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1. [XL®IC

sa SR, 7IEIUR KO 7 aT MIHNRF N A THCY DU RO EETHD. ZDHH a5
NS (GG S HER S 2R L2 A, EREIC I A B R ES DS RBL T 52885 TWDY, —
77, a%‘%l ZRBWTHER LTI 7)%75 RS, ZnickdbolEbnsEBEREREHY R D7
E, 7at 7R B O EZ FF o T A AR VB RERFEHITH LTI /ETUR L OE/mT AZ7aeZU R &
ROBEEZFRAESELREEMEDRHY, D& ERBIL T2 HIEOMANLIIEELE 2 DD,

BE, ZNHIZOWTEEDZET O 2 b LId 3 sl ORIFHEEBRIE S TODS Y3, HERE K& Y
HIRNEELF D 3 [lsy Hﬂ#{ﬁlm{ﬁ@ﬁﬂﬁl% TR TXAe\. 22C, Wik~ s o757 ZEVE &5 Hrat
(LC-MSIMS) I LBkt o7 a e ZUREBIEY 2 AWV, IREfhOo7aeZUR, 7 /ETUR K707 A0
[ PR I B~ 0D PP _ou\f#ﬁaﬂ‘%ﬁot@f, ZOMEERETD.

ok, /ae IR, TIETUR KO IaT AORERAE Fig. 1IZRLE.
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O O O
Clopyralid Aminopyralid Picloram
CAS No: 1702-17-6 CAS No: 150114-71-9 CAS No: 1918-02-1

Fig. 1 Chemical structure of Clopyralid, Aminopyralid and Picloram
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T—BeEFEZL72#%, HBHE 500 pm OAZY— a2l 3 5 E ThL, i Haleke Lz,

2) REFDRAH

(1) 7rbEJUR, TIETIR KO 707 MERER: 7ee T NERER (5 & 99 %, Dr.Ehrenstorfer
GmbH), 73I/EFUREEHEN, (& & 99 %, Dr.Ehrenstorfer GmbH) } N7 105 L HE L (G B 98 %, Fitit
T EMA S 7 BRI M) 10 mg 2 EfEIZE->TaE 77 A2 100 mL (2 AL, 7ER=RILZINZ T
WL, FHEYERRZ TR 72 (ZOHKR L mL 1345 23K 100 g 25 A 35) . L C, SIERFIRO—E
FA X (1+1,000) TIEFEICARL, 1 mL FICAEIEL TEIZEI 05~1,000 ng 25 A T HIR AR UER A
TR 7.

(2) BRI AY 7—: LC-MS % V-,

(3) HEUEIHRLN T2 h=RL: FRRE R A T F RS 2 V.

(4) Rt L COD LS ORI DTtk FV e,

3) BEERURE

(V) ik ra~ 777507 DRVE ESHER(LC-MS/IMS) : Waters  Quattro Premier XE
S 2 Waters  ACQUITY UPLC HSS C18(N#% 2.1 mm, & 100 mm, #7£% 1.8 um)

(2) #RESHE: iuchi AW-1

(3) =B : KOKUSAN H-26F

(4) m—#)—=x KL —%—: BUCHI R-200

(5) H—K)wT 72 : Waters OasisHLB 6¢c(200 mg)

(6) MLy EfER%: ASONE MCD-2000

(7) ~=A&—/LR: Waters

4) FERRME

(1 #

IMrakER 5.00 g &I o THede = 75 22 200 mL (2 AL, KER(L TR 23R (A wivde) 1 mL O
A= 99 mL &Mz, 30 HIRVIEE . =D, HkeiE OrbEE 50 mL ICHE &L, 3,000 rpm
(1,300%g) T 5 7z Doy BEL C L AR AR S LTz,

(2 ¥ %1

=N P HT DT AR )—/L 5 mL K OVK 5 mL CHCONIEEH L. 7 d 7T 2350 mL 20—k
CATLOTFICEE, I 5 mL 24 —R oY hT7 MIIEMICINZ, LN AT CTAAID e 4
HETIHEHEE T, SHITKERLT N AERIE (0.04 Wivde) — A% /—/V[1+41]5 mL % 2 [8] 7 — R P HT BT
Nz, RIS S,

) K #2

2 —N o7 2T EN=F/L 5 mL KU (1+120)5 mL TR0 L. iz
40°C LA F ORI T 5mL LA T ETRERMEL /1%, W (1+11) 3mL ZINZ 7. 0%, IMEL -tk a5
—Ny PN T AA RS, HNITIK AT TAAIO Bl ETHE TS E7z. AR (1+120)5
mL T 2[\FL, BERZNRR AT —R) Yy H 7 M A, RICHEFE (1+120) — 7 2h=hJ/L[9+1]5 mL & UVK 5



LC-MSIMSIZ L AHERE K ONBIRIEEI R D 7aeZ )R, 7 e FUR kO 70T LAO8|E 3

mL ZER 7 —R) > T LINZ TGRS S 2, RET7T7A35mL 20 —MN oy hT7 L0 FICES,
T =TI (0.0025 W) — 7B h=RIL[9+1]4 mL A — Ry P AT MMIIERECINZ, BRI E
7z, X (1+1,000) TERLIZt., 7 TAF v 7ilm0 i 1.5 mL (2 A4, 10,000 rpm(8,000xg) C 5 47 i
wD T EEL, B AR A REHAIR S L.

(4) Wik ra~r o727 DRVEBSITEHC L DHIE
AUBHRIR M ONEBEYETR S 5 L 2k a~ 757 4205 DAV B3R (LU FTLC-MSIMS &), ) 1T
HEAL, Table 1 & O Table 2 OHIERIFITHES GRS HZ7 -~ T 58 (LLTFISRM 7~ 7T 2

9. ) BRI,
Table 1l Operating conditionsof LC-MS/MS
Column Waters, ACQUITY UPLC HSS C18 (2.1 mmi.d.x100 mm L, 1.8 um particle size)
Mobile phase A: Formic acid (1+1,000) B: Methanol
0 min (5 %B)—5 min (60 %B)—6 min (95 %B)—7 min (5 %B)
Flow rate 0.4 mL/min
Column temperature 40 °C
| onaization Electrospray ionization (ESI)
Mode Positive
Desolvation gas N2, 400 °C, 800 L/h
Cone gas Ar (50 L/h)
Capillary voltage 1.0kVv
lon source 120 °C
Table2 MS/MS Parameters
Product ion Collision energy
Agricultural  Precursor for for Cone for for
chemical ion quantification identification voltage  quantification identification
(m'z) (m/z) (m/z) ) (eV) (eV)
Clopyrdid 192 146 110 20 20 30
Aminopyralid 207 161 189 22 22 16
Picloram 241 195 223 28 22 16
5) & H®

S5 SRM 7~ T ambruat’ 7R, 78 IUR KO /a7 A0 — 7 HiEE KD TR ERZTER
L, REtF oL EEREZHH L.
0k, EEEOMES Scheme 1 (Z/RL7T-.
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| Sample 5.00 g | Erlenmeyer flask( with stopper) 200 mL
< Sodium hydroxide (40 g/L) 1 mL
< Methanol 99 mL

| Shaking | 30 min
| Centrifugal separation | Centrifuge tube 50 mL (3,000 rpm), 5 min
| Refining 1 | Qasis HLB column

—Prewash the coluumn in order of methanol 5 mL and water 5 mL
< Sample solution 5 mL
< Wash 2 times with sodium hydroxide (0.4 g/L) —methanol [1+1] 5 mL

| Evaporation | Remove methanol
«—Hydrochloric acid (1+11) 3 mL
| Refining 2 | Oasis HLB column

—Prewash the coluumn in order of acetonitrile 5 mL and hydrochloric acid (1+120) 5 mL
<—Apply concentrated sample solution

«—Wash 2 times with hydrochloric acid (1+120) 5 mL with washed the container beforehand
«—Wash with hydrochloric acid (1+120) —acetonitrile [9+1] 5 mL

—Weater 5 mL

< Eluate with ammonia solution (0.0025 w/v%) — acetonitrile [9+1] 4 mL

<« Formic acid (1+1,000)

| Fixed volume | Measuring flask 5 mL

| Ultracentrifugal separation | 10,000 rpm, 5 min

| LC-MS/MS |

Scheme 1 Analytical procedure for Clopyralid, Aminopyralid and Picloram in fertilizers

3. WRBIUEER

1) 2T LBEESHEHEEGOHRE

7aeZURNIZBL T, BERIES Q12 E, FUD—H — A4 LT miz 192([M+H]Y), 7e& A4 (E
BH)ELTmiz146 2B AL, F72, TI/ETUR KO 707 MEAERIZEL T, A RIOPESM T TAS ¥
VBRI TRIEEITHTRE R, 7/EZUR T miz 207 ((M+H]Y) X O 707 ACTld miz 241 ([M+H]Y) 73
bAT U RENRKEL, TV =P —AF LU TERHAT LI, 2BV ——AF b, a7
T D MSAXIIVERIELT-. ZORER, 7I/ETVRTIE miz161 X O 7eT A TiE mz 195 23 b A4
FREENREL, TaF I Ay GEEM) ELTRHATHZEIZLE.

2) REBDOER
2.2) D (D> THRHBIL - IR A YR A 5 L, LC-MSIMSITIEAL, 5572 SRM 70~ h 7T AhbE—



LC-MSIMSIZ L AHERE K ONBIREEI R D 7ae SR, 7 e FUR kO 70T LAOH|E 5

I RO THREMREER LTZ. ZOFE5E, 0.5 ng/mL~100 ng/mL (0.0025 ng~0.5 ng) D& CE itz
RUTZ. BELELTRERO—BI% Fig. 2 IZRLT-.
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Fig. 2 Cadlibration curves of Aminopyralid and Picloram by their derivative
peak areasin selected reaction monitoring chromatograms

3) ThIYORADIEE

HHERE (2D , RS A IGIE R R R (2 ) &K WK S A5 Te BRI EE (1R 2 IV, ARiEICE
DRI -3 UBHANK 5 uL % LC-MSIMS IZIEAL, E&ZIHT A~ OF BERLI-LZA, EEEYIET
HE—IIRBH LIRS T.

4) h—RIyPhSLDOBELES DR

T1—=N) T WD TR IR ORI BT 2 MET a1 T o7, K E3EEL TRk 50 pg/kg AH4 &
LIRD IR EIEER TR, 2.4) D (3) DIFH 2 ITHEV, TE=7 1k (H &35 0.0025 wivde) — 7k
=RUL[9+1]20mL N %, 4% 4 mL ZEDOUEH By RO & REARE L. ZOfER, Table 3 DL, &2
T OmL~4mL IZIEHL, ZALLREDE 5y ~DOE TR SN2 ) o7,
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Table3 Elution pattern from cartridge columun @

Agriculturd Fraction volume
chemical ” 0~4mL 4~8mL 8~12mL 12~16mL 16~20 mL Tou
Clopyralid 89 0 0 0 0 89
Aminopyralid 87 0 0 0 0 87
Picloram 96 0 0 0 0 96

a) Mean Vaue(n=3)
b) Each Pesticide spiked a each 50 pg/kg in the sample

5) AFA LIS - 1A LREZ R DOIRET

IHTHERRIC BT D~ N 7 AL DA A AN - A A AR ERN R DB O F I T 28 & T o 72,
FJEFELLT 50 ng/mL 25 A T HIRAIEMEIRE, FHHEN X O3S A5 TREILEE 2.4) (D26 ()1
TEWTHRL 728 HR I A5 =38 E LT 50 ng/mbL 72 A JOIRAIEEIR Z IR L T-s ik &%, 2.4) (4) I THIEL L
B L7248 ST Table 4 LRV THY, Zhb% Welch D t UEE A B /KHE S W% TIT-o72825, st R icH
BRI Lot

Table4 Confirmation of sensitization or desentization effect action by sample solution

) Spiked Recovery of Recovery of
Agricultura 3 . ayb)
Sample - level standard sample solution
chemica
(ng/mL) (%) (%)
Clopyralid 50 105.6 103.1
Cattle manure compost Aminopyrdid 50 101.5 100.8
Picloram 50 102.7 108.2
. Clopyréid 50 105.6 106.6
Composted sludge fertilizer : i
P - g Aminopyralid 50 101.5 100.3
containing cattle manure _
Picloram 50 102.7 101.0

a) Mean Vaue(n=3)
b) Spiked standard in sample solution

6) FHhnEIELER

PHEHEAE (2 FESE) , RS AIGIRFBRACEL (2 ) KOS /G e R EEIE R (L) (12, Z7ae'JUR,
TI/ETIR KO 707 5L TENEI 40 pglkg, 400 pg/kg K O 1,000 pg/kg ARG =RANL, — & RE %,
AIEZHEST 3 EPHT O EATV, FHNT-Z O SEHI R K O TH AR HE R 224 Table 5 1R L7z, 71
EZURDOFH RN R 74.7 %~114.2 %, ZNOO P TR MR 22 (RSD) 1% 1.2 %~10.7 %, 7I/EZUR
DR EINERIT 71.2 %~104.5 %, EHHDOPHTHXHEHER 72 (RSD) 13 1.1 %~10.2 %, £'27m7 ADF-H)[HE]
INERIE 72.7 %~117.6 %, EALHLD P THXHE R 2 (RSD) 1E 1.1 %~9.2 % Th-o7-.

7) EETRERUKRETR

FHHENE N RS A IGIRBERIEEZ T, 7 ZUR, TIETVR R 7aT L8 L TENER 20
uglkg FRYEHINL, —B&IER, AIEICHE-ST 7 fOMTRBREZ ZEM L E & T IR& O T IROFERRZ1T -
<. ER T IRIT GEUERZE) x10, £72, Bth T IR (R HER Z2) x2xt (n-1, 0.05) L TRESNDHD T, AIEDTE
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i MR A O T RRIE 10 pg/kg FREE & TY 5 pglkg 2 5 LHE e S 7z (Table 6) .

Table5 Accuracy result and repeatability precision

Spiked level Clopyralid Aminopyralid Picloram
Sample
(Mgk9)  Recovery® RSD” Recovery® RSD”  Recovery? RSD”

1,000 82.8 3.2 78.3 7.3 87.9 3.7
Cattle manure compost -1 400 114.2 1.2 104.5 3.7 117.6 15
40 95.7 2.6 83.0 34 75.5 57
1,000 82.3 3.3 80.8 4.0 84.4 2.7
Cattle manure compost -2 400 90.1 3.8 81.0 3.3 88.7 11
40 101.3 6.5 83.5 4.7 83.0 2.7
Composted sludge 1,000 819 49 816 87 9.0 24
fertilizer 400 111.2 2.5 94.6 4.4 97.1 2.8
containing cattle manure-1 40 865 107 712 26 827 92
Composted sludge 1,000 89.0 41 781 11 865 23
fertilizer 400 81.6 51 94.0 1.2 99.2 34
containing cattle manure-2 40 747 52 975 26 727 86
Composted sludge 1,000 823 15 816 87 90,0 24
fertilizer 400 91.4 45 95.1 2.0 105.0 3.6
containing pig manure 40 765 4.2 895  10.2 27 24

a) Mean Vaue(n=3)
b) Relative standard deviation

Table6 Cdculated LOQ and LOD vdues (Lg/kg)
Agricultura . ) b) o) d)

Sample chemical Spiked level  Mean s LOQ LOD
Clopyralid 20 14.9 1.3 13 5
Cattle manure compost ~ Aminopyralid 20 14.0 11 11 4
Picloram 20 16.5 0.8 8 3
fertilizer Aminopyralid 20 14.8 11 11 4
containing cattle manure Picloram 20 18.9 1.4 14 6

a) Mean Vaue(n=7)
b) Standard deviation
c) sx10

d) sx2xt(n-1,0.05)

4. F&H

Bt D7ae 7R, 78 TVR RO 70T AR E BIED % GV HERR T D7 0B i L 1-L 25,
RDMERZATTZ.
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1) E—ZmEE O THREREERLIZEZA, TI/ETIRE O 7T A% 05 ng/mL~100 ng/mL
(0.0025 ng~0.5 ng) DHPH CTEARIEE R L.

2) 2 FEHHOFIHEE, 2 FEEHOFHE S A5 IRFEEIEE R O 1 FEEHO RIS A5 IR EEIEEHZ DV TR
B CRIER FERLIRE R, EEA P HET AL — IR0 biveh 7.

3) AR CRUBLP 50 pug/kg FY LB LIRS ﬁﬁ«ﬁz%;ﬂ%bﬁﬁ Ny Y BT KZARL, T%E
=7 HIR (0.0025 wWivde) — 7 Eh=RU/L [9+11Z XD B 5 R O & E3EA R E L2225, K R23KIL 0 mL~
4mL IZIRHL, FRLIEOE S ~DOVE T RSN~ T,

4) ST ER BT B~ Ny 7 R DA A AN - A A AVREN R OO F T ONT, K EIEEL
T 50 ng/mL #H Y4 &4 &0 T ORATEHERE, FHAN N O35 A 15 IE R IR R R R 2 & =g e L
T 50 ng/mL FHY B L7 D OB B IEER A RN LTI & & LR LTS S, B2 ZE TR0 DL o7,

5) 2 fEEDFIHEN, 2 FREEOA S A TG TEREEIEE L O 1 RO KIS A 1HIE RN DUV TR
BEIZHEV, 707K, TI/ETYR RO 7T A0 E A #7535 40 ug/kg, 400 ug/kg K O 1,000 pglkg 1278589
(CESIN AN BN ERER 2 S5 L 7o 5, IR T 71.2 %~117.6 %, & O OF T HE L 1 3RH o 122 HE {72
(RSD) £L T 10.7 %LL FCTdH-7-.

6) AIEOHEE K NBIRFEREILEL R O 7aeZUR, 7 e TR RO 707 AOE & T IR & O FRRIZ
10 pg/kg FEE KON 5 pg/lkg FEEE L HEE STz,

ARIEL, B BREICLDRBRIEOZ S EDN RS- 2800, 2013 ERE IRt S D% i#EE =
T RERFERBRIES I 2B R L O #E S

X |

1) Sk M OHEARIZ 7R 3 D BRECAI O fili 25 HI 1A L IO SR~ = =277 b, UG S —e 2t 7
— [ S
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Damaged Crops
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4) AR, BHEET, HEPIRE, R f#: LC-MSIMS IZLDEEY R OEKEMTHOTI/ETY
F R O7aeZUR ORI SATIEDORE, RS RSLR G EAN I JEpT R BB o 7 —iF e, 16, 17~
29 (2008)

5) JURFEG, BIREA, BB KK o~ T F7 8 07 DRVE &5 (LCIMSIMS) IZE D72V E K&
OVHIRIER R o7 aeZURE, IEEHFSEEE, 3, 51~59 (2010)

6) NZATBUE NRMOKPETE E Z2 2 it 2 — (FAMIC) : BBk kiR ik
< http://www.famic.go.jp/ffis/fert/sub9.html >
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Deter mination of Clopyralid, Aminopyralid and Picloram in Compost and Composted Sludge
Fertilizer by Liquid Chromatography/Tandem Mass Spectrometry (LC-MS/MYS)

Hisanori ARAYA?, Toshiharu YAGI?, Yoshimi HASHIMOTO? and Yuji SHIRAI?

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
(Now) Ministry of Agriculture, Forestry and Fisheries, Food Safety and Consumer Affairs Bureau
2 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

An analytical method for simultaneous determination of agricultural chemicals (clopyralid, aminopyralid and
picloram) in cattle manure compost and composted dudge fertilizer containing pig or cattle manure by liquid
chromatography electrospray ionization-tandem mass spectrometry (LC/ESI-MS/MS) was developed. The
agricultural chemicals were extracted with methanol under alkaline condition. The extract were purified two
times with copolymer cartridge columns on different pH conditions, and analyzed by LC/ESI-MS/MS. The LC
separation was carried out on a C18 column using solvent gradient with formic acid solution (1+1,000) and
methanol as a mobile phase. The determination was performed in selected reaction monitoring (SRM) mode. As
aresult of 3 replicate analysis of 5 fertilizer samples (2 kinds of cattle manure compost, 2 kinds of compost
sludge fertilizer containing cattle manure and 1 kind of compost sludge fertilizer containing pig or cattle manure)
spiked with each agricultural chemical at 40, 400 and 1000 pg/kg, the mean recoveries and the relative standard
deviations (RSD) were 71.2 ~117.6 % and 1.1~10.7 %, respectively. On the basis of 7 replicate measurements of
spiked samples, the LOQ values were about 10 ug/kg as agricultural chemicals in the compost or the fertilizer.
Those results indicated that the developed method was valid for the determination of these agricultura
chemicals.

Keywords clopyralid, aminopyralid, picloram, compost, composted sludge fertilizer,
liguid chromatography/tandem mass spectrometry (LC-MS/MYS)

(Research Report of Fertilizer, 7, 1~9, 2014)
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2 BEREIOTNTST(HPLC)EIZKAIBE P D
ASEURUZE0BEEYE O R B RIE
— [ R ER Rl —
AR - 1, F R !

F—T—F AT, TUAUL, TUAUR, T VER, AIKESE, I
B IR e~ 757, AR

1. [XL®IC

A, AR EEFE (JEEL . BEK) OB A K ZE R K E N A2 TERLL7ZRDIREL 2 DWW T, A0
BENEBNENHLZEBHEEBINTZY . ATIATNED L > TUIRIN L ERE T 2L, AF30L20
B E ChDHY T VIR R AR A END 2 E TR EZ 5 T2 Mmb DY,

JEEFF D AT K N OREWE THDLT AV, T AR F O T VR (LU FTAZI & 80, ) D
SRTEELT, R EZ LB L2 B T EO & 558k 1EL L C HPLC E03EIah, AHE%L
EEROVIEBHZ OWCHBR IS, & & FIREDRIMNEITo TR, B—RBRENICB TR IEOZY
PERHERENIZLZATHDY.

A [A], HPLC 1EIC KD A E 25 £/ R O AT 250 RN E VO MERERHI 0720, ikl 2 H
WCHERIBRBRZ L, SRBRER OFBREELZRAE LD T, ZOMELRET 2.

2. MERUAE

1) #EFHBRAFEMOFR

RIEL CTWD AR ZESR, ALRIEE L O T o E=T ZUUEL, T2 HBIE 500 pm O 550 & @i 9
HETHLIEHDIZATIVEZ ML, L<EA LT 5 FEEORE O S [RGB 2R R L 7-.

EEIFBRAREHTN 0.8 g 273V T IRICANEE L TR 50 WE R, 7T Rl it
T 578, HFERERARBIOMIELEE ML, T 248 (A5 1043) 22N BR = IS @A L.

2) EBRUSRE
BB EICHEL QWA EBRIK I~ 77, SR IEERR, 057 BERE K O 5 3 O oy Bl 255 H
L7-.

3) ASEZEDAIE
IIHTRREL 0.50 g Z21E0 &V, Hike = A7 T2 200 mL (2 A7, Hilg (1+15) 100 mL Nz, #8355 A4 2%

L RSTATEOE N MK E B e A o 2 —fLi e —
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Z VT 30 43 R F AL BE 24T 7. #RIER, AR A 50 mL A O Hken DILEAE 1LY, 2,000%g THI 5
SyE Do BEL, BB ARATIHIRE U, iR O —E &% 50 mL AORET TR, FEHRETT L
=PIV =0 ABRKERRETR (4+1) 2N A TARL 72, BRI 1.5 mL & O 3ekts OIEREE 12 LY, 8,000xg THI
A L7z (Scheme. 1) . Z OREHATKZ @RIk 7 a~ 7
F7IHEL, Table 1 DRIESRMAETHIEL, B —7HENOREHEK T OATI FEDELZ KD, 5

5 oy fils Doy BEL, b8 Ak E HPLC JIE M

TIVEOREER L.

RIEIZ G 2o TE, FRBREORmBEIRIA I n~ 7T 7 OERETIEIE-T-.

| Sample 0.50 g

| Extraction

| Centrifugation

Dilution

| Centrifugation

| Measurement

Erlenmeyer flask with stopper 200 mL

< Hydrochloric acid-water (1+15) 100 mL

Extract by ultrasonic wave for 30 min.

2,000xg, 5 min.

Dilute diquots extraction liquid with
acetonitrile - phosphate buffer (4+1)

8,000xg, 5 min.

HPLC

Scheme 1 Method flow sheet of melamine and related substances in fertilizer

Table1l HPLC conditions

Column TOSOH corporation TSKgel Amide-80(4.6 mm i.d.x250 mm L, 5 um particle size)

Guard column TOSOH corporation TSKgel guardge Amide-80 (3.2 mmx15 mm)

Column temperatures 40 ‘C+1 °C

Mabile phase Acetonitrile - phosphate buffer (4+1)
Flow rate 1.0 mL/min
Detector system UV detector at awavelangth of 214 nm

4) #FEHBRAHAHOHEEHER

IUPAC/ISO/AOAC DZEEIRER 7 mhaL® O¥EMEBRICHEV, % 250 FERER B DENZE N

10 BEHE XY, 4 BHT DX 2 SHTC 9T THHT LI,

5 HEFER

RERIC2INLT 11 SRS LA L m @ik n~ 7713 T OLBYTHY, TN ENORER= 2

WTCRERT LT 10 3BHZ DU T 3) 125t TORT L=,
o I ETE AM R AT IR LA (Waters 2695 Series)
- MR SALEHERERT (BEEERT Prominence Series)

B D 2
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s AT V=T U TRASH HiRatrtr 2 — (BERAERT Prominence Series)

- YRS (BEEAERT LC-30A T LC-20A Series)

- PSTATBOE NEMOKFETN B 2 ikt 2 — =22 —  (Waters 2695 Series)

-« MSAATEUE NEMOKPEIE T 2 it 2 — it 2 — (BHSRERT LC-10A Series)

« INIATBOE N BMKPEM T 2 it 2 — &' 2— (Agilent technologies 1100 Series)
« MSEATEOE N EMOKEE R R et 2 —4 R 7 — (Waters2487 727 /L 1)

© MSZATBUE NRMOKEEH T 2 2t 2 —f@li -t 2 — (Adilent technologies 1100 Series)
© MNZATBOE NRMOKPEE B L 22 2 — 455 (Waters 2695 Series)

© BADp—2 =Xt (Waters 2695 Series)

(50 EIH)

3. HRRUER

1) #EFHBRAFEMOHEEHEE

ZVENERRIR O pfs S ORI L 2 [A] X 10 30D — JtRiE 3 BT 67 #i st &4 Table 2-1~2-4 (2
IRUTZ. BEE T e =T ROV T XA RO TN T HOFREHI BT, FAEZS F(9, 10 ; 0.05) % FEl-72Z
EDD, A EIKYE S WIZB W CGREHEICA B2 ETRO LN T, HEFRBRICHWDZEN T EMEE AL
TWAZEEMER L. Wil T =T HOL T ZIVERIZOWTIA BEKUE 5 %IZB WO CRREHRICA B2 21T
OO, PHTREE 2 & CoplRHE AR S HEYE(R 2278 3.8 %& 3 2 T A CTHY, HFERBRIZHNHZ
EMHERDEVEM AL TDI L a R LTz,

Table 2-1 Homogeneity test results of melamine

No.of  Mean” s RSD  sw) Sber” RSDbe
Sample 1) 3) ' 3) ' o 3 ° rg) " F value™
sample (%) (%) (%) (%) (%) (%)

Calcium cyanamide 1 10 (0) 2.76 0.02 0.8 0.02 0.03 1.1 2.85

Calcium cyanamide 2 10 (0) 0.378 0.005 13 0.003 0.005 1.4 1.58

Compoundfertilizer containing o g5 0022 26 0022 0031 37 2.96
Calcium cyanamide

Compound fertilizer 10 (0) 0.186 0.002 1.3 0 0.002 1.3 0.39

Ammonium sulfate 10 (0) 0.0366  0.0012 3.3 0 0.0012 3.3 0.99

1) The number of samples used for andysis; (): The number of outliers

2) Grand mean vaue (n=The number of samples used for analysis X The number of repetition times (2))
3) Mass fraction

4) Standard deviation of repeatability

5) Relative standard deviation of repestability

6) Standard deviation of sample-to-sample

7) Standard devitation of sample-to-sample include repestability Sp+r = VSpp 2 + §;p2

8) Relative standard deviation of sample-to-sample include repeatability

9) F value calculated based on andlysis of variance (ANOVA)

10) F critical value: F (9,10:0.05)=3.02
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Table 2-2 Homogeneity test results of anmeline

No.of  Mean? s RSD”  sw” Sow’  RSDpe 9)10)
Sample 1) 3) 3 3 3 F Value
sample (%) (%) (%) (%) (%) (%)
Calcium cyanamide 1 10 (0) 152 0.01 0.6 0.00 0.01 0.6 1.03
Calcium cyanamide 2 10 (0) 0.104 0.001 12 0.001 0.002 15 1.82
Compounq fertilizer cqntalnlng 10 (0) 0.707 0.019 2.7 0.017 0.025 3.6 2.57
Calcium cyanamide
Compound fertilizer 10 (0) 0.194 0.002 0.9 0.000 0.002 0.9 1.01
Ammonium sulfate 10 (0) 0.0367 0.0011 31 0 0.0011 31 0.47
1)~10) Refer to the footnote of Table 2-1
Table 2-3 Homogeneity test results of anmelide
No.of  Men? s RSD”  sw” Sow’  RSDpe 9)10)
Sample 1) 3) 3 3 3 F Value
sample (%) (%) (%) (%) (%) (%)
Calcium cyanamide 1 10 (0) 112 0.02 18 0.02 0.03 2.3 2.37
Calcium cyanamide 2 10 (0) 0.367 0.011 31 0 0.011 3.1 0.56
Compound fertiizer containing 1 ) 151 0006 33 0005 0007 41 2.16
Calcium cyanamide
Compound fertilizer 10 (0) 0.724 0.025 35 0.012 0.028 3.9 1.48
Ammonium sulfate 10 (0) 0.0354 0.0038 10.7 0.0017 0.0042 11.7 1.52
1)~10) Refer to the footnote of Table 2-1
Table 2-4 Homogeneity test results of cyanuric acid
No.of  Mean? s RSD”  sw” Sow’  RSDpe 9)10)
Sample 1) 3) 3 3 3 F Value
sample (%) (%) (%) (%) (%) (%)
Calcium cyanamide 1 10 (0) 1.07 0.01 12 0 0.01 12 0.67
Calcium cyanamide 2 10 (0) 0.404 0.011 2.8 0 0.011 2.8 0.76
Compound fertiizer containing 1 195 o003 30 0001 0004 31 1.06
Calcium cyanamide
Compound fertilizer 10 (0) 0.799 0.011 14 0.011 0.016 2.0 2.96
Ammonium sulfate 10 (0) 0.0374 0.0009 2.4 0.0011 0.0014 3.8 4.22

1)~10) Refer to the footnote of Table 2-1

2) HRIFBAEBERUNMNERE
BRSO HE SN FRER AL Table 3 IR LTz, & RANDHHTEREO#E B4 IUPAC D 4[] 3Bk
Faha VIR S CREEHLERL 72, 1 RERR L0 o ha LG ilc L5 7 SOLERD Bl A s s -7, 5
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R TORBHIEWT 1 RBRE OV T SOVIBRORBRBGRHZFRI L7z, 7 b=Vl LD RIS, T
D% T 2=/ —5 mmol/L Y ABEHEREEIR (4+1) 725 (78+22) ICAEHE LIZZE KON T LDFHIIZX
HYUTVT UV TIROE—IOT =V TRRENZLIZED, VTV TIROT =V 7y T XVEROE —
N ST Z LI AT A+ L Db D ThoTz. [FRICIEBRR O LR A2 BT LGB A Fhi L 7-3
BREN LIRREHoTM, VT UV TIREY T OVEEDOY — 7 DGR+ 53 ThoTo1o, e LT
L7z, 7abaV#ililc Lo B A BRAN L7212, SUIBRAGE DA VEZ R H 9572812 Cochran DR E & Y
Grubbs ORRE % EhiL7-#5 R, 11 SBBRE OB DI HATIAT DN T 2 FEHORE K 2 = &
O 2 OB CTH LIBRE, 7 A AN 2 FEAORECF 2 B E K O 2 FEORET& 13
B, 7 AURIZOWTE 2 FEOFENCK 23R E, 7 OVEBIZOW L 3FADOFRENCK 13 BRED
AR VEE L CHIES .

Table 3-1 Individual result of melamine (mass %)
Lab Calcium Calcium Compp gnd fert|!|zer Compound Ammonium
DY cyanamide 1 cyanamide 2 containing C;alcmm fertilizer sulfate
cyanamide
A 2.74 2.81 0.384  0.380 0.828 0.837 0202 0.208 0.0405 0.0383
B 2822 2362 0.383  0.383 0.853 0.831 0203 0.198 0.0392 0.0365
C 2.85 2.85 0.396  0.395 0.877 0860 0199 0195 0.0318 0.0297
D 305 302 0.440 0.435 110 ¥ 0.962% 0216 0212  0.0589 2 0.0472 2
E 2.96 2.96 0.405  0.401 0.907 0843 0207 0.201 0.0374 0.0384
F 2.77 2.80 0.354 0.361 0.807 0815 0170 0.171  0.0267 0.0285
G 2.80 2.76 0410% 03782 0.860 0827 0181 0190 0.0373 0.0338
H 2.83 2.90 0.400  0.404 0.880 0.888  0.208 0.209  0.0365 0.0340
| 2.69 2.81 0.393 0.391 0.868 0.863  0.198 0.195 0.0348 0.0353
J 2.62 2.64 0.362 0.363 0.777 0786 0197 0.192 0.0336 0.0335
K 2372 1612 0.391 0.399 08452 05012 0.191 0209 0.0287 0.0314

1) Laboratory identification
2) Outlier of Cochran
3) Outlier of Grubbs
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Table 3-2 Individua result of anmeline (mass %)

Compound fertilizer

Lab Cdcium Calcium - . Compound Ammonium
DY cyanamide 1 cyanamide 2 containing C.aﬂuum fertilizer sulfate
cyanamide
A 1.53 1.57 0.105 0103 058 ¥ 0591 ¥ 0192 0.187 0.0381 0.0341
B 1582 1372 0.106 0106 0.635 0.622 0.196 0.192 0.0378 0.0356
C 1.59 1.58 0.102 0101 0.634 0.630 0.195 0.194 0.0311 0.0290
D 1.48 1.47 0.104 0105 0.685 0.581 0191 0191  0.0457  0.0292 ?
E 1.64 1.65 0.106 0108 0656 0.610 0200 0.195 0.0368 0.0372
F 1.62 1.63 0.102 0103 0619 0.627 0.185 0.189  0.0320 0.0323
G 1.68 1.67 0.115 ? 0.105? 0.648 0.645 0212 0214 0.0345 0.0326
H 1.61 1.65 0.104 0107 0.629 0.635 0.197 0199 0.0345 0.0330
| 1.57 1.63 0.108 0108 0.641 0.631 0199 0.199 0.0360 0.0365
J 1.62 1.63 0.107 0.106  0.598  0.601 0204 0193 0.0355 0.0350
K 1.24? 0912 0.110 0106 0557 2 0.307 ? 0.175 0.187 0.0345 0.0354

1) Laboratory identification
2) Outlier of Cochran
3) Outlier of Grubbs

Table 3-3 Individua result of anmelide (mass %)
Lab Cacium Calcium Compp gnd fert|!|zer Compound Ammonium
DY cyanamide 1 cyanamide 2 containing C;alcmm fertilizer sulfate
cyanamide
A 1.02 1.10 0.364 0.359 0.185 0.183 0.660 0.699 0.0388 0.0382
B 121 2 09292 0.367 0.357 0.193 0.185 0.695 0.716 0.0424 0.0348
CcC 113 111 0.368 0.365 0.198 0.195 0.747 0.700 0.0284 0.0302
D 119 117 0.411 0404 0246 20214 ? 0790 0.782 0.0460 0.0437
E 1.15 1.14 0.373 0.377 0.207 0.192 0.772 0.777 0.0377 0.0356
F 1.21 1.23 0.357 0.368 0.202 0.205 0.745 0.721 0.0299 0.0372
G 0.988 1.01 0.353 0.327 0.163 0.165 0.716 0.749 0.0358 0.0306
H 1.13 1.16 0.331 0.349 0.187 0.189 0.784 0.718 0.0337 0.0290
| 1.06 1.08 0.373 0.374 0.201 0.200 0.747 0.705 0.0330 0.0387
J 0.983 0.969 0.322 0.317 0.170 0.169 0.641 0.630 0.0313 0.0298
K 104 2 05222 0358 0365 0189 20108 ? 0.611 0.684 0.0266 0.0268

1) Laboratory identification
2) Outlier of Cochran
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Table 3-4 Individua result of cyanuric acid (mass %)
Lab Calcium Calcium Compp gnd fert|!|zer Compound Ammonium
DY cyanamide 1 cyanamide 2 containing (?alcmm fertilizer sulfate

cyanamide

A 1.06 1.14 0398 0417 0130 0.124 0.685 0.720 0.0375 0.0367
B 103 0.971 0359 0.342 0.0807 0.0835 0.841 0.827 0.0415 0.0408
C 124 128 0.397 0433  0.0965 0.102 0.846 0.852 0.0336 0.0330
D 1.23 121 0408 0411 0.122 0.119 0.776 0.818  0.0530 0.0502
E 125 1.07 0335 0391 0104 0.100 0.831% 06652 0.0359 0.0345
F 117 1.21 0.383 0.360 0.0935 0.0892 0.819 0750 0.0287 0.0294
G 103 Y 09779 02419 0.252% 0.0454 ¥ 0.0486 %9 0.740 07449 0.0295* 0.0278 ¥
H 121 1.23 0412 0412 0110 0.107 0.831 0.818 0.0363 0.0320
| 110 1.19 0405 0.409 0105 0.108 0.827 0.820 0.0378 0.0414
J  1.09 1.10 0.395 0416 0.107 0.102 0.744 0735 0.0337 0.0347
K 09282 0.5412 0350 0.360 0.085420.04222 0.710 0769  0.0284 0.0303

1) Laboratory identification
2) Outlier of Cochran
4) Unexpected value deviated from a protocol

3) BHTRERVENEERE

PR AR L R U7, DM TAR R 22 () B ORI TAH AR HE (R 22 (RSD) fifE, 7 ONZ 2= [H] A BUAT 1B
72 (sr), 2 M FFBUE R ER 72 (RSDr) M OV [H 381 HorRat % Table 4-1~Table 4-4 |Z/RU7z. [T
Bl HorRat 51X & 5T 53 B DAL 220 W 7 RO RS FE Dl 23 57D N DI TRY, BEDLZAIEEHT
AL TODEFNIDIRNNBE TR 2. HorRat il RSDr/PRSDrIZEDROBIND. 72%5, PRSDrIEL -
BIERAEH S Horwitz (B IE7 2Lk,

AZI OB 0.0343 % (E &40 ) ~2.83 N (E &0 H) THY, ZOPHMTIENE(R 1% 0.0015 % (E &=
IyH) ~0.04 % (& &5 R) , O THRHEYER 213 0.8 %~4.5 %, =M FBUZEHER 221 0.0040 % (& &5 %)
~0.12 % (EH&/7=), ERHBEEERZEIL 4.2 %~11.6 % ThH-o7.

T AU O fEINE 0.0346 % (B &7 ) ~1.60 % (B &E5rR) THY, ZTOPHMTIEHER 2L 0.0013 % (H
HrE) ~0.027 % (& &53K) , JHMTHRHEHER 21T 1.3 %~4.3 %, =M HIE %R 221 0.0024 % (& &5y
) ~0.06 % (E &5y 3$), =B HFBAHHERER 2L 2.3 %~6.9 % Th-o7-.

