
AOYAMA Keisuke*

' Food and Agricultural Materials Inspection Center (FAMIC), Sapporo Regional Center,
(Now) Agricultural Chemicals Inspection Center

2 FAMIC, Sapporo Regional Center

3 FAMIC, Nagoya Regional Center

4+ FAMIC, Kobe Regional Center

To verify whether the analytical methods for Ammoniacal nitrogen (A-N), Nitrate nitrogen (N-N), Citric acid-
soluble potassium (C-K,0), and Water-soluble potassium (W-K-O) listed in the "Testing Methods for Fertilizers"
are applicable to microbe phosphate fertilizers, we conducted a single-laboratory validation study using sludge
fertilizer, which is similar to microbe phosphate fertilizer in terms of raw materials and production method.

To evaluate the trueness for C-K>O and W-K,O, we conduct comparison of measurement values by ICP-OES
(validated method in Testing Methods for Fertilizers) and Flame atomic absorption spectrometry with 20 samples,
it exhibited a strong correlation. We also prepared fertilizers at three concentration levels for each component and
compared the designed component content with the average of analytical values obtained from three replicate
analyses. The resulting ratios were 98.7 % - 99.6 %(A-N), 100.1 % - 102.8 %(N-N), 100.5 % - 101.6 %(C-K,0),
96.4 % - 102.7 %(W-K-0).

As aresult of 5 tests on different days, repeatability as repeatability relative standard deviation (RSDr) were 0.6 %-
1.0 %(A-N), 0.6 %-0.8 %(N-N), 1.1 %-1.7 %(C-K,0) and 1.2 %-1.6 %(W-K,0), intermediate precision as
intermediate relative standard deviation (RSDi(t)) were 1.2 %-1.5 %(A-N), 1.8 %-2.1 %(N-N), 2.1 %-3.0 %(C-
K:0) and 1.3 %-2.9 %(W-K20).

On the basis of 7 replicate measurements of prepared fertilizers including 0.5 % of the target components, the limit
of quantitative value (LOQ) was estimated at 0.08 %(A-N), 0.07 %(N-N), 0.09 %(C-K,0) and 0.08 %(W-K,0) as
a mass fraction.

These results fell within the standards in Annex A (The procedure to validate characteristics of testing methods) of
Testing Methods for Fertilizers. Therefore, these analytical methods are applicable to the determination of

fertilizers containing microbe phosphate fertilizers.

Key words microbe phosphate fertilizers, sludge fertilizers, ammoniacal nitrogen, nitrate nitrogen,

citric acid-soluble potassium, water-soluble potassium

(Research Report of Fertilizer, 19, 1-18, 2026)



