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3 ME, L, oAV OIL—LRFEILEDRFEREDEM

HEAAN !, REEHE, KR!
¥—T—F JnE, w4, vohy, FFROLE, BIEREKE

1. [XL®HIC

BUE, 7L —LJRFWOEIEIC W TINE, & 2 H1E T 2EROME R RIE, INHE T 766.5 nm & T 769.9 nm,
4T 285.2 nm DMEEMERBRIED IS TS, IR R ARE R O A B oy E LT %~ +%E
ZRICEENDZEDN DY, BUTOWE CTElREEFEBEHELZGE1TIE, ISED R ERO ERFEFEIMNI 22
ZENDD. Fo, BT DML E O IE B L > TREN R, BT DR g 0 fe i 7o Sl & 4
P CHIEN CEHIDNTHAEHR AT I 2 ML ENAEL, BMIREDORS 250 T0RBEHET 55, 2 B
FIRBAEZATOZENHD. ZHUTED, HIRGRESLIVFIR—Ta DNIRESIIL, SO, B EREMEC
DLV HTRE R A S D ECTITR R ZZEL TD.

7L — AR EE THIE ATREZRIZE A L ORI O 5T E AL TERY, ok Lo TRIUK
FENFRI2DI20, RIE DR R A RIRT 52812k, KSR E ok B o BRI 215 e 9
HIENATREEL 2D . NERHERBR AT ARG OMIE R & &L T, INHE T 404.4 nm, T 202.5 nm 237K
oI EEE CRRE FIRETHD. WTHOERIZEBW T, BATOH BIC~NBE MRS R RERE TH-T
b, PG HRLARSIZTREDARE THLEEZ DD, o, YLK RIZHOW T B OS5 HrEIZ By
ThEi B IO R LU THEH SN T2 Y. &5IC, JRFWOEa i@ oEIc k> TiL, N—F
— AR T D2 LKV BUE AR COSHIN TERNIEND, ZO X 7 FRI IR O 478
WITDHZLITAETHLEE 2 LI,

ZZCAENE, BATORE R B & OBEEME BRSO W E R £ 122\ T, OB o B fE
TR L, B E D OHTIESOBE AT DWW T 2720, H—iRE To 2 MR e FEL7-. iz,
I ATONTY, EEHERBR BRI D 403.1 nm (FEE MEL, B O OHEICH S Tl
DRIRDMEE A DDEE X DNTT28, v A b RIBITBIMURTEATo720 T, ZOMEZHE T 5.

2. MHRUAEE

1) FHTAEH

TS EEL TODIEEHI DWT, SEIORFIR & EH 20~ 32 AR 114 S5 Wz, 3EH
DUNTIE, HBAZ 500 pm (A 2B K OESUWNT WO BRE AR IZ DUV TE 212 pum) D 550 E@IE T 5E T
MRLIcbDOZSHTIERA L. 7238, T HOWTZEEHILA T oL B0 THD.

(1) AnEL: fLRZAEE 10 A3, HENE 3 5 GR3E, KEE, I538), TKIGIRIEEL 2 &, LIRIGIRIEE 2 45, 157k
SEREAEEL 2 A, FEIRE AR 1 AT, 227l T RO OB R 14, BIFEGEAIEE 3 4, Bla e 7 45, &
AIEALEE 1A, OERINERAEEE 1A, RS IR 1 R, SR 15, BRBeinE 1 A8, SR 1
S BREEINE A+ 1 SR O R A BERE 1 5.

