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5 ICP-OES #HAU\I=B¥lhd T-CaO, T-Cu, T-Zn, T-MgO,

Cd, Ni, Cr BT Pb D5 #riE DB
— SRS FMTIE —

H I,

1. [FE®HIC

ICP-OES % Wz IEE o Fpk sy (A K 4 & (T-Ca0) , $i4 & (T-Cu), Fifha & (T-Zn) K O L4 8 (T-
MgO)) e OV E sy (IRIV A (Cd), =7V (Ni), 78 (Cr) K O%H (Pb)) DFt 8 Dok B4 %
1T-o7-.

T-CaO, T-Cu KO T-Zn (%, HEAE R OVGIRIEEFE DR PIZIEDT CEDONIREL EEALTWDSEGHE
i, A EE ISR R LT R D0 VY ZORPRNBFERAET D720 Ok L T, T-Ca0 (22
DT T-MgO EEBICT7 L — AR ENIERN SR ER L DIl QB0 A THD. T-Cu, T-Zn, Cd,
Ni, Cr T Pb (DWW TE T L — AR FROGTED A ICP-OES £ i S T D,

ICP-OES JEIZOWTHEELOHE Vckde, IBEHIB W TUI~N v AZID FERRD N2, b
Uy I A=y F o 715 OWEEEEA MG L 7203, IERMEREBRIE L T 2720 O+ R E GO T 729
FEHERINEDN RS TCOVD. LinL, BHERINEI I T AORIREL TUTA R CTH L3, WIEEHK O TR
JEMECH DT80, AF CIINIR LA E MG 22l e L.

BER T, WEEHELL TA U A (In) KO RID A (Y) R ET LAY, RRETCiE, ZhbostFE ST
BETCHEOP R EHBAIT VR EEZL DO ILR THHIE, SHITAE LR ENERED I R OBRFENE—THD
ZEEFINGAIEEL, ZNOOEMNLRIE TR O EDAT U ROGEIIA YT AE D A (YY), JRFHROEE
134 (Auw) ZH W TRETT 5288 LT,

8 43T DT ICP-OES Z W3 s (WARTELR) 2L, B —alBR=E S D 0 HTiE D 2 Y e ess &
FToT=DOTHIET 5.

2. MHPRUAE

1) SHAEHORR

TBTRIEEE L OVE S AHEARIE, BoMRgs% VT 65 °C © 5 FER DL ERBESE7-1%, 500 pm D550 & i
THETHLI-bDOE ST B LTz, ZOMOREHZ DWW TEBYZ 500 pm D 520\ A8l 5 FE Tia
DR TR L T=b 0% AT R L.

AFRFHCHE A L7 OFESEIL Table 1-1 DLV THY, (LAIEELD JFUEE Table 1-2 (TR L7,

VORSEATBOE NEMOKEETH B L it 2 —thm e 2 —
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Table 1-1 Kind of the samples

Kind of samples Number

Sludge fertilizer 15
Chemical fertilizer 4
Inorganic sample 5 (Each 1)

(Superphosphate lime, Siliceous fertilizer, Lime
nitrogen, Fused phosphate, Gy psum)
Organic sample 4 (Each 1)
(Cow dung compost, Fish meal, Crab shell, Poultry
manure comp ost)

Soil amendment 6 (Each 1)
(Baked diatomaceous earth, Vermiculite, Pearlite,
Zeolite, Bentonite, Charcoal)
Total 34

Table 1-2 Materials of the compound fertilizers

Lime nitrogen, Urea, Ammonia, Ammonium sulfate, Ammonium
phosphate, Fused phosphate, Double superphosphate, Processed
Inorganic raw material phosphate fertilizer, Potassium sulfate, Potassium chloride,
Magnesium sulphate, By-product fertelizer, M anganese sulphate,
Borate fertelizer
Dried bacterial fertilizer, Crustacean powder fertilizer, Steamed bone
meal, Steamed feather powder

Organic material

2) B

(1) 7k: JISK 0557 \ZHETD A3 DK.

(2) il FEEHTH (8 L7 AV 2FEiSE)

(3) Ml KT (& L7 AV DFAiRE)

(4) HEFE(1+5) 0 3) DIFFEDIEFE 1 LAKDIEFE 5 ARG LIZHD.

(5) Hafe(1423): (3) DIEREOIKFE | LAKDIKRE 23 LEIRALIZHD.

