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1 ARNGEREFZRAVEN DO T EROmMETE

INARFFIG L, /AR
F—I—F IRESTEIAME, AT OER, KRR, JEEE, B —RABREEIC LD 2 2 PR

1. [XL®HIC

PSR R AR oD AT YA O EEERBR I S ORIV O BRI B AESE D KRR T WO SRR BR YR I, 8
TEVECTHDILR LY 0% Y DR SN TR I A L CO D IE RSB IEY ISR Sh s, 2
ARERIEO T, BT, VAR OBERER B TIEIR B iSE SRRV IR I I FIES R ESh T
B, KIEMETOEERBR LT, | A REEREVEEIC X ES R ES TS . [l REE IR R
BB D ATIEZIT AN DI TN ZE O, TEIR T EAE A RRRRD BRI IF T M THHIEND,
ARV IR Z OO T IEOBIZEIZ DN T, JEEFER TR BN B EE R A E DL TV .

— 7, MNCATBUE N MK PEE B 2 2l 2 — (FAMIC) TIEr 4R, [IsIRVIREHEA V72 il
TIEDRFEHED TS, BRI KR 2= 4 O Sl 7 15, B IRE 0D AR R 5 Bl 4y D T BT
HIREIBEE T 515D, B AR VAT F2 R0y DR EOTEIRAFE 2 I 7 fh 5 IO 2oV TR
ATV, WL R 58 RA15. AN, RSO ERE S th oo AT AP O (S-Si0,) 12T
DIREDTEIRAE LD LS, ARG UERIN AR D AKEENETUEE (W-Si02) (I DW T G il
EERFILT-OT, ZOMEEZHET5.

2. MHRUAE

1) SHTRAEH

AAPET DI ORI, ST B LT, Wb iiE L TOLIEDARE 2 5, BTV EED ARE 3
IR ﬂulfﬁéu\b/ume*ﬂ L IREVABRIEEE S A, IRANEAE 4 55, SRSV WOEREAEEL 7 5, B
T 70— RIEE 2 250, FWOER IR ARE 1 41 (BF 25 50 %2, BBE 212 um O 550\ a4l 5 THRE
L7cboz Wz, Fo, KEETOEBEOREBRIZIL, R OERIMEILE 3 8220 FEMV-.

2) PRAE

(1) 7k: KRR (Merck Millipore Elix Advantage 5) & FVWCRRLL 72 JIS K 0557 [IZHLET D A3 D
K.

(2) 1/6 mol/L KER{bF R AEAH . 1SONEC 17025 %G A &34 A 1 mol/L KRk R 7 A isink (B
{B%2)500 mL (27K 2500 mL &0z CRRSIL 7=, FRBLL 7298 e, B EONTH TINmERAR (B L) 2 H
WTHEE LA L.

(3) HEME: JIS K 8180 Hrkaddk (BA(LZ).

(4) HEALAVD L IS K 8121 Frfkalk 3k (B L) .

(5) HALAVD LESHE: IS K 8101 Frfk— 4/ — L (B ) 250 mL Z7K 750 mL 2Nz TRAL, Hik
J1V7 2 150 g ZANZ TAED LT, FEARSKEL TAF L L REANRR (0.1 9/100 mL) a2 Nz, (E{Tﬁ@@m‘ﬁ@ iz
7% FCHIRATE FUTEEMEEL, 1H ME% 1/6 mol/L KE{b. TR 7 LB CHFIL7=.

VIRSEATBOE NEMOKEEIN B LBt A — i B2 —
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(6) SofbBUDTLEERL: IS K 8815 FifkitdE So b VDA (BAH L) 58 g 27K 1000 mL (22 LT,

(7) AF VL REEE (0.1 g/100 mL) : JIS K 8896 AF/L'L»R 0.10 g % JIS K 8102 =4 _/—/1-(95) 100 mL
(BN LT,

(8) 7= /)—NTHLA R (19/100mL) : JISK 8799 7= /— /L T7XL A 1g% JIS K 8102 =% /— /)L
(95) 100 mL (Z¥EM L=,

(9) ZOMOFIE: JERFERBRIE? (THE- T2

3) LERURE

(1) TFEFRKWA: sartorius CPA423S

(2) REHEIRAN: 24T 227 MM-10(Y A2F2 7 CF-0250 & V&8~ T A2 250 mL Z/KHEICRLT
TEEZHEE L)

(3) (TH{R) k Fisf X EREREH: —=8/Efr RS-12

(4) Ayh7L—h: L2EES NP-6, ADVANTEC HTP552AA

(5) 7AEL—4—: AS ONE AS-01

(6) EHEIL =L vh: HEE T T2 APB-620

(7) EArZBBEEELEE: KEE L% CHA-600-12, AT-610

4) sWAE

FAMETOERORE L, 3B 1 g & 1 mg OHTETIIANVEY, £287T A2 250 mL (2 A, 30 °C (ZHEL
7o Hal2 (1+23) 150 mL 2z, 30 °C DIRESTHIRAFE T 1 RFFIRVIEEM AL 2%, K TERL, A I3 FET
AHiE L EHAIR & L7 (Scheme 1). F7-, LR H#RIZ XA FLE O G A L7-0E ko IR E T i@ =m
HAPR TR 2 2l F)IEA Scheme 2 1ZRLTZ.

— 7, KRBT OEEORIEIL, 3EFS g% 1 mg OHTETIFNDED, 2877 A2 500 mL A4, 7K 400
mL ZINZ, IRVIEET- %K TERL, A 3 FTAmLREHAKR LT (Scheme 3). F7z, FHiEMkiiIzED
HEOFHINZAE H U2 E kD | T X RHEARDIEE A H W - fii it FIE% Scheme 4 (ZRLT-.

ZNHOFREHANRIZ OV, i ETE (Scheme 5) D FIETZEIEHHIELT-.

| 1 g analytical sample | Weight to the order of 1 mg into a 250-mL volumetric flask

«About 150 mL hydrochloric acid (1+23) [30 °C]

Reciprocating water bath shaker (reciprocation horizontally at
Shaking to mix 160 times /min, with amplitude of 25 mm), at 30 °C £ 1 °C,
for 1 hour.
| Cooling |

«—Water (up to the marked line)

| Filtration | Type 3 filter paper

|  Samplesolution |

Scheme 1 The flow sheet of extraction procedure using reciprocating water bath shaker
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1 g analytical sample | Weight to the order of 1 mg into a 250-mL volumetric flask

<About 150 mL hydrochloric acid (1+23) [30 °C]

Constant-temperature rotary shaker

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

| Cooling |

<—Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Scheme 2 The flow sheet of extraction procedure using constant-temperature rotary shaker

| 5 g analytical sample | Weight to the order of 1 mg into a 500-mL volumetric flask

<—Water,about 400 mL

| Shaking to mix |

«—Water (up to marked line)

| Filtration | Type 3 filter paper
|

| Sample solution |

Scheme 3 The flow sheet of simple extraction procedure

| 5 g analytical sample | Weight to the order of 1 mg into a 500-mL volumetric flask

«—Water,about 400 mL

| Shaking to mix | Rotary shaker (30 - 40 revolutions/min) for 30 minutes

<—Water (up to marked line)

| Filtration | Type 3 filter paper
[

| Sample solution |

Scheme 4 The flow sheet of extraction procedure using rotary shaker
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| Sample solution |

Aliquot
(predetermined 200-mL beaker made of polymer
amount)

« About 10 mL hydrochloric acid
< About 15 mL potassium fluoride solution
« About 2 g of potassium chloride

| Cooling | For 30 minutes or more in a refrigerator
Filtration under
reduced Filter made of polymer, Type 6 filter paper
pressure
| Washing | Wash 6 - 7 times with potassium chloride solution
| Transfer | 300-mL tall beaker, water

« Water (until the liquid volume reaches about 200 mL)
| Heating | 70°C-80°C

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

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

Titration . . .
(Until the solution becomes light red)

Scheme 5 Flow sheet for soluble silicic acid and water-soluble silicic acid in
fertilizers (measurement procedure)

3. WRRUEE

1) IRESERKEOMBERTEDRER

AP W ERIZ DWW TR EDTEIR A 2 AW e I 36 1T DB 8RR E D /MO EI AT o 72, o7 v dm

[ 75 D38 A L0V M AR AVBE X OMIEES U WERE IR EFE - T, #RED 1% 160 1E1E/53 1238\ THR IR S 14
Z 10 mm, 20 mm, 30 mm K T8 40 mm & X T aATVy, R8T T Aa~OEERBE OE Rl ~D 58
DEREAT T2, Fi5 5% Table 11T RU7=. 208 10 mm TIEE S L O AR B IC KD E B~ NGB 6
M2, RiE 20 mm LL_ETIEE A M OE BEA~DOREITZRDO LMol SHIZ, R 25 mm (231 Dl
AR 2720, AT AT U BEEAIOFESWT W ERE AR 1 A T, RIEPE b\%s-sloz) IOWTE
B4 B2 Table 2 (SR L72. 22277728 2 LU T THY 45 e 355 B Th-o7-.

LB, IRIES IS A 5.2 5280, A EAE U TR W 7e i as 2 L 7 iRk o B8 M 3=
EJZ FORIH 7R N KO RS L TRY, E@*ﬁd& i%ﬁﬁ/@ﬁi&@(ﬁl KRR D2 D03, 160 1E1ES

45, YRR 20 mm~40 mm TIZEENEOH LT, & DRI ST E PRSIV TND. £ D%,
%%%Jf’(?}ﬁfﬁm 25 mm TRF A ED S, iRl LHEH ERBRIEIZIE 160 11514y, EIE 25 mm~40 mm @
ES NG HY ghy

PLEDZEDNG, <EMEERKY EORIRFIIT O EENTONLZELIEEL, S BIOMRFHIB W TY, IR
EEIRAKAE DR LD A1 M ORNE DRk 7€ &2 N2 40 160 1E18/4y, fRIE 25 mm &3 AZ LT,
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Table 1 Relation between the adherence situation in sample,
guantitative value and amplitude

Slag silicate fertilizer Molten fertilizer
Amplitude Quantitative ~ Adherence Quantitative ~ Adherence
value® situation value situation
(mm) (%)" (%)"

10 35.58 Admitted 25.20 Admitted

20 37.10 — 27.24 —

30 37.02 — 27.16 —

40 37.10 — 27.11 —

a) Mean value (n = 2)
b) Mass fraction

Table 2 Aptitude test result for equipment condition

S-Si0; mean” Standard Median
Sample deviation 7-5C0re
(%)" (%)" (%)"
Slag silicate fertilizer 37.29 0.29 37.22 0.11

a) Mean value (n = 3) (reciprocation horizontally at 160 times /min, with amplitude of 25 mm)
b) Mass fraction

2) ALK ZEE D

AR (S-Si02) 122D\ T, 3L 25 A& AW C, fHIR B FisEI R IRD IR E A= fh 51k
EARYELOREE O AR BIN ONZATED 95 Y% T [X [ % [R]IF ELHR O J& PHIZH = Figure 1 (2R L7z,

AIEPET O (S-Si02) (y=0.250+0.987x, r=0.999) DHE 95 %{EHE X [#13%0.964~1.010, B D 95 %fF
FEIX[#113-0.366~0.865 THY, MEEHEHBIEI RSN TV D EEFATOHEREFHE RS SbE -5, %
RE/ T A—Z [T E R OHELERIPHN Th o7z

F72, REPETOER (W-Si0) 1T D B 558 3 M2 AWT, kNS E R RHRHR IR 2 IV 7
S, FRVELICEAM S M BV EREN 4 SOMTCREFEML, F REICEVE %
MERB LT, t MUEICEVAIG T2 EHEZ L L7 (Table 3). WM OEEIZB W THABERETRDLN
ARy
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Figure 1 Comparison of extraction method using a constant-temperature rotary shaker
and using a reciprocating water bath shaker
Heavy line: Regression line
Dotted lines: Upper and Lower limit of 95 % prediction interval
Thin line:y=x
% : Mass fraction

Table 3 Test result using samples of 3 different concentration for evaluating trueness

New test method  Validated test method F -test t-test
Sample®  Mean” 9 Mean® 9 Variance  Critical t-value  Critical
Number  (%)? (%) %) (%)° ratio  value” valug”
1 16.31 0.17 16.22 0.08 4.66 9.28 0.92 2.45
2 22.76 0.15 22.74 0.13 1.26 9.28 0.20 2.45
3 25.45 0.13 25.45 0.09 2.01 9.28 0.10 2.45

a) Liquid potassium silicate fertilizer
b) Mean value (n = 4)

¢) Mass fraction

d) Standard deviation

e) F(3,3;0.05)

f) t(6;0.05)

3) BHTRERUHMBEDTE

OFTREBE R OV P AT RE BE 2R 907200, IRV ABRILEL, SESUWNTWERE AR K& O 2 FEAH ORI VRN
BIEEM T, 2 JREED AIEEPET U EZ (S-Si02) , KIEHET VL (W-Si0z) Z 2 AP T THZZ AT 5 [RlER
L TIFHITZ G % Table 4 (R LTz, iz, ZORERNL— LR E S BT 21T > TR M TR E
J O RS % Table 5 1Z/RLT-.
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A ABEREELD ATEEPE TR (S-Si02) O F-HMEITE B iy 11.82 % C, P TAIXHE R 2215 0.8 %, +
SRR ZEIT 1.4 % Tholo. Fo, JESWTWOERE AEEIO FIEEPETOEE (S-Si0,) OFEEIMEITE &5
37.22 %C, PHATHIHMERER 1L 0.4 %, HEAAHEHER 1T 0.4 % TH 7.

R OER I AERE 1 OISO EE (S-Si02) O EHIMEITE 8573 15.98 % C, JH TR MR 221X
0.8 %, FREFHXMEMENR 21X 1.0 % Th-oTo. £z, IR ﬂ\ﬁ&buiﬁﬁﬂ 2 DIKEENET VO EE (S-Si02) DM
X &3 25.28 %C, JHATAHXEEHE(R 2215 0.2 %, H M XHEHER 721X 0.5 % Th -7z,

FRRIEEAEAR 22 D5 O IR R BRIE RSV TO DO TREEE (DR TFR RS MR 22) K OV FEDRS E (Hp [T4E o
R O B LREROLEDOELIA, R ERAZIZH ZUNTH Tz, ZOTEND, AT VR
(S-Si02) DI HSWTIE, THIR E NI EESRVIEE L AW RV R ED TEIRKFE IZ L D5 2Y, F7z,
REEPET IR (W-Si02) IZ DWW TR FIRVIC RO G i 5B+ 072 )5 iE ChHZ LN RS,

Table 4 Individual result of repetition test of changing the date for the precision confirmation
(% (Mass fraction))

S-SiO2 W-SiO2
E:,t Mixed phosphate Slag manganese Liquid potassium Liquid potassium
fertilizer fertilizer silicate fertilizer 1 silicate fertilizer 2
1 12.06 12.07 37.39 37.34 15.75 16.02 25.50 25.44
2 11.77 11.59 37.22 37.05 15.97 15.92 25.22 25.14
3 11.67 11.80 37.03 37.05 16.02 15.95 25.21 25.24
4 11.79 11.78 37.08 37.49 15.93 15.87 25.23 25.13
5 11.74 11.92 37.36 37.20 16.33 16.07 25.42 25.30
Table 5 Statistical analysis of repetition test result for evaluating precision
Repeatability Intermediate precision
Component Sample Mean? s? RD cRD sy’ RDim” CRDi)”
)" @)” (%) (%) ®%)” (%) (%)
x:ﬁel’i‘:e?h%phate 1182 009 08 15 0.16 1.4 2.5
S-SiOz
Slag manganese fertilizer 37.22 0.15 0.4 1.0 0.17 0.4 2.0
Liquid potassium silicate 15 g5 95 08 15 015 1.0 2.5
WSO fe_rtll_lzer 1 _ )
Liquid potassium silicate 0 6 906 02 1.0 0.13 0.5 2.0

fertilizer 2

a) Mean value (n = Sample number of parallel test (2) x Number of Test days (5))
b) Mass fraction
¢) Repeatability standard deviation
d) Repeatability relative standard deviation
e) Criteria of repeatability (repeatability relative standard deviation) shown in Testing Methods for Fertilizers
) Intermediate standard deviation
g) Intermediate relative standard deviation
h) Criteria of intermediate precision (intermediate relative standard deviation)

shown in Testing Methods for Fertilizers
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4. FEDH

FESU TR ET REAE S o D AT PE VO (S-Si0,) 1T DWW THRED IR AR & FA =il 5 L, IR T
N HE IR DK ESPET IR (W-SI0) IZ DWW TR S il B GETL 2L 24, IROFERBGLNI.

(D 1R R X EER IR IR SR A OO 7 RS LT, IRES TR AKRE 2 F VO TRl Y AT REZR i 2
SRR LTZL A, IREDEIEL 160 1E1E/53 M ORIE 25 mm LA LSS0 56, BiAFoRht )7 iEL R
FRIEEDMRE CH D L fesB LT,

(2) AIYATETOER (S-SIO) IZ W T HEVEE 25 82 VT, 1HIE E FisfCRERE A -
T T EEAEOWEMZ i L7z 24, MHBEMREIL r =0.999 Z7RL, 5RVMHRBSZ R LT,

(3) ZKEEMET VR (W-Si02) (Z DWW TR DIREE D /T HFEE 3 S AW T, b T HEREIEHR R IR 5%
W G IEEARIEEORERIND, S0P HERINDEEHITRERD t REE FEML 7L AR
BEKYE B CTH ERZETRDO LN -T-.

(4)  FIEEMEOEE (S-Si02) (22T, D THS EE K OV R RS FE DO RRAAT o 7oA e, D TR XM HE(R 221
0.4 %~0.8 %, FHEAIXHEMER 1L 0.4 %~1.4 % CThH-o7-. Tz, KEEHETOEE (W-Si0) 122\, JHTHS
JE B OV RS FE DO fERRAAT o T R, DM TR HEMR 2213 0.2 %~0.8 %, PHIFHRHEHER 21 0.5 %~
1.0 % TH-o7. WTNBIERFERBR LRI TODIEE O H 2&7l =L Q.

PLEDZ LMD, AT UOEE (S-Si02) OFHIZ DWW, fEIR B Fiiaf = ns R0 IR A e RS
IR LD A, E72, AKEMET IR (W-Si0) IZ DWW TEFRVICE D8 S il HiER3 5372 51ET
HHT LN RIS,

X B

1) EAROKPER B 3EBRBE R IEAT : BERH M (1992 4ERR) , IAFHTE N B ARIEREME W2, (1992)
2) MNZATEOE NEMOKENE L2222 — (FAMIC) : IR k555 1% (2018)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2018.pdf>
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Extraction Method for the Silicic Acid in the Fertilizer
using a General-Purpose Equipment

Toshiharu YAGI?, kenta SAKUMA!

! Food and Agricultural Materials Inspection Center, Nagoya Regional Center

The Japanese Official Methods of Analysis of Fertilizer provides several determination methods using the
(constant-temperature) upside down rotary shaker (hereinafter : rotary shaker) as the extractor. However, the
rotary shaker is a custom order apparatus. This study describes development and validation of extraction method
for the soluble silicic acid and water-soluble silicic acid in the fertilizer using commercially reciprocating water
bath shaker or simple extraction procedure. The values of S-SiO, measured in 25 analytical samples by extraction
method using a reciprocating water bath shaker were compared with ones using a rotary shaker. The former values
were achieved and correlated highly with the latter values (Line of regression and correlation coefficient (r =
0.999, y = 0.250+0.987x). The values of W-SiO, measured a quadruple test using 3 different concentrative
analytical samples by extraction method using a reciprocating water bath shaker were compared with ones using
an rotary shaker. As the result, significant difference was not confirmed in homoscedasticity of the results of 2
groups and t-test for each concentration under the two-sided significant level of 5 %. S-SiO, and W-SiO; were
conducted a duplicate test per 5 test days using two analytical samples, respectively. As the result, total mean
values (mass fraction) of S-SiO, were 11.82 % and 37.22 %, repeatability relative standard deviation (RSDy) were
0.8 % and 0.4 %, and intermediate relative standard deviation (RSD)) 1.4 % and 0.4 %, respectively. Total mean
values (mass fraction) of W-SiO, were 15.98 % and 25.28 %, RSD; were 0.8 % and 0.2 %, RSD, were 1.0 % and
0.5 %, respectively. These extraction methods are valid for the determination of the soluble silicic acid and
water-soluble silicic acid in the fertilizer.

Key words reciprocating water bath shaker, soluble silicic acid, water-soluble silicic acid, fertilizer,
single-laboratory method validation

(Research Report of Fertilizer, 12, 1~9, 2019)
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2 BHPDIEIRDAEENKER

(L 78 TE A
F—U—F  IOFK, HELE, 7Y AT H

1. [XC®IC

YERK 29 4F L2 ICP J8 643 6 45 (ICP-0ES) 12 KD [E T AR o< ¥k = a4y O E D et Sz
W, VEMEIED) BTV CTH BRI LB LD B O REFEAG 23 k45 ;t%ﬁ/ﬁfra“ﬁﬁ%ﬁ%fcéfmwt.
ZDOJFEELT, ﬁ*ﬂ%%%ﬁ*ﬂr R LEZIEEHC BT, RBHE RSB LI L %Um‘nr“/ffzwa
TYAF U HIEIZ KD T ER EBRDIZO R B A R L0H j:&rzcott&)é:»%zﬁéh, ABHE DA
%ﬁi‘l’:fi%ffﬁﬁbkﬁ%, TYAF 2 HEE ICP-OES LD TOMBEAN L EL LR ERHoT-.

AR EE IR OIRMEIZI R EXIRIC, FEEEICS] EH WV TE OICLAROLEEIET 55 1k%
MREL, H—RBRE TOR YR EED DG, YA FEHIAE L7 JR R O K EEMEED 3 OFBR
IZBWTHRIBR O FG BRI N2, A2 RO LT L7 BEEE R O /K S ME1E0 R B A 80
LTHRFETLTZ.

F72, ICP-OES {EIZ L2 B MK o KA 4y OME? ORMFHZIBWT, A4 KU LT A
LCWZRWEEL D — T THREHE D & B O BN RSN T2, AWM AR EL TEAL T
BEH I E 3 RITE MU L.

F7, BUERCIRIEE R O KRB FER D ON, VAR, B, <2 AT DWW TX TR 27 4B I 5 hh
B A DR SHT2AY, 13D FRIZ DN TUIMRFT S TNz, IR IEEHZ DT il 5 i vk
PR CRELZ.

2. MPKRVHX

1) SHrRARHORAR

(1) iﬂfﬁit*ﬂr

SENEIZH FE (C-B20s) Mo UVKIEMEIEH 5 (W-B203) A RAET 217 R D AR 38k i & U CUEE L, B ARE}
IZOW T HBAZ 500 um D55V \%Lﬁ?‘éif%n%mf e TRl T bt HEERE L, HIRAERHC
DNWTIEZDEEGHT BN LTz, 08T RN A R E CRVASE TRV A SRS L CRIRIRE LT

(2) B FFREE:

WANENGRERH LT, Table 1 IT/RL72A B H B & 500 pm O 5250\ & 185 £ TENZE Ui <
L, Table 2 | LA HFHILVEM B ERI =T L ARSI AN TRAL, FilBR S O BoOs B JE 211
HOWREIZIHELT.

VIRSEATBOE N EMOKEETE B it 2 — P e 2 — (B IEfRFLE A
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Table 1 Properties of material (%(mass fraction))
Material Organic materials C(W)-B:0s
Sodium tetraborate 2
A 36.51
decahydrate(NazBsO7 - 10H0)
Byproduct organic fertilizer Byproduct organic fertilizer b)
B - L N.D.
of vegetable origin of vegetable origin
C Castor pomace Castor pomace N.D.”

Byproduct mixed fertilizer,
D Designated blended fertilizer dried microbes,fish meal,rapeseed meal N.D.”
and soybean meal

a) Theoretical value
b) Measured value by ICP-OES

Table 2 The preparation of analytical samples  (%(mass fraction))

No. of The mixing ratio of the materials Design componenta)
samples A B C D C(W)-B20s

1 28.00 40.00 22.00 10.00 10.22

2 14.00 40.00 36.00 10.00 5.11

3 2.80 48.00 37.20 12.00 1.02

4 0.56 49.60 37.44 12.40 0.20

a) Design components of citrate soluble and water soluble boron in the sample

2) EERURE

(1) eefEd: SHIMADZU UV-1800

(2) fEIR E s R IRV IR ADVANTEC THMO62FB

(3) Ayh7L—hk: SIBATANP-6 & O\7 Y-eE L B/ERT AHS-500

3) B

(1) 7K: ARESRUERE CREERLERT RFD240NA) Z VW THRIL 7= JIS K 0557 IZHLE T2 A3 DK

(2) Hifk: JIS K 8180 fi# o i A (& L7 /v ARDEHIEE)

(3) Wilg: JIS K 8951 ¥E4&: /3 I (& L7 A /v KTt il 52)

(4) <RABEEW: JIS K 8283 FFfkatdl <A AM— KR (8 L7 AL LFEMSE) 20 g ZKICH D>
LT 1000 mL &L 7.

(8) =F L VT I BRI : IS K 8107 Ffkalde =T Lo V7 I NUEERR — - R)D A K
Yy (BIAL %) 37.2 g 27K IC¥EALC 1000 mL &L7-.

(6) WEfET =0 LIAHE: JIS K 8359 Frfkakd WEfRT  E=0U L (8 L7 AL ARDGHIEE) 250 g %
AR/ T 500 mL &L, Hiif (1+4) CpH % 5.2E0.1 [ZFH%& L=,

(7) TIAFUHEWK: 7Y AF o HURHZALFAIZERT) 0.6 g KTV IIS K 9502 Hrlk il dE L (+) — 7 &
Ve U (E L7 AV AFIEHIZE) 2 g 12KkEMZ, 35 °C~40 °C [ZIMEL THEMNL, mEI%KKEZNZ T
100 mL :L7=.

(8) 1EHFALUEIE (B203 2.5 mg/imL) (WIESEEEIEIT) : JIS K 8863 ARARALIE 1291k (B L7 AL L F
JEHLHR) 27 L —Z— IR 24 BFRTAE L THMRLTCHR, 4.441 g Z2FFRILICED. D BOKTENL,
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B T7TA2 1000 mL IZBE LA, EHRETKEMZS.

(9) 1EHFIEHENE (B,03 0.05 mg/mL) (W IENEFEIE) « 13D R AEHERK (Bo0s 2.5 mg/mL) (W& Y6 FE 1%
M) O— & B K TIEMEIZ 50 fFIAm R 5.

(10) 13OFAENERK (B20s 0.005 mg/mL) (WL YEEEEF) « 139 FAFEHERK (B20s 0.05 mg/mL) (W
FEVER) O—E BE /K TIEREIC 10 518 R 5.

(11) 1 FHFEAEUER (B 1000 ug/mL) (ICP-OES /) : JCSS 1FHFFEHERZ (B:1000 ug/mL) (& 74
Jb LT Al )

(12) 1FHFEEAERL (B 0.05 pg/mL ~10 pg/mL) (ICP-OES #EH) : (11) OFEHERR 2 &R L, HlR (1+23)
LR D IDITHERE (1+5) 2N 2 TR AR R iR 2 B L7

4) ik

(1) 7Y AF v HIEIZ KD B REEh O<EPEED 52 OHlE

SSHEEREN 1 g & 1 mg OHFETITANED, 287522 250 mL IZ A, £ 30 °C (2 HNE L7= < 2 AR
HEIR 150 mL 2Nz, 30~40 [A]#5,7 45 (30 °C+1 °C) T 1HFIIRVIE T, ML Tm A, M ETKE
Mz, A IFETHBL, REHAREL. REHAIR O —EEEOEET7T7A2 100 mL 1280, < 2 AR
WA IS ML Y BRSO REKRENZ, =F L7 2 U UERREER 25 mL, FigT >
SULAERI0mML, 7Y AT HEEK 10 mL ZJEXRIN Z, BICEERE TREMZ 7214, £ 2 Rl
& L7eb Oz HlEHREARKRE L7 (Scheme 1).

Fiz, WERAREHAR & ABEOREHRZ B O2BE 7722100 mLiI2& v, < X AR 15 mL
MM ISR D X)W EMAZ, =F Lo Y7 3 U URRREIRNE 25 mL, FEET > & =7 LAWK 10
mL Z AN %, BICHER E TRA I Z, £ 2 REAGE L7z & o & #f E HREK & L 72 (Scheme 2).

BMORET 7 A2 100mMLIZ=F Lo U7 I UFERRIE YR 25 mL, Filg 7 & =7 A¥HKR 10 mL
EINZ, BEHRETKEMZ, ¥2ERMMAE LD OZXRAREBRK L L7z (Scheme 3).

o B BB IR 4 kPR & L CHE HRUBHA I & OVl 1IE A RUBRIR O =R 415 nm O WO A JIlE L,
T E P RUBHER IR 0D W BE 7 © A 1E A BRBRIE D WO FE 20 PSR L CHIETR IR DWW & L, AR et iR
FHFRBRIE 2 kBRI HE L 7o BB D el o < EPEIE 9 % (C-B203) R LT-.
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1 g analytical sample | Weight to the order of 1 mg into a 250-mL volumetric flask

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

Constant-temperature rotary shaker

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

Cooling |

<—Water (up to the marked line)

Filtration | Type 3 filter paper

Sample solution |

Aliquot

(predetermined volume) 100-mL volumetric flask

< Citric acid solution, until it reaches the equivalents of 15 mL
< 25 mL of ethylenediamine tetraacetate solution

< 10 mL of ammonium asetate solution

< 10 mL of azomethine-H solution

< Water (up to the marked line)

Leaving at rest | For about 2 hours

Sample solution for

measurement Spectrophotometer (415 nm)

Scheme 1 Analytical procedure for citrate soluble boron in fertilizer (C-B.03) (1)

| Sample solution |

I
Aliquot

(predetermined volume)

100-mL volumetric flask

< Citric acid solution, until it reaches the equivalents of 15 mL
< 25 mL of ethylenediamine tetraacetate solution

< 10 mL of ammonium asetate solution

< Water (up to the marked line)

Leaving at rest | For about 2 hours

Correction test solution Spectrophotometer (415 nm)

Scheme 2 Analytical procedure for citrate soluble boron in fertilizer (C-B20s3) (2)
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100-mL volumetric flask

< 25 mL of ethylenediamine tetraacetate solution
< 10 mL of ammonium asetate solution
< Water (up to the marked line)

| Leaving at rest | For about 2 hours

| Control test solution | Spectrophotometer (415 nm)

Scheme 3 Analytical procedure for citrate soluble
and water soluble boron in fertilizer (C(W)-B203) (3)

(2) 7Y AF» HIEIZ L DBETE LRt D KB TEIZD 2 OHIE

SHTREL 2.5 g &2 1 mg OHTETIENDEY, h—/LE —H—300 mL (2 A, K 200 mL 200z, KeEHIL
TR, Fy b7 —bh ECIEAL TR 15 A L7z, oo cm AL, K TRET7 T A 250 mL IZ&L
AT, BERETAKEMZ, A 3 FETAML, EHAKE L. SBHAKR O —E &L ORET T 22 100
mLZED, =F L U7 2 U MUERIEIRIR 25 mL, FEET =0T AR 10 mL, 7Y A F 2 HIE
% 10 mL ZMERIN 2, FITEMRE TKEMZ 7%, 92 REFGE Licb oz JlE RS E LT

(Scheme 4).

Fio, WEMARENAR &R EORHKZ R O2BET77A2 100 mLIZE Y, =F Lo o7 I U UEE
FRYEVATR 25 mL, BEERT »E =7 AR 10 mL 2%, fEfE CKRZMZ, K2 RMKELZD O
% i EHRBRIE & L7 (Scheme 5).

MORET7 T A2 100mLIZ=F L U7 I U UEERRIE TR 25 mL, Filg 7 & =7 A¥EHKR 10 mL
EINZ, FERECTKEMZ, F2REMAE LZb Oz 5 RARERK S L7z (Scheme 3).

it B AR I 22 e B & L CE FRUBHER I S OVl IE BRI D I 5= 415 nm DWROEFEE 2 JIE L,
T FH ORI IR D W BE 7 © A 1E F BRBRIK D WO BE 20 TR L CHIETS IR DWOGEE & L, [RIARIT et iR
FRRBRIE 2 kT FRICHE L 7= BB & AT akBb o o AKIAPEIE 9 3 (W-B203) ZHH L7-.
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| 2.5 g analytical sample | Weight to the order of 1 mg into a 300-mL tall beaker
< Water ,about 200 mL

| Heating | Cover with a watch glass and boil for 15 minutes

| Cooling |

| Transfer | 250-mL volumetric flask, water

< Water (up to the marked line)

| Filtration | Type 3 filter paper
[

| Sample solution |

I
Aliquot

(predetermined volume)

100-mL volumetric flask

< 25 mL of ethylenediamine tetraacetate solution
< 10 mL of ammonium asetate solution

< 10 mL of azomethine-H solution

< Water (up to the marked line)

Leaving at rest | For about 2 hours

Sample solution for
measurement

Spectrophotometer (415 nm)

Scheme 4 Analytical procedure for water soluble boron in solid fertilizer (W-B203) (1)

| Sample solution |

[
Aliquot
(predetermined volume)

100-mL volumetric flask

< 25 mL of ethylenediamine tetraacetate solution
< 10 mL of ammonium asetate solution
< Water (up to the marked line)

Leaving at rest | For about 2 hours

Correction test solution Spectrophotometer (415 nm)

Scheme 5 Analytical procedure for water soluble boron in fertilizer (W-B2O3) (2)

Q) TV AF v HIEIZ LD Hf DK EEHEIED 38 DR E
SHTEREE L g% 1 mg DHFETIETANEY, 2875273100 mL I AL, KK 50 mL ZhNz, IRVIEE,
I ETKEIMZ, ARIFETABL, EHRIEE L. EHRIR O —EB&Z B OEE 7T A2 100 mL (2&
D, TF LT I CERRERK 25 mL, HEEET = AWK 10mL, 7Y A F L H EA#E 10 mL
AN Z, ISR E CREMZ %, £ 2 B HE UlE ARENATRK & L7 (Scheme 6).
Fiz, WEARENAR & FBEORHKZ B O2RE77A2100 mLIZE Y, =F Lo o7 I U UEE
FRYEVATR 25 mL, FEERT - E =7 AR 10mL 2%, EHRETKEZMZ, K 2EMKELZLO
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A E BRI & L7z (Scheme 5).

MOEET T A2 100mML I IC=F L7 I U UFRREYA T 25 mL, iR T > € =7 A% HE 10 mL
BNz, HEHETKEMZ, 2 FEKE LZS O 25 BARBRK & L7z (Scheme 3).

f HEOF BRBR IR A kP & L CE A BUBHAIR & OVl 1E BB D & 415 nm D WL % JIE L,
T E I RRBHES IR D W I E 7~ © A AE T R BRI O WO B A IR U CHIERIR OO EE & L, [RIER IS xR
FHRRERIR 2 kT HRIC B E U 7o B St s & 3 AT akBh o K VEMEIZ 5 B (W-B203) Z#HH L 7=,

| 1 g analytical sample | Weight to the order of 1 mg into a 100-mL volumetric flask
< Water ,about 50 mL

Shaking to mix

<—Water (up to the marked line)

| Filtration | Type 3 filter paper
[

| Sample solution |

I
Aliquot

(predetermined volume)

100-mL volumetric flask

< 25 mL of ethylenediamine tetraacetate solution
< 10 mL of ammonium asetate solution

< 10 mL of azomethine-H solution

< Water (up to the marked line)

| Leaving at rest | For about 2 hours

Sample solution for
measurement

Spectrophotometer (415 nm)

Scheme 6 Analytical procedure for water soluble boron in liquid fertilizer (W-B20s3) (1)

3. BRRUEE

1) IFLUDTPIVNEIRIERRE, BFR7VEZVLBRRUCAARBEDRMOATICLIBRIE
EOELDrER

TF L DT IV MERRE DXL — N RIZED, 7Y AF 2 H AEHIBBEOW I ENME T2 88mbh
TWDY . [FERIC, =T Lo T IV ERER AR K OWERR T 2B =0 DRIR O WIS A ¥ 55 B Sk ok
W RIETEE 2N, (1) KRMIEIFERBRIEORBHAKRO ~E&E2E 7722 100
mL (Z&Y, BERMRETREIMZ 2R, (2) RREHAR O —E &A B O2E 7T A2 100 mL (280, =F L
DT WEERBIE TR HR 25 mL, FERRT BT MR A IR, BERRECTARZIA 2R, (3) RIFEHA R D
—ERmAPORETTAT100 ML 128V, < X VB Z 15 mL 2Nz, =F Lo D7 I R IR
25 mL, FEfE T B = AEIRZ N %, R E TREMNZT2AIR, 228 2 REfE E %12 415 nm 128
DM A E LT A R Fig 1 1R Uz, AbpIEkr 2 05, BRAIER 1 8, IRAHEIEEAIEE 2 A (BF 5
J) DT E FAWTZAE R, =F L D7 U U ERRE SRR & OBERR 7 & =0 LRI DO IRINC K53 08HA
R H SR DO IEFE~DEBENED LN, — T, < 2 AVBRIEIR ORI LD EHA TR B R O S ~D5
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BIIFEAERDENRh T2

Fiz, () BRETTA2100 ML IZ=F LTIV EREIE YK 25 mL, iR 7 - E=0 ZEIRE %,
W E TR A MA TR, (5) &R T7T 273100 mLIZ< 2 ABREAHE 156mL, —F L7 I DU FERE H 1A 1R
25 mL, FEBR T v B =0 DRI AN Z, HERECT/KEMZ IR, T2 2 BRI E #1415 nm (233
TR ARIEL, K5 R4 Table 3 I/RL7z. EHEARH LAISOH L tEZEMLL 25, < &
PBEVS IR D EIZ X D ERFBITRD SRR 720, = F Lo D7 I NURRR IR b OWEiE T E =
0 LIRIR 2 TR U T VR X AR D B D SEE X 0 AR & 72~ 7.