(2) &t ALRRIEE 9 55, HEAE 4 53 GB3E, KEE, B3, 138), I THREASANEEN 1 A, TARIGIRIEE

PMSIATBUE NRMOKEEH B Z 2Bt =4 B 4 —
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2 5, URTGTRAREL 2 05, 15URFSEENLEF 1 43, BIFEE G IEEL 3 A%, Bl A MlEr 6 A%, R MEANEL 2 45, (v
FR N ELAEAE 1 A, IR A AR 2 45, FRERINE 1 1 %, FIERESHEAIE | 8, IIREFRIEE 1 41,
IITAFHFEACE 1 A%, FiEETE AR 1A%, EREATE HAERE 1 80, SESWITWEREAEE 4 A%, IRA VA RRAEE!
35, TEERITVERD AR 2 A5, I TEES 0 AUBRAEEL 1 A%, JRRD AR 1 A5 % ONRIRE TS Tk 1 45,

(3) ~o A ALEEERE 7 A, B AR 4 05, WREAIEER 2 5, SRSV WERE LR | &, IRAVARE
AEEE 188, JERTOEEV ABE 1 A5, INTIESWOABERIERE | AL, SRSV~ ARk 1AL, IRA R SEIE
5 R OMREE~ > T EEE 1 .

2) HEFOHRR

(1) AV LREEHERR (K: 1000 mg/L) : & L7 AV AFEHIEE JCSS

(2) ~7 32U MEAER (Mg: 1000 mg/L) : & L7 AV AFDEHZE JCSS

(3) ~UHUAEHERR (Mn: 100 mg/L) : & L7 A/VAFEHISE JCSS

(4) 7k: AKEHIAEE (Merck Millipore Elix Advantage 5) % W CRRIL 7= JIS K 0557 IZHRET D A3 D
K.

(5) Mk (JIS K 8180 IZHIE T 583E) : B L7 AV LFOEMIEE K5 /38

(6) AHME (JIS K 8541 IZHIE T 53K : B L7 AV LFOEMIEE K5 /38

(7) FHHIFIEE 1: JISK 8617 I[ZHE T DRIEH LT A 12,5 g 8 —H—2000 mL (21320 &, A
BOKRENMZ, HEE 105 mL Ztkx 2Nz, DRENEAL, #mtk, KENZ T 1000 mL EL7z. SO
V=,

(8) T-HHMHIFIANL 2: NSK 8132 ([ZHIE T HHALANa T LS /KFI) 152.1 g 28— 7—2000 mL (Z
0D, LD BEOKENMZ -, HEE 420 mL 22 (22 CTEDL, FICKEMZ T 1000 mL SL7-. it
KO~ T DT H W,

3) XERUBA

(1) JFFWIEHHrEERE: ANiAT 7 /aY—2 22310 (ReE—~ 2 MiEik, Ny o7 I RIER)
(2) LR Retsch ZM-200

(3) #ETRKUA: Sartorius CPA423S

(4) AybFL—h: LEHFIE NP-6

(5) ETsEXERREEREH: = E8EFT RS-12

(6) BETIAA: IJTAA

(7) BEESNyh: JT7AA

(8) A 3 i

4) SWAE

AERHERBRIED IR S TN D 7 L — AR SEIEIC R D IR R O IR, 35 R O~ B ORIER R
DIED, WE B REBEZ T2 O FHilZdT-->C, FUBHEIR K ONAIE IR O i 54 BB E R BR LI 0 T -
7. ENENDRGIHKT T D55 H I Table 1 ©& 380 THD. JIE TN AT B I IVITV, KRSy
WD RIS Table 2 DEFHELTZ.

T, ARRFTCHWTZR TR AT E OBEFE I 3\ THEZES L CUOVBHINTE _ERR IR FE 2 KIBIZHE 2 DR
T, FrET7V—Fa—T o —F =~y NETOFERE A - RBER AT & R 5281085
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WOEEEDIR F SRR DI ZEMD, HRHRAIE R B2 G- X 0O R E CHIEZ ML 7. 72, 3.3) HIER
R LRI KD BB ORI 30U N CIIRUBHER IR 73 BB O ) D [R5 2 WO FE ~ D S A T 572, [F]
—DOWEEE A, ZNENOE R TRELE. O, ERH CREENHLIEND, IERHEREREIC
W%ﬁéﬂf“éfﬁfT@{E'ﬂi/EZE (ZIRWNT, HIETE IR DR AR O ELBR IO L a7 iR BERUBHZ DN T

3, FRAEAR R AR B BEEUEE 2 WO TR B O IEME 2 TR L > kit W CTHIEL Tk
$’xﬁ‘é_<‘:kuﬁ:.