(6) HL T MEHENR (Ca 1000 mg/L) : JCSS (& 7 A /v SFnE#liEk)

(7) SRAEHERL (Cu 1000 mg/L) : JCSS (& =7 A /L LAFneifizk)

(8) HEENFEENR (Zn 1000 mg/L) : JCSS (H L7 A/ LFEASE)

(9) ~Z7 %17 MMEAER (Mg 1000 mg/L) 1 JCSS (& -7 AV AFnefli)

(10) HRIT LHEHERL (Cd 1000 mg/L) :  JCSS (& L7 A /L AFEhiEE)

(11) =7 /VAEHERE (Ni 1000 mg/L) : JCSS (& -7 A /L 2R HiE)

(12) Z7mMEHERR (Cr 1000 mg/L) : JCSS (& L7 AL 2Tt Hi%)

(13) $HfE4ER (Pb 1000 mg/L) : JCSS (& L7 A /L AFnEHiZE)

(14) IR A HEH#ERR (AL, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Sb, Si, Ti, V
O Zn 4 100 mg/L) :  XSTC-22 (SPEX)

(15) AT /AED LEAER (Yb 1000 mg/L) :  ICP 34T H (F 7 A0 SZFnyeftisk)

(16) AFEUERL (Au 1000 mg/L) : ICP /0#71 H (& 7 AV 2 FEHi)

(17) IRAHEYERL (Ca, Cu, Zn, Mg, Cd, Ni, Cr &X' Pb % 100 mg/L) : 1000 mg/L @ Ca, Cu, Zn, Mg,
Cd, Ni, Cr 2 O'Pb #E#EH 4 10 mL % 100 mL 2877 A3IEY, KEMERE TN TRA L.

(18) JRAPEENERL (Yb OV Be % 100mg/L) : 1000 mg/L @ Yb M O Au FEHEHE4: 10 mL % 100 mL 4= &
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TZAZEY, HiE (1+5)25 mL Z00%, BERETKENZ TRA L.

(19) FrEARAHRAENER (Ca, Cu, Zn, Mg, Cd, Ni, Cr X' Pb 45 1 mg/L~10 mg/L) : JRAEUERR
(Ca, Cu, Zn, Mg, Cd, Ni, Cr &% T Pb % 100 mg/L) ® 1 mL~10 mL % 100 mL 4 &7 7 A2 (ZERERIZED,
g (1+5) 25 mL Z#%, BERRETRENZ TRA L. XSTC-22 Z W A58 H RIERICARLT-.

(20) FRERHIRGIEHER (Ca, Cu, Zn, Mg, Cd, Ni, Cr X' Pb 4% 0.05 mg/L~0.5 mg/L) : 10 mg/L
EARAREHER D 0.5 mL~5 mL % 100 mL 4287 7 AZEERERIC D, FERECHEEE (14+23) 2 TIRAL
7-.

(21) B AR 2RI e (1423).

3) MERUEE

(1) FEAES T TA~H0 I HrikiE (ICP-OES) : BER/ERT ICPE-8100 (K57 [l 7=, > —74r
XIS )

(2) FFWNRER: BHYAT 7 /my—X 7-2310

(3) L% Retsch ZM-200

(4) BXUF: Y~MEFEHK) FO610

4) SWmAE

200mL h— L E—D—IZ0fatkt S5g (29X 1g 20 &0, BXIFICANESLTIEL T
AL L, 450 °C+5 °C T 8 HEffl~16 RSB L CIRIL L7z, 72721, AW EEa L2WiElEHZ D\ T
FIRALD TRITAME Uz, intk, DEOKTEREYZE L, iR 10 mL & OMEREK) 30 mL 2%
7o h—LE = —Z BRI CRE, Win LTI L CREWE SR Li-tk, FEHLZ 35 L Tr Lk
THIEVA fo i TR < & Clfis L7z, Kumtk, e (1+5) 50 mL 2 0f#micinz, h—Le—nh—%
REEH LTV, MIENL TR L7o. Hmtk, Wk A 7K T 200 mL &7 7 A 3 lZB LA, ERET
KEMZ, A3 ETHE LA a2 BRI & Lz, ERAIR 2 IR 2 8581%, e (1+423) 2 0
TARUT-. B 223 B, I B A YE I B OB 10mL &R A WZEYER 1 mL 2 22
MDD 15 mL F2—72x TREA L, ICP-OES TH#r L7z, #rikod 7 m—— hME Scheme 1 KT
Scheme 2 D L35V . SpHTkiG e K OPEHE LR DORIE I VDI R IE Table 2 IR LT,

5) REOHMH
SIMTRIG TR ENAEHETT IR DO FELHRE D AR L (AT RT3 /EE L R) 25 H L, FHERORELN
FRHIC LD AR L CRUBHER P OREZFE L, U TORUICLIED> TP OREZF L.