LLEDFER N BB 2 b B K OUKERTEIED 2 B BRIEIZ381T 24 M E B IR O W ok JEE 28 b ok 22
e O IE 7 % Fig.2 1R L7z,

B Series 1 Series 2 ©Series 3

05

04

0.3

Absorbance

0.2

Compound  Compound Mixed Compost Compost
fertilizerl fertilizer2 fertilizerl mixed mixed
fertilizerl fertilizer2

Fig.1 Influence on absorbance of the sample solution by added reagents

Series 1: 25mL of sample solution added
Series 2: 25mL of sample solution, ammonium acetate solution and EDTA solution added
Series 3: 25mL of sample solution, ammonium acetate solution, EDTA solution and citric acid

solution added

Table 3 Influence on absorbance of control test solution by citric acid

Absorbance (415 nm)?
Reagent solution” and citric
acid solution added
-0.0012(0.0001) * -0.0012 (0.0001) * P=0.70
a) Mean value(n =5)
b) Ammonium asetate solution and EDTA solution
c¢) Standard deviation

b t test
Reagent solution " added
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2) BREHICETEERIZLIZEOHE
E R DAL Table 4 123 3R B2 VT, Scheme 6 ICEOFBUBHA IR ZFHELL, xf B F BAUBRIK % %f
& L THERRBRIEOUOLEZHIE L. ZOR R, SUBHEIR O A LW E R MRS, 4T
B B A KT T ATREMEDS H 0B 2 bz,

Fro, MR EHIA Y & NI ST nicsd, BORIEBHZ DWW TG AW 2 & T Eo0NT
ARV LW VN8 D1 S R RS Nt By

Table 4 Absorbance of control test solution in liquid fertilizer

b
Sample Absorbance””

Raw materials

Urea, potassium hydroxide,boric acid,calcium
nitrate, ferric nitrate,gluconic acid,malic

0.02184 acid,sorbitol,ethylenediaminetetraacetic acid
tetrasodium, trimethyldodecyl ammonium
chloride,water

Home garden-use
mixed fertilizer 1

a) 25 mL of sample solution
b) Mean value(n=3)

3) EEMHER

(1) J5 1R Hel I L B B DR AT

KIEDOHEERHER DD, EBPEIEIFITOWTIREF 33 A (BAUEER 20 45, BLAEE 8 &, HUEE S
AEBE 2 5, IRAHEAEAE A AR 2 A5, FRERE=HES IR 1 5D, KEMHIZIHRITOWTEEE 26 5 (b
FAERE 11 5%, FLA AR 10 A%, IR A HEAERE A IREE 1 A, FRERE = AEA IR 2 48, FEERL A IR 2 )
Z M\ T, ICP-OES Z3#Tik E AR IEZ A f /AT Ic K0 Flg L 7=,

ICP-OES 1 Ol #1253 2 A E O E 1B 0 [B1)7 B A7 f2 O 95% Tl X fi] 4 Fig.2 lZ R L. 72, 95%
FHEXEOME (b), U (a), K OENF OB (r) % Table 5 1Z7-L7-.

AE A S BB E ) D 2 M MR RR 7 1R O FEMETIE, BX (b) D 95 WIEMEIXHIC 1 A& FEh, Bl (a) D
95 %5 HEIX[MIZ 0 235 Ei, FHEAMRE(r) 3 0.99 DL ETHLHZEAHELEL ThY, AIEIXZOREUEA =L
NQAY

-, EEEIEOFELEH T LEE R QWK IEEHZ OWTIE, BB D 220572728, ICP-0ES {:&
AIEZ IO FEmE AR 8 s (ZOBRALE! 1 A, IZOMRIEANE} 1 45, A EREAIEE 1 5, IRAIME R
BE2 5, FRERZEHEA IR 1AL, BIREGIEL 2 5012200 C, VMR OV I E EE gL,
FNEN 4 SOHTRBRE T LU T- 45 % Table 6 (2R L7-.

2 BEORFEOHE A fERL, MBIt RELFEMUIFER, WA EAKUES % THERZILRD
LIV Tz.

ZORERND, RIEIX ICP-OES ELFIFEOEEZ AL TNDHEE X L.
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Improved method(%)

060 - . 060 7
C-B,0, 4 W-B,0,
S S
i 4 0.50 |
0.50 y = 1.016x+0.012 S y = 1.000x - 0.001
r=0.998 A r=0.995
‘/.,‘
4 o = 4
0.40 s S 0.40
A b=
G o
P =
030 g 030
s IS
% =]
2 (<5
73 3
020 Y S 020 A
E
010 4 010 { S
S gad
7 .'..
0.00

0.00

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.00 o.io o.ﬁo 0.50 O,A‘tO 0.50 0.60

ICP-OES (%) ICP-OES (%)
Fig.3 Comparison between Improved method and ICP-OES

massfraction(%)

Heavy line: Regression line

Dotted lines: Upper and Lower limit of 95 % prediction interval
Thin line: y=x

Table 5 The 95 % confidence interval and correlation coefficient

of the regression line in between Abosorptiometry with correction and ICP-OES

95% confidence interval Correlation

Inclination (b) Intercept (a)  coefficient (r)
C-B.Os 0991 ~ 104 -0.011 ~ 0.002 0.998
W-B0Os 0.959 ~ 1.04 -0.011 ~ 0.008 0.995
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Table 6 Test result using samples of 3 different concentration for evaluating trueness

Improved Conventional
method method® F test t test
Component Sample - " . " - — —
Mean” ¥ Mean” ¥ Variance  Critical Critical
@)°?  (%)? @)°?  (%)° ratio  value”  t-value  value

Micronuitrient 1.96 004 199 004 123 928 111 2.45
mixture 1

C-B,0s Fritted
micronutrient 11.15 0.16 11.48 0.26 2.61 9.28 2.19 2.45
mixture
Borate fertilizer 40.06 0.15 39.96 0.41 7.84 9.28 0.47 2.45
Micronutrient 197 001 197  0.02 165  9.28 0.42 2.45
mixture 1

W-B,0; Micronutrient 1252 0.03 1253 0.09 899  9.28 022 245
mixture 2
Boric acid 56.45  0.54 56.77  0.42 165  9.28 0.93 2.45
fertilizer
Fruid mixed

\d 0.018  0.0005 0018  0.001 825  9.28 0.99 2.45

fertilizer 1

W-B,0, ruid mixed 0.128  0.001 0127  0.001 168  9.28 1.15 2.45
fertilizer 2
Home garden-use 5, 433 4188  0.034 1.09  9.28 2.27 2.45

mixed fertilizer 1
a) ICP-OES
b) Mean value (n = 4)
c¢) Mass fraction
d) Standard deviation
e) F(3,3;0.05)
f) t(6;0.05)
g) Liquid fertilizer

(2) WINEIERER I L2 B DR

AIEOBEEAFER T H729, 2.1) (2) Table 2 OFKER & 1~4 1225\ T, RIETIAME R OKEHEIFIFED
HiMTE 3 BT TITVY, £ K% Table 7 & Uf Table 8 (Z/RL7z.

AR ORE R, <EMEIEOFEIL 0.20 %~10.22 %D % FHTEINE 97 %~106 %, +H %% HEF 2% 1.5 %~
4.8 %, [EFZAEELF OKIEMEIFOFHE ZALER 99 %~103 %, FHXHE UEfR 721% 0.5 %~2.9 %, IR LR F
DIREEPEIEIFE LB R 93 %~102 %, FHXHRAEN 21X 0.3 %~0.9 % THY, & TOMI K REL
JAZEWWT, BEIERIFALEHERBRIEY 2R LD B 2072 L Tz,
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Table 7 Result of recovery test(solid fertilizer)

Design R b) Relative standard Criteria of th
No.of  ¢omponent” ecovery deviation riteria o Cg e
sample trueness
C(W)-B203 C-B,03 W-B,03 C-B,0s W-B,03
1 10.22 99 99 15 1.1 97~103
2 5.11 97 101 2.3 0.5 96~104
3 1.02 99 103 1.9 2.9 96~104
4 0.20 106 102 4.8 2.6 94~106

a) %(mass fraction)
b) Mean value(n =3)
c) Criteria of the trueness(recovery) shown in Testing Methods of Fertilizers

Table 8 Result of recovery test(Liquid fertilizer)

<oired leval? Samile . . Relative standard Criteria of the
piked leve p ecovery deviation trueness”
5.00 102 0.3 96~104
0.10 Fruid mixed 99 0.9 94~106
fertilizer 1
0.01 93 0.3 92~108

a) %(mass fraction)
b) Mean value(n =3)
c) Criteriaof the trueness(recovery) shown in Testing Methods of Fertilizers

4) BHTRE R U RFEE O S

ARIEOPHTREE K O RS FE A feRR 2720, IZHMEIEEL 1 A, 1ZOMREARE 1 R, (LA iet 2 5, 2R
= HEGIERE LA, RAE SR 1 S5 6 ﬁa‘:ﬁ%u VO, UEMER ORI FEORRE 2 SA0MTCTHE
75 % C 5 [ L TEBRE B4 Table 9 1SR L2, £/, ZORERENS — TR E S BT 21T > TR
DFTHEE K OV RS P % Table 10 1Z/R L7z,

TAMEED FRBROIEO BN RO I E 85728 7C 39.35 %, D TARXHEYE(R 7213 1.2 %, 7 [ AE
YR 2T 1.7 %, ALARAEE 1 OB B0 R T 0.12 %, PHTAXIMEHEIR 2215 1.0 %, H A eHiE v 2=
1% 4.7 % Thoto. EIEHI I T DKEMEIE) FFEROIZEEILE O - EIE I3 E £455 % T 56.25 %, (17
SHAEYE(R 7213 0.8 %, HFHIFHRHAR ME(R 7213 0.8 %, {LAAEER 2 D FELMEILE &5 C 0.29 %, P THHRHEREUE
721X 0.7 %, FRIFHXHERE X 0.8 % ThoTo. IRIRIEBHIIS T HKEEMEIEH) FRBR O F e 2= HE A
AEEE 1 D25 ’f” By ERT 4.096 %, JHTAHGEEHER 2213 0.6 %, TRTFEXHEER 213 2.4 %, HRIKES
NEAE 1 OEAMEITE 573 T 0.018 %, PHTHXHERERZEIT 1.9 %, PEAHIEER AL 2.4 %, ThH-o7-.

_m;@oar“ T DT LD THE R 225 NS SRBRIED LRSI TO SO THE EE (DFF TF8 o A Y
%)&OEPF’@*%E(EP%WM%E%%) DHZD 2 ELNTH 722D, RIETHS72 R EEZA L TNDE
EDHERRSILUT.
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Table 9 Individual result of repetition test of changing the date for the precision confirmation
(%(mass fraction))

Test day
1 2 3 4 5
40.23 40.15 38.84 38.91 39.75
39.55 39.97 38.67 39.03 38.38

Component Sample

Borate fertilizer

C-B20s3 -

Compound fertilizer ~ 0.12 0.11 0.12 0.11 0.12
1 0.12 0.11 0.12 0.11 0.12
. . . 56.52 56.87 B5.97 56.39 56.51

Boric acid fertilizer
W-B2Os 56.26 56.22 56.31 55.39 56.05
Compound fertilizer 0.29 0.30 0.29 0.29 0.29
2 0.29 0.29 0.29 0.29 0.30

Home garden-use 3.982 4.130 4.076 4.151 4.213
o  Mixed fertilizer 1 3.918 4.090 4.075 4,124 4.204
Fruid mixed 0.019 0.018 0.018 0.018 0.018
fertilizer 1 0.018 0.018 0.017 0.018 0.017

a) Liquid fertilizer

W-B:0s3

Table 10 Statistical analysis of repetition test result for evaluating precision

Repeatability Intermediate precision
Component Sample Mean” s> RSD? CRSD/ sim”  RSDim"” CRSDim”
(%)° %) (%) (%) %) (%) (%)
Borate fertilizer 39.35 0.49 1.2 1 0.68 1.7 2
C-B:0
e igmlﬁ’zoe“r”f 0.12 0001 1.0 3 0.01 4.7 45
Bf‘:rﬁ"iz:d 56.25 0.43 08 1 0.43 0.8 2
W-B203 c 4
fgrr:;fi’;e”rnz 0.29 0002 0.7 3 0002 08 45
Home garden-use o 0.03 0.6 2 0.10 2.4 35
o Mixed fertilizer 1
W-B20s Fruid mixed
bt 0.018  0.0003 1.9 4 0.0004 2.4 6.5

a) Liquid fertilizer
b) Mean value (n = sample number of parallel test (2) x number of test days (5))
¢) Mass fraction
d) Repeatability standard deviation
e) Repeatability relative standard deviation
) Criteria of repeatability (repeatability relative standard deviation) shown in Testing Methods for Fertilizers
g) Intermediate standard deviation
h) Intermediate relative standard deviation
i) Criteria of intermediate precision (intermediate relative standard deviation) shown in Testing Methods
for Fertilizers
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5) EETREDHTELHER

RIEOERE TREHEE T D720, HORBRCEHER BN EAH T REEM Ofc/NE T ThHLRAREL
Bl A AR ONEIRE A AERES 1 ai& O TR R OUKIRMEIFS R ORERE 7 ST CEELI-#E 1%
Table 11 |{Z/RLT=.

ZDOFER, ALERAEEE 3 O FEHIEIT 0.07 %, FEYER 751 0.001 %, ELAAEEL 2 O 41X 0.03 %, HEHE(R 7
1% 0.001 %, R AR 3 DOF-EIEIL 0.020 %, FEHER 21X 0.0003 %, D Th-o7z. 7eds, & N RITHEIE
i 75x10, 1 H T BRI Y (R 75 x2xt (n-1,0.05) Z W TE L 72L 24, EEMEIFS HRBriE0 E & T IRIX
0.01 %FRAE, Mt TERIE 0.005 %FEEE, [ETEALEF D/KESMEIED FREBRIED E & TRRIT 0.01 %R, M T
[R1E 0.002 %L, HeHRAEELF O /K MIEH) 3 BRED & FIRIT 0.003 %FLE, fiH TERIZ0.001 %fefEL
HEES N7,

Fo, #EESNICE R TR DR EICK T DEINCREA MR T 5720, B:0s &L TR E AT
0.01 %4H 4 &, HIRNEEFTIX 0.003 %H 2 EDI1ED FAEERR A UL T3k 2 VT, RIEIZIES T3 mfHT
THRMENGRERAZA TV, 5 5R% Table 12 I/RLT-.

ZFORER, WHNEIEET 95~106 % C, W T AUb JERFERERIESD IRS T DI EEIC 31T H ELE ([0
) O H 25T L.

Table 11 Estimation of the lower limit of quantitation (LOQ)
Estimated Estimated

Component Sample &) 5%
p p Mean r LOQd) LOD?
C-B:0 Compound 0.07 0.001 0.01 0.005
fertilizer 3
W-B:03 Mixed fertilizer 2 0.03 0.001 0.01 0.002
e
W-B:0;’ ruid mixed 0.020 00003 0003  0.001
fertilizer 3

a) Mean value(n=7)

b) %/ (mass fraction)

¢) Repeatability standard deviation

d) Estimated lower limit of quantification(LOQ = s, x 10)

e) Estimated lower limit of detection(LOD=s, x 2 x t(n-1,0.05))
f) Liquid fertilizer
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Table 12 Result of confirming the lower limit of quantification(LOQ) by recovery test
Relative Criteria of the

I - a) b)
Component Sample  Spiked level” Recovery standard trueness”
C-B:0 Compound 0.01 100 5.0 92~108
fertilizer 3
W-B20s Mixed 0.01 106 3.8 92~ 108
fertilizer 2
=
W-B205" ruid mbed g 9 95 3.4 92~108
fertilizer 3

a) %(mass fraction)

b) Mean value(n=3)

c) Criteria of the trueness(recovery) shown in Testing Methods of Fertilizers
d) Liquid fertilizer

4. FE&H

B D EEME R OUKERHEIED R DOBEIETHOWT, BHEIR RO B BIC I DB E A BT 5 )7 5%
MRl H—BREIC R 22 S M ik Bae L7z, R C, HIRIEEHZ I\ T & il L oo 3 H 2
ATRENE DT HERB L, RO RAAFT-.

(1) WERIERB T EORBEETT, SUBHAR B 3k D 75 (2 KD W FE 24 13 D IR IR O R L5 1% 1k
ELT-.

(2) A ZFEIE L CTHEMAL TOZRW— O R IEECRUEHAIR 1 K D & s b2 728, R IEE:
IZOWTHYDLE A IET 52T,

(3) EJEMEREDT=, ICP-OES VEEAIEIZIY, WEBAEEIFT 59 i (EEMEIZH FE 33 A%, EEALEL O KENEE
D526 5) BT, [ERHTICE D07 A A L L. BUREROMEEIL5 %lEEX M1 EEh,
YR D95 Y% (EHEIX I 0 23 4L, FHBIFRELAY0.99 L ETHY, ABFERERIES IORSN TS HESE LS
7L T,

£, 1 IOFEEEIRESHTHREE 3 8ICOW T, ICP-0ES ikEARIEIZEY, 4 SOHMTREBREZERL, 2
BED AR DSy B2 HesB LR b 1 t S & ML 7R R, WA B KYE 5 % CH BRI b
Dol PMEIGRER 21T S 72 B, 2 COBUEFCIRINENNSRITAEAMEERTEY O B 227 L Tz,

(4) B K OV TR 2R 95720, & 2 FEOREIZ WV, 2 80MTTHAEZZE X TS ERBRETT-
TR, MRS RBRES IO RSV TO DM TRE B K O TR EE O B ROFFEN ThH o 7=

(5) 1IHIFREIKIREEHTDIERZ AV 7 SOMTRBRICEIVE & TIRAHEEL, HEE & FIREE DO
WIS L TINEN R BR 21T > 724 5, <IAMEIE) FERBRIEOE & FIRIT 0.01 %REE, HH FIRIT
0.005 %FRSE, [EEALELDKEEMEITD HBFBRIED E & N FRIE 0.01 %REEE, i FRRIZ 0.002 %R, WIRAE
BEOAKIRMENED FBRIED & & TRRIL 0.003 %%, Bt FIRIZ 0.001 %L Th-o7z.
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Improved Deter mination Method of Boron(B2O3) in Fertilizer
Masayuki YAMANISHI*

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

A spectrophotometry for determination of boron (B2O3) in fertilizer was improved by absorbance
correction and validated as a single-laboratory validation. Extraction method was not been changed. The
absorbance of the measurement solution measured using the control test solution as the basic point was
corrected by the absorbance of the correction test solution. The values of C-B2Os and W-B2O3; measured in
solid fertilizer by the modified method were compared with those measured by |CP-OES (Line of regression and
correlation coefficient; C-B2Os (r = 0.998, y = 0.012+1.016x), W-B>Os (r = 1.000, y = -0.001+1.000x). The
values of C-B,0Os measured a quadruple test using 3 different concentrative analytical samples by improved
method were compared with those by ICP-OES. As the result, significant difference was not confirmed in
homoscedasticity of the results of 2 groups and t-test for each concentration under the two-sided significant level
of 5%. Asaresult of 3 replicate analysisin 4 solid fertilizer samples prepared to contain 0.20 % ~ 10.22 % (mass
fraction) of C-B.Os or W-B203, the mean recoveries ranged from 97 % to 106 %. Repeatability relative standard
deviations were 0.5 % ~ 4.8 %.As aresult of 3 replicate analysis of 3 liquid fertilizer samples spiked with W-B2O3,
the mean recoveries were 93 % ~ 102 %. Repeatability relative standard deviations were 0.3 % ~ 0.9 %.
Intermediate relative standard deviations of there were 0.8 % ~ 4.7 %. The limits of quantitative value (LOQ)
of C-B20s and W-B,0Os in solid fertilizer and W-B2Os in liquid fertilizer were 0.01 % and 0.003 %, respectively.
Those results indicated that the improved method were valid for the determination of boron (B2Os) in

fertilizer.
Key words  boron, spectrophotometry, azomethine H

(Research Report of Fertilizer, 12, 10~27, 2019)
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3 ICP-OES ;A(C kB ERABFch D Kia 4 E pl 73 D8I TE % D B

AR
F—U—R KEMEOAEE, KIETEIE, KEVESE +, KEE~o T, KEEMEIEH 3, ICP-0ES,
& 2 Am At
1. [XL®HIC

BESk, BB TR AT DT EEICIE, BRI BIC T L — AR AW Se s, WO EE R VR BB (LLF
ERIE LD, ) DR DWNE TIED, EEFIATIEY R ONBEHERBRED ICH WL TERZ, JTFE, 8T
OFEEAL e OSRE b7 & OBLRNHFFET T X< F N3 /W& (ICP-OES) & AV e — & /3L DB 38
B OB DOMER N B ENTE-. RO S E 2 RFET D TR TS Y Oy &8, A8k k07 v
AV EPFESNTEY, ZOIHH N ITRARKFER S RY TRIEMER Y, WMy B OVK R M
B TREI TN A.

ICP-OES {:% FIW - ARELD S HHE I DU T, 2011 AFITVHTRAEEF oA FE B4R O/ HTE, 2015 4RI
WCR AR DKV R ST D43 TS, 2016 FEZHCIRIER R O 2 RIS BURMEM D43 HTED, 2017 T4
Y DLHTEY KON 2018 ARIZFE AR O VEVE TRy D/ HTED 2, 2 FAMIC 2B S, IRk
LHERBIE IS TS,

ZZCATENE, BEFIERR OKEEME TRy (LT, KEMHED ABRIE W-P20s, /KIEMNN R IZ W-K0, KIEME
HIE W-MgO, KM~ 713 W-MNO & OVKEEHEIED 31T W-B203 &), ) %5 & LT ICP-OES 5~
D AERFI LD T, ZOREREWE T 5.

2. MERUAEE

1) SiTAEM

(1) e

Bl TODBETEZALEHZ DWT, AKEEMER D D& FNDL0 17 AR 39 i (LR, BLE TR, Sk
25 A A AR, INE0 A BRRERY, BB, SRR, EREINE™, I EADER, 1RSI0 EAE,
A TR, IRE~ T VIEE, Wik~ 0 JEE, (EORRMEIEL, RS HENEE S IR, WosEEIEE, 1R
BREER I L O ER A IR 2 e, (LT, X2 Lcboz £l TIHIT LM V). )

FEHZOWTE, HBAE 500 um D55\ & il 9% £ Tl D IS TR LIb oz L7z,

(2) FRELAEREE

EANENNERER FH K OVE & FRRHEE HEL T, W-P20s, W-K20, W-MgO, W-MnO K& T W-B203 D4l 5773
LB OREIZ2HIIC Tablel IR LIz FREN LI L 72, 728, H L72iRE DI ZEIL 2) (20) ~ (27) 127R
L7z, ZNBOMEHIEC G DOBRIC, JREI/VIZTHBIE 500 um D55\ &2l T 5 E THIEL, R =T L 48
AN TIRA LRV ERTEBEL, ot 2ETT oo — 2N TRELTZ.

L RSTAT AR NRMOKPEH B2 il 2 — e e 2 —
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Table1  Properties of material

W-P205” W-K20? W-Mg0® W-MnO? W-B,0s5”

A Potassium dihydrogen phosphate (KH2PO4) 52.15 34.61

B Magnesiumacetate tetrahydrate ((CHsCOO)2Mg - 4H20) 18.79

C Manganese sulfate monohydrate (MnSQO4-H:0) 41.97

D Boric acid (HsBO3) 56.30
E Ammonium sulfate 0.00 0.00 0.00 0.00 0.00
F Sucrose 0.00 0.00 0.00 0.00 0.00
G Potassium chloride (KCI) 63.18

H Potassium sulfate (K2SO4) 54.05

a) Water soluble components (P20s, K20, MgO, MnO, B203), theoretical value, mass fraction (%)

Table2  The preparation of analytical samples

No. of The mixing ratio of the materials Componentc)

samplea) Ab) Bb) Cb) Db) Eb) Fb) Gb) Hb) W-P205 W-K20 W-MgO W-MnO W-5203
1 100.00 52.15 34.61
2 100.00 18.79
3 100.00 41.97
4 100.00 56.30
5 35.00 50.00 7.50 7.50 18.25 12.11 9.40
6 10.50 15.00 37.25 37.25 548 3.63 282
7 3.15 4.50 46.18 46.18 1.64 1.09 0.846
8 20.00 15.00 32.50 32.50 8.39 8.45
9 4,00 3.00 46.50 46.50 1.68 1.69
10 0.800 0.600 49.30 49.30 0.336 0.338
11 0.216 0.162 49.81 49.81 0.0907 0.0912
12 1750 25.00 2.00 1.50 27.00 27.00 9.13 6.06 4.70 0.839 0.845
13 100.00 63.18
14 100.00 54.05
15 0.500 49.75 49.75 0.261 0.173
16 1.10 49.45 49.45 0.207

a) Number of prepared sample
b) These are materials which are shown in table 1
c) Designed value, mass fraction (%)

2) HEZFOHAR

(1) YA FE#ERL (P 10 mg/mL) (ICP-OES F) : TraceCERT® ICP AV A FE K (P:10 mg/mL)
(SIGMA-ALDRICH)

(2) AV LEHERR (K 1 mg/mL) (ICP-OES 7£/) : JCSS HUw AMEHAERK (K:1000 pg/mL) (& £7 A /LA
FEHi%E)

(3) w7 Ry LMEHERR (Mg 1 mg/mL) (ICP-OES #£M) : JCSS ~ 7 X v AMEAERR (Mg: 1000 pg/mL)
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(B L7 AN DFEHIEK)

(4) ~> T AEHERR (Mn 1 mg/mL) (ICP-OES #: M) : JCSS ~ > 4 U AZ#ER (Mn:1000 ug/mL) (& L7
IV BFNEATEE)

(5) I1EFHFEHERR (B 1 mg/mL) (ICP-OES M) : JCSS 135 FAEHER (B:1000 pg/mL) (& L7 A/ LF13k

(6) IRGIEMER (ICP-OES 1EH) 1 (1) ~ (5) DIEHERAFEEIRIKE L, FAEERIRAIRA - ARl CRE
FEHE (P 200 pg/mL, K 200 pg/mL, Mg 20 pg/mL, Mn 10 pg/mL X O° B 10 pg/mL) 2R3 7=, F£7=, Z0iR
AR A AR, SERRIR A3 (1+23) L7 D L5 HIERE (145) A2 N2 O St - G AR HE IR 2 s B L 7-.

(7) 7K EHiKREREE (MILLIPORE . Milli-Q Element A10) % F\ W\ TRESIL 7= MK (FLHSHLE 18
MQcm LL k) A L=

(8) Hal#: JIS K 8180 ¥57# /it Hakdk (& L7 A /L LR HEEE)

(9) fiHfE: JIS K 8541 H&# 43 K (5 L7 A /v ARG HEEE)

(10) 7=/—NTHLALYEIR: IS K819 IHET D7 =/ — VT XA 1g% IS K 8102 IZHE T H—
27— (95 %) 100 mL (120 LT=b D& L.

(11) 7E=77K: JISK 8085 Frkakd (E &&= 28 %) (B L7 AL LFDEHIHK)

(12) AFRIEHER (P,0s 10 mg/mL) (W JEYEEEVED) © IS K 9007 (ZHET DV AME —KFEHIY L%
105 °C+2 °C THJ 2 FEfINEAL , 77— CTHRBLIZ1%, 19.17 g R EIITITN0ED, D BEOK T
L, &8 77221000 mL (2B L AL, R 2 mL~3 mL #/x, FEfrECKREMAT-.

(13) FE i FEAHK (a 7lE) © IS K 8747 [ZHLET 5TV (V)BT v E=0U 4 1.12 g Z/KITED L, B
fi% 250 mL &Nz 72, JIS K 8905 I[ZHETH LY 7 F oA T v B=0 AMKFW) 27 g Z/KICHED LTI
%, BIZAKENNZ T 1000 mL EL7-.

(14) T4 FIEE CERE M) IS K 8617 IZHUE 32K EE /L7 12,5 g &8 —41—2000 mL 121

(15) THHANAR GE L~ A REH) © IS K 8132 [ZHE T DL AN F 7 A8 KF) 152.1 g
ZE—71—2000 mL (ZiIA0ED, D EOKEIZ 725, il 420 mL 24 2 [ZINZ THAL, IZKZMNZ T
1000 mL &L 7=.

(16) =F Lo U7 EREERK: IS K 8107 IZHLETH2=F Lo U7 I UERE ) ~v A K
37.2 g Z/KIZEEAL T 1000 mL &L 7.

(17) HEEE7T E=U AIAHR: IS K 8359 ([ZHLE T HHEET - E=7 12509 Z/KIZHEHNLT500 mL &L,
fifi% (1+4) C pH % 5.2+0.1 |[ZFFFEL7-.

(18) 7Y AFUHIRIE: TV ATV H(E L7 AV LFEMEE) 0.6 g L VIS K 9502 [IZHET D L(+) —7
AVE UM 2 g \ZKETNZ, 35 °C~40 °C IZHMRL T L, mAI% KA AT 100 mL &L7-.

(19) 1FOFHEHENRK (B20s 2.5 mg/mL) (W FEHEEVEM) - JIS K 8863 IZHE T DIIHEE T v — X HHITH)
24 W HGE L TRz L7214, 4.441 g AR R LICEY, D EOKTENL, 2E7 7271000 mL (IZBL AN,
IR ECAREINZ T

(20) WAMR —KFEAVT A JIS K 9007 Fiflkaddk (& L7 A/ AFEHiZE)

(21) Eife~7 20 LIUKF): FR3E G 99 % (B &%) ) (B L7 AL AF i)

(22) Hilg~ Ay () —KF: SRIE G 97 % (E &5 %)) (B L7 /L AFkHiEE)

(23) 1IH5ME: JIS K 8863 Hpfkakde (& L7 A /L LFEHMIE)

(24) HifE7T =0 L0 JISK 8960 FEfkitdk (& 7 A /L AFEHISE)
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(25) AZm—A: JIS K 8383 Rpfkitdk (& L7 A /L L)
(26) HEAVANHL: JIS K 8121 Hpflkiid (& L7 A /L AFnEik)

(27)

FREEINE . JIS K 8962 ikt (B sk )

3) HERURE

(D
Jed)
(2)
(3)
(4)
(5)
(6)
(7
(8)
(9)

ICP F&645 e/ ritE (ICP-OES) « BiEEffERT ICPS-8100 (7 &L 5=, o —r oy L B4y

RO AT YRR B RERT UV-1800

R —~ RO EERE: HITACHI Z-2310

BRI K RLELEE . MILLIPORE  Milli-Q Element A10

Ry 7 L—h: SIBATANP-6 & O'7 e E L RUERT AHS-500

#B1E Lk . Retsch ZM-200

REL: JIIFE T T-100

77X JISR3505 RETTAT JTAA

EEE~ybh: JISR 3505 £2EE vk 772 A XX B(17.5mL D7)

(10) AHK 3 f&

4) WA E
HIERFCHOWTE, IEEMFZEEHRES 8 5 (2015) THA SN TS ICP-OES I LAWK AR D 7k A
ML OHIEEZZZLLY, Table3 DERBHELT-.

(1)

IKENE 3 BoriE (BERIE TR A I TV D57 : W-P20s, W-K20 (FREFEIN B 125 £72 0 ARk KO

W-MnO)

MRl 5 g (F721X 2.5 g) & 1 mg OHTETIIANVED, 2877 A2 500 mL (F721% 250 mL) (2 A, 7K 400
mL (F721% 200 mL) Zh0%, &R FIZT 30~40 [El#i5,43C 30 /3 HRVIEE 72, R ETKEMZ, AHK 3
FECAHBLT-. AIRO—EBEEHDOEETT 22100 mL 1280, g (1+45)25 mL ZMx CTKTERLIZHD
ZEBHATEL, ICP-OES Z W CERLZ. o7 a— —hE Scheme 1 D&V THS. (LLF, ZofiH 5
52 TW3 5kl &), )
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5g(or2.5g) Weight to the order of 1 mg to a 500-mL (or 250-mL)
analytical sample volumetric flask
<—About 400 mL (or 200 mL) water

Constant temperature rotary shaker
(30 - 40 revolutions/min), 30 minutes

Shaking to mix

|
| Cooling |

<Water (up to marked line)

| Filtration | Type 3 filter paper
[
| Sample solution |
[
Aliquot

(predetermined
<Add 25 mL of hydrochloric acid (1+5)
<Water (up to the marked line)

| ICP-OES |

100-mL volumetric flask

Scheme 1 Flow sheet of measurement procedure using ICP-OES for W-P,0s5, W-K2O and W-MnO in solid

fertilizer (W-3 component method)

(2) AK¥tEE ik (RERIE TR S TODEST : W-MgO)

SRR L g% L mg OHTETIEAD D, 4575221500 mLIZ A, 7k 400 mL &%, 30 45 L7~
B, R ETKEMNZ, AR 3T TAELIZ. AHO—EBEHOEETT A2 100 mL (289, §
25 mL &Nz TKTERLIZLOERERRIREL, ICP-OES #HWCTERL. o7 n——RZE Scheme 2
DEBVTHSL. (LAF, ZOMEHEZIWMg IE1E80). ) 7ol HERTRINRHIRE S RO ERARIC D

VT, 1700 g "C 10 4y s Dy BEL 72 02 E I LT,

| 1 g analytical sample | Weight to the order of 1 mg to a 500-mL volumetric flask

<—About 400 mL water

| Boiling | Onhot plate, 30 minutes
|

| Cooling |
<Water (up to marked line)

| Filtration | Type 3 filter paper

I
| Sample solution |
I
Aliquot

(predetermined
<—Add 25 mL of hydrochloric acid (1+5)
<—Water (up to the marked line)

| ICP-OES |

100-mL volumetric flask

Scheme 2 Flow sheet of measurement procedure using ICP-OES for W-MgO in solid fertilizer (W-Mg method)
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(3) ARIRMEIFHHRIE BERIETERA SN TOBRLSY : W-B203 2 Y W-K,0 (U7 L))

IINTERE L g~2.5 g(HUD AT 2.5 g) & 1 mg DT ETIINVED, 277 A2 250 mL 12 A, 7K 200 mL
Nz, 16 o EEWR L. intk, BERETKENZ, A 3 FETABL. AIRO—EEEZRIDEET T A2
100 mL (Z&Y, g (1+45)25 mL Mz TKTERLIZLOERERRIREL, ICP-OES Z W CTEREL. 4
Br7m— —NZ Scheme 3 DEBNTHS. (LLT, ZORMH FIEZTWB L 1LV, ) 72ds, SRR IR
RSN FREHRIR IOV T, 1700 X g T 10 4y O BEL 7= O 21 S 12k L 7=

| 1~2.5 g analytical | Weight to the order of 1 mg to a 250-mL volumetric flask
<—About 200 mL water

| Boiling | On hot plate, 15 minutes

| Co<|)Iing |
<Water (up to marked line)

| Filtration | Type 3 filter paper

[
| Sample solution |
I
Aliquot

(predetermined
<—Add 25 mL of hydrochloric acid (1+5)
<Water (up to the marked line)

| ICP-OES |

Scheme 3 Flow sheet of measurement procedure using ICP-OES for W-B,Os in solid fertilizer (W-B method)

100-mL volumetric flask

Table 3  Analysis wavelength

Element Wavelength (nm)
P 178.287
K 766.491
Mg 279.553
Mn 257.610
B 249.773
3. & B

1) AEMLEEICLSEEOFE

A RIORFNIIITD 5 DO GRAE, IEEFERBRIEY 2B W CEIREFCOfH 7523 3 @20
TW5. ZZC, ICP-OES IZXDMEIEDKRFHIDOWTIE, 5 O—F TS A REDZMERE T 572912, 5 ik
O35 ORERE (Table 4) TERASH TS 3T X COMM TEERETT52 8L, ThE O 5
[CRDHERE L, RERIEORIERERE e+ LU, BRI, k2 &ic, OICP-0ES i (hiHi 7
W3 K 51E) -6k ik, @ICP-OES ¥ (i J7 ik : WMg %) -3k, @ICP-OES 7% (FhiH )71 : WB ¥5) -1t
KIED 3 DOMAEDHITONT, ZHE VB (ERERR) ZER L. AH BRI LD el v 7 AEE
D EEE, W-P205 % 26 5, W-Ko0 % 25 5 (VD LM K Ot g 0 L 2 5 To fkk 2 BR<) , W-MgO % 28
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AL, W-MNO % 14 iR TYW-B,03 % 21 s CThD. 7283, W-MnO J Y W-B,03 (2D TUE, il ek K%
HOLE R 1L %AREHEOLDITRELT.