Table 1 Component and measurement

Component T?Z‘;H;genggjs The extraction method
Total potassium (T-KoO) 4.3.1.a AAS”  Incineration-aqua regia digestion
Citric acid-soluble potassium (C-KoO) 4.3.2.a AAS Citric acid solution - Rotational shaking (30 °C)
Water-soluble potassium (W-KoO) 4.3.3.a AAS Water - Rotational shaking
Total magnesium (T-MgO) 4.6.1.a AAS Incineration-aqua regia digestion
Soluble magnesium (S-MgO) 4.6.2.a AAS Hydrocholoric acid (1+23) solution - Boiling
Citric acid-soluble magnesium (C-MgO) 4.6.3.a AAS Citric acid solution - Rotational shaking (30 °C)
Water-soluble magnesium (W-MgO) 4.6.4.a AAS Water - Boiling
Citric acid-soluble manganese (C-MnO) 4.7.2.a AAS Citric acid solution - Rotational shaking (30 °C)
Water-soluble manganese (W-MnO) 4.7.3.a AAS Water - Rotational shaking

a) Flame atomic absorption spectrometry

Table 2 Measurement wavelength of each element

Measurement wavelength (nm)

Element
1 2 3
K 766.5” 769.9” 404.4
Mg 285.2" 202.5” -
Mn 279.5" 280.1 403.1”

a) Measurement wavelength listed on
Testing Methods for Fertilizers
b) Examined measurement wavelength

3. WRRUBE

1) REROEKHEFOMHE

HEAESRBRTEY TIE, RIEREL (D) 2% 0.99 LI ETHIUE, ZOREMREMEH ATREEL TODR, K#E72 0y
HriTiZ 0.999 UL ETHHIEAHELIL T 5.

53 DIEWR RN I3 T DFEHE N - BRBERR K ~ DR 275 8 L7 M SR EEdiFH 4 Table 3 (T/RL7Z.
ZNEIURERRT ERROHELTEIIER G- L, Wb BB EA R U7 (Figure 1~3) .

AR BRIE O BT, RBRIED Z U MERMGE TR, MERE AV CTER FIREHEE 95 HEAHES
TS, 22T, IEEHERERIEICRIGRORE R RIS D8 St e V-, Bl B OHEE LTz RE B e
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IZBT D7 TV OIEREFZE LR EROEEEZHWT, B FIROHEEEZTT-72E25, I (404.4 nm) 1T 3
ng/mL B2, ¥+ (202.5 nm) (X 0.07 pg/mL F2FE, <> #(403.1 nm) % 0.3 pg/mL F2JE Th o7z,

723, D2 MIERID LT S =T =~ R AT IEHAE D3 2RO 0 BT AE B T, AN —F — A ]
EThDHTEIT I DT FRE7RT2D, O OMEFEIZ 1T 210 Sl EE R L DRV TIF RN EB 2 5
.

Table 3 Concentration range of culibration curve

N\I;asuiemel?t Element or  Concentration range
avelengt component (ug/mL)
(nm)