GREHH O (mg/kg) ) = GUEHE T DL (mg/L) ) X200 mL X GREHEDATRER) /5 g

CaO MU MgO IZ DWW TEELIZL FITRLEERIC k> TR b DR E 2R H L=,

~

B D CaO DL (% (EH&ES533H) ) ) =GUEHH D Ca DR (mg/kg) ) X 1.3992/10000
B D MgO DIRFE (% (B &7 2) ) ) =GR D Mg DR EE (mg/kg) ) X 1.6583/10000

~~
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5 gsample

Charring

Incineration

Standing to cool

Heating

Heating

Standing to cool

Heating

Standing to cool

Transfer

Filtration

Sample solution

200 mL tall beaker

Heat gently

Ignite at 450 °C+5 °C, 8-16 hours

Room temperature

«—A small amount of water
—About 10 mL of nitric acid

«—About 30 mL of hydrochloric acid

Cover with a wacth glass, and digest

Slightly move a watch glass to remove acid

Room temperature

«50 mL of hydrochloric acid (1+5)

Cover with a wacth glass, and dissolve

Room temperature

200 mL volumetric flask, water

«—Water (up to the marked line)

Type 3 filter paper

Dilute with hydrochloric acid (1+23) if necessary

Scheme 1 Flow sheet for measuring T-CaO, T-Cu, T-Zn, T-MgO, Cd, Ni, Cr and Pb

in fertilizer by ICP-OES (preparation of sample solution)

Sample solution

10 mL

M easurement

15 mL Tube

«—1 mL of mixed internal standard solution

ICP-OES

Scheme 2 Flow sheet for measuring T-CaO, T-Cu, T-Zn, T-MgO, Cd, Ni, Cr and Pb
in fertilizer by ICP-OES (measurment)
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Table 2 Wavelength of measurement element

M easuring W 2) Internal standard 2)
cloments avelength®(nm) element Wavelength” (nm)
Ca 396.847(11) Yb 328.937(1)
Cu 324.754(1) Au 242.795(1)
Zn 213.856(1) Au 242.795(1)
Mg 279.553(1) Yb 328.937(1)
Cd 228.802(1) Au 242.795(1)
Cd 226.502(1) Yb 328.937(1)
Ni 231.604(1) Yb 328.937(1)
Cr 205.552(1) Yb 328.937(1)
Pb 220.351(1) Yb 328.937(1)

a) (I ):Atomic beam, (I ):Ion beam

6) REIAHE

(1) HEMRDEFRNE

BILFRDPRED 0 mg/L, 0.05 mg/L, 0.1 mg/L, 0.5 mg/L, 1 mg/L, 2 mg/L, 4 mg/L, 6 mg/L, 8 mg/L 335N 10
mg/L DR B IR A TEERZFRL, T4 LA/ C 2 B SHEL TR ERZERLT-.

(2) <RI AZLDH T

Table 1-1 DFREHI DWW CGRBHEIR AR 72, #9712 ICP-OES CTHHr L7 RO NAEAED F8 i
% Table 3 | Z/RUT-. MREARHAEER T O Au L VYD OFEIEBREE 100 LU 4, BBHAIR T O3 TR E
1% Au 2% 79~106, Yb 7% 84~103 Tho7=. ) 8 FIOFEIOFEILIRELA 10010 LINTH 7270, HbIEN
SREEDMEK T U7IZsEHI A IR E R THY, FIREIX Au 23 79, Yb X 84 ThHotz. IR THONIFRDOFENIRE
PMEL, Au iX 84, Yb 1E 87 Th-o7o. {HIEAEEHI IV TiBIRL MEIX, Au 2’ 89, Yb 7391 Th-o7-.

FEICTRE DMRNMEZ R UIZREINE, N7 ZADOFIZL DD EZ 2 B, FRkSrThs T-CaO, T-Cu, T-
Zn KON T-MgO (DWW IR E A &N L), EBHRIRE AL Totr 7528 C ISR T 528
NA[RETHDHEE Z NS, LL, AFEMD THD Cd, Ni, Cr LN Pb (2 OW TR LA B ML, FUBRA
WEFIRE TN T DI EESNDIZD, THRKEWVREEZ DN LIZ85 A OMEREE Rl 324 5035
HZEMD, FIKETR, DTk & OVGIRAERE IV TR a2 S i L 7.