BRRAY D 95 % T HIIX - LA FEBIX % Fig. 1-1~5 12, &4y 95 BIEHE X I B1T5MHX (b), UIA ()
e AN EAROFABIFR 2L (r) % Table 5-1~5 |2, ZN iR T . IERMERBRIEIC BT 52 Y MR 7 LD
YT, fHE (b) D 95 WEFXMIC 1 3G E4L, U4 (@) 1XFE XN A (0) 238 Fiv, 22 >HHBIRE () 1
0.99 LI EAHELEL TUvD. W-P20s K& TV W-MnO (% W3 A 535122V T, W-MQO 13 WM B2 DWW, EE
N RTCTOIEMEZ =L TRY, M FIENMERIELFR U A O AHERIEEDRIEE R R CEZ. 20k
b, ICP-OES {ETHZNEIVERIELFIUHIE T2 B30 8L LT, F72, W-K20 13 W3 i3 iE R DY
WB JEIZDOWT, §_RTO IR L T D3, W-Ko0 (22D T TREAS 2 HH R R 2V 7 e W3
ROy (RESRIE L [RICHh 5 36) %, ICP-OES 0 W-Ko0 54 ChER 4528 LT,

—J7, W-B,03 X ICP-OES {EIZE O k% WG/ IZOWTh, HEEFERBR LD R 9~ T2
THOIX o720, ZOFRELT, MMHEROECIZEB L. BT aWEIREMEE & TRl oW T
JSALNDD, HEIFEM B & E0IEEHZ OW T ABNDZ 0B 5. 22T W-B0s DRRFHZ V=
21 RONEEE, ARE M & T IR A E A B2 & W IEEE, Fro i3 sk g an b
JEBLE A 8 RSN TR, I ENE LT, ICP-OES # (i 51 : WB 15) 24k ik (T AF
H i£) LHE UM B Z Fig. 2-1~2 12, 95 %I XIS 2 E (b)), GIA (a) K Ol E RO BEFREL
(r) % Table 6-1~2 |2, N7

HHEFMELOF T CIEEZ 2723580, EBLO7r—ATH IEEHERBR 1L O A 7= S/ 0 ik R &
PRl RO E GO B THTI=5E, BaDRPSTBREHZ DWW CIREHE A 5 8 D720 oD
FHEIFR LAY 1.000 &720, SFED AREMEAVRIBS -, T2 CIREL 21 Si0Hh, AR ICE GO RS- IR
BE16 SIS DN T, SERIEICEB W TR ORI IEY 1V %21 T o7 EC, fERIEDRE & ICP-OES ¥ (i 5k
WB i) O 8% bl U= (Fig. 3 % (X Table 7). ZDfE R, IEHERBRIED YL T Tl L7

LLEDZEND, ZOBOKRETTIE, FKac oV, EHE R TE O LR 3~ i 72 L7z )7 1% (W-P20s,
W-Ko0 (V7 LIS OREEL , W-MnO (122U Ti W3 4515, W-MgO 1[5V Cik WMg %, K O W-B,0s
[ZOWTIE WB IE) IT> TITHZ &L, b il — A I HTIEDRFHZ DWW TR T 52L& LTz,

7, EEE CEESR 1L %L E) O W-MnO F721% W-B,0; 25 Lo~ B B AR DN FE EEHZ >
WTIEREHE DS D220 DO T, BED 2D 3 JEEHI W T 4 SO TRERZI TV, TEkIEDRE 5L 1ICP-OES
TEDFERLDMIT FREIZLDE S HMEDOMERE K Ot MBI LD EIMED LA 1T o 72, ZDOF5R, 2 LM
THEZEIRON R -T2, Fo, ERED W-K0 &5 1o 7T MEIZ DWW T RO k21T o 7= (i 5
TEIRDERE, ICP-OES #EEHIC WB iEELTD) 825, 2 FIEM TAE AT RN eh-7= (Table 8).
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Table 4 Measuring condition of Testing Methods For Fertilizers (2018)

Component Testing methods for Fertilizers Wavelength (nm) Measuring instrument

Ammonium vanadomolybdate

W-P20s . . - 420 Spectrophotometer
absorptiometric analysis
W-Kz0 Flame atomic absorption 769.9 Polar_lzed Zeeman atomic
spectrometry absorption spectrophotometer
Fl i i Polarized Z i
W-MgO lame atomic absorption 202.5 0 ar.lzed eeman atomic
spectrometry absorption spectrophotometer
W-MnO Flame atomic absorption 979.5 Polar_lzed Zeeman atomic
spectrometry absorption spectrophotometer

W-B203 Azomethine-H method 415 Spectrophotometer
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Absorptiometry (%) Absorptiometry (%)
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y =0.9628x- 0.0131
r =0.996

N N w
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o o o
.

ICP-OES (W-B method) (%)
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5.0

00 50 100 150 200 250 300 350
Absorptiometry (%)

Fig. 1-1 Comparison of value of W-P,0s extraction method using ICP-OES and Absorptiometry
Heavy line :Regression line
Dotted lines: Upper and lower of limit 95 % prediction interval

Thin Line:y=x
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400 - v, 400
< y =1.0178x-0.2328 /) y = 1.0329x- 0.1684
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Fig. 1-2 Comparison of value of W-K;0O extraction method using ICP-OES and Atomic absorption
spectrometry
Heavy line :Regression line
Dotted lines: Upper and lower of limit 95 % prediction interval
Thin Line:y=x
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Fig. 1-3 Comparison of value of W-MgO extraction method using ICP-OES and Atomic absorption

spectrometry

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

Thin Line:y=x
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S y =0.9719x- 0.0035 g y = 1.1458x- 0.0153 ;
< <
030 - r=0.997 030 - r=0.980 VA
8 8 Ry
_-ocS) E /, /',

D 0.25 - 025 - ’
S = 7 /,
2 =
$020 - =020 -
) ; // ”I
= \(f/) ’/ /',
o015 - W 0.15 - Lo
o o)
=010 010 - <>
I Py
L ”
0005 - 005 |
o / ,/
O
O_OO T T T T T T 1 0,00 \! T T T T T 1
000 005 010 015 020 025 030 0.35 000 005 010 015 020 025 030 035
Atomic absorption spectrometory (%) Atomic absorption spectrometory (%)
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Fig. 1-4 Comparison of value of W-MnO extraction method using ICP-OES and Atomic absorption
spectrometry
Heavy line :Regression line
Dotted lines: Upper and lower of limit 95 % prediction interval

Thin Line:y=x
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40
0.60 - O 0.60 -
$ y = 0.9374x- 0.0459 < y =0.957x-0.004
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Absorptiometry (%)

0.60

0.40

0.30

ICP-OES (W-B method) (%)

0.20

0.10
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y = 0.9649x- 0.0217
r=0.960
] o
I O
v <> ’/'
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Absorptiometry (%)

Fig. 1-5 Comparison of value of W-B,03 extraction method using ICP-OES and Absorptiometry

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

Thin Line:y=x
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Table 5-1 The 95 % confidence interval and correlation coefficient of the regression line in between
ICP-OES and Absorptiometry (W-P,0s)

. 95 % confidence interval Correlation
Component Extractive method — L
Inclination (b) Intercept (a) coefficient (r)
W-3 components method  0.954 ~ 1.0003 -0.345 ~ 0.114 0.998
W-P20s W-Mg method 0.896 ~ 1.037
W-B method

0.926 ~ : —0.385. ~ 0.358 0.996
Shaded: Not cleared critiria to validate characteristics of testing methods which will be listed

in Testing Methods for Fertilizers.

Table 5-2  The 95 % confidence interval and correlation coefficient of the regression line in between
ICP-OES and Atomic absorption spectrometry (W-K;0)

Component

. 95 % confidence interval Correlation
Extractive method — .
Inclination (b) Intercept (a) coefficient (r)
W-3 components method 0.981 ~ 1.055 -0.732 ~ 0.266 0.997
W-K20 W-Mg method 1.062 -0.565 ~ 0.228 0.998
W-B method 0.945 ~ 1.008 -0.246 ~ 0.604 0.997
Shaded: Not cleared critiria to validate characteristics of testing methods which will be listed

in Testing Methods for Fertilizers.

Table 5-3 The 95 % confidence interval and correlation coefficient of the regression line in between
ICP-OES and Atomic absorption spectrometry (W-MgO)

. 95 % confidence interval Correlation
Component Extractive method — .
Inclination (b) Intercept (a) coefficient (r)
W-3 components method 0.929 ~ 1.067 -0.922 ~
W-MgO W-Mg method 0.995 ~ 1.012 -0.069 ~ 0.016 1.000
W-B method 0.937 ~ 1.065 -0.848 ~
Shaded: Not cleared critiria to validate characteristics of testing methods which will be listed

in Testing Methods for Fertilizers.

Table 5-4 The 95 % confidence interval and correlation coefficient of the regression line in between
ICP-OES and Atomic absorption spectrometry (W-MnO)

. 95 % confidence interval Correlation
Component Extractive method — .
Inclination (b) Intercept (a) coefficient (r)
W-3 components method 0.922 ~ 1.022 -0.010 ~ 0.003 0.997
W-MnO W-Mg method 0.998 ~ 1.294 -0.033 ~ 0.003
W-B method

0.480 ~ 1175

-0.051 ~ 0.034
Shaded: Not cleared critiria to validate characteristics of testing methods which will be listed

in Testing Methods for Fertilizers.
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Table 5-5 The 95 % confidence interval and correlation coefficient of the regression line in between
ICP-OES and Absorptiometry (W-B,O3)

. 95 % confidence interval Correlation
Component Extractive method — L
Inclination (b) Intercept (a) coefficient (r)
W-3 components method 0.767 ~ 1.107 -0.097 ~ 0.005
W-B203 W-Mg method 0.813 ~ 1.100 -0.047 ~ 0.039
W-B method 0.830 ~ 1.100 -0.062 ~ 0.019

Shaded: Not cleared critiria to validate characteristics of testing methods which will be listed

in Testing Methods for Fertilizers.

0.60 - ; 0.60 -
< y =0.9956x- 0.0326 S y = 0.8525x+ 0.0096
= r=0.967 = r=0.936
S 050 - 5 050 s
o o s
e <
@ D p
€ 040 - € 040 -
@ m
1030 - <030 -
o o
o o ,/ ',¢’
O 020 - © 020 - o
010 010 +~
0.00 ‘ ‘ : : : ‘ 0.00 D : : ‘
000 010 020 030 040 050 0.60 000 010 020 030 040 050 0.60
Absorptiometry (%) Absorptiometry (%)
(W-B,03: Fertilizers included organic material) (W-B203: No fertilizers included organic material)
Fig. 2-1 Comparison of value of W-B,0O3 extraction method using test method and ICP-OES
(Included organic material and not included one)
Heavy line :Regression line
Dotted lines: Upper and lower of limit 95 % prediction interval
Thin Line:y=x
Table 6-1 The 95 % confidence interval and correlation coefficient of the regression line in between
ICP-OES and Absorptiometry (Included organic material and not included one)
Extractive 95 9% confidence interval Correlation
Component — . Remarks
method Inclination (b)  Intercept (a)  coefficient (r)

Included organic material
Not included organic material

W-B:0s  W-Bmethod 0.822 ~ 1.169 -0.088 ~ 0.023
W-B,0s ~ W-Bmethod 0.531 ~ 1.174 -0.075 ~ 0.094  :0.936
Shaded: Not cleared critiria to validate characteristics of testing methods which will be listed in Testing

Methods for Fertilizers.
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(W-B,03: Fertilizers whose solution is colored)
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(W-B,03: Fertilizers whose solution in not colored)

Fig. 2-2 Comparison of value of W-B,03 extraction method using test method and ICP-OES

(Colored solution and not colored one)

Heavy line :Regression line

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

Thin Line:y=x

Table 6-2 The 95 % confidence interval and correlation coefficient of the regression line in between

ICP-OES and Absorptiometry (Colored solution and not colored one)

Extractive

95 9% confidence interval

Correlation

Component . Remarks
P method Inclination (b)  Intercept (a)  coefficient (r)
W-B:0:  W-Bmethod 0.791 ~ 1.097 -0.067 ~ 0.024 Colored solution
W-B,0:  W-Bmethod 0.949 ~ 1.060 -0.029 ~ 0.007 1.000 Not colored solution

Shaded: Not cleared critiria to validate characteristics of testing methods which will be listed in Testing

Methods for Fertilizers.
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0.60
y = 0.9929x + 0.0002

r=0.998

(%)

0.50 -

o
~
o

ICP(—DOES( W-B method)
o o

0.10

0.00 0.10 0.20 0.30 0.40 0.50 0.60

Absorptiometry with correction (%)

Fig. 3 Comparison of value of W-B,03 extraction method using ICP-OES and Absorptiometry
(After correction for absorbance of colored solution)
Heavy line :Regression line
Dotted lines: Upper and lower of limit 95 % prediction interval

Thin Line:y=x

Table 7 The 95 % confidence interval and correlation coefficient of the regression line in between
ICP-OES and Absorptiometry with correction (W-B,03)

Extractive 95 % confidence interval Correlation

. Remarks
method Inclination (b)  Intercept (a)  coefficient (r)

Component

W-B203 W-B method 0.961 ~ 1.025 -0.009 ~ 0.009 0.998 After correction
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Table 8 Test result using samples of 3 different concentration for evaluating trueness

Improved Conventional
method method® F -test t-test

Component Sample Mean”  s? Mean® ¥ Variance Critical t-value Critical
@) (%)Y (%)? (%) ratio  value®  t-value value’
W-K20% potaZi-upr;og:riitlizer 4176 029 4122 071 594 928 138 245
Potassium sulfate 51.54 0.68 51.05 0.77 1.31 9.28 0.96 2.45
Potassium chloride 60.88 0.66  60.46  0.46 207  9.28 1.06 245
Mangigri?ﬁzg'xwre 260  0.03 2.62 0.03 155  9.28 091  2.45
W-MnO Mﬁ:ﬁ&ig'ﬁ”t 2051 018 2045  0.17 1.08 9.8 049  2.45
Mangfae':teﬁii;“'fate 4080 149 4050  0.60 615 928 037 245
M::)‘:&‘g'im 1.97  0.02 197 001 165 928 042 245
W-B20s M:;:)‘:&‘g'gm 1253 009 1252  0.03 899 928 022 245
Borate fertilizer  56.77 0.42 5645  0.54 165 928 093 245

a) W-K20 and W-MnO: Flame atomic absorption spectrometry, W-B:Os: Azomethine-H method
b) Mean value (n = 4)

¢) Mass fraction

d) Standard deviation

e) F(3,3;0.05)

f) 1(6;0.05)

g) Extraction procedure for potassium salt fertilizer

3) BhNEUNERERIC K5 EE D

ICP-OES £ DB EATERT DT, sy 5~T7 BEFEDIRFEIZ/2 D ORI 72308 14 JUZ->WT 3 miff
1T AT LT, SEREIEIE 97.7 %~103 %, D THH xR HE(R 22 (RSDr) 1% 0.29 %~3.20 % CHY, J-~THEE}
SERBRIED IC B DB IR E L~V DO ELER O FF A #PH 272 L 7= (Table 9) .
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Table 9 Result of recovery test

c No. of b) b)0) d) Criteria of
omponent 3) Content Mean Recovery RSD« o)
mple the trueness
1 52.15 52.07 100 1.56 98~102
5 18.25 18.79 103 1.97 97~103
W-P20s 6 5.48 5.50 100 2.17 96~104
7 1.64 1.67 103 2.06 96~104
12 9.13 9.25 101 0.81 96~104
1 34.61 34.62 100 0.37 98~102
17 34.61 35.04 101 0.70 98~102
5 12.11 12.05 99.5 1.43 97~103
W-KoO 6 3.63 3.64 100 1.77 96~104
7 1.09 1.10 102 2.94 96~104
12 6.06 6.17 102 0.29 96~104
137 63.18 63.82 101 0.46 98~102
14° 54.05 53.18 98.4 0.62 98~102
2 18.79 18.75 09.8 0.29 97~103
5 9.40 9.18 97.7 1.33 96~104
W-MgO 6 2.82 2.89 102 0.74 96~104
7 0.846 0.852 101 0.59 94~106
12 4.70 4.84 103 1.28 96~104
41.97 42.38 101 1.18 98~102
8.39 8.13 98.9 0.37 96~104
W-MnO 1.68 1.65 98.0 1.02 96~104
10 0.336 0.326 96.9 1.42 94~106
11 0.0907 0.0914 101 2.63 92~108
12 0.839 0.826 98.5 0.59 94~106
56.30 56.63 101 2.04 98~102
1.69 8.23 97.4 0.90 96~104
0.338 1.68 99.1 3.12 96~104
W-B20s3
10 0.0912 0.340 100 2.63 94~106
11 0.845 0.0901 98.8 2.31 92~108
12 0.839 0.859 101 3.20 94~106

a) Number of prepared samples

b) Mass fraction (%)

¢) Mean value of the parallel test (n =3)

d) Repeatability relative standard deviton

e) Criteria of trueness (recovery) shown in Testing Methods for Fertilizers

4) BHTHERE R U R A OO &4
ATEDBHATREEE S OV WIS FE 2 ERB 30720012, ALARKIEEE, BA A IEK, FREmR = ME S IEE, REME
ZEFRNEL, BREAN B K OV RN LIS DWW TR RS 2 IRE 2 AT T 5 HMORERBREIT TR R



ICP-OESTEIC LA BETEAEBF 1 0D K B ME 32 5 45 D 1R E V5 0D B 3§ 47

Table 10 (2, TH% HEI— Tl & 43 BT 21T > TEO IR HENTHS % Table 1112, R F LT,
VT AL O FE S YR 75 6 DB SR BR A IR SN CWOA M TR BE (PR THE RS YE AR 72) K& OV RS BE (PR
FARMERE(R 72) D HZ2D 2.0 fFLANTH 72280, RIEITF 0 EEZA L QDL HERS .

Table 10 Individual result of repetition test of changing the date for the precision confirmation

Test da
Component Sample Y
1 2 3 4 5
Mixed fertilizer 1 162 1.60 1.52 164 1.48
1.59 1.50 1.63 1.69 1.53
W-P20s -
Home garden-use mixed 28.9 29.4 28.8 28.6 28.6
fertilizer 27.9 28.5 29.1 29.4 29.4
Mixed fertilizer 1 7.00 7.23 7.09 6.96 7.28
7.26 7.37 6.73 7.28 7.34
Home garden-use mixed 20.9 20.8 20.2 20.1 20.7
fertilizer
W-K:O 19.9 20.3 20.6 20.8 20.8
Potassium bicarbonate® 44.7 44 .4 46.1 44.6 45.0
otassium bicarbonate ™ 44 5 44.6 46.3 45.1 45.0
Potassi iate? 49.3 50.3 53.2 49.4 50.1
otassium sufrate 49.9 50.9 52.7 50.2 498
Whedferizerz o CUT e oom oo
W-MgO ) ) ) ) )
) ) . 8.15 8.11 7.99 8.08 8.23
Micronutrient mixture
7.81 8.16 7.65 8.03 7.72
. . 0.0689 0.0625 0.0659 0.0625 0.0693
Mixed fertilizer 1
W-MnO 0.0687 0.0567 0.0660 0.0608 0.0676
Home garden-use mixed  0.239 0.218 0.234 0.243 0.245
fertilizer 0.246 0.235 0.239 0.249 0.233
. . 0.0424 0.0491 0.0417 0.0461 0.0445
Mixed fertilizer 3
W-B20s 0.0461 0.0475 0.0434 0.0498 0.0459
.. 0.386 0.346 0.376 0.350 0.369
Compound fertilizer 1
0.389 0.358 0.354 0.357 0.370

a) Extraction procedure for potassium salt fertilizer
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Table 11  Statistical analysis of repetition test result for evaluating precision

Repeatability Intermediate precision
Component Sample Mean” s RSD® CRSD® s’ RSDin” CRSDm"
@)” ()" (%) (%) )" (%) (%)
Mixed fertilizer 1 1.58 0.05 3.3 2 0.07 4.5 3.5
W-P20s Home garden-use mixed
garden-usemixed 589 05 1.9 1 0.5 1.9 2
fertilizer
Mixed fertilizer 1 7.15 0.18 2.5 2 0.21 2.9 3.5
Home gire‘:fmz‘;fe mixed 05 04 2.1 15 0.4 2.1 2.5
W-K20
Potassium bicarbonate” ~ 45.0 0.2 0.4 1 0.7 1.5 2
Potassium sulfate” 50.6 0.4 0.8 1 1.4 2.8 2
Mixed fertilizer 2 0.986 0.026 2.6 3 0.026 2.6 4.5
W-MgO
Micronutrient mixture 7.99 0.22 2.8 2 0.22 2.8 3.5
Mixed fertilizer 1 0.0649 0.0020 3.0 4 0.0043 6.7 6.5
W-MnO Home garden-use mixed
garden-use mxed 5 o38  0.007 3.1 3 0.009 38 45
fertilizer
Mixed fertilizer 3 0.0456 0.0019 4.1 4 0.0028 6.1 6.5
W-B:03
Compound fertilizer 1 0.365 0.008 2.3 3 0.016 4.3 4.5

a) Mean value (n= sample number of parallel test (2) x number of test days (5))

b) Mass fraction (%)

c) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of repeatability (repeatability relative standard deviation) shown in Testing Methods for Fertilizers
f) Intermediate standard deviation

g) Intermediate relative standard deviation

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

for Fertilizers
i) Extraction procedure for potassium salt fertilizer

5) EETRFOHESE

AEEFDATERUS VBN, BLA IR O & A 3 _REE Sy O/ NEIE, W-P20s, W-K,0 & Y W-MgO
1%1.0 %, W-MnO & ' W-B20313 0.005 %L EHHIL TS, £i2, IEEHERBREY 2BV, & FIRIZFhEE
B O GaHR/INED 15 LT THAZENHERSN TWD. ThbEBNEA 7292 TER FIROHEEZIT-7-.

Table 2 1Z/RUL7Z B EZFABAEEL DI H, W-P,0s & TN W-KoO 1355k i 13(W—P205 DR FHIE E By R
0.261 %, W-K,0 D%l B 8452 0.208 %), W-MgO 1XiBR 5 14 GREHE B 8452 0.207 %) # W 7
ROMTCRIBRA T L E & FTROHEEEZIT>72. —F, W-MnO KT W-B,03 I HARE T 27E & FERA
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0.001 %720, HZEELA CHEEZRITHZENEEERZ L0n, JFiEM B OBRTHI AW Ek o5 5,
BT EOAED ST Bl A IEEE VT 7 SOHMTRERICE D E & T IROHEEETT- 7.

Fhor b, PHTRBRICED RO SN TARRER 200, E & FIRIT MR ) x10, F7o, B FRRIE (e
fR7) x2xt(n-1,0.05) & FAWCHE H L7z, f oUW Tt Table 12 127RL7=. W-P,0s O & BRI 0.04 %FL/E,
FRH IR 0.2 %FEEE, W-Ko0 O 7E # FBRIZ 0.08 %FEAEE, Kt FBRIZ 0.03 %FEEE, W-MgO O & FIRIZ
0.06 %FEEE, frH FRRIZ 0.02 %FEEE, W-MnO D 7E & FRRIZ 0.005 %, i FRI% 0.002 %, W-B203 D IE &
BRI 0.005 %FREE, 5 H T RRIZ 0.002 %ofe L e E STz,

BAETHBICHEL QOB ELA IR O F/ MEGER Y Bk, A al, HEE SN2 E & FIR L O FIRZ bl L
72&ZA, W-P20s, W-K;0 & T W-MgO (2 DWW T/ MRRERL 77 5D 1/5 LU R THY, AIEOHE 3 FIHE TH
HZEEMER LT, — 77, W-MNO K& T W-B,03 {2 W Tl IMERERR 0y AL E O E & FIREFER T,

Table 12 Estimation of the lower limit of quantitation (LOQ)

b 0 Criteria of

Content Mean’’ Recovery s, LOQ LOD f>

Component Sample the trueness
@ @) ) %) ) (w (%)’

W-P20s  Preparation sample No.15 0.261  0.253 97 0.004 0.04 0.02 94 ~ 106
W-K20  Preparation sample No.15 0.173  0.179 103 0.008 0.08 0.03 94 ~ 106
W-MgO  Preparation sample No.16 0.207  0.201 97 0.006 0.06 0.02 94 ~ 106
W-MnO Mixed fertilizer 4 - 0.0268 - 0.0005 0.005 0.002 -
W-B:03 Mixed fertilizer 5 - 0.0199 - 0.0005 0.005 0.002 -

a) Mass fraction (%)

b) Mean value of the parallel test (n = 7)

¢) Repeatability standard deviation

d) Estimated lower limit of quantification (LOQ = sr x 10)

e) Estimated lower limit of detection (LOD =srx 2 x t (n-1, 0.05))

) Criteria of the trueness (recovery) shown in Testing Methods for Fertilizers

4. FEH

ICP-OES (Z XD EEALEF R DIKEEME F RSy DRNEIZ DWW TIRFI L T2 LA, IROFERZFGT-.

(1) VAR C W-P20s ZfRFET DKL 26 &, LL T FEIERIZ W-K20 % 25 5, W-MgO % 28 &, W-MnO %
14 ;5 GRE 1 %R OB D) e N W-B203 % 21 L (REE 1 %R DS D), £ EN53HrL, ICP-OES 1% 3 @Y
&R BRI S TV D IE R IEE O E BB A2 B X T H#Z L7z, W-P20s, W-K20, W-MgO & O}
W-MnO (%, SR IERIELFRIC THS ICP-0OES {EIZOWT, [RVEICE D HHESE R EL - L Tz, Z
AUCERY, 5L 4 B4 (W-MnO (2D TR EEREIRICBR 5) 12DV C, ICP-OES L& ME K1k & DRI &M D e
TET.

(2) W-B203 L& DHIHGAFIZ DU TH AR BILR B HE ST L HE A 7= SRS R 7R o 7oy, IR I
D BN EEHTOWT, HERIE (7Y AF 2 H i) ORIEICB W TE QHROWEEZMIE ST 5281280,
HESEFEMEATG 7o L T2 28030, W-B20s (IR B FEIRIZ PR D) (2D T, ICP-OES 5 E1E KL L D [RIEMED 7R
T&T.
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(3) FEIEFED W-MnO £721% W-B203 2 & T IEEHI DT, IREED F72% 3 JEEID 4 SO TRERZTTV,
BEFEDORE F L 1ICP-OES HIIE Ok L ORI T F UEICL DS B ORERB K Ot BUE IS LD B O bl A
1Tol=blh, HEATRLNT, Eil2 BIZ oW TR B I T ICP-OES £ L HE ML L O RIS A e aR
T&7=. F72, BREDO W-K0 258 Te D AT OWTh, [RIEROERIZID 2 HiEORIEM N MR T 7.

(4) A BOHEEOREICHHEUIZEEHZ DU EERERORE F, AR 2R 2DV CEIERIE 97 %
~103 % THY, IEEHERBEI RSN TODEED B Z4 0L T e, RIFRIS, FRMEERZE IOV TS,
T RTCOHZEM LT,

(5) HEATIZHONWTENZE L 2 T (W-Ko0 13V DDA DO REERE 7V T D CENE L 2 FiE) oK
Bl HEL, 2 2 2 SOHMT, BZZE 2 TS5 A ICP-OES IS TOM 4T\ MEFSIL 72 E M 0> Hh R AR 6 e
72 B O TR MR 221, T X CIERFERBRIE IO RSN TV D H R ATl L Tz,

(6) ICP-OES £ITI1T D BEAEEH DOIKEEME A5y DRNEIZB T H0E & FROHEE 21T > T2/ R,
W-P,0s 13 0.04 %F2 %, W-Ko0 I3 0.08 %FL/E, W-MgO i3 0.06 %F2E, W-MnO i 0.005 %75 % J O W-B,03
1% 0.005 %R Tho7e.
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Simultaneous Determination of Water-soluble Principal Ingredients in Fertilizer using
Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES)

Norio FUNAKI!

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

A single-laboratory validation study was conducted for the simultaneous determination of water-soluble
principal ingredients (W-P20s, W-K;0, W-MgO, W-MnO and W-B;03) in fertilizer products by inductively
coupled plasma-optical emission spectrometry (ICP-OES). The fertilizer was extracted with water. Hydrochloric
acid was added to the extract, diluted with water, and analyzed with ICP - OES. As a result of 3 replicate analysis
in 5~7 fertilizer samples prepared to contain with W-P,0s, W-K;0, W-MgO, W-MnO and W-B,03 at 0.0907 % ~
63.18 % (mass fraction), 1.64 % ~ 52.15 %, 1.09 % ~ 63.18 %, 0.846 % ~ 18.79 %, 0.0907 % ~ 41.97 % and
0.0912 % ~ 56.30 %, the mean recoveries were 100 % ~ 103 %, 98.4 % ~ 102 %, 97.7 % ~ 103 %, 96.9 % ~
101 % and 97.4 % ~ 101 %, respectively. Repeatability relative standard deviation of W-P>0s, W-K>0, W-MgO,
W-MnO and W-B,0 3 (RSDy) were 1.9 % ~ 3.3 %, 0.4 % ~ 2.5 %, 2.6 % ~ 2.8 %, 3.0 % ~ 3.1 % and 2.3 % ~
4.1 %, respectively. Intermediate relative standard deviation of W-P,0s, W-K;0, W-MgO, W-MnO and W-B,0 3
(RSDy(y) were 1.9 % ~ 4.5 %, 1.5 % ~ 2.9 %, 2.6 % ~ 2.8 %, 3.8 % ~ 6.8 % and 4.3 % ~ 6.1 %, respectively. The
limit of quantitative value (LOQ) of W-P,0s, W-K,0, W-MgO, W-MnO and W-B,03; were 0.04 %, 0.08 %,
0.06 %, 0.005 % and 0.005 %, respectively. Those results indicated that the developed method was valid for the
analysis of water-soluble principal ingredients in a fertilizer.

Key words  Water-soluble phosphoric acid, Water-soluble potassium, Water-soluble magnesia,
Water-soluble manganese, Water-soluble boron, ICP-OES, Solid fertilizer

(Research Report of Fertilizer, 12, 28~51, 2019)
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4 ICP-MS %ICKBBRHPOBEERSDAEIE

SOFHEAY, REHES ®, FILEN, AHHE
F—0—F HRIEH, v~ A7m o REE, ICP-MS, HAe R

1. [XLBHIC

TBIRIEEHIIIAE RSV IZB W CEFEFINDAER S (OF, WRIVA, KR, =vF v, Z7an, ) o
B K& (FPAE) MR ESILTEY, Y% B ORBRIEIIAEIETHD AL TR 0% S A B S 4L
T2 EDIERFERBRIED SR EN TV D, ZhbRBRIEDO T, IRIVA(Cd), =v4 /L (Ni), Z7rA4(Cr),
¢n (Pb) (LAF, EARBEWD. )X, BUBHZER S i U RO AT 25 CRIE T 2 FIEDSHUES TV D28,
B0y i3 DN 2 AL - IRAL T B BN H 5708, B R A 5GH E TR A B9 5.

T ZTIHIRAEE R OB AR O T OEAL o OV Sk BHIEL T 2016 I~ A7 il oy R E M O
BiEA T I A B EINTEERE (ICP-MS) Z W TH EF Ry 2 E T2 T IEOKRE MT . LInLAIRIY
DUAMIIAF IR OB ELZ 70, R THERBELNRD 7Y . ZOHERKELT ICP-MS HI/E K
DAY VT PEORENRIBR I TN, AT LTS ETIE X Gt B U D LR F LD E AT
NOFERVITER T LT THY, ICP-MS DORIEIZBNTRERE AL H25. ZO TSRS 5 ke
LCalvar - U7 rvarenz HnAZENIRSFHILTWDAY, 2016 DM CIEE FHL7Z ICP-MS (22U
a VT I ar g BMEH I W ot 22T, SEEaVvar v EFEH L ICP-MS Z VW TER
JEEF O E 48 ORI EIEIZ OV TR ZITV, o2k U CHE— B E I LD 2 Y R 21T 272D
THEEARET 2.

2. MBRUAHE

1) o

TGUEFEBEAEEL 10 s, UIRIGVEAEEE 3 &, BERIGIEAREE 3 R N VG TEAERE 1 sl (BT 17 50 2L 72,
40 °C T 60~70 IRFfAIRZEEL, HBHE 500 pm D 50V A @il T HE T LIcb D& ot etk Lz, 72k,
BB B YR E AT T D2 ENREECTH o772, (LR DR LD 55 B RTBY NI A TRINLZ
OB THHT HRERE L.

2) AEFORHE

(1) HRI7LfE#eHZ (Cd 1 mg/mL) : AccuTrace™ ICP-MS MW R I AHEHE (Cd 1000 pg/mL)
(AccuStandard)

(2) #EHENRR (Pb 0.1 mg/mL) : JCSS #AEHEK (Pb 100) (& L7 A /L SR i)

(3) = I /VEEHERR (Ni 0.1 mg/mL) : JCSS =7 /LEHERK (Ni 100) (& L7 A /L AFHfi3E)

VOMSIATBOE N RMOK PETH B 2 Bl v 2 — IR A A
2 MSTATBOE NRMOKPEH B 22 it o 2 — N2 A A D (B1) RMOKES BITRREUR)
3 OMSTATEUE NEMOK BTN B 2 i 2 — IR 2 R A (B) s e 2 —
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(4) 7o fEHERE (Cr0.1 mg/mL): JCSS ZrAEH#ERK 1(Cr 100) (BIH{LS)

TNDREHERR 2 2 N E N OFEREFIR E L TR W2, SRR 2R G - AR L TR A HE MR K (Cd: 10
ng/mL, Ni: 500 ng/mL, Cr: 500 ng/mL, Pb: 50 ng/mL) ZFH% L 7=, F7-, IR ORI A ARL, AR EE A
FUBHAR & FIIR EE 2722 SOV BN R 2N IR BAR MER A R B L 72

(5) AT LFEHERE (Sc 1 mg/mL) = JRF ROt Hr FH AT > 20 S HER# (Sc 1000) (BEHL)

(6) =/ VLMEHERK (Co 0.1 mg/mL) : JCSS =L MEHER (Co 100) (B H(L)

(7) Ay MU LfEHews (Y 1 mg/mL) : AccuTrace™ ICP-MS v kU AFEHER (Y 1000 pg/mL)
(AccuStandard)

(8) mYU AfEHERS (Rh 1 mg/mL) : AccuTrace™ ICP-MS v A= %% (Rh 1000 pg/mL)
(AccuStandard)

(9) AP LEAERE (In 1 mg/mL) : JCSS =7 /LEEHERK (Ni 100) (& L7 A /L A FnEAlE)

(10) L =7 A= %k (Re 0.1 mg/mL) : AccuTrace™ ICP-MS L =v A1E#E{% (Cd 100 pg/mL)
(AccuStandard)

(11) 2V 2= (TI L mg/mL) : JCSS #VUw A= (T1 1000) (BIFR(LS)

(12) v A~ A=A (Bi 1 mg/mL) : JCSS B A~ AFEHE (Bi 100) (& L7 A /L LR HEEE)

FRUEER A TN VORI E L THWE. SR ERIK IR G - AR L ChERR IR EE AV A IR &
[FIPE R L0 D KO BN IR 2 N 2, IRA NAEYERK (Sc: 100 ng/mL, Co: 100 ng/mL, Y: 100 ng/mL, Rh: 50
ng/mL, In: 50 ng/mL, Re: 10 ng/mL, TI: 10 ng/mL, Bi: 10 ng/mL) Z7H#L1L7-.

(13) fHl%Z: TAMAPURE-AA-100 fiffi% (£ 68 % (H &0 R)) (L LH)

(14) WAL RGN HEREE R 30.0 %~35.5 % (& &53%R)) (BRI JH Wt
M)

(15) /k: fEMiAKSEEEE (Direct-Q UV5, Millipore) THEHIL 72 JIS K 0557 |ZHE 5 Ad DK% -,

3) BERUVEE
(1) BFERG 7T IAE ' EERE (ICP-MS)
: Thermo Fisher Scientific iCAP RQ (VU EEARME &/ #rit, 7 =7 /LE—R RE G EMRHER)
(2) ~Ar7uafrfigdtmE: Anton-Paar Multiwave 3000
(3) ELVYHERE: KUBOTA 7 —7 /L by 75w L 4000
(4) R7errofhntnsss: Y—x/LP AT A DigiTUBEs 100 mL 50 mL

4) TAHOEME—ICP-MS EIC K BHAERIZM%E

(1) FBHEKOFR

T7ar TEM O @ E 3 iR # 2o ATakkr 0.20 g 21370 &0, AR 10 mL & ONEEg{b/k3E 1 mL 0%
2. BIANBEEST=0L, v A7l 53 fifdEE 2 T Table 1 OS5 ET 10T D> THIRUTZ. S ffikE
IR I3 140 °C~180 °C, i/t /1% 6 MPa ThoT-. 728, N A+o LB b dGAl, i
A2 2 mL K& ONEEE LK 38 1 mL 28N RS CREEE AT o7, Bimtk, iz R) 7 a8t
AR SHIKTBLIAZ, 100 mL O ET/AZNNZ T 3000 [El#zE, 4y (K 1700X g) T 5 4y MmOy L 7=
AL S mL 2RV 7 e LBl RS EY, K5 mL A1, g (1+19) ¥ C 50 mL IZE R LR E
FRBHRIRE Uz, JE T 2 R0 I FE A3 B FE SR 288 2 255 A1, I AR L, TR T O RS ER IR A
HAE (1+19) LRI EE L2 D IO TR & N2 EEA LT= (Scheme 1) .
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7ok, BERPEERERYE (2018) DRIV A ICP B & HTEICEB VT, ElE 2.5 mL, @F{L/KE 2 mL 23R
L, 53 fREAT>TODED, — DS TIIAR T4 Tﬁf/\ﬁﬁﬁ‘éniﬁﬂb)?ﬁ%of_;k’épﬁﬂbk??%ﬁﬂ7L71
BICRINTHBE N R LIZT-0, BRI EL, mE L /K F 2R L Y% 71k Cililae L 7.