K 0~ 4
766.5

K,O 0 ~ 438

K 0 ~ 40
769.9

K,O 0 ~ 48

K 0 ~ 80
404.4

K,O 0 ~ 9

Mg 0 ~ 0.4
285.2

MgO 0 ~ 0.6

Mg 0 ~ 32
202.5

MgO 0 ~ 53
279.5 Mn 0 ~ 3

MnO 0 ~ 64
403.1 Mn 0 ~ 15

MnO 0 ~ 19
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ABS ABS
04 - 0.5
766.5 nm 769.9 nm
y=0.0755x + 0.0032 04 y=10.0086x - 0.001
03 2 =0.9999 o 72=0.9999
0.3
02 |
0.1 F
0 1 1 1 1 J
0 1 2 3 4 5 6 0 10 20 30 40 50 60
Concentration of K2O(pg/mL) Concentration of K2O( pug/mL)
ABS
0.06
404.4 nm
0.05 - y=0.0006x+0.0003
2=0.9994
0.04
0.03
0.02
0.01
0 % L I )
0 20 40 60 80 100
Concentration of K2O(pg/mL)
Figure 1 Example of calibration curve for potassium
Full line: Regression line
Dotted lines: Upper and lower of limit 95 % prediction interval
ABS ABS
035 ‘
285.2 nm 0.08 | 202.5nm
03 F y=04277x+0.0071 T y=0.0146x +0.0025
72=0.9996 ‘ 12=0.9999
025 F f
0.06 |
02 - 5
015 . 0.04 |
0.1 1
002 |
0.05 |
0 . ) . 0 ‘
0 0.2 04 0.6 0.8 0 2 4 6
Concentration of MgO( jig/mL) Concentration of MgO(pg/mL)

Figure 2 Example of calibration curve for magnesium
Full line: Regression line

Dotted lines: Upper and lower of limit 95 % prediction interval
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ABS ABS
04 0.12
279.5 nm 403.1 nm
y=0.0535x + 0.0042 Z 0.1 y=0.0056x + 0.0005

03 12 =0.9993 72=0.9998
0.08
02 0.06
0.04
0.1
0.02
e 0
0 2 4 6 8 0 5 10 15 20

Concentration of MnO( j1g/mL) Concentration of MnO( j1g/mL)
Figure 3 Example of calibration curve for manganese
Full line: Regression line

Dotted lines: Upper and lower of limit 95 % prediction interval

2) RIREVEZICLLEEOFE

AR5 R 1A VI R IER O W E I R\ B T 5 E BAEO M EVEAZ MR T 5720, HIERELY K0 1% 404.4
nm, MgO /% 202.5 nm, MnO /% 403.1 nm £LC, T-K»0, C-K>0, W-K,0, C-MgO, C-MnO [Z- 2\ TIEER
TS 2 VT, 3 SMTICEO T A ML 72, 5N R%E Table 4 (TRUZ. Wb ERIE IR
AEE L6 D R A OHIPHN THY, EEHERBRIEI RS T D B R R HE A 72 L QU e,

F7-, WU BRI HEEY 3 20 S-MgO, W-MgO, W-MnO (DWW TIEE B LU COMNIRS & Bk}
TOEHWT, 2 SIHMTICEVRBRE EHEL-. SO ERE Table 5 1ORU. WG B ITAMITRE L
EHRBRICB OO R EHESNAHFENTH T,

Table4  The estimation of trueness using certified reference materials

a) Warning limit range

Component Certified re.ference Type of fertilizer Mean Certified value for the certified value
material b) b) b)
(%) (%) (%)
T-K20 FAMIC-C-12-2 Composted sludge fertilizer 0.56 0.58 0.50 ~ 0.66
C-K20 FAMIC-A-17 Chemical fertilizer 13.75 13.96 13.53 ~ 14.39
W-K.0 FAMIC-B-14 Chemical fertilizer 8.17 8.32 8.08 ~ 8.56
C-MgO FAMIC-A-17 Chemical fertilizer 3.48 3.54 3.39 ~ 3.69
C-MnO FAMIC-A-17 Chemical fertilizer 0.33 0.31 0.29 ~ 0.34

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

b) Mass fraction
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Table 5 The estimation of trueness using proficiency test samples