B D Cd, Ni, Cr &2 O Pb DR FEDS 40 mg/kg HY B L2 D INTIRATEMER AN L7308 2 WV CGR
BHA R Z L, ICP-OES W THIELZ. £/, MICE o T~ ELHR T D720, dlBHRIEZ 2
B, 5 E LU0 AR U7 IR DWW T RERICHIE L.
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Table 3 Frequency table about the luminescent strength of

internal standard element (Au, Yb) in sample solution

N ) Number of samples
Emission intensity

Au Yb

75-179 1 0

80 - 84 2 2

85-89 4 5

90 - 94 6 6
95-99 8 14

100 - 104 11 7
105-109 2 0
Total 34 34
Em1s510n' mtensity 106 103

(maximum)

Emission intensity 79 ’4

(minimum)
a) The value in the standard solution for the
calibration curve is set to 100.

(3) MERIEEREAR MEM B 2 I - B R

JEEFREAEMEYE FAMIC-B-14 J Y FAMIC-C-21 % HWCEEFE 21T >7-. FAMIC-B-14 [Z-2W\W Tl
Cd & TN Ni, FAMIC-C-21 {29\ Cl& T-Ca0, T-Cu, T-Zn, Cd, Ni, Cr & OV Pb ZAEIZLY 3 ST THMTL
7=

(4) ZYPED RS I TIEC J D FLEE R

JEEHEABRIE RS CO D2 SN HER SN ITTE THL 7V — DR FBROETEEATEIZLY Table 1-
LITRUTE 34 ROBEIZ3HTL, 2B 2 TFIEOSHTEOMHBEKZ/ERKL, [ERE#ROMEE (b), 915 (a)
K OAHBIRE (r) 2R L, IS PRI &R 72,

(5) BHTHEIE B OReh RS FE DR
TG IEE R GBI T, ZNZER 2 SOFTCHAEZT 5 A& ToT. DHTRIE K O
KhlEAokad, BRI ORI AAT 7.

(6) & FIRE O FROHEE

oy DER BEAMEROETRAEEZ W TARIEICEY 7 SO TRERE ML, &8 T IR& O FIRZHE
FELT-. 7283, ICP-OES THMT T 2B8E, Cd 122V TIEAIRL TRV EEHARR, Ca 1d 100 {5A7 R L 7=78
IR, ZOMoIEH#EIT 10 FEARLUZRBAEAZ V-, €8 TR EERZE) X 10, B TR FE AR
7£) X2Xt(n-1, 0.05) IZLVEIH L.

3. BRRUSBE

1) REROERNME
2.6) (DICL7=M> THER LM ERRE Fig. 1 ISR T DO FNO LR IOV THIER LR ER O ERK
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()13 0.999 LLETH -7z, Fig. 1 O ERIT, TIIROBEIEHER XSTC-22 2 AV TR B TR SR IR E
AT, ERI O 2R & L CRRL 7R SR IR 2 O ThIER S Lo i BERR O R TE FR B T RIFR L
Thole. 12120, RUCREIEER AR MRE L TRELILBNECTZZEMD, EHICARL TR E#R
MR AR AER 2R DM B3 T2,

_ 25 Ca _ 25 Cu _ 25 7n
=
= Z 2
& 20 8 20 g 20
.8 8 2
E15 g 15 15
e e e
5 g g
= =]
§ 10 = 10 g 10
7] @ @
= = . = =
E S ¥ 235_710 ;9%4950 E S y=2.107x +0.0932 £ »=2.348x +0.0837
E 7?=0. E 72=0.999 E 2=0.999
0 L 1 1 1 1 J 0 1 L L 1 1 J 0 1 1 1 1 1 J
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
Concentration (mg/L) Concentration (mg/L) Concentration (mg/L)
60 Mg 25 ¢ cd 05 Ni

(93
(=}

=~
=]

[
(=4
T

02

[
(=4

¥ =5.649x + 0.3435 y=2227x +0.0215 0.1

-
=]
T

y=0.0413x + 0.0002

Internal standard ratio (Mg/Yb)

Internal standard ratio (Cd/Au)
Internal standard ratio (N1/Yb)

2 =0.999 72 =10.999 2= 0.999
O 1 1 1 1 1 3 O 1 1 1 1 1 ) 00 1 1 1 1 1 J
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
Concentration (mg/L) Concentration (mg/L) Concentration (mg/L)
04 Cr 0.08 b

03 0.06

02 r 0.04 F

0.1 0.02

v =0.0340x + 0.0003 »=10.0064x + 0.0001

Internal standard ratio (Cr/Yb)

Internal standard ratio (Pb/Yb)

r2=1.000 72=1.000
0 0 1 1 1 1 1 ] 0 00 1 1 1 1 1 J
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Concentration (mg/L) Concentration (mg/L)

Fig.1 Calibration curves

2) IRV HRIZKDTFiH

2.6) (2) \ZL7=M3 > THHT LTz 5% Table 4 127”7,

FIRZESR, DNTE M OVGTEIRE D DI R U7 R IR 2 A R T2 o L2356, AR HED R 5R JE 1X
Au 73 79~89 (F AR FAE IR T OISR D) (n=10) & 100 EL723HE), Yb 23 84~91 ThH-7273, 10
AR A ORI 1T Au 23 93~96, Yb 28 96~104 THY, T-H L 7=.