Table 1 Operating condition of microwave digestion equipment
Electric power Time

W) (min) State
step 1 0—1400 10 Heating
step 2 1400 10 Fixed temperature
step 3 0 20 Residual heat

(2) FBHAIROWE

AUBHAR ke ONRA NI R A T2 9:1 OFEIGTIREG L= ICP-MS 128 AL, ™Cd, ®Ni, %Cr,
208pp, 45¢, ¥ Co, B, 1°Rh, 15n, ¥ Re, 25TI, 2°Bi ZHIEL, Cd 2OV TILRh £720% In, Ni 22\ T
Co, Y F£721% Rh, Cr 22\ Tl Sc F£7-1% Co, Pb IZ DWW TIX Re, Tl £721% Bi THAEHEM IELT-.

[FIRFL, IR A AR VER AT E L, M S A 1ER L Codralkl oo Cd, Ni, Cr, X OtPb A F L.

ICP-MS ORIESRIITLL T DLEY.

High-frequency output 1.55 kW
Sampling depth 5.0 mm
Coolant gas flow rate(Ar) 14 L/min
Plasma gas flow rate(Ar) 0.8 L/ min
Carrier gas flow rate(Ar) 1.05 L/ min
Collision cell flow rate(He) 4.5 L/min
Collision mode KED mode
| Sample0.20g |

<Nitric acid 10 mL
«<Hydrogen peroxide 1 mL

| microwave digestion |

| Transfer | 100-mL P.P. Volumetric flask
|<—Water (To the mark line)

| Centrifegation | 1700xg 5 min

| Aliquot5mL | 50-mL P.P. Volumetric flask

<—Water 5mL
«<Nitric acid(1+19)(To the mark line)

| ICP-MS |
Scheme 1 Heavy metal analysis in fertilizer by microwave digestion -ICP-MS method
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3. WRRUER

1) REROERMYE

2.2) IZE> TR L7 IR B IR U A ICP-MS THIE LR EMRAERL7=L 25, Fig.l »LIsY, Cd i 0.03
ng/mL~2 ng/mL O#iH T, Ni & O Cr 1% 1.5 ng/mL~100 ng/mL O#iPA T, $31% 0.15 ng/mL~10 ng/mL O
PACHERREL (r?) 23 0.999 LA EA/RUT-. ATEHE OB E G4 T 550k 2 201208 TREREIR D
RZATWIIELZSE, Cd, Ni KO CriZ- oW T i St fi PN I E DR BE T o728, $Z DV TiE
REHTZDDREFRE D mL, /A XFIZLDREREDIR T ARBO NI ZENDIRRE TREL. 725,
DR AR O IR BRI LA B I 45 & 0.15 mg/kg~50 mg/kg THY, FRiBEIEEIO LA FmINT 5L
22IEHDRDIRE THS.

Intensity (cps)(x10°)

30 | ] ! ! ! ! ! /
- Cd e S sl Ni : ]
% 1 1S element:Rh E‘, IS element:Rh
m
15 1 § 0T
2
i y=12674x+24 2 y=15650x+324 -
8 2
° 12=0.999 < r2=1.000
//
0O+ e 00 +—t - | | | ‘
0.0 0.5 1.0 1.5 20 0 20 40 60 80 100 120
Concentration (ng/ml) Concentration (ng/ml)
41 20 £ 7 !
N o
g, 34 C r % 15 + P b
‘Z | IS element:Sc = IS element.Tl
&) o
~ ")
- 2 + : : 10 -+
= - 2
2 y=35490x+245 2 y=165834x+1045
e 11 2 D 05+ 1
= r*=1.000 £ r2=1.000
0 - } t t 0.0 t } } t } }
0 20 40 60 80 100 120 0 2 4 6 8 10 12
Concentration (ng/ml) Concentration (ng/ml)

Fig.1 Calibration curves

2 mzDEBWNIEIAEEDEE

ICP-MS THlIE T ABRIFART VPSRRI EME I B E KX TR, ZORBE RS2 515D
—DLLT miz OEENFHESNTNDY . ZD7%, TGIRREEIEE R O\USRIGIRIEEE VT miz 28 F L
HIEZATV, EBOF WA R L. FHMIZIT5729, IERHERBRE CHROIE (LT, BEfFIES T EE W
9. ) BFEREL U COYRMEIST AEI A Z R H L= (Table 2) . 7o, Mahofli L7z miz 13 1) RO EMRIET
REFRELDY 0.999 DL EAI/RTZEEMERRL T,

FARITMNE miz 111 28R T5A, A E LT 99 %~108 %EBEfFIEHHEIZITVMEE R LIZ23, [ 110
TITEAELT 112 %~167 %, A 112 TIEEIE L1 T 96 %~149 %, [7 113 TixEIALL T 94 %~126 %, [A)
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114 TIFEIAEL T 101 %~144 %00 m 0 Ml s /e o7z,

= E miz 58 ZBIRUT-5A, ElEEL T 161 %~400 %L BEAFED IS L TRV MEZ R LIZAY, (A
60, 61, 62 TITEHIALL T 92 %~100 %EBEFIEHHEICITVMEE R LTZ.

raiitmiz 50 2RI 7254, BIEE LT 124 %~450 %L BEAAEI MBI L TRV viEE R LTZ23, [F 52,
53 TITHIGEL T 102 % ~116 %LBEAAE W EIZ T MEZ R LT,

#1315 miz 204, 206, 207, 208 ZRINL /=54, KEENDBEALT, HIELEL T 92 %~99 %EREFIEIHT
EITEVWMEZ R L.

2016 FITHRFETLZBRICITAFICE B ORW =y 7L K Ve AMZB W TREAE ST ERY SV VMEZ R LT
W, AENEaY Ve E SR LT ICP-MS 2L CTEY, ZnbOREBNMEHS I EE 2 b5, L
2L, —HO miz TIHEIRE L TBEAESHTIEL DS SVWMEZ R TH 0050, miz OIERITITE BN LETHD
ZENTRIBE N,

ZNHORER K O OFERIE CTHEH SIS miz #5512L>7, MCd, ©Ni, 52Cr, 28Ph 2 ARIEDOREHC
HnAHZEELT.

Table 2-1 Comparison of quantitative values by difference of m/z (Cd)

Composted sludge Composted sludge Raw sewage
m/z fertilizer 1 fertilizer 2 sludge fertilizer
value ratio” value  ratio” value  ratio” value  ratio”
(%) (mg/kg) (%) (mg/kg) (%) (mg/kg) (%)
Conventional method” 2.83 1.78 111
ICP-MS method 110 125 3.21 113 1.99 112 1.86 167
111 12.8 2.86 101 1.75 99 1.20 108
112 241 2.72 96 1.70 96 1.65 149
113 122 2.76 98 1.68 94 1.40 126
114 28.7 3.00 106 1.79 101 1.60 144

a) Natural abundance ratio (%)

b) Ratio of this method to conventional method (%)
¢) Flame atomic absorption method

Table 2-2 Comparison of quantitative values by difference of m/z (Ni)

Composted sludge Composted sludge Raw sewage
m/z fertilizer 1 fertilizer 2 sludge fertilizer
value ratic?  value  ratio” value  ratio” value  ratio”
(%) (mg/kg) (%) (mg/kg) (%) (mg/kg) (%)
Conventional method” 73.0 54.4 20.9
ICP-MS method 58 68.1 117.7 161 217.5 400 60.5 289
60 26.2 72.2 99 54.5 100 19.1 92
61 1.1 71.7 98 54.3 100 20.4 98
62 3.6 70.3 96 52.9 97 19.5 93

a) Natural abundance ratio (%)
b) Ratio of this method to conventional method (%)
c¢) Flame atomic absorption method
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Table 2-3 Comparison of quantitative values by difference of m/z (Cr)

Composted sludge Composted sludge Raw sewage
m/z fertilizer 1 fertilizer 2 sludge fertilizer
value ratic?  value  ratio” value  ratio” value  ratio”
(%) (mg/kg) (%) (mg/kg) (%) (mg/kg) (%)
Conventional method” 82.0 54.8 29.9
ICP-MS method 50 4.3 101.5 124 68.0 124 134.6 450
52 83.8 92.20 113 58.0 106 31.8 106
53 9.5 95.30 116 59.2 108 30.6 102

a) Natural abundance ratio (%)
b) Ratio of this method to conventional method (%)
¢) Flame atomic absorption method

Table 2-4 Comparison of quantitative values by difference of m/z (Pb)

Composted sludge Composted sludge Raw sewage
m/z fertilizer 1 fertilizer 2 sludge fertilizer
value ratio® value  ratio” value  ratio” value  ratio”
(%) (mg/kg) (%) (mg/kg) (%) (mg/kg) (%)
Conventional method” 36.0 15.6 4.6
ICP-MS method 204 14 33.7 94 14.9 95 4.27 92
206 24.1 35.6 99 15.0 96 4.31 93
207 221 34.8 97 14.6 94 4.28 92
208 52.4 35.8 99 15.2 97 4.34 94

a) Natural abundance ratio (%)
b) Ratio of this method to conventional method (%)
¢) Flame atomic absorption method

3) HAREDEVICKELFEARINLTHDIER

ICP-MS HITEIZHWWT, AR T DI EAT ML T B A RS T 720 I EHAR O AR A
SO TNDY . ZDOZENLIBIETEEENEEL 5 45, LIRIGIRIEEF 2 S OV T35 1RIEE 1 A2 AV, 2.4) &
BHEROTRBDI G, 53 i - 35 Loy BER DU DO AR R 22 THE L IR L7z, BEAFIE ST IEE AL T
BONTAEOMEIXZ Fig.2 (R 7.728, MIRIEEIL T X CHR— LRI EMHIRE IR L. 725,
WA HEST FR1E 2016 4E D FIEY LRRRIZARIV A, =V RO aaInsy b, spidl =0 2% LT

BETFIE W EE LR L7225, IR AZOW TR (BEAFIESHHEMED 572 2 SR, ARE L 1F0
S HTEIE 107 %~114 %L SfEDE M 2R U723, AR 5 5 D0 Eid 91 %~105 %, 7B 10 5O 0
fIEIZ 90 %~107 %L BEAFIE T iE ST Ml Z 7R LT,

= AT DWW T (BEFRE AT DM o 72 1 & BRS) , AR L5 O 0TI 112 %~125 %& FE D
Mz R LTz, AR5 (5O TR 99 %~118 %, AFREE 10 (5O HHEIE 92 %~121 % CTh o723, [Fl—
BT T D LA 10 f5 DT E AN Beb BEFE /S T IS ME I AR L7z,

70 N OWTT BEFEITEMED -T2 1 R AERS) , R 15058 iEIE 153 %~213 %, AR5
D SIHTEIE 122 %~205 %, AR 10 [5O3 HHiElE 101 %~212 %l VT D FES BEA-IE AT B L2 b
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LEEOE AR L7223, Fig.2 D L3V R 3B CLule 32 LA IR 10 5D S W iEAS FLs AR M I A7 L
7-.

O WTE BEAFESHTEAMED 572 2 HABRS) , ATHGE 15D HTEIL 73 %~85 %, AR 5 5D
SYBTIEIE 69 %~86 %, AR 10 5D HTHEIE 73 %~85 %\ D FE BEAF 1 AT 1 2 b LKA o>
2R U203, Fig.2 OERO[R—FUEHC I35 AR ER 10 (50 0 MMl LB O ME M 2R LTz,

WT DR BV TOAIRETT o 72 7 BBAAHE ST EISE R DM A3 D0, AT HZEIZEVIEA~
MBSO B KL 2B X DND. ZNBDIENLARIETIIANEL 10 L1, REBREBZD5E12X
HEARTHIEELT.

35 100 Ni
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Fig.2 Influence of measured value by dilution rate
X:1xdilution rate  A:5xdilution rate  @:10xdilution rate Dot line:y=x

4) BEIFREDLEBICLINBERRORF RV EE O

ICP-MS % W= HIEIZEB W T, WIEHETLHEZ AW IEIEIC W THIFARI ML E RS 5E A
7 HETHDY . 22T, 2016 FFITHWT-NEEHETT R OMIZY, /3 HTE THbILTOANIERETFRIZ DU
THRITAEEE 20 51, =y 7 WEaEE 19 A, a0 d5e 17 58, $niakel 17 2 AWV TREE1T-o 72
BEAFUE ST AT & PR HE SE 3R 2 LA HIE LT AL O 5 Bl D[Rl B R O FH BRI K ONER E AR O Z 0 DN
Bl @ 95 %fE#E X M2 5 H L7 5% Table 3 1R, FHRAXI & OY 95 % Tl K fE% Fig.3 (Z/RLiz. £/, [A]
SRR OFE BIFR L L QAR ELAR OB E I ONCEI 7 D 95 %fE#E X 4 IEEHE R BR I RS QWD ELEERT
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OHELTFIFED (LA T, SRBRIEELEHESEFFA LD, ) LU=,

ARITAZOWTENIERE TR L L TP T AR O DU L VTR Lz, a vy a2 A LG A,
*EE'%{—?%C&U“ 95 %IE X TV T v b sBRE L EEHERFIPH AN 72 T b D Th o7z, LinL, AP L% v

72555, BEAAESATEIOG R EMAMRL AR DM R 2380, fHZ 0D 95 YofF i X [ | LA ER 1L 2 HE 4% 6 PH Al 72
SYAVIRSY el

=T DOWTHIEEETLR L L T/ VL, Ay NT AR YT 52 VTR L72E 24, FHBERBL T
IR D 95 WIEHXEIZOWTIIW T vh slBRvE L EEHERFE A2 72 T H O Th o7, HED 95 %(EHHIX[H
TEHW TG R BRE B HELE G 25 7= X720 o T2 b O D, B r ARt - b il BR L B HELEFEPH 12V
D&l WTNOWEERE TR 2 W HEE T BEAAE TS Fei U TIREIC R D A3 - 7278, |
DU LTE o LS BAHE ST B  EEZ R L.

TN OWTIPERE TR EL TAB L DT L L W TR LT, 2B Do a2 LT
FRBAMRE TN 95 %fEfE X TV T 7uh s BRvE L EEHERE G PH 2l 7= T O Th o7, :/\/bk%ﬁﬁb\f:zﬁa
BEAAE S T & Hel U IR Z 72 D20, HED 95 %fEHEH X T DU TRl s B HERE fi P AT 7o S
otz

ENTOWVWTINERE LR L TL =T A, XUV LK RE AR ZOW TR L. 2V a2 LS E,
FRBIMRE K O 95 %fE #E PRI T V3 b BRI IE L HELEHI P AT 7= T b D Th o7, L=U NIHED 95 %
(59 X [ 233 B v B B HE R B A 2T 7= 872 o T2, ERASR A TZV T LR = AL LIZH S E RO N,
GIR D 95 YofF 4 X [ A3 e ERVE B B HESE R PH ATl 7= S 70 o 7o, WO WEEHE L RIZ DWW THBEAFIE T
fiE & LLER AR S22 D 7 3 do o 7.

PEEHE LR ITNE LR OB BEEUIT WS OE IR LT2IFHDS ICP-MS D22 A 200 Fe-oHE sh e D 5 8¢
PDIRNESITODNY, A EIOFER TIZL T LHIRIE THEOE BT WS O PNAEHETLHRIZEH L TV D

LITMRBZ2NZ DR STz, ZHUTRREHI PR TR N T TIZE AL T HE0, WIER 7 DOZEE LN
BEHETLROZFEFDBLTLE —HL TN EE X B,

PLEED, KIETIIARIV LR P=o T M ONWTEIRY Y L, JaLZDOWTIAD VT L%, $RITD
WTIEAIY L NIRRT R EL THWDZ L LT,
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Table 3 Comparison of measured values of ICP-MS and conventional methods using regression equations

Mesurment Internal standard I Correlation Range of slope™ . fint (00
clement clement coefficient ()? ge of slope ange of intercep
Cd 111
Rh® 103 0.999 0.9623 ~ 1.0054 -0.0705 ~ 0.0537
In 115 0.999 0.9148 ~ 0.9638 -0.0524 ~ 0.0887
Ni 60
Co 59 0.998 0.9103 ~ 0.9664 -2.7894 ~ 4,1997
Y 89 0.999 0.9199 ~ 0.9724 -1.8044 ~ 4.7333
Rh® 103 0.998 0.9332 ~ 0.9976 -0.5358 ~ 7.4960
Cr 52
sc® 45 0.999 0.9582 ~ 1.0090 -1.6979 ~ 8.3871
Co 59 0.999 0.9023 ~ 0.9476 -0.3377 ~ 8.6388
Pb 208
Re 187 0.998 0.9218 ~ 0.9869 -1.9008 ~ 0.8879
TP 205 0.998 0.9392 ~ 1.0109 -2.2677 ~ 0.8033
Bi 209 0.991 0.8957 ~ 1.0400 -6.5254 ~ -0.3435

a) The recommended range of trueness evaluation criteria*: No less than 0.99

b) The 95% confidence interval

¢) The recommended range of trueness evaluation criteria*: Inclination includes 1.

d) The recommended range of trueness evaluation criteria*: Intercept includes the origin (0).
e) Internal standard elements used in this method

* The criterias shown in Testing methods of Fertilizers (2018)

6 - 6
y =0.9838x - 0.0084 ‘ y = 0.9393x + 0.0182 .
5 / 5
o) =)
= =
E 3 8 3
() @
S =
n 2 n 2
= 3
o a
O 1 o1
0 @ 0 @
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Conventional method (mg/kg) Conventional method (mg/kg)
Fig.3-1 Comparison of the cadmium measurements Fig.3-2 Comparison of the cadmium measurements
in between two methods (Is element:Rhodium) in between two methods (Is element:Indium)
Thick line: Regression line, Dotted line: 95 % Thick line: Regression line, Dotted line: 95 %

prediction interval, Thin line : y=x prediction interval, Thin line : y=x
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ICP-MS Method (mg/kg)
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Fig.3-3 Comparison of the nickel measurements Fig.3-4 Comparison of the nickel measurements
in between two methods (Is element:Cobalt) in between two methods (Is element:Yttrium)
Thick line: Regression line, Dotted line: 95 % Thick line: Regression line, Dotted line: 95 %
prediction interval, Thin line : y=x prediction interval, Thin line : y=x

300 | y=0.9654x + 3.4801

ICP-MS Method (mg/kg)

0 100 200 300
Conventional Method (mg/kg)

Fig.3-5 Comparison of the nickel measurements
in between two methods (Is element: Rhodium)
Thick line: Regression line, Dotted line: 95 %
prediction interval, Thin line : y=x
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Fig.3-6 Comparison of the chromium measurements in ~ Fig.3-7 Comparison of the chromium measurements in

between two methods between two methods
(Is element: Scandium) (Is element: Cobalt)
Thick line: Regression line, Dotted line: 95 % Thick line: Regression line, Dotted line: 95 %
prediction interval, Thin line : y=x prediction interval, Thin line : y=x
100 | y=0.9543x-0.5065 P 100 | y=0.9751x-0.7322 B
r=0.998 r=0.998
§ /, § ,,/ ,/
> 80 < 80
\E/ //, é /, /,,
o ,,’ o "/,’
g o g o P4
<3} /A 3} 4 /,’
= 744 = 7
%) Y n .4
2 40 A 2 40 &
DI_ ’/ /, DI_ 4 %
@) @) ’
- 20 - 20 4
0 &2 0 @&
0 20 40 60 80 100 0 20 40 60 80 100
Convenyional Method (mg/kg) Conventional Method (mg/kg)
Fig.3-8 Comparison of the lead measurements in Fig.3-9 Comparison of the lead measurements in
between two methods (Is element: Rhenium) between two methods (Is element: Thallium)
Thick line: Regression line, Dotted line: 95 % Thick line: Regression line, Dotted line: 95 %

prediction interval, Thin line : y=x prediction interval, Thin line : y=x
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100 y =0.9679x - 3.4344
r=0.991
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Fig.3-10 Comparison of the lead measurements in
between two methods (Is element: Bismuth)
Thick line: Regression line, Dotted line: 95 %
prediction interval, Thin line : y=x

5) RIMREWMEZERV-EEDE

BEZFHI T 5720, FRFEEHEYE FAMIC-C-9 Jx O FAMIC-C-12-2 % VT, 3 T Catia Mt L C
EOITSEEE Table 4 1R L7-. Wb TH 330G 25 B TR R OGN THY, IRk s sk B
(RS TV EE Rl OHER RN T o727

Table 4 The estimation of trueness using certified reference materials

Element Certified reference Mean? Certified value ~ Warning limit for the certified value

material (mg/kg)” (mg/kg)” (mgrkg)”

cd FAMIC-C-12-2 1.8 1.8 1.6 ~ 2.0
FAMIC-C-9 2.7 2.71 2.56 ~ 2.86

Ni FAMIC-C-12-2 78 73 64 ~ 82
FAMIC-C-9 35.6 38.8 35.1 ~ 424

or FAMIC-C-12-2 89 82 69 ~ 95
FAMIC-C-9 72 64 53 ~ 76

Pb FAMIC-C-12-2 35 36 34 ~ 38
FAMIC-C-9 45.7 47.2 42.4 ~ 52.0

a) Mean value (n=3)
b) Mass fraction

6) GHTHERUPREREEDFR
AIEDOPHTHIEE M O RS FE 2 #2720, (GRS REIEE £/ T UIRIGIEIE R Z VS, B3R5 Gl bl
KOV TE R DFF BT DR E LR D IO T Bl 2 T2 2 ST TR AL A TS RIS & TV,
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HIERE KA Table 5 (IRLTC. ZOREREIED, —ICRLE D O 21T > TROIZ M TR KON i AE
% Table 6 (Z/RL7z. ZORER, WI MOMIMEAERZED IR FRBRIE RSN TOL M TREEE (DFMTHXMRE

HEMR 22) Mo OV PP TRTRG BE (P FRJRR e HE R 22) O FF

FH0RREEL AL TN RSN,

S A

A )

AN THLAZD 2.0 fELINTH-72ZEn0Y, Kk

Table 5 Individual result of repetition test of changing the date for the precision confirmation

(mg/kg)
Cd Ni
Test day Composted sludge fertilizer Raw sewage sludge fertilizer

Non spiked sample  Spiked samples ~ Non spiked sample  Spiked samples

1 0.114 0.112 4.74 4.83 135 12.8 234 240

2 0.108  0.105 4.60 4.53 12.8 12.6 241 231

3 0.110 0.117 4.50 4.56 14.2 13.8 236 227

4 0.114  0.107 4.53 4.56 135 12.9 239 240

5 0.107  0.108 4.44 4.63 12.9 13.0 240 232

Table 5 Continute (mg/kg)
Cr Pb
Test day Raw sewage sludge fertilizer Raw sewage sludge fertilizer

Non spiked sample  Spiked samples ~ Non spiked sample  Spiked samples

1 17.6 16.5 460 473 12.4 11.6 98.2 99.5

2 16.1 16.9 452 445 11.7 11.2 95.2 99.8

3 18.4 17.2 435 433 12.7 12.0 102 104

4 16.3 16.2 457 455 135 115 98.8 99.7

5 16.0 16.7 453 450 11.5 11.7 103 103

Table 6 Statistical analysis result of repeatability test
Repeatability precision Intermediate precision
Element ~ Sample Mean” s,;” RSD,” CRSD,” sim”  RSD, () CRSD, ()"

(mg/kg)  (mg/kg) (%) (%) (mg/kg) (%) (%)
Composted 0.110 0.003 3.0 11.0 0.004 3.5 18.0
sludge fertilizer 459 0.07 1.6 8.0 0.12 2.7 13.0
Raw sewage 13.2 0.3 2.5 6.0 0.5 4.1 9.0
sludge fertilizer 236 5 2.2 4.0 5 2.0 6.5

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

b) Repeatability standard deviation

¢) Repeatability relative standard deviation

d) Criteria of Repeatability precision(Repeatability relative standard deviation)
e) Intermediate standerd deviation

) Intermediate relative standerd deviation
g) Criteria of Intermediate precision(Intermediate relative standerd deviation)
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Table 6 Continute

Repeatability precision Intermediate precision
Element  Sample Mean®  s,”  RsD,” CRsD,” si;”  RSD,¢)) CRSD, )"
(mg/kg)  (mg/kg) (%) (%) (mg/kg) (%) (%)
Raw sewage 16.8 0.6 3.6 6.0 0.8 4.5 9.0
sludge fertilizer 451 5 11 4.0 12 2.7 6.5
Pb Raw sewage 12.0 0.7 6.1 6.0 0.7 5.7 9.0
sludge fertilizer 100 2 1.8 4.0 3 2.8 6.5

7) EETRFOHESE

TGRS NEEE 7 X URTGTRIEEZ W, RIEIZHE-T 7 SO TRBRZ S LU E & FIRAX O FERO
B a T o7z, LN I EOERER 2% 10 5L CER FTIREHEEL, £, AR 2% 2xt(n-1, 0.05)fF&
LTI FRREHEED L7255 % Table 7 1R L7Z. ZOfER, ARIT AL 0.07 mg/kg, =>7 /L% 4 mglkg, 7
T % 5 mglkg, $10% 0.6 mglkg Tho7=. LoL, O HriEE L 10 & FIRAMEL AR B\ HY, A
ARIMVTHRE DEBICLY, BT HRIT A, $NIBWTER TR TIZEEMEL 2D ATREME A RIS S
iz, IERFERBIAICB O CE R TIRIZIATEHMICBIAFRMD 15 LLFTHY, ZOL LD EFELE
RENTWD. ZZTHESNEE FIREZSEZIZHRIVAIL 05 mg/kg, =v7/Vix 5 mglkg, Z7aAl% 5
mg/kg, $niE 1 mg/kg Z RN IR GAERZ S2 06 L 7=(Table 8). = D#& 5, [AIIX# (X 101.4 %~107.2 % THY, &
BHERBRIEIORESN TWBAEEFHEO B A2 7L T 2, Zibdh, E& FIRIFARIV A 0.5 mg/kg, =
47715 mglkg, 71255 mg/kg, $4 1 mg/kg SHEELT-. 7238, i FERIZH I 20.03 mg/kg, =77 /L 1 mg/kg,
7l 2 mglkg, $7 0.2 mglkg EHEE ST,

Table 7 Calculated LOQ and LOD values
Standard

Element Sample Mean® deviation LOQ ) Lop?
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Cd Composted sludge fertilizer 0.118 0.007 0.07 0.03
Ni Raw sewage sludge fertilizer 3.15 0.4 4 1
Cr Raw sewage sludge fertilizer 2.31 0.5 5 2
Pb Raw sewage sludge fertilizer 0.353 0.06 0.6 0.2

a) Mean value (n=7)
b) Standard deviationx10
c) Standard deviationx2xt(n -1, 0.05)
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Table 8  Spiking and recovery tests
Criteria of the

2)

Spike level Recover Allowable value®
Element Sample F()mg ka) (%) y trueness” <1/5 (mg/kg)
(%)
Cd Composted sludge fertilizer 0.5 101.8 85~ 115 1
Ni Raw sewage sludge fertilizer 5.0 101.4 85~ 115 60
Cr Raw sewage sludge fertilizer 5.0 101.8 85~ 115 100
Pb Raw sewage sludge fertilizer 1.0 107.2 85~ 115 20

a) Mean value (n=3)

b) Show in Testing Method for fertilizers(2018)

¢) The maximum amount of components harmful that the sludge fertilizer is permitted to contain
at official specifications

4. F&H

Wl

~ A7 53R — ICP-MS (2L DIG TR AR D Hi 4 B OFRERVEIZ DUV T — IR = LD 2 Y MR iR & 5

MELT=EZ5, IROFERAEGT-.

1) WMERAERLIZEZS, HRIV AL 0.03 ng/mL~2 ng/mL O#FPHT, =y /L 1T 1.5 ng/mL~
100 ng/mL DO#iPHTENIE 0.15 ng/mL~10 ng/mL O#iPFHTHERREK (r?) A3 0.999 LI EZ R LT-.

2) BILRITOWNT miz Z L5 R, 11Cd, ®Ni, °Cr, 2%Pb 2oLz,

3) AT T OB T D L% H WICUEHEIR O AT FRER A M ET LT RER, iR - .05 BiEtR
Wi 10 5L BICAHIRT 28T, FRART T OB R 5N TET,

4) BILHRIZOWTHEERELR A IR LT /E R, IRIV LR =y WEnY Y bz, Za bW TEAT
DU LZ, FNTOWTIFV Y L PIERE TR EL THWDZEL LT,

5) FEFHlO7Z0, WAEEEME FAMIC-C-12-2 X U' FAMIC-C-9 % W\ T 3 RO T &7 o Tof R,
WD IEHE TN TH MBI TFERE IR T 5 E IR LN THY, BB ERBRIEIORSN TV EE
D HEEA 72Tz,

6) HILHRITOWT, PHMTREEE R O RS EE OMERAAT S TofE R, DM TA R EIR 2213 1.1 %~6.1 %, H[H
FRR IR 7T 2.0 %~5.7 % THY, IEEHERBIE RS TODREE OFFA R &L Tz,

7) HILRITONWT, EE FIRFOMRBEAT 7o R, AEICB T DE & FIRIZAEBEOFAIED 1/5 L
TT®HD, BRIV L 0.5 mglkg, =>7 /L 5 mglkg, 7225 mglkg, $ 1 mg/kg FLETHY, B FRIZAR
72 0.03 mg/kg, =>4/ 1 mglkg, 712 2 mglkg, #3 0.2 mglkg FEEELHEE STz,

U EDZ LS, RIEZFEEOHIEE T OE B ZWE T 572018, 372 HREZ A L TWDHZ LR
nie.

X B

1) EMOKPER SR EEHRRE I S W AREI O A E RS 2 E O DHEOM, IR 6142 H 22 H, EH#k
IKEEB IR 284 B, Fcf&CIE R 30 45 9 H 5 H, EMOKFEA &/REE 1991 & (2018)

2) EMIKEER BB HNRIICAT BRI AT (1992 4EAR) , IAEIE A B AR EWH 2, (1992)
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Determination of Harmful Components in Fertilizers using
Inductively Coupled Plasma-Mass Spectrometer (ICP-MS)

Satoko SAKAIDA®,Mayu OSHIMA? Keisuke AOYAMA?® and Yuji SHIRAI

! Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department
2 FAMIC, Fertilizer and Feed Inspection Department

(Now) Ministry of Agriculture, Forestry and Fisheries, Kanto Regional Agricultural Administration Office
3 FAMIC, Fertilizer and Feed Inspection Department (Now) FAMIC, Kobe Regional Center

We examined the measurement method of heavy metals (Cd, Ni, Cr and Pb) in sludge fertilizer using ICP-MS
with collision cells. The sludge fertilizer that contains heavy metals was digested by microwave, after digestion
nitric acid and hydrogen peroxide was added to sample. Digestion fluid was measured by ICP-MS. As a result of
studying the measurement method, the measuring solution is to be diluted at 10 times or more, and as m/z, ''Cd,
®ONi, 2Cr, and 2°Pb were adopted. As internal standard elements, rhodium was used for cadmium and nickel,
scandium was used for chromium, and thallium was used for lead. Under these conditions, an ICP-MS method for
the determination was validated as a single-laboratory validation. Trueness was estimated using certified reference
materials, intermediate precision and repeatability were estimated by duplicate test per 5 tests on different days
using two analytical samples of different concentration. As a result, they were within the criteria of trueness,
repeatability and intermediate precision of the Testing Methods for Fertilizers. On the basis of 7 replicate
measurements of naturally contained samples, the LOQ values were 0.5 mg/kg for Cd, 5 mg/kg for Ni and Cr, 1
mg/kg for Pb. Each was no more than 1/5 of the permissible content. Those results indicated that the developed
method was valid for the determination of heavy metals in solid sludge fertilizer.

Key words  sludge fertilizer, microwave digestion, inductively coupled plasma - mass spectrometer (ICP-MS),
heavy metal, single-laboratory validation

(Research Report of Fertilizer, 12, 52~68, 2019)
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5 #@EOOTNITSIRATLEESWT(LC-MS/MS)iLIZLSD

HEFEDDIOESFDRIEEDHR

TRAEC L NBRIEE 2, AR 2
F—T0—F o TUR, HEE, (HIERRILEL, Wik n~ o7 2T DRV B TR,
PR E I

1. [FC®HIC

7aeZYRIIANARF N EE R TOEVD RO THY (Fig. 1), 7ubTURICG RSN HE IR %%
FIALIS A, MREICIVAEBREEN BRI T HIENMOLTHDY . BN TSI TR0,
PRELAIEL CTREASILCWAKE, 74, ZINOLOMAFREHIE I THDIERHY, Fhk 28 HFEIC
TONT-REICEDE, ERNOEE &K OESAHEIRTIZL 70 TUR R E ENDIEDRHERSILTNDZ.
SHITWAL 29 FE AT ONIZIE TIX B SAHEE R OB L T, RS, 5 EFE A DFE 5 VR
AL HIEICHE R L COAIEN RSN,

Clopyralid
CAS No: 1702-17-6

Fig. 1  Chemical structure of clopyralid

A S A HENE B OB TR FERENE B D7 e TR DTk EL TR, SERR 21 0 BERL 28 FEIZI U
TR, R, NEOICEVIEIR I~ 7 T7 207 ZE 8538 (LC-MSIMS) 3B I8 B L OV G D
MR 72N, E R FIRA 10 pg/kg OFER 7 iEE L THIEEHSE BRI I SN TODY . LaLess,
TP OIaeZUNRED 1 pglkg FEOIKREICE W THIEMIC Lo TIAEFREEL SIS EZTHEN
BHHZEDDD XY B TR S HIE DB LS A, Ak 29 4RI R 3 - B PE S AT IR A I Fe A LT K0
& TR 2 pglkg UL T OIS AHENE R 707U R O @ i ik (B 515) | (LT &7 e e T el )
SV ) MR ENEY.

7 ZYRIEE S LN OE SR LTEHERICOE A L TODATREMEDR D To e b, Rk 29 4
R EDIC R TME 7 e ZU RREBIE O A #IAIL R M TO NIl A THLY . LnLenb, £0
W CTHRRPICOT LN B EVCEILOT SR LR DHEIERH L L, TRMEMETHHIL, AMEIZ

LANIATBOE B MWK EE B R 27— s 2 i aE BDiser2—
2 MSEAT B N AR PE T B 2 Bl o 2 — N 22 A i A D
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HEERIZT U r7aua O HRGHHIEN0, SHEOSRBERLEEINZ. 22 T4, LD
JEAE R B0 ME/ oIV RRBRIEO S BE2ITV, H—RBREDOZ U EHREZIToT-0O T O
s 5.

1

2. MHRUAZE

AFDILER K UEA R

T AEEr 20 FEAH (R SAHENR 5 5, ISAMEIE 2 5, FBSAHEIE 4 5, IKRSAHENE 4 5 K% NG I 1%
L5 R0 Z3BRdn L, T 40 "CTH) 60 IFAIFLIRL 7212, £ CHU#e% < H BIE 500 um D5
DU 95 E TRl Tt HEUER S L 7.

2) FBRUSRER

(1)

(2)
(3)
(4)
(5)
(6)
(7)
(8)
9)

3)
(1)

Rk a~hr T 7807 ZRVE 8538t (LC-MS/IMS) : Waters Quatro Premier XE
717 2x: Waters ACQUITY UPLC HSS C18 (%% 2.1 mm, £ 100 mm, #7if% 1.8 um)
JREOKE: TAITEC SR-2DW

O EERE : KUBOTA T —7 /L by 7 1E L 4000

n—X—=x/\7RL—&—: BUCHI R-200

aRY~—F—k)w 7 4 Waters Oasis HLB 12cc (500 mg)
Da=7a—r YA BT HybridSPE®-Phospholipid (500 mg)

iz 0y BiER% . AS ONE MCD-2000

~=x—/VR~: GL-Scienses

AEEIFY—: ASONE HEREIFH—TRIO TM-2N

E
K: JISK 0557 ICHIETS A3 DK, 72771, LC-MS/MS |23 AT AREERIZHOWTIZ A4 DK

E AL,

(2)
(3)

TEh=Rb: JIS K 8039 FkiE 3K - PCB AR I RASE (i 5000) (& 7 A /L ARDEHEHE)
AR )= G2V —o Ty 7 ) - FREE SR - PCB AR I 3K (JR A 5000) £7-1 LC-MS I (B

L7 AV AFOEHEER)

(4)
(5)
(6)
(7
(8)
(9)

A% ) — ) (VBER ) © LC-MS HIEREE (8 L7 A /L AT i %E)
KEg{LF R A JIS K 8576 ARk 3k (BEsib %)

HEM2: JIS K 8180 &4 J& /4T ARk (5 7 AL ARl 3K)
TrR=T K JIS K8085 FEitk ARk (H oy 28 %) (7 A /L ARt HEK)
EE: LC-MS HIFEE (& L7 A /L LRl Ze)

raeZUR: R RSB (8 L7 AL 2 3E)

(10) 72 =79 (0.0028 % (E&/HR)): 7oE=7/K0.1mL %k 1000 mL (Zhz5.

(11) 7 ZURERERR (0.1 mg/mL) : 7uEZYR[CeH3CINO2] 9 0.01 g Z O k) & MLICEY, ZDE &
% 0.1 mg OHTETHE LI, VEDOTEr= L TENL, 2ETZ7T722 100 mL (ZBLAN, E#RET
[FVABLZ N Z 7.

(12) 7mebeZVREEHER (1 pg/mL) @ Z7rEZUREEAERR (0.1 mg/mL) @ 2 mL Z4& 77 A= 200 mL (28
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0, R ETTEh= L ZINZ 7.

(13) MEAMH 77U REEHERR (100 ng/mL) @ FIRFICZ a7 REEHERR (1 ng/mL) @O 5 mL &4 &
77 A2 50 mLIZ&D, AR E CTEEE (1+1000) 2N Z 7-.