Wil T B =T ZR<T U AR OSFEEfEIE 0.188 % (H & 553) ~1.10 % (EH &) ThY, ZOPHMTIEEYE
{7 7213 0.004 % (& 47 3#) ~0.028 % (EH &5 3#) , U THHEER 213 2.1 %~3.9 %, =M BUEER 221X
0.052 % (E 5453 %) ~0.08% (& &%), =M B EER 1L 6.5 %~7.6 % Tholz. MifE7E=7
HFOT 2 AVRONVHIEIE 0.0345 % (E B0 3) THY, FOOHMTAERER 751 0.0031 % (E &7 =), I T/
TEYE(R 721 8.9 %, =] A HUAT ME(R 7513 0.0056 % (H &70=) , =M B MEHER 2L 16.1 % ThHh -7z,

Wil T =T Z RS 7 OVEEDONE)EIL 0.105 % (B &575) ~1.15 %(E &5 ) THY, TOPMTEE
YE{R 7213 0.003 % (E #575) ~0.06 % (E &7, FHTHAMEERZEE 2.9 %~4.8 %, =[] FAFHUE HE R 2=
1% 0.014 % (E &5r3) ~0.09 % (E &7 ), =M EIHEMEERZEIT 6.8 %~13.2 % ThHho7. Hilk7 &
=T HROTT XVEEDOFEIEIL 0.0365 % (B 57 3) ThY, ZOUHMTIEMERZZX 0.0015 % (E &%), ff
ARG E R 721 4.2 %, R SUE R 721% 0.0067 % (E 8 R), KM HHMAMEHERZ1T 183 % TH

o7,
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AT R OT 2 AV AN, FFEFBR O3~ TS FEER R (R LR IR 45 = M
BURSEE RSO, LDLRD, WilET - E=T HOT U AR RO T VR0 = [ P EURE FE 23 Ll K &
IpfEA R U, ST, BVEVEMERE B AE & O [RIRRER o 2 e L, SIChile 7 =7 JoFifisi
T2~ NI L5 MR, ZORIKETHAEL-. BT =T OISO E MR bR M O3k [FFRER D
SEEIEIE, T2 AURAY 0.0354 % (B &5y 3R) & O 0.0345 % (& &3 3R) T, v 7 XVERDS 0.0374 % (& &4y 3R)
J2 Y 0.0365 % (B 853 3R) THY, HE MR ki o L FBR o MMIc B o (bFE s kb2 n
LOWREDEBNRDHHLITE 2 DIV oTe. Fie, YIEVEMERRRER O BB P B MR 22 & 0L R BR O
DM TAEMEIR 2513, 7 AUR230.0042 % (& &57 %) & 180.0031 % (E &4 3) T, > 7 X/VEE)3 0.0014 % (' &
%) KON 00015 % (B &%) THY, KERZTRO LN o7, IEFEBFERO I TIE R 221350 O
TR E T2l D, BEMEMRARBROME I HBEERAALFCER LS. DI, ZhbORBROE
HFNC BT REBHE DIXG S E D ER O E) f NS RERE B T EHHZ E L ENEE O EZITRD L
T, FEFEBBRICR EA NS0T 1B 2 DRV, RIZ, FifET =y A DL EHRIR O/ a~
T A (Fig.l) ZfERLI=EZA, T AR RN T VRO — 7 DI HIZ OO E B I BT DA i —
IR OR—=2F7 A4 DRV 7 NIGRO B2 o T, BilRT o E=T 1XHEARIEETHY, HEIEETIZLVZ<D
ARHERR Sy A S, EMEIC LD R ERBENRE 2 5NDHIEND, filET E=T HOREL VDT A
R RO T RVEEO R MBS I AR e LU, 2 U EMERR S - IR fHE L) T,

Table 4-1 Statistical analysis of collaborative study results for melamine

No. of labs 2) 4 5) 8 7
Sample 1 Mear;) § 3 RSD: S 3 RSDR ™ orRat®
p (q) (%) (%) (%) (%) (%)
Calcium cyanamide 1 9 (2 2.83 0.04 14 0.12 4.3 1.27
Calcium cyanamide 2 10 (2) 0.391 0.003 0.8 0.023 5.8 1.25

Compound fertilizer
containing calcium cyanamide

Compound fertilizer 11 (0) 0.198 0.005 2.6 0.012 6.2 1.22
Ammonium sulfate 10 (1) 0.0343  0.0015 4.5 0.0040 11.6 174
1) Number of laboratories, where p=number of laboratories retained after outlier removed

9 (2 0.845 0.019 2.2 0.036 4.2 1.03

and (q)=number of outliers.
2) Grand mean value
(n=The number of participating testing laboratoried (p) X The number of times of repetition (2))
3) Mass fraction
4) Standard deviation of repeatability
5) Reative standard deviation of repeatability
6) Standard deviation of reproducibility
7) Relative standard deviation of reproducibility
8) Horwitz ratio of reproducibility
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Table4-2 Statistical analysis of collaborative study results for ammeline
No. of labs Mean” s 5) sgd 7)
Sample 1 3 - RSDr ) 3 REDR | orRat®
P (q) (%) (%) (%) (%) (%)
Calcium cyanamide 1 9 (2 1.60 0.02 1.3 0.06 3.8 1.02
Calcium cyanamide 2 10 (1) 0.105 0.001 13 0.002 2.3 0.41
Compound fertilizer . 9(2 062 0027 43 0023 37 0.86
containing calcium cyanamide
Compound fertilizer 11 (0) 0.195 0.004 2.1 0.009 45 0.87
Ammonium sulfate 10 (1) 0.0346  0.0013 3.7 0.0024 6.9 1.04
1)~8) Refer to the footnote of Table 4-1
Table 4-3 Statistical analysis of collaborative study results for ammelide
No. of labs  Mean? s 5) s? 7)
Sample " 9 ) RSDr ® 2 RSDR™ L orRat®
p (q) (%) (%) (%) (%) (%)
Calcium cyanamide 1 9 (2 1.10 0.02 2.1 0.08 7.6 1.92
Cdcium cyanamide 2 11 (0) 0.361 0.008 2.2 0.023 6.5 1.39
Compound fertilizer . 9(2 018 0004 22 0014 75 1.46
containing Calcium cyanamide
Compound fertilizer 11 (0) 0.718 0.028 3.9 0.052 7.2 1.72
Ammonium sulfate 11 (0) 0.0345 0.0031 8.9 0.0056 16.1 2.43
1)~8) Refer to the footnote of Table 4-1
Table 4-4 Statistical analysis of collaborative study results for cyanuric acid
No. of labs  Mean? s 5) ) 7
Sample " 9 ) RSDr ® 2 RSDR™ L orRat®
p (q) (%) (%) (%) (%) (%)
Calcium cyanamide 1 9 (2 1.15 0.06 4.8 0.09 7.7 1.97
Cdcium cyanamide 2 10 (1) 0.390 0.018 45 0.029 7.4 161
Compound fertilizer . 9(2 0105 0003 29 0014 132 235
containing Calcium cyanamide
Compound fertilizer 9(2 0.788 0.026 3.2 0.054 6.8 1.65
Ammonium sulfate 10 (1) 0.0365 0.0015 4.2 0.0067 18.3 2.78

1)~8) Refer to the footnote of Table 4-1
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Fig.1 HPLC chromatogram of melamine and its related substances in ammonium sulfate
Substance name (1) Cyanuric acid  (2) Ammelide (3) Melamine (4) Ammeline

4. FE&O

11 FBR == (23T 5 I (10 /) DA KSR, ALRIEEN M Ot 7”& =7 2 W THE [RRABR 2 FEh L,
EEIE IR 0~ 57 (HPLC) HRIC B IER D AT Je O O B E ORI E HEDOFHE AT -T2, Z Dk
F, ATIVOFEIME 0.0343 % (B H5y ) ~2.83 % (H &%) ICHB W CTE M B L (B MR HER ) 1%
4.2%~11.6 %, 7 AU DF-HE)fE 0.0346 % (H 753 3) ~1.60 % (E 847 3) 12\ T i AR BUR EE (FH e
(i 72) 1X 2.3 %~6.9 % THY, HEREM O EIZLAARRBRIEDATIL K OT AV D= M B ILZ
AUE DY FE HPH Tl R 72 B T o7z, T AR DIEJfE 0.188 % (B &5y 3) ~1.10 % (H &40 %) 12\ T
E PR HUE S (R E YR 22) 13 6.5 %~7.6 %, ¥ 7 VBRI 0.105 % (E&5F) ~1.15 %(Z &%
F) TRV TER B (FHAMEHERZ) 13 6.8 %~13.2 % THY, sk = M O LB LD ARG R LD T > A
UR B O 7 2V RO =5 [ P BURE L 1X 205 00 3 BE 66 PR il /2 722 AR CThho Tz, BT L E=T DT AR
D-HE 0.0345 % (B &5 3) 2B W CEMBIUE L (FHAHEER ) 13 16.1 %, 27 X/VERO V-5 fE
0.0365 % (& &4y %) ICB W TEM B BUH X R 213 18.3 % THY, ZOJR FEHIFHIZ I VTl & 72 B I
(EY aWAvIRSoY i

iR 28 55 i OV K 28 2% R L 3 B RERI D AT AT DN T, Rk 25 4 3 A 25 B AHT CEMKFES 1Y
P 2RIV E EHAMAE 04 %L1 5 5SS TOEY . ARILFERBROFE LY, 0.4 BEEDATIL K
Z ORHEYE A B T IR CH RS IEAENE B 720 ORE L 53 AT RE Ch DT LM RS ALz,

I

— AR HEE AT BB R EARR B ], kAL B U ERT, 2 —7 =0 =TV RS R oA
s —, W —RASE RO A AT = — AR A OB LI H B2 R L ET .
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Determination of Melamine and Its Related Substancesin Fertilizer by High Performance
Liguid Chromatography (HPLC): A Collaborative Study

Etsuko BANDO! and Sigehiro KAI*
! Food and Agricultural Materials Inspection Center, Sapporo Regional Center

A collaborative study was conducted to evaluate high performance liquid chromatography (HPLC) for
determination of melamine and its related substances in fertilizers. The melamine and its related substances were
extracted with hydrochloric acid-water (1+15). The extract was centrifuged, and a portion of the supernatant was
diluted with mobile phase. The melamine and its related substances were anayzed by HPLC on
carbamoyl-modified silica gel column with UV detection at 214 nm. Eleven collaborators were sent 5 sample
materialsin ablind duplicate design. After identification of outliers with Cochran’stest and Grubbs' test, the mean
values and the reproducibility relative standard deviation (RSDgr) of determination of melamine were reported
0.0343 %~2.83 % and 4.2 %~11.6 %, respectively. Those of determination of ammeline were reported
0.0346 %~1.60 % and 2.3 %~6.9 %, respectively. Those of determination of ammelide were reported 0.188 %
~1.10 % and 6.5 %~7.6 %, respectively. Those of determination of cyanuric acid were reported 0.105 %~
1.15 % and 6.8 %~13.2 %, respectively. These results indicated that this method has acceptable precision for
determination of melamine, ammeline, ammelide and cyanuric acid in this density range. The mean values and the
RSDr of determination of ammelide in ammonium sulfate were reported 0.0345 % and 16.1 %, respectively.
Those of determination or cyanuric acid in ammonium sulfate were reported 0.0365 % and 18.3 %, respectively.
These results didn't indicate that this method has acceptable precision for determination of ammelide and cyanuric
acid in this density range.

Key words  melamine, ammeline, anmelide, cyanuric acid, calcium cyanamid, fertilizer, HPLC, collaborative
study

(Research Report of Fertilizer, 7, Collaborative Study 10~21, 2014)
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1. [XL®HIC

JEMOKBEH B 2 2 T2 2 — (FAMIC) TU, IR ALY LB PRI BB L7 S DB 72 | Z R BRIE D %
HPERERB AT O TR RBRE | P AR EL, IERERBR G S ~OTE A A D TS, IRBEEIRIGTRILE L O
HERL P DA BRI 3R OB /elBRIE L L TRET S, BUTIETH D 7 n ARIRALIEL O B ONSH#R U RS EE
KOVE & TR ORMRFOREE, BB NICBIT 5B IEO L EDR RSN LA THD?.

Al IGIEAEE X OHERE 1 DA BE IR 2 O TE B2 36 1T DRBEIE O MEREREAT O 728, Hea@aAlkhz v TR (R
Rz EZhEL, MBREROHIEEZMELLOT, ZOBMEZHE T 5.

2. MHRUAZE

1) #RAEBRAEMORAR

IGUEFERENEEL 1 5, URTGUEIEEE 1 5, BERBIRlEE 1 A, TEHIeIE 1 R OHERE 1 5 (Bt 5 450 &
INEE LTz, 40 °CC 60~70 IRffH] i 65 “C T 5~24 Ifiliz L, £ 4L HBZ 500 um D500\ &2 475
F OB CHERER BN L, 59 0.09 g 2T v 7 FHERVASICERBUE B L T4 50 4845 L7,

TIARBE RS 5720, LRIFBRARBIORICELEA ML, i 2 48 (A5 10 48) 22 nEk
TR LTz,

2) ¥BERUHER
BRI SRR E L CODRBEIE R E R B EERE, By b7 L —h R OReids 2 L.

3) FAHIREDAE

3T EEL 0.05 g & 0.1 mg DU 7= £ THRABE I AR #mICIZN0 &0, HERD 0.2 g F B TRUEHE Y, B D /K&
TLUTHEIAESLE 7. M2 (3 mol/L) 0.7 mL F2EEA/D L3O FL7-#%, BIT/K 0.2 mL FREEA i LA 5
R—bFEAET > ToNTil B R TR IR 52 RIS 7. 7ok, BRI ICRIE T 25 B3 EREL
72. 100 ‘CORY 7L —hT 90 ZrMIINEGLE L, 105 COEIRFHEERT 30 2y B NEGLIR R IR A 52 4212
ELT-t%, Table 1 DRIESIFOIERE % W ToHoHratklh o f #3784 I E L7z (Scheme 1) .

WEZHT=oT, TaI T AR ORT AL EOFREIL, FRBREOMREEE 2% R 2R F N EIEE OBE
TS T-.

LMRSTATBOE N B RROK PE TS B A T A — IR RN A () R 2 —
2 MSTATHCOE N MO BE TS B 22 R B o & — AR 22 AR A R
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Table1 Analytical conditions for total nitrogen and total carbon analyzer

Combustion gas Highly pure oxygen, purity no less than 99.99 v/iv%
Carrier gas Highly pure helium, purity no less than 99.99 v/v%
Combustion temperature Reaction furnace temperature: 870 °C
Separation type Separation column
Detector Thermal conductivity detector

| 0.05 g analytical sample | Weigh to the order of 0.1 mg into a combustion vessel

with the solution

«—Cover the sample with 0.2 g of sea sand and add afew drop of water
<Add 0.7 mL of hydrochloric acid (3 mol/L) drop by drop
<Add 0.2 mL of water and shake the vessel calmly to mix the sample completely

| Heating | 100 °C for 90 minutes

| Drying | 105 °C for 30 minutes

I
Measurement by total nitrogen
and total carbon analyzer

Scheme 1 Flow sheet for organic carbon in sludge fertilizer and compost by combustion method

4) fRAHABAFRB OB R

IUPAC/ISO/AOAC DiFREZER 7 mha L OB MERER A S E L L, £ Bt 2[R ER B Z 1
10 REZIREEY, KREHT X 2 SOMTT 3) It THMIRFERZT X LRIERFTHIEL, 55

TR R AR IOV TR LR 21 T o 7=,

5) R

AEBRICSINLTC 9 BRSO I LI BeiE 2= R R AT HEIIUL T OBV THS. ThThd
AEREIZBWT, BT L7z 10 BEHZ DWW T ) 1Tt~ THM IR R BAIE L.

(1) BhnakBeE
a FREENIEE 2 —
RS E TR 2 —
RERERFEEAESS BRI 2 —
MNEATEOE N BMOKEH R Z 2B 2 —
MSEATEOE N BMOKEN R Z 2B 2 —
MSTATBUE NEMOK N B Z et 2 —
MSTATBUE NEBMOK N B Z et 2 —
MNTATEOE N EMOK ETE B 22 2 it 2 —
MNTATEOE N EMOK ETE B 22 2t 2 —
(50 FNIE)

MR H—
kLt 22—

et s2—

&R A —

AEBUSIRATS S BT AR
AR 2 AR AT AR TR
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(2) HHLUI-BREEE SRR IR BN I E
Stz 2—H SUMIGRAPH NC-220F

3. BWRRUEER

1) HEHBRAEMOHEMEREE

BB MR ORBR IOV T, HERIZIB W T Cochran MBI LA VI N E SN2 N E R L,
70 DOFRBR AN DUV TR BRI L 2[A] X 10(9) 5B D — e B 73 B0 T & FEi LIS S L7/ i E4 Table
2R UTz. DM TAE R MR 72 RSDy M OVIFTHE EE % 3 T BRI A SHEE Y (R 72 RSDpr 13 1.1 %~5.2 % THY),
WFHROFEHZ BT FED F RAEE FlEl-7-2 80 b A B KM 5 W THUEHEICA B ZILRD SN0
oz, ZHOZENG, LFEFEBR NI E M BUEER A OHEEICH WD ZED TEL 7 E A
THLHELT.

Table 2 Homogeneity test results

No. of Meenz) Sr4) RSDrS) Sbb6) Sb+r7) RSDb+r8) 9)10)
Sample 1) 3 3 3 3) F vaue
sample”™  (95) (%) (%) (%) (%) (%)
Calcined sludge fertilizer 10 (0) 8.82 0.46 5.2 0.00 0.46 5.2 0.20
Industria sludge fertilizer 10(0) 15.10 0.52 3.4 0.00 0.52 3.4 0.65
Compost 9(1) 2146 0.92 4.3 0.00 0.92 4.3 0.58
Human waste sludge fertilizer 10 (0) 36.01 0.39 11 0.12 0.41 11 1.20
Composted sludge fertilizer 10(0) 38.19 0.44 12 0.00 0.44 12 0.67

1) The number of samples used for analysis; (): The number of outliers

2) Grand mean value (n=The number of samples used for analysis < The number of repetition (2))
3) Mass fraction

4) Standard deviation of repeatability

5) Reative standard deviation of repeatability

6) Standard deviation of sample-to-sample

7) Standard devitation of sample-to-sample including repeatability Spar = VSpp 2 + 5.2

8) Relative standard deviation of sample-to-sample including repeatability

9) F value caculated based on analysis of variance (ANOVA)

10) F critical value: F (9,10:0.05)=3.02, F (8,9:0.05)=3.23

2) HERIRBRAERUNMNIERE

KB RO SN IR A Z Table 31TR LT, BB 3Bt 5 R B 2 IUPAC D3 [H]
R a2V KON AOAC DO IL[FRRER A AR T AL O BB IR HLEL L=, T3EIGRIEEHZ OV, 158
LT ahLnbO M CEEETINEEOIREE AR SR DOSHTEEIOZIZTNIE D) ICE D BEE 1 D23
SNTT=8, VRN D3 BRpAE & BRI L7214, SMAUIEAR oD 7=8 Cochran & & KUY Grubbs f & 21T
Sl ZOFER, LRIBIRIEEHZIT Cochran EIC L > T 1 B OB 2SI U S E ST
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Table 3 Individua result of organic carbon in sludge fetilizer and compost (mass %)
Lab Cadlcined sludge Industria sludge Human waste ~ Composted sludge
D fertilizer fertilizer Compost sludge fertilizer fertilizer
A 9.18 9.26 1490 1511 21.05 10.87 3584 3594 38.81 3891
B 996 953 15.72  16.00 2209  20.63 34579 35043 37.74 37.68
C 9.07 8.88 1463 14.89 2095 21.45 3426 3431 3772 37.22
D 9.63 9.69 1481 14.65 20.19 20.63 3492  34.96 38.13 37.69
E 9.25 9.19 1512 15.28 20.66 20.29 3519 3519 39.26 39.06
F 8.96 8.99 14.78% 14302 18.39 10.27 33.87 34.09 3742  36.93
G 10.07 9.84 1496 14.73 20.88 18.93 3486 34.94 3791 3854
H 9.63 9.81 1533 15.79 21.67 20.45 3497 35.01 38.33 38.18
I 9.37 9.80 1490 15.28 21.02 20.64 3553 3655 38.82 39.25

1) Laboratory identification
2) Invalid datas that were removed due to failure of the operation
3) Outlier of Cochran

Table4 Statistica analysis of collaborative study results

Sample No- I?)bs Mear;j) Sr4)3) RSO’ SRG; RSDr” HorRat”
p (q) (%) (%) (%) (%) (%)

Calcined sludge fertilizer 9 (0) 9.45 0.17 1.8 0.38 4.0 1.40

Industrid sludge fertilizer 8 (1) 15.13 0.20 1.3 0.42 2.8 1.09

Compost 9 (0) 20.50 0.76 3.7 0.94 4.6 2.08

Human waste sludge fertilizer 8 (1) 34.96 0.07 0.2 0.62 1.8 1.05

Composted sludge fertilizer 9 (0) 38.20 0.27 0.7 0.73 19 1.18

1) Number of laboratories, where p=number of laboratories retained after outlier removed
and (q)=number of outliers.

2) Grand mean value
(n=The number of participating testing laboratories (p) X The number of repetition (2))

3) Mass fraction

4) Standard deviation of repeatability

5) Reative standard deviation of repeatability

6) Standard deviation of reproducibility

7) Relative standard deviation of reproducibility

8) Horwitz ratio of reproducibility

3) BHMTRERVERBERRFE

FLEAE K OB Z BRI L2580 OFBRAGE KO R U7 S, DM TR ZE s, OFTHE b2 e 2=
RSD,, = [H P B (R 22 s;, =M P BLH AR ER 22 RSDR & OY HorRat fii%:% Table 4 |Z7~RL7-. HorRat
LB ST 0 BRI BT DAL o T iE O PERERHIFEAE D — D THVHAE D L Z A B~ A H T 7
0, ZELEUTHEHUE. SBRE O I 9.45 % (E &7 3) ~38.20 % (H & /73F) THY, ZONH TR
7513 0.07 %(EEy3R) ~0.76 % (E &/, PHATHRMERERAEIL 0.2 %~3.7 %, = HHMmERET
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0.38%(H &) ~0.94 % (H &N, EM B HERER 2L 1.8 %~4.6 % TH-7-.

4, F&H

QRBRE IZFR VT EHEF (10 50) OIFTEARE X OHERR 2 W CIL [RGB 2 SEha L, PRBEEIC DTG IR AEE &
OHERE T DO R IR R ARBRIE ORI 21T o 72, T ORE R, AHRFEEOTHIME 9.45 % (B E/y3) ~38.20 %
(EE73F) 2B\, EM IS E FIXHERERZS) 13 1.8 %~4.6 %W Th-o7z. MBREM D iz Lo A
BIEOEREBUEEIL, REBERILOFRRNEZ RO DO OERERFEORERIELL TR THE Th-o7-.
728, GIRIEEH R CHEBIZ R RBHEOOLRARER L, AHKEEBETERLE CRLUIMEZEITRRE
FTHIEEEN, BEOHRHAIIFTRMEOTTAVAFT A 30 "= NHESN TS0, BERIZIYA
1EE T a LA E S O HENT NIARIEOBOR USRS EE K OVE & FREORF RSN TS, ZhHDRE R
b, BRIGEIEITIG IR AR OHERR O FRER B D E RIZH WO ZED TEL R A A T 52 L3R
nr-.
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Determination of Organic Carbon in Sludge Fertilizer and Compost by Hydrochloric
Acid-Treated Combustion Method: A Collaborative Study

Aiko YANO' and Yuji SHIRAI?

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
(Now) Fukuoka Regional Center
2 Food and Agricultural Materials Inspection Center, Fertilizer and Feed I nspection Department

A Collaborative study was conducted to evaluate hydrochloric acid-treated combustion method for
determination of organic carbon in sludge fertilizer and compost. Anaytical sample was treated with dilute
hydrochloric acid and dried up before measurement of organic carbon by total nitrogen and total carbon analyzer.
Five types of test materials (Human waste sludge fertilizer, Industrial sludge fertilizer, Calcined sludge fertilizer,
Composted sludge fertilizer, and Compost) were sent to 9 laboratories in a blind duplicate design. After removal
of outlier caused by a failure to follow the method, Cochran and Grubbs tests were conducted and a pair was
indicated to be Cochran outlier in Human waste sludge fertilizer. Statistical analysis was conducted for data
retained after removal of the outliers. Mean values were in the range of 9.45 % to 38.20 % (mass fraction), and the
repeatability relative standard deviation (RSD,) and the reproducibility relative standard deviation (RSDg) ranged
from 0.2 % to 3.7 %, 1.8 % to 4.6 %, respectively. These results indicated that this method was validated for
determination of organic carbon in sludge fertilizer and compost.

Key words  organic carbon, sludge fertilizer, compost, combustion method, collaborative study

(Research Report of Fertilizer, 7, 22~27, 2014)



28 REEHIFZEERE Vol 7 (2014)

4 MmESEEOHBRZX
— S IR —

BTERE |, SAKNEE 2, BHERIE
F—T—k R B, BiBR, ERE

1. [XL®HIC

JEMOKER R VIZ XY, i K OZF DGR D R EORRPFESE SITHNTRY, [Fify 2k
DUWTIE, BEERBE, Hb VY AEY S J B O =LA 3 (SO;) Z# E &L, ZhOREIHOE &
T D EDHR (%) LT D5 EREHESNTND, 207, BLTWARGLORESEEOEA &L 1~
249 % (BARREE S OHLFHIE) LHEIA. ERIEEL T, MEIREICHEERBRIEDS JIS HikES V& NE SN T
B0, EFEFE LS BB W TIE RS ORI L7 H B2 IR L CRla 32 L T 5.

AT, A5 K Ol & To AR P ORf 38 0  EORERIEE L C, JIS K 8088Y IZHLESI T Affi s (R
3K) MR OFERTE (AL AV D LEH §E) O AR T 5720, MIEMICEEST L REMEOREH LD
REHIINZ, MR UKSEE K OVE & FIRE ORI E1T 727 . 05 8R, ZoaRErE Uy AE ) 13HE
— BRI DA MEDHER S, 2011 FEITHERFERBRIES 1228 L L QLN T-.

A8, BidE K OiRE RS T DR O 5 2 B E IR DAL VY LB BIEOMERERHH D720,
R AW TR Z LR L, BBR=EROBBEEZ R LD T, ZOMELHRET 5.

2. MPRUAHE

1) *RFEBRAFEMOAR

FrfRelB e LT, Tl L TR s K O s b &2 G e IEE 4 /i (a, b, ¢, d) ZalBRan &L CTUEEL, BB
500 um DOHE5DU A @I T D FE TRl T RIRER BB 2 R L 7.

Fie, WIRFREIEL T, Wilg% /K THRL, 2 R (e, ) OILFEFERHFEI 2R

HEIFBR R a, b, e, TIZOWTIIR 7 g ZERIL, ¢, d IZOWWTIEK 1.5 g 8L, ENENEA
WCHRHELUEF L. 774 FRB 2R T 2720, 2o LFERBR A O RS (£ 2 5) 170 Al
TemaftL, LEFRERHFE (12 5) 22 R = ITE M L.

2) KERUBRE
HRBREITRE DR Y N L —h, K, fofds L OB A L.

3) AE

VOSEATECE N EMOKE B R A e A — B s — (B IEETEE AR
2 OMSTATEOE NEBMOKPES #2222 2 — A & —
P OMSTATEOE N BRI 38 22 2 i o 2 — PR RL 22 2R i



fi oy B ORERE  — IR — 29

okl a blZOWTIEL 59, #klc, dIZOWTIE 1 g Z1ERE (0.1 mg DI 7=FT)ITIEINED, b= —H—
200 mL 12 AL, KEE(EAVD Ao X ) — VERHEAD 50 mL 20Nz, REEHILCEY, Ay N7 L—R T 5 43 #E D
WRELT-. itntk, 2877223 250 mL (2L, BERRETREMZ 2% IZAMK (3 FE) TAL, sUBHEIRE L.
EF e, fIZOWTIIHRERZ R T DUCIRFURI D720, EREOEIEITAT o7z,

Wkl e fIZOWTIE 5gZIEME (0.1 mg D 72FT)IZIEnED, h—LE—H—300mL (Z2&0, KK 50 mL
K OSEEALKSERK 5 mL 200z, 80~90 COKYS L TEEXEENZIRE/2NDK 1 BRERINEALT-. F7=, 30k
a, b IZ oW TIEEERANK 50 mL, 3t ¢, d IZ DWW TIEEEHAK 156 mL &2 h—/ L — 7 —300 mL (2&0, [FEE
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Ut L% (100 g/L) £ 6 mL ZR#E L3 BNz, D RERGE %, BUE b/ 0D LK (100 giL) 240N 2 87
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72K BT 4RERILL B E L=, AR (5FE C) TAHIML, h—/bE—7—300 mL Z /K CHif L Ciba sk
SAHM I LT, VElf T Ueior 20 mL (2R (1+2) £9 5 mL M OHBRSRESIER) 1 mL ZNZ 7-& &2 AL
727 B ETIT o7

TOHEELIZDDIZICTE K OAMAE AT, i CRite (K 120 °C, 1 W) %, BAUF TIMEL (K
800 °C, 2 W§f#]) L7=. IEd%, 501X % T 27 —Z—HICBLTRmL, 52 X0E &% 0.1 mg OIF 7= £ TH|
ELT-.

RORIZ LS THHRE P O /3 2 (E &%) 2 H L.

it 5 0 A i (B 00 3%) = ((W—Wsg) x0.3430) / (W xV/V 1) x100
= (W,—W3)/ (WxVs/ V) x34.3

Wy JRAE% D G el Bt e 5 D1X D8 £ (g)
Wg: 521ED'E & (g)

W, : o #ralkl o E & (g)
ViAo B B (mL)

Vo AR O 4y B (mL)

4) HREIRKERAGRHOHE RS
IUPAC/ISO/AOAC DREFRER 7 b= LD OB MERER IZHEV, & RO FEFER TR B HZNF
10 3B R E Y, BN D& 2 SOMTT, BEGIEEY T X #BEHEY iz EiiL7-.
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1 g-
Analytical sample

38 Weigh to the order of 0.1 mg into a 200-mL tall beaker

< About 50 mL of potassium hydroxide/etanol solution

Heating | Cover with a watch glass and boil

Standing to cool |

Transfer | 250-mL volumetric flask, water

< Water (up to the marked line)

Filtration | Type 3 filter paper

Aliquot
(predetermined amount)

300-mL tall beaker

< About 50 mL water

< About 5 mL hydrogen peroxide

Heating | 80 °C-90°C, 1 hour

Standing to cool |

< A few drops of phenolphthalein solution (1g/100 mL)

Neutralization | Hydrochloric acid (2+1) (until the solution becomes transparent)

< About 1 mL Hydrochloric acid (2+1)
< Water (the liquid volume to reach about 100 mL)

Heating | Boil, for 5 minutes

< About 6 mL of thermal barium chloride solution (100 g/L), while shaking

Standing to cool | For several minutes

« A few drops of thermal barium chloride solution (100 g/L)
(Check that new precipitate is no longer formed)

< About 2 mL of thermal barium chloride solution (100 g/L), while shaking

Heating | 80°C-90°C, 2 hours

Standing to cool

Filtration | Type 5-C filter paper
|
Transfer | Type 5-C filter paper, water
< Wash with water (until reaction of chloride disappears in filtrate)
| Put | Crucible
|
| Drying | Drying apparatus, about 120 °C, 1 hour
|

Standing to cool |

Charring Heat gently in an electric furnace
Incineration 800 °C, 2 hours
|
| Standing to cool | Desiccator
|
| Measurement | Measure the mass to the order of 0.1 mg

Scheme 1 Flow sheet for total sulfur content in fertilizers

| For no less than 4 hours, in a water bath whose heat source is stopped
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5) HEHR

ARERICSANL T2 10 BRIV T, BEAFLIZ 12 BEHT DN T 2) KOV 3) 1T~ TikBRA L 7.
(1) bR

« TAV— T y—TqasEASH WhE T

© KVPWPEERR RS B3 REHR e 2 —

« FUBTY IS

- NESFEE N A AR E e AED

« MSTATBUE NEMOKER S et 27— At 2—
© MSTATBUE NEMOKEH G et 2 — gt 22—

© MSTATBUE NEMOKEH G et 27— et 22—

- MSZATBUE N RMOKEEHE Z 2kt 21— AR 22—
« MSZATBUE N RMOKEEH T L2t 27— it 22—

© MSZATBUE N RMOKEEH T L 2t 2 — A

(50 FIIE)
Table 1 Homogeneity test results
No. of Mean’ s RSD;” Sov”” St RSDb+ 9)10)
Sample samplel) (‘V)3) (‘V)3) %) (‘V)” o )3) %) F Value
o b o 6
all 10 (0) 8.62 0.19 2.3 0.12 0.23 2.6 1.72
b 10 (0) 12.51 0.16 1.3 0.06 0.17 1.4 1.24
c'? 10 (0) 247.8 4.46 1.8 1.0 4.6 1.8 1.11
d'? 10 (0) 245.6 5.28 2.1 0.5 53 2.2 1.02
e !V 10 (0) 1.38 0.02 1.1 0.01 0.02 1.4 2.33
£ 10 (0) 2.85 0.04 1.5 0 0.04 1.5 0.29

1) The number of samples used for analysis; ( ): The number of outliers

2) Grand mean value (n=The number of samples used for analysis X The number of repetition times (2))
3) Mass fraction

4) Standard deviation of repeatability

5) Relative standard deviation of repeatability

6) Standard deviation of sample-to-sample

7) Standard devitation of sample-to-sample include repeatability Sh+r = VSpb 2 t+ 52
8) Relative standard deviation of sample-to-sample include repeatability

9) F value calculated based on analysis of variance (ANOVA)

10) F critical value: F (9,10:0.05)=3.02

11) Test by transmitted light analysis

12) Test by X-ray diffractometric analysis
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3. MERBIUEER

1) HEFHBRARKHOYEMRHERE

PR M RRBR D RAR e O L 2 [B] X 10 30D — e B 2 LD 3 W T A B AV T 4 Table 1 1277
L7z WO EHZIB W TS, FEA F(9, 10;0.05) % FlEl>722 800, FEAKUE S %Iz W GREEICA
BRETGROONTY, X TONH BN FRBRICAVDZEN TELHEMEE AL TWDIEEHERL
7-.

2) HRRREBERUNINIERTE

H R E DD WAE ST 3L AR AU A Table 2 1R LTz, & RO 5 HTaEEO BB 5% TUPAC O[]
R 2L Y AOAC DRI AR T AN THRFHLBE LU=, SRBR O/ E a2 i 35
72812 Cochran O E & U Grubbs DR EZ FEIEL7-EZ A, 10 3R =E OFERAE DO HERKREUEE ¢ K OVRIR
BT 1B, FikEE a, d KOMBECIREEL e T 2 SIBR=E OB AR M VB S E S LT,

Table 2 Collaborative study results (Mass fraction, %)
Lab ID Solid sample a Solid sample b Solid sample ¢
A 8.17 8.25 12.54 12.53 245.1 246.4
B 9.07” 9.13” 13.24 13.52 253.0 252.7
C 9.13” 9.20” 13.29 13.20 254.5 253.7
D 8.31 8.22 12.38 12.48 246.1"  241.4"
E 8.05 8.21 12.27 12.20 247.8 246.4
F 8.32 8.35 12.51 12.62 247.0 246.0
G 8.40 8.40 12.57 12.55 244.5 243.8
H 8.35 8.48 12.56 12.59 246.4 245.8
I 8.35 8.41 12.70 12.68 245.8 245.8
J 8.42 8.43 12.78 12.89 246.5 246.2
Lab ID Solid sample d Liquid sample e Liquid sample f
A 246.1 245.8 1.40 1.39 2.87 2.86
B 252.1% 253.0” 1.46” 1.49” 2.92 2.91
C 254.5” 254.0° 1.50" 1.50” 2.94 2.94
D 245.7 245.2 1.40 1.40 2.86 2.86
E 246.7 245.9 1.41 1.41 2.88 2.88
F 246.7 245.4 1.40 1.41 2.88 2.88
G 244.0 244.2 1.41 1.41 2.88 2.88
H 245.5 246.1 1.42 1.41 2.89 2.89
I 245.6 245.9 1.41 1.42 2.88 2.88
J 245.9 245.6 1.42 1.41 2.89" 2.93"

1) Outlier By Cochran
2) Outlier By Grubbs

3) BHTRERUVEMBRFE
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FRBRE DDA SRR T — R LTS (SO3) EL COE By REL THDN, BEIEN 100 %% H
Z 5% TUPAC O 3L [FEIFRER 7 b= L e OV AOAC DIE[FFRER A R T A LN TR D DI A 2
CHIWTL, fiieE (S) EL TRHI 2720, BRI Z AR5 2.4969 TERUE CTHEGHAEE 24T o7,

S AIEABRON L 7R AR L0 5 L7 S, DR TR V(R 72 (s) K OMIFAT AR eHEE YE (R 722 (RSD,) il TN
S BEER 7= (s), =M A FAH SR HE (R 7= (RSDr) K& OY HorRat fE (HorRat) & Table 3 |Z/~L7-. =M
Bl HorRat fEIE A 53T 53 BF DAL 5341 5 IEOMEREFHM IR AR O — 2L L THWGI, BIEDLZAJEEHIfE
HL T HEHT D700, 25 LU CEL#L7-. HorRat (% RSDr/PRSDg (2L KHHID. 7283, PRSD I1°F-
Yy B A5 Horwitz DIEIERIZLDRD Tz, SIVEZ BRI IZBBREE DT (S) EL CTOREAIEITE
B3H0.564 %~99.17 %THY, TD 8 KO s ITE 533 0.001 %~0.24 %KX 0.003 %~1.39 % THY,
RSD, & O RSDg 1% 0.1 %~0.7 %% T8 0.3 %~2.8 % Tdh->7-. £7=, HorRat 1T 0.14~1.39 THY, I ok
EHb HorRat 13 2 A NEARY, a—F v I 2AF B RO HTEE D= ANIEHERHT-L T hiet?.

Table 3 Statistical analysis of collaborative study results (Analysis as sulfur)

Sample No. of lali)bs MeaI;Z)) Mear;j : sr“’g) RSD; SR();) RSDR” HorRat"
p(qQ) (%) (%) (%) (%) (%) (%)
a 8 (2) 832 333  0.02 0.7 0.05 1.4 0.42
b 10 (0) 1271 509  0.03 0.6 0.14 2.8 0.91
c 9 (1) 2476  99.17 0.4 0.2 1.39 1.4 1.39
d 8 (2) 2456 9837  0.18 0.2 0.30 0.3 0.30
e 8 (2) 141 0564 0002 04 0003 0.6 0.14
f 9 (1) 289 1.16  0.001 0.1 0.01 0.9 0.22

1) Number of laboratories, where p=number of laboratories retained after outlier removed
and (q)=number of outliers.

2) Grand mean value as sulfur trioxide
(n=The number of participating testing laboratoried (p) X The number of times of repetition (2))

3) Grand mean value as sulfur (=2.4969% Grand mean value as sulfur trioxide)

4) Standard deviation of repeatability

5) Relative standard deviation of repeatability

6) Standard deviation of reproducibility

7) Relative standard deviation of reproducibility

8) Horwitz ratio of reproducibility

9) Mass fraction

4, F&O

10 FRBRETIBNT 6 FEA (12 5) OFEHE W THEEE /0 2 Bl E O L RIRERA FMiL, WA VD AEHE
LT ZAT 7. ZORER, EM BB FEHEERZE) 13 0.3 %~2.8 % Tholz. ZDOTEND, RER=E
[H10D HEHRIT L2 A RRBRIE 0 S T B BURG BE 13T 2 3 DR Chh, ARRBRIEIT, ABT R 354 sl 2 1 H]
WHZEMH KD T3 7eVEREAZ AL CODZEN R TET.
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Testing Method of the Total Amount of Sulfur Content(as Sulfur Trioxide): A Collaborative
Study

Shin ABE!, Chika SUZUKI? and Yuji SHIRAT?

' Food and Agricultural Materials Inspection Center, Sendai Regional Center
(Now) Fertilizer and Feed Inspection Department
2 Food and Agricultural Materials Inspection Center, Sendai Regional Center

3 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

A collaborative study was conducted to evaluate the applicability of the method validation of gravimetric
analysis for determination of sulfur content in sulfur and its compounds as fertilizer. Sulfur in fertilizer was
dissolved in potassium hydroxide ethanol solution, and oxidized to sulfate ion by adding hydrogen peroxide. The
precipitation of barium sulfate was generated by adding barium chloride solution to the sample solution. The
precipitation of barium sulfate was separated from the solution by filtration, washed with water, and ignited at 800
°C. The sulfur content (as sulfur trioxide) was calculated from the ignition weight of barium sulfate. Six samples
(fertilizers containing sulfur and a sulfuric compound and sample which diluted sulfuric acid) were sent to 10
collaborator. These samples were analyzed as blind duplicates. After removing the outlying date using Cochran
and Grubbs outlier test, mean values (as sulfur trioxide) were in the range of 1.41 to 247.6 % (mass fraction), and
the repeatability relative standard deviation (RSD;) and the reproducibility relative standard deviation (RSDg)
ranged from 0.1 to 0.7 %, 0.3 to 2.8 %, respectively. These results indicated that this method was validated for

determination of sulfur content in the fertilizer.

Keywords fertilizer, sulfur, sulfuric acid, gravimetric analysis

(Research Report of Fertilizer, 7, 28~35, 2014)
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5 JUATNLIEHESTIEMDORNEETOERAIE
— 3t A AR A —

JI a1 K
F—I—F  AEPETWER, So b BVT AL, LUBTIVIEEL, IR

1. [XC®IZ

YR VIEEHE TR 154E O Ml AR O 23 E B Y DM IEIZ LY, (LR IEE K O A IEEt o EE LT
WERE R U7 IV ERHTIRD) 1 ANBINSH, & A 3 _E A DO fe/ e (%) 28T Al PE T W g2 RGEd
HHDIZH> UL ANENET O 10.0) LU TERESN. F7, BHOKES S22, TREMETWEREE, v
V7 MTHETHHDIZH>TIE 2550 1E/E) Y VO KEEE TR AT BT WOEEE, O/ sk
WZHKTDHLDIZH->TE 2 5D 1 ENAVE) Yy MVOEREIZIRIT DWW EEE V). | ERES .

[ VT 7V RER O RIEEME T OEROBIE 11X, AKERLTF R AV (20 g/L) T L7212 5o b h U7 A1k
THIE T DT EP IR R EY [T SN TS, T U2V IERE & T EEhth o Al PE T O ER O I E |
1%, KT RIY AR (20 g/L) Chi 35 RIS RE (1+23) 2 12 TEEVE T 352 L Tl 2h R 2t
LY, B AL L= 25, EMHBUSENRELS, e TR NRn Tz

ZOZEND, LFRBRS MR E ~OBEHVR AR REL SFEZ, lBEEZLBEL, 2ORBRIEICD
WTH R BICB I 5% Y 2R LY.

Arla], ZOFBRIEIZOWT IUPAC OI[ERER 7 b V228 AR A EhEL, RBR=M OB
EAETRAELI-DOT, ZOMEAZRE T 5.

2. MHRUAE

1) #RFRBAFEMOAR
VAT NREEVE G T, IREDABBIEEL 2 55, ALAIEEE 3 4 2~3 kg ARBRAL L TEREL, HiEO
% (Retsch ZM1000) T H B & 500 um O .55\ & 421895 OB L CHE RIS U2 i L L 7=
HFERBARE 1.5 g 28 =— VI ANBE LTZ, — DT T4 Rl AR I 5720, BRI R
BIORIZR FOT )V EAHT, 4 10 mASIEEREICE L.

2) FERURE
H BT L7=b D& LT

YOO MK EEN B ARl A — A R —
2O BMOKENB Zafdi v =B 2— () RERL A
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| 1 g analytica sample | Weigh to the order of 1 mg to a 300-mL tall beaker
< About 150 mL hydrochloric acid (1+23) [about 30 °C]
| Heating | At 30 °C + 2 °C for 1 hour while shaking to mix every 10 minutes
I
| Standing to cool | Room temperature
I
| Supernatant filtration | Type 6 filter paper, 250-mL volumetric flask
I
| Transfer | Transfer residue to afilter paper
< Washing with water
< Residue> < Filtrate>
< Water (up to the marked line)
| Sample solution (1) |
I
| Transfer | Together with filter paper, 250-mL volumetric flask made of polymer
< About 150 mL sodium hydroxide (20 g/L) [about 65 °C]
| Shaking to mix | Stopple and shake to mix until afilter paler breaks down
]
| Heating | 65 °C + 2 °C, 1 hour, shaking to mix every 10 minutes
]
| Standing to cool | Room temperature

< Water (up to the marked line)

| Filtration | Type 3 filter paper
1
| Sample solution (2) |
Aliquot Transfer the same volume of sample solution (1) and sample solution

(predetermined volume) | (2) to 200-mL beaker made of polyethylene

< About 10 mL of hydrochloric acid

< About 15 mL of potassium fluoride solution

< About 2 g of potassium chloride

| Standing to cool | For 30 minutes in arefrigerator

| FiItrIation | Gooch crucible made of polyethylene, Type 6 filter paper
| Waslhing | Wash 6 - 7 times with potassium chloride solution

| Trallnsfer | 300-mL tall beaker, water

« Water (until the liquid volume reaches about 200 mL)
| Heating | 70°c-80°C
< A few drops of phenolphthaein solution (1 g/100 mL)

_ 0.1 mol/L - 0.2 mol/L sodium hydroxide solution
Titration

(Until the solution becomes light red)

Scheme 1 Flow sheet for soluble silicic acid in fertilizers containing silica gel fertilizer
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3) VUATIVIEHEESDEHPOTEMEGOEREBIE

Ztrakkl 1.00 g 2130 &, 300 mL Dh—/LE—Hh—(Z AR, £ 30 ‘CITHIEL7-HEE (1+23) £ 150 mL
ZMz, 30 ‘CE2 COKRBHT 10 T LA TABETHEIRERMS 60 /IR L-t%, 2877 A2 250
mL Z5#él, A 6 FECTAIAT 5. Ban Kk AR EORIEMREY) % /K CHeid L TODAEERRE TR Z I A 7= (LA
TREHAIR (L) £9°5) . A EORBEMRWITAREEDBIS, RV=FL oM ETTI2a 250 mL (2 AIVTH
65 C TR L7=/KER{LF N AEA# (20 g/L) #1150 mL 201 %, 65 C£2 COKBH TI045Z LITHRVIE
HR2AD, 60 MR T 5. BIRETHM LR, BEHRETKEINZ, RI=F Lo fRREZamel, RI=F
Lo Bln—ha WA 3FECAIR L (LU TFEHATR (2) £3°5).

AUBHAIR (1) 25 mL M ONUEHAIR (2) D 25 mL Z[A— DR =F L e —7—200 mL (2&0, HEEK 10
mL, 5o bV AAEHEHI 15 mL e AL B UD 240 2 g &2 N2 TRV F L BB COERE QAN L,
10 CLL FOWIETH 30 2FmEILI=%, RVZF LU —F 5 00ZICAK 6 Lk AT 28T
(O ZEMZ D128, A SV T HFED THEW. )G AL, HLAVY KT 6~7 [BI¥EEL. 5
W EOIEDIARELHITK Th—/LE—H—300 mL (2L CT/K TR 200 mL &L, 70~80 ‘CITIMEAL -
BEHIZT = /) — LT HAERIR (19/100 mL) Z 5Nz, EEAEKER LR AR (0.1~0.2 mol/L) TIATK
DAY TUVALAIZRDE TR EL, AEMET VIR &4 H H L7 (Scheme 1) .