Cd D[ENT I FFENA IR Z AR TN HT LTZ 55T 97 %~103 % Th Y IEHE R BRIEM B E A 1I2hW)
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TORSIVTWDEED HAEDOFIFH (90 %~110 %) N Th-o7-. 2 5L LR U5 A OBEIEED 97 %~102 %
THVEED HIEOFIFHNTH 7.

Ni ORI RN E IR L2072 551 77 %~89 % THY, EFED HEEO#iFH (90 %~110 %) LY
RVMEZA R U, BEO AREOHFPHZ M- LI=01E 5 UL EARLUIZEE THY, ZOBEROEIEIL 90 %~
101 % T 7.

Cr ORI ITFENRIRZ AR LR ST 5B 13 91 %~93 % THY, EED BAEDOHIFH (90 %~110 %) N
ThHolz. 2 5L ERIRUG A ORIED 91 %~97 % THYEED HEOHFFHAN TH-7-.

Pb DRI RITFREHAR A AR L2 -T2 81% 88 %~95 % THY, AIKEHITB W TEED BIZED#iH
(90 %~110 %) KRV MEE 2257223, TR OVEIRIEEHIEE O HIEEOFEFHAN Tho7z. 5 5L, EARL
72356 DI 95 %~101 % THY, EEED BIEEDOHIFH (90 %~110 %) N ThH-o7-.

Cd KO Cr iZ oW TTRBHE I Z A R U 227> 7o & Th IR BEIT RS, 10 FFETHRLIZS AT
HIFAERICRIED 2272 28h D, Cd KON Cr 1ZxE 5 FHINEETH S Au KON Yb 12 2 T LR
ETHHIENDDHT-.

Ni &Y Pb (2 DWW, AU 723556 D EIEEDMENWZ LS, Ni LT Pb (ZXT 5803, IR
Thd Yb Vb RENZERDI T LinL, AT A LTI EICEEN S E LI En D, FRTHI8I2X
ST, Ni KOV Pb IZXf 35 F 728 Yb E[RIFRE £ TS IO E o7z,

ARIETIE, ~ N7 ZAOTFHRIZID SHHEIMEAEI 72 D 2 L 2B 72012 10 5 2L Ea R U7 BHA R 2
Tt T5ZEELT0. 72720, Cd 1IZOW T TR L0 FIEEIMRL, AR DEEEEFE I L TH97
&R FIREMER T2 HE N pD2l, Fo~v o7 AL TR REVHECHo THNERELL T Au %
VDG IEENGERIC R e o T2 2800, BBHEIREZ AR LR THONT 528 ARETHLHEZ 2 B
7.
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Table 4 Recovery test using the samples with large interference

Cd
Lime Crab shell Sludge fertilizer
o . Emission intensity Recovery rate  Emission intensity Recovery rate  Emission intensity Recovery rate
Dilution ratio 2) /D) 2) 0/ b) 2 o/b)
of Au (%) of Au (%) of Au (%)
1 79 103 84 101 89 97
2 85 100 88 101 95 99
5 88 101 99 97 96 100
10 93 101 95 99 96 102
Ni
Lime Crab shell Sludge fertilizer
o . Emission intensity Recovery rate  Emission intensity Recovery rate  Emission intensity Recovery rate
Dilution ratio a 0/\b) a) 0/\b) a) 0/)b)
of Yb (%) of Yb (%) of Yb (%)
1 84 77 87 88 91 89
89 86 93 90 102 87
5 94 94 101 93 101 93
10 96 101 104 90 103 93
Cr
Lime Crab shell Sludge fertilizer
o . Emission intensity Recovery rate  Emission intensity Recovery rate  Emission intensity Recovery rate
Dilution ratio a) /D) 2) o/ b) 2 o/b)
of Yb (%) of Yb (%) of Yb (%)
1 84 91 87 93 91 92
2 89 95 93 96 102 91
5 94 96 101 95 101 97
10 96 96 104 95 103 96
Pb
Lime Crab shell Sludge fertilizer
o . Emission intensity Recovery rate  Emission intensity Recovery rate  Emission intensity Recovery rate
Dilution ratio 2 o/ \b) a) 0/1\b) a) 0/\b)
of Yb (%) of Yb (%) of Yb (%)
1 84 88 87 93 91 95
2 89 87 93 94 102 95
5 94 97 101 101 101 96
10 96 96 103 95 103 98

a)The Value in the standard solution for the calibration curve is set to 100.
b)A sample spiked with the equivalent of 40 mg/kg was used.