(14) KERA 7o REHERE (5 ng/mL~50 ng/mL) : W& 270 Z Y REEHER (100 ng/mL)
25 mL~25 mL 24877 A= 50 mL (2RI LD, FRfETE W (1+1000) Z 0% 7-.

(15) MEMHA 7o) REHER (0.5 ng/mL~2 ng/mL) : MEMRHA /0T REERERR (10 ng/mL) D
2.5 mL~10mL #4877 A= 50 mL (ZBFERYIZED, BRI E TEWE (1+1000) 2 N2 7=

4) RABERE

(1) #h

SYMTERER 2.00 g ZE-TRU B@EOIEE 50 mL (AN, KT N7 AEETE (40 g/L) — A% ) —)L
(1+99) % 25 mL Nz, #iREHHET 30y MRVIEET-. 2Dk, =0 /150 1700 X g T 5 syt Loy BEL, Ei
FEZ 200 ML 72T TE7 Z AT LT, FREEMITKIR(L T R U L5 (40 g/L) — A%/ —/L [1+99] % 10 mL
Mz, FHRYCHEVIEE =%, 0715 1700X g T 5 /rfm oLz, Sbni- BEARIIIcEs -
FEAREGDE, FREYITHEOKERET N D LEH (40 g/L) — A% /—/L (1 + 99]10 mL ANz, FHY
THRVIEET-1%, 120708 1700 X g T 5 sy LB L7z, Jefe L AR Dz BB ARERE A, &2C
O B IR E AR TR A R E LT,

(2 K M1

R~ — A —N w7 L% THT BR=R/L 5 mL & O EE (1+4120) 5 mL THCHMI B L7z, SR
% 40 °C LL T O/KIn CRUE M L7, Hifg (1+11)3 mL 2 1Z 7=, T D%, B\ 10 mL Al 0B
[CRBLER R, w0 S8 740X g T 5 A RE O BEL 72, BB AHRIITEE L= — Ny AT DAL, K
DA O _ESlZ#E T HFE TS, BRI (14120)5 mL 21, SEBRE X — CTIRVIEE -
%, 150K 740X g T 5 Sy oy BEL 7o, B IRIRE T — RNy T MARTL, RIEROEAEE 2 [H1i6)
W71, ¥l (1+120) — 7=k (9+1)10 mL K OVK 5 mL ZNER 7 —R) w2 BT MMz TR
S, AU ORBE 10 mL 20 —RN oY BT AD FICEX, 7oF=T7 I (0.0028 wiv %) — 7 Eh=
RV (9+1)8 mL 2 A —hy P H T AEMIZINZ, 7 TVREZECHITIEHS 2. ZORHIRICEER
(1+1000)2 mL /%, iIR&LT-.

(3) ¥ #2

Ona=ya—h IR NHTEET BR=R)L 5 mL K OEER (1+1000) 5 mL CH-CoMI P LIz, ki
1 CHRTCRGIRE TR LT T ACAML, $C0NRm AT A O EflZET 2 E RS- hT70%
T Eh=RU/L 5 mL CHEH%, EfE— 7 Eh=RJ/L (2+98) 10 mL TZ/ut'ZURK% 50 mL 72917 7 AR H
St ZOWRHHEE 40 °C LAT oKis b CIT MG L /=14, EHR/H ARSI CRE S 7. FEdich
EOEME (1+1000) THEMEL, 5 mL &7 7 AT LR 72, T2 (1+1000) TEARL. ERLIZE
KD —EBEE T TATF v/ BE DIREAE (A, /0775 8100X g T 5 2y MmOy B L 7=, 1Ghi7- LB
% LC-MSIMS ORNENAT ML, sUEHEIRELTZ.

(4) WK~ o755 ZRVE RS e L A0E
BRI K O B R IE S EEHER 2 LC-MS/MS |Z7E AL, Table 1 X OF Table 2 O ESA:ICHE-
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GRS (SRM) 70~ T 5%8457-. 557 SRM 70~h7 T LB 5 DY — 7 HfE% Kb T
EMRAERL, SRENAR T 0Ky EE2 KD, ol orae Vo B2 E L. 728, EEED
5% Scheme 1-1~Scheme 1-3 2R L7-.

Table 1 Operating conditions of LC-MS/MS
Column Waters, ACQUITY UPLC HSS C18 (2.1 mm i.d.x100 mm, 1.8 um)
A: Formic Acid (1+1000) B: Methanol

Mobile phase
P 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
lonaization Electrospray ionization (ESI)
Mode Positive
Desolvation gas N2, 400 °C, 800 L/h
Cone gas Ar (50 L/h)
Capillary voltage 1.0 kV
lon source 120 °C
Table 2 MS/MS Parameters
Product ion Collision energy
. . Cone
Agricultural  Precursor ion for for voltage for for
chemical (m/z) quantification identification V) quantification identification
(m/z) (m/z) (eV) (eV)
Clopyralid 192 146 110 20 20 30
| Sample 2.00 g | Centrifuge tube with screw cap 50 mL
< Sodium hydroxide (40 g/L) —Methanol [1+99] 25 mL
| Shaking | 30 min

| Centrifugal separation | 1700x g (3000 rpm, 165 mm), 5 min
|

| Decantation | [Reciever, Eggplant-shaped flask 200 mL]
(Supernatant solution)
(Residue)
e e e e e et e e e e o . OPETAME 2 times in this dashed line |
i i
i < Sodium hydroxide (40 g/L) —Methanol [1+99] 10 mL i
i | Shaking | I
| |
i | Centrifugal separation | 1700 g (3000 rpm, 165 mm), 5 min i
L] I L]
: | Decantation | :
i (Supernatant solution) i
I (Residue) I
|
[
| Extract

Scheme 1-1 Analytical procedure for clopyralid in compost (extraction)
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| Extract |
|
| Concentration | 40 °C, removed methanol
<= Hydrochloric acid (1+11) 3 mL
| Transfer | [Reciever, Centrifuge tube 10 mL ]

| Centrifugal separation | 740 g (2000 rpm, 165 mm), 5 min

(Supernatant solution)

(Residue)
e e e . DPETALE 2 times i this dashed line
i i
i < Hydrochloric acid (1+120) 5 mL i
i | Shaking | I
| |
i | Centrifugal separation | 740x g (2000 rpm, 165 mm), 5 min i
I (Supernatant solution) I
I (Residue) I
L e e e e e e e e e e e e e e e e ] =l
|
Copolymer cartridge column
Purification (1) (Wash with about 5 mL of acetonitrile,
then about 5 mL of hydrochloric acid (1+120)
in advance)

< Wash with hydrochloric acid (1+120) - acetonitrile (9+1) 10 mL

< Wash with water 5 mL

< Eluate with ammonia solution (0.0028 w/v%) - acetonitrile [9+1] 8 mL
[Reciever, Centrifuge tube 10 mL]

Eluate |

Scheme 1-2  Analytical procedure for clopyralid in compost (purification(1))
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Eluate |
< Formic acid (1+1000) 2 mL

HybridSPE Phospholipid

(Wash with acetonitrile 5 mL,

then about formic acid (1+1000) 5 mL
in advance)

Purification(2)

<—W.ash with acetonitrile 5 mL
< Eluate with formic acid —acetonitrile (2+98) 10 mL
[Reciever, Eggplant-shaped flask 50 mL ]

|  Concentraton | 40°C
| Dr)I/ up | Nitrogen gas
< Formic acid (1+1000)
| Transfer | [Volumetric flask 5 mL]
< Formic acid (1+1000) (up to the marked line)
| Transfer | Centrifuge tube 1.5 mL

|
| Centrifugal separation |  8100xg (10000 rpm, 72.5 mm), 5 min
[

| Supernatant solution |

| Measurement | LC-MS/MS

Scheme 1-3 Analytical procedure for clopyralid in compost (purification(2) and measurement)

3. HERRUEE

1) A—M)yThSLOBEHE S O#E

=R P HT ZDN T IR O 3BT O F 21T o7, FSAHENR, HSAHEIE, K5
AHENE e OB IR FEBENEEHTZ DT 2.00 4) (1) K 1 TR 728 I 2RO 1 IR 2 T 200 pg/kg AH 24 &l
RAHINTHERET NN L= F N E N BT Az 2.00 4) (3) K58 2 1296~ T, LW — 7 k=1L (2+98)
125 mL ZfN%, 4 2.5 mL 2D E S I E ENL7e ZUREZRIE L. ZOR5 5, Table 3 DL
D, 7t ZYRIE 0 mL~10 mL (2L, Z LB O 43 ~OVE TR STz, F2, 2.0 4) (2)
FERLLICOWTH RHEAIFE BEOE FITHE, 100 ng/mL 722 I ICHRRIL I AZHEREZ VT, 2mL e
(210 mL £THMWEFT 72, TOFfERIT Table 4 (Z/RL7ZE8Y, 8 mL FTOMWMMIEHL, TRLIEED
B ITIRIZEAE B FEN TR T,
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Table 3 Elution pattern from HybridSP E®-Phospholipid cartridge column
Fraction volume 0-25mL  255mL 575mL 75-10mL 10-12.5mL Total

Sample? Recovery of clopyralid (%)
Standard solution 8.3 83.4 4.8 1.0 _b 97.5
Cattle manure 0.7 87.8 6.3 13 _b) 96.1
compost
o
'g anure 0.8 88.5 5.6 13 _b 96.3
compost
Poultry manure 4.2 83.4 47 1.2 _b) 93.5
compost
|
Composted sludge 1.2 85.8 6.1 15 0.6 95.3

fertilizer

a) Spiked at 200 pg/kg of clopyralid by the coversion in the sample
b) Less than 0.5 ng/mL for clopyralid in sample solution

Table 4 Elution pattern from Oasis HLB cartridge column

Fraction volume 0-2 mL 2-4 mL 4-6 mL 6-8 mL 8-10 mL Total
Sample Recovery of clopyralid (%)
Standard solution” 0.0 80.8 14.0 1.1 D 95.9

a) 100 ng/mL for clopyralid
b) Less than 0.5 ng/mL for clopyralid in sample solution

2) TRNIYORNRDRERR

IINTHERRIC BT D~ N o 7 AL DA A AL - A A AR E D RO F B OH IR T AR ET-
T B SAHENE, IKSAHEIE, 3.5 A0HENE K ONG IR BEIEELZ 2.0 4) (1) 27D () IZTEWVIR R L 72 ik 03
50 ng/mL L7eBIHTIEHERRZIRINL, 2.0 4) (4) I CTHIE LTS B4 Table 5 1R L2, W o fEEHI R
WCHHIEMEIZREREEZ 522D TR, RKIETI/rEIIRDERNARETHLZ LA THRLT.

Table 5 Matrix effect by sample solution

Cattle manure Pig manure Poultry manure Composted
compost” compost” compost” sludge fertilizer”
Recovery of
97.9 97.4 93.4 97.9

clopyralid” (%)
ayn =3
b) Spiked at 50 ng/mL for clopyralid in sample solution

3) MEBHOSMERUAEZRERIZESEEOEM
20 S OVEEAREHI BT HARKIEIC I A7 TR O ot 8% Table 6 (2, £7=, (56~ J L0 —
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Bil% Fig. 2-1 X OV Fig. 2-2 [ LTz, 7238, 770 73BN BT 570~ 7 T LTI ZU R ORFFREHIC
HRAE — 7O IR SN ~72. F7z, Table 6 (ZIX[F U@ REHI BT A &/ T REBRTEIC
FD MR AEDEREL, 2 MAOREMEZ F AR R U, JIEMO BRI 21T, N7 fE % Fig. 3
F O Table 7 12R3. JEBHERRBRYE TIE, YA D 95 %3 HE X EI2J5 A 205 & £4L, & D 95 WiEiE X HIC 1
DNEEI, FHREFREAY 0.99 LI ETHHZ LA HELEL CD. RIEOY A D 95 %5 #E X 113-1.72~0.860, 1
XD 95 %I HHIX[M1% 0.959~1.05, 7 >FHBIFRERIE 0.996 THY, kS RBRIE THELES AL QD H#E FH 24
72T HDThole. ZOZEND, AIETIRBIEEOHTICIB N T REEZFL TNDEEZLILD.

Table 6 Analysis of commercial fertilizers (ng/ka)
Sample No. Sample The improveed method  The existing method
1 Cattle manure compost 1 88.5 88.3
2 Cattle manure compost 2 55.3 51.9
3 Cattle manure compost 3 22.5 22.1
4 Cattle manure compost 4 5.9 5.9
5 Cattle manure compost 5 1.9 2.1
6 House manure compost 1 39.7 46.2
7 House manure compost 2 3.6 3.5
8 Pig manure compost 1 34.9 34.8
9 Pig manure compost 2 217.8 24.6
10 Pig manure compost 3 13.6 12.8
11 Pig manure compost 4 2.9 2.5
12 Poultry manure compost 1 20.4 20.1
13 Poultry manure compost 2 5.0 5.7
14 Poultry manure compost 3 2.3 2.6
15 Poultry manure compost 4 1.6 1.4
16 Composted sludge fertilizer 1 11.1 14.4
17 Composted sludge fertilizer 2 5.8 7.7
18 Composted sludge fertilizer 3 2.9 4.5
19 Composted sludge fertilizer 4 1.9 2.8
20 Composted sludge fertilizer 5 15 1.8
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7

Fig. 2-1  Chromatograms obtained by analysis of commercial fertilizers
A) Cattle manure compost (1.9 pg/kg),  B) Pig manure compost (2.9 pg/kg),

C) Poultry manure compost (2.3 pg/kg), D) Composted sludge fertilizer (1.5 pg/kg),

E) Standard solution (0.5 ng/mL)
Left figure: Product ion for quantification (192>146)
Right figure: Product ion for identification (192>110)
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Fig. 2-2  Chromatograms obtained by analysis of commercial fertilizers
A’) Cattle manure compost (22.5 ug/kg),  B’) Pig manure compost (27.8 pg/kg),
C’) Poultry manure compost (20.4 pg/kg), D’) Composted sludge fertilizer (11.1 pg/kg),
E’) Standard solution (10 ng/mL)

Left figure: Product ion for quantification (192>146)

Right figure: Product ion for identification (192>110)
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100
y =1.005x - 0.431
80 r=0.996

60

40

20

The improved method (ug/kg)

O ’ 1 1 1 1 J
0 20 40 60 80 100

The existing method  (pg/kg)
Fig. 3  Comparison between the improved method and the existing method
Heavly line: Regression line,
Dotted lines: Upper and lower limit 95 % prediction intervals,

Thin line: y=x

Table 7 Comparison of measured values of the improved method and the existing methods
using regression equations
Correlation coefficient (r)a) Range of slope P Range of interceptb)d)
0.996 0.959 ~ 1.05 -1.72 ~ 0.860
a) The recommended range of trueness evaluation criteria*: No less than 0.99
b) The 95% confidence interval
c¢) The recommended range of trueness evaluation criteria*: Inclination includes 1.
d) The recommended range of trueness evaluation criteria*: Intercept includes the origin (0).

* The criterias shown in Testing methods of Fertilizers (2018)

4) PRHBERUGHTRHEED b

DTG BE X OV RTRS FEE 2 R T 5720 I S AHERR, IK S AHERE, 355 AHERE K ONVG TERSBEIEEHZ D
W, BARTGGRUEE 2 0T CHAZZ 2T 5 FIRBR A FEH L TR OI /5 % Table 8 IT/RLTZ. ZOfH
KB— AL E ST EAT > TRONTOM TR X VR R RSS2 Table 9 IR 7. ENZENLOFUE D
BB S AHERR 87.2 pglkg, IRSAMENR 2.79 ng/kg, ¥5.5AMEAE 20.5 pg/kg, 5IESEREAREF 6.27 ng/kg
THY, TR 2T SAHEE 4.1 %, IRSAHEAE 10.3 %, BSAHEIR 3.8 %, 15TRREEEALE
5.8 %, AR RHEMER 22134 S AHEIR 4.1 %, IRSAHEAR 10.3 %, 7.5 AHEAR 15.8 %, 15 IR R IEALE
7.3 % Tholz. W ILOMRHE (R Z2S IRBFERBOE I OR SN TOD O TS E (DT SRR 22) & OY
RS BE (P AR SHZ YE(R 722) O B R D 2 (FLAN TH o722 eh b, RIBIT 372 EEZH L TQODIEN
.
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Table 8 Individual result of repeatability test on different days for precision confirmation (vg/kg)

Test days Cattle manure compost Pig manure compost
1 88.5 85.8 2.87 2.60
2 84.0 90.2 2.78 3.33
3 92.2 86.1 2.31 2.98
4 85.6 80.8 2.68 2.61
5 86.7 91.6 2.90 2.88

Test days Poultry manure compost Composted sludge fertilizer
1 23.0 24.3 5.81 6.58
2 22.4 23.4 7.04 6.37
3 16.5 15.3 6.65 6.17
4 18.8 18.7 6.31 6.38
5 21.9 20.7 5.60 5.75

Table 9 Statistical analysis of repeatability test results for precision confirmation

Repeatability precision Intermediate precision
Sample Mean Value? s’ RSD” CRSD!’  sim” RSDin’ CRSDim”
(ngrkg)  (ng/kg) (%) (%) (ngrkg) (%) (%)
Cattle manure compost 87.2 3.6 4.1 11 3.6 4.1 18
Pig manure compost 2.79 0.29 10.3 11 0.29 10.3 18
Poultry manure compost 20.5 0.8 3.8 11 3.2 15.8 18
Composted sludge fertilizer 6.27 0.36 5.8 11 0.46 7.3 18

a) Total mean (number of test days (5) x number of replication (2))
b) Repeatability standard deviation
¢) Repeatability relative standard deviation

d) Criteria of repeatability precision (repeatability relative standard deviation)
shown in Testing Method for Fortilizer

e) Intermedicate standare deviation
f) Intermedicate relative standard deviation

g) Criteia of Intermedicate precision (intermedicate relative standard deviation)
shown in Testing Method for Fortilizer

5) EETRFDHE

FEAHEN, KSAHEE, 3.5 AHEIE &K QG IE R BRI B 2R15 4L il bk 2 W CE & TR (LOQ) &
OFi Y FBR (LOD) OHEEEFT 7=, ZOfE R4 Table 10 (2”9, B8 FRICOWTIE, SN HAY 10:1 &
RO — I RENDHEEZITV, FSAHENR L O SAHEE T 1.8 pg/kg, KSAHEIETIX 1.9 pg/kg,
IGIEFBENEERTIE 1.6 pglkg EHEESIVZ. M FRRICOUWTIE, SN HeAs 311 72208 — 7R B BHER
ATV, S AHERE K O S AHERE TiX 0.6 pglkg, 355 AHERE & OGIERBEREEECIE 0.5 pglkg &HEE
Sz,
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Table 10 Estimated LOQ and LOD of clopyralid
Concentration in

Sample sample solution SN ratio LoQ” Lop”

(ng/mL) (ng/kg) (ng/kg)
Standard solution 0.49 9.3 13 0.4
Cattle manure compost 0.83 11.3 1.8 0.6
Pig manure compost 111 14.5 1.9 0.6
Poultry manure compost 0.96 13.3 1.8 0.5
Composted sludge fertilizer 0.56 8.8 1.6 0.5

a) The value estimated from the concentration in the sample solution whose SN ratio is 10 to 1
b) The value estimated from the concentration in the sample solution whose SN ratio is 3to 1

4. FE&H

LC-MS/MS % AW =@ & E ST iE0s B 21T, 5 AHERE, RS AHEAR, 3.5 AHEIE K ONE TR %
FEEEHZ DN T, BB RIS BT D Y VMR 2 Ehi L 7= 25, IRODERE15T-.

(1) FUBHRREEAS 200 pg/kg AH 2 L7 D IR, VHIRFEBEICEL, F5AHENE, B5SAHENE, K
SAHEEZ W T v a=Ta— BT T AOTE B ORRGTE T2 2A, EW— 7 =NV
(2+98) 10 mL ECTOMEMTIRHL T, Fi2, RV~ —h—R P BT LOFEHEFN O ANIAE Y, V4 H
DEREILIZEZA, 8 ML ETOEGITIEH T D2 8D MRS L.

(2) FSAHENE, KEAHENE, 35 AHENE K QNG IR BB IEE 2 W T, LC-MSIMS (285~ Ry 7
HREMERLTEZA, WEICKEREELE 52 56D Tldleh o7,

(3) WiEAEENE T, BEAFO STEE D HIRIZ KD B OMEREAT T2 hE R, BUFEAROY D 95%15
FE X [113-1.72~0.860, XD 95%15 48 X [#1% 0.959~1.05, 2> >AHBIRET 0.996 Th-7-. ZhEFRIE
FEBFEE BRI LN R S CUD B ELRR O HELEEE PR A3 72 L Cu .

(4) PHTHE R OV RS S 2 s 95720, FSAMEE, IRSSAHERR, 755 A HERE K ONE TESEFE AR}
MW, 2 JOMTCTRZEZ TS BEBRZAT o7/ R, DM THXHEER 23S AR 4.1 %, K5 AHE
2 10.3 %, B 5AHERE 3.8 %, (G IEFEBEALE} 5.8 %, H fHIAHSHEEVE(R 22134 S AHERE 4.1 %, K5 AUHERR
10.3 %, #S5AHENN 15.8 %, JGIEFEEICEL 7.3 % Tho7-. ZORERIT, IMEFERBAIRSN TV D KR
JEL VBT DM TREE R OISO B 20 2 [N THY, FFAFHZRZL TV,

(5) FSAHEIE, KSAHERE, 35 AR K QNG IR FEA RS FH O CF & T IR% O MR AT o 7o fb
R, & FIRIZ 1.9 ug/lkg F2ETHY, M TIRIZ 0.6 pg/kg F2fE Th-7-.

BEDIEHES DRI SN R AT M T A 5RBNE I B LTz, FE—RBR=ETOR Y M Mii%
IToTof R, MBELL THARMEREZAL TCWDHEE 2 L.
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1) falBF & OVHEAEIZ 5% B8 - 5 BR B4 oD £ 5y I BIE S BRI R~ = =277 /b, S FRIME ) —E 2
o — i EHE

2) EMOKEEA (AR R OHERR 2 & 57 e e TR OFARE RO T
a. <http://www.maff.go.jp/j/seisan/kankyo/clopyralid/attach/pdf/clopyralid-25.pdf>
b. <http://lwww.maff.go.jp/j/seisan/kankyo/clopyralid/attach/pdf/clopyralid-33.pdf>

3) \ARFHE, BIRE 1, BHFWIG RIEZ o~ T 7207 DRVE 551 EE (LC-MSIMS) I XA 70
B K QG IEFERE LR O/ m e TR E, SEEHFZEEE, 3, 51~59(2010)

4) BRI, INRFIG, BARRE, AHRIG RIEIa~ 777207 2E &5 HrEF (LC-MS/MS)
EIZRDHER K OB IRAEE R /e Z IR, 78 TR K 7eT AORIE, IEEHFZEH#R S, 7, 1~9
(2014)

5) /WNEREE, KEES, MARSE, HALE ¥, BHRIE REKI e~ T T7 5207 DRVE &5
(LC-MS/MS) £ L HHERE K ONG IR B BEAE B 07 e ZUR K O O BEME ORIE  — LR
iR —, IEEHIFZEHE, 10, 61~71 (2017)

6) JRNZATBUE N EAROKPETE B2 et 2 — (FAMIC) : Bk 53R i (2018)
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7) [ENZHFIEBFEIE N2 - A EE AN iR B BT JE BRI R R R R A B e 2 — R 7 me Y
ROr<h, YRy, 24— e — O E I R IF T 7287 —#4(2009)
<http://www.naro.affrc.go.jp/publicity_report/pub2016_or_later/pamphlet/tech-pamph/078226.html>

8) [ESZHFTEBAFEVE N R - A PE ZE BT A W ZE Bl R B B IR A BT SR ko 2 — R S A HEE
BEZUR O @& 3T E (2 % 1£)(2017)
<http://www.naro.affrc.go.jp/publicity_report/pub2016_or_later/pamphlet/tech-pamph/078229.htmI>

9) CHERIE, NGEERE, FILES, AR IR a~ s 57507 WG 85T (LC-MSIMS) I &
HHENEZE P O/ ZURORIE  — HERBRIE O H R ILK —, IEEHFZEH T, 11, 63~74 (2018)
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Improvement of Microanalysis Determination of Clopyralid in Compost and Composted
Sludge Fertilizer by Liquid Chromatography/Tandem Mass Spectrometry (LC-MS/MS)

Nobuhito NAKAMURA?, Kenji KOZUKA? and Yuji SHIRAI?

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

We improved and validated simplified existing method for the microanalysis determination of clopyralid
in compost and composted sludge fertilizer by liquid chromatography/tandem mass spectrometry
(LC-MS/MS). Then, the improved method simplified the extraction and purification procedures. Clopyralid
could be extracted with methanol under alkaline condition. The extract was purified by retention and elution
with two kinds of cleanup cartridge. These purification took advantage of characteristics that the behavior of
elution varies between acidity and alkaline. Extracted clopyralid was measured by LC-MS/MS. From the
results of 20 samples tested by the improved method and the existing method, significant difference was not
confirmed between the two test methods. Repeatability relative standard deviation of clopyralid in cattle
manure compost, pig manure compost, poultry manure compost and composted sludge fertilizer, respectively,
were 4.1 %, 10.3 %, 3.8 % and 5.8 %, and these intermediate relative standard deviation, respectively, were
4.1 %, 10.3 %, 15.8 % and 7.3 %. Minimum limit of quantification of there were estimated 2 ug/kg. Those
results indicated that the improved method was valid for the determination of clopyralid in compost and
composted sludge fertilizer.

Key words  clopyralid, compost, composted sludge fertilizer, LC-MS/MS, microanalysis determination

(Research Report of Fertilizer, 12, 69~83, 2019)
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6 ERABZEDMERESTME
— SRR —

VHARERE, WS IR, SRR, ARE 2,
X—0—F TUER=TEER, MERIEESR, KEIE, =/ iiiglE, ERER

1. [XC®HIC

E B2 A Rl o B 3T e rh, FeASENTISW T ISO/IEC 17025:2005 (JIS Q 17025:2005) V> 2k
HIEEBE LR B E OE MR OB 2 D EEHRIN TS, ISO/NEC 17025 Tif, EES-EF M
F& % L2 S PED MRS NI FIEARE T D2 ERLTWS. FAMIC TiF, IEBHIRRE S TED O
JERED = HE A2 5532~V IARDE Bk OVEO B 7 1EZED TR E (BT, TAEEI &), )7 zo0n
T, TOMREEREL DD, NEIEELOEAVEICEE L eSSBS B IE D TN L, R— L=l
LTW5.

RS SRBRIE D IS NI T B =T TR R OB LK OHBETER RO 7 =/ — VEiEEE TIX, TEED
INH— BRI 1T 5 2 24 MEERR (SLV : Single Laboratory Validation) Z 2% @ L C\5. Iz C, EHHH,
R BE 1T BE R oD S 508G B2 3R 5 Dl AT L - C, BEGABRE 217 2 % 2 MEEFE (MLV : Multi Laboratory
Validation) i L, B EMICEFML Tz,

A1l EERAICAR HEE S DB HGABR =E D 2% 4 MR (HCV : Harmonized Collaborative Validation) J5 12
LDFMZATH T2, FEARRLSy DEHE (N) ELTHEY SN TWET B =T P4 5% & ORI 28 5 0 36 [
B A EM L= T, TOMELRET 5.

7B, AHLFERRBR IO TR 72 R R O B R MERBR L, FEAOKPER O TR 30 4 JEkh+
DERLGy OYVENEMER A Z T F 3 BB P O E RS KOV ARy D5IHT) ) (LR, [ZREFEFE L))
BRNGESS Ry gl

2. MHRUAZE

1) #RAEBERAEMOHARN

AEELEL Tt L CWAEALT =T, WiRT o E=T, ﬁ!ﬁﬁz@?y%:?&@?y%:?ﬁ%%y\ ERETiv
PEZE R A5 TefL IR (7 F3H) & H B 500 um OS5V AR T2 THf-RA L. Z05h, RERE
HZ L 5 B ZEIRL. 7o' =T @%#’%@ﬁﬂkbﬁﬁ{h?/%%7&05?&@&7/%%7%%%
0.95 g, 3FFHDILAALE A% 1.9 g, ﬁ‘ﬁE@@%#‘%@%ﬁ%bﬁﬁﬁﬁ?*/a&:?&o“4 FRA DR EF A -5
199, ENENRACARVEIREI ORI LT 44 EFIHEL THEELE.

A C Ak BRIE H 12l A 3230k 220 {8 (44 {# X5 @;ﬁé) CELBEE W TTUH MR BZIRAL, k%
LTz, ZNHORAI LT & R OB DR R Z AW TEESIZ 10 83 SHEEy, REREE 2212 50
{8 (10 1 X 5 FlE) 25/ E B B L LTz, ki, SRBRIE B 81 5 AR E L — 7 DB EE 2 2 A

VISZATEOE N BMOKEEE B 2t 2 — it 2 —  (B) RETEE A i
2 MSTATBUE N RMOKPETH Y 22 axtldfrb s 2 — 1@l e 2 —
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TR LIcb 0% BREIZEAH D IR HRUEI L L, Z0aBR EEAZ 46 EmR 2 e L 72
PR BRI RBH I RE B O OZFE T B E A LT, BB MERBRIC LD, BB O BB A HeRR
iztz, el aliER RO & 2L [FRBR 2 INEABR ISk T LTz,

2) EBERUSKRE
Z BRI E L QOB RERIRD IR, KRG AREEE, 85 °C LLET/KIBO TEHIEIRAKFE & Oyt
NG L.

3) REAE
T BT MRS K O ERTE 2 F O K OVIIELE, Table 1 D& FB0IEEHEREREED D& ER 72 H
W B, BEDED, %\ﬁitﬁiﬁji¥£0)7u~~/~}\(80heme 1~2) ZR L7z,

Table 1 Component and Measurement
Testing Methods for Fertilizers (2018)
Measurement
Ammoniac nitrogen (A-N) 4.1.2.a Distillation method
(4.3.1) When 0.25 mol/L sulfuric acid is used in (4.2):

Component

Nitrate nitrogen (N-N) 4.1.3.c Phenol sulfuric acid method
(4.3) Measurement
Aliquot Weigh the equivalents of aliquot to the order of 1 mg, and put it in a
analytical sample 300-mL distillation flask

< About 25 mL of water
< 2 g Magnesium oxide to a distillation flask
< Asmall amount of defoaming agent as necessary

Receiver: 200-mL - 300-mL Erlenmeyer flask or beaker

Steam distillation A predetermined amount of 0.25 mol/L sulfuric acid and a few drops

apparatus of methyl red-methylene blue mixtyre solution
[
| Steam distillation | Distillation rate: 5 mL/min - 7 mL/min
[
| Stopdistiling | 120 mL - 160 mL distillate

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

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

Titration

Scheme 1 Flow sheet for ammoniac nitrogen in fertilizers
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1mg

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

< About 200 mL of copper sulfate - silver sulfate solution

Shaking to mix Rotary shaker (30 - 40 revolutions / min) for 20 minutes

< About 1 g of calcium hydroxide
< About 1 g of basic magnesium carbonate

| Shaking to mix | Rotary shakers (30 - 40 revolutions / min) for 10 minutes

< Water (up to the marked line)

| Filtration | Type 3 filter paper
I
| Sample solution |
I
| 5 mL sample | 100-mL volumetric flask

< Water (up to the marked line)

Aliquot

(predetermined volume) Small evaporationg dish

| Eavaporation to dryness|  No less than 80 °C Water bath

< 2 mL of phenol sulfuric acid

About 10 minutes after making phenol sulfuric acid

Leaving at rest ] .
g contact with residue

«— 20 mL of water

| Standing to cool |
|
| Transfer | 100-mL volumetric flask

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

| Leaving at rest | For about 30 minutes
[
| Measurement | Spectrophotometer (410 nm)

Scheme 2 Flow sheet for nitrate nitrogen in fertilizers

4) HRFEBRARAMOHTE R

IUPAC/ISO/AOAC D ;i HEFER Y rh=/L (2006) 'V DBVEMFERIZHE Y, DICE0H L 7= BB s R
EHaah 100 A ZRESE O OZFEN BB T, AREHI ST 2 MOMT T, HRBE B IG5
AERFERBRE T [ K T 21T o 7.
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5) HEFHER

RERICS ML B3FRBREIILL TOLEBY ThDH. ZNENORREBIZIH T D) ICIVE S A5 203
BT B=T RO I, MM EZROHOREREICIT 10 ik %2, KBNS 5 3) OiBR 1Lt
S>THHrLT-.

+ LAY —Ty—Tqa skl st FHE LY

- /NP TEEMRA S NP LS

- ARa—T7T7 7 URASt BT

- D AHLT IS BIG TS

« D ANLT VIR S KRS

- EATHRAst =

© MSAATEOE NEMOKEN T it 2 —tF e 7 —

© MSAATEOE NEMOKEN T e fdire o 2 — it 7 —

© MNAATEOE NEMOKEN T it 2 —ilita e 7 —

- MSEATBUE NEBMOKPEE et 2 —4 B 2 —

-+ MSEATBUE NEMOKPEE B 2 it 2 — gl v 2 —

« MSTATEUE N RMOKEEH B 2 B2 o 2 — A5

- ERIERMER S ARt TY;

(50 HIE)

3. HERUER

1) HEFEBAFRHOHEMERER

FAtF O OZ LTS B ST 10 FEEE OB 2 UM T TNt LI E B O g O
B () B O D RAEIZ W T — T E 5 M DA DAL= S EH e O TR U7 O TR HE R 72 (s, )
FRBHERE MR 22 (spp ), D THEEE 25 Do i BHIRE HE R 22 (spyr ) & Table 2 (/RL7Z. D1, JEEHERERE"
IRSIVTW DB ELRE D H % (CRSDR) K NZEILH G (0 1) (Z L0 5FH U 72 H 12 2= [ A B AR 2=
(6g)b Table 2 [Z/RLT=.