4) #RERBRARMOHEERER
IUPAC EREFRBRDN—FF A AR T mbaL® OB B VEMEERBR D FEfE FIRIZHE, %R 5102k [F 5
ARENDZ N 10 BB EHY, K EHZ D& 2 ST T I Ttz FE ML 7-.

5 HRFEHER

ARERICBINUTRBR R IILL T O LBYTHY, TNLNDOFBREITIWTE L 10 5UEHZ DV T 3) 124E
ST EhLT.

© HR=T7 At TR TS

© AN B AR R E T 2 A

© MSTATBUE NRMOKETH & L i 2 — M F 2 —

© MSIATEOE N RO EH R il 7 — L e o —

© MSIATEOE N EMOKEH R R a2t 2 — Bt 5 —

© WSTATBUE NEMOKEEN 2 a2t 27— B 24—

© MSIATEOE NEMOKPEH B 2 et 2 — Rl e 7 —

« JRSTATBOE NEMOKEE #e22 fdfr o 2 — A

(50 #IE)

3. BRRUER

1) #EEHBERAFEMOHEERES

P ERRER O Al B ORI L 2 [8] X 45 10 3Bt — el B 122D B i DAL= #iGH % Table 1
[RLTZ. W OFEHZ BT, FE2Y F(9, 10; 0.05) % Flal~7=Z8000, A HE KM 5 %IZBW TRk
IZABRATGRDLNT, TRTOONEEIN LFERBICH WD ZENTELHEMEE AL CODIEE R
L7z,
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Table 1 Homogeneity test results of for soluble silicic acid
No.of  Mean® s” RSD” s’  sow’ RSDee F
sample’ () )” %) ()° (%)’ (%) Vaue
Phosphate fertilizer mixturel 10(0) 24.97 0.15 0.6 0.11 0.18 0.7 1.97
Phosphate fertilizer mixture2 10(0) 34.42 0.26 0.7 0.18 0.31 0.9 2.02

Sample

Compound fertilizer 1 10(0) 29.80 0.17 0.6 0 0.17 0.6 0.84
Compound fertilizer 2 10(0) 33.26 0.31 0.9 0 0.31 0.9 0.85
Compound fertilizer 3 10(0) 1544 0.12 0.8 0.11 0.16 1.0 2.68

1) The number of samples used for analysis; (): The number of outliers

2) Grand mean vaue (n=The number of samples used for anaysis < The number of repetition (2))
3) Mass fraction

4) Standard deviation of repeatability

5) Relative standard deviation of repeatability

6) Standard deviation of sample-to-sample

7) Standard devitation of sample-to-sample include repeatability ~ Sp4r = vV Spp 2 + Sy

8) Relative standard deviation of sample-to-sample include repeatability

9) F vaue calculated based on andysis of variance (ANOVA)

10) F critica value: F (9,10:0.05)=3.02

2) HRAFRBREBERUNINIERTE

BB ENS RS- [FRBR RS2 Table 2 1R U7Z. BRBRAIE DA U Z 35 7-8 (2 Cochran
FRE K& Y Grubbs DR EE E i L7 L 25, 13 BREOIRAD ABRIEEL 2 OFEREGE DI MUE S B E SN T203,
ZINRERED 8 HERE DT, FMUIED & D THEgHLEEL7-.

Table 2 Individua result of for soluble silicic acid (mass %)
Lab Phosphate Phosphate Compound Compound Compound
DY fertilizer mixture 1 fertilizer mixture 2 fertilizer 1 fertilizer 2 fertilizer 3

A 2518 2493 33.69 33.66 29.80 29.42 32.66 3242 15.66  15.46
2525 25.14 3457 3453 30.08 30.14 3355 3372 1583 1573
25.08 24.99 34.32 34.26 29.98 30.04 3319 33.36 1563  15.69
25.03 24.72 3486 34.79 30.99 30.89 33.78  33.92 1580 1593
2458 24.95 34.27 34.28 29.98  29.85 3285 3274 1574 1539
2436 24.49 3449 34.22 30.08  29.89 33.31 3341 1592 16.01
2512 25.09 34492 35392 3047 30.46 33.78  33.50 1559 1561
2537  25.60 348  35.26 3151 31.24 3355 33.76 16.11  16.03
1) Laboratory identification

2) Outlier of Cochran

TI O mmOonw
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3) BHTHRERVERBREE

FRBR AR L0 SR U7 S0, DM TAR HE(R 72 (s0) B OV e YR 72 (RSDy) W ONZ 26 ] A BUAE R 72 (sr)
FHRHE (R 7= (RSDR) & OY HorRat fifiz Table 3 (2R U7z, sRBRERAE OO V13 5728 15.76 %~34.50 %,
s MO sg 1TE B4R 0.11 %~0.26 %} OVE £:43 3R 0.21 %~0.60 %, RSD, & ) RSDg (% 0.4 %~0.7 %X O}
1.3 %~2.0 %, HorRat (% 0.53~1.09 Th-o7z. 723, IRAVABEIEEL 2 DEAEIIIMUEA BRIVE T IR HL
72 sz, RSDr K& O HorRat flEi ChHhH23, ZbHa 5 Tl it TEDE Th-72Y.

HorRat {3 Sh 3 T 50 B DAL F 3 M T IE DK EE DR 2§ 272D I VB TERY, BIEOEZAEHT
FERL CODEHEBIN D72V RSB CFEHEIL 7. HorRat fEIE RSDr/RSDR(P) IZ&WkdBHD. 7045, PRSDR T
SR E BB Horwitz DIETER2 2Lk 7=,

Table 3 Statistical analysis of collaborative study results

Sample No o;labs Mear;j) Sr4)3) RSD:" SRZ RSD=" HorRat”
p (%) (%) (%) (%) (%)

Phosphate fertilizer mixture 1 8 24.99 0.16 0.6 0.33 1.3 0.67

Phosphate fertilizer mixture 2 8 34.50 0.26 0.7 0.48 14 0.82

Compound fertilizer 1 8 30.30 0.13 04 0.60 2.0 1.09

Compound fertilizer 2 8 33.34 0.13 0.4 0.47 14 0.81

Compound fertilizer 3 8 15.76 0.11 0.7 0.21 13 0.53

1) Number of laboratories, where p=number of laboratories
2) Grand mean value
(n=The number of participating testing laboratories (p) X The number of repetition (2))
3) Mass fraction
4) Standard deviation of repeatability
5) Reative standard deviation of repeatability
6) Standard deviation of reproducibility
7) Relative standard deviation of reproducibility
8) Horwitz ratio of reproducibility

4. FEH

8 A RIZEB VTR FIVIER S e, 1RA VA BEIEEE 2 30k, [LkAEth 3 580k (Gt 10 45) &2 VT
RIVEPET W EE O L [FRBR A Eha L, SREBRIEOFG 21T o7z, ZORER, MBS E (FH xR R 22) 1%
1.3%~2.0 % THY, i & T DAHR Tho7=.

ZOTEND, ARBRIEL, VBT VIR S T AEE R O PP WERRIE IS WD Z LD R D+ 4y et
BEEAL QWD LD R TET.

A

EFEFBRICT W THE EL, AR —RAS A R L5 R ORI HIE A B AR NERRRE A
HOSMITHBEZRLET.
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Deter mination of Soluble Silicic Acid in Fertilizers Containing Silica Gel Fertilizer by
Potassium Fluoride M ethod: A Collabor ative Study

Shinji KAWAGUCHI* and Akira SHIMIZU?

! Food and Agricultural Materials Inspection Center, Nagoya Regional Center
2 Food and Agricultural Materials Inspection Center, Nagoya Regional Center
(Now) Fertilizer and Feed Inspection Department

A collaborative study was conducted to evaluate the applicability of the method of potassium fluoride for
determination of soluble silicic acid in fertilizers containing silica gel fertilizer. Silicic acid in fertilizer was
extracted with hydrochloric acid (1+23) and sodium hydroxide solution (20 g/L) successively, and then each
extract was mixed. The silicic acid in the mixture was determined by potassium fluoride method. Five samples of
fertilizers containing silica gel fertilizer, respectively, were sent to 8 collaborators. These samples were analyzed
as blind duplicates. Mean values reported from 15.76 % to 34.50 %, the relative standard deviation (RSD,) for
repeatability ranged from 0.4 % to 0.7 %, the relative standard deviation (RSDg) for reproducibility ranged from
1.3 % to 2.0 %. These results indicated that this method has an acceptable precision for determination of soluble
silicic acid in fertilizers containing silica gel fertilizer.

Keywords  solublesilicic acid, potassium fluoride method, silica gel fertilizer, collaborative study

(Research Report of Fertilizer, 7, 36~42, 2014)
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6 HAFIVLDLEREREVCEHRINZEITEFRIEFERDEZE (FiH)

BRI |, fiJalie—° MR, AR Bl
F—T—F  GURALEL EHRER, VR

1. [XL®HIC

B A EHEY CIRIBRIEEH P O G HEZTFSNDIRIV LD KECLT, [EH7FAME) L), )
£ 0.0005 %EEDLILTEY, HIRIEEHIZOHPEANICB O T, it S s, —J, IGTRIEENOE H
X I amEN-EeRNEMEL, BICEMICH AT 5L ORI 281 TEIEM~BITL, A&
BEREEMNEESNOZENBRESNTND. ZOZEND, IEEO A M e OV 2 ORI B R
AR 2FAM TR E L C, 15 TR AR A A 3B 2 FE L T .

2009 B AFD 2012 FFEEAEITHNT T, 1HIRNERRH b FH L7z X K O L TR WD XD 2 5RBR (XA 7R T,
=UVY, YL, ROLIY, FUF YA, T RV YT, = VU OIETHRERL, B ORI
0 LR BE DI K OVEIR~D IR AU B i LTz, ZOFERIIBECIE B F R 5 25 5 52 K V6
FVTHE L. 2012 FFA/E R O2013 FEFIcBVWTxERZhATL LYY, =0 Vv VTR
R LI=DTEDORE RaE w95,

(
¢
¢

-
-
-
—

2. MPRUAHE

1) 2012 FXEDEARER(20124£ 10 5 26 B~2013 £ 3 A 6 H)

(1) HERES K O 1

ARBRTY B2 —E A (B BRSO =Em) TEBLZ. BEBRIT, IEIRIEEO N B RE B S 1
(V5 VR REAHiE FH X)) & it P R 0372 A8 (R IX) 2k e U, 2 BRBRIX 2 IR E LT, FaiRORiEE L C
THUR BB A XIT AL 16 4F ) OF 18 AEITVG VAR (LIRGTEAEEL S OV F ARG IEAER)) Zht H L 7=, ZOKedD
TGURIERIH SR D AR I LA FFEE, FBRIX (4 m®) 27205 100 mg Th-o7-. HHEOFE, +1E, K OEIEDR
1> pH, EC, FRNEV R, WA A A3 Hags &, REEHR, 2kFE K ON0.1 mol/L e v IE I RIY A (LU, 0.1
mol/L HCI-Cd) % Table 1 |Z7R"7".

(2) HEEIEREE

i A5 R EH T B 4 F B A 2 WD T K LTZ LR TB IR A RE R L, A PES =TT IRD LR TG TENEE %
EALTZ. URIBIBAEENT, DRIV AEH & (R E) 3 IEEHA ERE O G/ T REMATE 5 mgkg) Db
ZEEL. MEEEE L TR IR ORI T E= T A, YR — T =y A R O b AU 2B LT,

U OMSIATBOE N R MOK PETH B 2 Bl e S — IR R R A

2 PRSTATBOE N MK FETH B 22 R B & — MR L2 R AT (B) fald e 20—
8 PMSTATEOE NRAROK FETY B 2 R it & — RRE R 22 i A () = 2o 2 —
*MSTATBOE N BMOKEET B 22 il £ 2 — R B2 2 A (B e o 2 —
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TG IRARE B O IEAERF D45 1% 53 D3 T I AEAR R BRIEY 12 Lo 7. 7ok, TBIRIERFF @ 0.1 mol/L HCI-Cd
TRFEE, V5 URAERE 1 g & 0.1 mol/L #if% 50 mL C 1 FEFIHRED L T L7 A RID A% 1 WL YL R IZ D
HELTZ. WGUEAREF D 1 molVL HEET =0 LfEHE (pH7.0) FITEHI NIV A (LLF, 1 mol/L HEZ (pH7.0) -
Cd) IR, 1GUEAEEF 1 g % 1 mol /L FERET =7 APAHK (pH7.0) 50 mL T 1 FEEIRES L T L7 7R
¥ L% ICPE & HTEIC K VRIE LTz, THIRIEEID 73 Hrfs R Table 2 (2, #EALEFD A5y £ i3 Table 3 12”1
7-.

Table 1 Characteristics of soil used in this study

Unit year AP "-1 AP"-2 sP?-1 SpP¥-2
pH (H.0)” 2009”7 6.1 6.1 6.2 6.2
2012 6.2 6.3 6.2 6.3
EC ¥ mS/m 2009 10.0 10.3 14.0 11.6
2012 16.6 16.9 15.6 13.4
Total nitrogen %) % ©) 2012 0.42 0.43 0.38 0.38
Total carbon 0 © 2012 5.8 5.8 5.4 5.5
Phosphate absorption coefficient 3) mg/100g dry soil 2012 2370 2380 2360 2420
Available phosphate > mg/100g dry soil 2009 5.8 6.1 7.7 6.9
2012 4.9 5.1 6.2 6.0
CEC Y ¢ molc/kg 2012 35.8 36.3 36.9 37.3
0.1 mol /L HCl-Cd mg/kg 2009 0.18 0.19 0.18 0.21
2012 0.18 0.19 0.14 0.15
Kind of soil Andosol Andosol
Soil texture Light clay Light clay

1) Sludge-fertilizer-application plot
2) Standard plot
3) Soil pH determined on 1 : 5 ( soil : water ) suspensions with a glass electrode, n= 1
4) Soil electrical conductivity determined on 1:5 (soil:water) suspensions
with an electricalconductivity meter, n=1
5) Content in the dry matter, average (n=2)
6) Mass fraction

7) The year when the study was designed to evaluate the effects of sludge fertilizer aplications
on soil intended for long-term use

8) The year when this study was conducted.



AIRIT LD BT K CVEM IS 361 D75 Ve AL RRE ] oD 2238 (Tt ) 45

Table 2 Properties of sludge fertilizer

Properties Unit  Content Property Unit Content
Total nitrogen o, 3.3 Total copper mg /kg 546
Total phosphorus” 0" 5.2 Total zinc mg /kg 1,760
Total potassium3) %1) 0.4 Carbon to nitrogen ratio - 71
Total calc ium4) % D 2.1 Total cadmium mg /kg 3.6
Organic carbon o,V 23.6 Acid-solubility-c admium” mg /kg 3.2
Moisture %" 26.1 Exchangeable-c admium®’ mg /kg 0.32

1) Mass fraction

2) Content as P20s

3) Content as KO

4) Content as CaO

5) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid

6) Content of cadmium dissolved with pH 7.0, 1 mol/L ammonium acetate solution

Table 3 Properties of the reagent

Propert Unit Ammonium Ammonium Potassium
perty sulfate dihydrogenphosphate chloride
Total nitrogen o " 21.1 12.0 -
Total phosphorusz) %" - 61.5 -
Total potassium” %" - - 63.1

1) Mass fraction
2) Content as P20s
3) Content as KO

(3) FBRIX OHERL
TEVRHEEi A X R OFEYEKIE, 1 BRI O HifEE 4 m® (1t 2 m X 2 m) LU, KRB 2 KEOF 4 55k
X% Fig.1 DEBVEE L. fEfR R ERORTL DR UEY & LI h AR L 7=
IGURNERIORE M B1%, BMOKPER D7 7 —NREAR R TIE 1 AES720 2 v10a BREMAL TODEEBIF
TET 20, feb—fRA0725E B, 500 kg/10a FEEECTH-o72. BIRIRIZE T, {GIRIER T OEA RO
Hi~OFEFEEIHI T A= i EIREO B 22 /~RLTED, M 500~1,000 kg/10a L TWAEHERIRHH.
F7, m T HREER A UG IR ARE A # L= 454, B pH MR T 32510283 b Ty, 3 i
(LD HHEEY LA E A~ DR B ZEEL, 1 /EX4 720l i 500 kg/10a (Bidy) ELT-. EHRAERNRITAIE
FTOFMEXLEDEFROZEND 30 %LU THEL, NEpE MM EE T L. VAKX OINERIZOWT
%ﬁ%/\ I EARENE IV CRREE L7, EHEX I DV T, Al EREENE O CYB TR ARG F (X & [FIEE O Bk 4y
(275X 50 L= (Table 4 Z) . 7ed5, RITEOMHL L-EEA ST LT-L A, KRBRX O ZREY U RIL 4.9
~6.2 mg/100g . 1-THY, MIAHEHEFAFREH VIC BT DA eV e ek A AZ (10 mg/100g 2 1) L Ebig L
TIRME T o7z, 20728, JERRD ARE (STEMED AVEE 20 % & A) 2 1 B IX 24720 200 g fiti FH L 7=.
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I m

2m

Fig.1 Plot plan of the test field

AP: Sludge-fertilizer-application plot
SP: Standard plot

Table 4 The design of the test plots

Amont of The applied components
application N p" & cd
(2) (2) (2) (2) (mg)

<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 2000 66 104 7 7.3
Ammonium sulfate 285 60 - - —
Ammonium dihydrogenphosphate — — - - -
Potassium chloride 103 — - 65 —
Fused magnesium phosphate 200 — 40 — —
Total 126 144 72 7
<Standard plot (SP)>
Studge fertilizer — — — — —
Ammonium sulfate 283 60 - — —
Ammonium dihydrogenphosphate 170 20 104 - —
Potassium chloride 114 — - 72 —
Fused magnesium phosphate 200 — 40 - —
Total 80 144 72 0.0

1) Content as P20s
2) Content as K2O
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(4) Feb5 71k

HERMEITART Ly (L A —TA) LU, B EROREFEAEA TS 2 I L7, &R BRIX D)8

WERIZIEH —R 7T E U CTHGERE 24k LT

FEARIE 2012 45 10 H 22 BIZ, KilBRX OFEE 15 12 kg Z8IHWY, EEE ANIBAL, £RBRIXEEIC
VBTG LTz, B CIRSHK 15 eom £THHRL7Z.

FRBR X PYIT 9 4% (S:RE59 20 cm) &L, #EFEIL 10 H 26 B —& —F — 72X 0IT-7-.

MSIEIE 1T A 13 BEO 11 H 29 BIZATV, BRI MY A 50 E BEBROT- ORI 22— 1Y
TaE N —4— AF NEVID )N —6) — VT NNF A TRAT = — NRIA WA LT, MEE AR TR RIS L0 H
T L7z,

IHEIT 2013 43 H 6 HITATVY, HUERZ P TUIRL THlt B3O B2 IUEL 72

(5) TEMIRDHRID LI HT

IHEL =T L o R HICHRBR KB C SR E B2 IE L. o ARE L TRBRK o 1 m® 54
Th, KK, AF AWK DNEIZHEE L, 77 AT H IR L 714 (Sl BRI 12T 65 °CC 24 IRFfA]RZIG:
L7z, ERAELZ%, HBHE 500 pm D550 Al 5 E T (ZM200:Retsch = —#[H]#554 6,000
rpm) TIHIHEL AT R LT,

ARIV LG &L, oHralkEl 0.5 g ICiEER 5 mL K ONEEE(LKFEK 2 mL 22~ A7 ail /o fifddE
(Multiwave 3000:Perkin Elmar) '? T/ i L7t D% 50 mL IZE R LREHARE L=, HIE X ICPE Bt iE
(ICPM-8500 : & S T) 12 k01T~ 7.

(6) B+ HT

I HERS D 31T, *FARRER HIE ISV BRIR U 72, &5 BR K O VEM IR O S i R IUREL 72 35 P &
FICRRBRX AR 1 m® OVURH R O R OFH 5 20780, £ 485 (A% 50 mm X E& 250 mm) 2 W THREDS
15 em FCEREL, @RFEHIZLD 35 CT—Bizk, HEEX2 mm D550 EliRLizbozoir R
BT,

JRFZ LT HEED K3 IE, Nl K Sy (HGS3: AN — « R R) IZXDIE L 7Z.

188 pH KON BC (FJEFZ 1258 1 123 LTtk 5 20N 1| RE#REH 4, pH 1347 AEMRTE (F-23:HORIBA)
128D, EC IXELRIBEHG (F-54:HORIBA) ([ZXWHlELT-.

TR DRI LD TERE (TR BIFHRIEIC SOV TS, B OIS LD HE B L/ EW R ORI & D AH
B72 ENZxHR T 272 DRk & 22 FIER RSN TODH DD, TREEMERZ FFIENRVIRILIZSH S . 2 THE
IR RELLT, Bea W CEDHIZ0.1 mol/L HCI-Cd K OSHME G A A ORE AV HITERY, 0.1
mol/L HCI-Cd &Hb#e L CEN L DOEFRIEMIRD S RIT LIREELFBINH D EHA SN TS 1 mol/L
{573 (pH 70) -Cd IRz, F7o, 23 LU TG IRIEEFIC A RIT AL IR L T &EITH D8 KL Y
TEN D HIEE R AR 5720, 1 mol/L HFEE T F =17 LRI (pH 7.0) A ¥R M OdE$n (LR, 1 mol/L
1573 (pH 7.0) -Cu KOV Zn) IZ DWW THHIELT-.

15410 0.1 mol/L HCI-Cd 1%, 125 10 g [Z%fL 0.1 mol/L ¥ 50 mL Z /125 30 CIZfrH 1 KEERED
LTI L2 IR Y A% ICP B &0 I KB E L.

158D 1 mol/L FEZ (pH 7.0) -Cd, Cu X ¥ Zn (%, 1:582.5 g IZ%FL 1 mol/L FEfE T & =" AEHR (pH 7.0)
50 mL ZANZ 49 20~30 CIZfRH 1 REEIREO L TR L7 W RID A, 8 J N2 ICP B &3 BTk K0l
ELT-.
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2) 2013 FEED:ERARER (20134 7 A 17 H~2013 4 10 A 22 AH)

(1) BRI S K& O 8

BRI G K OV L LT 2.1) OFRBROTG VR ALENIE H X X O X OBz 5| Sfe i HL7-.
O, £, L ORIERRO pH, EC, ANV fE (MLA—2715) 19, 2%, 2% K 0N0.1 mol/L
HCI-Cd #2 % Table 5 1Z/RT.

Table 5 Characteristics of soil used in this study

Unit year  AP"-1 AP"-2 Sp?-1 Sp?2
pH (H0)” 2009”7 6.1 6.1 6.2 6.2
2013% 6.8 6.7 6.5 6.5
EC? mS/m 2009 10.0 10.3 14.0 11.6
2013 19.4 19.6 17.5 18.7
Total nitrogen > 0 © 2013 0.42 0.43 0.40 0.42
Total carbon ) % 2013 5.6 5.6 5.4 5.5
Available phosphate 2 mg/100g dry soil 2009 5.8 6.1 7.7 6.9
2013 5.4 5.4 8.2 7.3
0.1 mol /L HCl-Cd ¥ mg/kg 2009 0.18 0.19 0.18 0.21
2013 0.20 0.21 0.16 0.18
Kind of soil Andosol Andosol
Soil texture Light clay Light clay

1) Sludge-fertilizer-application plot
2) Standard plot
3) Soil pH determined on 1 : 5 ( soil : water ) suspensions with a glass electrode, n= 1

4) Soil electrical conductivity determined on 1:5 (soil:water) suspensions
with an electricalconductivity meter, n=1

5) Content in the dry matter, average (n=2)

6) Mass fraction
7) The year when the study was designed to evaluate the effects of sluge fertilizer aplications
on soil intended for long-term use

8) The year when this study was conducted.

(2) fEmklss
HESRIEE 2 O EREEHT 2.1) (2) EFEEEDOE D% V-,

(3) R OAERL

RERX OMERIT 2.1) B) LIABEICEAE L7, MR &35 ERO= P MR YD 2 SR E L. 151
Bl H &I, AifEREE 500 kg/10 a(Bi4n), ZEHRIENHEE 30 %LU CEHREL, R oamiERE Tl i L7-.
0 AR K O BAZ DWW TH AR 3 1 3R E BN W CRFE L 7. FEHEXIZ DV T, M EARERZ VTG TR
e A X & [RIER D R4y Bl 272 B KO FR B Ulits F L 72 (Table 6 Z:1) .
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F72, BITE (2012 4FAAE) O 135 A LT-L 25, & ilBRIX DO FLNRE) FRIE 5.4~8.2 mg/100 g #2+
Thb, M )EHEFEARIEE VBT 2 A 2B IO SE BAE (10 mg/100g 7 1) IZ A~ TR ME Th o 7=
ZDTD, IR ARE (STEMED AVEE 20 %3 A1) 2 1 FRBRIX 24720 200 g S FH L7=.

Table 6 The design of the test plots

Amont of The applied components
application N p" K cd
(g) (g) (2) (2) (mg)

<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 2000 66 104 7 7.3
Ammonium sulfate 323 68 — — —
Ammonium dihydrogenphosphate — — — — —
Potassium chloride 115 — — 73 —
Fused magnesium phosphate 200 — 40 - —
Total 134 144 80 7.3
<Standard plot (SP)>
Sludge fertilizer — — — — —
Ammonium sulfate 321 68 — — —
Ammonium dihydrogenphosphate 170 20 104 — —
Potassium chloride 127 — — 80 —
Fused magnesium phosphate 200 — 40 - —
Total 88 144 80 0.0

1) Content as P20s
2) Content as KoO

(4) #5571k

HERIEMIT =0V (W4 _R—2 =y TF) ELT2. BB O I — R 77 LU THEGAEY)
BRI LIZ.

MEAEI 2013 A2 6 H 24 HIZATo7c. FlBRXOERE T/ 12 kg ZERITHY, IEEZ ATURAL, &ilBrX
FF T AT LT, B TIRSHKY 15 em £ THHREL -

FRBRIXNIE 9 25 (5K 20 ecm) LU, #EFRIZ 7 A 17 By —F —FT—7f 12 HV o7,

MSIZIL8 H 1 HEOU8 A 16 HIZATV, IHERF ORI 5 em £725 151 L7z,

SRS IXI Y AV OERBIROTD, MIERIZ (2Q—AY 7 BE /L —4—AF LEYIV L —6) — VT F
VT AIRAT = — NRIAIZHAG U Te. HER B BRIEF IR B R0 B I M L 7. B IR IS e~ Tl
DIRTHoT28, M EAKIBEKICEDDAKETTST.

INHEI 2013 4E 10 H 22 HIZATV, SEE AR 2 UNHEL 7-.

(5) 1EMRDIRIT L5HT
INHELT- =0 D 3AKE K B  1%, BRBR XA B E B LAHIE L. AR EIE L TRBX o 1 m?
SR TCHRAREREBEEIZYIN 430, AN B EAE Lz, AREBIIA A 2K T4 4E, HREHRL THEL
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G103 F7=4%, BRFLEEREIZED 65 CT 24 REFRRAITOEHEEZHE L. BEMIXENERLRWIIITA
F, BRI, ZO%, BEELEEICEY 65 CT 24 FEMRRZITOE BN E L. SRR M O3
X, ZNENHBE 1 mm X ON500 pm D550 Al 95 F O O % (ZM200:Retsch  =—#[a]ii5
%5 6,000 rpm) THIELT-.

HARIVLEFBEDOGHTIL, 2.1).60)EREkICIT T2,

(6) Wit t+IED T
IR D THEOEREU VAT, 2.D.(6)E[FRIERIZ T 7.

3. # B

1) 2012 SERRER (ZEHRIL2 Y2012 £ 10 B 26 H~2013 43 A 6 H)

(1) VEMIRONLE: S ORI LRI &

BRIV E TOREE TR 4 » A THY, ZOMOEF TR IERS BRI -7,

RV O, IR LR K OWE I B4 Table 7 (SR U7z, (G TRAEEHE A X & OMEAE X OIL &I,
AEEREETENZI11.28 kg &£ 13.33 kg THY, AR ZEITFRDO DI -T2(p>0.05). ARIVAREIZD
UWNCHE, VA TRAEERI A XXM C 0.56 mg/kg, FEHERXIE 0.47 mg/kg THY, 1HIEAREHEH X031 B @)
272(p<0.05). FIRIT LI ENZ DV TR, WRRER XSG 1T FAE T 0.75 mg/alER X L[ E Tho 7.

Table 7 Cadmium uptake and yield of spinach in the test

Part Unit Test plot-1 Test plot-2  Average t-test
<Sludge-fertilizer-application plot (AP)>
Fresh weight edible portion kg 10.95 11.60 11.28 ns.”
Dry weight edible portion kg 1.30 1.41 1.36 n.s.
Cadmium concentration” edible portion mg/kg  0.57 0.58  0.53 0.54  0.56  significance *
Quantity of cadmium uptake” edible portion mg/plot  0.74  0.75 075 0.77  0.75 n.s.
<Standard plot (SP)>
Fresh weight edible portion kg 13.75 12.90 13.33
Dry weight edible portion kg 1.67 1.53 1.60
Cadmium concentration'’ edible portion mg/kg 0.49 049 046 0.43 0.47

Quantity of cadmium uptakez) edible portion mg/plot 0.83 0.81 0.70 0.66 0.75

1) Content in the drying soil
2) Quantity of cadmium uptake = Harvest (dry weight) x Cadmium concentration (dry matter)

3) It is no significantly different for standard plot (t-test, 5 % of both sides levels of significance,
the harvest is n= 2, the cadmium quantity of cadmium uptake is n =4 (2X2)
(repetition x number of samples))

4) It is significantly different for Standard plot (t-test, 5 % of both sides levels of significance,
the cadmium concentration is N =4 (2x2) (repetition X number of samples))
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(2) B HHED DRI LGRS

B 158> 0.1 mol/L HCI-Cd ¥, 1 mol/L FE% (pH 7.0)-Cd ¥, pH & Y EC % Table 8 (Z/RL7=. 0.1
mol/L HCI-Cd #& 1%, ST TRIEEH i A X1% 0.21 mg/kg, HEHEX T 0.17mg/kg THY, 15 IRIEEHH X
A B E - 72(p<0.05). 1 mol/L 72 (pH 7.0)-Cd 2L X, EIME CYETRAREHGE FH X 13 0.038 mg/kg, 1
X1 0.032 mg/kg THY, 1HIEAEEHEH X3 E im0 > 72(p<0.05).

Table 8 Characteristics of soil used in this study

Unit Test plot-1 Test plot-2  Average t-test
< Sludge-fertilizer-application plot (AP) >
0.1 mol /L HCI-Cd mg/kg 020 020 021 021 021 significance
Exchangeable-Cd” 0.037 0.038  0.039 0.037 0.038 significance
pH (1:0)” 6.8 6.7
EC? mS/m 19.4 19.6
< Standard plot (SP) >
0.1 mol /L HCI-Cd " mg/kg 0.16  0.16 0.18 0.18  0.17
Exchangeable-Cd” 0.030 0.031  0.036 0.032  0.032
pH (1:0)” 6.5 6.5
EC? mS/m 17.5 18.7

1) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid in the drying soil

2) Content of cadmium dissolved with pH 7.0, 1 mol/L ammonium acetate solution
in the drying soil
3) Soil pH determined on 1 : 5 ( soil : water ) suspensions with a glass electrode, n= 2

4) Soil electrical conductivity determined on 1 : 5 ( soil : water ) suspensions
with an electrical conductivity meter, n= 2

5) It is significantly different for standard plot (t-test, 5 % of both sides levels of significance,
n =4 (2x2) (repetition x number of samples))

2) 2013 SEERARR(FEFE=TV:20134F 7 A 17 B~2013 410 A 22 H)

(1) 1EPRDOILE & BRI LRI &

TR SILHEE TOREMRITA 3 # A THY, ZOMIE, BIFEICH T EiEd R TR R ITh
FET AR ZGRO LI, £, WHEERTNIZIE, —HOEITEAKRERDNLREL BIZLOBEO RS
INFROHIIZDY, ENLSMI R E IR F B EE STz,

= VU DI, BRI LR K O % Table 9 (RU7Z. IGURAEEHGE F IX & OEHEX DI &, 4
RE I TR AN Z N E 4L 12.15 kg £ 10.33 kg, HEFBRENL N 5.43 kg L 4.58 kg THY, AEEITZEDH
N72h»-71=(p>0.05).

TGV IEE i X K OMEHE X D BRI AR FEICOW T, EHETREAZNEH 0.18 mgkg & 0.15
mg/kg, FEHNEIZ 41 0.33 mg/kg & 0.28 mg/kg THY, FEHIZOW TG TEAREHEH X3 B ISR >7(p
<0.05). {GIRAREHiE X & OEHEX OFRER X 24720 D BRI LRI EIZ OV T, EHE TR AT
10.22mg & 0.17 mg, FEHAZTNZEH0.24 mg & 0.18 mg THY, HRE M OZEEBEG TG TRIEEH i X083 A &
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(2B 72(p<0.05). TEMIREIROFRERX Y720 DA RIT LRI E O SEYIME I IE TR AEAEHE FH X C 0.46 mg,
FEHEX T 0.34 mg THY, {GIefkHiE H X3 G Bl mh -7z (p<0.05).

Table 9 Cadmium uptake and yield of carrot in the test

Part Unit Test plot-1 Test plot-2  average t-test
< Sludge-fertilizer-application plot (AP) >
Fresh weight Root kg 11.50 12.80 12.15 ns.?
Leaf kg 5.20 5.65 5.43 n.s.
Total kg 16.70 18.45 17.58 ns.
Dry weight Root kg 1.23 1.26 1.25 n.s.
Leaf kg 0.71 0.72 0.71 n.s.
Total kg 1.94 1.98 1.96 ns.
Cadmium concentration” Root  mglkg 0.17 020  0.16 0.19 0.18 ns.
Leaf  mglkg 034 035 032 032 033 significance
Quantity of cadmium uptakez) Root  mg/plot 0.21 0.25 0.20 0.23 0.22 significance
Leaf  mg/plot 0.24 0.25 0.23 0.23 0.24 significance
Total  mg/plot 0.46 0.50 0.43 0.46 0.46 significance
< Standard plot (SP) >
Fresh weight Root kg 9.35 11.30 10.33
Leaf kg 4.15 5.00 4.58
Total kg 13.50 16.30 14.90
Dry weight Root kg 1.00 1.21 1.10
Leaf kg 0.56 0.71 0.63
Total kg 1.56 1.91 1.74
Cadmium concentration” Root  mg/kg 0.16 0.17  0.14 0.14 0.15

Leaf  mglkg 031 030 026 026 0.8
Quantity of cadmium uptake” ~ Root ~ mg/plot ~ 0.16 0.17  0.17 0.16  0.17
Leaf mg/plot  0.17 0.7  0.19 0.8 0.18
Total mg/plot 034 034 036 034 034

1) Content in the drying soil

2) Quantity of cadmium uptake = Harvest (dry weight) x Cadmium concentration (dry matter)

3) It is no significantly different for standard plot (t-test, 5% of both sides levels of significance,
the harvest is N= 2, cadmium concentration is N = 4 (2x2) (repetition x number of samples))

4) It is significantly different for Standard plot (t-test, 5 % of both sides levels of significance,
the cadmium concentration and cadmium quantity of cadmium uptake are
n =4 (2x2) (repetition * number of samples))

(2) B O DRI LR

Bt 158> 0.1 mol/L HCI-Cd %, 1 mol/L EEZ (pH 7.0) -Cd #£ %, pH M O} EC % Table 10 [Z7RL7=. 0.1
mol/L HCI-Cd Ji2 EE 1, 1HIe BB 1% 0.20 mg/kg, HEHEXIE 0.16 mg/kg T, {HIENEEHH K23 B IZ5
72> 72(p<0.05). 1 mol/L FF% (pH 7.0) -Cd 21X, VHIRREEHIE A X 1% 0.038 mg/kg, FEHEXIE0.031 mg/kg T,
THIRNERHH X253 B A =732 72(p<0.05).
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Table 10 Characteristics of soil used in this study

Unit Test plot-1 Test plot-2  Average t-test
< Sludge-fertilizer-application plot (AP) >
0.1 mol /L HCI-Cd " mgkg 020  0.19 0.20 020  0.20 significance
Exchangeable-Cdz) 0.038 0.036 0.039 0.038 0.038 significance
pH (H:0)” 6.1 6.2
EC mS/m 15.1 16.8
< Standard plot (SP) >
0.1 mol /L HCI-Cd " mg/kg 0.15  0.16 0.17 017  0.16
Exchangeable-Cd” 0.030 0.029  0.032 0.031 0.031
pH (H:0)” 6.0 6.1
EC mS/m 16.3 16.7

1) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid in the drying soil
2) Content of cadmium dissolved with pH 7.0, 1 mol/L ammonium acetate solution

in the drying soil
3) Soil pH determined on 1 : 5 ( soil : water ) suspensions with a glass electrode, n= 2

4) Soil electrical conductivity determined on 1 : 5 ( soil : water ) suspensions
with an electrical conductivity meter, n= 2

5) It is significantly different for standard plot (t-test, 5 % of both sides levels of significance,
n =4 (2x2) (repetition x number of samples))

4, 2 =

1) 2009 FEARAAERFRRBFENSDHEBIZDOINT
2009 FOFERBAIARF)D, ZAVET 5 4, 4 2 1, & 9 1E Q013 FAAEIX ) ORERE1T 7.
FERE R OHEEIZOWTUT FREDEBY TH-T-.

(1) 1EEDI &

TEMR DI E (ERE) ORERIL Table 11 OEBVTHDH. ZNETORBROILEX, 5L A IGEER
EEIZRHHSINTWD HIENELFEL ETHY, —EDOWNEEZHEMR TETNDHEEZLND. XIS
DIGIEAREHE F X O AR EFR A RHe, FICHEFFITR T, (HIRIEEHE A X OULEN 8 BIFRE L/~ T
el 2, THTRREARHE X O R AERR FHZ W C, TG TRIEROEIC LA Y 2B L C, BRIEE
%100 %ELTEHAEL TR, I 6 fEH O 2011 FEAMERTL Y TIZB W THINEDMEAEX IR LT 8 H
FRECTh ol ZOJRKEL T, ERERBEO )/ DIN=000(2009 B AE) CTIEm R X [ COUL &
MEIFRE ThHhoTeZ b, HIRIEEIOE R HRAMEE X ORIEIVBENZENB 2 HND. 22T, 2012
X, THIRIEEIO ZEF AR E BAE 50 %, LAE 30 %LU CTHIELZ. ZOFER, 2012 F&ERYL YT T
1%, FEHEX A 100 EL7-VBIRAREHE I X O AR E RS 85 £720, 1HIEIREIO 2R AN 30 %l Ui il &
TIEFRIFEOIL E LTG0 -T2,

D THEER R Cd D LR TG TRNEAR D 28 35 Mt L S8 2 R iR 357200, ML (TEIRAE 30 “CT240 A [
BEAR) e FEMELT-E 2 A, KM 90 H LARR I MR LR 30 % CHERE L=, ZORE R0, 2013 FEE=0 v
TG TRAEB D ZE TN HE 30 %l L THaARL 72&25, G URAERHEH X O AR EIEEIE 118 Llao7z. ZhUT,
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HIE CHALNEDIENHHZEMNEZ NS, ZOZEnh, PRI L TWALURIBIRIEEHZ W TS, %
FENREZEE= 0TI 50 %, ZAERTL YT TIE 10 %l U THEERETZHETAZENm Y EE XD
D, ZD7=, 2013 FFELAERTL Y ERBRICB WL, HEIBIRIEEIOZEZ IR ERE 10 %L ThitL <
W5,

Table 11 The yield of each crop body of 2009 to 2013 (fresh weight)

AP" sp” .. ) Fresh weight
Year  Season Test crops Part Fresh weight Fresh weight Aim yield . reshweis 4
(kg/plot) (kg/plot) (kg/plot) index of AP
2009 Summer Carrot Root 180 (0.1)) 17.9 (1.0 - 101
Leaf 10.5 (0.4) 9.6 (0.9) - 109
Total 28.5  (0.4) 27.6  (1.8) 16 104
2009  Winter Spinach Edible portion  13.7  (0.8) 18.6 (1.0) 8 74
2010 Summer Spinach Edible portion 4.5 (0.1) 5.8 (0.6) 4 77
2010  Winter Qing geng cai Edible portion  22.4  (0.7) 26.9  (0.8) 12 83
2011  Summer Turnip Root 8.9 (0.6) 9.4 (0.9) - 95
Leaf 8.7 (1.0) 10.0  (1.3) - 88
Total 17.6  (1.5) 19.3  (2.2) 16 91
2011  Winter Spinach Edible portion 8.1 (0.0) 10.3 (0.5 8 79
2012 Summer Carrot Root 12.3  (0.5) 12.1  (0.2) - 101
Leaf 10.0  (0.6) 9.7 (0.8) - 103
Total 22.3  (0.1) 21.8  (0.5) 14 102
2012  Winter Spinach Edible portion  11.3  (0.5) 13.3  (0.6) 8 85
2013  Summer Carrot Root 12.2  (0.9) 103 (1.4) - 118
Leaf 5.4 (0.3) 4.6 (0.6) - 119
Total 17.6  (1.2) 149 (2.0 14 118

1) Sludge-fertilizer-application plot

2) Standard plot

3) This value is shown in the recommending rate of fertilizer application (local government)
exchanging aim yield (kg/10 a) to 4 m’.

4) Fresh weight index of sludge-fertilizer-application plot when standard plot assume 100.

5) Standard deviation (n = 2 (2 repetition))

(2) Bt 50 pH

B 348 pH OHERS 1 Fig2 DEBVTHD. pH 6.0~6.7 DEiFHN CULEE 2L /WNS<HEBE L Q0D HIRE
BORWE D FEEEHIRE A A L2581 135 pH 2ME T 2288 M T8, AR ER Tl pH
6.0% FEIDZRNED, HH, AIKEMIZLD pH DMIEEZTT->TRY, T TR ERY T ThHrZeRe, M1
EEEE A2 T U7 LIRVB VAR B OO Ji FH B3 i (2 22 <Zpu oD, i FHIZ &2 pH OB LR D720
DEIeoTNDEB 2 DILD. THEpH OZEENX, TR ARIT AOVEMIE~DO PG E RIE e m
BIVTND 20 REERCIL, {5TRAEEHIGE A X SAEHE X OBRH 38 pH 13, 1RIZFREE THEBEL WD 2 M
B, FREBRTOARIY 2ENREDO IR 2212 138 pH 1 TIZEAEFEEL THenbDEE 2 LA,
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pH
7.5

=4 Sludge-fertilizer-application plot (AP)
7.0

Standard plot (SP)

6.5 /’\ /A
4 \\,‘ — v ¥ \

6.0 A4 L
5.5
5.0
— Carrot Spinach Spinach | Qinggengcai Turnip Spinach Carrot Spinach Carrot
Examination [After summer| After winter [After summer| After winter |After summer| After winter |After summer| After winter |After summer|
start cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation
2009 2009 2009 2010 2010 2011 2011 2012 2012 2013

Fig. 2 Changes of the pH of cultivated soil

(3) B+ 0.1 mol/L HCI-Cd 2

B 580D 0.1 mol/L HCI-Cd 2 £ DHERE (X Table 12 2 N Fig.3 DLV THS.