Comonent e Type of fertizer Mear;:) Medis)n Range evaluated S)s satisfuction
%) (%) (%)
$-MgO z;‘i;f‘ﬁgg Silicate slug fertilizer  7.28 7.43 713 ~ 7.73

a) Mean value of parallel test (n =2)
b) Mass fraction

3) HEREMELLEICKDEE O

T-K20 (Z2WTHERUE 12 57, C-KoO 2 DWW TR 12 5%, W-KoO 1T DWW TEEE 15 47, T-MgO {22\
TIXEEF 12 45, S-MgO (ZoWCIEakl 13 45, C-MgO ([ZOWTERRE 12 47, W-MgO ([ZOWCIEREL 14
S, C-MnO [Z2WCERER 12 45, W-MnO (2 oWCIERE 12 & VT, IBRMERBRE D IR ST
LEATORE W A& AT HTiEE, RIGEK ORI E R R W2 EE OB K OARIED 95 % 11l X fH
ZealJFEAR D JF P HE X Figure 4~6 (TR U7, F72, 95 WG X EIOMX (b), 17 (@) L BN EFROFH B
%45 (r) % Table 6 (TR L7z, AREHERERIE TIX, HHZ (b) D 95 WIEFXMHICZ | 235 FE4L, Y1 (a) D 95 %[5
FE X LR R (0) 238 =, AHBIRREL () 2% 0.99 LI EAHESEL CU5. Table 6 (RLIZRERDOERDT_TO
SIHTE BICB W THER L EOHIPHN Th o 72, 728, 2T O RIE R K CHIE L7- U o I E VAR iR
FEITNELC 9.37 pg/mL~61.9 pg/mL, &1 0.84 ug/mL~2.41 pg/mL, ~> 75> T 1.24 pg/mL~8.45 pg/mL
THhHoT-.
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10 40
S T-K,0 g C-K,0
g g | y=1.034x + 0.026 g y=1.012x - 0.153
< r=10.999 T 30 r=1.000
= 3 I
s <
on o0
p 220
z 4 B
c, Z 10 -
< f=1 .
Z < 4
3 0 ) 0 Z. 1 L I J
0 2 4 6 8 10 0 10 20 30 40
Analytical value by AAS using 769.9 nm (%) Analytical value by AAS using 769.9 nm (%)
70
g W-K,0
g 60 - y=0.996x +0.208
Z r=10.998
2 50 -
on
=
£ 40
E
> 30
=)
ﬁ
£ 20 -
B
= 10
<
<
0 . ! !
0 20 40 60 80

Analytical value by AAS using 769.9 nm (%)

Figure 4  Comparison of analytical values by AAS using different measurement wavelengths for potassium

%: Mass fraction

Full line: Regression line

Dotted lines: Upper and lower of limit 95 % prediction interval
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Analytical value by AAS using 202.5 nm (%)

Analytical value by AAS using 202.5 nm (%)

Figure 5

35

25

L5

0.5

15

10

T-MgO

y=1.011x- 0.004
r=1.000

1 | 1 |

05 1 15 2 25 3 35 4
Analytical value by AAS using 285.2 nm (%)

C-MgO
y=0.995x - 0.033
r=1.000

1

5 10 15
Analytical value by AAS using 285.2 nm (%)

Analytical value by AAS using 202.5 nm (%)

Analytical value by AAS using 202.5 nm (%)

80
70
60
50
40
30
20

10

30

25

20

15

10

S-MgO

y=1.000x + 0.006
r=1.000

1 | 1 | 1 ]

10 20 30 40 50 60 70 80
Analytical value by AAS using 285.2 nm (%)

W-MgO

y=0.999x + 0.047
r=1.000

1 1 1 1

5 10 15 20 25 30
Analytical value by AAS using 285.2 nm (%)

Comparison of analytical values by AAS using different measurement wavelengths for magnesium

%: Mass fraction

Full line: Regression line

Dotted lines: Upper and lower of limit 95 % prediction interval
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15 40

C-MnO

y=0.987x + 0.024
r=1.000

W-MnO

y = 1.003x - 0.005
r=1.000

30 |
10

10 |

Analytical value by AAS using 403.1 nm (%)
Analytical value by AAS using 403.1 nm (%)
)
S

0 5 10 15 0 10 20 30 40
Analytical value by AAS using 279.5 nm (%) Analytical value by AAS using 279.5 nm (%)

Figure 6  Comparison of analytical values by AAS using different measurement wavelengths for manganese
%: Mass fraction
Full line: Regression line