BPEMEDHEIE, IUPAC/ISO/AOAC DizREFRER 7 k=L (2006) 'V DFIEAZ B EIZEML-. £7°, A5
AR DS oy M A TR T 5723, RBRAEEIZ DUV T Cochran O ELR EMILT-. ZOFEF, T _XTORIC
BOTHIUEITERD DR T-D T, ZRSDFAEIZHOWT BB BT 2 =ML, FHTEERZ (s, )
e OGRBHEHRE R 22 (spp ) 3R, (U 2) ICKO O TAEMEIR 22 (s, ) AR L 72, 10 3B T2 W T TR
PR 2 (s ) M3/ SD o7 (s, < 0.56 5) ZE D, RIZ, IUPAC/ISO/AOAC DEREFER 7 = k=11 (2006)
WER (X 3) AW THEMOHEEITo72. ZOREE, 10 BB TOVHER (K 3) AL Tz, =
DD, 2 TORFRBAREBHINE CHLZEZMRLIZ. 728, B0, (R IZXoTIHMTREL
GBI R 72 (spop ) ZRHLIZED A, WO RS HEE S RIEHENR £ (6 5 ) L T3/
VMETh o7,

6 = CRSDg x %/100 --- (K1)
s <050, =056, =+ (A2)
Spp 2 = F1(0.3 og)? + F2 5,2 <o (3)
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— 2 2
Sptr = ’Sr + Spb

G p R B e
CRSD g : NERHE BBRIET [ RS T\ D 2R FEBLRE (S SR AP e 22 (%)) 0 B 22

P
Sbb

X HTEMHE
o SRR A T) B BOIIE A LT AR YR S
PR AR VB 22

F1, F2 BJEMEHEDT=DDRTA—42 (

SNET

sy DM TR HE R 2

Spor - PFATHEBE 2 Toal e R HE (i 22

B 10, 2 RO TO% A, F1=1.88 F2=1.01)

Table 2 Harmogeneity test results of ammoniac nitrogen and nitrate nitorogen
No. of - b) ) e) 28) f) 9 = h 5 5. critical
Component  Sample : X Sy Skb Sbb°  Sb+r’ CRSDRr” a6g ° 0.56gp 0.36R "
sample ¢) 0 0) ¢) 0 0 ) 0 o Value
()" () (%) (%) (%) (%) (%) (%) (%)
Ammonium 10 550 018 004 0002 019 25 063 032 019 0.101
chloride
A";E‘I?;t':m 10 2111 017 009 0008 019 3 063 032 019 0.09
Ammoniac Compound
nitrogen Ip . 10 543 009 000 0000 009 4 022 011 007 0017
(A—N) ertilizer
?0”?90“”" 10 409 004 000 0000 004 4 016 008 005 0.006
ertilizer 2
Compound \h 195 002 000 0000 002 4 008 004 002 0.001
fertilizer 3
Amnri':far;;“m 10 1763 008 013 0017 015 3 053 026 016 0054
?0”?90“”" 10 1360 005 015 002 015 3 041 020 012 0.030
. ertilizer 4
Nitrate Compound
nitrogen - Ip 10 486 002 002 0000 003 4 019 010 006 0.007
(N-N) ertilizer 5
Compound ) 363 001 0036 0001 004 4 015 007 0044 0.004
fertilizer 6
?0”?90“”" 10 113 001 0010 0000 002 4 005 002 0014 0.001
ertilizer 7

a) Number of the samples used for analysis
b) Grand mean value ( n = 10xnumber of repetition (2) )
¢) Mass fraction

d) Standard deviaton of repeatability

e) Standard deviation of sample-to-sample
f) Standard deviation of sample-to-sample including repeatability Sp+r=v Spp? + 5,2
g) The aim of Rerative standard deviaton of reproducibility in Testing Methods for Fertilizers 2018

h) The estimated standard deviaton of reproducibility calculated based on CRSD Rg)

i) The value for the test : F1(0.36g)? + F2s,.2

F1=1.88, F2=1.01 (The number of samples (10), The number of repetition (2))
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2) HFEABRBERVSINIERE

FRRESES U IE

K. O® Grubbs DR EEFEIELT-. 7238,
BROHREOHTUTZRABR=EN 1
12 R EORBRFE DD, T BE=T HERITHOWTUL S FEIHOREIOI D, 1 FEOREIT 2

D’ﬂ—d

2 FEEOREITH 1

[ BR % Table 3-1 J2 X 3-2 ISR LTZ. 524D 5k Btk B4 IUPAC
OIH:FEFRBR 7 v k=L (2006) 'K THEEHLFEL 72, BRSO/ UEZ #5729
BRI T BT HEBORE W LT RBREN 1

\Z Cochran ORE

ABRE, YRR
REREHST-720, KREBREH OB =1L 12 RRETHDH. ZDOREER,

FRERE DR
FERE OHAEEDS Cochran OFE X% Grubbs ORI EIZLVAAMVEELL THIESHL

7=, — 07, BHEAMEZE R IZHOWTIL 5 EOREIDY S, 1 FEIEORET 2 HEB=EDOHEEL Cochran D E

(CEOSM UL L THESU-. fHIRPEE SR T

*I& Grubbs D& E LD AMFUE &) E ST Rl T 7en o7z,

Table 3-1  Individual result of ammoniac nitrogen (A-N) (%)a)
Lab D" Ammor_1ium Ammonium Compound Compound Corm_)ound
chloride sulfate fertilizer 1 fertilizer 2 fertilizer 3
A 25.27 25.24 21.05 21.03 5.56 5.56 4.16 4.14 1.95 1.94
B 25.55 2554 21.35 21.35 5.60 5.54 4.17 3.98 1.96 1.92
C 25.27 25.16 21.10 21.05 5.55 5.54 4.21 3.91 1.96 1.83
D 25.19 25.13 21.02 20.92 5.64 5.63 4.28 4.28 1.99 1.98
E 25.23 25.14 21.09 21.05 5.58 5.54 4.18 4.17 1.97 1.96
F 25.33 25.28 21.14  21.07 5.46 5.44 4.11 4.00 1.95 1.94
G 2495 24.73 20.87 20.76 5.49 5.33 4.06 3.84 1.96 1.85
H 25.16 24.52 20.89  20.82 5.58 5.43 4.17 4.11 1.99 1.99
| 25.30 25.21 21.14  21.09 5.60 5.49 4.18 3.98 1.96 1.94
J 24.84 24.84 2091 20.90 5.57 5.56 4.22 4.21 1.98 1.97
K 2591 2587  21.78Y 2171 573 573 438  4.37 219" 217"
L 25.38 2485  21.30° 21.03° 572 521° 418  4.13 1.94 185

a) Mass fraction

b) Laboratory identification

¢) Outlier of Cochran test
d) Outlier of Grubbs test



90 NEBHFZE 84S Vol. 12 (2019)

Table 3-2  Individual result of nitrate nitrogen (N-N) (%)a)

Lab ID” Ammonium Compound Compound Com_p_)ound Com_pound

nitrate fertilizer 4 fertilizer 5 fertilizer 6 fertilizer 7
A 17.17  16.79 13.73 13.48 4,71 4.42 3.79 3.71 1.18 1.17
B 18.68 18.46 1438 14.24 5.11 5.07 3.85 3.85 1.17 1.17
C 18.97 18.75 14.73  14.49 5.22 5.21 3.99 3.98 1.23 1.22
D 17.40  17.40 13.80  13.60 5.40 5.40 3.75 3.75 1.15 1.10
E 18.24 18.14 13.96 13.86 5.22 5.20 3.85 3.81 1.20 1.18
F 18.33 18.32 14.40 14.17 5.14 5.10 3.80 3.77 1.16 1.15
G 17.30  17.10 13.88  13.48 5.10 5.02 3.84 3.74 1.23 1.14
H 18.40 18.20 1430 14.14 5.06 4.98 3.92 3.91 1.20 1.20
| 19.06  18.90 1480 14.59 5.63° 5.20° 4.14 4.01 1.26 1.21
J 17.79 17.75 13.89 13.85 4.82 4.79 3.85 3.81 1.14 1.13
K 18.23  18.17 13.94 13.77 4.92 4.85 4.00 3.89 1.20 1.19
L 17.74  17.59 13.85  13.43 5539  4.35° 391 385 126 1.19

a) Mass fraction
b) Laboratory identification
c¢) Outlier of Cochran test

3) HHTHRERVERBREE

AU BRON LT AR I KD B2 1 LTS, DR AR YRR 72 (s0) B OV TR % 4R 22 (RSD))

ONZ =R [ R BUE YR 22 (sr) K OVEE [H] - BUAR 6 A HE (R 7= (RSDR) % Table 4 1Z7R L7z,

ToE=THEEROFLIEIT 1.94 % ~25.20 % (EHEDF) THY, ZOPHATIEEERZE (s) 13 0.04 %~
0.18 % (&), G TARE YR (RSDy) 14 0.2 %~2.4 %, =M FHHIEHEF 7 (sr) 1% 0.05 %~0.33 %
(B&5HR), ER AR R 7 (RSDr) 11 0.7 %~3.2 % ThH-o7-.

THIRTEZE SR DO EfEIE 1.18 % ~18.04 % (H &3 2R) THY, T DOHHTAE MR ZE (1) 1% 0.03 %~0.17 % (&
By, O TAHEHE(R 22 (RSD) 1X 0.7 %~2.4 %, =R [ BUE AR 22 (sr) 13 0.04 %~0.24 % (& £573),
SE[H PR HAR S FE MR 22 (RSDR) 13 2.7 %~4.8 % ThH-7-.

DT LD OF TAE S HE (R 75 (RSDy) K OVER [ 7 BLFH o122 YE i 75 (RSDR) ® HEVRH 3 BRIE T T 4 M fERB D
FIRICREN TODEIREL ~IUICBIT DR E D B ZOFFRFHN THLHZ LD, £ BREOR B IZALE
SR BRIEOMREREICE AL QDI fER L.



FAWBRIEOVERERI  — L [RIFAER Rl — 91

Table 4  Statistical analysis of Collaborative study results for ammoniac nitrogen and nitrate nitrogen

Labs Mean” s” RSD.? CRSD.” sr” RSDRr" CRSDR’

Component Sample N 9 9 9
p@) ()" (%) %) (%) (%) (%) (%)
Ammonium chloride 12 25.20 0.18 0.7 1 0.33 1.3 2.5
. Ammonium sulfate 10(2) 21.03 0.04 0.2 1.5 0.16 0.7 3
Ammoniac
nitrogen Compound fertilizer 1 11(1) 5.55 0.05 1.0 2 0.09 1.7 4
A-N
(AN) Compound fertilizer 2 12 4.14  0.10 2.4 2 0.13 3.2 4
Compound fertilizer 3 11(1) 1.94 0.04 2.2 2 0.05 2.3 4
Ammonium nitrate 12 18.04 0.13 0.7 1.5 0.64 3.6 3
. Compound fertilizer 4 12 14.03 0.17 1.2 1.5 0.40 2.8 3
Nitrate
nitrogen Compound fertilizer 5 10(2) 5.04 0.07 1.4 2 0.24 4.8 4
N-N
( ) Compound fertilizer 6 12 3.87 0.05 1.2 2 0.10 2.7 4
Compound fertilizer 7 12 1.18 0.03 2.4 2 0.04 3.4 4

a) Number of laboratories, where p=number of laboratories retained after outlier removed
and (g)=number of outliers

b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier removed (n=The number of laboratories(p) X The number of repetition(2))

¢) Mass fracton

d) Standard deviation of repeatability

e) Relative standard deviaton of repeatability

f) Rough standard of relative standard deviation of repeatability in Testing Methods for Fertilizer 2018
g) Standard deviation of reproducibility

h) Relative standard deviation of reproducibility

i) Rough standard of relative standard deviation of reproducibility in Testing Methods for Fertilizer 2018

4. F&H

B R BRIE D I S T2 7 B =T B R OB BIE R ORI ZE R O7 = ) — VERERIEIZ DN T, 12
AR EE T4 5 FEH (10 40 OFBHE W CHL AR 2 FE L, SBR[ A BR A A L.

ZORER, Tov=THEERIT M 1.94 % ~25.20 % (E &5 3R) 0 & PH C == ] 7 B 6 128 Y ff 72
(RSDR) 7% 0.7 %~3.2 %, fHEAPEZEFRITTHIME 1.18 % ~18.04 % (& fly ) Ot = ] P HUAH e e {f
72 (RSDR) 7% 2.7 %~4.8 % To7z. I [FFEHE RO AT R MR 72 (RSDy) M OV=E [ F- BLAH e A e i 72
(RSDR) IF, AEEFEFBRIED O U VEMERRD FIEIOREN TWDKREL ~UICBIT DS E O B Z O R
FHNTHY, ?ﬁﬁ%ﬂ“éﬁiﬁ%ﬁ;f‘%ot

A ERRFT LR BRIE O RENE, BEICH —3RBR S IIE BB S 2 AR BRI O 2 Y iR (SLV. X
MLV) BNENTEY, EEHERERED 0 éz EEEVEIC WV TZERVED Type C(MLV KON SLV), 7= /— /LR
125 Type D(SLV) EFEAiEAL T . L EORE R LY, [EFRAY IO Y L S A EEGBR R O 224 M 38
(HCV) NENT=FIEELT, ZNHORBRIEIZIEEHERBRIE BT DYEREHRTED Type B (SLV L TOYHCV) ERF
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Performance Evaluation of Determination Method for Nitrogen in fertilizer:
Harmonized Collaborative Validation

Erika HIRATA! Hideo SOETA?, Hidemi YOSHIMURA? and Keiji YAGI?

1Food and Agricultural Materials Inspection Center (FAMIC), Fukuoka Regional Center
(Now) FAMIC, Fertilizer and Feed Inspection Department
2FAMIC, Fukuoka Regional Center

It has been verified performance that determination of ammoniac nitrogen by distillation method and nitrate
nitrogen by phenol sulfuric acid method described in Testing Methods for Fertilizers. However, these methods
only were verified by single laboratory validation or multi laboratory validation, were not evaluated by
harmonized collaborative validation. Therefore, we conducted a collaborative study by means of international
harmonized protocol to evaluate for determination of ammoniac nitrogen by distillation method and nitrate
nitrogen by phenol sulfuric acid method in fertilizer. Five samples passed the test for homogeneity, respectively,
were sent to 12 collaborators. These samples were analyzed as blind duplicated. After identification of
outliers with Cochran test and Grubbs test, the mean values and the reproducibility relative standard
deviation (RSDgr) of determination of ammoniac nitrogen were reported 1.94 %~25.20 % as a mass
fraction and 0.7 %~3.2 %,respectively. Those of determination of nitrate nitrogen were reported 1.18 %
~18.04 % as a mass fraction and 2.7 %~4.8 %, respectively. These results indicated that each method
has acceptable precision for determination of ammoniac nitrogen or nitrate nitrogen in these concentration
ranges. In conclusion, those results demonstrated these methods were validated for the determination of
ammoniac nitrogen and nitrate nitrogen in fertilizer by distillation method and phenol sulfuric method by

harmonized collaborative validation.

Key words  ammoniacal nitrogen, nitrate nitrogen, distillation method, phenol sulfuric acid method,
harmonized collaborative validation

(Research Report of Fertilizer, 12, 84~93, 2019)
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7 YAERBERE DM REFT
— SRR —
IR, W 2, M A

F—O—F YAmER, YR, IR ARER, KEYED AR, NTREVT T VBT
=0 LR I, e lE R

1. [XC®HIZ

E B2 A Rl o B 3T e rh, FeANENTISUW T ISO/IEC 17025:2005 (JIS Q 17025:2005) V> 2k
FHIHAZE LR E O MR OB 2 N EERSN TS, ISO/NEC 17025 Tif, FEES-EFH
K& % L2 S PED MRS NI FIEARE T DL 2 E R LTS, FAMIC TiF, IEBHIFGE S TED O
JERED = H A2 5532~V IARDE Bk ONEO B 7 EZED TR E (CLT, TAEEI &), )7 zon
T, TOMREERAEL DD, NEIEEOBAVEICEE L2 SIEEHSERBRETD 1T L, R— L=
LTW5.

e S S BRI D IR ST N TF REY 7 F U T = ARG EERIC L A0 ABR A B, ESPED AURR,
AYAMED AR K OVKIEIMED AR OFER 515 (LT, T0AUBRDFRERTE | D) 12DV TIE, ZHK DN L — 3B =
(2B 541 (SLV: Single Laboratory Validation) Z#ER8% L, SR FBURE 1T, BEM O/ ER L & BB
FEORERICTVE ERTFHIL T e,

A lE], [E BRI IR #E L XN D 18 HERER =B O %24 MEfERS (HCV :Harmonized Collaborative Validation) 57412
FDFMZATHT2, ARRORBIEDILFRBRA E L 7= T, ZOMHELRETS.

728, ARILFEFRBRIZ IV TR 72 [R5 R O Y B AR BR 1T, FEAKEES DR 30 4FEE AR
DER Sy OYE VR At F 3 (R DV ARy D3 HT) | (BLF, TRFEFHE D)) Y CEIES L
7z.

2. MHRUAZE

1) ¥EUHEBASEMRUVERSHBRARMORE

e L CHEE L TS AR IEE K, OFUHINT R OZOHE, ATk, VARBEZ & T LR
BEO FEER) , WAREZ G Te R ERLA AEEL, WA AAE, 11T AFEREEL K OVE B A4 K%, HBHE 500 pm
(AR AR 1 sIZ DUV TIE 212 um) DS WE B T HE T IR G LIz, 2056, BREBRHHE ZLIC 5
HONEEEEIRL, VAR EREITAR 9.5 9, IAMED ABRIZAK 1.9 9, AIRMED ABRITZAR 4.7 9, KIEMEDA
FRITA#K) 9.5 g N ZENRALRRYELITIEIORE T L 44 fH FeE L CTHRE L.

[ U R B CAE 92508 220 {1 (44 X 5) IZELERE W TTU X MTE B LML, 3BHERI L 72
ZNBOMRIL T BT OREI HEEFR 2 IV TEMEZ 2 10 837>k B, BB HREE L7z, ]
12, RBRE A I 5 FEOIERI O IEIES IR E N 2 A3 oL, —RBREICEAHT 236 FRBR AR
BIEL, ZIMRBRER Bk 2 Y L 7=

VIRSTATBOE NEMOKPEH B L et 2 — B 22—
2 PSIATBUE NEMOKEE B 2 2o 2 —llia o 2 — (B) BMOKES LR ER
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PVE PR NI R FE Y O IR BII R AT LTz, SRS Y, BB B B MED HeaR &S
Totk, BRI 2 3 Haﬁiﬁ%ﬁbﬂaﬁ%ﬁé ZIEfFLTC.

2) EERURBER
KB EICRBL CWAESIE, Sy L—h(Ib) , EiE E Finf X REiE0 R, F Nigg =
[MHRRDIREHE, Kig K OV e E 2 L.

3) RAEBAE
AR, <EAMEDAUER, FIERMED AR K ORI AVBRORH R OV ETE, Table 1 D& B0 EEF R
EDORRBRITIEZ AW, 728, B2EDD, £ 715D 7 m——k (Scheme 1~Scheme 4) Z7/RL7-.

Table 1 Component and Measurement
Testing Methods for Fertilizers (2018)
Measurement
4.2.1.a  Ammonium vanadomolybdate absorptiometric analysis

Component

Total phosphorus (T-P20s) . . o
(4.1.3) Incineration-aqua regia digestion

4.2.3.a Ammonium vanadomolybdate absorptiometric analysis
(4.1.1) Citric acid solution— Rotational shaking (30 °C)
4.2.2.a  Ammonium vanadomolybdate absorptiometric analysis

Citric acid-soluble phosphorus (C-P20s)

Citrate-Soluble phosphorus (S-P20s)

4.2.4.a Ammonium vanadomolybdate absorptiometric analysis

Water-soluble phosphorus (W-P20s) . .
(4.1.1.1) Water — Rotational shaking
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5 g analytical sample Weigh to the order of 1mg into a 200-mL-300-mL tall beaker
Charring Heat gently
Incineration Ignite at 450 °C+5 °C for 8-16 hours
Standing to cool Room temperature

<A small amount of water
«—About 10 mL of nitric acid
«—About 30 mL of hydrochloric acid

| Heating | Cover with a watch glass to digest
| Heating | Slightly move the watch glass and remove acid
| Standing to cool | Room temperature

<50 mL of hydrochloric acid (1+5)

| Heating | Cover with a watch glass to dissolve
| Standing to cool | Room temperature
| Transfer | 200-mL volumetric flask, water

«Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Aliquot
(predetermined volume)

100-mL volumetric flask

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

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

<A proper amount of water

<20 mL of coloring reagent solution

—Water (up to the marked line)

| Leaving at rest | About 30 minutes

| Measurement | Spectrophotometer (420 nm)

Scheme 1 Analytical procedure for total phosphorus in fertilizers (T-P20s)
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| 1 g analytical sample | Weigh to the order of 1mg to a 250-mL volumetric flask

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

| Shaking to mix | Constant-temperature rotary shaker (30-40 revolutions/min)
| 30 °C#1 °C, for 1 hour
| Cooling | Promptly

«—Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Aliquot
(predetermined volume)

100-mL volumetric flask

«<Citric acid solution, until it reaches the equivalents of 17 mL
«—4 mL of nitric acid (1+1)

| Heating | Boiling

| Standing to cool | Room temperature

<A proper amount of water
<20 mL of coloring reagent solution
—Water (up to the marked line)

| Leaving at rest | About 30 minutes

| Measurement | Spectrophotometer (420 nm)

Scheme 2 Analytical procedure for citric acid-soluble phosphorus in fertilizers (C-P20s)



98

EEMFFERS Vol 12 (2019)

| 2.5 g analytical sample | Weigh to the order of 1mg to a small mortar

Repeat 3 times

—About 20 mL-25 mL water

| Grinding |
I
| Supernatant filtration | Type 6 filter paper,250-mL volumetric flask
< Residue>
| Transfer | Transfer residue to a filter paper
<—Washing with water,until filtrate reaches about 200 mL
< Residue> < Filtrate >
<A small amount of nitric acid
«Water (up to the marked line)

| Sample solution (1) |

Transfer | Together with filter paper, 250-mL volumetric flask

«—100 mL of Petermans citrate solution

| Shaking to mix | Stopple and shake to mix until a filter paper breaks down
|

| Heating | At 65 °C+2 °C for 1 hour while shaking to mix every 15 minutes
I

| Cooling | Promptly

«—Water (up to the marked line)

Filtration | Type 6 filter paper

| Sample solution(2) |

Sample solutions (1) and

(2) Aliquot Transfer the volume of sample solutions (1) and (2)

(predetermined volume) to 100-mL volumetric flask

< Petermans citrate solution, until it reaches the equivalent of 2mL
—4 mL of nitric acid (1+1)

Heating | Boiling

Standing to cool | Room temperature

<A proper amount of water
<20 mL of coloring reagent solution
«—Water (up to the marked line)

Leaving at rest | About 30 minutes

Measurement | Spectrophotometer (420 nm)

Scheme 3  Analytical procedure for citrate-soluble phosphorus in fertilizers (S-P20s)
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5 g analytical sample Weigh to the order of 1mg to a 500-mL volumetric flask
<—Water about 400 mL

Shaking to mix Rotary shaker (30-40 revolutions/min) for 30 minutes

<—Water (up to the marked line)

Filtration Type 3 filter paper

Sample solution

Aliquot
(predetermined volume)

100-mL volumetric flask

—4 mL of nitric acid (1+1)

Heating Boiling

Standing to cool Room temperature

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

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

<A proper amount of water

<20 mL of coloring reagent solution

<—Water (up to the marked line)

Leaving at rest About 30 minutes

Measurement Spectrophotometer (420 nm)

Scheme 4  Analytical procedure for water-soluble phosphorus in fertilizers (W-P20s)

4) HRSBRARKHOHYEMHER
IUPAC/ISO/AOAC D REFRER 7 b= /L 10 O M ERERICHEV Y, 1) ICkuHiHL7=& 5 200 kB4 &3t 5
2V DOZFENHTHEEIC BN T, FREHI DX 2 50T T, WIS AR BR LD I X0 S &2 T - 72

5) HREIHER
RERIZSINUT 12 B BRE CHEA L0 EFHILL T O LB THY, TNZENORER=EIZIBVWT 1) 12X
VIR B 22D 10 FUEHZOWT, FalBHTXT IS 375 3) OB FIEICE> TobrLz.

« LAY — T y—Ta bR St WhE T (H A V-630)
- FEa—7 77 UBES B 1 (H Y2 U-2900)
- FRa—T7 T U SH KBTS (B2 U-1900)
- FREa—7 77U R T (BN U-2900)
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- VaxANLT VIS MR T (B SL U-2900)

< TERIEE TR S WhE T (A7 U-1900)

« MSEATEOE N MK PE B 2 it 2 — i F o 2 — (BEEUERT UV-1800)

« MSEATECE N EMOKEN B2 it 2 — it 2 — (BEEERT UV-1800)

-« MNZATEOE N EMOKEE B R 22— Gt 2 — (BEEERT UV-1800)

© WMNZATECE NEMOKEN B 2 a2 —4 5 B2 — (BESERT UVmIni-1240)
« TNEATBOE N EMOKFETH B 2 2Tt 2 — @it 2 — (BERYERT UVmIini-1240)

- MSZATBOE N EMOKEEE B2 it o2 —AE0 (S EERERT UV-1800)

(50 FNE)

3. BRRUEER

1) #EHBRAFEMOHEMERESE

TRt FEY OZ NI DS 10 30EHE 2 SO T TONT L= MERBR O B O fe i (X)
Je OV D RFEIZ DWW T — T & S BT 0 DA DI fi G & a W TR U7 M TR MR 2 (s, ), 3Rk
TEHENR 72 (spp ), DM TREEE 2 & Toal R AR YRR 22 (spyp ) & Table 2 1/RL72. SHIZ, IEEHERERIET IORE
N TCWDER B D B %2 (CRSDr) X bR (G 1) L7 HEE E M BUEER 2 (6, ) & Table
2 | TRLTE.

BYEMEOHE L, IUPAC/ISO/AOAC DHEHERBR T uha LD FIAE S B ICE L. £, WBRAED
M SRR T DT, BBRERE IOV T Cochran OREZ LML T-. ZOfE 5, AT ABED 13880
ST ER AU S HE SR LT, S FTUBBRIME DEAEIZ DWW T, —JtRlE 2 Bt KL, DH T 1E
{2 (sp ) K OVFRBH A YE R 22 (spp ) 22K 8, (X 2) IC XV FTAE MR 72 (s ) ZRFMl L 7= &KIZ,
IUPAC/ISO/AOAC D HEREFER 7 b 10 D+ 3 c BB O ER(K 3) & W TR EE T o7, &
DFER, VABRERIZRITDIRIEE A B OVKIEMED ABEDALRAER H 2BR<, 2 ToakEcHER (X 3)
ZiilzL Tz, 22T, HER (X 3) 272 L TR W EREL O I TAEHER 72 (s ) B3+ /h & (s, <
0.56 5) Z&h, A3 ZAEFLIZHIER (K 4) Z W T EMOHEEIT o7, ZOREE, WindHER (K
4) Z7- LW, ZDZEnh, 2TOAHTHREHINE ThHZ LR L. 7ok, & D), 5 12X
S THTHEEE 2 G o sl B MR 722 (spyp ) EFIBLIZETA, W N ORI b HEE W BUEHER 2 (6 ) &
PG L T/ hSVWE Th -T2,

6 g = CRSDg X x/100 oo (D)
sp <050, =056, = (X 2)
Spb <0.30'p:0.36'\R ”'(ﬁ3)
Spp > = F1(0.3 )% 4+ F2 5,2 <o (R2)

Spher = /Srz"'sbb2 <o+ (5)

G p HERE SR PR A e
CRSD o - IERHSERIRIE (SRS C\NB R TSRS (2 PR BLAOHE (R 25 (%)) O B 22
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X e ME sy DA TIR HE(R 22
0, EEERERBZATO H RIS & LI AR Y (R 22
Spp : PVEHEIR IR 22 Spr - DHTREEE 25 Lo UBH IR E(R 22

F1 SEMHEDTZD DT A2 GREHEL 10, 2 SOHMTOHE, F1=1.88)
F2 HEMHIED/ ST A—4  FEHK 10, 2 R0HMTOEA, F2=1.01)

Table 2  Homogeneity test results of phosphorus

_ ) ~ h A i ~ J) discrimi-
Component sample Noof 2  5:? 552 sub’ sp? crepe? Ok 0.50R" 0.38R o
sample”
©)? ) (%)” ()7 %) ) %)’ %) )’ (%)’
Comeierf;g”]f‘;?ﬁzer 10 2539 006 010 0010 002 25 063 032 019  0.072
?;’::Iﬁ’zoe‘i”f 10 1510 004 016 0027 004 3 045 023 014  0.037
Total
phosphorus Fish meal 10 865 010 000 0000 009 4 035 017 010  0.031
(T-P20s) Castor meal
adfsponger 10 417 001 002 000 019 4 017 008 005 0005
C;bws(:':r"s 10 325 004 002 0000 019 4 013 006 004  0.004
Phosphate
e 10 4290 017 003 0001 002 25 107 054 032 0223
Citric acid. Fuszdhgﬁgfzmm 10 2063 006 004 0001 004 3 062 031 019  0.068
soluble
Shosphorus ?;’m;;”g 10 1034 010 000 0000 003 3 031 016 009  0.026
C-P,0
(C-P20s) ?:::E;eurng 10 415 002 000 0000 015 4 017 008 005  0.005
?::Eﬁfe‘i”f 10 158 002 000 0000 015 4 006 003 002  0.001

a) The number of samples after exclusion ; (): The number of outliers from Cochran test

b) Total mean(Number of samples after excluding outliersxn=2)

c¢) Mass fraction

d) Repeatability standard deviation

e) Standard deviation sample-to-sample

f) Standard deviation of sample-to-sample include repeatability Sp+r =V Spp” + 5p2

g) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2018

h) Estimated standard deviation of reproducibility calculated from rough standard of relative standard deviation of reproducibility

i) Parameters for the determination of repeatability standard deviation (sr)

j) Parameters for the determination of homogeneity (determination of Sev)

k) discriminant: F1(0.36g)? + F2s,.? Parameters for the determination of homogeneity (determination of sw2),
F1=1.88, F2=1.01 (The number of samples (10), The number of repetition (2) )
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Table 2 Continue

: - Discrimi-
No.of = b) d) e) 29 f) 9 ~ h ~ 1) )

Component Sample Samplea) X Sr® spb® Spb” Sb+r CRSDRrR™ 6 ° 0.50x ° 0.30gr nant

0?07 )7 @7 )7 ) ()7 )” )7 (%)’

Cfgmggfg 10 51.88 043 000 0000 002 25 130 065 039  0.302

Concentrated

Givate.  superohouphge 10 4466 021 000 0000 004 25 112 086 033 0257
Itrate-
soluble

ohosphorus Cé??.ﬁ?ﬁfg 9(1) 913 005 004 000l 009 4 037 018 011  0.026
(S-P205s)

C@:?.T.ZSP? 10 544 005 001 0000 019 4 022 011 007  0.010

ig:l'i’lg:rnj 10 148 006 000 0000 019 4 006 003 002  0.005

izm'fs::‘g 10 4825 048 016 0025 002 25 121 060 036 0278

Concentrated

Wat coporoforrge 10 3625 011 006 0004 004 25 091 045 027 050
ater-
soluble

ohosphorus (;Z:I‘:g:r”g 10 1279 006 004 0002 003 3 038 019 012 0028
(W-P20s)

ig:ﬁg::‘g 10 283 001 002 0000 015 4 011 006 003  0.002

%;:ri]l?zoelrmldo 10 1.00 001 002 00002 015 4 004 002 001 0.0003

2) HFERBRAERUNANIERE

FRBRE DO SN - R BR ARG Z Table 3-1, Table 3-2, Table 3-3 }2 U Table 3-4 [TRL7=. 45 R4
DIHTRELO#E R IUPAC D SE[FRRER 7 mha L 122t TREFHLER L 72, SRBRGE O/ UEZ R T 5
72812 Cochran DR E } OF Grubbs DR EZ Fhii L7=. 7233, RERRIIV A2 EO HRBR LB EN 15K
Brs, <EEMEDAURE, FIYATED AR K OVKIRMED ABR D A RBR LT BRE D 1 RBREHY, Kk 05y
WrakBr =203 11 RBRETHS.

REBREORBRAEDI D, VAEERETIE, 5 B0 H 1 3BT 2 W=, 2 3k °% 1 R =EoRE M
WENVIEE L THES . <EEMEDARETIE, 5 3Bt H 1508 C 2 3B, 1308 C 1 RUBRE O W®EE
SAAUEEL THIES . AIETED AR TIL, 53 EtDOH 3 3BT 1 BB OWEEI/MUELL THIES L
2. KEHED AVBRCIE, 5 3B DY D 13T 1 B E O RS /MVEE L CHESZ.

P2
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Table 3-1 Individual result of total phosphorus (T-P20s) (%)a)
b) Des |gn_ated Compound . Castor meal Crab shells
Lab 1D combined fertilizer 1 Fish meal and its powder powder
fertilizer
A 2551 2553 14.65 14.72 8.86  8.80 4.04”  4.05" 3.38"  3.40”
B 25.31 25.35 15.14 15.17 8.55 8.52 4.17 4.18 3.23 3.26
C 25.21 25.14 15.07 15.20 8.49 8.46 4.15 4.15 3.23 3.23
D _e _ _ _ _ _ _ _ _ _
E 24,98 25.15 14.98° 14.64° 8.37 8.20 4.11 4.11 3.23 3.20
F 25.28 25.40 15.08 15.12 8.46 8.61 4179 4.13° 3.24 3.27
G 25.27 25.54 15.26 15.12 8.83 8.82 4.17 4.16 3.29 3.25
H 25,55 25.62 15.30 15.32 8.50 8.54 4.20 4.19 3.27 3.27
I 25.36  25.38 15.12 15.09 8.70 8.52 4.18 4.17 3.26 3.25
J 25.62 25.62 15.09 15.11 8.50 8.61 4.20 4.20 3.30 3.29
K 25,50 25.36 14.97 14.93 8.52 8.63 4.17 4.18 3.28 3.28
L 25.37 24.96 14.98 14.88 8.46 8.56 4.18 4,17 3.26 3.26
a) Mass fraction
b) Laboratory identification (random order)
¢) Outlier of Cochran test
d) Outlier of Grubbs test
e) Not tested
Table 3-2 Individual result of citric acid-soluble phosphorus (C-P20s) (%)a)
b) Phosphate Fuse(_j Compound Compound Compound
Lab 1D fertilizer magnesium fertilizer 2 fertilizer 3 fertilizer 4
phosphate
A 41.82 41.84 20.35 20.38 10.47 10.46 4.12 4.13 1.53 1.54
B 42.74  42.68 20.84  20.79 10.64 10.64 4.16 4.15 1.59 1.61
C e _ _ _ _ _ _ _ _ _
D 41.82 41.67 20.65 20.40 10.66 11.00 4.12 4.16 1.63 1.58
E 42.86 42.64 20.86 21.08 11.04 10.82 4.13 4.18 1.57 1.62
F 42.30 42.54 20.73 21.01 11.00 10.66 4.12 411 1.59 1.56
G 42,10 42.23 20.31  20.99 10.81 10.69 4.18 4.18 1.59 1.59
H 42,30 42.18 20.73  20.77 10.73  10.68 4.15 4.14 1.55 1.54
| 42.36 4211 21.46” 2263”  10.94 10.80 419  4.23 1.60  1.58
I 4248 4273 2366” 2443° 1108 10.97 4339 4349 161 161
K 42.71 42.39 20.67 21.06 10.85 10.78 4.15 4.13 1.58 1.58
L 42.01 41.80 20.71  20.59 10.62 10.62 4.10 4.13 1.52 1.56

a) ~e) Refer to the footnote of Table 3-1
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Table 3-3 Individual result of citrate-soluble phosphorus (S-P20s) (%)a)

Lab 1" Com;_)ound Concentrated Compound Com_p_)ound Compound

fertilizer 5 superphosphate fertilizer 6 fertilizer 7 fertilizer 4

A 52.30 52.35 44.83 44.69 9.80 9.67 571 5.70 1.52 1.54

B 51.86 51.86 44.65 44.64 9.23 9.23 5.44 5.45 1.58 1.59

C _9 _ _ _ _ _ _ _ _ _

D 50.87 51.51 4372 4350” 950  9.89 5777  6.53° 1.61  1.66

E 51.82 52.16 44.65 45.33 9.47 9.47 5.37 5.41 1.61 1.61

F 51.79 52.05 4454  45.46 9.04 9.17 5.30 5.32 1.50 1.46

G 51.17 50.75 4488 4491 9.90 9.98 5.78 5.67 1.50 1.51

H 53.86° 51.34° 44.60 45.21 8.81 9.14 5.50 5.48 1.49 1.48

I 52.15 52.05 44.92  45.10 9.38 9.42 5.74 5.84 1.58 1.60

J 52.43 52.29 4495 45.13 9.43 9.35 5.78 5.79 1.50 1.57

K 51.73 5171 4499 44.69 9.52 9.54 5.52 5.60 1.54 1.57

L 51.71 51.44 44.68 45.16 9.12 9.32 5.54 5.47 1.49 1.50

a) ~e¢) Refer to the footnote of Table 3-1

Table 3-4 Individual result of water-soluble phosphorus (W-P20s) (%)a’

Lab ID” Compound Concentrated Com_pound Com_pound Com_pound

fertilizer 8 superphosphate fertilizer 9 fertilizer 7 fertilizer 10

A 48.30 48.49 36.24  36.07 12.68 12.81 2.87 2.84 0.96 0.96

B 48.45 48.41 36.06 36.10 12.49 1257 2.84 2.81 0.91 0.88

C 9 _ _ _ _ _ _ _ _ _

D 48.44  48.35 36.54  36.67 13.23 12.85 2.82 2.80 1.02 1.00

E 48.27  48.48 36.43 36.43 12.96 13.17 2.88 2.84 1.02 1.00

F 48.29  48.97 36.22 35.50 12.39 1246 2.77 2.77 0.83 0.82

G 48.89  48.88 36.55 36.67 12.80 12.77 2.91 2.88 0.89 0.90

H 48.84  48.75 36.39 37.16 12.21 12.60 286" 273" 0.90 091

I 48.53  48.56 36.17 36.19 12.46 12.41 2.79 2.79 0.82 0.82

J 47.76  48.60 36.36  36.52 12.70 12.76 2.85 2.87 0.89 0.89

K 48.32  48.08 35.78  34.97 12.63 12.48 2.76 2.74 0.84 0.88

L 48.03 47.69 35.78 35.78 12.58 12.67 2.79 2.80 0.94 0.94

a) ~e) Refer to the footnote of Table 3-1

3) BHTHRERUVEMBREE
SRV A RO LT RRBR AR (S R0 B P LT, BRATARYER 72 (s0) M O\BF THR S HE(R 72 (RSDy)
M ONZ == ] F SR E(R 22 (sr) M ONE R BURR G ME(R 22 (RSDR) % Table 4 (Z7RL7Z.

DA REONEHE (EEB S, LLFHEID)1X3.26 % ~25.36 % THY, ZOPHTHEHER (s) 1% 0.01 %
~0.12 %, PHTAEE #ER 7= (RSDy) 1 0.1 %~0.9 %, =5[] - EAE YE(R 72 (sr) 1% 0.03 %~0.20 %, =E[HFHH
A% #E(R 22 (RSDR) 14 0.6 %~1.9 % T o7=. IEMEV AR D EHIEIL 1.58 % ~42.29 % THY, ZDHHT
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PEYEMR 7= (s) 13 0.02 %~0.21 %, PFTHHRHEHE(R 7 (RSDy) 1X 0.3 %~1.2 %, =5 [ AF B MR 7= (sr) 13
0.03 %~0.37 %, == [WFH BRI HE (R 7 (RSDR) 14 0.8 %~1.9 % Tdh-7=. AIANED ABERD AL 1.55 %
~51.80 % THY, FDHHATHEEAENR 7 (s0) 15.0.02 %~0.32 %, HH{TARRMEYE(R 72 (RSDy) 13.0.4 %~1.5 %, == 4
PR HE(R 72 (sr) 1 0.06 %~0.48 %, == M AFHIAH R HER 72 (RSDR) 13 0.6 %~3.6 % Th-o7=. KiEMH A
FRODIfEIZ0.91 % ~48.43 % THY, ZDOPHTIEHENRZE (s) 13.0.01 %~0.29 %, HHTHHXHE (R 7 (RSDy)
1%0.5 %~1.4 %, == FHIEAERFE (sr) 13 0.05 %~0.47 %, ==[HHLFHAE (R 22 (RSDR) 13 0.7 %~7.2 %
ThHoT-.

WO TH R HE (R 722 (RSDy) B OVES [ 1 BUFF A A2 Y 72 (RSDR) &, AEEHSERBRIEY D224 M e il
DFNARSNTODEIREL ~UIB T DIFE D B ZOFRFM (B LD 2.0 %) WTHY, KEMD ABED
1 3Rk (R L) A BR< S 18 AR BUAR SHE MER 22 (RSDR) U, [A] H ZDOHiFAN Th-7-.