TGUENEEHiE A X K% OFEHEX. 0 0.1 mol/L HCI-Cd IR FE DHERIZ DWW T Z4EHR T~ 5720, T EidaL
HXIZITD, FBRBRLERE OO H (BB OMIRIL 6 7 A LL72)12x3% 0.1 mol/L HCI-Cd i FE DR
FEHER T AT o7 CRENRRO B HTR O p MEICEZOFEMN, milE E K% S %) (Table 12). 2013 &
VEWRH T OIBPRAENIE F KOG E A E T2< (p=0.89) — & THERE L CODE[A ThoT-. — 7, FEYEX
TIE, 2011 FFAAEBRHILARE, Bl ANA B L0 TR 23580 Hiu(p<0.05), sk X M D 21T R EL2HMH
[ Cdhorz. F£72, 2011 FLVELURE, JGIR ARG A X AVERER T EICELRY, [FREORE R T
WA TS, EAERIIAOELFH DI RIT DA RN, BERIZIB W TYEIRDOINE LY R AR
LV LDEIGH~OFH H Uk S D 2SI XD, Wik +380 0.1 mol/L HCI-Cd 2>V Thigi 975
L2 o> TNDEE X BID.

0.25
€ ]
% 020 ~ 1
g | T
= L T i e T
S 1 : * i : 5
o 0.15 o &
jan)
—
~
g 0.10 === Sludge-fertilizer-application plot(AP)
S Standard plot (SP)
0.05
- Carrot Spinach Spinach | Qinggengcai Turnip Spinach Carrot Spinach Carrot
Examination |After summer| After winter |After summer| After winter |After summer| After winter |After summer| After winter |After summer
start cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation
2009 2009 2009 2010 2010 2011 2011 2012 2012 2013

Fig. 3 Changes of the 0.1 mol/L HCI-Cd density of cultivated soil

(The error bar indicating the standard deviation)
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Table 12 Change of the 0.1 mol/L HCI-Cd densityl) of ruins soil

Ap? sp? .t—test p'Vahlle of singl.e4)
Year  Season Test crops (difference regression analysis
between the

(mg/kg) (mg/kg) processing) AP” sp”
2009  Start — 0.19 (0.01)” 020 (0.02) ns.? — —
2009  Summer Carrot 0.21 (0.01) 0.21  (0.02) n.s. — —
2009  Winter Spinach 0.20 (0.003) 0.18 (0.01) n.s. — —
2010  Summer Spinach 0.19 (0.01) 0.17  (0.02) n.s. - -
2010  Winter Qing geng cai 0.18 (0.02) 0.18 (0.01) n.s. 0.55 0.20
2011  Summer Turnip 0.19 (0.004) 0.18 (0.01) n.s. 0.41 0.11
2011  Winter Spinach ~ 0.20 (0.01) 0.17 (0.01)  significance 0.63 0.03 ¥
2012 Summer Carrot 0.19 (0.005) 0.15 (0.01) significance 0.41 0.01 Y
2012  Winter Spinach ~ 0.21 (0.01) 0.17 (0.01)  significance 0.98 0.01 %
2013  Summer Carrot 0.20 (0.004) 0.16 (0.01)  significance 0.89 0.002 ¥

1) Content in the drying soil

2) Sludge-fertilizer-application plot

3) Standard plot

4) The p-value which calculated from dispersion analysis for linear regression by examination start
of each examination plot.

5) Standard deviation (n =4 (2 X2) (repetition X number of samples))
6) It is no significantly different for Processing examination section (t-test, 5 % of both sides levels
of significance, N = 4 (2x2) (repetition x number of samples))

7) It is significantly different for Processing examination section (t-test, 5% of both sides levels
of significance, n =4 (2x2) (repetition x number of samples))
8) It show that regression is significant in p < 0.05 (5 % of both sides levels of significance).

(4) B+ 1 mol/L WEZZ (pH 7.0)-Cd 2 JE

B+ 1 mol/L HEZE (pH 7.0) -Cd ¥R DHER (2009 44 1E~2013 4 H/EET) 1L Table 13 & OF Fig.4
DEBVTHD.

TG UEREEH X & OMEHEIX 0D 1 mol/L FEZE (pH 7.0) -Cd IREDHER IO\ M AR 35720, T
ZIOLFLRXIZET D, 2010 FELAENLORGEH (£ RBROMBEIL 6 » A EL72) 12595 | mol/L FEZ (pH
7.0)-Cd 2 EE OB ENR DT 21T 72 CLEIF RO BT ED p EICLVEE, WA EKE 5 %)
(Table 13). 2013 4FEAEBRHE TOHIRALEE H X OENFHEA E Te<(p>0.05), — & THERERL T4 Em)
Thotz. —J5, AKX TIE, 2012 FEEBHLIRE, YRS E LD (p<0.05) FREMAZED LI, Mk
BRIX W DT R EL IR DE I TH-T-. ZOMFANE 0.1 mol/L HCI-Cd ¥ L[RAEE T 7= (Table 12 K
Fig.3).
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Table 13 Change of the exchangeable-Cd densityl) of cultivated soil
Ap 2 sp ¥ t-test p-value of single
(difference regression analysis4)
Year  Season Test crops
between the 2 N
(mg/kg) (mg/kg) processing) AP SP
2009  Winter Spinach ~ 0.036 (0.002)”  0.037 (0.002) ns. — —
2010 Summer Spinach ~ 0.038 (0.002) 0.036 (0.003) n.s. — —
2010  Winter Qing geng cai 0.041 (0.001) 0.037 (0.001)  significance " — -
2011  Summer Turnip 0.036 (0.0004) 0.035 (0.003) n.s. — —
2011  Winter Spinach ~ 0.039 (0.001) 0.035 (0.002) significance 0.58 0.13
2012 Summer Carrot 0.037 (0.001) 0.032  (0.001) significance 0.93 0.03 %
2012 Winter Spinach ~ 0.038 (0.001) 0.032  (0.003) significance 0.93 0.004 %
2013 Summer Carrot 0.038 (0.001) 0.031 (0.001) significance 0.91 0.0005 >
1) Content of cadmium dissolved with pH 7.0, 1 mol/L ammonium acetate solution in the drying soil
2) Sludge-fertilizer-application plot
3) Standard plot
4) The p-value which calculated from dispersion analysis for linear regression by examination start
of each examination plot.
5) Standard deviation (n =4 (2X?2) (repetition X number of samples))
6) It is no significantly different for Processing examination section (t-test, 5 % of both sides levels
of significance, N =4 (2x2) (repetition X number of samples))
7) It is significantly different for Processing examination section (t-test, 5% of both sides levels
of significance, N = 4 (2x2) (repetition x number of samples))
8) It show that regression is significant in p < 0.05 (5 % of both sides levels of significance) .
0.05
o
E
£ 004 e
2 1 | I ; ]
& N | i
g 0.03 =+ 1
'§ =3¢=Sludge-fertilizer-application plot (AP)
|28}
Standard plot (SP)
0.02
Spinach | Spinach | Qing gengcai | Turnip | Spinach | Carrot | Spinach | Carrot |
After winter After summer After winter After summer After winter After summer After winter After summer
cultivation cultivation cultivation cultivation cultivation cultivation cultivation cultivation
2009 | 2010 | 2010 | 2011 | 2011 | 2012 | 2012 2013

Fig. 4 Changes of the exchangeable-Cd density of cultivated soil (The error bar indicating the standard deviation)

(5) Bt 138D 1 mol/L HEZZ (pH 7.0) -Cu Je N Zn JRJE

B +-580> 1 mol/L HEZZ (pH 7.0) -Cu M 8 Zn JEE DOHERS (2009 44 AE~2013 FEE/EET) I Table 14 &
W Fig.5 OLBVTHLS. HIRIEEHFICARIY AL L TL&ITE L8 KL NHERITOWT, BRIV LD

HHEEREOSE LT A OB AR LT,
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15 VR REARHE X % OEHEX. D | mol/L FEZE (pH 7.0) -Cu K& N Zn i FE DHERS I DWW T [A) 4B 35729,
TNENDLFIXIZIIT D, 2009 FAENLORE H (£ BROMMREIL 6 7 A LL72) 1% % 1 mol/L FE%
(pH 7.0)-Cu J O Zn i FE DFFFEHLIENF /3 M1 24T o 72 (RIENF RO 3 U Hr & 0 p EIC K0, miilA =K
#5 %) . 1 mol/L EEZ (pH 7.0)-Cu (22T, 2013 4 B AR E T OIG TEAREHiE H X K& OEHEX D[]
TAE TR (p>0.05), —E THRL CWDHIA CTHh-72. 1 mol/L FEZZ (pH 7.0) -Zn 2OV T, 15TEARE
B FH XTI, 2011 AFRAERRHICARE, BlR A E L7220 (p<0.05) LA R AGRD L. —J7, EEXIT—E
THEB L THY (p>0.05), FiskBRIX MO TRELARDME I THT-.

BT T2 iem oy R ER A L7275 IR O ARy MRBRIZIS W T, (GIROEHIZE > THiEd O
ATEMED AIRIY I, §i Je OV BEER O INDFRD B, SR ENZVNEEEEEILEL, $ ORIV LRED
BB AN X S EE B TR T2 ENHESNTRYY, ZOWELA RO RITF BLRNHDOTH
7.

T TR AW CE A RIS SN ERT D, O OMSITEHIYL KUK T O SRR % F
UWZIIE T pH 5 DA TH > digh > WRIT ) E7e>TA22 . 1 mol/L FEZ (pH 7.0) -Cu 78— & THERS L
TWHHEHEL T, HEAEY S ~OWAE N TR0, BURO AR & CIE s b 32803 L T
RNZENRE ZBND. —77, 1 mol/L FEZ (pH 7.0)-Zn 285 EARAERITHLELH X, S5 TR AEAEH o dhghiR
FEDY 1,760 mg/kg (Table 2) EHiCHRIT AL IR LTI IZHEL, Hil&0E TEEH TEIZCT UV ZDITIGTEE
BoM A E XY EFBEE SR> TOBEEZ DR D, HRITAITOWTIE, e K O8RS e Gk
HEAMEITDRNEOO, HiEHIE HERCEXCT VI LMD, (GBI K 8E A L7540 K &
IRV A &R UG, HEh S RARITAEM IR ATRBZ2 U R AR EEAS B AR &7 2 IR E AN
ZH6N5.

F7o, WENRE OBV EIRIEE A E A L3RI W T, ARMESZVRBRX (1 /E24720 2 ¢v10a LT 6
t/102) D 7 {EH (2=>F) KO ER (2 7)IZB W CTHED pH 6.0 K& ) 5 Cligh o REER (7
Ty AR OB H]) BNROLNIZEWI RGN HH2Y . ARk BR Tl 1 pH % 6.0 UL BT TV B2 54
NI, IHIRIEEE 2 BRI A 55 4120%, 13 pH OB L ICHEH OBRIEIRICOWVTHIE
ETOULERDLEE Z DI,

2.5

=@ Zn(Sludge-fertilizer-application plot (AP))

% 20 Zn(Standard plot (SP)) -
g === Cu(Sludge-fertilizer-application plot (AP))
=
_[g 15 == Cu(Standard plot (SP))
§ i ! 5
3 L —— | T i T
Q 1 : l H 1
2 10 t " I it
E
)
=
<
S 0.5
><
ks W
0.0
Spinach | Spinach ‘ Qing gengcai | Turnip | Spinach | Carrot | Spinach | Carrot |
After winter After summer After winter After summer After winter After summer After winter After summer
cultivation cultivation cultivation cultivation cultivation cultivation cultivation cultivation
2009 | 2010 ‘ 2010 | 2011 | 2011 | 2012 | 2012 | 2013

Fig. 5 Changes of the exchangeable-Cu and Zn density of cultivated soil

(The error bar indicating the standard deviation)
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Table 14 Change of the exchangeable-Cu and Zn densityl) of cultivated soil

Cu Zn
Year  Season Test crops AP sp AP sp
(mg/kg) (mg/kg) (mg/kg) (mg/kg)

2009  Winter Spinach 0.40 (0_()7)4) 0.40 (0.03) 1.3 (0.1) 1.2 0.2)
2010  Summer Spinach 0.37 (0.02) 0.36 (0.04) 1.3 (0.04) 1.2 0.2)
2010  Winter Qing geng cai 0.35 (0.004) 0.33 (0.004) 1.3 (0.1) 1.1 0.1)
2011  Summer Turnip 0.29 (0.002) 0.28 (0.01) 1.5 (0.1) 1.3 0.3)
2011  Winter Spinach 0.46 (0.01) 0.39 (0.02) 1.6 (0.2) 1.3 0.3)
2012 Summer Carrot 0.40 (0.04) 0.37 (0.02) 1.6 (0.1) 1.1 0.1)
2012 Winter Spinach 0.35 (0.02) 0.33 (0.03) 1.7 (0.1) 1.3 0.1)
2013 Summer Carrot 0.33 (0.02) 0.31 (0.01) 1.9 (0.2) 1.2 0.1)

1) Content of copper and zinc dissolved with pH 7.0, 1 mol/L ammonium acetate solution in the drying soil
2) Sludge-fertilizer-application plot

3) Standard plot

4) Standard deviation (n =4 (2X2) (repetition X number of samples))

(6) VEWIRD IR L FE K ORI &

KB COVEMIRD IR IR FE K ORI & DOHERS 1T Table 15 X (N Fig.6 DLV THSH. =T AZD0
TIE, WE3E], FYL Y TIZOWTI, 84 BEREBREERL TOD03, 1HIEilBo b &S0 40 BE
o, BREITSTESEEHICL > THHEMIRO A RIY AR EITATHL T, 2L, S 5 ook &
RRIREDORREMENEEL QDB LN,

FRBRBHAARF (2009 4 EAF) 725 2013 FEEAEETOEMIROIRIT AR, 72 Codex FEHEMHZY D 1/4
PLFRREECTHERB L T4, LnL, 2010 AEEERTL YT ORI APEEEIX, 75 TEAREHiE F X & OVE %X &
12 Codex HIEfE (BE% BIMIRE 0.2 mg/kg) D 8 FIFRE LB @V R E Th o7, Bt H5E 0 pH K Y
0.1 mol/L HCI-Cd & FEITIZ R EREEIFRO LI TVRNIEDND, KRFMZE > UIEMIEF O I RIY
NI YAYN i iéi]%/\b%é_é:#%zghé.

2009 FFEAAEK TN 2010 FFBARRTL VT DHRIT LRI R, ZEHEX DG IR IR T XIZ X THEIS
%027 (p<0.05) . ZAUZE, 1HIRAEEHE A XIZH AR TEEEX O ED 2 FIFREE L) 7 (Table 11)72H &%
OIS, — 5T, AEIRF O BRIy AR E CIEm R X CH BEZITFRO LT (p>0.05), ZHIAvL Y
U DOAE BEAIRIY AREIZBERITGERD BNV HREY LT AR Tho T,

2010 FEAANETF U P AD T RIY LNRFER, G TR H X AMEAE X Z A~ TR EIZ )72 (p<0.05)
23, IR AN B Il R X ] CRIFRE CTh 7= (p>0.05) . T, GIRIEEHE H X _RTEHERX O
BN 2 BIREEE L 72 (Table 11) 720 LB 2 HiLD.

2011 AELAERTL I NZBNT, RBRBIAAD SO TIHVRAEHE ] K AVEAE K\~ THR I LR K

ORI E D THBEIZE -T2 (p<0.05) . ZOZEE, Wi +HE0 0.1 mol/L HCI-Cd 2 IZH WV THRRDHH
ALTHEY (Table 12), RUL YT HEEF ORZWEEDO DRIV 2% FRICEINT 503, B S IRIT A
IREMIZRED A RIT LE WAL, 1EARD I RIT LRI E 13800 0.1 mol/L HCI-Cd IR EEICH BN B D0
W BT HER ThH o7

FOBIZERELTZ 2012 FHAE=02 0 Th, Bt 1580 0.1 mol/L HCI-Cd i BE 1% 5 | & foe 7% U AEAH i H X
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WA BEIZED -T2 (p<0.05) 23, TEMIRD AR 2B K ORI & Z3BR X [ T B AT bk oTe
(p>0.05). ZAUE, =P OHRITVARINEFHED 0.1 mol/L HCI-Cd & EDFHRIITFRD SR EWHH
2L — B F DGR CTh oz, THIRIEEHE A X SAREX TIX, AUV YU BSIRIATREREEED A RIY AL =
OV PR ATREAR G RED IR I ADPREE N B2 DT, RUL LY b= D TR DRE R L e ST A RENE
NEZHND.

2012 FEAAERTL YT OTIRIT LPREEE, 1HIEAREHE ] X AMEE X TR EIZE) -T2 (p<0.05) .
ZAUE, 2011 FEAAERTL YD LRI R THY, HIEAREHEH X ClERT L Y 7 3R ATREZR T RED
TR I FE A AE X L i LTy R EEAS 2011 AEEAELIERE N TODZENFIKEE 2 505,

2009 4F K N 2012 FEEAE=0 D0 TIIARER M OSEEEH I RIT AR E DA B 21372772 (p>0.05) 23,
2013 FEBAE= DU BEERIZIB T, THTRIEEHE X AMEAE X~ CH RIS E D72 (p<0.05) . 2013 £ 5
VEDOIBIRREEE A X OVERF AT M O 580> 1 mol/L EEZ2 (pH 7.0) -Cd I DUV THEEHEX L bris L C
HEIZED 7= (p<0.05) (Table 8 X TN10). ZAUFZ=0 D0 DHRITLAWINIZIE, 150 0.1 mol/L HCI-Cd
BELOMBITRDOLNRNT S, £ O 1 mol/L FEZE (pH 7.0)-Cd JEELDFHBENH L0 L\t —
BT DR TH-oT-. B £ 1 mol/L fEZZ (pH 7.0) -Cd IR\ TE TR AEEHE F X SAEHEX D73 K
LR DAE THEE L QDI EDD (Figd) , TEMIRO AR MRFEEL RO A 72> TNDEB 2 HA.

VEMIRD TR IR HE e ORI B SN T, 2011 FEAAELAMRI 75 TR I BHE FH 1X.00 75 23 12 i M )
725 TD (p<0.05) . ZOfE ANTHRH3E0D 0.1 mol/L HCI-Cd }2 OY 1 mol/L FEZZ (pH 7.0) -Cd # &1 — %K
L7z (Table 12 KO8 13) . Wi £3ED pH OB L AVEICTRE 72 20RO BN L5 (Table 1 L OVS), 12
YEX T I TITE B O 2320 R BB TEEL TOBZ LB ANEM R DN FTREZRTERE D A R I e
MO LTNDESZ 2 DD, — 5T, {GIEIREH A X CrxiB T AEsk o i 12 Lo THE IR IR E NS
ARIVLDHIG, THERRKE HROHRIY AL L TE TR AL RO A RIT AOEIE I3 D A &
o TNBIEREZLND.

1.8 1.8
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Fig. 6 Absorption and the amount of cadmium concentration of each crops in 2009~2013

(The error bar indicating the standard deviation)
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Table 15 Absorption and the amount of cadmium concentration of each crops in 2009~2013

Cadmium Concentration'’ Quantity of cadmium uptake

Year Season Test crops Part AP? sp? t-test AP? sp” t-test
(mg/kg) (mg/kg) (mg/plot) (mg/plot)

2009 Summer  Carrot Root 0.12 0.11 n_s.s) 0.21 0.20 n.s.
(0.01) D (0.02) (0.02)  (0.03)

Leaf 0.24 0.22 n.s. 0.32 0.31 n.s.
(0.02)  (0.02) (0.02)  (0.01)

Total - - - 0.54 0.50 n.s.
(0.03)  (0.04)

2009 Winter  Spinach Edible portion  0.62 0.61 n.s. 1.18 1.34 signifi-

(0.01)  (0.02) (0.004) (0.02) cance

2010 Summer Spinach Edible portion  1.40 1.56 n.s. 0.72 0.96 signifi-

(0.10)  (0.07) (0.04)  (0.01) cance

2010 Winter Qing geng Edible portion  0.20 0.17 signifi- 0.21 0.21 n.s.
cai (0.01)  (0.01) cance”  (0.01)  (0.01)

2011 Summer  Turnip Root 0.08 0.08 n.s. 0.04 0.04 n.s
(0.01)  (0.002) (0.003)  (0.00)

Leaf 0.16 0.17 n.s 0.10 0.11 n.s
(0.01)  (0.01) (0.01)  (0.01)

Total - - - 0.15 0.16 n.s
(0.01)  (0.01)

2011 Winter  Spinach  Edible portion  0.53 0.36 signifi- 0.68 0.58 signifi-

(0.01)  (0.02) cance (0.02)  (0.05) cance

2012 Summer  Carrot Root 0.24 0.23 n.s. 0.32 0.30 n.s.
(0.01)  (0.01) (0.01)  (0.02)

Leaf 0.31 0.29 n.s 0.41 0.38 n.s
(0.01)  (0.02) (0.005)  (0.04)

Total - - - 0.73 0.68 n.s
(0.02)  (0.06)

2012  Winter  Spinach  Edible portion  0.56 0.47 signifi- 0.75 0.75 n.s
(0.02)  (0.03) cance (0.01)  (0.08)

2013 Summer  Carrot Root 0.18 0.15 n.s. 0.22 0.17 signifi-

(0.02)  (0.02) (0.02) (0.004)  cance

Leaf 0.33 0.28 signifi- 0.24 0.18 signifi-

(0.02)  (0.03) cance (0.01)  (0.01) cance

Total - - 0.46 0.34 signifi-

(0.03)  (0.01) cance

The sum total - - 5.42 5.53 n.s.
(0.07)  (0.13)

1) Content in the drying soil

2) Sludge-fertilizer-application plot

3) Standard plot

4) Standard deviation (n = 4 (2x2) (repetition x number of samples))

5) It is no significantly different for processing examination section (t-test, 5 % of both sides levels
of significance, N = 4 (2x2) (repetition X number of samples))

6) It is significantly different for processing examination section (t-test, 5 % of both sides levels
of significance, N =4 (2x2) (repetition X number of samples))
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(7) HRIVLANTE, FFHLELNEEE

FZRBRTONEEIE RO DRIV AR R, IEMIRICEIDIRIV AN LE, HE~OIRIVLAERHEL
HHERE OHERIL Table 16 OBV THS. fiAIEEIOAIRIY AEH &I H &2 E LT, THE~OHRIY
LERTEELT. ARIY ARFHU B, IWHELIEMIRO I RIV AN EE L. i A IEEHZ XD R A
T EEAEMIRIZED I RIY AR L&D A I RIY AEFERELTZ. IRIY LEREEZRBRX Y7200 HHE &
(fEHDTEE 15 cm, HHEOELE 0.67 L1, REBRIX 4 ni 47200+ &% 400 kg £L7-) THRLT, H#E~0D
ARIV LEREREELT.

HRIVAFFHLEIZOWTIE, ZRETEBLZ IMEOREBRO G T, 1HIRIEEHE H X T 5.42 mg/slBk X,
FEHEX T 5.53 mg/ARER X LRIFLEECTHY, A REZITBDOLN2D -7 (p>0.05) (B EZEMRERFIE, Table 15
TR LRI B DR A S ) .

IHUENERH X TlE, FBRIZINT, IRIV LA REIERL TRHHL &2V D7R2NZEND HHEO IR
7 LN INT T ALTL DT80, (BIEEEIOHE I LA I RIT AAM &N > THEERE T HIRIT L0
FELEAN THLIENZE ZDN5. BE ITEOFBRICIB T HEIEEEH X OB RIY LA N &I 47 mg/mU8R
[X (118 g/ha), BRIV LAEFEIEE (DRIVLALEEBELRABRK HEEODFE UG Eo HER DRIy L0
SR IEE) X 0.105 mg/kg L72>7- (Table 16) .

THVRAEEHE A X D BRI 2B fuf e fe QNSRS B & 38 0.1 mol/L HCI-Cd 2 FE O HERE X Fig.7 DLBVTH
%. T3 0.1 mol/L HCI-Cd J2FE 137 BR BH A6 HF D 2009 4= E /ES 2013 FEEAEE T, 1ZIE —E THERBL T
BV, HIEEEr o e I8 A B2 57 UL T RERITERObNRD -7 (p>0.05). LrL, IRV
LAMED 1 EHT2D 5 mg/alBRX (12 g/ha) LL T Téh-o72 2009 FFEZAEND 2011 £ ZAEE T (Table 16) DHER
ZRIEIER AT LIZEZ A, FURBAAE LD (p<0.05), FREEM2FRD I (Fig.7) . 2011 FELVELIRRICH
R LA fTEE 1 EYS720 7 mg/iRBRIX (18 g/ha) LA EEUTZ35E0E, #E BV ST (WA B K HE 5 %) Tl
AETIHRL, FREMITRRO LR (p>0.05) —E THEBL T\, 48, T —2BE L TR %
R THDMERDHHES Z DI,

DO FRBR T E oy T B A A U725 IR BRI 5 48 (5 18) LU o> Bk 27 +- [l 45 C oo JH ik B 4 52
MEL, 1B pH % 6.0~6.7 I[ZHEFRF L7 R HEC 1589 0.1 mol/L HCI-Cd & DOHER 2 a8 L7 i i 1 L 24 7=
B, FRIORERE L TRARZ R A TER O D72 B AR 10 Bl 2350 TR EE R BEZEY i Sk HEAE
Z VN 5 R S VR HRRER A FE 0 L 72 # 5R CURID AR AT RIS 91.1 g/ha, B T30 pH 13 6.0~6.7 O
MCTHERBL TEBY, RRBRIZIEWSEFLRSTWD), Bl 580 0.1 mol/L HCI-Cd 21X 0.15 mg/kg 726
0.17 mg/kg (DT ITHEMU 7= ZENHAES TS,

LA EDZENS, AR TR 38, URIGIRIEE R OYE 2310 2 AT A IRV TiE, 1 7ES72D
7 mg/FRER X ([ 14 mg/iRBRIX (36 g/ha) ) KO A RIV AT A L UIZGAE, 4%, B350 0.1
mol/L HCI-Cd I FE A BENME R &7 5 AT REEL B D T O HERS A B T DM BN BHHEE 2 HID. — 77, HEEHH
KD IIRIT DA D72V VEHERX K OGRS D BRI AAMED 1 1EXH720 5 mg/tlBRX LT DA
(2, 3891 0.1 mol/L HCI-Cd #2 B 28] (p<0.05) L7 5B L LI, TEMINEIC LD FR L oofth, 13
HUZARSNIZ I RIY AIKOER T HBENCIVERICE 520 0RH L0300 105 IR IR
HOGHEIELAES T HIEPEIZEDY 0.1mol /L HFEIIIRIERREL L CHE R HICEREL QL DZENE 2
bivd.
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Table 16 Change of the 2009~2013 year of the quantity of cadmium load by fertilizer”, quantity of peculating due to

the crops body”, and quantity of cadmium accumulation to the soil”

Sludge-fertilizer-application plot (AP)

Standard plot (SP)

Quantity of cadmium Concentration Quantity of cadmium Concentration
Year Season Test crops load " accumu-  of cadmium load " accumu-  of cadmium
0 remov lation  accumulation 0 remov lation  accumulation
(mg/plot) (mg/plot) (mg/plot)  (mg/kg) (mg/plot) (mg/plot) (mg/plot)  (mg/kg)
2009 Summer Carrot 4.84 0.54 4.30 0.011 0 0.50 -0.50 -0.001
2009 Winter Spinach 4.40 1.18 3.22 0.008 0 1.34 -1.34 -0.003
2010 Summer  Spinach 3.30 0.72 2.58 0.006 0 0.96 -0.96 -0.002
2010 Winter Qinggengca  2.64 0.21 2.43 0.006 0 0.21 -0.21 -0.001
2011 Summer Turnip 3.30 0.15 3.15 0.008 0 0.16 -0.16 0.000
2011  Winter Spinach 7.04 0.68 6.35 0.016 0 0.58 -0.58 -0.001
2012 Summer Carrot 7.28 0.73 6.55 0.016 0 0.68 -0.68 -0.002
2012  Winter Spinach 7.28 0.75 6.53 0.016 0 0.75 -0.75 -0.002
2013 Summer Carrot 7.28 0.46 6.82 0.017 0 0.34 -0.34 -0.001
Tota 47.36 5.42 41.93 0.105 0.00 5.53 -5.53 -0.014
1) It show every test plot.
the quantity of cadmium load
0.25 s the quantity of cadmium accumulation 10
2 1S
% =¢=the 0.1 mol/L HCI-Cd density of cultivated soil (Sudge-fertilizer- appllcatlon plot (AP) ) E
< 0.20 e | 8 T
o ® g_
0.15 6 =
S $B
g 010 ¥
— ' 4 % 5
o] S g
= 3
0.05 2 5 §
3
0.00 0=
Carrot Spinach Spinach ngger‘gca Tumip Spinech Carrot Spinach g
Examination Summer Winter Summer Winter Summer Winter Summer Winter Summer .
start
2009 2009 2009 2010 2010 2011 2011 2012 2012 2013

NERFD A 2 Ko OV A= DFEPRIZ

Fig. 7 Changes of the 2009~2013 year of the quantity of cadmium load by fertilizer,

quantity of cadmium accumulation to the soil, and the 0.1 mol/L HCI-Cd density

5. £&&H

VBRI

ZEATIRENTZEE L C, I IRARE o E it H 5Bk A 2009 4

KO &EREEAT > TR, THIRNERHE ] XK OG5 TR AR K ] OAFHEX D 2508k X1, 2012 &L L THRY

LY, 2013 HEAELL T=0 D B L, TR OIRIT AR EOEAL K OVEMIER~D T RIT LI
BAMER L. TOREE, Wi 130 0.1 mol/L HCI-Cd ¥ K OY 1 mol/L #E%2 (pH 7.0) -Cd 2B 1375 TR ARk

Jiti X SR HE A L~ TR E

ZEoT- (p<0.05) . TEMIIRD AR I AJEFE 1T 2012 FE & AEFR T LY KX

2013 FFEEAF =0 P UBEERIT I TIE, 1HVEAEHE H X 2R HE XA e N CTH EIZE 22272 (p<0.05) 73,
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2013 FEHAE=V VU T, MR KICA B2 ITRO LN -7 (p>0.05) . TEBIED I RIT AR
F|IX 2012 FEAAERTL VT TILm R XA B 21T O bR -7 (p>0.05) 23, 2013 FEE=2
NTIBUNTIEHERS S OB &6 1275 e IE B X AMEHE XA e~ TH B2 M ->72 (p<0.05) .

FRBERBAARIF D 2009 4FE EZAEDH OB 3D 0.1 mol/L HCI-Cd IJEDHEB I OWTERIELIZLZA, 15
Te B R F X SAE U X TR IRIEA TR, 2011 FELAERTL YT LIRS B ORBRICE
WTh, THTEAEEBHIE A X 2 HE XA L R CH B IS E 2272 (p<0.05) . Bkt 580> 0.1 mol/L HCI-Cd & O}
1 mol/L EEZ (pH 7.0)-Cd #EE OHER X, X CTIEA B2 T REAEM 25580 5172 (p<0.05) 23575 JE AR
it F KR EE — B THEB L T80 (p>0.05), {5 IEEN O F G I X5 A B e B5 0T TR
bivinoto. LinL, GIRIERHEA X OARIT LA &N 1 /E4720 5 mg/aBRIX LT (12 g/ha) Th-o7z
2011 FEEEETIIBIM 50 0.1 mol/L HCI-Cd & DA B /e TR 235380 5T = (p<0.05) 23, R
U LA R 1 EYS720 7 mg/iBRIX (18 g/ha) FREEE LT 2011 AEAAELIRRE, FRME2F8D B> T
WAHZEND, T —HHEC LS B OWRB AR T HILENHLEEZLND. o, GIRIEEHF OB EE 2
B EL, HRIY LD FRIRITCHE THHHEMNT OV TIE, (HIRIEHEH I\ T 2011 FELMELIKE, Bl 1
520> 1 mol/L FE%Z (pH 7.0) -Zn O _EFE M 2358572 (p<0.05) .

BIRIBEIO DRIV AEBFFRMEAE (K 5 mgkg) OURIGIRIEEE, —%0072 1 /E47-0 ol &
500 kg/10 a (Bi#) LA &2 HE L, 4F 2 /E CFERTfE A & 1t/10 a) ORERZ 9 {EfT 7=, ZhETOLZA, IR
BRI L QR MEYE X O fE B E D Ll D, (GIRIEEHE DB RIY AIEL IR L, 1EMIZRINE
NCTODHEEVENRE 250508, 1HEF ™ 0.1 mol/L HCI-Cd 2 £ 11FIE — E THB L TRY, EHTF bR
IV LPREEIZ OV T Codex FEEEIZ L AN TRWVRE THEB L T D KBRS ICIB W THRIT LA R
HEEMK 14 mg/ABRIX (36 g/ha) TOD 5 FMBEEDOHIENLERE A TH X, 7 FI U L0 HEER
ESCVEM IR ~ DU E N KT 5 AT REMEIZIR W EE 205, UL, BICREICE 2k L8545
TG VR IREHiE F EA2 B INS W86 L EAR Y TP OFEEO TR OGA BT HIGTREEFR RO AR
T LD HIEF O ZFE K OCVEW IR ~DOWIUZ O W TIH REERB TV ERHHEE ZHND.
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Effect of Continuous Application of Sludge Fertilizer on Cadmium Absor ption of the
Crop and Accumulation of Cadmium in the Soil (Continued Report)

Toshiaki HIROI*, Souichi IGARASHI?, Masahiro ECHI®, Yoshimi HASHIMOTO! and Fumihiro ABE*

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

2 Food and Agricultural Materials Inspection Center, Fertilizer and Feed I nspection Department
(Now) Fukuoka Regional Center

% Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
(Now) Kobe Regional Center

* Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
(Now) Sendai Regional Center

This research is monitoring the change of the cadmium which was dissolved with 0.1 mol/L hydrochloric acid
(acid-solubility-Cd) and pH 7.0, 1 mol/L ammonium acetate solution (exchangeable-Cd) from the soil. We have
investigated the cadmium absorption by the crop since 2009. Test field is the upland fields derived from Andosol,
and the used fertilizer is dudge fertilizer and chemical fertilizer. We cultivated the carrot in summer (2013), and
the spinach in winter (2012). Those crops were cultivated in the standard plot (SP) and the
sludge-fertilizer-application plot (AP). The SP was used reagents and fused magnesium phosphate. The AP was
used the dudge fertilizer of 500 kg/10a (fresh weight). Other ingredients were used reagents and fused
magnesium phosphate. The amount of nitrogen, phosphorus and potassium applied to each plot was designed on
the basis of fertilization standard showed by Saitama prefecture Web-site. Total cadmium amount in the crop,
acid-solubility-Cd and exchangeable-Cd in cultivated soil were measured by an inductively coupled plasma mass
spectrometry (ICP-MS). As a result, acid-solubility-Cd and exchangeable-Cd in the AP were indicated
significantly highly content for the SP. This result has been obtained from the 2011 winter-crop spinach. Although
acid-solubility-Cd and exchangeable-Cd content in the SP soil from 2009 summer to 2013 summer showed
significantly decreasing trend in the SP, the Cd content in the AP soil did not show significantly increasing or
decreasing trend in the AP by the continuous application of sludge fertilizer.

Key words sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 7, 43~67, 2014)
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7 2013 FfE SNEBEEEEO-OHOLEXERHEAL -
RR#L 0 + [F 5 BR Rl AR oD AT

KPP, THIER 2, SEPLT 2, $aRHENEE 3, | R uE ] 4
FRZE /e S, B EM S, AR, FIREEKS®
F—J—F SRS, ALAIEEL, SESVNTWEREAEEE, 1SO/EC 17043, ISO/IEC 17025, z A= 7

1. [XL®HIC

E B 75 AR o Bh& 23 Ed e, TR EICIB VT ISO/NIEC 17025(JIS Q 17025) V0 Bk HIHA S5
L7 BR AR OB FEMEREIR IS DOV TOB X N ERSN TCND. ZOERFIEITIL, MR OB
DIEAVERETR M OSBRI RIS LD 3 BR AR O 1E HEME DR RSB L 22> TRY, BT d@miehc Lo
B aE f O I [FFRBRIC SN CHOMINE L B A FE b 355, SRR E MRS D THVA.
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LRI BRZ FE ML 7= D TEOFE R A WS T 5.
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L. 0%, BB LGRAL, OUERRICILT CEMRRIC 95451, 1~9 DR GEFESE AL CREIIB L.
ZOHNER LORGEMEROME I 4 XG5 IIHL, JIREGLIEOB4ES L DR IR,
ZOEER TRV LT-1%, 1~9 D& X ORI L—EET ML, LIRALHE, 14847204 2009
ADORE 220 [BAEFIRIL, RY=F L RS CEEL TR R TR RS LT

PLSWT WV AREHT, ML CHBE 212 um OS5 W E2BSE 0L, B2 LGREL, OLERK
IR TREMNRIZ 9 0L, 1~9 DRFEFEZMLTHRMBICB L. ZOFhbER 1 ORABIEROMAE
WZHEW 4 X3 EfhH L, KKRALTZOH 455 L CGuDOR IR L. ZO#EE 7 B0 LT-%, 1~9 D
KXy OREEHOL—ERT SEHIL, IIRA L%, 143347204 180g AV DOFE 165 HARHFIL, R =T
LSS O E L ORI E TR E LTz,

#£1 REEEER
EAomEE 1 2 3 4 5 6 7
2 1 3 2 3 1
5 3 6 7 4 4 2
x/\ =
Za®S s 7 7 8 & 5 4
8 9 8 9 7 9 8

2) HEHEREER

IUPAC/ISO/AOAC D fiEak B 7 b= LY DBVE MEFRERIZHE Y, 2.1) THRBIL 72 46 [FER 5 ERR) S 10 3
B oS R E MR B E Uiz, AL IEEHZ S W TEEAMED AR (C-P0s) K O IAtE~ > B
(C-MnO), FESWFWEREAEAEHZ DWW TIELEE M + (C-MgO) 2 & BB MR B stk & 2 T TRt
B CHE MR B O iR L LT,

3) fEaft
EIE B2 U7 a R, 206 BAE M OV AT R 15 B2 2 IR BR R 126 L 7=, 2013 4RFE, fbpkiekhx
143 FBR =, FLSWVTVERE IEEH T 82 B = NS NLT-.

3. ARMBRHMEDHRELRUKARA X

1) HERIAR

B IEEHZ W TIE, K45y (Mois), 7 =T 1E%EF (A-N), <EMEY ABR (C-P0s) , KIEMED AR
(W-P20s) , ZKIEMENIE (W-K20) , <& 1 (C-MgO) , KIEtEE + (W-MgO) , <iEE~2 4 (C-MnO), <
WIEIFHFE (C-B20s) , OB (T-AS) KUIRIVARE (T-Cd) @ 11 HHZRBRIEH L. £z, SLEWT
WERELIEEHZ W T, AIEMETOER (S SIO,) , 7/ hU45 (AL) M O IEME R 1 (C-MgO) o 3 1H A 27k BRIE
HElL7-.

2) HAEBAE
AR BT (1992 £ERR) O 2R DEBVFIRLT-. 7235, TOMORBR G EA LA L-RBRE 1L, T0Hik
OB E DR E 2RO T,
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(1) 7%y (Mois) 1, AEEMIHTEE 3L 1IN EE) .C.) ICKVEE. AL, FEYOMIEIFI TR,
(2) TrE=T1EER (A-N)IE, IEEMIATE 4.1.2.1 G ) .C.UICLRENAR 2R, [FHE.D (ZX0E

=]

B.
(3) <MD AUBE (C-P,0s) 1Z, B HTE 4.21.Cd ICX0REHAIE AT, 4230 FREITF VBT
F=UNE) ECIZEVER.

(4) JKIENED AR (W-Po0s) 1, AEEHIHTEE 4.2.1.Cb IZX0iENARZ TR, 4230 FREYT T T
F=UNE) EallliE .

(5) ZKIEMEIE (W-K0) 1E, IEEF 1L 4.3.1.Cb.2) ICKVF AR AR, 4.3.3(7L — 2R LEIX
JRFWSEREE) B0 ER. 7038, YREEHIMEE I B L2 5 /L T\5.

(6) <EEMETE A+ (C-MgO) 1%, MBI HTE 4.2.1.CAdIC KR BHAK 2785, 4.6.1(EDTA VL) .D.bICKVEE.
XU, [FERD J 15 TR R AT, 4.6 2R FWOLHDEE) E ICX0ESR. 2ok, YiLEHI~ o T aE
AHLTWA.

(7) JK¥EMEE 1 (W-MgO) 1, TEEHIHTE 4.6.1.Cb ICK0RBHA 2 F1H, 4.6.2 JRT-WOGHDEE) Elck
0 E &

(8) <Mt~ (C-MNO) 1, HEEM ST 4.2.1.C.d I K0 EHAIR ZFHEL, 4.7.3 FFWOGRDETE) ElC
F0E&.

(9) <HEMEIFHFE (C-B20s) 13, NEBMIHTE 4.2.1.C.d IC L0 BHARK AT, 483(7 Y AF 2 HIE) E (D)
2ZEVEE.

(10) OFE2E (T-As) L, BB IHTIE 5.24.1(F =F N F A BV ASIUEEERYE) D.al) [IZK i ERR IR %
FE, [FIELE IR0 E R, UL, FRRD 1L THREHER A TR, 5.24.2 U FREHIDEIE) E XD E .

(11) ARIV L& (T-Cd) 1%, MEEHTE 5.6.1(JR-FUOGRDEEE) .D.al) (KD HE) (ISR 23R
B, [ EallkhEs. X, [FEROF1E THRBHERKR Z Y, 5.19.LE. (LA HE) 2K iE &.

(12) TAMETOER (S-SI02) 1, IR HTE 4.4.1.B.b IC KV EHRTZFHEL, 4.43(7 LAV L) DI
FEE.

(13) 7AV5y (AL) I, BERFIHTE 45.0.1.Ch IC K0 ERARZ TSR, 45.22(=F Lo P70 U ERRYE
1% (LR TEDTA 51 80) D IZEY E &.

X%, FERD S ik CRBHA IR Z R, ATE A K (SCa0) (IR 34T iE 45.1.2.E) K OV AIE MR +
(SMgO) (IEEH 3T 4.6.2.E) Z2HI5E, IEEMIHTE 4523 R FIEHIEEE) E ICK0E . Ao, Hikiikt
X~ T HEBL TN,

(14) <EEPETE 1 (C-MgO) 1%, IEBMyHTE 4.2.1.C.d IC KR EHA K Z 785, 4.6.1(EDTA 1) .D.bIZ XV iE&.
XU, [FERD 15 CREHAIR A TR, 4.6.2(8FIOGRDGIE) E ICXVER. 7ok, MBI~ %28
AHLTWS.
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IQR= TNk — LMtk -+ (a)
N ZMEE(RZE (NIQR) % (b) RUZ KV E L2, EHSAOSA, NIQR SR EIT—ET 5.
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HIE (%).
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Ugso, = 2><N|QR/\/N ”’(d)

(6) 2T —HDIEUERFRZ=(S).

(7) B AAMERERZE (NIQR) % (b) RUTIVEHIL 7. EHA T OS54, NIQR 1 SD &—57°%.

(8) Horwitz EIERS® ((e) ~ (g) 20) L, X7 5= [ F B YR 25 (Horwitz SD: HSD) #H HL7-.
2B, CITEHR D OEHBEOEIA T 1%DEATE 0.01 EVOEIZRD.