Dotted lines: Upper and lower of limit 95 % prediction interval

Table 6 The 95 % confidence interval and correlation coefficient of the regression line in
bertween measurement wavelength

95 % confidence interval Correlation
Component — ;
Inclination (b) Intercept (a) coefficient (r)
T-K-,0 0.9980 ~ 1.069 -0.078 ~ 0.130 0.999
C-K20 0.9960 ~ 1.028 -0.546 ~ 0.239 1.000
W-K>0 0.9609 ~ 1.032 -0.832 ~ 1.247 0.998
T-MgO 0.9942 ~ 1.029 -0.034 ~ 0.026 1.000
S-MgO 0.9924 ~ 1.008 -0.173 ~ 0.185 1.000
C-MgO 0.9829 ~ 1.007 -0.113 ~ 0.048 1.000
W-MgO 0.9865 ~ 1.012 -0.071 ~ 0.165 1.000
C-MnO 0.9735 ~ 1.000 -0.040 ~ 0.088 1.000
W-MnO 0.9997 ~ 1.007 -0.051 ~ 0.040 1.000

4) BHTRERUTHBEORR

2) KON 3)IZB W TS BRIE VIS E D DIz B HEA 72 L= RSO W T, ARIEO P TR E & OV
WG 2 s 357012, F/KIGIRAEEL, (LEAERE, Bla et S, R MEARE, IRA A BRIEE,
BIPER O NERE, WORE AR, File - T AEl, Sh&n v~ WML, e~ A IR E VTR 2 1
FE 2 SHHTTC 5 BRIDOKIESHT AT T4 % Table 7 (2, ZNbZ& R —TThl B ET 21T TELN
T FHEAT 7 S % Table 8 12, TILEIURLT-.

W TV FESHE e 255 AR R BRIV I R SV CO D O TREFE (D TR G AZE HE (R 22) e OV DRSPS (Hp
FRAHE AR 72) O B ZOFFRFIHN TH 7200, REIEH DR EEZA L QWD LRSI,
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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
Sewage sludge fertilizer 0.380 0.373 0.397 0.396 0.376
0.368 0.362 0.372 0.377 0.372
0 11.6 11.4 11.4 11.8 11.3
Chemical fertilizer ' ' ' ' ’
11.2 11.1 11.5 11.7 11.6
oS5 b0 10491
A0 360 382 5 379 304
Chemical fertilizer ' ' ' ' )
36.5 38.1 35.1 37.7 35.8
om0 R
W-K,0 . . . . )
. . 60.7 63.1 60.1 62.6 58.8
Potassium chloride
60.1 62.8 57.7 63.9 58.8
Sewage sludge fertilizer 0.235 0.216 0.223 0.208 0.225
0.233 0.221 0.239 0.192 0.224
1-MeO 3.17 3.08 3.20 2.89 3.14
Chemical fertilizer ' ' ' ' '
3.21 3.08 3.27 2.98 3.13
Potassium fertilizer 4.13 4.11 4.53 4.10 4.18
mixture 4.44 4. 4. 4.02 4.
S-MgO _ 05 36 0 33
Phosphate fertilizer 18.3 17.4 18.9 17.5 18.4
mixture 18.4 17.3 19.5 17.3 18.5
e 20 2% 2% 20
C-MgO . . . . .
Byproduct compound 14.3 14.4 14.9 13.8 13.8
fertilizer 14.4 14.2 15.3 13.9 14.6
Liquid compound 1.59 1.65 1.64 1.58 1.64
fertilizer 1.54 1.61 1.64 1. 1.
W-MgO ' 5 6 6 58 63
Magnesium sulfate 26.9 25.6 27.1 25.4 26.4
fertilizer 25.7 25.2 27.3 24.6 26.7
i L0000
C-MnO . ) } } }
Slag manganese 15.0 14.7 14.5 14.4 14.4
fertilizer 14.8 14.6 14.3 14.2 14.3
om0 0 I 0 0
W-MnO . ) } } }
Manganese sulfate 39.5 35.7 38.5 373 38.0
fertilizer 39.5 36.4 38.9 39.3 37.1
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Table 8 Statistical analysis of repeatability test