Table 4 Statistical analysis of Collaborative study results

Component sample Labs Mean” s RSD?  CRSD. sg? RSDr”  CRSDg’
p@? % ()’ (%) (%) (%)” (%) (%)
Designated 25.36 0.12 0.5 1 0.20 0.8 25
combined fertilizer
C]f:rrt':ﬁ’zoe”r”f 10(1)  15.07 0.05 0.4 15 0.18 1.2 3
Total
phosphorus Fish meal 11 8.57 0.08 0.9 2 0.16 1.9 4
(T-P20s)
ar%a;tsogng'er 9(2) 417 0.01 0.1 2 0.03 0.6 4
CLa: WS(:‘;"S 10(1) 3.26 0.01 0.5 2 0.03 0.8 4
Phosphate fertilizer 11 42.29 0.14 0.3 1 0.37 0.9 2.5
Fusedhmai”es'“m 9(2) 20.72 0.21 1.0 15 0.24 1.2 3
Citric acid- phosphate
lubl
soluble Compound 11 10.77 0.12 11 15 0.18 1.7 3
phosphorus fertilizer 2
(C-P20s)
%252’;”3 10(1) 415 0.02 05 2 0.03 0.8 4
?;’:Eﬁ’zc’e‘i”f 11 1.58 0.02 1.2 2 0.03 1.9 4

a) Number of laboratories, where p=number of laboratories retained after outlier removed and (q)=number of outlier
b) Average value after excluding outliers(n=The number of laboratories(p)xThe number of samples(2))

¢) Mass fraction

d) Repeatability standard deviation

e) Repeatability relative standard deviation

f) Criteria of precision for Repeatability relative standard deviation in Testing Methods for Fertilizers 2018

g) Reproducibility standard deviation

h) Reproducibility relative standard deviation

i) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2018
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Table 4 Continue
Labs Mean” s RSD? CRSD.” sr? RSDRr” CRSDR’

Component Sample N 9 9 9
p(q) (%) (%) (%) (%) (%) (%) (%)
Compound 10(1) 51.80 021 04 1 048 09 25
fertilizer 5
Concentrated 10(1) 4490 032 07 1 02 06 25
. superphosphate
Citrate-soluble c d
phosphorus fz:rt]iFl)ig:rnG 11 943 013 13 2 030 32 4
(S-P20s)
Compound 10(1) 557 004 0.8 2 017 3.1 4
fertilizer 7
Compound 11 155 002 15 2 0.06 36 4
fertilizer 4
Compound 11 4843 026 05 1 034 07 25
fertilizer 8
Concentrated 11 3621 029 0.8 1 047 1.3 25
superphosphate
Water-soluble c d
phosphorus f(émgsrng 11 1267 014 11 15 025 20 3
(W-P20s)
Compound 10(1) 282 002 06 2 005 17 4
fertilizer 7
Compound 11 091 001 14 3 007 7.2 6
fertilizer 10
4. F&OH

AEBF 3 B 1 D | TN S LT TR T F U BT B = AR EEEIC L A0 AR A &, UEPED AR,
AYRMED AU K OVKIEPED ABROFRBRIEIC DN T, 12 B T4 5 I (10 £0) Ok AW R B E 5
ML, BER=E MO FBEEL T L.

ZORER, AR EITEEIE 3.26 %~25.36 %0 T 0= M FF BLAH T 4R 22 (RSDRr) 1% 0.6 %~
1.9 %, <IEMEDABRIZ I 1.58 %~42.29 % D% % D= [ B X% (R 72 (RSDRr) 1 0.8 %~1.9 %,
AR AR T ERIME 1.55 %~51.80 %004 T2 0> i) FFELAH 6 #E (R 7% (RSDR) 13 0.6 %~3.6 %, /KI&
PED ABERI T2 0.91 %~48.43 %D #ii[H C-% 0 =5 [ FF B SHEE(R 22 (RSDR) 140.7 %~7.2 % Th 7. Ik
[l SRR A R O DA THR R HE(R 72 (RSDy) K OV [ BUAH AR ME (R 22 (RSDR) 1, MEEHSEBRBRVE™ 2 4 Mife
BOFNNREITODEREL ~IUZBIT DFE O B ZOFFRFMIHALINTHY, i 2 T 2HBUEE Tho
7-.

A BRRFIL-3RBREIE, BEICH SRR 0RBRIE O 2 Y PEfERR (SLV) REIL TR, HIZZOMFHT
BV TEBEMIEE L SN DB EGBRE O 2 4 MR (HCV) ICXRV IS =2 8005, b OBk
REIT ARG BR LY OPERERLHED Type B (SLV KOV HLV (X Z5F) (AL CWD I e fERd Lz,
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HERBRICTH Wl Wem by — Ty —T a bk Xatt, FAa—7 T 7RSS, YA LT
7 URAS A S ONE LR TR AR O SITHEE R L ET

X

1) ISO/IEC 17025 (2005): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025 :2006, FRBRFT M O AR DRES NI 45— M sk 18 )

2) NERHRHERAT S, BN 25 42 6 H 20 H, B 198 75, AoffUIE K 28 £ 3 1 24 H, BiH 5 73
5 (2016)

3) BEMOKEER &SR IEEHEGREIET TH 56— 5D " OBEIC I SEBMKE KO E 250 911 K%
ZHRET DM, BTN 59 42 3 H 16 H, RMOKER &R 695 5, KAt bk 11425 A 13 H, kK
PEAR 7R EE 704 5 (1999)

4) REMOKPER SR IERHERRHE SR T ERH —HE = S OBUEICIL-O X, MBI 15 55 MU S 55 — IH AR =
TS @B ORIEEIZZ DG A BECH T D2 EERN A EOLME, R 12 £ 1 A 27 H, &
MIKFER ERE 96 5, o Fpk 28 423 H 30 H, BAKES ERH 884 5 (2016)

5) JRMOKEEG SR RRERIE O S R ELUE, SR 12 42 8 A 31 HRMOKEEL SR 1163 5, ik
1B 30 42 2 H 9 B, BEAMKEER &RES 329 5 (2018)

6) JEMIKPEL &R  JERHRHE I DS BB O N E RIS 2 E O LD, BT 614E2 H 22 A, =k
IKFEB SR 284 5, BOfEUUETRL 30 4 9 H 5 H, RAMIKPER S~ % 1991 % (2018)

7) EMOKPEHE ZREAE 2 — (FAMIC) - BB % (2018)

<http://www.famic.go.jp/ffis/fert/bunseki/sub9_shiken2018.html>

8) ZHKFEAT, AT, & H—RS, /NEHEIS D AUBERBIEDOYEREIR A — T REV T T U T U E=T AR
JECRE R —, IEBHIFIEH , 5, 167~179

9) JRMOKPER  Fpk 30 LR EENEEE D E Ry DEVE MR A Z AT (LT DR K O AR SY
5347) (2018)

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

11) Horwitz, W., : Protocol for the Design, Conduct and Interpretation of Method-Performance Studies, Pure &
Appl. Chem., 67 (2) ,331~343 (1995)

12) AOAC OFFICIAL METHODS OF ANALYSIS Appendix D : Guidelines for Collaborative Study Procedures
To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL (2005) )
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Performance Evaluation of Determination Method for Phosphoric Acid in fertilizer:
Harmonized Collaborative Validation

Toshio HIRABARA !, Shin ABE 2 and Masahiro ECHI !

1 Food and Agricultural Materials Inspection Center (FAMIC), Sendai Regional Center
2 FAMIC, Sendai Regional Center (Now) Ministry of Agriculture, Forestry and Fisheries, Tohoku Regional
Agricultural Administration Office

A collaborative study was conducted to evaluate ammonium vanadomolybdate absorptiometric analysis for
determination of total phosphorus, citric acid-soluble phosphorus, citrate-soluble phosphorus and water-soluble
phosphorus in fertilizer. These components in fertilizer was extracted and analyzed by Testing Methods for
Fertilizers 2018 test procedures”, respectively. We sent 5 materials to 12 collaborators as blind duplicates. The
mean values of determination of total phosphorus, citric acid-soluble phosphorus, citrate-soluble phosphorus and
water-soluble phosphorus were reported 3.26 % ~ 25.36 %, 1.58 % ~ 42.29 %, 1.55 % ~ 51.80 % and 0.91 % ~
48.43 % as a mass fraction, respectively. In addition, the reproducibility relative standard deviation (RSDg) of
determination of total phosphorus, citric acid-soluble phosphorus, citrate-soluble phosphorus and water-soluble
phosphorus were reported 0.6 % ~ 1.9 %, 0.8 % ~ 1.9 %, 0.6 % ~3.6 % and 0.7 % ~ 7.2 %, respectively. Those
results indicated that each method has acceptable precision for the analysis of the components in these
concentration ranges.

Key words  total phosphoric acid, citric acid-soluble phosphoric acid, citrate-soluble phosphoric acid,
water-soluble phosphoric acid, ammonium vanadomolybdate absorptiometric analysis,
harmonized collaborative study

(Research Report of Fertilizer, 12, 94~108, 2019)
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8 fnEFEREDMERETE
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BEAR B, AR A"
F—TO—F JnEEeR, EEME, KEMINE, 71— AFEFROEE, SRR

1. [XC®HIC

E B2 A Rl o B 3T e rh, FeASENTISW T ISO/IEC 17025:2005 (JIS Q 17025:2005) V> 2k
FIHAZE LR O MR OB 2 N EERSN TS, ISO/NEC 17025 Tif, FEE-EFEH
F& % L2 S PED MRS NI FIEARE T D2 ERLTWS. FAMIC TiF, IEBHIRRE S TED O
JERED = HE A2 5532~V IARDE Bk OVEO B 7 1EZED TR E (BT, TAEEI &), )7 zo0n
T, TOMREEREL DD, NEIEELOEAVEICEE L eSSBS B IE D TN L, R— L=l
LTW5.

B R BRI T LI B S U 7 I B RRBR IR L2 DWW, MBEDIX AT I (R TR 1) 28 - J7 M O
Feige (— 3B == 1 LA 5 BR vE 0D 24 MEERR (SLV: Single Laboratory Validation) ) Z 22/ L, AF513% D
B N OV T R OPERE I A (B BGRABR = I LB 1A O 2 4 PERERR (MLV : Multi - Laboratory
Validation) ) Z# 5 ? L C\\5. ZOH 6= MR BURE E O MEREFI A 1L, BEEO/HNG RS BB S ORERIZIY
BERICFEAMIL TV end, 4 El, EERAICERE LS8 BEER = o 2 4 M8 (HCV : Harmonized
Collaborative Validation) J7 5\ K2Rl A4 TH728, ARy OIMNE (K0) L THREZ VSTV DI HE
A, <TEMEINEL K OUKEEMIN B CGE U RR e OMRES i) O3[R B E i L 7D T, 2O AR E
5.

7B, ALFERB IO TR 72 LR AR E O X IERER L, BAKEER DR 30 4 JEEH
DERRSy OYVE MR LT EE (BRI OB O54T) | (LT, [EFEFEE 140D, ) 1O TEES
7z.

2. MHBIUVAE

1) HEMHSBRARHMRUARFABRAABORR

JEAE L CHEBL COBHEANE, FREINELE £, UM R OEOBRE, %S T fRE (RIER,
INELZ & Tl ATt (LOREAR) , AN 25 e RIPERE A I, N B4 5 e SR BE IRl o A A I B DN RN
ek, HBHE 500 um DRSOV 28Il 5 Tl IRALIZ. 2055, MBREH Z &I 5 MO MLk 4 1%
R, MEARITAK) 95 g, HHEMTILAR 19 g, ATHENE GEIBIID (34 47 g, AWEHENE (25
i) 1345 9.5 g 2N NAL RV AR ORIAT L 44 fHFHEL TEEL.

[RICRRBRIE F B 9550k 220 f (44 X 5) IZELHRZ W TT U DTE SR L, SBHEERILTC.
IO LI S FHAORE D HEL R O TIERIZ 104 D5k Y, WHEIERBRAFEERIE L. K
iz, BRI H 22T 5 SO L — 7 B IEESITE T 2 BT oL, —RBRERICEA 5 IR
FRERHIRRIE L, SRR 2= 5 S R UOR A Y i L7z

LRSTATBOE N EMOKPEH B e e 2 — L 27—
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YR PR BR BN TR e B O OZRE T BT R A LT, BBMERBRIC LD, SRBL OB E M RS
iz te, el aliER RO & L [FRBR 2 INEABR = I Tk T LTz,

2) EERURAR
FZ R BICREL CWDARY ML —k (CUIE) , TEIR E i@ EERIRDEEHE, F T XREERY
TR S OV W e B E A FH L7z

3) RBAE

N A8 <ERVEINE, KPS GE ) K ORI R FEE5HH) Rt & ONEIE L, Table 1
DERBVIEEHERBRTED DA RBR T 1EZ AW, 0B, B2EDT0, 4Bk )7 1k0 71— —h (Schemel~4)
L7z,

Table 1 Component and Measurement

Test item Component Testing Methods for Fertilizers (2018)
number Measurement
1 Total potassium (T-K20) 43.1.a Flame atomic absorption spectrometry
(4.1.2) Incineration-aqua regia digestion
2 Citric acid-soluble potassium (C-Kz0) 4.3.2.a Flame atomic absorption spectrometry
(4.1.1) Constant-temperature rotary shaker:
3 Water-soluble potassium (W-Kz0) 4.3.3.a Flame atomic absorption spectrometry
(4.1.1) Heat on a hot plate to boil:
4 Water-soluble potassium (W-Kz0) 4.3.3.a Flame atomic absorption spectrometry

(4.1.2.1) Rotary shaker:
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5 g analytical sample

Charring

Incineration

Standing to cool

Heating

Heating

Standing to cool

Heating

Standing to cool

Transfer

Filtration

Sample solution

Aliquot

Measurement

Weigh to the order of 1 mg into a 200-mL - 300-mL tall beaker.

Heat gently
Ignite at 450 °C + 5 °C for 8 - 16 hours

Room temperature

«— A small amount of water
«— About 10 mL of nitric acid
< About 30 mL of hydrochloric acid

| Cover with a watch glass to digest

| Slightly move the watch glass and remove acid

Room temperature

< 25 mL - 50 mL of hydrochloric acid (1+5)

| Cover with a watch glass to dissolve

Room temperature

100-mL - 200-mL volumetric flask, water

< Water (up to the marked line)

| Type 3 filter paper

100-mL volumetric flask, water

< About 10 mL interference suppressor solution

< Water (up to the marked line)

| Atomic absorption spectrometer

Scheme 1 Flow sheet for total potassium in fertilizers (Measurement procedure)
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1 g analytical sample Weigh to the order of 1 mg into a 250-mL volumetric flask.

< 150 mL citrate solution [about 30 °C]

Constant temperature rotary shaker (30 - 40 revolutions/min)

Shaking to mix 30°C + 1 °C, 1 hour

I
| Cooling | Immediately

< Water (up to the marked line)

| Filtration | Type 3 filter paper
I
| Sample solution |

I
Aliquot

(predetermined 100-mL volumetric flask
amount)

< About 10 mL interference suppressor solution

< Water (up to the marked line)

Measurement | Atomic absorption spectrometer

Scheme 2 Flow sheet for citric acid-soluble potassium in fertilizers (Measurement procedure)

2.5 g analytical sample

. Weigh to the order of 1 mg into a 300-mL tall beaker
(potassium salts, etc.)

< About 200 mL water

| Heating | Cover with a watch dish, boil for 15 minutes
I

| Cooling |
I

| Transfer | Water, 250-mL volumetric flask

< Water (up to the marked line)

| Filtration | Type 3 filter paper
I
| Sample solution |
I
Aliquot
(predetermined 100-mL volumetric flask
volume)

< About 10 mL of interference suppressor solution

< Water (up to the marked line)

Measurement | Atomic absorption spectrometer

Scheme 3 Flow sheet for water-soluble potassium in fertilizers
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5 g analytical sample

. Weigh to the order of 1 mg into a 500-mL volumetric flask
(compound fertilizer)

< About 400 mL water

Rotary shaker (30 - 40 revolutions/min)

Shaking to mix For 30 minutes

< Water (up to the marked line)

| Filtration | Type 3 filter paper
I
| Sample solution |
I
Aliquot
(predetermined 100-mL volumetric flask
volume)

< About 10 mL of interference suppressor solution

< Water (up to the marked line)

Measurement | Atomic absorption spectrometer

Scheme 4 Flow sheet for water-soluble potassium in fertilizers

4) HEFEBRARMOHEEHER

IUPAC/ISO/AOAC D fERER 7 bl 12 BB PERRBRICHE Y, 1) IZRviliish A3t 200 30EHT
DNWTC, ZRtHFEVOZFEOITREBNCRN T, FBEHI X 2 M T T, & BRIE H 1Tk 72 iR 35k
EC Xy rant-.

5) HRIFER
FRERIZSINUTZ 10 FRBR =R K QK mBR B T L7Z R T B IX L T O LB THY, FNE DR
BREIZ W T DICIVEfF SN2 5 40 3k e, KRUEHIXIG T 5 3) OFRER T IEICHE > Totrsiiz.

- M Ea—7 77 UGS JbiRE 5 (B2 ZA-3300)

- o rek st LY (SEEUERT AA-6300)

- MSZATEUE N BEMKEEE B 22tz 2 —f Pt 2 — (AL Z-2310)

« MNTATBUE NRMOKPEHE L2t 27—l #— (AL Z-2310)

- MSZEATEUE NEMKEEIE B 22t 2 — et #— (B Z-2310)

© MNZATECE N EMOKEN B R 22 —4 B2 — (H . Z-2310)
o« WNTATECE N EMOKPEN T 2t # —1@ itz % — (Thermo SOLAAR M5)
© MNTATBUE NRMOKPEE B i o 2 — A58 (B ERT AA-6800)
- RV UERMER S AR T (R R ERT AA-7000)

- BRIV UNERMER S 22k T8 (RERAERT AA-7000)

(50 FNE)
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3. HWRRUER

1) HERHBRARMOHEMRER

FAEF Y OZ RN SIS ST 10 30BHE 2 SO T T LI S MERRER O Al O R Ml (%)
Je OV D REFEIZ DN T — It & 5 BT 0 DA DI f G &5 WV TR U7 DM TAE HE R 2= (s, ), #RHH
FEYEAR 72 (spp ), DTS E 25 Toal B AR YER 22 (spyp ) & Table 2 (oRUTo. SHIC, ERFERBRIED IORS
NTWHERFBLUREE O H %2 (CRSDr) X OB HH (R 1) L7 HEE E M A BUT R (6 ;) & Table

2 IZ/RLTz.

BPEMEDHIE L, IUPAC/ISO/AOAC DHFFERER 7 b 'Y O FlEE S ZICFEMLT-. £T, REREED
SRS TR T AT, BERAEIZ OV T Cochran DMIEZ EfELT-. ZDFE %, T _XTORSIZBNT
SANEIZRDO LN 2T2D T, ZTUHDRAEIC DWW T — Ll &S oz FZ L7z, &I
IUPAC/ISO/AOAC D figatBR 7 mh=/L (1993) "W E R (X 2) & -V T MO HE AT o7, ZDORER,
FTRTOEFICBNTHIER (X 2) 272U QW22 end, i NI E ThEZ LaMRLIZ. 728,
ZEDTD, AL T TR EZ S ORI EIR 2 (sp4 ) R LTZEZA, WT IO HE6 § LELE
LCHoI/hSWETH-T-.

6 g = CRSDg X %/100 <e- (K1)
spp < 0.30, =036, <o (A2)

Spir = /Sr2+sbb2 «ee (X3)

G p - HETE ) P B e R 22

CRSD g IERFEFRBRED IR SV COD R ] FFBLURE E (SR [ PR B M R 22 (%) ) 0 B %2
X REEE sy PHTEE YRR 22

0, Z A VERERR AT H B & L7 AR Ve 75

Sbp : PUEHEE (R 722 Spar : DHTHEE 25 T bRk AR HE (R 22
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Table 2 Harmogeneity test results of total potassium, citrate soluble potassium and water-soluble potassium
= a) ) d) e) " 5.8 03657
Component Sample No.of 3 ) Srb Sbbb Sb+rb CRSDRr" ORr i URb
sample 9)” @)Y )" () %) (0)” ()"
Compound 10 2374 006 0035 0.07 3 0712 0.214
fertilizer 1
Compound 10 1375 006 0057 0.08 3 0412 0.124
fertilizer 2
Total c d
potassium f:rrgl"i’zoe“r”B 10 884 003 0046 005 4 0354 0.106
(T-K20)
Dried microbes 10 2.68 0.01 0.008 0.01 4 0.107 0.032
Castor pomace 10 1.85 0.007 0.006 0.009 4 0.074 0.022
Byproductorganic 1 57959 020 0270 0.35 25 0947 0.284
fertilizer 1
o Potassium silicate o 1999 018 0040 0.9 3 0600 0.180
Citric acid- fertilizer
soluble Compound
potassium fertilizer 4 10 10.23 0.05 0.017 0.05 3 0.307 0.092
(C-K20)
Compound 10 469 002 0031 004 4 0188 0.056
fertilizer 5
Home garden-use 10 198 001 0018 0.02 4 0079 0.024
mixed fertilizer 1
Potassium sulfate 10 47.60 0.15 0.000 0.15 2.5 1.190 0.357
Byproduct organic
Water-sgluble fertilizer 1 10 35.15 0.19 0.000 0.19 2.5 0.879 0.264
potassium Potassi )
-Heat on a hot * O'@sSIUM MAGNESM 1 51 25 007 0069 0.10 3 0.651 0.195
) sulfate
plate:-
(W-K20) Compound 10 353 002 0009 0.02 4 0141 0.042
fertilizer 6
Home garden-use 10 175 0005 0012 001 4 0070 0.021
mixed fertilizer 1
a) Grand mean value ( n = 10xnumber of repetition(2) )
b) Mass fraction
¢) Standard deviaton of repeatability
d) Standard deviation of sample-to-sample
e) Standard deviation of sample-to-sample including repeatability s, ,.=/s,2 + s,,,2

f) The aim of Rerative standard deviaton of reproducibility in Testing Methods for Fertilizers 2018

g) The estimated standard deviaton of reproducibility calculated based on CRSD R

h) The value for the test : Spp < 0.30, =036
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Table 2 Continue
p— f) n Y
No. of X a) Sr ©) Sbb d) Sb+re) CRSDr O'Rg) 0.30'Rh)

Component Sample

sample (90)”  (w)” (W) (W) () (W) (%)’
Compound 10 25.08 009 0115 0.15 25 0627 0188
fertilizer 7
Compound
Water-soluble ol 10 19.99 008 0093 0.12 3 0.600 0.180
potassium c ]
“Rotary fort'?f_’oung 10 1482 005 0.066  0.08 3 0.445 0.133
shaker:- ertilizer
(W-Kz0) Compound 10 433 003 0.000 0.03 4 0.173  0.052
fertilizer 10
Home garden-use 10 169 0009 0006  0.01 4 0.068  0.020

mixed fertilizer 1

2) HEHBREBERVSNINERTE

FRBRED DR E SN FRBR K% Table 3-1, 3-2, 3-3 KUY 3-4 ([TRLT-. & RO MRk F
% \UPAC D3 FFABR 7 b=l 3 W Z > TRFHAEE L 7=, SRBRRGE DA E i H 957281 Cochran @
WUE R O Grubbs ORUERFEMLT-. 7ads, MR OWTIE, BRI L0 OH TR B Sz & 70
ST 1VRBRE O 1 B2 REMELFM L2, ZORR, 10 MBREORBAA DO D, IMEAEITOWNTILS
RHEORE DY, 2 FEHORETH 1 BRBREOBEL, TEHEMERIZOWTIE 5 MEOIE O, 1 1
FORET 1 3RE O WAL, Cochran DREIC LV IMUEE L CHIESIT=. Grubbs DRREIZ LUl E
HESNARER T e h o7z

Table 3-1 Individual result of total potassium (%)a)
Lab ID” ?::Sﬁ:eurnf ?::Sﬁ:eurng ?::Eﬁfeing Dried microbes Castor pomace
A 25.40 25.16 14.23 14.03 9.11 9.12 2.68 2.67 1.81 1.80
B 25.04 25.15 14.21 13.98 8.91 8.89 2.63 2.63 1.84 1.81
C 25.00 24.96 14.00 13.99 9.00 8.97 2.66 2.64 1.83 1.82
D 25.31 25.24 14.08 14.25 8.96 9.02 2.72 2.69 1.86 1.85
E 25.67 25.02 13.90 13.76 9.37 9.03 2.67 2.68 1.83 1.82
F 25.37 25.62 13.207 13.89% 9.14  9.10 2.65 274 1.80  1.84
G 2534 .9 14.37 14.56 9.28  9.22 2.62  2.68 1.82  1.87
H 25.16  25.15 1413 14.22 9.23 9.12 2.66 2.71 2677 183
| 24.69 25.03 13.78 14.02 8.69 8.95 2.61 2.63 1.78 1.77
J 2452 24.49 13.67 13.66 8.47 8.50 2.67 2.58 1.79 1.80

a) Mass fraction

b) Laboratory identification
¢) Outlier of Cochran test
d) Outlier of test failure



INELABREOVERERTAL — 3t [FIRABR A — 117

Table 3-2  Individual result of citric aicd-soluble potassium (%)a’

Lab 1D B{)I:;Zg?:t _ _Potassium Compound Compound Ho_me gard_e.n-use

fertilizer 1 silicate fertilizer fertilizer 4 fertilizer 5 mixed fertilizer 1
A 38.23 38.13 20.72  20.59 10.68 10.64 4.75 4.78 1.94 1.94
B 37.65 38.52 20.47 20.37 10.49 10.50 4.75 4.75 1.95 1.93
C 37.84 38.21 20.24  20.10 10.43  10.46 4.69 4.70 1.92 1.93
D 39.67 39.89 20.70  20.70 10.70  10.73 5.07 5.07 2.01 2.03
E 36.56 38.19 20.65 20.53 10.98 11.21 4.84 4.84 1.92 1.90

F 37.87 35.56 20.02 20.09 10.26  10.17 4.72 4.68 1.89° 2.51°

G 39.04 38.09 20.46  20.66 10.44 10.50 4.69 4.63 1.95 1.96
H 36.95 37.88 19.96 20.20 11.17 10.60 4.80 4.83 1.98 1.97
I 38.72 37.71 20.25 20.12 10.47 10.32 4.84 4.85 1.94 1.91
J 37.39 37.43 19.97 19.64 10.73 10.41 4.69 4,73 1.94 1.94

a) ~d) Refer to the footnote of Table 3-1

Table 3-3  Individual result of water-soluble potassium (Heat on a hot plate to boil:) (%)a)
iy PO SRR em Compund
sulfate fertilizer 1 sulfate fertilizer 6 fertilizer 1
A 51.15 51.35 36.50 36.57 22.60 22.88 3.50 3.47 1.73 1.74
B 51.97 51.79 36.13 36.10 22.17  22.23 3.48 3.49 1.73 1.74
C 51.04 50.99 36.12 36.24 22,12 22.37 3.47 3.45 1.73 1.75
D 51.18 51.44 36.92 36.34 22.95 22.72 3.48 3.50 1.74 1.77
E 50.70  50.59 35.81 36.34 21.87 21.89 3.41 3.42 1.68 1.67
F 51.24 52.10 36.71 36.50 23.41 22.64 3.46 3.48 1.71 1.75
G 51.82 51.49 36.68 36.47 22.80 22.64 3.40 3.40 1.73 1.75
H 49.76  49.84 34.95 35.00 21.90 22.56 3.40 3.39 1.69 1.70
I 51.36 51.45 36.96 36.67 22.69 2231 3.52 3.52 1.78 1.77
J 51.48 51.13 35.74 35.74 21.44 21.26 3.52 3.55 1.78 1.72

a) ~d) Refer to the footnote of Table 3-1



118 REEHFZE RS Vol 12 (2019)

Table 3-4  Individual result of water-soluble potassium (Rotary shaker:) (%)a’
b) Compound Compound Compound Compound Home ggrden-
Lab 1D fertilizer 7 fertilizer 8 fertilizer 9 fertilizer 10 use.r.nlxed
fertilizer 1
A 26.31 26.49 20.53 20.53 15.27 15.31 4.39 4.43 1.69 1.70
B 26.66  26.49 20.63  20.53 14,98 14.98 4.44 4.40 1.70 1.70
C 26.63 26.72 20.60 20.69 15.10 15.04 4.40 4.40 1.69 1.70
D 27.02 26.94 21.03  20.93 15,55 15.36 4.55 4,54 1.76 1.76
E 26.84  26.97 21.08 21.06 1543 15.52 4.49 4.48 1.73 1.72
F 27.30 26.92 21.03 21.20 15.29  15.50 4.57 4.46 1.67 1.68
G 26.49 26.43 20.79  20.50 15.17 15.40 4.36 4.38 1.71 1.69
H 26.42 26.74 21.10 20.93 15.40 15.59 4.43 4.47 1.75 1.71
I 26.91 26.64 20.84 20.98 15.34 15.37 4.63 4.71 1.74 1.76
J 26.86 26.70 20.67 20.19 1456  14.79 4.42 4.45 1.67 1.65

a) ~d) Refer to the footnote of Table 3-1

3) BHTRERUVEMBEREE

S IUEZ BRAN TR BR AR I RO B S W U TS EE, DF TAR TR 22 (s0) M OMDF TAR SR HE (R 22 (RSDy)
A ONT =5 [ P B YR 72 (sp) M OV [ - BUAR 6 A7 42 (R 7= (RSDR) % Table 4 (/R LTz,

IS OFEIEIL 1.82 % ~25.11 % THY, ZDHHATEEENRZE () 13 0.02 %~0.19 %, P THEXHE HE(R
7% (RSD) 1% 0.8 %~1.3 %, =M HFBUZHER 7 (sp) 1L 0.03 %~0.33 %, == FFHLFHRHME (R 7= (RSDR) 13
1.3 %~2.6 % Th-o7=. IEMEMBOFHEIL 1.95 % ~37.98 % THY, TOUITIHEUER 2 (sr) 1% 0.01 %~
0.77 %, DT X HE(R 72 (RSDY) 1% 0.4 %~2.0 %, =5[] iR B (R 72 (sr) 1% 0.03 %~1.00 %, =5[] AR
SR ENR 22 (RSDR) X 1.6 %~2.6 % Thho7. KREEMIMNE G UML) OFEIEIX 1.73 % ~51.19 % THY,
ZDOPHATIRMENR 75 (s1) 14 0.01 %~0.27 %, DFATHHXIAR #E{R 75 (RSDy) 13 0.4 %~1.2 %, =[] fF- BT HE(R 75 (sr)
1% 0.03 %~0.63 %, [ HIAEHENR = (RSDR) 1X 1.2 %~2.4 % Th-o7-. KIEMEINE (REHHH) D
PIEIE 171 % ~26.72 % THY, ZOPHATHEMERZE (1) 1L 0.01 %~0.15 %, P THRHMEHE(R 2 (RSDy) 1%
0.6 %~0.8 %, E[HFFEHIEHE(R = (sr) 1% 0.03 %~0.27 %, == [ FFEAH cHE HER 22 (RSDR) 1% 0.9 %~2.1 % T
o7,

WO P TR (R 72 (RSDy) S OV [ 1 BUAE eHEE YE(f 22 (RSDR)  AERHSE BUBRIE D 2 4 MR
FIRICREN TODEIREL ~IUICBIT DR E D H L OFF RGN Th LI e D, RiEDR; EILIFERE
OYERERYEICHE AL TWDZ LA iR L.
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Table 4  Statistical analysis of Collaborative study results for total potassium,
citric acid-soluble potassium and water-soluble potassium
Labs  Mean” s RSD.? CRSD! sr” RSDr" CRSDR’
Component Sample 3 9 9 9
p(q) (%) (%) (%) (%) (%) (%) (%)
Compound 9(1) 2511 019 08 1 033 13 25
fertilizer 1
Compound 9(1) 1405 012 08 15 025 18 3
fertilizer 2
Total c d
potassium f:rrgl?zoet:nB 10 9.00 011 1.2 2 024 26 4
(T-K20)
Dried microbes 10 2.66 0.03 1.3 2 0.04 15 4
Castor pomace 9(1) 1.82 0.02 1.0 2 0.03 15 4
Byproduct organic 10 3798 077 20 1 100 26 25
fertilizer 1
- Potassium silicate 10 2032 012 06 15 032 16 3
Citric acid- fertilizer
soluble Compound
potassium fertilizer 4 10 10.59 0.16 1.5 1.5 0.28 2.6 3
(C-K:0)
Compound 10 479 002 04 2 012 25 4
fertilizer 5
Home garden-use o 1 495 001 06 2 003 17 4
mixed fertilizer 1
Potassium sulfate 10 51.19 0.24 0.5 1 0.63 1.2 2.5
Byproduct organic
Water-sc_)luble fertilizer 1 10 36.22 0.20 0.6 1 0.57 1.6 2.5
potassium Potassi ]
-Heat on ahot "O'SSMUM MAgNesIuM =5 5527 927 12 15 054 24 3
. sulfate
plate:-
(W-Kz0) Compound 10 347 001 0.4 2 005 14 4
fertilizer 6
Home garden-use 10 173 002 11 2 003 18 4

mixed fertilizer 1

a) Number of laboratories, where p=number of laboratories retained after outlier removed and (q)=number
of outliers or test failures

b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier and test failure removed (n=The number of laboratories(p) X The number of repetition(2))

¢) Mass fraction

d) Standard deviation of repeatability

e) Relative standard deviaton of repeatability

f) Rough standard of relative standard deviation of repeatability in Testing Methods for Fertilizer 2018

g) Standard deviation of reproducibility

h) Relative standard deviation of reproducibility

i) Rough standard of relative standard deviation of reproducibility in Testing Methods for Fertilizer 2018
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Table 4 Continue

| Labs  Mean” D RsD? CRSD.” sr¥ RSDR” CRSDR’
Component Sample 2 o0 o0 . . e . .
p(q) (%) (%) (%) (%) (%) (%) (%)
Compound 10 2672 015 06 1 025 09 25
fertilizer 7
Compound
Water-s(:)luble fertilizer 8 10 20.79 0.14 0.7 15 0.27 1.3 3
potassmm c q
-Rotary fOT.I‘.’O“”g 10 1525 011 07 15 027 18 3
shaker:- ertiizer
(W-K20) Compound 10 447 004 0.8 2 009 21 4
fertilizer 10

Home garden-use

mixed fertilizer 1 10 171 0.01 0.7 2 0.03 1.9 4

4. F&H

B R BRE D I S - N B A B, <YAPEANER, JKVAMENNE GE B IhH) K& OUKEPEIN B (R &5l
M) FBRIEIC OV T, 10 3B EE T4 5 FH (10 43) OREHE L [RIBRBRZ 5L, SRR EE ) o AR RS B 23R
HEL-.

ZORESR, IR AEONYYIE 1.82 %~25.11 %OHEIPHIZIST, M B xR R 22 (RSDr) X 1.3 %
~2.6 %, <EMENNEOFEIE 1.95 %~37.98 %DFIFHIZIUNT, = FFEAHXHE (R 7 (RSDr) (X 1.6 %~
2.6 %, KIAMINE G OFEME 1.73 %~51.19 %OHiPHIZI\NT, == M BLUHE 6 % R 2= (RSDR)
1% 1.2 %~2.4 % K OUKEMEIN B (RED ) OV-HIME 1.71 %~26.72 %D FEFHIZ I T, S - BLAH xR e
{72 (RSDR) 1% 0.9 %~2.1 % Th-o7-. ZNHODE R FEABXHEUE(R 2= (RSDR) 1F, JEEHEGRERIED D22 1
EFRDFNURSI TODKIREL ~UZ BT HREE O B ZOFF RN ThH -7,

AR U7 BRTE B OPEREY, BEICH —RBRRICLDRBRIED Z 41 ORER (MLV, SLV) &N TH
0, JEEMERERED OPEREHIUED Type C(MLV K O} SLV) X% Type D (SLV) EL CEHEES LTS, L ED
FERLY, EESANAERE L SN AEEERE O Y MR (HCV) S 7 IEE LT, IERFERBRED O M e
YD Type B(SLV L TNHCV) EL TR 22 L3 Al gL 7o 7.