HSD = 0.01 X C%° (0.138<C) e (@)
HSD = 0.02 X C%84% (1.2X107=C=0.138) <o (f)
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(9) RSDrobid, B/ NAMARMERERZDOFRBLTHY, (h)XizLvEHL.
RSDyob (%) = (NIQR,Median) x100 <+« (h)

(10) HorRatyop 1%, B NAMEHRERZENSEK D - HorRat fEDOFRELTHY, (1) Uk EH L 7-. HorRat i,
HFEERER TEON - S B SHE R 722Y, 1855 O FEEBR S < = B ELH SHE ER 2 O PRI~
TEDORRENZMHRTHIEE THD. AOAC DHARTAL T, 0.5<HorRat fE=2 ZHRFPHEL T5.

HorRatis = NIQR,/HSD ~ ++- (i)
5. HERUER

1) #EFHBRAFEMOHEEREE

VB NERRER O pofE e ORIR L 2 [B] X 10 B0 — TR E IC LD B T DL fGH R A E 2 ITRL
7. WTNOREHZIW TS, LS F BEFYEL TR 722805, A EKAE S %IV CREHFIZA B2
ZERO LI D T, Fiz, D THERMEHE(R 22 RSD, K& OV TR FE 2 5 T s AR e Y 72 RSDp+ (132
NZEI 0.6 %~22% CTHY, 2 CORFEDO T HFENIRE ThoHZ LA MR LT-.

#£ 2 HEVEMERRERORE R
i ) oY s RSDY sww sow®  RSDber
ERIORE SRS atk

o C-P,0s 10 2076  0.12 0.6 0.10 0.15 0.7 2.48

l9pqilar2
C-MnO 10 0519 0.011 2.2 0 0.011 2.2 0.58

FEXVNTVEREREE C-MgO 10 3.76 0.02 0.6 0.01 0.02 0.6 1.23
1) B EBE GBS <28 0HTHT)

2) By

3) PR eSS
4) DFFTRA MY (i 5

5) BUBHEE e

6) BHTHEIE % G i o RH IR (i3S Sbar = VSbb” + 5¢
7) BEATREEE % 1o B RTH KB e (2

8) — LRI AT L0 B 7= Sy kb

9) FBRSME :F (9,10:0.05)=3.02
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2) HERAEDMITHER

4.2) (1) ~ (2) OFBREZ L O z 227 TRl SRR EH KL N OEIEEFK 3 1TRLE. Ry OR
BR A C N 2 ) L O RN A 52 T 7 3B E OB G 1L, (LAEEFFH O A-N 23 100 %t i<, {LRAEE R D
C-MnO 73 77 & e bIRWEI G 2R Uiz, — 77, TN 2 ) il 252 (7o iR == o BI51 3, [LEEEHCIL T-Cd
D 14 %, FESWDITWVERE LR TIX C-MgO @ 13 % Fhuih @V Vi R Thh o7z,

4.2) (3) ~ (10) T:RO =it EE K 4 1TRLIZ. LKD) TEAED Mean 13 Median HIEIFE L7228, —
#C Mean & Median DFER REWIHA S AL, SMURDO LS T2 T TWDHIENEESN. Fo, &K
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DOIEHE(FZE SD 1%, B NANEIZL > TELAE NIQR SEERL CTRAMIC KR ERMEEZ/RL, AIUEDR A%
W e, ZDZEND, NIQR ZHEHEF 7L 7272 T Median EDOBMEZX 1 127”1, Horwitz (& 1E R H55
7= HSD, HSD X 0.5 & T HSD X 2 % [RI[XIZ# 7R LT=.

2006~2013 4F i (2 it L 7= 3 BR TE H @ Median, NIQR, RSDrob X (8 HorRatsop Z512 U T, ALAAEEH T FR
5112, FLEWTWIRE AL 5-2 1TR LT, o, REE 7 3 BRE L RS Odh- 7235k 5 1E5 D Median,
NIQR, RSDyob, HorRatiop & N HSD % 6 (2R L7T-.

#3 2o 7L ARG O

S0 lz|=2 " 2<|z|<3? 3= ?
B A Ak A S Hep o HIS Hep EHA
=R & (%) £t (%) B (%)

(SRR
Mois 136 135 99 1 1 0 0
A-N 136 136 100 0 0 0 0
C-P.0Os 129 108 84 7 5 14 11
W-P.0s 134 120 90 9 7 5
W-K20 132 117 89 8 6 7 5
C-MgO 129 111 86 6 5 12
W-MgO 120 119 99 1 1 0 0
C-MnO 115 89 77 14 12 12 10
C-B0s 104 93 89 4 4 7 7
T-As 52 47 90 3 6 2
T-Cd 65 53 82 3 5 9 14
(BEEUNFOERE ISR
S-S0 60 53 88 4 3 5
AL 78 69 88 6 8 3 4
S-Ca0 61 53 87 7 11 1 2
S-MgO 61 53 87 3 5 5 8
C-MgO 79 67 85 2 3 10 13

1) zZZa 75N (2| = 2) L7~ T2 iR BR =55 M OV DENE (%)
2) zZZaATIZEAHFE DL (2< 2| < 3) L7 T- RER R H L IF DEIE (%)
3) zZaATIZ LA ARG 2 (3= z|) &2~ 7- BRI K NF DEIE (%)
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F4 ILFEFBRAGAEOH &
— Mean”  Median”  Usossy s? NIQR?  HSD”  RSDwb’ HorRatrob
(%, mgkg? (%, mgkg® (%, mgkd® (%, mgkgd® (%, mgkg® (%, mgkg)? (%)
(bR AEER)
Mois 2.88 2.93 0.14 0.70 0.84 0.10 28.7 8.42
AN 9.87 9.92 0.13 0.55 0.74 0.28 75 2.63
C-P20s 20.64 20.60 0.04 1.21 0.20 0.45 1.0 0.44
W-P20s 12.05 12.09 0.07 0.53 0.38 0.33 3.1 1.14
W-K20 11.70 11.74 0.06 0.62 0.35 0.32 3.0 1.08
C-MgO 6.19 6.18 0.02 0.51 0.13 0.19 2.2 0.71
W-MgO 3.75 3.79 0.12 0.60 0.68 0.12 18.0 5.50
C-MnO 0.517 0.513 0.003 0.067 0.014 0.023 2.8 0.64
C-B:0s 0.248 0.246 0.003 0.033 0.014 0.012 5.5 111
T-As 10.22 10.31 0.27 1.16 0.99 1.16 9.6 0.85
T-Cd 3.07 3.02 0.06 0.46 0.24 0.41 8.1 0.60
(BEESWTWOERE AEER
S-SiO; 35.15 35.18 0.14 0.71 0.55 0.59 1.6 0.92
AL 36.78 36.79 0.21 1.23 0.95 0.61 2.6 1.56
SCa0  30.19 30.09 0.18 0.90 0.70 0.55 2.3 1.27
SMgO 459 4.62 0.04 0.29 0.16 0.15 3.4 1.06
C-MgO 3.88 3.77 0.03 0.67 0.14 0.12 3.6 111

1) EEDFEHE
2) A{ROHgiE
3 BEROFRAEDOAFENS

4) BAROIFEHER
5 m/NAMEERE

6) Horwitz{& IE L0557 S5 1470 =8 ) B A Yt {72
7) TN AN (R 25
8) T/ NAMENE(R /S K 6D 7~ HorRat il

>/

9) T-AsK UT-Cdizmg/kg, & DO 5y 1E% (E L5y 3)
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C-B203 ({bAitkd)
T-Cd  ({bRZAEEL

AL (LS W WOERE IR

— H5% (HorwitzfE1IEX)
— - — B3 (Horwitzf&E E X x2)

<o

A-N  ({BRZAEEL

W-P205  ({LARAEEL)

C-MgO ({LAhEkE!

C-MnO  ({bffEket)

T-As (LAt

SSI02 (FE S VT VERE AR
C-MgO (B & W T W ERET A}
AT (Horwitz& IEx0.5)
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#51 A IEHZ IS 52006~ 20134 [ 0> He ] SR ER B S O 3 &
el éijﬁ Median”  NIGR” Rsfr°b3) Horfetms”  HSD 5
H AUBREE (%mgkg”  (%.mgkg) (%) (%,mg/kg)
Mois 2006 147 1.70 0.30 17.7 478 0.06
2007 146 4.9 0.35 7.0 221 0.16
2008 145 2.87 0.24 85 250 0.10
2009 145 353 0.15 42 1.27 012
2010 143 158 041 26.0 6.97 0.06
2011 137 1.00 0.12 120 3.00 0.04
2013 136 2.93 0.84 287 842 0.10
T-N 2006 R 158 14.60 013 09 033 0.38
2007 A7 T ) 145 8.74 0.07 08 0.26 0.25
2010 JR3E 140 14.11 0.11 08 0.30 0.38
A-N 2006 GREET v E=T, VAT L E=T 150 11.46 0.10 09 0.33 032
2007 Wk 7 =7 143 6.20 0.09 14 047 0.19
2008 [EEET BT, VAT VBT 147 12.56 0.16 12 045 034
2009 gEETLEST, BTV BT A RIRE 144 556 0.07 13 043 0.17
2010 fREET BT, VARET vE=T 128 11.53 0.18 16 0.56 0.32
011 W7 E=T, VABRT v E=T 138 1349 0.18 13 049 0.36
2012 130 239 0.04 19 053 0.08
2013 FREET EST, VAT E=T 136 9.92 0.74 75 263 0.28
N-N 2009 @EETLEST, BNET LS T A RARE: 123 362 011 32 0.96 0.12
2012 115 217 0.10 48 1.34 0.08
T-P.0s 2007 R ek 140 10.35 0.10 09 033 0.29
CP0s 2007 DABRT VE=T 143 9.81 013 13 047 0.28
2008 DABRT E=T 146 15.82 0.13 08 0.32 040
2010 WAERT L E=T 141 14.59 0.18 1.2 047 0.38
2013 YWAEET LEST, B AEEAR 129 20.60 0.20 1.0 044 045
SP0s 2006 HWAFEAIR, VAEET E=T 144 10.88 011 1.0 0.37 0.30
2009 AR R 125 6.37 0.12 19 0.62 0.19
2011 WAEET BT BYAREHIK 14 17.44 022 13 053 0.42
W-P20s 2006 @OABRAIR, VABET v E=T 157 9.02 0.12 13 046 0.26
2007 DABRT E=T 143 7.02 023 32 1.08 021
2008 DABRT v E=T 149 9.16 0.24 2.7 093 0.26
2009 YRR AR 144 457 0.08 18 056 0.15
2010 DABRT E=T 144 11.56 052 45 1.63 032
2011 WAEET E=T WVAEEAIK 133 1451 0.19 13 0.50 0.38
2012 131 2.86 0.06 21 0.61 0.10
2013 WAEET VE=T, IBVANREK 134 12.09 0.38 31 114 033
CK20 2011 ey 122 1041 023 22 0.79 0.29
W-K20 2006 HAE R 156 12.38 0.22 18 0.64 034
2007 N B 145 843 0.15 18 0.61 0.24
2008 HALmE 147 11.39 0.15 13 047 032
2009 fe i in B 145 835 013 15 052 0.24
2010 HALmE 142 14.72 017 12 044 038
2011 AN R 132 10.17 0.17 17 059 0.29
2012 131 243 0.06 24 0.68 0.09
2013 MV, FER N H - 132 11.74 035 30 1.08 032




20135 SRS L B oD 7260 > 4z [E Shad a2 F T IR0 R ABR BCRE O AR AT 77

K51 (%)

n R smERcmT SRR ST Medan' - NIQR - RSDm” HorRates”  HSD®
H REREL (%mgkg® (% mgkg) (%) (%,mg/kg)
C-MgO 2007 BIIPE S 4 m st 137 341 0.07 22 0.65 0.11
2008 IKEEAL - frkh 142 462 0.12 25 0.80 0.15
2010 R PE S - fE ) 137 311 0.07 24 0.71 0.10
2011 KR A pE ) 128 248 0.07 28 0.81 0.09
2013 gpEE AR, ARERN B 129 6.18 0.13 22 071 0.19
W-MgO 2011 AKERAL Bkt 119 194 0.09 46 128 0.07
2012 116 168 0.05 31 0.83 0.06
2013 TR N + 120 379 0.68 180 550 012
C-MnO 2009 ViR R A Ik 126 0.54 0.02 36 0.83 0.02
2013 i BB A A A 115 0.51 0.01 28 0.64 0.02
W-MnO 2012 112 1.25 0.03 24 0.61 0.05
C-B203 2009 PR BB R A e 120 0.28 0.02 56 1.16 0.01
2013 Y & RN LE A 104 0.25 0.01 55 111 0.01
W-B203 2006 VEOBATE R 132 040 0.02 42 091 0.02
2008 VB A 119 0.26 0.01 29 058 001
2010 VIR AL 116 0.29 0.01 34 0.70 0.01
2012 103 0.240 0.009 36 0.72 0.012
Fe 2012 86 0.240 0.013 54 1.09 0.012
Cu 2012 83 0.0545 0.0014 26 042 0.0034
Zn 2012 87 0.0595 0.0029 48 0.78 0.0036
Mo 2012 52 0.210 0.010 a7 0.92 0.011
T-As 2006 84 1.89 0.19 101 0.70 0.27
2007 63 384 0.33 9.8 0.75 0.50
2008 65 414 0.41 9.8 0.76 053
2009 59 431 0.60 139 1.09 055
2010 61 362 0.36 9.8 0.75 048
2011 52 AT74 0.61 129 1.02 0.60
2013 52 10.31 0.99 96 0.85 116
T-Cd 2006 9% 126 0.11 91 0.59 0.19
2007 85 1.24 0.12 96 0.62 0.19
2008 86 2.60 0.15 5.9 043 0.36
2009 73 047 0.08 17.3 0.97 0.08
2010 79 122 0.08 6.7 043 0.19
2011 74 2.03 0.09 44 0.31 0.29
2013 65 302 0.24 81 0.60 041
D EEOTRApE 4) v N R MEUER 25 K 72 HorRat fif
2) B NAMEUE(RE 5 Horwitzt& IE R EDE ST AR 72 22 [ T B VE R 2=

3w SAMERHE 6) T-AsKOT-Cdimglkg, Z MO %% (B k4 5)
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52 FREWT VR RLEHI 31T 52006~ 20134 JE O d: R B AE OR BT &

R Eh } N £ Median?  NIQR?  RSDb” HorRatros™”  HSD®
I;Hﬁ g PRACIRTSERINA e %)” (0(/3)6) (%) %)°
SS0, 2006 66 BR 0.60 18 103 058
2007 67 28.25 087 31 163 053
2008 68 335 049 15 085 058
2000 69 267 062 19 1.09 057
2010 67 352 057 17 098 058
2011 59 30.69 0.75 24 135 055
2012 67 36.15 048 13 0.80 060
2013 60 35.18 055 16 092 059
AL 2006 75 50.56 0.64 13 091 071
2007 83 4870 0.76 16 1.08 0.70
2008 86 50.90 071 14 099 071
2000 85 39.03 092 24 147 062
2010 85 49.26 080 16 114 0.70
2011 76 49.48 068 14 097 0.70
2012 77 49.95 071 14 1.00 071
2013 78 36.79 095 26 156 061
CMgO 2006 78 6.18 013 20 067 019
2007 86 317 021 66 195 011
2008 89 580 014 24 0.79 018
2000 87 234 020 87 248 008
2010 88 542 011 21 067 017
2011 78 336 023 68 205 011
2012 81 6.77 019 28 094 020
2013 79 377 014 36 111 012
(NN NOLEPAY Y 4) T ANAMERE(R DR ® 7 HorRat fiE
2) B AMEAERZE 5) Horwitz(E 1E 0135307 R i 75 5 ) P B Ve R 2

3 N AMERRE R E 6) HERHE
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#6 BB RO KRB O i

R - wmE Median” NIQR® RSDrob” HorRat,,,” HSD”
ks AREI omgkg® (6mgka® (%) (%:mgkg)®
(LR AEED
Mois ANER s 136 2.93 0.84 287 842 0.10
A-N FEAVE 130 9.92 0.75 75 2.66 0.28
CP0s  NFREITFUMT =0 03E 128 20.60 0.19 09 043 0.45
W-P20s  NFREVTFUBET E=UAE 133 12.08 0.39 32 1.16 0.33
W-K20 T — DN 57 11.72 0.39 33 1.19 0.32
T -0 e v 65 11.81 0.33 28 1.00 0.33
C-MgO JE -0 S v 116 6.17 013 21 0.69 0.19
ICPF 3 S M 9 6.22 0.10 15 051 0.19
W-MgO JEL -0 e v 109 380 0.63 16.6 507 0.12
ICPF 3 ST 7 3.06 0.86 28.1 831 0.10
C-MnO JE -0 e v 102 0513 0.013 25 0.56 0023
ICPF 7 STt 9 0519 0.030 5.9 1.33 0.023
C-B203 T AF HE 95 0.247 0.014 56 112 0012
ICPF 7 L3 i 8 0.243 0.005 20 0.40 0.012
T-As DT AUF A HANIUFEERE 29 10.13 0.90 89 0.79 114
JE -0 e v 17 10.49 0.63 6.0 053 1.18
T-Cd JEL 0% e (s hiA ) 9 320 0.39 12.3 091 043
JE T v (D2 IE) 21 311 051 16.4 1.22 0.42
ST WO (B —~ Al 1E) 26 3.02 0.11 37 0.27 041
ICPFE 0 Y3 Wi 8 2.70 0.14 54 0.39 0.37
(RSN IR
SSO2 SALIYT Lk 46 35.14 0.55 16 0.93 0.59
e R 1 35.50 0.70 20 118 0.60
AL EDTA: 15 37.30 1.01 27 1.66 0.61
JE -0 S v 59 36.56 0.86 24 1.42 0.60
SCa0 JE -0 S v 59 30.06 0.65 22 1.18 055
SMgO T e v 59 462 0.15 32 1.01 0.15
C-MgO EDTAVE 7 386 135 349 10.68 013
JE -0 e v 68 375 0.11 31 0.93 0.12
1 2RO RfE 4) v N AMENE(R )5 R 8 7- HorRat
2) N A ME AR 5) Horwitzf& 1E L0 H V7= T34 7 58 [ F B UE (R 22
3) N AMBXHMEHE(R 2= 6) T-AskUT-Cdizmg/kg, ZDMORSy 3% (H ES5=)

3) BEREEDIER

[A— OB EIZB W TSN B BREGED z A7 ORRE K 2-1~[X 2-7 |ZRLiz. BRI
[l — D e [FIFER F FEHZ DWW CRIBR O Fh 5 15 TR 72 D55 (B ERAEE D C-P,0s & C-M@O %), [Al—®
Fe[F]FER H FUEHZ DWW TR AR D RN H 515 TRl — DRk 73 (B EUEE D C-P20s & W-P205 %) , £ L TlRlERDHh
51 K ONR — OO R 5 C 37522 2 A3 30RE (U R AR & OMIE SV N W ERE IR > C-MgO %) DBtk
M Thb.

HIC, ZORMRKIC z A7 MRS/ RfkE ESINZ 7. ZOBERFATH MO 7 2y M REEROfhH
515 LR — D 5y DRNTE FIEIZ B W TRIMAVRRO DB R THDHEE 2 HiLD.
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30 - 20 ,,
EE 20 1 // . //
&H]I( // 10 T "/
% 10 T I", I”'
—_ ,” /
1: | | y ¢ | | % | " I
; O T T " T T 2 O T T
%3 // M (h ~
S L 2 4 ,/’
& .10 A te
% '/" '10 'I/ ‘7
= .20 +
o ’,’, ,//
30 & 20 K
30 =20 -10 0O 10 20 30 -20 -10 0 10 20
C-MgO [{bRf A S-Ca0
X2-5 FLIUMTOEREAEE K OB AR [X]2-6 FLEVMTOERE AR o
JEALF D C-MgODzZA= T DEFR SMgO—S-Ca0DzA= T D EAf%
¢ [FA—R=EIIBTLz2=aTOTry K ¢ [ BRELBTLz2a707my b
------- B (24 2 7 A UA % 7 3 AR e Y (22 2 7 S U %R L)
20 -
10 i ”"II

o)

m 4

> 0 * | L |

) W O ¢

-10 e
20 £
-20 -10 0 10 20
C-MgO

[X]2-7 FLEWTWVEREAEE R D
S-MgO— C-MgODzA= T D %

o [F—RREIIBTDIz2aT70O7ry b
------- I (22 2 7 M3 E UE 2 7~ EHR)

4) RS BIOERER AR D ST

(1) AfbphEEf K5 (Mois)

2N 136 ERE DO D, B TORBREIMBIHEVEIZ IO AT LT, SBREGE O RO Z X 3-11TR- 7.
T 2.88 % (E &5 #) & Median 2.93 % (B &5y 2R) 130CTRBEL , Nl i ) LRl S au /iR == 132k o
99 % TH->7-. NIQR 0.84 % (& &E/73) 1%, HSD 0.10 % (& &%) LV KEVMETHY, 2006~2011 FFE£ D
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NIQR 0.12 % (& £/ %) ~0.41 % (E &/ =) J ' HSD 0.04 % (E&£45%) ~0.16 % (E&45FR) L L <
H A4 EO NIQR 1T K ERETH o7z, TR L ) LRSI BRI IAFE L e o T, SRt DT
SO AFEA RIIIBNC LRSS T WS SR A B L CHsY, INEVRERIE 3 e MRS TV
HABHE N DR FE R — BT IIEL DENKRELAE LI ENEZDND. EEEN O EICL > TUXEBROIR
JENRENREL RN 5T, SRilE R AR A A T2 EMEELV. Fe, BN OKIRIC
FOREIRRE T HZENHLO THEINZ.

(2) bRt E=T % (A-N)

21 136 RERE DD, 130 AERENZARRE, 5 BRED B 8@ I 7 EEZ W, 13BRE MR
Ea Tz, BB DB A2 X 3-2 1T~ §. SR 9.87 % (H & 453 %) & Median 9.92 % (E &7 %) 1%
SORCTEREL, & TORBREN T E | EifiSi7-. NIQR 0.74 % (B &433%) 1%, HSD 0.28 % (E &5 =K) Jv
REWETHoT2. REECBIT DREERIEOOINIT =T OFHNZ =0, KEE(ET RID LZ TN
®I%, K77 A2 R RO EE IS o0/ B,

25 30

P

L © N % © ® oY Q0
XFPFPIS eSS S g
o (LYY
® (%(EfE5H) S

X3-2 fbREEth o7 E=T HEEFED
ST AR
o mEEbL B &

(3) AbRAEEF DL MY AFR (C-P,0s)

SN 129 FHEREDH D, 128 MRENNNTFTREV T TUMT =0 L35, LBRED ICP 30 6ok
z;_»ﬁﬁu Vo, REBRERAE O A & 1K 3-3 1R T, M 20.64 % (B E 4y =) & Median 20.60 % (L &473) 11

TF L, Ml ) SRl SRR RIT 2R D 84 % THh-7-. NIQR 0.20 % (B &43=R) 1%, HSD 0.45 % (&
E/\i)otm SWETHY, TR | LRl S A7 = 1T 2RO 11 %IZHT=D 14 SHBR=EDFE L, BTN
FTREVT FUBT E=U LEIZEDED ThoTe. <MV ABEORERITIE, FUBHK H K& OERERR o<
Z IR R L, ROk 30~120 5y ORMICHIEE K TIEHZ L _%Ji‘émm\



2013FF AN EKS EE S B D 7= 60 04 [F g a2 A T Bk oo 2 [E1 5Bk p i D fif AT 83

(4) ALEERLH O KEENED AR (W-P20s)

BN 134 RBREDHD, 183 REREN AT RER T F UM T =0 NE, 1 RBRENE) T T HFikae A
72, RBRAE O iz X 3-4 189, HIME 12.05 % (B 845 3R) & Median 12.09 % (& 845 =) 13FE —
L, Nl | LFH SRR =IT 21K D 90 % Tih-7-. NIQR 0.38 % (B &4 =K) 1%, HSD 0.33 % (& &4y
) IDRRKREVETHY, [ E | LRSI 7B R I 2D 4 %lZhi=25 5 BR=ENE YL, &2 TN
REVT T URRT = MEIZED T LI RBR == Ch o7z

30 35
o5 ] 30
25
20
20 N
w15 B
& — 15
10
5 | [
_1_1 < © 0 O N _1_1
= R N BN
™ 0l
— [ap]
[aN] —
X3-3 ALRAEEHF OEEMED AFED 17300
SIMT AR ST RS
OfkE  mEEbLY OREE @it BEEDL O AT J2

(5) ALERAEEF D KN B (W-K 20)

SN 1R FABRE D, 65 BB WGk, 57T RBREN 7L — 2oL, 5RBREN ICP R0y
ik, A RBRENT N7 2= VAT RN Y AR RS Az, F2, 1RBENEFROLER 7L —208
FEEIC LD HENE DO TG A 3T Al L U ClE Uiz, RBRRRE O FEE A 2 X 3-512 R §. E4)E 11.70 %
(EEy=) & Median 11.74 % (& 857 %) 1XUTIE B L i e | LRS-3R == 1T 21K 89 % T -7z,
NIQR 0.35 % (& /7 %) 1Z HSD 0.32 % (B &5y 3R) HIFIFE —HK L7z, R | SRS =B s 1T ko
5%\ZdH7-% TRBRENGES L, WIRIZETROGIED 458 =, ICPI e irikn 2= K V7L — A
WEEVEN 1 3B R Th o7, A EER T L — DN EIEIC LD RS I W CEE D 2 LD E
EATST2EA, ENENOEEEICA EAKYEE B W THERENROLNTZ. 7L — L EEIZIB W TR B
[l DT RAE DI DIV TEY, VAR, 135 EDIAEWEIC LD VY LA EE~DOBA DT HIFED LS
EVRAE T DR EAIRT 2HDOMADZEAHER TS, 71— 2O EEE R ORI TRIE 3 DR8I
EROEREICHEEL, RRUIAERERIZ OV TS, REHOBEELHICREZLNELLZENRH LD TEH
HNCTR T MR DD, Fiz, B EIIIHENAR OMWEZEN RN ET 5720, MIERHIZITEBHR & O 1
IROMREE, BEALA K ORIR 2R — & T HZENEEL.



84 NERHFFE R Vol. 7 (2014)

(6) Abfeth o< 1 (C-MgO)

2N 129 HEREDH D, 116 FRERE DR 7-WovE, 9 BRE D ICP R ok, 4 3Bk EDTA 14
Tz, RIBREGAE DB A 21X 3-6 1R T, A 6.19 % (E #453) & Median 6.18 % (E &7 %) 131X
E—BLU NS | LR S 7R =R T 2R D 86 % Th-7-. NIQR 0.13 % (' #:/533#) 1% HSD 0.19 % (& &5y
) LIS EE 22 o7, TRIIE | RS MR RITRIED 9 %lc 725 12 R E A4 L, WAl
JFF- W SEVED 1L BRBRER, ICP R L/ M HrikEns 1 3BhE Chorz. FFIOEIE K OV ICP F 0 b AT ikic
FB MR I DWW T EED LD EEATHT2E 25, TRENO MBI H BKYE 5% THERAEIT
PRDIRoT=.

10
35
30
25
w20
15
10
5 . b
oL fosod %]
DRl e B il Bl i 2888328888398 Y
NS S S S S S SSSS 1518 © S © S S S DS S D S S
e O A O A A
(% (L HEIT=R)) - (% (H#EITE)) <
[X3-5 ALRAEEL T DR AN O 534 RchE X13-6 LA O<TENEE T T ki
=il [ B ol AN wrare B N 7528 OAME BEEbL iR

—— AR =T —A

(7) ALRRAEEL KB 1= (W-MgO)

2N 120 BEREDH S, 109 FBRE G WOEIE, 7 3 BRED ICP ROt ois, 4 3BR=7Y EDTA %
R SBRAAE OB AT X 37 12T, FIME 3.75 % (E &4 R) & Median 3.79 % (E &7 5R) 111%
(F— UM L ) LTl V7 BB 13 42K 0> 99 % T 72, NIQR 0.68 % (E 453 ) 13 HSD 0.12 % (E 47
) LHBE LR E MEL Ao 7. TR ) LRS- B R IIAFE L o 7o, JRFWOEER O ICP 364y
HHEIZ LD 3T A I DV CREMED L DR EEAT T2 A, ZNENDONEEEICA EKAES % T
B EIRZETRO T,

(8) AbAAER DL EE M~ F 2 (C-MNnO)

SN 115 RRE DI D, 102 RERE D T WObE, 9 BRED ICPFL/ e, 4R BRE gy R
VT DEE W, RIBREGE O A% X 3-8 12T, “EEIE 0517 % (B &47 %) & Median 0.513 % (&
B IRTT B, Nt ) SRS BRE X 2RO 77 % Th->7-. NIQR 0.014 % (& &473%) X HSD
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0.023 % (E &5 3) LH L T/hSVMEE R o7, TR 2 ) SRl S 23R TR D 10 %ldh7-5 12 3R
EDRLAL, WIRIIEFIROEIED 1053 =, ICP I/ miriEds 23R = CTh o7z, JR+RotiE & OV ICP
FEH K HHEIZ LD W AR I DWW COERMED L DR EEAT o728 25, TNENOFHMHEICAH B K
5% CH BRI T.

35
30
25
45 20
[ o
10 [ S
5 b
o Lot =
00O T 00O N T 00N ccococooooo o
2N I A R A = R R B R
o o & 1111l lll1E
(% (B2 )) s (% (LAY )) S
B3-7 ALRAEEEH KM o 3-8 ALAEAEEN < Bt~ B D
SIHT RiAE IS M
B 2 mEEDL BiifE mEEDLLV DA

(9) AbEAEEF O EMEIEH FE (C-B203)

SN 104 REREDH D, B W ERENT Y AT H 15, 8 REREN ICP R ik, 1 BR=137 /173
AEE Tz SRBRGAE D EEEU A A X 3-9 1R T, S 0.248 % (B &4535) & Median 0.246 % (H =47
FYXFFE—HLNHE ] EFHiSN R =X 2R 89 % TH-72. NIQR 0.014 % (E&4r3) 1L HSD
0.012 % (& &E/m=) HEFE L7, TR E ) ERHMliS B EII 2R D 7 %IdH 722 7 i BR=E1F% YL,
ETCTY ATV HIEEZBRALZRBRE Cholz. 7V AF v HIER ONICP R e mWriE i c L0 W g o>
WCOEBED LD EEAT ST 2 A, TINENDNEMEIA EKYE 5 % TH B Z2ITRBD 0Tz

(10) AERRAEELF D UOFE A (T-As)

S 52 W EBRE DD, 29 iR BN =T )L TF A AV S EEERE, 17 RBR=E N EOGTE, 6 :BR=)N
ICP &0 e AT ika e, BRBREGE O S A 21X 3-10 123, SEfE 10.22 mg/kg & Median 10.31
mg/kg 1ERCCTREEL, [ e | SRS 7 R R IX 2R D 90 % TéH 7. NIQR 0.99 mg/kg (£ HSD 1.16
mg/kg &L T/ RSUWMETH 72, TR L | ERHIS IR BRI L 2RD 4 %2722 2B Y L, &
T ICP D IEONIEEL R LR E Chotz. VT LD F A S SIUERE M OV TRt EIC XD
SRR DV ORI D L DR EEAT 12825, TNENO MBI EAKEE 5 % TH ERETR
b OVAVIESSY el
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35 19
30 "
25
8
20
¥ | P —
% 15 ] % -
4 \
10 '
A1
5 2 ,‘I
o = BRI A AN q .
Lgegsgsggess oo @S ® o oL
2RI TR TR T TR TR T TR AN I S U === i s I B e
Sl - 22222222&
= =) —
(mg/kg)
(%(E &) 3-10 {LERAEEF T D OFERBED BT E
B3-9. {LRURHR OO FEHEES 30D KO0 LRI ORI
i — s
B mEEbLY ol LI

(11) bRt oA R 242 8 (T-Cd)

BN 65 HEREDH L, 57 BB T-WOETEE VTR, Z0O) bR L 9#BRE, D2 M E1E)
21 R, B—v U AMlEED 26 3RERE, D2 #iEEK OB —~ U Al EIEICEDREMEOEEEOREDN 1
RERED o7, Fo, 8 BREREN ICP R/ M /mirika iz, BBRAAE D FE R i 2 X 3-11 12”9 18
fi 3.07 mg/kg & Median 3.02 mg/kg 1T BEL i & | LRSI 7 iR == I3 2R D 82 % TH-72. NIQR
0.24 mg/kg % HSD 0.41 mg/kg K0/ NSUVMETHo7=. TR S | EFES =B == X 2R D 14 %lcH7-% 9
AR L, WRRITIS BT 5 3 3BREE, D2 il EVED 4 R =, B —~ U MiEER OV ICP ¥4t
INTENZENZ N LRBRE CThoTz. T ROEER O ICPRE L MRS LD M AR I D W COEED
FELIDREEATSI2L A, TNENDFHMEICHBEAKYE S B THBRELZRDT. ICPIRIN LI
FOHRIY 2ZWPETHET, HWERRIZES> TUIORFOIF TR OZEIZIVTHT L5605 57 D%
Bz,

(12) FLSWT OB B O "R OEE (S-SI02)

BN 60EREDHI D, 46 RBRENT AL AU L3k, 11 R BREANEE e, 3BR= S e EE V.
AR EGRO R % X 4-112- 7. SEEIME 35.15 % (B 55 3%) & Median 35.18 % (& 547 3) (X2E—HL,
(i 2 | LEI S - R BR 2 1T KD 88 % Tdh-7-. NIQR 0.55 % (E &4y ) 1%, HSD 0.59 % (E &4y =) L
/NEVME TH 72, 2006~2012 4D NIQR 0.48 % (H &5 %) ~0.87 % (EH & 57%) L VY HSD 0.53 % (& &
73ER) ~0.60 % (EB/YH) LFIEEDLRMETH 7. TR | SRS =R = 1T 2K 5 %icdhi=d
3RBRETHY, WaRIZ7 AL LED 2 3 BRE, W FRIEN 1 i BRETh-7-.

T oAbV 2E K O B IEIC LD 0T I DWW CEBED ZEIC AR EEIT o128 24, F1LF
DN-EMENAH BAKUE 5 % CTH BRI T.
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LFIREIESESRIEIRI S
Sl
™ (mg/kg) «
B3-11 ALRIEEI R ODRIT AEBDOSHT

= ile P —LL

E— S Emammd L L EiH AN

= Xe= D24 1F e P — < M IE

e [CP—AES

16

b o
je Oy by 0y )y 10 Sy o)
XTEEEEEEE828S
32882222222822
o (% (B &) gl
K4-2 SRSV ERE AER
TIN5 DAIHT AR
E— e m— DL
e R = o= o G- RDGTE
EDTA

(13) FESWIFWERENEE DT VY 55 (AL)

SN 78 AERE DH L, 59 FRER B NNFE - i, 15

12

12

FRERZE N EDTA 1%, 4 3RBRZE D ICP R 64 6otz

33.6LAF oo
~33.8

~34.0
~34.2
~34.4
~34.6
~34.8
~35.0
~35b.2
~35.4
~35.6
~35.8
~36.0
~36.2

36.384 F [1]

(%(ER5y=R))
X4-1 FEESWTWOERE IR D
AR TR O ST AR
O 2

o 2 BEEDL

e R et A Rt A N
XRERIIAXRBSIRE o ny
R AR A S IR
- (% (EL L5y 5) ”

X4-3 FESWITOERERER O
AIYAME K D Ay HT Rl

B il 2 mEEDLL i
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Az, BRSO S AT 2 X 4-2 (o~ d. SEH)E 36.78 % (B & 47 5) & Median 36.79 % (& &47 ) (31
F—EL, e ) SRS 72 BRE 13 2R 88 % Toh-7-. NIQR 0.95 % (& &5y=%) 1%, HSD 0.61 % (& &
SER) FOREVETH o7z, TR | LRS- = IT 2 4 %lcdhi=b 3 RB=ENE ML, Wikl
EDTA {E08 13BR =, JFFIOBIEN 2 = Th o7,

JEFWEE KON EDTA {EICED 0T AR DWW ORI D ZIC LD EE T o122 A, TN D)
EICAH BKHEDS W CHBERENRDLIL, F-Wtike gL CEDTA B EEfE A1 2R LT, A RIOFES U
TOWEREIEEI O I~ B2 E a8 T 585408, EDTA Ik COMEICBITD T TADBMELE LT, v 7T
MBI DB INZ BT~ T DB E R VBN 5.

JR W tiEA Az B9 RIBREE [ OY ICP F8 0 e a iTiBz iV iz 4 BRBRE DS S 2 3B, 551 61 35k
E) D SCa0 U SMQO O HTHEOHEE 51T 7. TNHORBREAE D FEE iz X 4-3 K XK 4-4 | TR
9. SCaO Dl 30.19 % (B &4y R) & Median 30.09 % (E &4 R) 1300 TEREL, NIQR 1% 0.70 % (H &
DER)THY, 1 RBREN R ) EWVIOFE R TH -T2, —J7, SMgO DFEHIE 4.59 % (EE4yE%) & Median
4.62 % (B 857 2) [TFT—HL, NIQRIE0.16 % (E #533#) THY, 5ilBREN AL | LV IFER Th o7z,

10 16
9
8
7
6
5 I
B, L JiE
3 1 B
2 f - B
g &
o Lo
LRBSUlR38RR888Y FIEZEEERRFEES IS
NS A A A A AT IR AoB BB BB BB FFFFR
R A A R A A A AR A R AR O O I =
w’ - (% (FLR:5 ) N
(% (EL 5y 55) o b RERE)
B4 SRSV OB B 0D T 5 1> K45 FECT ORI O E L0
ISHT RS S HT AR
OE  BEEDLY DR ofifie  mEDLLY O E

(14) FLSVT WO R OB 1 (C-MgO)

LN 79 RERE DI, 68 MERENFTWOLEE, 7 RBRE)S EDTA %, 4 iRBREDS ICP Ry etz
Tz, SRBREAE D By A% K 4-5 127 T, FHfE 3.88 % (& &5y 3) & Median 3.77 % (& &4y 22) 1L Tehf
L Qe N ) SRl S 7= B = 1T 2R 85 % Téh-7-. NIQR 0.14 % (E &5r=R) X HSD 0.12 % (& &
) LIEFE B TR S SRS 7R I T 2R D 13 %IZdh7-5 10 MBR=ES %4 L, NaRITR T
WOEHED B R E, EDTA 1E2° 4 3 BR=, ICP 60 e riEsy 1= Th o7, iRtk & O EDTA
B XD T AR I DWW ORI D I L DR EE AT ST 2A, TNENO MBI EKIES B THER
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ZITFRD 72Tz

LSV O IEEHT W T, sBHRSRAE IS K> TEFE T EN R 2> TRY, G AP RoED
C-MgO 3 i 1% RSDrob 3 XV ML 72 D A A3 A D417 (32 5-2 LD, 2007 4F-0 6.6 %, 2009 -1 8.7 %, 2011
D 6.8 %). ZOxIREL THEIEFEIZ TR O BT LAl H 2 O R A B EA TR ELT2L2A, &
FEFEDPLS DT OBRE IEEHIR G A FE T K THIELOENRELRDZEN T RIS, RSDrob 1Z 3.6 %
DFERT, IWEOELLEL T/ISWMETHHT-.

5) BIERERVREROEREFTEREROMER

B ARZE ST REVT T UBET = METRBRUZRBR SR I, 007 S O SRR M & O WL
FEDOHELRDT-.

ZOFER, NFPREVTFUBRT = NEE O CGRENL7Z 128 B EDH D, JIEN K1 119 B =H
HHIENRHY, WEKEEZK S UICRBRERER 7 IR, ZOREE, 420 nm 1% 83 352 (70 %), 400 nm,
410 nm KUY 415 nm [3& 1T 31 3BRE (26 %) ICHNOGITEY, ZOMOE RIZZNAEI 1 3 BRETH
STz Fiz, WER EROARR R (22227 >3]) KO OEIA I RFE T HHEANITRO LR o7z,

119 5B D DAFHENR S OO BE DR 2300, IE J7 1 X ﬂ@ﬁ@{ﬁw)EH@J?/E%’U@%E%%%@E?%8 TR
L7z, 94 B BRE SR EMEZ Y, 25 IR DR ZEEZ VT, Ez, 95 RBRE D30 AURE (P20s) &L Cilll
U7 AR A Y, 24 RBREDV A (P) LU CIRBL 2R HEIR 2 FH O Tz, Rl 2 5 O OFIA 12D
THRERIELREREICOWTHEERZTRO LN -, LnLRNE, VAR (P0s) &L TRl 7= ik
WA O R B EDOFEIG D 4 RERE L DN 4 %I, WA (P) LU TR A B A2 =
A DTN QFREREE K TN 38 UL BHE /2 253 F8 D BTz, ZOZENAFEE TR -T2 20, MENOER D5 D

WERRETT 57280, % bIHEZ ML TWOETL.

F72, WERHFELL T 400 nm, 410 nm, 415 nm i3 420 nm & AW 72 EHRRIZ W T, e/ TIREA VLT
AR ROEEEEHL, 2O EEZR 7IRLZ. 2OREE, WIERKE 420 nm (28T 5B &0 H i 0.234
abs* 100 mL/P,Os-mg T&Y, HIE I £ H/INSLRDIT 2N TEDHE] ?U(%Oiw, A 7E % 5 400 nm T3 0.385
abs-100 mL/P,Os-mg T 7=, ZAUTIWLIEEE #ifR'O & —Hd 2 THY, ThHo NIQR 1% 0.006 abs: 100
mL/P,0s-mg~0.014 abs: 100 mL/P,0s-mg L FEF IZIES S E 1T/ N Eh o7z,

K7 <EVED AR ORI E R R LB ART

ERE fx
E I Ep1 WA R Rl E0E S (%) ki NIQR”
420 83 5 6 0.234 0.006
415 7 1 14 0.258 0.012
410 18 5 28 0.298 0.012
400 6 2 33 0.385 0.014
Zoi 5 0 0 — —

1) Hifir: abs-100 mL/P.0s-mg
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#8  <EMED AR O E J5 15 L AR T

HE J5 15 X% iR == 3

R avehen BESS AR RilEOEA (%)
Reis 94 12 13

RFEE 25 1 4

P.0s" 95 4 4

P 24 9 38

1) DAL (P20s) &L CHE Mk 2 i
2) VA (P) &L CIEER AR Y

6) NmEEBRLTMEROER

ZOOHNENG L AR (T ER L TR B S BRI A SR D72 L 24, R 9 DEFsY, 149 iER=E (96 %) 2D IE]
KNt ot 82 ﬁ%ﬁ%( R 53 %) SNEL i E B B Z FE ML CTIsY), 67 iBR=E (B RD 43 %) 2832 fi L T
ot Eiz, W RO OF BEREIE L T, 33 RBRE (2R 21 %) M RFHEREYE, 47 ikl
(21K 30 %) b)L%E@é#uitﬂ%ﬂ%wﬂ Ve (BRI AT .