3) MEHZRRHREMEZ AV =R EFE

2.6) Q) IZLT=MNoTC, RS SEME 245 LT= 5 5% Table 5 1o~ ¢. IEEHERER A (2023) it B & A 1T
SHTWDRIRIZ LN > TEEZHEE LA L7265 5, FAMIC-B-14 K O FAMIC-C-21 DWW LD k452>
W CH IEBHERBR AN B E A IORSHCWAEED BAEZ 7L TV -,
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Table 5 Accuracy evaluation using fertilizer certified reference materials

FAMIC-B-14
Component Mean®! s Certified value U 4., Am? U Am=U 4"
Cd (mgkeg) 4.45 0.46 423 0.14 0.22 0.54 Conformity
Ni (mg/kg) 36.4 1.6 37.9 1.7 1.5 2.5 Conformity
FAMIC-C-21
Component Mean” s Certified value U g5, Am? U Am=U ,.°
T-CaO (%:Mass fraction) 4.16 0.03 4.16 0.08 0.002 0.090 Conformity
T-Cu (mgkg) 454 3 447 8 7 8.7 Conformity
T-Zn (mgkg) 1320 42 1340 14 20 51 Conformity
Cd (mgkeg) 1.90 0.03 2.0 0.1 0.10 0.11 Conformity
Ni (mg/kg) 27.6 0.4 27 2 0.6 2.1 Conformity
Cr (mgkg) 29.2 0.01 31 2 1.79 2.0 Conformity
Pb (mgkg) 24.0 1.7 23 1 1.0 2.2 Conformity
a) n=3 d) Absolute value of difference between analytical value and certified value
b) Repeatability standard deviation e) Expandeduncertainty of Am
¢) Expanded uncertainty of the certified value f) Judgment formula

4) RUMAFERINI-SHTEICKSEE M

2.6) (4) IZL7e3 o T L —AJRFIOTE (AAS) EARTEIZ K D50 HT O AH BA R K ONEl R EL#R % Fig. 2 IZRL
72. 728, Table 9 T/RUIZE BIRFAIE DO SHEIZ OV TS LT, Fig. 2 IRLIZERY, RiELT7L—A
ST ED S HHEIZ RO IEDOAIBEZGRD DI s, AIEIT 7L — AR TR RIZE O EREE AL C
WHZENDISTE. 2385, [BIREMOMEE (b) KO F (a) D 95 %IEHEX M EAABIERE (r) 2 Table 6 12”1
7o, BERMEFRBRVE TITEURERROMEZ D 95 %IEHEXHIC 1 A& E, U/ D 95 %EFEXMIZ 0 & EN,
FAREAR UL 0.99 UL ETHHZEAZHELEL TUVD. T-Ca0, T-Cu, T-MgO K O} Cd 2B\ T, [EREROMEX
D 95 UlEHEX N 1 NEEN TRV, ZTOMOSMAITM =L Tz,
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ICP-OES (%:mass fraction)

ICP-OES (%:mass fraction)

ICP-OES (mg/kg)

80

600 -
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T-CaO (n=30)

y=1.02x - 0.003

0 20
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T-MgO (n=30)

y=1.03x - 0.01

5 10 15
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500 1500
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’
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L L L L |
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w
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S
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1500

500 1000 2000
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0 50 100 150 200 250 300
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Fig. 2 Comparison of the measurements in between ICP-OES method and AAS method

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

Table 6 Correlation coefficient between 95 % confidence interval and regression line in Figure 3

95 %confidence interval

Correlation coefficient

Component
Inclinaton (b) Intercept (a) )

T-CaO 1.009 - 1.036 -0.265 - 0.259 0.999
T-Cu 0941 - 0.982 -4.259 - 14.240 0.999
T-Zn 0.952 - 1.001 -0.323 - 16.548 0.998
T-MgO 1.021 - 1.033 -0.032 - 0.011 1.000
Cd 1.027 - 1.084 -0.086 - 0.035 0.998

Ni 0.957 - 1.000 -1.857 - 1.928 0.999

Cr 0.972 - 1.003 -2.165 - 2.632 0.999

Pb 0935 - 1.057 -0.256 - 1.796 0.995
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Table 7 Individual result of repetition test of changing the date