Repeatability precision Intermediate precision
Component Sample Mean” 50 RSD."  2*CRSD.’ s I(T)ﬂ RSD I(T)g) 2*CRSD I(T)h)
(%) (%)” (%) (%) (%)" (%) (%)
T-K.0 Sewage sludge fertilizer  0.377 0.011 3.0 6 0.011 3.0
? Chemical fertilizer 11.5 0.196 1.7 3 0.229 2.0 5
C-K.0 Chemical fertilizer 8.36 0.097 1.2 4 0.252 3.0 7
? Chemical fertilizer 36.6 0.326 0.9 2 1.376 3.8 4
W-Ko0 Compound fertilizer 10.3 0.111 1.1 3 0.492 4.8 5
: Potassium chloride 60.9 0.886 1.5 2 2.223 3.7 4
T-MeO Sewage sludge fertilizer  0.222 0.007 34 6 0.015 6.6 9
g Chemical fertilizer 3.12 0.036 1.2 4 0.119 3.8 7
POtaSmui”mzer 422 0.125 3.0 4 0.182 43 7
S-MgO ”
Phosphate fertilizer | 0.201 1.1 3 0.798 4.4 5
mixture
Chemical fertilizer 2.81 0.027 1.0 4 0.117 4.2 7
C-MgO
& Byproduct compound | 0.283 2.0 3 0.506 3.5 5
fertilizer
Liquid compound 1.61 0.021 13 4 0.038 24 7
- fertilizer
W-MgO Magnesium sulfate
& . 26.1 0.489 1.9 2 0.953 3.7 4
fertilizer
Chemical fertilizer 0.779 0.004 0.5 6 0.055 7.0 9
C-MnO
Slag manganese 14.5 0.093 0.6 3 0.254 1.8 5
fertilizer
Chemical fertilizer 0.141 0.001 0.7 6 0.006 4.4 9
W-MnO
Manganese sulfate 38.0 0.734 1.9 2 1.407 3.7 4
fertilizer

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

b) Mass fraction

c) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of repeatability precision (Repeatability relative standard deviation)
f) Intermediate standard deviation

g) Intermediate relative standard deviation

h) Criteria of intermediate precision (Intermediate relative standard deviation)

4. FEDH

INE, 3RO~ T D71 — MR SEEDORIE SR ON T, JEEHERBRED IR ORI E &
DIHTIE~OE O AT REMEZ ARG 5720, B O BEARHFH O K O —RBR =21 o0 iriko %
UMM E TR L T2 2 A, IRODFERE 15T

() BREAREERLIZEZA, BERPECOWTE, IIEO 766.5 nm 1L K20 £LT 0 ug/mL ~4.8 pg/mL,
769.9nm X 0 pg/mL ~48 ug/mL, 404.4nm X 0 pg/mL ~96 pg/mL OFiH, & 100 285.2 nm (£ MgO &L
TO pug/mL ~0.6 ug/mL, 202.5 nm (£ 0 pg/mL ~5.3 pg/mL OFHiPH, ~>H D 279.5 nm X MnO &L T 0
ug/mL~6.4 ug/mL, 403.1 nm % 0 pg/mL ~19 pg/mL OHFIFIZIBWTHERSIL, WTIUHIREREL () 23
0.999 UL EThH-o7-.
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(2) HEMEROTD, T-K0, C-K0, W-K,0, C-MgO, C-MnO (ZOW CEEIEFFEHEY EY & V¢, 3
ROHMTIZEO 2 I LTz, W v SR RR AR 35S R O RPN Th Y, IEEHEREREIC
ARSI TWND R R AL 2 72 L Tz,

F72, IEEERIEEEY E 3720 S-MgO, W-MgO, W-MnO [Z2OWTIEH & L L TR & B RS 7%
HNT, 2 ROHMTICED T & a7, W3 b SEEE AR B BRAER (Ol e Ll E S D HibH
W Tho7=.