SEEMED AR DFRBR AR 23 1T DN EL B A BR O RN R 23R 10 1R LT, WSS e L 725 & DR
i (22237 >3) # L OZFDOEIG A 5 RBRER N7 %ITHL, EiiL TORWEEETE 8 BR=E K N 14 %&
FEVMEM 2B O DT, iz, Nl EE OO OEFFEIE LT, SRR MY E X3 B & e 2
FAWT=5 8 ORI S E I OF OFEIE 1T 13 BR=E T 0 FBR=E K TN 3 %1% 0 %l i T B AT/l Br ik &
R

B, BEOID, IEEEIAEEYE (5 AL IEE FAMIC-A-10) O <EEMED A BE O R L E & PR R AR
fiz X 51ZRLTz. 30 FBR=E DO D 29 FlER == DRABR AT AV ETHAR LN THY, 1 5B = O RBR A ML E R
PINTH Tz, 7238, ALERRE B2 D5 BR A 137227~ 7.

9 PR BRI
% VR B SRR (I )
B 2% RAHEREE  EEOImERE M E OFERE
B PR BR I e 82 33 47 9
R BB AN i 67 — _ _
7 — — I

PR
kil

¥ |Er Eo

=
[
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10  PNERanEE BERBRIR DL & TEMED AR DO RRER

B FRUBHE O R O A
BERH ORI Bl PIRIEE  FEOES (%)
ﬁﬁﬁ 67 5 7
bR e T 33 1 3
@%@;ﬁt A 32 4 13
Tk v 7 0 0
Al 58 8 14

1) #EEFE TN ENIIAT T
2) PRSI A HRURR S

12 ~ hRfE
TA i 5
|
nE I nEE
Ny
EH#R
|
| 1
| |
| 1
| |
| 1
| |
| 1
| |
| 1
| |
| 1
| |
|
I ‘
— ™
n O N O N O Nn O N o nmnowmo n o un O uwum
CRNRXXROOS QA ANNM®MT < NN
a OO OO OO OO O OO OO O OO o o o o
o B o B o IR B R o IR B o O o IR, B R o |
T—4 K

X5 REBFEREEEAEYE (5 B LR R FAMIC-A-10) D<K EEMED A B D PN G e e PRER R Al s

6. ¥ &

2013 4 FEANET RS FE A B 7280 O S [RIFABR 1T, (LR 10 53 1C 143 3RBR =R, SLEV OB AR 3 5oy
282 ENS U, FilBR i E n SANEIZLD z2aT7 2 W CEHIIL =224, T2 (J2|=2) | S5
SNTZRBREOE|A 1L 77 %~100 %, FT i 2 (|2 = 3) | LRI SRR E ORI E1L 0% ~14 % ThH-o7o. 4
REL TP Mean &0 i Median IHIEE — L7228, — B COCTEEL 72 B b A5, AAVED 2L
ZFTCNDIENEZ LN %ﬁi&@aﬁ%/ﬁ (&G T 7RBR=EL LA L IR OWCORSED 7
ERRELT2EZA, W-K20, T-Cd L Y AL BISAD RSy T ERNCA B2 23RO bR o7, TR 2 53
% BBV ST LT R FROE I ZORE SN A M R BB a7, I ROGIEIZIRD T, MR 2175
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BRI EAR O EAEICEE T 501, SAEEROMGEEITV, BEDOOITHEEROE B EE 2L bi
72U E iz, ICP G e HTIEIZ DWW T, BT IZE - TR 1 22 A A o MBI s b7z 7
DEETLLERDD.

EEE > BT I LR B35 FEBRERIEN <, B 2« O FIZBHA0ENRHL. £, BRBRSAEOE Ik
EHELRT D720, IEHEAAEEY B 2 O CN S i B BR A HEE 5 5.

&

ZORFERBRE EM T DICHIZY, SO RN, WEMRRES RRTHMAZBYEL, AT oh
VRS TS A O HARE TS A & LSO BERE SALICREH B £7.

X ®

1) ISO/IEC 17025 (2005): “General requirements for the competence of testing and calibration laboratories”’
(IS Q 17025 :2005, [FXERAT K OBLIEREBIDBE /IIZBE 35— MR I ))

2) EMOKFEMNE RSN 2 — (FAMIC) : IEEIRREFE MY & OB AT I §E This

< http://www.famic.go.jp/ffis/fert/sub6.html >

3) ISO/IEC 17043 (2010)' “Conformity assessment— General requirements for proficiency testing” (JS Q
17043 : 2011, A PERHAM — HRERER I35 — R ER 3R H )

4) Thompson, M., Elllson, S.L.R., Wood, R.: The International Harmonized Protocol for the Proficiency
Testing of Analytical Chemical Laboratories, Pure & Appl. Chem., 78 (1), 145~196 (2006)

5) JREMOKPER [ EBRBEEARBTFERT SRR AT (1992 £4RRR) , H ARIEREMUE W2, HAL(1992)

6) Horwitz, W., Kamps, L.R., Boyer, K.W.: Quality control. Quality assurance in the analysis of foods for trace
congtituents, J. AOAC Int., 63 (6), 1344~1354 (1980)

7) Thompson, M.: Recent Trendsin Inter-laboratory Precision at ppb and sub-ppb Concentrations in Relation to
Fitness for Purpose Criteriain Proficiency Testing, Analyst, 125, 385~386 (2000)

8) Horwitz, W. Albert, R.: The Horwitz Ratio (HorRat): A Useful Index of Method Performance with Respect
to Precision, J. AOAC Int., 89 (4), 1095~1109 (2006)

9) AOAC OFFICIAL METHODS OF ANALY SIS Appendix D: Guidelines for Collaborative Study Procedures
To Validate Characteristics of aMethod of Analysis, AOAC INTERNATIONAL, (2005)

10) BEEFIEZS 55 ORETREMRAEEN 0 ATIE, p.108~114, FE AL, HUK (1988)
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Result of Proficiency Testing for Deter mination of Maor Components and Harmful Elements
in Ground Fertilizers Conducted in Fiscal Year 2013

Aiko YANO!, Masaki CHIDA?, Etsuko BANDO?, Chika SUZUK I3, Y asushi MIYASHITA?,
Shigeyuki INABA®, Natsuki TOY ODOME?, Yuji SHIRAI’ and Masashi UWA SAWA?

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
(Now) Fukuoka Regional Center
2 Food and Agricultural Materials Inspection Center, Sapporo Regional Center
3 Food and Agricultural Materials Inspection Center, Sendai Regional Center
4 Food and Agricultural Materials Inspection Center, Nagoya Regional Center
(Now) Ministry of Agriculture, Forestry and Fisheries, Tokai Regiona Agricultura Administration Office,
Food Safety and Consumer Division
5 Food and Agricultural Materials Inspection Center, Kobe Regional Center
6 Food and Agricultural Materials Inspection Center, Fukuoka Regional Center
" Food and Agricultural Materials Inspection Center, Fertilizer and Feed | nspection Department
8 Japan Fertilizer and Feed Inspection Association

A proficiency testing of analytical laboratories was conducted in fiscal year 2013, using reference materials of
ground compound fertilizer and silicate slag fertilizer based on ISO/IEC 17043, “Conformity assessment—
Genera requirements for proficiency testing”. Moisture (Mois.), ammonium nitrogen (A-N), citric acid-soluble
phosphorus (C-P.Os), water-soluble phosphorus (W-P.Os), water-soluble potassium (W-K20), citric acid-soluble
magnesium (C-MgO), water-soluble magnesium (W-MgO), citric acid-soluble manganese (C-MnQO), citric
acid-soluble boron (C-B20s), total arsenic (T-As) and total cadmium (T-Cd) were analyzed using a compound
fertilizer sample. Acid-soluble silicon (S-SiOy), alkalinity (AL) and citric acid-soluble magnesium (C-MgO) were
analyzed using a silicate dlag fertilizer sample. Two homogenized samples were sent to the participants. From the
143 participants which received a compound fertilizer sample, 52~136 results were returned for each element.
From the 82 participants which received a silicate dag fertilizer sample, 60~79 results were returned for each
element. Data analysis was conducted according to the harmonized protocol for proficiency testing, revised
cooperatively by the international standardizing organizations IUPAC, 1SO, and AOAC International (2006). The
ratios of the number of z scores between -2 and +2 to that of all scores were 77 %~100 % and the results from the
satisfactory participants were amost normally distributed. The mean and the median of al elements dlightly
differed from each other. The median-NIQR plots were distributed near Horwitz curve for each element, and the
HorRat values were less than 2.0 for all elements except for 3 elements. Where more than 7 results were returned,
no significant distribution difference was observed between the different methods used except for 3 elements
(W-K20, T-Cd and AL).
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Key words  proficiency testing, compound fertilizer, silicate slug fertilizer, harmful element, ISO/IEC 17043,
ISO/IEC 17025, z score

(Research Report of Fertilizer, 7, 68 ~94, 2014)
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8 2013 BHZEIMEEMEDESR
— EELREE FAMIC-A-13 OFH —

MEE—", \ARHFE ", EaAM? ST, REET 3,
FEMEF TS BARE, BRI A, As!
F—O—F  EIEEEWE, & E A EE, ks, ISO/IEC Guide 31, ISO/IEC Guide 35,
)R

1. [XL®HIC

MSTATEE N JEMOKPEW B 22 il 2 — (FAMIC) Tl, 2227 B D@ A Helr 3+ 5720 123 A
BEERML, ORI ELTAEEO TR B O FERG Do a2 B L TWD08, ZIbD 2179186
TeORBRIE DB TEMEIR DS RO HIVTWD. TERTEY, IERHEFESE GO MEE B, AFEFEL DO T
(KR 2T T2 T BE, BEEHR A RS BE 5 03 BR = I, BB AU DS TEMEHER: K OV i Hfi o B Eod7-
EHHUR SRR SRR E B VIS LA NSRS LS B AT oA, IS Sl Ee e O iR ==
OILFEFBRICS I TOMBREEEE B A L D, IT4F, ERRA72ME S MmO B X e, FosEIC
FBUWTH ISO/MEC 17025:2005 (JIS Q17025:2005) 2 D E R FIHA S E (C LTS AE D E HEMER DB 2 )7
NHEBEHIITND. ZOERFHIZISUNCIRBGEE EYE O & M 89728 H ) K& OV ERERFT [ 0 Hele 3 He
HERRBR T 00T DD SN | BHERS LTS,

BUE, FAMIC IZ3BW\ T, IERRREAEYEME A (B B LAIED , IERERREEYEY E B (B b AAEER K
OEELRAEAEY S C (BIRREEIEED 2R 8L BGEL TRV, ZNHOFHRICOW X E BRI A PERER O
728 1SO Guide 34:2009 (JIS Q 0034:2012) P D5 etk OVEREICB 32 ERFIH 22 Z 1R LEL,
ISO Guide 35:2006 (JIS Q 0035:2008) ¥ &£ & |\ Zfif#hi%1T-7- T ISO Guide 31:2000 (JIS Q 0031:2002) ¥ %
BEBIFE R OT L EER L CODHEZATH S, 2013 4 FLITHTIIEEEBRHE Y S A (FAMIC-A-13)

ZIRBLL, ZOFHRNIZIONT 10 RBR=E CTHhFERBRZ ML, RAHEOMEFT 2L 720 T, TOME s
W7 2.

2. MREUVAHE

1) EHDEE

JEERREARYEYE A OFEMELT, BYeEpE 7 7 VA St ®iR T8 T, IRE, MRT7 =7, VAR
TURST, IEROAE, SACINE, AKERLIE SRR, (SRR AR KL K ORER 2 JFUREE L CRbGE S L IO
mn EEAU AR A e, A DR EITH Tz - T, B ALED A E BUE I BUE S AL TO DB RARENCh- T,
R EREELT, K, VALK OINEBEZZNEN 10% EEFTLIE, &+, v~ B0 NI FEERAE

VIRSIATEOE NEMOK EE TS B R RN 2 — RN AR A
PMSTATEOE N MK PE B 2 2B 2 — JEEENZ 2R (B) BAOKER - 2 42)R
S OMSTATBOE NEMOKFEW B 22 2B & — IREIRHE RRAT (B @5 —
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R ELTEATHI LML

2) RAMREVHEMHORES

BELABEHE, FAMIC JEfELZ A S AR AL = 1 2 Tz
ZIEETDETHREL, AR ERE LR BN KESLFL TN 2R %, JKIRALTHERL, K
160 g T DT T A NTL, BEL.

3) HABRRLH

RS, HBHE 500 pm O 5250

MR E I EE DX, BREIEEIORFERICRHMS N TODIRGER D DI D, BHR AR, TE=THER,

SEEMEV AR, REPEINE, P L, <Eth~r e R OKEE

ZELLUTUKGOREBR & LT

7@@;:+ 7 W %uﬂ%ﬁﬁk kbf\_ ifx_;

1 NEEEEREEEY B A AORER A H K& OBk iA

o AERTEH SR IE O EL
S I\
PURDLS F2) ARHKFR SR 7 v
7Ky (F0) 3.1.a — e AN TR R R
4.1.1.a TIVHE — ViR R rR RO
ZrdE A B (T-
ERER(T-N) 411b  — R KETE
N ) et RIVLT VTR,
ToE=THEEFR(AN)  4.1.2b e (1420) T
SR 2 (O . NFRE)TFURET S
SEEVED AliE (C-P20s) 423.a <Z AW (20 mg/mL) fifiHH & NI
V) 3 7 L— WA
RGN R (W-K20) 433.a Kl T — I
<YEPETE + (C-MgO) 4.6.2.a <z AW (20 mg/mL) fhH 7L — LR ROTE
M~ A (C-MnO)  4.7.2.a <z A% (20 mg/mL) HhiH TL— NE e
1R = (o N, T AT R
EEMEIEH 3 (C-B03) 4.8.1.a <z AR (20 mg/mL) fifi O

1) JEEHERERIEORERE B & 5

4) RERAE

A ARy DORERIEE L CIERFERIBRIEY (£ 1) 2 Ve,

5) HEHRERHER

[UPAC DO#FEEREBR 7 bl D OBE MR ICHE, IEBERAFEEY S A A (320 ) BT 2 LI 10
B R X B - T E MR BRI L, 2N ENORERE % 2 MOHMT T & LRNERF CRERL T8

Fg %Eﬁnu uﬁ%@ﬁk‘fﬁkbﬁ_

6) HREHER

AAEEYVE OFBAEME DR E DT, 10 BRI XD ARl 2 J4hi L 7-. 45 5B == 3 ARk Rk 2 2
AREAL, ThENOREHIOWTHZZEAT 3 /T TRBREzRmL 7. Wi EE, <EE~r T koK

EMEIFO B I/ NECE 4 fra2 U AL NS

3NLFET, N D RTINS 3 (& DUFE AL TN
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B2 ETITADDHZEE LT,

JL[EFABR SRR E (-5 I8)
A TS BRI
/NP AL TR e L
a—7 IS SIE T
SASETEN B ARSI E e A
MNTATBUEN BMOKPENE Z et 21— At 2—
MNTATBUEN BMOKPENE Z et 22— it 52—
MNTATBUEN BMOKPENE Z et 22— et 2—
MNATBUEN BWOKEHE 22kt 42— 4ahEE 22—
MNTATBUEN BMOKPEEE Zafdirt 21— @it 22—
MNTATBOEN BMOKPEEE 22t 22— AES

3. MRRUEER

1) BEMEERR

BB NEMe R BR D R e N DRERE D — TEIE B S LD BT D EbN- R st B A% 2 IORLEZ. OF
ITHEEEIZ DWW Tar 7 (Cochran) 1 E I K HAMUIEIL T R TO R ITIB W TRRO BRI >T2. IIT, —T6
Bl B Z LD BT D FRUE (A K HE S %) 2 F2 L 72 /E 5L, T X CTORBRE IOV GRUEHHICH B
RAETROON2-TT . Fie, PHTHAERERZE L, 25U TERLIZKDD 4.5 %EHRE, 0.6 %~
2.5 % ThH-oT-.

2) HFEIFHERAE

FRBRED O SN R Z 3 1R, SBRak sy OB kA IC OV T ISO 5725-2:1994
(JIS Z 8402-2:1999) ¥ %S & T aHLER I 52L& L, RBEAEDIMUVIEZ I 3572912, =277 (Cochran)
FRE K N7 X (Grubbs) i EZ FEREL , A E/KE 1 %DM UEZEFRINLT-.

7283, 2EETIZar 7 (Cochran) FRE DR UKL )l M OREHE(R 755 O BfRE £ 4 ITRLTZ.
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K2 EMERER B ORISR
I‘Zié]’fEZ) Sr4) I{S])r5> Sbbé) sb+r7) RSDbﬂ‘S)

= N =t 1) 9)10)
R AR ) ARBHE 0?0 %) P o) (%) F i
/K5y (FO) 10(0)  1.62 0.07 4.5 0.04 0.08 5.1 1.56
2 FH 48 (T-N) 10 (0)  14.90 0.23 1.5 0 0.23 1.5 0.32
ToE=THZEFE(AN)  10(0)  10.25 0.10 1.0 0.05 0.11 1.1 1.44
YEMED AU (C-P20s) 10 (0)  10.82 0.16 1.4 0 0.16 1.4 0.47
IKEPENN B (W-K20) 10(0) 12.92 0.08 0.6 0 0.08 0.6 0.78
EPETE A (C-MgO) 10(0)  3.15 0.03 0.8 0.01 0.03 0.8 1.09
< WM~ A2 (C-MnO) 10 (0)  0.354  0.009 2.5 0.004  0.010 2.7 1.32
<ENEITZD 5 (C-B0s) 10(0) 0.196  0.003 1.5 0.002  0.004 1.9 2.27
1) SR VBRSNS OREHL, () OfEiZ Cochrantf EIZ LS I E 72~ 7= 3B
2) MSERIE O HAEBRSME DB 2 s OF T 50 4T)
3) BEE
4) DM TEEER =
5) DHTAESHE R 722
6) FBHEIE (R 2=
7) O THS B 2 G o a2 Sp4r =V Spb” + 5¢°
8) DTS % & To R AH S YE (iR 72
9) —JohLEY B HTIC K E SN b
10) FFRSUE :F (9,10:0.05)=3.02
723 L [RIBBRAAE (EEDHE %)
A" ) EHL
A 1.08 1.06 106 106 1.06 1.12 15.02 14.90 1491 14.89 14.99 14.82
B 1.41 1.42 143 146 144 143 14.85 14.89 14.81 14.89 14.79 14.98
C 113 1.13 1.12 128 145 1.33 15.11 14.99 15.00 14.99 14.97 14.92
D 1.59 1.49 1.59 .09 1.07 1.15 ¥ 14.95 15.10 14.80 14.53 14.94 14.78 2
E 1.60 1.55 148 159 1.61 1.48 14.81 14.76 14.77 14.83 14.84 14.80 ¥
F 1.49 1.71 1.57 1.69 1.55 1.53 14.84 15.19 14.77 14.36 14.80 15.18 2~
G 154 1.62 158 163 1.78 1.79 14.86 14.91 14.88 14.80 14.85 14.77 ¥
H 130 1.30 1.31 134 135 1.29 14.73 14.82 14.76 14.76 14.75 1471 ¥
I 1.77 1.67 168 165 1.62 1.67 14.66 14.58 14.61 14.56 14.46 14.58 ¥
J 131 137 126 136 135 1.31 14.86 14.86 15.01 14.79 14.94 14.98 ¥
1) HFEFRERICS IR ERE OS5 (IEAFE)

21777 (Cochran) i E 2L H4MUE

F LSO T7 1k OKGr FHI KDL EE) Tl Sia =, TIIE Ve h o7z,
TN — ARIZ L DR

PRBEVE I C L D3R

D R W N
D T —
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K3 (FEZ)

(BLELSY %)

shERE) ToEST RS IEVED AR
A 10.66 10.57 10.58 10.61 10.55 10.57 10.72 10.73 10.77 10.71 10.69 10.90
B 10.65 10.73 10.56 10.49 10.65 10.51 10.83 10.78 10.69 10.82 10.71 10.63
C 1028 10.33 10.32 10.06 10.14 10.14 10.78 10.75 10.80 10.85 10.87 10.75
D  10.56 10.46 10.57 10.37 10.36 10.38 10.97 10.87 10.94 10.75 10.68 10.71
E  10.07 10.07 9.99 10.05 10.04 10.06 10.77 10.83 10.92 10.82 10.88 10.73
F 10.18 10.28 10.19  10.38 10.26 10.10 10.70 10.79 10.89  10.95 10.95 10.91
G  10.54 10.53 10.53  10.54 10.55 10.59 10.70 10.80 10.75 10.86 10.82 10.93
H  10.63 10.63 10.62 10.45 10.45 10.56 10.81 10.79 10.77 10.69 10.73 10.78
I 10.21 10.20 10.22  10.25 10.23 10.25 10.66 10.68 10.78  10.73 10.57 10.71
J 10.31 10.28 10.40  10.30 10.37 10.39 10.83 10.82 10.83  10.78 10.80 10.80

(&5 %)

A AT YR+
A 1329 13.12 1296 13.03 12.99 12.98 ¥ 329 325 332 320 320 3.13
B 13.02 12.84 12.79 13.13 13.02 12.93 ¥ 329 320 3.22 3.03 3.14 3.10 ?
C  13.24 13.57 1339  13.21 13.06 13.17 ¥ 323 327 326 322 317 3.17
D  13.15 13.10 13.27 13.25 13.27 13.31 ¥ 3.11 3.11 3.15 311 3.17 3.09
E  12.87 12.85 12.88 12.86 12.83 12.80 ¥ 336 3.40 3.37  3.41 336 3.35
F 12.89 13.03 12.91 13.02 12.98 13.04 ¥ 3.16 3.15 3.12 321 3.19 3.18
G 13.19 13.14 13.19 13.08 13.04 13.06 3.16 320 3.18 323 325 3.22
H 1324 13.13 13.14 13.16 13.19 13.17 ¥ 3.19 320 325 320 322 3.18
I 13.07 13.09 13.05 12.84 12.91 12.98 ¥ 296 290 3.00 294 291 292
J 13.12 13.11 13.07 13.07 13.06 13.13 ¥ 3.13 323 316 3.10 3.16 3.19

(EH &7 %)

" Yt~ A S
A 0.383 0.365 0.395 0.352 0.367 0.358 0.210 0.215 0.218 0213 0.212 0.217
B 0.342 0.345 0.351 0.310 0.364 0.339 0.201 0.203 0.199  0.200 0.210 0.204
C  0.382 0.391 0.392  0.362 0.349 0.349 0.198 0.201 0.200  0.194 0.193 0.193
D 0.320 0.321 0.336 0.342 0.359 0.333 0.199 0.202 0.206 0.199 0.200 0.204
E 0344 0.340 0.337  0.341 0.336 0.340 0.210 0.208 0.211  0.207 0.209 0.209
F  0.345 0.345 0.354  0.347 0.351 0.358 0.187 0.191 0.195 0.199 0.199 0.200
G 0.353 0.350 0.357 0.359 0.360 0.356 0.194 0.195 0.186  0.188 0.188 0.183
H 0375 0.371 0.371 0.361 0.378 0.363 0.215 0.222 0.211 0.216 0.208 0.214
| 0.345 0.364 0.361  0.381 0.369 0.370 0.201 0.199 0.201 0.212 0.209 0.217
J 0.366 0.358 0.371  0.346 0.365 0.359 0.191 0.193 0.202  0.199 0.190 0.201

1) JLERER I RBRE O S (EAR[R)

2) =27 (Cochran) fEIZLHHMUE

3) TS O Tk GREEE) THESN720, ITIZIZ AW o7e.

4) JRTBROEIEIC S DR
T — D ETRIC L DR

5)
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24 AU E S [F BB A O AT RS R K IF TR
ZC I R E{IEEE T {5
SRS BN 1) 2) = _ ¥ IR 8 PEIRAHED NS 5 Y 5 Y (=
PRER k0 C G 7 =2 CEEJE) (2 k—2) TEAE R 7 ARV
p SR Sw
(%)" (%)" (%)" (%)"
K4y (H0) 0 0 9 1.43 +0.14 0.216 0.072
0 0 10 14.84 +0.07 0.163 0.128
wHELE (T-N) 1 0 9 14.84 + 0.08 0.144 0.087
2 0 8 14.83 +0.09 0.140 0.062
T T HZEHE (AN) 0 0 9 10.36 +0.13 0.207 0.072
SEEVED AUEE (C-P20s) 0 0 10 10.79 +0.03 0.086 0.077
TR B (W-K20) 0 0 10 13.07 +0.08 0.158 0.096
0 0 10 3.18 +0.07 0.117 0.048
APk 1 (C-MgO

< £ (C-MgO) 1 0 9 3.18 +0.08 0.121 0.040
AP~ H > (C-MnO) 0 0 10 0.356 + 0.009 0.0176 0.0123
<EEPEIFH FE (C-B03) 0 0 10 0.203 + 0.005 0.0094 0.0045

1) =75 (Cochran) fR EIZ LA E DR 3) BT

2) 777 A(Grubbs) # EIZ L DA UE DKL

3) t[EIRERAAED M

S Z BRI LT RE KD S LT P8 fiE, S8 AR MR 22 (sw

4) ks

[Al— 3B = T A 22 2 Gl it

LTWoZinh, AMZLEZETe), S HHIEERZE (sp), =H SRR ERZE (RSDp) K OB ELLT

=W 57 HorRat i (HorRatg) 23 5 1R L7Z. JEEIOD 3B Tld RSDr O REAf AL UE)NM =D, A

i BPIC I

WO T ED RS E Ol 23 572D 12 VSTV 5 HorRatg 2 RSDr/PRSDR L0k 7-9. 72355, PRSDy
(25 [ FE B A e YE R 22 O P 122l A Horwitz 2O A L TsRed 7=, kD7~ HorRatg %, /K5y % &
ST RTCOBBREDNIBNTCa—FT I AR BRDOSWHREEDOZIF ANEENEY THD 2 LI T Th-o7z

5  H[RIFER Rl D AT 5

=X ) B} ) 5 3}
K43 (H0) 9 1.43 0.07 0.22 15.1 3.8 3.99
EELE (T-N) 8 14.83 0.06 0.14 0.9 2.7 0.35
ToE=THZEZE (AN) 9 10.36 0.07 0.21 2.0 2.8 0.71
SEEMED AUl (C-P20s) 10 10.79 0.08 0.09 0.8 2.8 0.29
FKEEMINTE (W-K20) 10 13.07 0.10 0.16 1.2 2.7 0.45
MR 1 (C-MgO) 9 3.18 0.04 0.12 3.8 34 1.13
<P~ 4 (C-MnO) 10 0.356 0.012 0.018 4.9 4.7 1.06
<EMEIFHFE (C-B20s) 10 0.203 0.004 0.009 4.7 5.1 0.92

1) fEMTICHW R BRE 5 5) == [H P B AR R A=

2) P (7 — 2= R S B O TRER L (3) 6) =5 [H T BLFE S ME(R 2= 0 T JI i

xR B #50(2)) 7) =[5 BiHorRatfE

3) ENEERZ(HREBZET) 8) HEmyE

4) = BURE(R 22
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4) BIHERUTRENS

ISO Guide 31:2000 (JIS Q 0031:2002) * {2 H\  CRARHEHEY 'E DRRBFEED MENFEL TEREINTODHIR
A B R D&% 2 6 (2R LT-. F72, 1SO Guide 33:2000 (JIS Q 0033:2002) 2123 CAERIRRFEFE Y &
DFERNCHI- B LI 555 T — & (LFRRBRICIIT DB IR 22, = W A BT E R 22 5 O T I
TR A ZRIR IR L.

(1) JEEATHENSOF Tk

FH[FFRBR O P MEOFEAERFED S ulX ISO/TS 21748:2004 (JIS Z 8404-1:2006) 'IZHEVy, FFEFABRD=E
WIEEYER 72 (sw) , ERFBUTEERZE (sp), REREH(p =8~10) J U455 = COMu LR (n =6) 725,
(a) RICEVRO T2, FHEDORHENSIL, JLERHENPSEL, EAERMHENS () ICEEHRE (K) 2R/ TRD
(b)), AT 2 FT-LANICHO T, 7eds, W EFRE (K IZ DWW TIEIER AR OEHEKAER) 95 %IZH Y
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2
Sn2 — syl ) 4 SW"
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JEIERMED S (Ugs o) = k X u -+ (b)

sp: =S H B HE R 722

sw: EWEEYERZZ

n: HEFERBROENBEELABRE (M = 6)
p: HEEREROREBR =L

k: wEtRk =2)

(2) FRFHEOBE F ik

KON TIEZNE TR EMEDOHER N TE TRV ENLIFETICSE B HREL TREEL, TDfho
uit%ﬁﬁiz F(BHELRE, TUR=STWER, BEMEOARE, KR, EMEE T, @t~ Ty ROKEENE

IR ERAET DI LU, 728, FRREEIE L R FER O A LR A M S DT 73U I LD TV ERRL
7-.
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%%6 ol 2 (SRS D A

k3 HIHH BET —H
IRk 5 WBAEE IR RS sw” se) e
(%) (%) (%) (%)

K43 (H0) Y 1.43 0.14 0.07 0.22 9
245 (T-N) 14.83 0.09 0.06 0.14 8
FTLUE=TIEZFE (A-N) 10.36 0.13 0.07 0.21 9
SEEMED AR (C-P20s) 10.79 0.03 0.08 0.09 10
RIAMEN B (W-K20) 13.07 0.08 0.10 0.16 10
<ERMEE 1 (C-MgO) 3.18 0.08 0.04 0.12 9
U ﬁv‘/ﬁ‘/ (C-MnO) 0.356 0.009 0.012 0.018 10
<zﬁr 395 (C-B0s) 0.203 0.005 0.004 0.009 10
1) aEfRE(k=2) 4) fRHTIZ V- R ER
2) ivﬂt%ﬁﬁ% 5) EEmE
3) =M IR = 6) ZEEHREL TR

5) EHZRREMEOARHR
Aty SO ILEHEREE Y E FAMIC-A-10 (5 EEALAARED OB HIIRIL, B2 EHEOFAM DD DR
BRAERIND 2 45 6 o HInD 4 47 6 4 AIIER SN . RICEGERHEEY B M A & FAMIC-A-10 &% bk
L7250, e, BE FIENRRIE THHIENG, ZEMED RSB Sz, ZIUCkD AEEERERE
WVEGAH A DA NHIIRA 4 F241%0 2018 4F 6 A RICRETHILEL-.
F7o, IR BN R EMT =2V 7L, ZEMIZENH ST OW T, FRAEHE
NHBEMITT HRE DIEEITHIZEELT-.

4. FEOH

2013 4RI TAERIERAFEE E L L CE B LR IERE FAMIC-A-13 2308, Z0ORGHE (BHELRE, 7%
=T MER, EMHOARR, KEEHEIME, B L, B~ B2 R OKEMIEOHE) ORE D7D D3 [H
ARERAZTTV, ISO Guide 35:2006 (JIS Q 0035:2008) ¥ A& E 1 Zfi#HT L, ISO Guide 31:2000 (JIS Q 0031:2002) °)
DERFEIE SO TREE L TV EERR LTz, ZHDZEIZDWT, BB ST E s IR R REAR
YW E BRI 2 (2014 4E 1 H 23 B) OF#A3Z1T, 2014 45 4 H L0 IREEEGHEYEYE A OIRFEEZBRIALT-.

B DOFBRERE ER E 1T, ENICIIIZIERL L TOA BT, FIZ, EACHIUH S TS IR R REAE
VBT E O R A OREEL Sy K OV DR G IESMESNL TR O T, £, T E T o ek
D HIER SN TORW. ZOXIRE D, ZONEREFEAZ MY E DS EEH Y AT OfF SR A (2 B
BRI DA RENL DRSNS,

@
AEEFRRRELR DL DB E (2T, INTATBOE N 2 56 - 8 PE SE BT S AT JEAS R dh i S I FE T &

TR K O PR AE L, INZATEOE NPT A UIEAT I G BT R R, AWM HIEN B AIEKE
BOE e ERIESH E O ERERRMEGESGS A S HFRIFERITIT, THREWZZSE#H N ZLET.
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Preparation of Certified Reference Material (CRM) for Deter mination of Major
Components: High-anlysis Compound Fertilizer (FAMIC-A-13)

Shinichi KASHIMA, Toshiharu YAGI', Hisanori ARAYA?, Satono AKIMOTO', Aiko YANO®, Mariko FUJITA?,
Yoshimi HASHIMOTO', Toshiaki HIROI', Yuji SHIRAI' and Akira KUBO'

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

? Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
(Now) Ministry of Agriculture, Forestry and Fisheries, Food Safety and Consumer Affairs Bureau

? Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

(Now) Fukuoka Regional Center

Food and Agricultural Materials Inspection Center (FAMIC) has developed a certified reference material
(CRM): high-analysis compound fertilizer (FAMIC-A-13), for analysis of major components. FAMIC-A-13
was certified for the contents of total nitrogen (T-N), ammonium nitrogen (A-N), citric acid-soluble phosphoric
acid (C-P,0s), water-soluble potassium (W-K,0), citric acid-soluble magnesium (C-MgO), citric acid-soluble
manganese (C-MnO) and citric acid-soluble boron (C-B,0s3). The certified values were obtained from a statistical
analysis of the results of a collaborative study on the chemical analysis of the candidate for CRM. Ten laboratories
participated in this study. In a statistical analysis of data which were reported from participants, outliers were
removed by Cochran test and Grubbs test, followed by the usual statistical procedure. The CRMs were expected to
be useful for the quality assurance and the quality control in the analysis of major components in high-analysis

compound fertilizer.

Key words certified reference material (CRM), high-analysis compound fertilizer, major component,
ISO Guide 31, ISO Guide 35, collaborative study

(Research Report of Fertilizer, 7, 95~104, 2014)
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9 2013 BHZEIIEEYPEDRR

— = EALRIEE FAMIC-A-10, @k aiEEl FAMIC-B-10
K OVEIEFEEEAR R FAMIC-C-12 O £ 822 & M 214l —

FRBEsE Y ARAHERS Y, BE 5T, FHFILEA Y
GHETS T2, RRNTEE Y, Afbmne
F—O—F  REEHEEWE, (LRE, HIEFEEALEL, Ty, BFMST,
ISO Guide 31, 1SO Guide 35, I & EM:, =4V 7R

1. [XL®HIC

LRI OB A LR T D7D IS T BOE NRMOKFEH & 2 2Bz #— (FAMIC) 23 T>T%
SEARANZIB VT E LI BB 55 B L OE ER 3 O3 HTIER AR THY, £ OFRBRIEIITEEIED
HERASRDBILTND. FERTND, IERVEREF LSO MEEHE, AFERELGOOIMIKEEZ - RE 5
HresBe, NERHS AR R 5 OB IT Cl, RUBRAGRE O(E MR i OV T i o 1a) L7228 B EEL S
(TAE R R AEAE MV KBNS L BEAS H HRICAT oL QD AR [E BRI 70 5 A PR R Al o0 B & 3 itk
torf, F2EIZIB VT ISO/IEC 17025:2005(JIS Q 17025:2005) 2) DR HEIH A5 & |2 L= i BR i O 5 48
PERECR DB 2 N EBEHSN TS, TOEREE L, [FRRHEEYE O E M8 |2 £+ 5280
HeES TNV,

F72, FAMIC (2B W T, EERGEREYE A (S EALREE FAMIC-A-10), A B (b pl e
FAMIC-B-10) & ONAl C(T5VEFEEAEEE FAMIC-C-12) (LL'F, ZAVEALIEEEYE A TEEHEY)E B THE Y E
ClEV). ) ZHS 9 IRGEL CTRY (£ 1, ZROOFEIC W UL E BRI A MEM RO 1SO Guide
34:2009 (JIS Q 0034:2012) * D5 Hiffi e OVEFEICBE T HERFIH | 22 B TR 952 L L, 1SO Guide
35:2006 (JIS Q 0035:2008) © %2 & | Zfift 1T 7=_C 1SO Guide 31:2000(JIS Q 0031:2002) " % 5 | 2387
EROTNVEERL TNDHEZATHS. 2013 HFE1E, 2013 4F 1 A _ﬁfbﬁ;ﬁ@@kﬁ%ﬁom%E%E A
R OEHERVE B W ONT 2012 4 11 HIZFRBREAAT > TR MEME C ORI ZEMEIZ OV T, TR RERZ VR
AFERR ER D DRI DE=FI T 2 FE L T=D T, %@*ﬁ%%%i&iﬁé

2. MPEUVAHE

1) REEDE=SYLY

(1) FRBRE M

ISO Guide 35:2006(JIS Q 0035:2008) ¢ T, iliEtZHEME DIRE I, T=2V 7% FHiL CLENE
EHEGRTHIENEENTVD, ZEEDOKRFHNTOWTIE, #& TR TOT — & 21442 [F R & A 22 E

LI STATBOE N EAMOK PETY B e e e 2 — L A —
2 WS AT N EAROK PEN B e S Rl A — P 2 —  (FR) BRI 2 R A B
SPRSTAT O N MO NS B 22 N o & — AR AL 22 A i 2
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PEEER N ORI o T — 2 S D N0 22 EVERBR O — SO FEARWEZER HIERHD. [FR TR
U7 3B R Y DR AT F’ﬁ@f%ﬁ#aﬁfoc7*~%>uz TR 0h, B O IEEREPLZELEDOE=42)T D
FiEELUCGRIRUTZ. 20Nt 22 EMilliiz i3 5720, kD a) ~f) 2 FAMIC #f =t 2 —CitlL7z.

a) JYHFTIRUEL - UL A, B X C OFERIND, ZHENT A BIC L ARERE T30

b) B - - RALSIT R TORSY (32 1 B 1)

0) FBRITIE- - FRALARR A O I FIRBR O A ST A BRI (3 2A, %% 2B xw%% 2C&=BIR).

d) FRBREEH- - YW A S OB I, FRFEE R E O 7= O [FFRBR M £ 1 231 D FRGHIE R e Iy, 12
Ath, 207 1 1%, 24»;)% 2, 287 Atk 327 ABRK U 3B H k. IEME CIE, "“"Hﬁ HEDTDDE
RSN 1450 HIGEMRENS, 81 KU 14 7 .

o gﬁ\%%...ﬁ*‘ﬁ%ﬁ%(FAMIC?W:’E/&—)

£) RO - - S HT RO T F 2 DAEBIFR (50 KO ORIERO T O FHIEIZ VT,
JIS Q 0035:2008 '} J& & B.5 2 & IZfifAT.

# 1 EEEREAE Y E O L

A s (FEER) JFBHREL K S a0%2) AR
WEET - E=T, VAT | ERERE, TUoE=TMER, <K 20154

FAMIC-A-10 RH,

CFE ST, AN, I PED AR, AV, <yt ZES
il |MEER RSRGER R AR, | T Rt EMIEOR | (2014838 K
AR, TE=T (ATHAY) B T
FAMIC-B-10 TE=T r&%%, RIERMED AR,

Gtpiir TR =7, Y AR, |KIEIEO AR, A, O, 20154
ey [ IR L, kG =L, 6 6F 4
AEFE (i)

FAMIC-C-12 - o ER AR, @A;ﬁaia, TN A R,

(IR TOKIGTR, BT3GR, 8iE |2k, inei, aKef, AR 20164

JEUE &, OF, IRIV L, KR, =7 L, 61K
HE*”') 7[1& f/\ ( 1352/\)

(2) ®=XV T DEE
FAMIC # P& Z —IZIB W TIEEWE A K OEYEY'E B 2 2010427 H~9 H, 201147 A ~9 H, 2012
HE4A~5H, 201247 H~9 A, 2012 4F 12 4 ~2013 45 1 A, 2013 4 4 H ~5 H } (X 2013 4F 10 H ~11
HOF 7 18], FEAEYE C % 2012 45 8 H ~10 H, 20134 4 A ~5 H } 8 2013 4£ 10 H ~11 H 0t 3 [Al785R
ey (1 Dyl
BRI EH R B E OFREYEYE A, FEVEYEL B K OMEYEYE C & LA VT, BB 82 2 s T
Braito7e.
WEMEOHTENL, EHEWE A, BIZOWTE, HES (As, Cd, Hg, Ni, Pb), C-MnO & Ot C-B,0; Dk
RV DT 3 M1, TAVLISN DR L, MU LA 2 M& LTz, BEHEMEL C IZ oW, T-Cu X OY T-Zn
DFRERAENTTELL, Z SO, ﬁfﬁd;fcac 3Mr&Liz. o, WAL, BUIROFBFEE S RIARIZAK 57 Ha
BURWRE (FRRE) L.
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F22C TRYEME CORBR Aoy M OFRER 7 15
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FRRERFAM 0 72 8> D HE(R 7 (o) = j(st — sw?) ﬁ% cer (a)
MBI THEHAM = ut 20 -+« (p)

PIEEITHR T DILER = nt 30 o (o)
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n: AR URER sp: MU E(R 2=
sw: EPEMERZE W RRREE
Fe3A FRAHEAEMEAD Z EVEE =2 7R (B &5y 3 %)
S A EREE ToE=THE MY AUPR IKEEVEINE
' (T-N) E%# (AN) (C-P20s) (W-K20)
0 14.83 1495 1059 10.62 10.09 10.14 13.18 13.56
12 14.80 14.80 10.78 10.90 10.11 10.14 13.63 13.72
20 14.77 1491  10.89 10.91 9.88 10.23 13.70 13.74
24 1450 1453  10.69 10.75 9.96 10.04 13.48 13.83
28 14.62 14.63 1071 10.74 10.01 10.06 13.64 13.75
32 1455 1456  10.72 10.75 10.07 10.07 13.45 13.56
38 14.69 1470 10.70 10.73 9.99 10.04 13.36 13.48
#3A (Fix) (& &% %)
%38 <ML M~ T EMEIFHIFE
(C-MgO) (C-MnO) (C-B203)
0 320 344 0389 0414 0204 0.210
12 329 335 0397 0398  0.200 0.206
20 330 341 038 0.38 0208 0.210
24 332 338 0397 0400 0211 0.217
28 333 336 0412 0420 0213 0.218
32 328 344 038 0389  0.198 0.219
38 344 344 0397 0406 0203 0.218
#3B RRHEHEY EBO L E M=) 7 B R (& &% %)
i ] Z‘/fc:ﬂi A AR IKEENED AN IR B
! =% (A-N) (S-P20s) (W-P20s) (W-K20)
0 833 8.49 7.99 8.03 6.88 6.94 859 8.75
12 827 8.30 811 8.11 701  7.01 881 884
20 824 831 8.08 8.09 6.99 7.00 865 8.70
24 8.17 8.8 8.09 8.17 6.96 6.98 9.02 9.04
28 832 833 8.14 8.17 6.94 6.96 896 9.05
32 821 822 8.16 8.17 6.94 6.98 864 8.68
38 8.36 8.39 8.02 8.08 7.00 7.01 871 8.79
#3B (fix) (mg/kg)
i A OF#E VNN IKER :y/_f/b &
I (As) (Cd) (Hg) (Ni) (Pb)
0 260 2.63 583 584  0.881 0.890 424 455 23.7 23.7
12 232 248 593 595  0.885 0.889 47.3 473 258 26.9
20 225 225 586 589 0856 0.871 448 456 248 26.9
24 238 239 599 6.01 0891 0.892 451 465 257 26.3
28 227 232 587 599 0933 00945 46.8 469 215 229
32 228 234 582 582 0888 0.916 436 448 246 256
38 234 242 576 585  0.868 0.873 46.1 46.1 21.6 25.9
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5£3C [UETICH I ENET =21 7 R (R By 5 %)
gy | ERER 0 /R e R AR R
! (T-N) (T-P20s) (T-K20) (T-Ca0) (0-0)
0 477 4.79 8.64 8.64 0.607 0.619 5.99 6.03 20.4 20.6
8 457 4.75 8.46 8.49 0.553 0.561 5.76 5.82 20.0 20.1
14 471 4.78 8.52 8.53 0.560 0.564 6.03 6.08 20.1 20.9
#£3C (FEx) (mg/kg)
I oA R 0% T
(T-Cu) (T-Zn) (As) (Cd)
0 583 587 963 991 22.1 22.5 1.81 1.84
8 575 591 991 992 19.2 20.3 1.83 1.85
14 567 586 1,015 1,015 20.7 21.1 1.79 1.82
#3C () (mg/kg)
R TKER =L Z4=0N &
it (Hg) (Ni) (cr) (Pb)
0 0.464 0.470 73.3 74.3 78.6 81.2 36.4 36.5
8 0.448 0.478 74.2 74.6 80.5 80.5 35.1 35.1

14 0.443 0.473 78.3 78.7 754 794 36.1 36.9

155 115
y =-0.0079% + 14.878 y=0.0012x + 10.72
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\hmI(

N

I=

105 [

FEME (
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wimH  (H) A (A)

1 FREMEA (BREE) 2 IFHEMEA (T B =T HEEER)

1A [EUEWVE A DOF =X 7Bk E
O OEHE T T — I EEOE TR - B (R
FERR: EFALERR 8RR R
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9.0 8.4
= y =-0.002x + 8.34 = y = 0.0022x + 8.05
e B 8.2
b5 %
N N
i i
@ o 80 N

75 : : : 7.8 : : :

0 10 20 30 40 0 10 20 30 40
A () A ()
1 B EB (T =T %) 2. BFHEE B (AT TED AUIR)

7.4 9.5
~ y =0.0012x + 6.94 ~ y = 0.0026x + 8.74
S72 k S
R R N M

AN
AN

N N
i) I
I K
= @
B+ BH

66 1 1 1 80 1 1 1

0 10 20 30 40 0 10 20 30 40
e () e ()
3 EEME B OKIATED AUR) 4. FEYEYVE B ORI EL)
35 7.0
y =-0.0064x + 2.52 y =-0.0009x + 5.91

15 - : - 5.0 : - :
0 10 20 30 40 0 10 20 30 40
wemA (1) rema ()
5. IR EMEB (OR) 6. IZHEMEB (IR L)

1B (EVEME B DX 7 RS
(I 1A 288)
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2) BHZEREMEORMREMLILE

FEHERE A R ONEYEY'E B ORGHERR ERF (0 7 A), 12 » H 14, 20 » A 1%, 24 » At4, 28 » At4, 32 7
A% KO 38 4 H 14 £ CORGE A I QNSE B ORI E O FHENE N2 E RO GRS R a2 %R 41 R OER
4-2 | TR UTe. ZEMEOFEAmIE, #%a H O fEE A B OW E DL EZ VT 1SO Guide 35:2006(JIS Q
0035:2008) 2 Z BIZIROFINAETIT o7, £, (d) XL O (e) &b, Bl H & OV A EE O RN B OB X
(by) O (by) R0 7=, WRIZ, (F) XKL ON(g) LD, TRIOFEAERR ZE (5) I ONENF EAROMH X OFEHERR
7% (sp, ) B3R T, AR EAROMEEOIEHERRTE (s, ) &t (Lg.95 02 ) & T LTMHEMHE OMEXHE (|by|) A LLIL
7-.