T-CaO (%: mass fraction) T-Cu (mg/kg) T-Zn (mg/kg)

Test day Sludge fertilizer Chemical fertilizer Sludge fertilizer Chemical fertilizer Sludge fertilizer Chemical fertilizer
1 1.49 1.48 26.6 26.3 744 741 6.15 5.98 1689 1709 414 41.7
2 1.47 1.39 26.4 26.9 758 777 6.31 6.04 1677 1720 40.1 40.0
3 1.50 1.42 27.1 27.1 698 769 7.02 6.98 1798 1669 36.4 38.0
4 1.42 1.39 26.8 259 712 709 6.04 6.19 1724 1644 30.3 29.8
5 1.40 1.38 27.2 26.3 706 709 6.06 5.51 1635 1608 29.4 329

T-MgO (%: mass fraction) Cd (mg/kg) Ni (mgkg)

Test day Sludge fertilizer Chemical fertilizer Sludge fertilizer Chemical fertilizer Sludge fertilizer Chemical fertilizer
1 0.32 0.34 5.86 5.86 0.48 0.47 2.06 2.18 36.1 358 88.6 88.5
2 0.35 0.36 5.96 5.95 0.41 0.45 2.13 223 36.8 36.5 103 99.4
3 0.39 0.37 6.22 6.27 0.43 0.45 2.18 2.26 379 37.2 98.6 96.3
4 0.36 0.35 5.82 5.99 0.44 0.43 2.07 2.13 35.2 36.6 98.7 96.4
5 0.36 0.35 6.16 6.05 0.43 0.44 1.98 1.95 36.2 35.9 104 103

Cr (mgkg) Pb (mgkg)

Test day Sludge fertilizer Chemical fertilizer Sludge fertilizer Chemical fertilizer
1 69.3 70.3 261 259 394 38.2 28.8 25.0
2 72.7 72.6 280 271 41.0 40.6 249 24.4
3 75.1 73.4 280 274 43.0 423 232 247
4 67.9 71.2 269 265 40.3 41.8 24.4 26.6
5 70.9 70.2 273 270 41.2 40.5 27.6 25.6
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Table 8 Statistical analysis of repetition test result for estimating precision

Mean Repeatability Intermediate precision
Component Sample md 50 RSD ® 2xCRSD Y E I(T)e) RSD I(T)ﬁ 2xCRSD 1<T)g)
(%) (%) (%) (%)
T-CaO Sludge fertilizer 1.43 0.04 2.7 4 0.05 33 7
Chemical fertilizer 26.7 0.5 1.7 2 0.5 1.7 4
T-Cu Sludge fertilizer 732 23 3.2 8 30 4.1 13
Chemical fertilizer 6.23 0.21 33 16 0.48 7.7 26
T-Zn Sludge fertilizer 1687 51 3.0 6 55 3.2 9
Chemical fertilizer 36.0 1.2 34 12 53 14.6 18
T-MgO Sludge fertilizer 0.35 0.01 34 6 0.02 5.8 9
Chemical fertilizer 6.01 0.07 1.1 4 0.17 2.8 7
cd Sludge fertilizer 0.44 0.02 4.0 22 0.02 5.0 36
Chemical fertilizer 2.12 0.06 29 16 0.11 5.0 26
Ni Sludge fertilizer 36.4 0.5 1.4 12 0.8 2.2 18
Chemical fertilizer 97.6 1.6 1.6 12 5.8 5.9 18
Cr Sludge fertilizer 71.4 1.2 1.7 12 2.2 3.1 18
Chemical fertilizer 270 4 1.4 8 7 2.7 13
Pb Sludge fertilizer 40.8 0.7 1.7 12 1.5 3.6 18
Chemical fertilizer 25.5 1.6 6.2 12 1.7 6.6 18

a) n=10 (2x5 days), units for T-CaO and T-M gO are %(mass fraction), others are mg/kg
b) Repeatability standard deviation
c) Repeatability relative standard deviation

d) Criteria of repeatability (repeatability relative standard deviation ) shown in Testing M ethods for Fertilizers

e) Intermediate standard deviation
f) Intermediate relative standard deviatin

g) Criteria of intermediate precision (intermediate relative standard deviation) shown in Testing M ethods for Fertilizers

6) EETRRVERLTRO#E

2.6) (6) IZLT=R > Tt L TR L E R FIRL U FIR% Table 9 IZ/RL7ZHY, WT LD ARIIZIBWNT
HE®E FRE O FRRIZ Table 9 (2R L7z, {BIRAEEID £k DG H EOFRNLEE/2DRE R OVEH
DIFSINDHEER T DIRKED 1/5 LT THY, IEEMERERENEE A DHELSEL TWOD &AL Tz,