(3) BEEMEDT-0, IEEHERBRIAIIGE SN QOB TORIER B ERIGR OB E i K2 XY, Fiimin
BFC T-K0 28 AT 50K 12 45, LU FREAEIC C-Ko0 12 A%, W-K,0 15 £, T-MgO 12 /5, S-MgO 13 A, C-
MgO 12 £, W-MgO 14 £, C-MnO 12 A &% Y W-MnO 12 575:%2%%2% IHTL, BRI LD 07 M b
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Addition of Measurement Wavelength for Flame Atomic Absorption Spectrophotometry of
Potassium, Magnesium and Manganese

MIYANOYA Kyo', AMANO Tadao', YAGI Toshiharu'

' Food and Agricultural Materials Inspection Center (FAMIC), Nagoya Regional Center

For the flame atomic absorption spectrophotometry (AAS) of potassium, magnesium and manganese using the
current measurement wavelengths (K 766.5 nm and 769.9 nm, Mg 285.2 nm and Mn 279.5 nm) listed on the Testing
Methods of Fertilizers. We examined multiple new measurement wavelengths (K 404.4 nm, Mg 202.5 nm and Mn
403.1 nm) not listed on that. We confirmed the linear region of the calibration curve, and validated the analytical
method in a single laboratory. The concentration range of the calibration curve for potassium (as K,O) was 0 pg/mL
to 4.8 pg/mL at 766.5 nm, 0 pg/mL to 48 pg/mL at 769.9 nm and 0 pg/mL to 96 ng/mL at 404.4 nm. The
concentration range of the calibration curve for magnesium (as MgO) was 0 pg/mL to 0.6 ng/mL at 285.2 nm and
0 pg/mL to 5.3 pg/mL at 202.5nm. The concentration range of the calibration curve for manganese (as MnO) was
0 pg/mL to 6.4 pg/mL at 279.5 nm and 0 pg/mL to 19 pg/mL at 403.1 nm. All calibration curve had a coefficient of
determination (°) of 0.999 or higher. In order to confirm the accuracy, parallel tests (n =3) were conducted on T-
K>0, C-K,0, W-K,0, C-MgO and C-MnO using certified reference materials. In all cases, the mean values were
within warning limit range for the certified value. For S-MgO, W-MgO and W-MnO, which do not have certified
reference materials, parallel tests (n =2) were conducted using proficiency test samples. In all cases, the mean values
were within the range evaluated as satisfaction. In order to confirm the accuracy, 12-15 samples that contain T-K,O,
C-K,0, W-K,0, T-MgO, S-MgO, C-MgO, W-MgO, C-MnO and W-MnO respectively were analyzed using the
current measurement wavelength and the new measurement wavelength, the analytical value were compared. As a
result, we confirmed the equivalence between the analytical values of the two measurement wavelengths. Line of
regression and correlation coefficient; T-K>O (= 0.999, y = 0.026+1.034x ), C-K,O (r=1.000, y =-0.153+1.012x),
W-K20 (= 0.998, y = 0.208+0.996x), T-MgO (r = 1.000, y = -0.004+1.011x), S-MgO (»=1.000, y = 0.006+1.000x),
C-MgO (r = 1.000, y = -0.033+0.995x), W-MgO (» = 1.000, y = 0.047+0.999x), C-MnO (r = 1.000, y =
0.024+0.987x), W-MnO (r = 1.000, y = -0.005+1.003x). Intermediate precision and repeatability were estimated by
duplicate test per 5 tests on different days using two analytical samples of different concentration respectively. As a
result, repeatability relative standard deviations (RSDr) and intermediate relative standard deviations (RSDyt)) were
within the tolerance of repeatability and intermediate precision of the Testing Methods for Fertilizers. Those results
indicated that AAS using the new measurement wavelength was valid for the determination of potassium,

magnesium and manganese in fertilizers.

Keywords Potassium, Magnesium, Manganese, Flame atomic absorption spectrometry, Measurement wavelength
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