TORER, HHEWE A K OEEDE B O TORIERSIZHBNT, |by| < sp, X togsn—z £72Y, HEITH
BLITROONIRN ST, ZAUCKIVEEEDE A K OREMEYE B OB E, RAHER E RN D 34 27 A
MZE CThoT= LR ML 7=, F7o, SBREIEE 3 [ &D 7S, EEHEMEL CIZ DWW CRIBR D& FEhiL 7=
A, WTFNOBEEIIAELITFRO LR ST

by = ;(xi -0 —Y)/;(xi -0? e (d)

b0=y_b1x "'(e)

1
— > Gi—bo—bix)? (D

- (g)

HEIEE: |by| <sp, X toosn-z  ** HETRN(ZE)
|b1| = Sp, X to.95n-2 B ETHDL (REE)

X0 IR PEIORERINE H ) HE=2V 7 i B ETOREFREM (H)
X ox; OFEIE(H)

yi: BE=ZV 7 FE i A ORIEME DA

yi yi ORBREAE O FEINE (n =38R FEfi 155 (7))

by: A ELHROBEE

by: [EUFHEHROG

st THIOEHERZE HEEFRZE (y; — 91) OIEERZE)

Sp,: EUREFROMBEE OIEHERE

toosm—z: ¢ (WA EAKLE o =0.05 HHE n—-2)
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£4-1 U DL VDT =2 L 7 R DR A

£ 79 B )i Sy AT s . HE
Bk byH be®  sO  Sn m® o
mon) (o5 (2% )10) ORI COR N )10) (=2 )10)
mon. mon. mon.

(BEYEM'EA)

EFEL2E (T-N) 220 1470 -0.0079 14.88 0.11 0.004 0.009 O
TUoE=THZEE (A-N) 22.0 1075 0.0012  10.72 0.10 0.004 0.010 @)
IAPEVAURE (C-P20s)  22.0 10.06 -0.0028 10.12 0.03 0.001 0.003 O
KIAPENNE (W-K20) 220 1358 00015 13.55 0.15 0.006 0.015 O
<EEMEFE 1 (C-MgO) 220 336 0.0025 3.30 0.03 0.0010  0.0027 O
WM< H (C-MnO) 22.0 0399 0.0000 0.399 0011  0.0004  0.0010 O
IAPEIZHFE (C-B:Os) 220 0.210 0.0002 0.206 0.004  0.0001  0.0004 O
(FEHEW) & B)

TUoE=THZESE (AAN) 220 829 -0.0020 834 0.09 0.004 0.010 O
AERMED AU (S P20s) 220 810  0.0022 805 0.05 0.002 0.005 O
KEEMED RS (W-P20s)  22.0 697 0.0012 6.9 0.03 0.001 0.003 O
JKEEPEME (W-K20) 220 880 0.0026 874 0.17 0.007 0.017 O
(FEHEM'EC)

EE4LE (T-N) 73 473 -0.0032 475 0.08 0.008 0.102 @)
DA (T-P20s) 73 855 -0.0089 861 0.08 0.008 0.101 O
INE A& (T-K20) 73 058 -0.0038 0.61 0.02 0.002 0.028 O
K4 H (T-Ca0) 73 595 0.0017 594 0.20 0.02 0.25 O
A% (0-C) 7.3 20.34 -0.0033 20.36 0.40 0.04 0.52 O

1) FEAEY)E AR ONEAEY) B BIX TR % OFRBR I H 0 DL H L 28 Atk £ TE=HU LT
FEAEY)E CIER % ORBREN H ) BIERBE L Cldr AR ETE=XU S

2) FARZRHIEORERINE H D=4V 7 EE H £ TORERFHOEME (H)

3) EMEME AR O YEY B BOER G DR EIME (77 — &% = SR EE(7) x OF 73R $0(2))
FEAUEW) ' COFRER AR DR TEME (7 — 4% = 3B 3 A 2k (3) x M T3ER%ER (2))

4) [FUFEHROME

5 B ERROY)

6) THIOIEAEE

7) [EUFERROMEZOREREA =

8) Sp, X togsn-2

9) OIEFIRAUTHEL THZIIAELITROLNT, ZEELFHML 725

|by| < sp, X toosn—2
10) FEHFO%WITEENR
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342 PIHEORIENOT=0) L 7 B ORTiifE,
2y TR T

X

BT b9 b® 59 S g g
/k /k /k
(mon) (mg/kg) (nf g) (mglkg) ~ (mg/kg) (mg g) (mg g)

mon. mon.

(IFHEYEB)

UFE (As) 220 238 -0.0064 252 0.09 0.004 0.009 O
JIRI A (Cd) 220 589 -0.0009 591 0.08 0.003 0.008 O
/KR (Hg) 220 089  0.0003 0.88 0.03 0.001 0.003 O
=7V (Ni) 220 456  0.0228 45.1 14 0.05 0.13 O
& (Pb) 220 247 -0.0209 25.2 1.7 0.06 0.16 O
(1&%1‘@%%’“0)

8 (T-Cu) 7.3 581  -0.5912 586 2.3 0.2 3.0 O
ﬁf/\/}i 7 (T-Zn) 7.3 994 2.6378 975 5.8 0.6 7.4 O
OFE (As) 7.3 21.0 -0.1119 21.8 1.4 0.1 1.8 O
JIRI A (Cd) 7.3 182 -0.0014 183 0.02 0.002 0.029 O
KR (Hg) 7.3 0.46  -0.0006 0.47 0.0009 0.00009 0.00119 O
=7V (Ni) 7.3 75.6  0.3250 73.2 1.7 0.2 2.2 O
e (Cr) 7.3 79.3 -0.1666  80.5 1.7 0.2 2.1 O
#h (Pb) 7.3 36.0 -0.0065 36.1 11 0.1 1.4 O

EIE#RA1ES R

3) IEHERIIREMEDOAZRIR
FEUEMVEE A K OEYEY)E B OAZhHIRRIZ, 2012 4F 11 H 30 H OAEEME H i it 2 e R 38 AERE HE) 2 o
TS OFHELZT, ANHIRE 24FIERL 2015$6H RICEE L. D%, kil TREIZEMEET=4)

L TRBRAAT TG B, FEREY) A&(M“"‘ﬁ%f SR E#mﬁzwﬂ R D22 EME D HEZR S LT~
Lth HINHIFRNICE BN RN A1, FAMIC Ok —A_R— |\ 2T A7 L% Cff i 1B 2nd
HZLET 5.

4) ERM Application Note 1 &5l EELERREELDLE (5%)

POREAEEY E DR EM EREREE A L 35 H1EEL T, ENODEEZENLD AN Z W TR 5 5
%753 ERM Application Note 1! (2B S TS, ZORFAM 57 15T LV NEIE 715 D 2 4 PERER D T-80 1 THA

IEIVTNDN, BEDTD, 4 EIOEEREL A K OEEREL B O R HIZEMERBRAGE ~ 0 A2 4252
el Oy

9, R EMERBR AL O P ME Vneas) & OFRFHE (1) EZNEDOZEDHEHME (A,) ((h) =) 3N
(i) IV FEFEAEHEY E DFEMER DS (ucrm) & O () LV E B OIEHER DS (Upeas) 2 5 ITRLTZ.
O Umeas K O uy 2 AT (K) &Y Ay, OB RHEERTEDNS (uep, ) ERHL, FIZUEHRE (k= 2)
AN T 1) REVILE AN S (U, ) L TH 5ITRL, Ay & Ugqa, ) ZHELTZ (M) . ZOFER,
FRYERCEE A (7 1ior) S ORERREE B (9 1% 57) D 16 sy DHH 14 oI, A 78 Ugga,) ZHEA TN Z L7
5, MEMEDFTIIE (Fmeas) & OFRIE (1) DENCH BEEITFRO BN oTo. B REENBDLIIZ 2 sy
DG, <EME LD Ay, CE&E5750.08 %) 1, FRAEE (B 573 3.28 %) 1T L T2 % THY, JLiRRHENSE
PP 0.01 %z TWIZRRE TH o7z, £z, DRIV LD A, (0.15 mg/kg) 1%, #27FE (6.04 mg/kg) (25T
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2 %THY, JLIERHENSZ DT 0.03 mg/kg B CWREE Th-oT-. 7ok, R () I EMZ M BR AR

TR T-EHED RN S (Upnens) PHEE D EFROIZEAR TS LB/ NHIL TWHIEBE 2 BN,

Am:lymeas_ﬂl »+=(h)
g2+ )

Umeas = p " =)

Uctam) = 2Ucamy (M)

Vmeas: W% @ MERBRRGE ORI fE
Ayt FOVIEEFEREE D ZE O il
Ucrm: PRl EOIEREARHEDS

Umeas: IE DAEHERFENS

sq:  HFEEE R 2

sp PDHTIEYER 2=

Uca,): Am PDEUEERTENS

UcrM = 925% e (i)
Uc(a,) = v Umeas® + Ucrm? - (k)
Am = Ucay o+ (m)

U FRIEAE

Ugs o, malLiEDPLIEAMENS (AL G EK k= 2)
d: ABREEL(7)

n: HuRLE(2)

Ucayy: Am PILIEANHENS (AL EHRE k= 2)
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K5 RIZEVERBR KL Of - ) fiE & GRAE{E O Fhige
AR Ry HAZ }_’measl) umeasz) ,ua) UcrRM H Ay UC(Am)G)
(FEEHEMEA)
wHeR (T-N) (%)” 14.70 0.05 14.71 0.04 0.01 0.13
ToE=TMHEF (AN) (%)” 10.75 0.04 10.66 0.05 0.09 0.12
ERMED A (C-P20s) (%)” 10.06 0.03 10.05 0.04 0.01 0.09
AKIAMENN L (W-K20) (%)” 13.58 0.05 13.59 0.04 0.01 0.14
<EAPEE £ (C-MgO) (%)” 3.36 0.02 3.28 0.02 0.08 0.07
7 @v‘/ﬁ‘/(c MnO) (%)” 0399 0004 0403 0003 0004  0.009
YEMEIES % (C-B:0s) (%)” 0210 0002 0209 0002 0001  0.005
(ﬁﬁ%’f*fs)
TrE=TIEESF (AN) (%)” 8.29 0.03 8.38 0.03 0.09 0.09
AR AUl (S-P20s) (%)" 8.10 0.02 8.10 0.01 0.00 0.05
IKIEED A (W-P20Os) (%)” 6.97 0.01 7.00 0.02 0.03 0.05
IKIAMENN L (W-K20) (%)" 8.80 0.06 8.85 0.04 0.05 0.14
V% (As) (mg/kg)  2.38 0.04 2.36 0.05 0.02 0.13
ARV L (Cd) (mg/kg)  5.89 0.03 6.04 0.05 0.15 0.12
k4R (Hg) (mg/kg)  0.89 0.01 0.86 0.01 0.03 0.03
=471 (Ni) (mg/kg)  45.6 0.5 45.3 0.6 0.3 1.6
#h (Pb) (mg/kg)  24.7 0.6 26.2 0.7 1.5 1.9

1) PR B E BERRBR A O T ME (77— 2% = BRI (7) x #aR Lk (2))
2) M TPIIEDOFEERHENS

3) FRFIEME

4) FRREEORAERHES

5) VHME EFEREAE D ZE DR fiE

6) PHELFRREE DDA RILE RIS (A E A5 k= 2)

7) E RSy

4. F&OH

FAMICIZ, IEBEREFEEME LU TR EME A (5 B LR IEE FAMIC-A-10), FEYEWE B (F i b Bk
FAMIC-B-10) & OMEYEMIEL C(JHIRSEEEIEE FAMIC-C-12) DA S HIRE MR+ D7-0Ic T =4V 712 L5
B2 E MR RAe Eh L 7. ZORE R, UEWE A EYEYE B O YEYE C D438k B f5 O BR A D
L, WT ORI DNE R E B B OERAR A X D813 ol Fio RBRAEEZ 1SO Guide
35:2006 (JIS Q 0035:2008) O 2 & Z TR FHRIT L, ZEMEZFIML7=E 25, HEYEME A K OEHEY'E B 125
W CRBRHERR E 4 3 4F 2 7 A MO CTORBRERK 53 DL E M D RS 7.

B R REAEHEY) B DORBRER Sy DR B AR T 528X, FIHFEOFMEMSER FIZF 5T 0005 %
bid. —J7, B ORIMEEDE L, EWNIZITMICTHRL TOHL6E720. IS, BN CRIHS TODIE
B RFFE YEY) B X TR AN E O R A OIEEK 4y e OV ORBR T EN RSN TRLT, £72, TaE [T oIE
FIBRHEEY AL RIS TR, 20X BLE0D, ZOEAEYE OF|FIEE, B HT O1E HErE i
PRICEERT DL ZAITREVS D EHIFFS LS.
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1) JRSEATEOE N RO EETE B 2 k22— (FAMIC) < JERH AR MESURF O Bl AT H 35 Fi &
<http://www.famic.go.j p/ffis/fert/sub6.html >

2) ISO/IEC 17025 (2005): “General requirements for the competence of testing and calibration laboratories’
(IS Q 17025 :2006, [FBRET M OB IEMEBEODRE ST BE 95— BER 2 IH )

3) mEEE T, BHFIB, RFFE, HGERRS, (LR, SOTH Ty, BHRIE, SRHBIAN 2010 45
AR R HEY) BT D B — i BE AL R FAMIC-A-10 J OV @ LA Al FAMIC-B-10—, AREHIFZEHR S
4,107~121, (2009)

4) FKouHT, BRI, JURFEG, AN, FHEEEN, REE, SO, BRI, QS

SCMBN 2012 AR EREBEEY B OB % — 15 IR BEIEE FAMIC-C-12—, ILEHIFEH S, 6, 84~100
(2013)

5) 1SO Guide 34 (2009): “General requirements for the competence of reference material producers’ (JIS Q
0034: 2012, MEAE) T AL FER DORE N B35 — X Bk HIH ) )

6) 1SO Guide 35 (2006): “Reference materials—General and statistical principles for certification” (JS Q
0035 : 2008, [FEHEM)E — FBRED T8 O — i) L OSFeat 72 Al )

7) 1SO Guide 31 (2000): “Reference materials— Contents of certificates and labels’ (JS Q 0031 : 2002, %
HEWE —BAEE R DTV DN )

8) MINZATEUE NEMKPEE F 2 il 2 — (FAMIC) - Ik 5k 15
<http://www.famic.go.jp/ffigfert/ sub9.html>

9) 1S0 5725-6 (1994): “Accuracy (trueness and precision) of measurement methods and results— Part 6: Usein
practice of accuracy values’ (JIS Z 8402-6: 1999, [{HIiE /1% M ONHIERE R ORGHES (B R UNHE) — 55 6
B HES (2B 2 IED FE A7V 5 1)

10) Thomas Linsinger : “Comparison of a measurement result with the certified value”, European Reference
Materials application note 1, European Commission - Joint Research Centre Institute for Reference Materials
and Measurements (IRMM) (2010)
<http://www.erm-crm.org/ERM _products/application_notes/application_note_1/Documents/erm_application_n

ote 1 english rev3.pdf>
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Long-term Stability Evaluation of Fertilizer Certified Reference Materials for Determination
of Major Components and Harmful Elements. High-Analysis Compound Fertilizer
(FAMIC-A-10) and Ordinary Compound Fertilizer (FAMIC-B-10) and Composted Sludge
Fertilizer (FAMIC-C-12)

Shigeyuki INABA®, Yasuharu KIMURA®, Taku FUJITAY, Keisuke AOYAMA?,
Kouhei ITOU*, Masanori HASEGAWA® and Yuji SHIRAI?

! Food and Agricultural Materials Inspection Center, Kobe Regional Center
2 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

Food and Agricultural Materials Inspection Center (FAMIC) has performed long-term stability examinations to
confirm shelf life of fertilizer certified reference materials (CRMs), high-analysis compound fertilizer
(FAMIC-A-10) , ordinary compound fertilizer (FAMIC-B-10) and composted sludge fertilizer (FAMIC-C-12) for
analysis of major components and harmful elements. FAMIC-A-10 is certified for the contents of total nitrogen
(T-N), ammonium nitrogen (A-N), citric acid-soluble phosphorus (C-P,Os), water-soluble potassium (W-K;0),
citric acid-soluble magnesium (C-MgO), citric acid-soluble manganese (C-MnO) and citric acid-soluble boron
(C-B,03). FAMIC-B-10 is certified for the concentrations of ammonium nitrogen (A-N), neutral citrate-soluble
phosphorus (S-P,Os), water-soluble phosphorus (W-P,Os), water-soluble potassium (W-K,0), arsenic (As),
cadmium (Cd), lead (Pb), nickel (Ni) and mercury (Hg). FAMIC-C-12 is certified for the concentrations of total
nitrogen (T-N), total phosphoric acid (T-P,Os), total potassium (T-K;0), total calcium (T-CaO), total copper
(T-Cu), tota zinc (T-Zn), organic carbon (O-C), arsenic (As), cadmium (Cd), mercury (Hg), nickel (Ni),
chromium(Cr), and lead (Pb).The monitoring long-term stability was evaluated by a statistical analysis of the
results of monitoring stability examination on the chemical analysis of the stock CRMs. The data was performed a
statistical analysis in reference to 1SO Guide 35: 2006. It show evidence that there were no need to update the
certified value and its uncertainty. From these results of the statistical analysis, the al certified values of the
CRMs of high-analysis compound fertilizer (FAMIC-A-10) and ordinary compound fertilizer (FAMIC-B-10) were
stable for three years and two months after preparation. In addition, composted sludge fertilizer (FAMIC-C-12)
had little examination number of times, but was the same. It is compared the certification level with the
measurements of CRMs by an introduced evaluation method in ERM Application Note 1 by reference. The CRMs
were expected to be useful for the quality assurance and the quality control in the analysis of major components
and harmful elementsin compound fertilizers.

Key words certified reference material (CRM), compound fertilizer, composted sludge fertilizer, major
component, harmful elements, ISO Guide 31, ISO Guide 35, long-term stability, monitoring

examination

(Research Report of Fertilizer, 7, 105~122, 2014)
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(3774707 « 77 v—F (Criteria Approach) IV TEY, (LB E & FBINICHIE T 25 HTiEORHIEIC
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PEREZ A T DU ENHD. ZOZEND, EH TN ERBRIE GRS TODRBRIEDS D, FER ML
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2. MPRUAE
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2) EFBERURER

(D) TEEEERVIESHE: =S 8E RS 12
(2) Fyh7L—h: HEEY NP-6

(3) 7AEL—X—: ASONEAS-01

(4) EHE =L yh: HHEE T T2 APB-620

K1 WEORBICH 5%

il 32 ak 3% NS Yy 7y S

G Kk AR SOTFEEA (B 1HAA
0lE T IKEIL L A— KT Kt —ifk Y AR AR s A
IRER IV I JIS K8617 H5k IREE T LS T MR e
PRIV PRI NT IR R EEHL

Vi e/ SVAY NS v S IL Y| JIS K8995 4k fii i 5 Ak i~

#2  ABRICHWEZREIOR A EIS (EED=R %)
i 5 3k e . Er;%@iﬁﬁ R . T T PR AR A AR
SSi0-40 SSi0:-25  S-Si0:-10 S-Si02-2

AR —IKFE TV T K F 7 8 8
EREETI LT 2 11.4 30 34.84 52.57
IR 88.6 55.38 22.16 4.43
Wil ~ 7 32 7 BRI 7.62 35 35
S SO H & 40 25 10 2

3) HEDRAR

(D 7K: AKEHIEEE (Merck Millipore Elix Advantageb) & FV TR BLL 72 IS K 0557 [ZHLE 95 A3 FH Y
DREF AL

(2) 0.1 mol/L~0.2 mol/L KE&{t. N AR : KK 30 mL 2RV =F L UHIZED, MmEILR5 IS K
8576 (ZHIE T HAKEE(LTRID LK) 35 g 2/ & DX THENL, HieL T 4~5 HRiKELZ. 20 L
% 5.5 mL~11 mL Z AR RIFRERITED, RIEE G E720 7K 1,000 mL Z200Z 7.

(3) Hil#: JSK 8180 IZHIE I 2HRrfk SUILFI %D i E DFEE.

(4) HALAYT L NSK 8121 IZHLE 3 DHFlk IL RS D S E DL,

(5) HALAVDT LVER: JISK 8101 (ZHLETHTH /—/L 250 mL Z7K 750 mL (Zhiz TIRAL, ki
AL 150 g & MA T LTC. FERFEEL TATF VL REEHR (0.1 9/100 mL) i 2 N %, TR D ARl /e b E
THEEEAT FLCRERMELL, 1 H M E® 0.1 mol/L~0.2 mol/L /KE&{L TR LA CHFIL7=.

(6) S b B VT LG : ASK 8815 I[ZHLET D5k AYT 4589 47K 1,000 mL (THALT-.

(7) AF VL oREERR(0.19/100mL) : JSK 8896 (ZHETHAF /L vR0.10g % JISK 810212 ET 5
T )—/1(95)100 mL (ZEAA LT,

(8) Z7x=/—NT7HL P (1g/100mL) : JSK 8799 I[ZHE A7/ —/L 7% 1g% JSK 8102 |
HETHTH ) —/1(95)100 mL (ZIALT=.

(9) ZOfOFRIE: JEEHERBRIEY [ThE T
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RO 30 C+1°C, 15[
|
I Tt e
—7K (FERRET)
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|
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i E

1 JERPOREEEOBRRBRIE T m— —h
3. WMRRUER
1) BHORBIZAVEHESVHDOFVVEROEFE

BT HNDT0, FLEWNTH O AIEEIET R (S-SI0,) D& A B4 JEEHEREREY 12X, BEZEZT
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MSEEI OB IO EE A W CRE A 2R E AT o7,

#4 FEOTEIZ A FEEV O ORE

S T 2 %t
AR o o 2

(%)” (%)” (%)
PLEUN 45.15 0.24 0.5

1) ANEMET R (S-SIO2) 6,5 D )i

2) ERSE

2) EEFHERER

B RTAM A EENE IO T 3 A0 T CRVANET W ER (S-SI0,) DB % i L 7= plifli e 2% 5 1R LT,

AEEHBGRREDIZ W T, IRAERy & (B A T 5 a0y O B/ N ) 226 PE 338 (R Ak 22 S ol A\ 2635 fRFE 2
(AR, TORGEZE | LW ICREH T D2 LA e R (G TR AR 2 BR<) DA E T A L7- 23 (LT, T4
B L)) ICEB ST 0D, KoT, AANETOER (SSI0,) DR FHE SN EE DTSV TR L.
AIEPET VIR (S SI0) EL TEESHE 10 %~40 % A 32 BHZ DWW THIEL 7224, BREHMELTIEME
DFETE 5y %-0.66 %~0.13 % THY, X FHMEIZK T 2EINERIZ, 98.4 %~101.0 % Th-o7-.

ZOZEDD, ZORERIEX, HEAEEO AEEMETOEE (SSI0,) OERFER 7 DRI A 152D+ 53 72 1
SEALTCNDZ LD MRS,

7283, AOACPIZRIT DL~ BT DIEILR O FFAFEIHILIR 10 %~ 100 %Al T 95 %~102 % T

BV, BEDOT-D R LT ZATIEMETOEE (SSI0,) DUV OB ORI RS Z S DR &N TH-o
7.

5 ABHT OAEIET O (S-SIO2) DFRER KL

S mAME R ﬁigk EoRS  EIGE R @Qgﬁ
1) (%) 2) BS) (%) 2) C4) (%) 2) D5) (%) E6) (%) F7) (%) 2) GS) (%)

S-SiO2-40 40 39.34 -0.66 -1.6 98.4 0.1 0.3
S-Si02-25 25 25.13 0.13 0.5 100.5 0.2 0.9
S-Si02-10 10 10.10 0.10 1.0 101.0 0.04 0.4
1) SO ATTEPET U (S-SI02) (& A B (R HiE)
2) F‘ =) /\i
3) 3 PHTRIRO T
4) C=B—A

5 D= (CA)x100
6) E= (B A) X100
7) SROHMTHBROE R
8) G=(F/B)x100
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R TR A REZ T 7 S O0MT TRAMETOER (S-SI0,) OB A i L7=f A% 6 1ITRLZ. 72
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#£6 R T IRMERRBRO (BT Re455 52 %)
e R HeEm
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2) TEOHTRROTHE

3) IEUE(FFEX10

4) EWERFZEX2X1(n-1,0.05)

BB maHED  mgmd B

4) EHBRRFRE
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KT SR AR
EuN: ER g B NIOR RSDo PRSD HorRat .
sEs  sEomg AR AR TORE S NIQ o or Ratfie

e =5 AP BP2w? ) DY (%) =
SS0:  FEEVTVEREARE 2006 66 33.92 0.60 18 17 1.03
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2009 69  32.67 0.62 1.9 17 1.09
2010 67  33.52 0.57 17 17 0.98
2011 59  30.69 0.75 2.4 18 1.35
2012 67 3615 0.48 13 17 0.80
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Verification of Performance Characteristics of Testing Method for Soluble
SilicicAcid in Fertilizer by Potassium Fluoride M ethod

Yasushi MIYASHITA!

'Food and Agricultural Materials Inspection Center, Nagoya Regional Center

(Now) Ministry of Agriculture, Forestry and Fisheries, Tokai Regiona Agricultura Administration Office,
Food Safety and Consumer Division

We verified performance characteristic of testing method for hydrochloric acid-soluble silicic acid (S-SIOy)
by potassium fluoride method described in Testing Method for Fertilizers. The accuracy of testing method for
S-SIO, was assured from 3 replicate determinations of 3 fertilizer samples containing 10 % ~ 40 % S-SiO, which
were prepared each test. As a result, the mean recoveries ranged from 98.4 % ~ 101.0 %. On the basis of 7
replicate measurements of testing method, the limit of quantitative value (LOQ) was estimated at 0.3 %.
Reported in Research Report of Fertilizer, median, normalized interquartile ranges (NIQR) and relative standard
deviations (RSDg) for reproducibility of S-SiO,, obtained by proficiency testings were 28.25 % ~ 36.15 %, 0.48 %
~0.87 %, and 1.3 % ~ 3.1 %, respectively. These results indicated that this method performance characteristic was
availablein establishing criteria for a determination method of S-SiO..

Key words  criteria approach, silicic acid, potassium fluoride method, Testing Methods for Fertilizers

(Research Report of Fertilizer, 7, 123~130, 2014)
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TRl L CODIERHERIO FIZIXENE N TWDRBENNHLZEND, REIOFHRICITE 1 DLy, T
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#1 FEOFIRN A 9 55K

3 253K KT DR B
Eayi Hirk LR STFEFRA (BEEL B4
L e =ty N JIS K8960 #Fifk W7 '=7 iz
DABRIKEZE T =7 A JIS K9016 FFi% DABRT BT DAP
SR DAy SN JIS K8121 ik YA e o
FRER AL T I JIS K8617 #ik
EDTA#k(II) AR AF7E DRI BUEER
#£2 HERICHAWERE OB B S (EH &5 %)
55 -7 3 . . HE qulfﬂﬁﬁﬁ ﬁftﬂ'z) - . E iTﬁifﬁa@)ﬂ ﬁit*t)
Fe-10” Fe0.5’ Fe-0.05 Fe-1” Fe0.1” Fe-0.01 Fe-0.01” Fe-0.001
T E= L 11.400 11.400 11.400 11.400 11.400 11.400 11.400  11.400
DABAKFZEZ T E=rs 7450 7450  7.450  7.450  7.450  7.450 7.450 7.450
w2 5000 6330 6330 6330 6330 6.330 6.330 6.330
SREZ TS T I 0.745 71.050 74.443 74.745
EDTA&KI) 75.401 3.770 0.3770 7.540 0.754 0.075 0.075 0.0075
K 67.280 74.066  74.745 74.813
Fet A & 10 0.5 0.05 1 0.1 0.01 0.01 0.001

D BrRIEE
2) WARNE

3) AEDRH

(1) 7Kk: K5I E (MERCK ELIX ESSENTIALS) & W TR L 72 ISK 0557 I E 325 A3 Y D7k
ZER L.

(2) H#if#: JSK 8180 |ZHIE T DFpfkat Al HL7-.

(3) SREEVER (Fe0.1mg/mL) : SREEHERR (Fe 100 mg/L) (Fytfliik T2 ; ICSS) A F L 7=.

(4) FEARFHSAEENR . SR UEIR (Fe 0.1 mg/mL) & EMEIICEY, A PRSI T 28 &0 V4 %
BOWRE(L+5)2Z T IUINZ, K TAHRL TR SHEHER (Fe 0.05 ug/mL~6.0 pg/mL) % 2 B i il
L.

(5) MEAMAZRABRIK: K (1+5) 2 T EED, KT 4HEICHRL-.

EI!.!I

4) BBRESRURBRSE
IREESTERR (W-Fe) ORI K OVIEIZ R 3 DL IERHEREEY OB IEE W, 7eds, BE DD,
RBIEOT7m— — MM LITRLTE.

73 RERE ) M OB 715
FRBRAL Sy REkhaE s BRI O TE B SUBHATR OS5 1k
KSR (W-Fe) 4.13.1a 7L —AJFWGE S (41 KIElEREES
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| obistk 2509 | 4m7I==a250mL

7K #J 200 mL

| s | R R (30~4001E/ 43) , 30431
K (BEFRET)

| i | 23
|
[ smCEm | am75z=100mL

— I (1+5) 25 mL
K FERET)

| e | BPU sy B (248.3 nm)

M1 KEEPEGABRE T —2—h

3. WMRARUEER

1) HHOFEKIZALV- EDTA (D OHKDEEHE

AELOFHRU VS EDTA &k () Ok E A Bea SRS GBRTE OKIEMEER) 128D 3 M T CRIEL 724
RAR AITRUTZ, SEE LD R U7 MBS 138 553 %8 100.5 % L3R D R E (min. 98.0 %) A 7= L THY,
ZOFEEEERZEX 049 % L/hShoTz. ZOZEnn, BUEtOFECIIHERMEE H W TR ARG 21T o7,

#4_ BREHOMBU - EDTASE (I th oSk I fi
FERRELL A

- GOV T 12 Ui 7 25 et 12 M {5
(%) ? (%) (%)™ (%) (%)
EDTA#: (1) 13.26 13.33 0.07 100.5 0.49

1) EDTA®L (M) D&k (Fe) Bm i
2) 3P TRBRONEE
3) CE¥ME,#imfE) x100

) ERHF

2) EHEFHHEER

LR AR T 3 RO T C/KIRMESR (W-Fe) ORliRA FEMi L 7= i a3 5 IR LTz,

FEMOKEERG SRRV T, 2 R BURER O F &5 X F R 2= LR A O %@ iEkH &> T,
PRAFEECFIRTHIENBEHESITENTND. 8 (Fe) IZ oW T, IR L L TR IR Cofd
L2, BRRERESHIRBBHC SO W THRAEZTTVY, KPR (W-Fe) D[RR K& OEL G &1 Sl & D74
DEIGIZOWTEH L. BrikilE th D Fe-10, Fe-0.5 } OF Fe-0.05 D[AI# 1 101.1 %~ 107.0 % THY,
Fe-10, Fe-0.5 } U} Fe-0.05 D FRFR LI EMEE D EDOFN G, 1.1 %~7.0% Th-o7-. KIREEITH D Fe-l,
Fe-0.1 } U) Fe-0.01 D [RIIL (% 103.6 %~105.7 % THY, Fe-1, Fe-0.1 & O} Fe-0.01 DGR L E L D7
DEIEIL, 3.6 %~57 % Th-oTl=. ZOZEND, ZORBRIEL, sk (FEERE = AEEHIAN) O KA
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(W-Fe) D RED R & 1512+ 53 22 IEES 24 L QDI E D RS-

7245, AOACYIZIIT HIREL ~ U DIEIR O FF A FEFAILE #573 10 % T 95 %~102 %, B &5y
0.1%C 90 %~108 %% OVE f:43 3 0.01 % C 85 %~110 % THY, KIEPEEL (W-Fe) DL 3 EILERE 2
LOFFEFHANTH T

K5 B OAREEIERK (W-Fe) DR BRALHS

HEpks R MafE S @f;f& EoBe  ENGE YRS ﬁfé;%%
Al) (%) 2) BS) (%) 2) C4) (%) 2) D5) (%) EG) (%) F7) (%) 2) G8) (%)

W- Fe Fe-10 10 10.11 0.11 1.1 101.1 0.06 0.6

Fe-0.5 0.5 0.5138 0.01 2.8 102.8 0.001 0.2

Fe-0.05 0.05 0.0535 0.0035 7.0 107.0 0.0018 3.3

Fe-1 1 1.036 0.036 3.6 103.6 0.002 0.2

Fe-0.1 0.1 0.1057 0.0057 5.7 105.7 0.001 0.6

Fe-0.01 0.01 0.01051 0.00051 5.1 105.1 0.000052 0.5

1) B OKEEMESR (W-Fe) D& f & (iR E)
2) BEHNFE

3) 3nIHTRERDFHIE

4) C=B—A

5) D= (C/A)x100

6) E= (B A) X100

7) 3RO TRRBR OFE AR 7=

8) G=(F,/B)x100

3) BETRRUEETE

T NIRFERR AR (R 2) 2 HWT 7 mOMT CKEMERR (W-Fe) DR Z F2hia L7-f5 A K 6 [TRLTZ.
ek, TEE FRRIT (BEHER 22) x10 2, F7z, M FRRIT (BEHE(R 22) x2xt (n-1,0.05) 2& VTR L.

AOCACH |ZBIF DR FEEL ~ NI B AL O FF AR ITE 8535 0.01 %T 85 %~110 %ol OVE &4y
0.001 %C 80 %~115 % THY, ZE D7 ik LIz Z AKIENESL (W-Fe) O iketE D Fe-0.01 & ONE
KK Fe-0.001 DWW b IR T FFAFIAN Th -7, Fe-0.01 OHEE T & FIRMITE &R 0.004 %,
HEE R H T BRAE IR 452K 0.001 % TV, Fe-0.001 DOHEE & & FIREIZE £ 0.0004 %, & H IR
BB By 0.0002 % Tih D LRl Tz,
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#6 EE T RSB O A

R mae Y R R ﬁ’;;fﬁ ﬁfﬁﬁgﬁ
w?  w? (%) (%) (%)

W- Fe Fe-0.01” 0.01 0.0099 99.5 0.0004 0.004 0.001

W- Fe Fe-0.001° 0.001 0.00108 108.2 0.00004 0.0004 0.0002

1) REHF Ok (Fe) o0& A & (Flinil)
2) HEFE

3) THEOHTHBRO

4) (F¥IfEBhEa{E) x100

5) IEHE(RZEx10

6) 1R A=x2xt (n-1,0.05)

7) FrfRECE

8) IRFEL

4) EMBHEREE

IIATVT T 7 a—F 1T DRI UE CIE =R BB BE S ZR S DA, BUBRIE D 2 Y PEfERR DT80
DI FFRBR O TR IZRE 7RI DBDDD. ZOZEND, BER OGS RS 0 b %Y 5Bk
CTERESN Y 2352, TNHORGEE R 7 1R, 7ok, SN BB CIL, /3 Ah
% IO TR D o Il K Otm S AMEYE(R 722 (NIQR) 2 E ST, FHRfE & ONNIQRIZIERL 3 A 1T
BT O ER I — 2T 5.

HORAE A NER N T T U= A RS B 8 B BR 00 K IAPE SR (W-Fe) o th il | 1B 845 %R 0.240 % T, 1
NAMEAERZE (NIQR) IXE #4535 0.013 %, O =M HBAXHEERZIX 5.4 % Thol. Fio, KEEMESE
(W-Fe) DR kA% D HorRat il 1.09 Toh-7=.

728, AOAC(OMA) VIZBIT DI EL ~UVE B 1 % & N 0.1 %2 BT 5= B EO B 2203 4 %l
W 6 %THY, BEDTD LT ZAKIEMESE (W-Fe) O = W A RHEHEF 213250 H %% Flhl-
7-.

KT AR A PREABR AR

A b S ” % v b [ NIQR RSDr PRSD HorRat i

BRIy Bl OFERE ﬂzzfé %g AV (%) 2) 8 (%) 2) C4)(%) D (%) )
W-Fe  iRiREA Lk 2012 86 0.240 0.013 5.4 5.0 1.09

D ok fE

2) HEH

3) v AMEAERZE (NIQR)

4) =EMFHAAEERZ C= (B/A) x100

5) Horwitz{& 1 30 5 5 H S i 7z 22 7 P B e 22
6) HorRatfii E=C/D

4. F&OH

KEENESR (W-Fe) D7 L — LR W SGHEO B, - FIREZFHELIZEZA, IROFEREET-.
(1) #k(Fe) ELTHEESR 0.05 %~10 %5E A T2 IKFEHZ W TOKEEM:EL (W-Fe) ORIERE F1Z,
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[ AY 101.1 %~107.0 % THY, BEmEEHEMEDAEDEIEIE, 1.1 %~7.0% Th-o7-.

(2) KEEMERR (W-Fe) LL TEE /7% 0.01 %~1 %A T HRIREEHZ DOV ToKEENEER (W-Fe) DIl E
iRl MRS 103.6 %~105.7 % THY, HimfE LM EMHLEDZEDEIAIX, 3.6 %~57 % ThH-o7-.

(3) JKIAEMEER (W-Fe) &L CHE &7 5% 0.01 %5 A T2 kak e 2 IV CE & FIR & O HH FRRZ s L7-
LZA, TNEIVE By 0.004 %, 0.001 % L HEE Sz,

(4) KEEMESR (W-Fe) LLT 0.001 %&E A 3 HHcRaEHE W CE R FIRA O TR MR LI-EZA,
T NVE &S5y 0.0004 %, 0.0002 %FL L HEE STz,

(5) AhERKS B B BR L B B 2 A L7225, WRIRE A Ik R ok iavE Sk (W-Fe) 1%, ok
EAVE F5y 3R 0.240 % T/ S ZAMEAE(RZE (NIQR) 1HE #5728 0.013 %, £ = M fF B HE MR 72213 5.4 %
ThH-oT-.

(1) ~ (5) DRI, REAMEFREBRIE IR S 72 3B IE AV I BURME A & U Tl ) Sa s 9~ 27K
k(Fe) DG A BAZ T2 N TEHMREAL TWAIEE/RLTEY, 7794707 7T 7a—F OHARTA
> DIKTEMESR (W-Fe) SBRIEDOVERBHIEAAER DRI, Zh D ORI IL H 2128 B 158 E 2 6Nh
7.

X M|

1) ISO/IEC 17025 (2005): “General requirements for the competence of testing and calibration Iaboratories’
(NS Q 17025 :2006, [FXERAT K OBLIEREBIDBE /IIZBE 35— ER )

2) Codex Alimentarius Commission: “PROCEDURAL MANUAL, Twentieth edition, (2011)
<ftp://ftp.fao.org/codex/Publications/ProcM anual M anual _20e.pdf>

3) EMOKFEME R EHMT 2 — (FAMIC) : R BRE
<http://www.famic.go.jp/ffis/fert/sub9.html>

4) EMOKER RIEBRELEANMIZERT IR ATIE (1992 200, H ALK E =, H(1992)

5) EMOKPER EoR NERHIGRHER AT RIS 1 — 2D 5 — A O OB E IO SR L Ok
DIRFEEA~OFHIZB T HHFHA T O L1, W59 3 A 16 H, EMOKFER 57REE 700 7, HA&
2649 H 1 H, BMOKFESL SRS 1148 5 (2014)

6) AOAC Guidelines for Single Laboratory Validation of Chemical Methods for Dietary Supplements and
Botanicals, AOAC INTERNATIONAL (2002)

7) Codex“Guideline on Anaytical Terminology” ,CAC/GL 72-2009(2009)

8) 1S0 13528 (2005): “Statical methods for use in proficiency testing by interlaboratory comparisons’ (JIS Z
8405: 2008, [FAERFTH LI LD HRERBR D 72D DREFITHY T7 1% ])

9) JHHEIEA, MIOkREE, P i, B, RREEEE, A T, AR, BIRIEE 2012 A5 4
ARG B BT 3D O A2 [E i@ ekt & O Ao L [FRRBR AR O, AEHFZE R, 6, 61~83 (2013)
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Verification of Performance Characteristics of Testing Method for Iron in Fertilizer
by Atomic Absor ption Spectrometry

Shinel TAKAHASHI?, Chika SUZUK I? and Noriyuki SASAK 12

! Food and Agricultural Materials Inspection Center, Sendai Regional Center
(Now) Fertilizer and Feed Inspection Department
2 Food and Agricultural Materials Inspection Center, Sendai Regional Center

We verified performance characteristics of testing method for water-soluble iron (W-Fe) by atomic absorption
spectrometry described in Testing Methods for Fertilizers. The accuracy of testing methods for the several form of
iron was assured from 3 replicate determinations of 6 fertilizer samples containing 0.01 % ~ 10 % iron which
were prepared each test. As a result, the mean recoveries ranged from 101.1 % ~ 107.0 %. On the basis of 7
replicate measurements of each testing method of a solid sample and a liquid sample, the limit of quantitative
value (LOQ) was estimated at 0.004 % and 0.0004 %, respectively. These results indicated that these methods
performance characteristics were available in establishing criteria for a determination method of iron.