Table 9 Result of estimation of LOQ and LOD

Components M ean® Standard deviation LOQ LOD Reference value

T-CaO (% : mass fraction) 1.11 0.02 0.2 0.1 3Y

T-Cu (mgkg) 31.1 0.5 5 2 60
T-Zn (mgkg) 86.8 1.2 12 4 180
T-MgO (%: mass fraction) 0.30 0.002 0.02 0.01 —

Cd (mgkg) 0.49 0.01 0.1 0.04 ®

Ni (mg/kg) 17.5 0.6 6 3 602

Cr (mgkg) 18.0 0.5 5 2 100"

Pb (mg/kg) 30.5 0.6 6 2 20"
ayn=7

b) LOQ recommended by Testing M ethods for Fertilizer
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(6) & FRRML O FIRIZ, T-CaO 1% 0.2 % (H&553) 0.1 % (E &%), T-Cu X 5 mgkg L2
mg/kg, T-Zn | % 12 mg/kg } OF 4 mg/kg, T-MgO 13 0.02 % (& £553) K 1V0.01 % (& &5y 3), Cd 1% 0.1 mg/kg
KT 0.04 mg/kg, Ni 1% 6 mg/kg & O 3 mg/kg, Cr i 5 mg/kg & TN 2 mg/kg, Pb 1% 6 mg/kg M O 2 mg/kg FRJE
EHEES .

VL EDZEDD, ARIEFIEEH O T-Ca0, T-Cu, T-Zn, T-MgO, Cd, Ni, Cr L O Pb #5419 572D +43 72
PEREAA L CWAZEN RSN,

X B

1) e S E ORI BE T DS ERE I = 5 oIS X RERENSHE —HE =5
A ONC [RS8 AR = 5 e OVEE DU 5\ 2481 M B AR RO RAEEICZ O G BA Ll T D E B/ &
DL, R 124E 1 H 27 B, BWKFELGERE 96 5, RAEWIESM 346 H 14 A, BMHKES
HoRE 1011 &

2) REERAEEID SRR EEER ED DM, AL 12458 A 31 B, EMKES ERE 1163 5, FRfELES
346 A 14 HRMOKPER &R 1012 =

3) TRNIATBUE N EMNKPE R 22— (FAMIC) : JEEMEER L (2023)

< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2023.pdf >

4) BEIEZE, H EEVL, BE, BTG GRS ORIV L, 8y, = Fb, Zab, 8k OEEERO[F

RERlE —ICP b motrdEE o H —, IRt , 4, 30~35(2011)



74 AERHIFZE 84S Vol.17 (2024)

Development of Determination Method of T-CaO, T-Cu, T-Zn, T-MgO, Cd, Ni,
Cr and Pb in Fertilizers by ICP-OES
—8 component simultaneous analysis method —

AOYAMA Keisuke!

! Food and Agricultural Materials Inspection Center (FAMIC), Kobe Regional Center

A single-laboratory validation study was conducted for the simultaneous determination of 8 components (main
component: T-CaO, T-Cu, T-Zn, T-MgO, harmful component: Cd, Ni, Cr and Pb) in fertilizers by inductively
coupled plasma-optical emission spectrometry (ICP-OES).

First, a samples was incinerated at 450 °C and then decomposed with aqua regia to prepare sample solution. The
sample solution was appropriately diluted with HCI(1+23), a mixed internal standard solution of Au and Yb was
added, and measurement was performed by ICP-OES. Even when a sample solution with large interference was
analyzed, the analysis could be performed without problems by diluting the sample solution.

As aresult of analyzing fertilizer certified reference materials, the accuracy of this method was sufficient. It was
also confirmed that the analytical values obtained by this method and atomic absorption spectrometry were
equivalent.

In addition, as a result of repeated two parallel analysis for 5 days for sludge fertilizer and chemical fertilizer,
repeatability accuracy and intermediate accuracy met the conditions specified in the Fertilizer Testing Method.

The LOQ of this method were estimated to be approximately 0.2 % (mass fraction) for T-CaO, 5 mg/kg for T-Cu,
12 mg/kg for T-Zn, 0.02 % (mass fraction) for T-MgO, 0.1 mg/kg for Cd, 6 mg/kg for Ni, 5 mg/kg for Cr and 6
mg/kg for Pb.

As aresult of confirming the performance of this method in a single laboratory, it was confirmed that this method

has sufficient performance to analyze eight components in fertilizer.

Key words  Fertilizer, Main component, Harmful component, ICP-OES

(Research Report of Fertilizer, 17, 60-74, 2024)