Key words  criteria approach, iron, atomic absorption spectrometry, Testing Methods for Fertilizers

(Research Report of Fertilizer, 7, 131~137, 2014)
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12 FYITFUOREBREDMEERERE
— F AT T N B T —
INARTE Y e L AR, VR g

F—D—K ISAFVT T Iu—F, RV F L, FALT T NI AR,
PEF AR B

1. [XL®IC

E R 7w A TEEE M o B E 25T e, FeANEICIB VTS ISO/IEC 17025:2005 (IS Q 17025:2005) P DB sk
FIHAZE | ZUICRBR AR OE MR OB 2 7 S E BRI TS, ISONIEC 17025 T, [EEE - EZ B
ST LMD RSN TR R E T DI HERL TS, — 07, SWE ORI AW DT EE M, 2
EEECTHRET 20 TIERL, —EDHYE (criteria) 272 3 0 HTER0IE, WA EEELTWD. OB X T
X277 47 V7«7 7 m—F (Criteria Approach) EFEIXALTERY, LW E %2 FBANTHIE T 50 0riEOFHE I
WHCELIENT—T VI ARBRIZBVTEREIN TV, BMENGREL TWDa—T v I ASHHEDM
RERLYEIC BT A EME R E DT DAARTA LN X A FaPH, B, KR, E & FIRENREIN TN,

LU ss, JEEIORERIEICE RSB MERER R, B EITRRD20, B ETILENDD. IT
B, B IR SN2 B DWW TEZ NS OPEREZ A L CIERFE R BRIEY IR I L T\ 5. 72721,
EEF3 AT (1992 AEAR) ¥ 0 FLikk A H & 2 723 BRIA L8 & TIRENFRH S QRN Zhhb0
MREARAE T DUENDD. ZOZEND, FEH HITEHERBRIEY TS CODRBRIEDI D, ZhRFEEL
MR & LTl B A 2R 59 KIRIEEY 77 o (W-M0) DF A 7 I M) LW O FE 1 D R e S5 D
PEREZFRA L= THE 5.

2. MERUAE

1) REORR

L COBIERHFEEIO FITIZEY 7 T o BN E TN TODEBZENNH DD, IO HT-->TiTFk
1D LB H DR A AEEHERD E AR5 ASHAK IR E S TOD SRRk Z V=, 728, Kk
DRIITILERE D THIELT=b D& AV, JEIEL TOAIERIOR A B A 2B E 10K 2 DLBVRIELRS
L, BV 5 (Mo) L TE &35 0.002 %~54.34%5 A9 Dk k& i il LU=

2) EERURBE
(D) YRRt BEERERT ST LR UVmIini-1240
(2) ETHRAEEEA RIS WIS EBERT

Y OMSTATBOR N EAOK BE 2 2 A i 2 — Rl s & —
2 MNTATEE NEMOKEEE B Z a2 — @i 2 —  (B) B2 2R A
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#1 BOBIOTIRIC T Bt

i 258 ST DA B4

EXi HA& R T RERES (MR B4
A Sty N JIS K8960 % W7 =7 Wize

R JIS K8731 #k R e

D ABBRIKSE Z T A JIS K9017 F5#k

AV 2 JIS K8121 #k AL ¥m
LERVTTUBAT =T A . o L7 (L

TR JI'S K8905 #5fk NI B ERS

Ja—= JIS K8824 ik

TF LTI UEREE K ¢ 5 B
NI L K JIS K8107 4% VR BA A4 EDTA-Na

%2  HBRITHWKEMEE) 7 F Ui B oA E S (EE5F %)
o L SR Ak TE I BR AR A R

BERT oMK Mo-2.5 Mo-0.1 Mo-0.02 Mo-0.002
=ty 20 10 10 5
IR 10 10

VABRIKSE )T 14 10 10 3
=¥ DAy SN 10

LRV T UBART T T A

AT 4.64 0.185 0.037 0.0037
T a—2A 51.36 59.815 49.963
TF LTI IUEERE K

o N) Ly SN 1L 10 10 10 1.9963
K 90
MoZ A & 2.5 0.1 0.02 0.002

3) HEOHAH

(1) /k: KEEREERE (HAIUART Elix Advantage 5) 2 F W TR HRIL7Z IS K 0557 IZHLET 2D A3 D
KEFERLT.

(2) Hil: JNSK 8951 (ZHIE 3 2 Hrik SUILIRI D it B DFEE.

(3) EMEFRME: JSK 8223 |THLE T D4k U [RITE D B DFFE.

(4) filegk (D 7H: IS K 8981 ITHLE T HfitEAEk (1) 5 g ZMitkz (1+1) 49 10 mL K& ONE & DK ITH )
L, HIZkEMAZT100mL EL7=.

(5) FATTUWEFTNTLEK: IS K 9002 ITHETLHT A7 TN A 50 g% /KIZEAL T 500
mL &L7-.

(6) AT () R ASK 8136 ([ZHLE T2 k37 (1) Z/KF4 50 g 24l (1+1) 200 mL (2R
LTENLT=DG, KEMZT5E00 mL &L, JS K 8580 (ZHE T2 EORLIR 332N 2 TR IR L
7-.

(7) VT FAZHER (Img/mL) : BALE) 7T (V) &5 2 — 2 —HICH) 24 R s L CHzR L7214,
1500 g O Y &RICESTZ. D EDKTEEDL, 2877 A21,000 mL (2L AL, JSK 8576 (B E T H/KEE
TR LK B g ZMNA THNL, EBRETREIMZ T,
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(8) EVT T AZEHAER (0.01 mg/mL) : EVTZ 7 U AEHERR (1 mg/mL) O—iE &% /K TIEMEIZ 100 51247 R
L7z,
(9) ZDOMoOFIK: JERMERBREY (2>,

4) REESRUREBRAZE
KEMEEY 7T o (W-Mo) O K ONHIE 133 3 DL BiRkaEaREY o BRI ELZ W, B, &%
D=, RBpEO7e——MNK 1) &R L.

| bt 5009 | 4f7727 500 mL
|~k #7400 mL

| IEVIRE | IR IR (30~40[mliE,/ 4y) , 3043
|7k (i)

| 2 | 23w

| oE(—ERm) | 4&Er7z=100mL

<—E;|LE§(1+1 5 mL
HR 205 mL
<—EHLE&@:\ (I ¥ #EK92 mL
—F AT UWTF MU LEERRL6 mL (RVIEE 72 235)
A7 (D) W10 mL (FRVIRE720305)

K (EET)

| fi | sroREIEETsET
|

| & | 50 eEER (460 nm)

X1 et oKEEE) T T R n—2 —b

%3 ARk oy K Ui 5 Tk
BRI Y kR IE DIE B AEHE IR DI T 15
KTV 7 7 (W-Mo) 4.14.1a FAT T NULRSOLEE (41 JKEEERED

3. BRERUEE

1) BHORBICAN-EEIITTUBATOE=Y LEKIYPOEITTUONDEEE

RELOREU AN L' T UBAT U E=y AR T OF)T T v O F B R RERE (K
VEYEEV T T2 dD 3 S OHMT CIE LTS a3 4 1R LT, EE IV E H U BRI 358 & 138
BPH 099.2 % THY, ZOFRMERER T 043 % L/ ol ZOZEND, REIO TR CIT B EZ
THRLERETE T 7.
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#F4 HELOFEUCHNE BB T UBERT = AR T OKIENEEY 7T ORI EE
PRERAE L%

Akt SR TR BRI
Al e
(%) ¥ (%) (%)Y (%) (%)
ERVTTAANTT=T 4 5434 5393 0.23 99.2 0.43

U7k Fn9) (W-Mo)
1) EEVTTUBAT =Y AR OE) T T (Mo) BEER fE
2) KEEMEEY 7 7> (Mo) D3 TRER DL

3) (CE¥IME, B {E) x100

4) HRH

2) BEEFMERER

BLEFEAM AR (R 2) 2 HWT 3 mIHMT TKIBEMEEY 7 7 (W-Mo) DB A FEfi L= a2 2% 5 ITRL
7.

FEMRKFER 5 RN BT, R B AR O i B S 1 X TR 25 IR LAA L o @ iR e o T,
PRAFZEICR R T HIENEE SITHN TS, Lo T, KIEMEEYT T (W-Mo) D% FHIE LR BRIE ORI E LD
ZETOWTCHE LTz, KEEMEEV 7T (W-Mo) EL TE 84533 0.1 %X 2.5 %5 A T 53l BHI DWW THIEL
7oA, BEHELHIEMEE O EITE &% 0.001 %, 0.01 % THY, s FHEIZx4 5EILERIE, 100.2 %,
100.8 % T o7z, ZDZEMnb, ZOFRBRIEL, HimLEk (FKE R = A IREH LS DK EEHEEY 77~ (W-Mo)
O EOFE LD+ 7R EfESEH L TODZENMERINL.

7283, AOACIIZRITHIREL ~IUZ BT DIRULER O FFAFIFAILIE 1% T 92 %~105 %, 0.1 % T 90 %~
108 % THY, BEDT=H I LIZEZAEIT T (M0o) DWW T IDEIIEL Z OO PRGN THh-7-.

#£5 REPOEYT T (Mo) DFERAHE

KBS PR AEHE Bl ﬁﬁgj‘g EoES IR SR *%Ej%%
Al) (%) 2) B3) (%) 2) C4> (%) 2) D5) (%) E6) (%) F7) (%) 2) G8) (%)
W-Mo Mo-2.5 2.5 2.51 0.01 0.2 100.2 0.01 0.4
Mo-0.1 0.1 0.101 0.001 0.8 100.8 0.002 1.6

D REHTOE) T 7> (Mo) D& At (RAHED)

2) HEIR

3) 3APHTREROTHIE
4) C=B—A

5) D= (C/A)x100

6) E=(BA) X100

7) SR TRBROEE R 22
8) G=(F/B)x100

3) MHETRRUVEETEE

E & T IR AR (R 2 # W T 7 M T CRIEMEEY 7 7 (W-Mo) ) iR %2 S5 L 7=/ a2 6 1R
L7z, 78, B FIRIET GEHER 2) x10) 5, F72, M PRI (%R 22) x2xt (n-1,0.05) | &2 H W TR
L7,
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M0-0.02 DFEFA D, Frfkalkto & & T RREILE &7 % 0.006 %L, i T BREIXE &5y 3% 0.003 %z
JEChHHEHEE L. 7235, AOACY ITHITDIREL ~ VBT D ENLE O A HPHITE &% 001 %T
85 %~110 % CTHY, M0-0.02 D/KIFMEV 7T > (W-Mo) DIaIL R IFFAFIFH Ch -7z

F72. M0-0.002 D RNG, RO E & T IRMEIIE &5 0.0006 %2, ki FRREITE
0.0003 %FEE THHEHETE L. 728, AOCACYIZHBITHIREL ~IUZE T DA RO FF A & 1T E
0.001 %C 80 %~115 % T&HY, M0-0.002 D/KIANEEY 75 2 (W-Mo) D[RRI TFF RN Th-7-.

AN

E=RYANSs~3
iR
SN~
R Y

6 EE T IRMESHBR O (R B4y %)
. . . HEETE % HEE R H
SES R4S =t i S A ) Y o
ﬁigﬁﬁkﬂ uiﬁq’ ;]Xu+f :I:i'//j1ﬁ *mﬁ{ﬁ?é —Fﬁﬁfﬁ TﬁE{E@
W-Mo Mo-0.02 0.02 0.0202 0.0006 0.006 0.003
W-Mo Mo-0.002 0.002 0.00171 0.00006 0.0006 0.0003

D AR OEIT T (Mo) D& A & (REHE)
2) TROHTREBRO ) E

3) IEAE(mAEX10

4) FFEUEMR ZEx2xt(n-1,0.05)

4) EMBERREE

IIATVT T 7 a—F BT DM REHE CIXE M BB 0N ZREND DY, RERIED 2 Y R DT
D IL[FFRER O FHEN T K E TR T IS, ZDOZEME, BEMOIN R FEE BB OB %Y+ 2 BRIk
THEMSNIRAEY 2 WA T2, ZNOLORGEEZE 7 1R, 728, SN EEBRER T, n/ 3 xh
2 O THREE O H1 Il K& Om SAMEHE(R 7 (NIQR) S FLHH S TVD. H1 i K OYNIQRIZIEB /3 A I
BT M O HE(R 221 ’Jﬁw“é

KEMEV 7T (W-Mo) D H BBV F45 3R 0.210 % T, 7D NIQR IHE £:45 3R 0.010 %, = D= [HHH
FISHEAENR 721 4.7 % CTho7=. FTo, KIEMEEVT 7> (W-Mo) O ER R D HorRat fiild 0.92 Th-o7-.

f;io AOACY IZBITHIREEL ~ULVE By 1 %M (0.1 %ICHITDER FHBREE D B 21X 4 %M 6 % T

ZE DT IR L T- L ZAKEMEEY 7T 2 (W-Mo) O == [ FF B X MR 221 X2 b0 H 2% FEl-

7-.

KT HINVERRG S PR A
=HER B o fE NIQR RSDr PRSD HorRat /&

ARy RUBtORH

e =% AY? Bw? ) DY (%) =
W-Mo  i@li@aiek 2012 52 0210  0.010 4.7 5.1 0.92
1) e
2) HEH®R

3) AR AMEAE(R 2 (NIQR)

4) =[BT MR 22 C= (B/A) x100

5) Horwitz{& 1E 2005 5 HH & 7= =2 ) 15 B Ve i 72
6) HorRatfei E=C/D
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4. F&O

KEEMEEY T T2 (W-MO) DF A7 W F MDD EEVE DB, 8 & - 1 T R M OVER [ A 3RS L
ERAE LA, OSSR EST-.

(D KEHEEVZ T (W-Mo) L TE &S 0.1 %K O 25 %5 A TR EHZ QW THIELZ L2 A, 3Gt
ELE A & D72 TE #5728 0.001 %, 0.01 % THY, FRFHEIZR T HEINEIE, 100.2 %, 100.8 % Th-7-.

(2) KIEMEEVZ T (W-Mo) &L TE %K 0.02 %l FHRIL 7= Bk sk & W CE B TR K O H T IR
ERERLIZEZA, B 8575 0.006 %M U) 0.003 %fe FEEHEE Sz, Fiz, KBTI 77 (W-Mo) ELTE
75 0.002 %l FHR U REEHE W TE & FTIRA ORI N IRZ MR L72&2A, B &4 0.0006 %%
Y 0.0003 %f&JE LHEE STz,

(3) AhEpHE e B BR L0 R B AT A L7225, KIEMEEY 75 (W-Mo) 1, F B VE &5y
R 0.210 % TE DR ASZAMERERZ (NIQR) IXE &7 0.010 %, £ D= B EER 1L 4.7 % Th-o
7.

(1) ~ (3) DRAE L, MERFEFRBRIED IR S 723 BRIE A ) R R BUR M & U Ol B R 3757k
PEEVT T (W-Mo) DEH BEZFHIIT 52N CTELMRE AL QNDEIEERLTEY, 7794707 -7 7 a—
FDOHARTAL DKENEEIT T 2 (W-Mo) SRERIE D PERERLHERERK D512, 2 DORBREGE X712
BEIRDEEZ L.

X |

1) 1SO/IEC 17025 (2005): “General requirements for the competence of testing and calibration laboratories’
(IS Q 17025 :2006, FABRAT M UM IEMEBIDRES BT % — iR ZRH1H )

2) Codex Alimentarius Commission: “PROCEDURAL MANUAL, Twentieth edition, (2011)
<ftp://ftp.fao.org/codex/Publications/ProcM anual M anual _20e.pdf>

3) MINAATEE NEMOKEN T it 2 — (FAMIC) < BBk 15
<http://www.famic.go.j p/ffis/fert/sub9.html >

4) FEMOKPER B EBRETHANMTIOT  ALER 3 ATE (1992 4ERR) , H AIEREME W 2s, HE(1992)

5) RMOKEER TR ERHRHERA TR - — &0 5B R OF “HOBUEIZIE S SR L OB
DIRFEZE~OFERUC P T D HEIHZ ED D, 5943 H 16 A, EAIKPER &R H 700 7, Hf& e
F 2649 H 1 H, EMOKFESL SR 1148 5 (2014)

6) AOAC Guidelines for Single Laboratory Validation of Chemical Methods for Dietary Supplements and
Botanicals, AOAC INTERNATIONAL (2002)

7) Codex: “Guideline on Analytical Terminology”, CAC/GL 72-2009 (2009)
<www.codexalimentarius.net/downl oad/standards/11357/cxg_072e.pdf>

8) 1S0 13528 (2005): “Statical methods for use in proficiency testing by interlaboratory comparisons’ (JS Z
8405: 2008, [FBRIT I LI KO RERBR D 72D DFEFHI T ))

9) JHEIEA, MEIOFREE, D o, AL, s, \AE —, Affin, LIRIEE:2012 5 4
RS FE A8 B D 7280 O R E L@ JH O T IERE O e FIRRBR AR DA, NEEHIFZ7EH T, 6, 61~83 (2013)
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Verification of Performance Characteristics of Testing Methods for Water-soluble
Molybdenum Content in Fertilizer by Sodium Thiocyante Absor ptiometric Analysis

Keiji YAGIY, Natuki TOY ODOME?, Tokiya SUZUKI? and Hideo SOETA?

! Food and Agricultural Materials Inspection Center, Fukuoka Regional Center
2 Food and Agricultural Materials Inspection Center, Fukuoka Regional Center
(Now) Fertilizer and Feed Inspection Department

We verified performance characteristics of testing methods for water-soluble molybdenum (W-Mo) by sodium
thiocyanate absorptiometric analysis described in Testing Methods for Fertilizers. The accuracy of testing methods
for the several form of manganese was assured from 3 replicate determinations of 2 fertilizer samples containing
0.1 % ~ 2.5 % water-soluble molybdenum which were prepared each test. As aresult, the mean recoveries ranged
from 100.2 % ~ 100.8 %. On the basis of 7 replicate measurements of each testing method of a solid sample and a
liquid sample, the limit of quantitative value (LOQ) was estimated at 0.006 % and 0.0006 %, respectively.
Reported in Research Report of Fertilizer, medians, normalize interquartile ranges (NIQR) and relative standard
deviations (RSDR) for reproducibility of water-soluble molybdenum obtained by proficiency testings were
0.210 %, 0.010 % and 4.7 %, respectively. These results indicated that these methods performance characteristics
were available in establishing criteria for a determination method of water-soluble molybdenum.

Key words  criteria approach, molybdenum, sodium thiocyanate absorptiometric analysis,
Testing Methods for Fertilizers

(Research Report of Fertilizer, 7, 138~144, 2014)
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13 HHICHTHRERBAIBSODITOREREMD

CEELDOREICRIETEE

T t-jalie— 1, KR 2
F—I—F BRSO WERE LR, ML, IR L

1. [XL®HIC

E B0 75 AR o Bh& 2sEd e, FeASEICIVTE ISO/IEC 17025 (JIS Q 17025) VOB R FHIEA S
(CU TR BAE DB BEMERER IS DWW TOZE X N EHRINTWD. 2O ERFIHITIL, RO AR
DFEAPEMERR S OFMITHE BRI L DB AR OB M E DR DL E T2 > TRY, ARBRATIdEEHC L 53
BREE M O L FIFRERICS I CTOMIAE 8 B2 9 2%, SBROGBEMEMERIZE D TS, B3 E O Rk
AREREGONWEEHE, PEHREREB ORBRATE BT, 2006 FE X2 FEH@EoREHE A 23k
[FRER (LT, TAMERRS A BRRABR LV D) NERE SN TS, HEl@alBhe L T A BEE L OSES W OB E
AEBES NS TISY, A kS BE 4 B3R A 12OV VT ISO/IEC 13528 (JIS Z 8405) 245 & |2/ N ARNE
W TEFTS AL, TR (Median) , /S AMERE(R 22 (NIQR) , =/ N AMHEXHE UE(R 72 (RSDyob) A FLHL,
#HBREORB D z 22T I LIS LTS,

2006 4FE~2012 4FFEOSNERRE FEE BRARER ™ OFLS T W ERE AR RO VAT 1 (C-MgO) @ RSDrop &
LB L 722229, 2.1 %~2.8 %D AL 6.6 %~8.7 %D EARIZK TSNz, TORKNEFELZEZA, TD
BE (WA ICEDBRRO DN, ZOZEDD, M2 B ESRM XIERBRIEIIT R S T
BRAEAE I DM EM ~D T T (WD LHFRBRIEDOERENE) IZOWCHAEL LML, fHEECB TS
TSRO NMEARBEDRFENC LD B BT D5 A2 D T, ZOMELZRET 2.

2. MHERUEE
1) gEEH
IR CHRESI T 2009 FEE~2012 4 EEO SRS L& B AU O JLE WO BRE IER (LT,
LS OB IERE-09 ) ~ THES W T WEREIEER-12 1 £V, ) 250N, FIZXHRREL T 2011 DI E
BB HRB O & EALAERE (BLT, TR EEARRAER-111 &), ) 2ot HEERE L7z,

2) Ha=
(1) A HrEEE: AAYy—L LTy = SOLAAR S4
(2) b s SRR (EEARETX) « BHBEYEL T ¥ MK-41

3) BEFORAURUHAREZMSE

AR O TR OGRBR BRI AR RSB O I CHEILL CEMEL 72, SRBRIEOME A 1 O7r—F v —]
U SIATBUE NEWOKPEN B Z it 2 — A2 — (B) @t 2 —

POMSEATEHE NRMOKEEH B 2 il 2 — P e 2 —
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2R,

| IIHTRRER 1 g 1 mgETARETT A7 250 mLIZIIHWVED
—< A AVBBERIR (20 mg/mL) 150 mL[#930 °C]

| JRD iR (AR J-EHE (30~ 40[EIHE/4Y) . 30 “C£1 °C, 1R
|

| e |
K (FEHRET)

| 5 | 2uisE
|

| omER) | 2RTIz=10mL

— T EHI AR 10 mL
K (FE#ET)

| e | ks b

1 JERh o< TS LB ET m——h

3 BRRUEE

1) BEO/NBEEEERBREEDHER

SN RS B BRI T BURH X, R R A PE S OB G IR R OFRS W W E IR VY, AT 1
H B E 500 pm O 5504, %L HBE 212 pm O S0WERIETHETHEL, IREG-/NMrTL, fifls
iz, BAIEEIORERTE H X, BEERDN, Koy, EREE, TUOT=THER, AV AR, KIEMHED
AR, SVEPEANEL, KSR, <M 1, O, IRITLERIIRESI, LT ERE IEEHE AT VA
JUVER, TAHVGy, EEPEE AR RESN TS, BB I S ANE IZIVf#ENT ST,  Median, NIQR,
RSD,ob, HorRat fE 3 F HHSFLTUNA.

2007 FFEFEDD 2012 4R DA K43 O Median & RSDyo» D BEFRZ X 2 127K L, Horwitz (& 1EZ 19 0 BH55
AUT )72 28 ) PR BT (R 22 (Horwitz” SD: HSD) % FV N TEE [ - BLAH X A V(R 220 T I E(PRSDr) % 5
HiL, PRSDg X 0.5 }2 O PRSDr X 2 Z[RIBICFK R LT-. ZOfER, A NEEID K B OFLSWT O ERE BB
C-MgO ZBRUN= & 5B 57 D RSDyob 1%, PRSDr DJEILIZ/3 AT L THY, PRSDr X2 %% 727572, Codex
WZBWTIE RS F O 47T 0 = AR XA HE(R 722 (RSDR) 13 PRSDR X 2 (HorRat=2) FTHFFAIIL TS,
I A (C-MgO) 1%, PRSDr X2 FFTIZ3#i 57 v —70&0, —EBEIIZH5 AL CTERY, PRSDrX2 %
2 T e, IEEHZIX Horwitz )3 FH S-S5 307203, C-MgO @ RSDrob 1 I D 57 D LT 72 D55
DFROBIC. 7235, 7K53D RSDroy MO ALST E1TE/R D 5347 T 7= DI, Horwitz ARETS7ZBRIC
KA DY FLRYIE B AN SNIZZ e ST 52 EN NS E 2 Hb.

TNBDIEN, 2007 FEEHD 2012 4EFEED C-MgO @ Median, NIQR, RSD,ob, HorRato, 5L, £z, &
EDT2 2011 FEEDOEEACEMEEID C-MgO DRIFEDIHA 2% 1 (ZRLZ. ZOREE, 2008 4L, 2010 4
JFE R O 2012 4R JE OFESUNTOEREAIEELD C-MgO @ RSDyob 1 2.1 %~2.8 % THY, & FEAL AL D[R %y
7 RSDyop (2.8 %) EITLUL Tz, LanL7RAD, 2007 £4RAE, 2009 4-HE K& OF 2011 4 EEDFLSU MF WO ERE IEEND
[ 57 7 RSDyob 1L 6.6 %~8.7 % THY, BALNZMMDEFE D AR EDZENFRD DI,
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INHOFERERAMEX, T L2 C-MgO @ RSDyob 23 B 72 > 70 RN Z DWW THERREE -V TR AR5
HZEELT-.

50

45 |

40

(%)

35 1

30

25

20

RSD,,, X |ZPRSD,

15

10

1E+0 1E-1 1E-2 1E-3 1E-4 1E-5 1E-6 1E-7
Median (g/g)
(42 20074FFE7>5H201 24 B O SR B 45 BREAER 0D == [ 75 Bk FE (RSDrob) D53 A
O <M1 (C-MgO), :7Kk%y, A\ BFRELE, € ZOMOS
:PRSDr :PRSDrX2 —-—-—:PRSDrx0.5

K1 RSO ORENEROEENE T £ (C-MgO) DA RS & BlEABR i

iﬁrg E—— :%,%bn” Mediaén” NIQR”  RSDwb’’ HorRat,,” HSD”
- ABRER 0 (" (%) (%)"
2007 PESUNTUOERE AR 86 3.17 0.21 6.6 1.95 0.11
2008 PRI A 89 5.80 0.14 2.4 0.79 0.18
2009 PESUNFOERE AIE 87 2.34 0.20 8.7 2.48 0.08
2010 PRSI IR 88 5.42 0.11 2.1 0.67 0.17
2011 PR NFUOERE A 78 3.36 0.23 6.8 2.05 0.11
2012 PRI A 81 6.77 0.19 2.8 0.94 0.20
2011 & AL AR 128 2.48 0.07 2.8 0.81 0.09
1) RO A 4) S AMEE(R A5 K 8O 72 HorRatfE

2) BN AMEUE(R 5) Horwitzf& 1E AL S50 7 )07 2 ] A B Y 22

3) N AMEGR R 6) ERyR
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2) HWIHEEOZE

1) OFRAEFRE R D, ZIE I RSDyop DEZR DA DR EL TILSWT W ALER-11 R OFES W W IRE
AEE-12 %, SIS BRE L CE AL RRAEEL-11 2 VT, 0 23125 75 /3R EC 15 Sy IR CHh R 2 5% B L,
Z OO BB TR ERBRE O0E T 2 SO T T C-MgO ZHIE L7 H 2K 3 I[TRLT-.

T EALEAEER-11 © C-MgO OWEEIZIHRER 15 47 ~75 20 C- &5 3% 2.55 %~2.65 % THY, 1l
HHIREFA] 15 20 [ CH oIS Tuoe, SRSV WO EREAEER-12 @ C-MgO O EME T HRER 15 43~
60 Sl E TR 2 12 @E<720, 60 /3 CE B 7.27 %&72D, 75 3 CHE & 7.29 % Tho7lz. FLIWTFN
PR ARER-12 @ C-MgO FHHRER 60 43 [ CH oS Tz, LinL2enis, JRSUVT VIR ALER-11
? C-MgO ORIEMEIE, FIHER 15 2 ~75 D ETHR % 1Z@m<R0 >3, 45 I CTHE B 2.64 %,
60 3[R 73 2.98 %M N 75 43T 3.28 % THY, HHLNTHIHIFRIZ LD 20380 bz,

NEBHERBRIED 4.6.2 <M 12 4.6.2.a 7L — DR (4) 3R ERAE (4.1) Bl b) 121X T4 30 “Clzhn
L 7o X AVBRYEHR 150 mL 2%, 30~40 [Blf5, 45 (30 ‘Cx1 C) T 1 KeHRVIEES. | EFikET0573,
ZOfH R A RS L 722 & C-MgO DORIEEIZ BN H LMD IEE 13D LDFRH BT

EAMEE A+ (C-MgO) (%)

Pl e ] (3 D)

P43 il Re ] 23 <P £ (C-MgO)
ORN AN BT T F 2
- -0 - AL E-11
—— PLSUNT WO R 11
—A— FRSUWNT OB AEE}-12

3) HMHROBSHOEIL
RS RRERIE Y 0 4.6.2 <EPER 1 4.6.2.a 71— LJFFIOEEE (4) SIBER(E (4.0 it o) (23 THaa %, 15

BETKEMZSD. |EFBRENTODR, BEHEEERICOW TR ES TRV, ZOZEND, JEEWITUVER
BAEEE-09, SESUMTWEREAEER-10, SESWITWEREARER-11, SLEWITWEREAER-12 M OVE AL RAEER-11
ZFWT, 0 FEID 6 IRFfET 2 REEIAINE CHRGE R 23 E L, £ OO BB EREBREIHE-T 2
RPHTT C-MgO ZIE LI AE R E XK 4 1R LT,
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PESUNT U AERE-10, SEEUNTVERE ARR-12 K OV EE(LAZIEEE-11 @ C-MgO ORI EfEI LAk E RERH 0
RFIH] TR 756 5.63 %, 7.15 %% T8 2.60 % T, H (B IRF(H] 2 RFfi] ~ 6 R[] oD T 7 i 3ok i R ] O IR > )
DB R 0.08 BDMEIZHY, HEIZLDEHITRO LM o7, LNLRD, SISV WERE AEE
-09 B OMESUNF W ERELATE}-11 > C-MgO O I A1 3 ik [ R ] O R[] TR k53 3 2.23 %% 1r 2.93 % THY,
TR R SR A DL E< 720, TR I] 2 IS 0D YR 2 (0 S R ) O IR T oD 8 1 0 43 5 0.31 %6 /%
08 0.39 %t L7

B BRTE D C-MgO DB (4.0) filiH ©) (2312 THiim 2, | M ONRD St o B & Tl |2 F2 i
L7g\ e C-MgO DRIEEI BN H LMD IR B HHIENRBO O

8 8
7 Aty = 7 A/A—/—A
< S
— 6 S 6
S €, o o S
o 5 O s
= o0
S =
5 o4

_H
4 i 3
T2 2
A
1 1
0 L L L 0 1 1
0 2 4 6 20 25 30
el IR R () IR E (C)
4 B[] 23 P L (C-MgO) 5 i IRLEE AS< e 5 + (C-MgO)
HEMEC S F T2 ORIE R F T

—H— BEEEO VR E-09
—6— HESVF IR EALE-10
—— FEEUVT VORI ER-11
—A— SRSV ETIEE-12

- - A LA 11

- - E LA EH-11

4) HHEREORE

AR BR Y O I I WD IEE L LT 30 °C*+1 °C I CEXAEIRPIRIEVIE SN H ESN T
WHZEND, MHHRED C-MgO DORIEMIC LT RBEMAET DL Le. SLSWTFWIREALR-11, §13
W OB AR EE-12 % O EALRUER-11 2 N T, £ZFEOEIRELT20°C, PRIRED 25°C R UHESH
TS B0CITRRIEL TZ OO BRIEIE RSB IE 5> C 2 DT T C-MgO 2 MIE LI a4 5 1R
L.

5 EEA LA A1 0> C-MgO O E 1 HIELEE 30 °C TRI B4R 2.63 % T, 20 °C TH £:4y % 2.60 %
ThY, fHHREIZED C-MgO DRIEMEDZTFRO LR T, LnLARAD, FEEWTOBREIEE-11 O
LSOV A EE-12 0 C-MgO Ol EM T IR 30 °C THE R/ 2.96 %% 1N 7.20 % THY, fliHiE
HEPSS AR BIE LIRS 20, 20°C OIIFEF: 30°C DL B )5 0.84 %K 1 0.62 i< 72 7=
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ZDZEND, FLSWNFWERE AEELD C-MgO Ot Z 38\ THll IR OMEFRIT AR ] R EZZ 2 BTz,

5) HBHMEOEE

SNk A AR A SR ORI O IREN |2 Lo ThLEE /3 A D ¥ — e 2o 7o 2L 2 AHEL T, C-Mgo
DR EMICFTHBLRETHILLU. SESWTWOEREARE-11 K& O AL A AEE-11 2R 85 | TE
L, IRE & 5 2 CRIEE /S BEL =% OREE G E 1 IRLZ. REDEWICE D EE D10, L= &8
DO RKIERSY, TIBO/INKIERSY K OFNHEIRA LIZ 3 FEOSHT#EZ IV, IERMERRBRTE Ot~ T 2
T T C-MgO ZHIE L= A5 A 1K 6 [T LT-.

PESUMTOEREAER-11 K OV BEALRRAIEER-11 0 C-MgO OJITEITIRA DT alE TR B4y R 2.87 %k
Y256 % THY, FRLER 3 o OV INRLHER 53 D43 A alBr O T E AR RIR 5 D 23 BT sl Bk DI 2 B D& 547 # 0.09 %
DIRIZHY, BLE AL DREMED A TFED AR T,

ZDTEDD, SN RS BRI U O MRS RE I DR |2 LD /3 BEDS L Z > T C-MgO DIl B 1T 8% 5%
RN EDFERRE N,

GE 1 FRRIORLE Sy
FEAR AV RAERE, AR PRV U ERE AR

6) HHEBRDZABBREDEZE

ka5 BR 1O I I WAL A A BRIRIRIE T IS K 8283 (ZHLE D<K 2 Al —/KFn# 20 g 2 /KIZIR
2L T 1,000 mL &F%. JEFREINTODIEND, <X ABREIKDOEEFED C-MgO ORIEMIZKIFE T %
AT HIEEL T, SRSV OERE IEER-11, SESWITWEREIEE-12 K O EEALRRIER-11 2V TC, <z A
g —KFn LT 1.9 wiv%, 2.0 WivooX O 2.1 W% fl IV IR A TR L, Z O ORI AL ERBRIE e
ST 2 BT T C-MgO ZHIE LT R A2 X 7 IR LT,

PLSWTWVERE A RE-11, FESUWTWERE AR EE-12 J NS B RAEER-11 D C-MgO ORI E L 2 AVBE— 7K
LT 2.0 W% TOH AT CE B R 2.63 %, 2.95 %K% ) 7.16 % THY, LIWNW%L D 2.1 Wv%DIE
JE DRl R O TIE AL 2.0 wv%D I O TEAR OB #4533 0.05 NDIRIZH Y, ZOFHIER D2 AFRD
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TR R IS LD EME DA TFRO DR -T2,
D LMD, HHIREL TOLZ AR —/KFIOIRFEIL 2.0 w/iv%£0.1 w/v% Tlx C-MgO ORI E 2 2% 5.
ZIRNZEMHER SN,

8 8
7 7 /X yimy A
S Se
> >
o4 o4
;E 3 — —N— NG gjﬂ 3 NE— ¢
iy IR S 5 - & S 5
K2 K2
V A4
1 1
0 1 L O 1 !
JINRE B PN A 1.9 2.0 2.1
AN IR S TOPY AL Al SZAPBIRTEE (Wiv%)
X6 Ay HTRrE R EE /3 AR D3+ X7 IR DL 2 AR FE ISP E
(C-MgO) DR EENZ BT T 2 1 (C-MgO) DR EMEI Jo 1T § 5 28
- > - EREEACERIEL-11 - - EEAERIEE-11
—— RSO B AR 11
—— PRI W REEL-11 A— SN IR AR R)-12

7) SEEEERRARMORMRUEZEE zOHR

SN RGP OB O UL S OV DL DM LR OFE R AR 2 ITRLTz. JER &S C-MgO
ORNEMN BB D LIILSWDITWOERE JEEF-09 2 OFESWITWERE IEE-11 1 3IRE 5 THY, b0
D RO LN ST FLSUWNT O E IEEE-10 K OFESWITWERE EER-12 (30K Tho7z. RSV TN
BB AR DO REZ MR T 5728, <X ABRRIR T LI K2 BR AU 30RO BB mI{E (F5€: 100 %)
ZHHE IR UT. AMNEORS FE A PR A EURHT B BAX 212 um OS5V E 2B T HE THFASN TD 4D
HoTC, g TIIREDH ENREETH-T-.

LSO EREAEEH-09~FESUWNTFWEREARE- 11 DT EHZ DWW T, JERFERBRTE D120 T ARE
WHRA N2 CIRED R DTSR DIRIEIE, T E 3 IR, R THLILIWITWOERE IEER-09 K OFES U MF
FREEEL-11 ORI EAELTRY, —F, Kb THAILSW T OB IEE-10 & OSESWT WO ERE R EE-12
DRI ATHE KOS R D 723~ 1.

FIE A8 Bt v L 2 - & e e Ik D 28 TE AR 1 O B O R DM 1T TR ST OB AR (LD A FE SV
TSI SNVFEOFINEZNWD, [FHIFRGNERLEES L TRBLIZb D2 E T, ) &, if:, Z DA DI BRI
OV — ARMETOERDS 20 %LL EDOBLDIZH ST, 2 IVA—MLOMSDLNELIREL, /v, KIELTZ
éu\wmm IZHOTUE, 600 ¥ A7 A—MLDOESDVE 60 %lh Bl 452 E. | EillShiTns. 2
DZEVE, BRI RIZT HIEDBRDOHITEY, WHIELIZKWZEZRLTEY, S EORBREE REL—
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HL TV,

FK2 A R PR OB O PR S W WBRE AR RO JFUEL K O ik

is 11y
2008 RUFRILI N IS
2009 SN2 TSN F EF S we
2010 =Yl N
2011 HRJH W
2012 EE TR

3) BESUWTWOERE AEER-11 4) FESUVITOERE IEER-12
TH 2 ANREEE BB GRSV WO ERE REL) OB EE E {54
HAR 100 £5
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1) FESWTWEREAEE-09 3) FESWVNFWEREAEER-11
2) FESWIFWVEREEER-10 4) FLIWIFWEE A ER-12
HH3  HhHEE (ELRERRED) Ok ORI

K3 RSV WVRREAEEOSEENEE 12 (C-MgO) DA ks 2 BRI ki (£ 02)

ot Ik O M Medan NIQRT RSDoy” MRt HSD
e ABRER (W) (%) (%) (%)
2007 PFLSWNTUOERE AL 86 3.17 0.21 6.6 1.95 0.11
2009 PR N UOERE A 87 2.34 0.20 8.7 2.48 0.08
2011 PR OERE AR 78 3.36 0.23 6.8 2.05 0.11
2013 PESUNTUOEREE AT 79 3.77 0.14 3.6 1.11 0.12
1) 2o g 4) /N AMEHE(R A5 R 8 72 Hor RatfiE

2) N AME AR 7 5) Horwitz{& IE AL D15 U7 -2 7 22 [ A BUATE U {72
3) B NAMEXHEMER 2= 6) EEmp=

8) 2013 FENMBEETERARBRICOT

LI EOfERER E X, 2013 4 O o0k 2 BREABR Y 0 FEHE BAE I 2SSV W R AERLD C-MgO Dl
TEDOVEEFIEE L TIRUBHATRTI R T H 0 1 BfARSTL, 2B EDICABEITIZE. [LitlkL
THEEMAEL L 72, 2007 4F-EE~2013 4R DR Sh DFLI MO ERE LR I T I M L 7o RS B4 H ek
RAE A 31TRLTZ. 2013 4EFED C-MgO @ RSDrob 13 3.6 % THY, 2007 4 ~2011 4D RSDyop ThHD
6.6 %~8.7 %IZLLELL T/NSUVMETH 72, Fiz, 2013 A D HorRatoy 7Y 1.11 THY, NIQR(E £y %
0.14 %) 7% Horwitz A7) B85 72 R 72 S R BT HE (R 72 (HSD, B #7573 0.12 %) IS L TWHZEN
Al 272, 7z, 2013 4E D C-MgO  Median |3 E #4735 3.77 % THY, 2007 /£ ~2011 4 D Median |3H
B 2.34%~3.36 % THY, IZIXFRIFEDETH-T-.

ZOZEND, W FDFLEVTOERE EEHI I T, IR ZBSFL, 0% OREHA R R F 4
HRIZ IR T 28I RY, B BRSNS ET LD b,
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4. FL&H

SIENS B i BRERER SR OB BHIAR I S DLW OB IR T35 6 o < EEE 1 (C-MgO) D=
] P BLAE KA YR 22 (RSDrob) 1 6.8 %~8.7 % THY, Ktz =555 D RSDyob (2.1 %~2.8 %) JVHISH
MNZH TNz, ZORREFRAELIZEDA, RIS DOFLIWT W REAED 73 ek € 1 H R 2 OV
RERORREIZLY, C-MgO DOREMENEB T HZENFERINI. ZOTEMND, 2013 FLED FE i EAHIZHLS
W WERE RN C-MgO ORIE OB FIHE L CIEUEHAR R MR T H R o 1 A eSFL, Sa e
HIZABMAITHIZ L. | ERHEL COMNRS B BRI A F L 72225, C-MgO @ RSDyoy 3.6 %E KRIRIZHES
nr-.
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Effect of Time during Extraction Operation on M easurements of Citric Acid-Soluble
Magnesium in Silicate Slag Fertilizer

Souichi IGARASHI' and Yasuharu KIMURA?

" Food and Agricultural Materials Inspection Center, Kobe Regional Center
(Now) Fukuoka Regional Center
? Food and Agricultural Materials Inspection Center, Kobe Regional Center

We had examined the reason that reproducibility of citric acid-soluble magnesium (C-MgQO) using silicate slag
fertilizer sample about proficiency testing of analytical laboratories was poor. That problem was suggested a
difference in manufacturing process of silicate slag fertilizer sample. The manufacturing process could divide into
air-cooling and water-cooling blast furnace slags. The dissolution rate of citric acid-soluble magnesium (C-MgO)
using water-cooling slag was faster than air-cooling one. Moreover, citric acid-soluble magnesium (C-MgO) using
air-cooling slag dissolved insidiously over set time of extraction written Testing Methods for Fertilizers. Thereby,
in case of the analysis citric acid-soluble magnesium (C-MgO) using air-cooling slag, it is necessary immediate
cool handling after extraction. We obtained a result of difference of the dissolution rate of citric acid-soluble
magnesium (C-MgO) in extraction temperature. As a result , in order to analyze accurately citric acid-soluble
magnesium (C-MgO) using air-cooling slags , it is important keeping strictly to set extraction temperature

writtern Testing Methods for Fertilizers, and necessary immediate cool handling after extraction.
Keywords  silicate slag fertilizer, citric acid-soluble magnesium (C-MgO), Testing Methods for Fertilizers

(Research Report of Fertilizer, 7, 145~156, 2014)
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