5. B
LA FER O E ST N TEW ., ABHEE IR BT i s & OSE R~ INTAEW ., R B=a—7"7 7Y
BRAEtt dbESE, o7 ke I T, AU EEE S B R T N L R
BHEASHE Z IO EEZR LET.
X &
1) ISO/IEC 17025 (2005): “General requirements for the competence of testing and calibration laboratories”

(JIS Q 17025 :2006, kR T M OMZ IEREREDRE N+ 5 — X Bk I )
2) MEBHEGREERET TS, MR 25 4F 6 A 20 B, BURH 198 5, FofSSUEER 28 4 3 H 24 H, BUmHE 73
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5 (2016)

3) BMKEA ST ERERHERIT S — &0 ZOBEIZE ST RMKEREDIRE T HH A K%
ZHEET DM, WBFN 59 43 H 16 H, BAMOKPER & /RH 695 &, HAUETR 11455 H 13 H, EAHK
PEAR 7R EE 704 5 (1999)

4) RBMOKPEEA S IEBHBGRIER + 4R — I = 5 OB -OX, IUBHEURGE 55 U 556 — D5 —
TG T D@L OPRAEZEIZE DG A BEFLH T D FEE R EO DI, Rk 12 41 H 27 A, &
MOKPEEB &5 96 5, BofC bRk 28 47 3 H 30 H, EAM/KES 55 884 5 (2016)

5) JEMIKPEE SR RERIER O SVE FOREEUE, SR 12 4F 8 A 31 HERMOKPER 55 1163 7, fieféik
IR 30 422 1 9 B, EMOKEER &R E 329 45 (2018)

6) FEMIKPERL EoR  IERHRE IR S X B AREI O AN EH 2 EOLHEOM:, BHFI614-2 H 22 H, Bk
IKPER ETRE 284 5, IcHSCETRK 30 42 9 H 5 A, EMOKPER &R EE 1991 75 (2018)

7) JRMOKPEHE L 2B 2 — (FAMIC) : IERHERER L (2018)

<http://www.famic.go.jp/ffis/fert/obj/shikenho 2018.pdf>

8) MERAN, AN Z, AFHMIE THIRNEEE, 7o I OB LB o FEZE72 R 50 % O RBRIE D R HE
b, NUEHFFE R, 3, 107~116

9) AATHENG, BEAA N B RBRIEOVERETIA, AREHFZEH A, 5, 190~200

10) JEMOKPER : FRk 30 AR 0> 32 pR oy 00 5 B M e AR A 22 RE 92 (I Bk o BL R 53 D 53 HT)
(2018)

11) Thompson, Wood, R.: The International Harmonized Protocol for the Proficiency Testing of (Chemical)

Analytical Laboratories, Pure & Appl. Chem., 65 (9), 2123~2144 (1993)

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

13) Horwitz, W.,, : Protocol for the Design, Conduct and Interpretation of Method-Performance Studies, Pure &
Appl. Chem., 67 (2) ,331~343 (1995)

14) AOAC OFFICIAL METHODS OF ANALYSIS Appendix D : Guidelines for Collaborative Study Procedures
To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL (2005) )
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Performance Evaluation of Determination Methods for Potassium in Fertilizer:
Harmonized Collaborative Validation

Hisanori ARAYA! and Kimie KATO!

1Food and Agricultural Materials Inspection Center (FAMIC) , Sapporo Regional Center

It has been verified performance that determination of total potassium (T-K2O), citric acid-soluble potassium
(C-K20) and water-soluble potassium (W-K20) by atomic absorption spectrometry described in Testing Methods
for Fertilizers. We conducted a collaborative study by means of international harmonized protocol to evaluate for
determination of total potassium, citric acid-soluble potassium and water-soluble potassium in fertilizer by atomic
absorption spectrometry. Five samples passed the test for homogeneity, respectively, were sent to 10 collaborators
every method. These samples were analyzed as blind duplicated. After identification of outliers with
Cochran test and Grubbs test, the mean values and the reproducibility relative standard deviation (RSDg)
of determination of total potassium were reported 1.82 %~25.11 % as a mass fraction and 1.3 %~
2.6 %,respectively. Those of determination of citric acid-soluble potassium were reported 1.95 %~37.98 %
as a mass fraction and 1.6 %~2.6 %, respectively. Those of determination of water-soluble potassium
((4.1.1) heat on a hot plate to boil) were reported 1.73 %~51.19 % as a mass fraction and 1.2 %~2.4 %,
respectively. Those of determination of water-soluble potassium ((4.1.2.1) rotary shaker) were reported
1.71 %~26.72 % as a mass fraction and 0.9 %~2.1 %, respectively. These results indicated that each
method has acceptable precision for determination of total potassium or citric acid-soluble potassium or
water-soluble potassium in these concentration ranges. In conclusion, those results demonstrated these
methods were validated for the determination of total potassium, citric acid-soluble potassium and

water-soluble potassium.

Key words  total potassium, citric acid-soluble potassium, water-soluble potassium,
Testing Methods for Fertilizers, harmonized collaborative validation

(Research Report of Fertilizer, 12, 109~122, 2019)
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ZEHE, E~ O RUGHER (#ife)

%EIJJ%JI\ 1, )F-/LE):' & |:| , /J\%@/L‘ , *THJ%D%2 }\ﬁ%{,&f&
T JRRIG T2, Ve RMEEASS, BTl ST
F—DI—F  HGURAEL, HEAHERER, TRIV LA

1. [XC®HIZ

AEEL DA ERAGY TIIIBRIEEH R O G B2 SNDIIRIVLORKELLT, [EHHFRME 2o, )
1T 0.0005 %LEDHHNTIY, BIRILEHIZ OFPHPIICISWTHL@, fiHSh s, —77, 15TRIEENO fi
&Y HRICAR SN BB SEEL, BICEMICHA 358 HEORRE 282 TREM~BITL, A&
A ER BN AEFESNDZ ENBRESN TS, 2009 4 3 HIZEMKEG NDRRESZTTEIRIEEI O
Hl OB I T HIBHEAWE ) PITBNC, 13 FRFEMTHIENNERFENIRE LT, ARV
LEATRMEOR PRI RAEET 5700, HEIREEIOEAIZ V@ F I AR RIY AOZEFEEA T
HTHAE AL, ARV LERILST WV EIEM AR L, P ~OWINOG I, FLEATHSLLE DD &
Sz, ZoZEnD, IEEIOF &K OVZ R OMERIZL IR I B T 27 AR E L C, 1GIRRED
H MR A ML, IRV LD TEEAOFEFE K OVEV R ORI &2 fEE 5.

2009 A EAEY 5 2017V EEMEE TRRA LRGSR, IR0 AR FE DS Ll 0 i TR AR 8 L7 5B (X
GGV X (2B W T HER ORI RIY AR E I EFEM AR LD, FERIRICOWTE, 408z
AARIVLPRED EAMEMITFED OV, 2L, HIRIERF OARIT AIZEIZ 0.1 mol/L R IEDIE
RECIEELTWAR, IR L2 % I3 R b ENAHZ 82 XD, TEM RISV RBE THEEL TV
ZHIZEBEE Z BN, AHROARBALDED IZVEMIR A~ D AR IT LWRFEITH B LW B2 HNDD, Rl
DR EIEL AT D EENRESIND. 2010, HIENMEHF CX AWM AA D RIY AOf K& (i
FR) BRSO ENEELE XD,

£oT, 2017 FAAMEKL N 2018 FEARIC OV TH B ERE TR LI TOLEBIT, B RATRAE T 572010 KR
EFTo1-DTE O EERETD.

2. MHRUAZE

(1) HLEieesE

FRUEEHI RS TS URIGIRIERI 2 FA L7z, o3 43T R Table 1 D30,
FRHEDI R NE 92 AR K OB VRIS F DX THIIEAE B U TRRGE D IR 3R, U R — T B =0 AR UM
eV DA LTz GTRAEEL K O IEAEEL D25 Bl 53 D 3 BT I AR SRR BR 1 | 2 o 7 (R IEAREL D Bk 43 B

VOMSTATEUE NRMOK N B Z R 2 2 — IR A (B) e o 2 —
2 PSTATBOE N AR EETH B 22 i v o 27 — R B2 AR AR
5 OPSTATBOE NBMOKEE B 2 it o 2 — R A (B) 4 B e 2 —



124 REEHIFFZEE#R S Vol. 12 (2019)

1% Table 2 1Z/RL7=).

Table 1 Properties of sludge fertilizer

Item Unit Content  Item Unit Content
Total nitrogen % 3.3 Total copper mg /kg 546
Total phosphrus (P20s) % 5.2 Total zinc mg /kg 1760
Total potassium (Kz0) % 0.4 Carbon to nitrogen ratio — 7.1
Total calcium (CaO) % 2.1 Total cadmium” mg/kg  3.67
Organic carbon % 23.6  Acid-solubility-cadmium® mg /kg 3.2
Moisture % 26.1

a) Mass fraction

b) 4.9 mg /kg in the dry matter

c¢) 4.9 mg/kg in the dry matter

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

Table 2 Properties of reagents

ltem Unit Urea Ammonium dihydrogen Potass-ium
phosphate chloride
Total nitrogen %? 46.2 12.0 —
Total phosphrus (P20s) % — 61.5 —
Total potassium (Kz20) % — — 63.1

a) Mass fraction

(2) faktiE

AT Y o2 — A (B ERSWoEm) THEELC. HEOREIIEARZ - THY, LML
<ETHD. 2009 FEAEND 2018 FEEAEE TO HIFEDFLF4E (pH, EC, CEC, TN, TC, fAZhEN /LB, A Hh
PEINER, ZZHaME A K J OB 1) % Fig.1 1.

pH (%, 13O Cd EREICH X DB BN REN0, pH6~pHT (27255912, RERBAME D 34H, 54
H, 6 £ H KON 7 4F BIZIRERT 40 R K ONH A JR & AW C pH 58 &1 T 572, 7 45 H OAAELIFEIT pH6.4 2
JEIZRZEL TS,

ECIZ, RERBIAALIKE, 0.1 mS/cm~0.2 mS/cm DO#iPH T EFHM AR TWeZE b, 64 H D ZELIRE,
ERNPEELTERL COERBAT o E=U AEJRFICETL/AER, EABMAOIECTO1 IR TLEL
HERBZRL T,

HRNRED AUBRIE, M HEHE ARSIV TERARY HICB 2 A VAR S A B B EE 7+ 100 ¢
4720 10 mg LA F 100 mg LA FEEHHIVTWDDIZKL T, s ERBAZAFED S 10 mg LU R THER L TeZ e
5, DA ORI &2 L7c 25, 8 45 H DA/ELIREIZ 10 mg LA EAHERL T\ 2.

L OFFFEZ SN TIE, ZOfEA RIS 52 % B L LSRRG ORI T2 o7,
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Fig.1 Transition of the characteristics of the soil



126 REEHIFFZE RS Vol. 12 (2019)

(3) HEBRE DML
SBRKIE Fig.2 L350 1 B KO 4 m? (1t 2 m > 8 2 m) LU, FEIRARERE T X % DS 22
2 DR 4 AR A BB LI

Z im
SP-1 SP-2 2m
im
AP-1 AP-2 2m
im
1m I 2m I 1m I 2m I 1m

Fig.2 Plots plan of the test field

(4) MefEE%E
2017 FFEAAEARD LY RN 2018 B AE= P DJiifEE% F1 % Table 3-1 & OF Table 3-2 (Z/RU7=. HafEER
FHE, FEREDEIELYE (B ER) Y25 B ICRE L.

TGIRIEEHZE, TETRNRE o> B 4 8 o fR M~ DB FE A Il 27012, it & ERRO H 2244 500~
1000 kg/10 a ELTWATY FIRIEAHY, —fRAIC 1 fE24720 500 kg/10 a FEEEfi S QA0 F72, @y
F-UEHEAZ U715 IR # A L7235 G, 130 pH 2ME T35, Lo T, ARBRICE VTS L1EHT-Y
DIGVRIEE O B4 500 kg/a LL7-. {HIRIEEIOZEE DML RIE, RIEETONEEEEL TAE

20 %, EAEIE 50 %L L CEHZROrE&ZFH L, RESITOWTUIIRFEL AW THIEL.

DABEIZ DN, H) B EEARTE B 22 31T DA RN REY A BR O e B A T RRAE (10 mg/100g 72 +-) %-ifs
723 FOIT, AEERIERIC BRI E R HE LD S 20 1 3R FHL T2,

IEIZHOWTIE, EEEERAEAED L BVREI L.
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Table 3-1 The fertilization amount for spinach cultivation in winter 2017

Components (g/4 m2)
20 %(mineralization rate

Amounts N L P.0s KO Cd
of organic nitrogen)
(9) (9) (9) @ (9 (mg)

Standard fertilization of spinach 80 — 88 72 —
<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 2000 66 (13) 104 7.2 7.3
Urea 145 67 67 — — —
Potassium chloride 103 — — — 65 —
Total 133 (80) 104 72 7.3
<Standard plot (SP)>
Urea 129 59 — — — —
Ammonium dihydrogen phosphate 171 21 — 104 — —
Potassium chloride 114 — — — 72 —
Total 80 — 104 72 —

Table 3-2 The fertilization amount for carrot cultivation in summer 2018

Components (g/4 m’)
50 %(mineralization rate

Amounts N . P20s KO Cd
of organic nitrogen)
(9) (9) (@ (@ (mg)

Standard fertilization of carrot 76 — 84 64 —
<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 2000 66 (33) 104 7 7.3
Urea 93 43 43 — — —
Potassium chloride 90 — — - 57 —
Total 109 76 104 64 7.3
<Standard plot (SP)>
Urea 120 55 — — — —
Ammonium dihydrogen phosphate 171 21 — 104 — —
Potassium chloride 101 — — — 64 —
Total 76 — 104 64 —

(5) #E:Hik

FeBE OMEEL S Table 4 D350, fuftlL, £ BRX OFRE 149 12 kg Z48IZHY, Table 3-1 J Of Table 3-2
FEMERRFHC L7 THERHZ A TRE L, 5 BR X ERB I HEICBAM L. 728, FRBRXOHIZ 1 m @

5y (T —R7Z )10, BEXOREILERGHEFRCE G TRRLZ. Z01%, BHaia MO TESK 15 om
FECHHELTZ.

SIS DRNTAT o7, Shy LAV EOFRPRE BELIZE ATV /KAl B L, TRSK) 15 cm %
THHEL TEREZEOITRBLIZR, BRI N Z 9 45 (5[0 20 cm) [FIRR T —4& —7 — 7 i 12 VW CRE R
L.

T*@b)%ﬂi%i@@ﬂﬁf”ﬁ RUL Y DNZDNWTUTERFE DRDO O Ty, =250 TE 9 A 30
AZiEE L 7= 5 RO B LD, 2Pl 23D INHER I TEREN T LA L7 B R AE LTz,
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Table 4 Cultivation summary

Spinach Carrot

Fertilization November 10, 2017 June 15 2018
Pesticide application November 16 June 19

(Diazinon) (Diazinon)
Seeding November 17 June 19
Species New Anna R4 Koigokoro
Thinning (first) December 8 August 1
Thinning (second) December 22 August 15
Harvest March 23, 2018 October 10
Cultivation period 133 days 117 days

(6) 1EMRDHIALEL

ROV Y RINHELT %, BOIEM RO B EZ2BRXAICRHIE L. 612, /o8 B L CRRBR X
R 1 m? oy ATk, KK, A4V ZZHAKDNEIZHEG L, BT AT H IR LT 14 58 L8R 2T 65 C
T— BRI LT,

= VUNIONWTUR, BTy R T A2 W TEEEILARERIZ UL, 2 Z o E &2 3R X E I E L.
ESITHMTHRBIE L CRER X oD 1 m? 52T, KIEK, AA L ZHKDIEICHESL, TEIIIHTAET
HAREZ L7 14 |l BRI C 65 CT— B iR L7, AR EI30 7@ T2 VGl < Bl L 7=
%, WmEELRRIZT 65 CT BRIz,

HE L 7-30R A B BHE 500 pm D 520\ A&l 5 £ TR (ZM200:Retsch  =—4 —[alfiz%L 6000 rpm)
Tl oAtk e Lz,

(7) VEMMEDARID 34T

ML 0.5 g (2B 5 mL M ONERER(L/KFE K 2 mL 2Nz, ~A 27l sy s (Multiwave 3000:Perkin
Elmer) To3fi!® Lizb D% 50 mL IZEAL, ICP ' &3 #14# (UltiMate 3000 :Thermo Fisher Scientific) %
WCHIELT.

(8) Wit +HED /AT

I HERS, Bt 3256 MR 1 Y IS KO EBR B L 7=, 38R X OVEM IR O3 BT RN IUHE L 7= 35 T &[]
UBBR X 19 1 m2 OPURE J OV JeDFE 5 23T LY, £ 4% (AR 50 mm X £X 250 mm) 2 WV CEREN DY
15 cm £ CEREL, IR A L7, @EGZESEZ VT35 CT—BREEE, HBHE 2mm D55\ EiELi=t 0
T B LT

TEAORHIRIT AL, HHRRE0.5 glc, AEEEKY 10 mL, @R LK FE K 3 mL, &7 v{t/KFERE S5 mL %
Nz, ~AZ7ai/yiEEE (Multivave 3000:Perkin Elmar) (2103 i LR EHATRE LT-. HIEIE ICP B &5 Hr
4 & (UltiMate 3000 :Thermo Fisher Scientific) (20477,

WEFR RIS RIT A0, 1238 10 g 1Z%FL 0.1 mol/L ¥l 50 mL Z00%, £ 30 CIiZfiben s 1 KRS L
THIH L7 3REHER 12D\ T ICP B &0 12 & (UltiMate 3000 :Thermo Fisher Scientific) Z N CHlIEL .
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(9) HRIY LI REALORE S S OHEE

H—RT TV KPR U T A B L2 1%, HEH & 2 mm 0520 A sl L7z 1884 V¢, #1750 g
BHI=IBIRAEEL 1 g~50 g(1 g 1 3/ DR AREITAEY) ZIRAL T 100 mL HF 2—T AN, KB KE
D 60 %Y EDOKENMZ TA L Fa—4—"T30 C, 77 HEFE L=, O, KonkEd L5481,
WHARZMZ 2. B L%, &0 FI U LAROEBRAVAEIRIVLAZ T LTz, 72, &7 RI v AR
NSRS RI U AREZZLSINWT, HBEAES RI v AREZRE L.

3. HRRUEER

1) FMEDOIRE, ARV LBERUVAFEY LRINE

(1) &AERTL Yy

2017 FEXANERTL YT OfE R % Table 5 12~

I, 5URIEEHX C 10.7 kg, FEHEX T 14.1 kg THY, FEAEX 3T HIHIRIEEHX O &5 76 Th
ofc. ARIVLRRENL, {5IEAEEHX T 0.047 mg/kg, FEHEX T 0.028 mg/lkg THY, {GIRAEEHX.O 3 B
EWE R T o7 (p=0.015) . BRI AU EIFULEE A RIY AR E 2 Fe U CRIH LRGSR, 15IRIEEHX X
0.51 mg, FE#EX L 0.38 mg TH-o7z.

2009 45 2017 45 (L4 H 2D 9 4 H) OAAEDOIEDOHER % Fig.3, {EMIERD I RIY AR K ORI
LRI EDOHERB % Fig.4 IR, 2016 TG IR AR X SAEME X DN Bl X FIFREE CTh o723, 2017 AR HEX
DOULEDEINL 722805, BT 76 THo72. /EMIRO AR I LAJREEL Codex FEMEE'® (0.2
mo/kg) (6 L TR W EETHER L TR0, 1HIRIERI OB TIZ LD I RIY MRED EAITE DEZARH B
A%

Table 5 Cd concentration and quantity of Cd uptake in spinach (in winter 2017)

Yield Yield Cd concentration Cd uptake
Test B) . b) a) a)
crops Testplot  Part Mean o index Mean c Mean c
(kg) (kg) (mg/kg) (mgrkg) (mg)  (mg)
Spinach AP? Edible part 10.7 0.9 76 0.047  0.003 0.51 0.01
P sp?  Edible part  14.1 1.2 100 0.028  0.001 0.38  0.06

a) Mean (n=2)

b) Yield of standard plot was indexed as 100
c) Sludge-fertilizer-application plot

d) Standard plot
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Fig.3 The yield of the spinach in winter Fig.4 Cd concentration and quantity of Cd uptake
(Note: 2nd year (ginggengcai)) in spinach (Note: 2nd year (ginggengcai))

() Zff=rvr

2018 FEEAE=2 T O J% Table 6 12777 .

I BT, THVRAEEHX T 13.1 kg (ZES 5.0 kg, HRES 8.1 kg) , FEHEX T 10.9 kg (FE# 3.6 kg, R 7.3 kg) TH
0, ILEFRHUE 120 (FEER 139, MRES 111) Th-ovo. RIVAREL, GIRAEEHX CHEL 0.032 mg/kg, HRER
0.021 mg/kg, HEHEX CHERS 0.026 mg/kg, RS 0.014 mg/kg THo7=. ARIY AU EITINELE DR IT LR E
ZRU TR USSR, (5TRIREHX 1T 0.33 mg (FE50.16 mg, AR 0.17 mg) , FEYEX (X 0.20 mg (3£ 0.10 mg,
FRER 0.10 mg) Thotz. EITHEZDBOOI0 -7 (p=0.26) 23, REBICHOWTITH B ZEZRBOLI
(p=0.04) .

2009 25 2018 4 (1 4F H b 10 2 B ) O ZEAEDOUEOHER A Fig.5, TEMIRO I RIY MR KR I RIY
LB OHERS % Fig.6 (R T. 2018 4RI 5 D BB LY, I EN LTI LMOREBO A B L RLHEL,
IR T 2017 FELDBINENDIRWFE R L2572, =P DARIT AL Codex HYE(E'® (0.1 mg/kg)
WXL TIRWR EE THER L TR0, 1BIEIERIOE T LD RIV MRED EHIZS DOLEZARD LR,

Table 6 Cd concentration and quantity of Cd uptake (carrot in summer 2018)

Yield Yield Cd concentration Cd uptake

c-lr—grsats Testplot  Part Mean” o index”  Mean® o Mean” c
(kg) (kg) (mg/kg) (mg/kg)  (mg)  (mg)
Leaf 5.0 0.8 139 0.032 0.005 0.16 0.00
APC) Root 8.1 0.1 111 0.021 0.002 0.17 0.02
Total 13.1 0.7 120 — — 0.33 0.02

Carrot

Leaf 3.6 0.4 100 0.026 0.003 0.10 0.00
sp® Root 7.3 1.6 100 0.014 0001 010  0.02
Total 10.9 1.9 100 — — 0.20 0.02

a) Mean (n=2)

b) Yield of standard plot was indexed as 100
c) Sludge-fertilizer-application plot

d) Standard plot
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Fig.5-1 The yield of the carrot (leaf) in summer  Fig.5-2 The yield of the carrot (root) in summer
(Note:2nd year (spinach), 3rd year (trunip)) (Note: 2nd year (spinach), 3rd year (trunip))

Fig.5-3 The yield of the carrot (total) in summer Fig.6 Cd concentration and quantity of Cd uptake
(Note:2nd year (spinach), 3rd year (trunip)) in carrot (Note: 2nd year (spinach), 3rd year (trunip))

2) BititIBOARIOL

2017 FEAANED PR H-3E 2 W U755, HEER IR I R AL, {5TRIEEHX T 0.27 mg/kg, FEHEX T
0.17 mg/kg T -7-.

2018 FEAEOHIM A ST LT FE R, 2HRITAOEEE L, I5IRIEEHX T 0.58 mg/kg, FEHEXC 0.41
mg/kg THY, HEEEFIVEIRIDV AXIGTRAEEHX T 0.27 mg/kg, FEHEX T 0.17 mg/kg CTH-o7=. Fiz, HEERIE
JIRIV LEFHUTRE R, I5TEIREHXIE 0.31 mg/kg, fEHEX X 0.25 mg/kg Th-o7. 7283, MR ARIEIRIY
AZOWTE, BHRIT LDEDDHEER AR NI ADEZ ZLS W TEH L. ZhbofEH% Table 7 (2
R

F72, 2009 FHZAENS 2018 FEAE (L HS 10 4 H) ORI RIT L, HEEE AT IR ID LK QSRR AR HE T
RIY LOHEBE Fig.7 (TR

THIENEEFX O A A R I AR FE (XM A (p=0.001) Z7~r L CRY, {GIRIEEHIE A T 5 RIT A0 15
HRELCWAZEDREIT. — 5 C, {HIRIERHX DM EE AT A I RIT L, 1HIRREEID DI FT A I RIT L7
HHESILTODITH DL, —EIHERE T D1 (p=0.30) 277 L CERY, HlE AT RIT LAORIETIEHE
FELZNWZ EDURE NI, HEE AVEDRIT AE L TIFAELICKWER O—2L LT, HRIEEHIE /TR
UL TR CII A ELE R T AILCIVAREEL T EEZ NS, Lo T, BURTIEIRIT AN
R XACHHFAS NI LT, TEMIRICRIRSIUIUWRE THH LD, Codex HMEEA M X HZ LT e
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EZDND. L, R LSRR SICEL G S IXER T 20 ERH 5.

FEHEIX D4 F7 R A FE 1307 (p=0.005) THY), HEEE rIVEI RIT AT DWW ThiBME ) (p=0.04) %
IRLTWBN, AR NI LT —EITHER (p=0.91) L TWD. ZAUTHEIEIZE A RIT A0 23 7L, £
7=, TEIRITERE v R 2R H L CODRER ThDHEB 2 Hivs.

Table 7 Cd concentration of cultivbated soil (in winter 2017 and summer 2018)

Hydrochloric acid

T Total Cd b) Hydrochloric acid
est plot soluble Cd . )
3 Y insoluble Cd
Mean Y Mean c
(mg/kg) (mglkg)  (mg/kg) (mg/kg) (mg/kg)
Spinach AP — - 0.27 0.004 —
Winter 2017 sp? — — 0.17  0.004 —
Carrot AP 0.58 0.02 0.27 0.01 0.31
Summer 2018 sp? 0.41 0.005 0.17 0.00 0.25
a) Mean (n=2)
b) Content of Ca dissolved with 0.1 mol/L by hydrochloric acid in the drying soil
¢) (Total Cd)-(Hydrochlorid acid soluble Cd)
d) Sludge-fertilizer-application plot
e) Standard plot
Fig.7-1 Cd concentration of cultivbated soil Fig.7-2  Cd concentration of cultivbated soil

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

3) BRIV LIEETBIELOBRR

2. (D ITRULT s % Fig.8 (2R, Sl &E 0 g lZB W T, MR FI¥A I R AR R IA I RIT AL
DRV MEZ R LTS, Mt &% 5 g LB CHRBE RIS I NIV L0 3@ MEZ RL, Mt &4 309 &L7-
BEFET 1.0 mglkg £720, ZD% —EICHER L2, MR ARE I RIY MK &S g ETIE—EICHER L T3,
10 g EL7ZEEBET EH-L, 50 g DFFIZH) 1.0 mglkg 27~k U7-. ZOFE R, 15TRIEEHE X237 R L CTOD i ) &
TR DR ThoTe. JRIRZHAET 2720, pH 20T LIokE R, Fig.8 [ZRL7z&3Y pH 23 4.9~5.8 D[
THERL Tz, pH OHEZ T, AREREEFZOMAEDIC LD BRI KO IREE RN ER U RS s L
TWDEEZLNS. WBRIX TIEMEEMEZE R IIEDIC L DRI, BEMRICEDii oo EsicL, £z
+HED pH A 6.0~7.0 (T2 INTHIFEFEL TWAHZEND, EBRX L EBR TRARAHAZRLIZEEZ DN
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5.

ZORFHCAVTIE, BESORERLAR 7275, LHED pH 73 4.9~5.8 OFSFHTIE, T5IRILEHH O 7T
RV NIRRT E D D)o T,

FERATTBIE, THTO pH 2 Z L CRAT HUEN G5,

Fig.8 Form of cadmium in the soil by the quantity of fertilization

4. F&&bH

2017 FEAARART L YT DIIRID DA UTCRE R, {GURNEEHE A X 0.047 mg/kg, £=4E[X 0.028 mg/kg T
o7z, VG IRREEHEF X 0 05 37 B AZm O (p=0.015) B4 7R L7-%3, Codex YA (0.2 mg/kg) (2% L TIHK
WERTH-7-.

2018 FEHAE D=0 DIIRIV LA HT UToRE R, 15U ARk A X 1T 3EES 0.032 mg/kg, AR 0.021 mg/kg
THY, EUEX IS 0.026 mg/kg, IRES 0.014 mg/kg Th-o7-. AREBIXIGIRIEEE F X D)7 3 H BT m
(p=0.04) EA 7R L7273, Codex FEYEME (0.1 mg/kg) (2%t L TR R SR CTh-7-.

RUL YT OE M O RE RIEE NI LA LT RE SR, TG TRAREHE FH X 0.27 mg/kg, FRYEX 0.17
mg/kg ThH-7z.

=2V DY BEOSERE FIVE I RID LA AT LTS A, 15 URAEEME H X 0.27 mg/kg, #E#EX 0.17 mg/kg
Thole. Tz, BHRIVAIOWTIE, GIEIEEFX 0.58 mg/kg, f=H#EX 0.41 mg/kg ThH-o7z.

2009 FHE~2018 FEAEETO HEPFOHRIVLEFHTLI=EZA, 1HIEIEEHEH X DA R AT
A (p=0.001) Z7RL, LEEIZHRIT ANZERL T DI ENfERSNIZ. LoL, R AR RIT AIZDOW0N
TUIX—EIHERE T DM (p=0.30) Z/RL CTNDZEND, {BIIEEN T OBRE FI A RIT AT BB WX
AL CWNDIENE 2 BIND.

FEAEX DA R I AP FE (380 1) (p=0.005) THY, HFE FIYAH RIV A2V THIBAME R (p=0.04) %
RLTWADR, HERRIANRIT AT —EIHER (p=0.91) L TWA. ZHUTHEIEICED A RIT OG22, F
7=, VEMIRDERE FIVE I R 22 FFL L COBRER ThHEE X DS,

TIEIEDOHRIT DR LD S OHEEIZOWTIE, pH ORI EIT R DfER Lo T2 2 Eh
5, pH O BE PRI RE LB CThD.
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Effect of Continuous Application of Sludge Fertilizer on Cadmium Absorption of the Crop
and Accumulation of Cadmium in the Soil (Continued Report)
-Winter 2017 and Summer 2018-

Keisuke AOYAMA!, Shingo MATSUQ?, Kenji KOZUKA?Z, Kazuaki MURAYAMA?,
Toshiharu YAGI®, Harufumi SAITO?, Kenta SAKUMAS3, Fumihiro ABE?

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

2FAMIC, Fertilizer and Feed Inspection Department

$FAMIC, Fertilizer and Feed Inspection Department  (Now) FAMIC, Nagoya Regional Center

We have been researching Cd absorption of the crop and accumulation in the soil used sludge fertilizer since
2009. The soil is composed of the Andosol. We cultivated spinach in winter 2017 and carrot in summer 2018.
Those crops were cultivated in the standard plot (SP) and the sludge-fertilizer-application plot (AP). In the SP, we
used only chemical reagents for the crops. In the AP, we used 500 kg/10 a (fresh weight) of the sludge fertilizer
and chemical reagents for the crops. The amount of nitrogen, phosphorus and potassium applied to each plot was
designed on the basis of the fertilization standard shown on the Saitama prefecture’s web site. The concentration
of total cadmium in the crop, 0.1 mol/L HCI soluble-Cd in the soil after each of the harvests were measured by the
inductivity coupled plasma mass spectrometry (ICP-MS). As a result, the soil in the AP after the harvests has
indicated a high concentration of the total-Cd compared with the soil in the SP since winter 2011. The
concentration of total-Cd in the soil (from summer 2009 to summer 2018) showed significant increasing trend in
the AP. But the concentration of 0.1mol/L HCI soluble-Cd changed constantly. We thought that it was because
cadmium was changed into the 0.1 mol/L HCI insoluble-Cd in the soil. The concentrations of cadmium in spinach
(winter in 2017) and carrot (summer in 2018) were less than that of the CODEX standard. Probably, the
concentrations of cadmium in crops will keep low until the amount of the 0.1 mol/L HCI insoluble-Cd in the soil
arrives at the critical point. We consider that it is necessary to be conducted further monitoring of the transition of
Cd in the soil until that point.

Key words sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 12, 123~135, 2019)
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10 2018 E NBETEHO-HOLELEABEAL-
AE 3 oD 3 ] S BR R AR D R A

INFEEE L, BANGZ 2, BB ESZS 8, (LRfZE4 4,
PN ZESC S, S HAGEEE S, AR L, ol s 7
F—I—F  SERESEEE, ALAAEE, SESVVTUWLEREAREL, ISO/IEC 17043, z A2

1. [XL®HIC

E A7 A e o B & 28 Te r, FeASENCIB VT ISO/IEC 17025 (JIS Q 17025) VD EERFIHA B &
([Z LTz BR R DB MR IZ DWW COB X TR ERIN TS, TOESREIEICIL, Mk & 0B A
DFEAVEMERR S OSBRI LD B AR DB FENE ORI DS ZH L T2 > TRV, RBR AN I @ LD
B i o0 2L FIEBRIC SN L COMERE B A R 52§ 5%, SBR[ HEMEMEIRIZSS D TS,

REBFAE FE 363500 VB A BRER, IEEHR AR B O BRBRIT I IV T, BRIBREGE O 15 BEPEMERF X OV T8
D] ED7= 1 B BB SUIAE R R A Y E 2 IS LD N RIS S BEAY B B 1S 720 D055, JNTAT
BB N AR BE W B 22 il % — (FAMIC) (2B Th SRS TUL R L2 BB D 1545 M OV E RSy
DOFAEDHIIAR TR THY, ZORBIEIIXEEEOHEIRDOLND.

HMERG EEE B L L Co s EHT Lo R B S [FIEER 1L, 2005 “EEEETARE 6 Mo skt E k2
DM 2 RS ORIT 24T > Tz, 7z, 2006 4EF K0 ALEHLE R 2k 2S5 OB 2 o2
[E] i O alkH e o S [RlEER 2 FE i L T D SRR K O [ARABR AR 12DV Tl ISO/IEC 17043
(IS Q 17043) P % LB ZfENTL, 2018 42 I ZAL AR B OISV MO ERE IEAEHT DU T A E i alp 250
L, HEFBRE FEH L7~ TE DR RERE T 5.

2. MPRUVAHE

1) #HREBEAFEMAR

{EAAEEHZ, el T HBAZE 500 um O 50\ a2 ilSt, B DR EE K DT2DK 4 » A MR CHRE
L. 0%, BB LIRAL, OUERRICILT CRMRRIC 9 55551, 1~9 DX ESH AL CREICE L.
ZOHFNHER 1 DOIRGEAFROMAE IV 4 X a2, IKIRGLIZOB 455 L TudEaICR L.

VIRSZATBOE NEMOKE N B 22 R o 2 — NEEER 22 4 AL

2 RSTATBUE NEEOKPETN B 2 i 2 — L 2 —

SRSTATBIE NEMOKEETH B 22 it 2 — it 2 —

SIATBOE NRMOKPER R Z it 7 — At B 2 —

* IRSTATBE N EMOKEETH B 22 i 2 —ph e 2 —

O MSTATEOE N RMOK BT B L 2B 2 — @i 2 — () JRETEFZE SR A
TS EIE N B A NEREARE s
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ZOEMEZ T HHRDIR LT, 1~9 DE X3 DORGNL—E & T OHRIL, IKIRALEE, 14847205 2009
ADOFEL 250 2 FHRL, RY=F L RURTEE L TRMFRFETHIRRE L.

PLSUWDNTWVERE RN, B3Pl THBAE 212 um OS2V 24l S . SoVvasLizilEiE, JKREGL
T=t%, OUBRRIZHET TEMRRIC 9 %L, 1~9 DXGEZEMFLTAGRICB L. ZohhbEk 1 DREH
TEROMEEIEN 4 K2t L, JKIBELZOL 4 F 5L TuORIIIR L. ZO#H/E2 7 Ak ixL
I=t%, 1~9 OFXG DR GNL—E BT ORIL, LJIRA LK, 1 R47-0K) 180g AV DK} 160 {47
B, RV F L AMURTREE L TR R ETHEIRMRE L.

*1  RABIER

REEEK 1 2 3 4 5 6 7
1 2 2 9 4 1 4
e 2 5 3 7 5 3 6
3 7 5 4 6 4 8
6 8 7 1 9 8 9

2) HEMEREREER

IUPAC/ISO/AOAC D Hifigskip~ mhaLt O DY B MEMERRARER ICHEVY, 2.1) TR - 4L [F580 e kk)
5 10 BB DR S B B B MR A R L. ALBUEEHZ DWW TR EEMED AU (C-P20s) K UM~
> (C-MnO), FESWNFWERE JEEHT DU TIHLSIEME T 12 (C-MgO) 24 BV E MR HRUEHZ >& 2 ST T
FRER L CHE MR BR O A E LTz

3) Eft
UBHE B4 1 L7 30R, SEMBEAE & O AT IR 45 8% BB I b L 7. 2018 40, (LA IERHE
141 B, SESVFOBRTTIRENE 78 SBRE2B L7-.

3. #FEHBRFEMOKARIER RUHRAE

1) HEBREE

TERRIEBHZSWTIE, K53 (Mois), R 48 (T-N), 7o E=T %5 (A-N), <MD AUBE (C-P20s), /K
PEPED AT (W-P20s) , KESPENTEL (W-K20) , <#&MEE 1 (C-MgO) , <#th~ 772 (C-MnO), V& (As) KUY
ARIV L (Cd) K ORFEMEZESR (U-N) O 11 THH ZABRIEE L LT, F72, SRSWITWBREIEEHZ W T, 7]
VRO (S-Si02) , 7L 71045 (AL) KON MEH £ (C-MgO) o 3 TH H 2 3lBRIE B L L7z,

2) HERFE

ARBE R BR L (2017) O 2R D EBVBIR LT, JRFBIEERITONVTE, IERFERERL (2017) DI1F0IZ, B
BHERRBRE (2018) TSIV T D FIEEBIR LTZ. 7285, TOMORB T LA A LR BRE I, 20
THEOWE D WS ZRDT-.

(1) ARG, MERHERERE 3. 1a (Rofds | L DHLRERTER) O Q) IZKVER. L, H5 4. DM
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BT TR0,

(2) ZEHRAET, PEESERRE 411a( vy —ik) O (4D ICEREHE R ZFRTIL, [FTH (4.2) (4.3)1C
FoER. L, 41.1b (BREEE) ICK0E &

(3) TrE=TMEHE (AN) L, IEEHERERE 4.1.2.a088 1) © (4.0 ICE0R AR ZRRIL, [FH (4.2)
A3 IZXyE .

(4) <TMEDAFE (C-P20s) 1, IERMEGBRIE 4.2.3.8 ONFREVT TUBERT =0 ARSEIEREDR) O (4.1)
(ZROFBHA IR AL, (R (4.2) (4.3) 12XV E &.

(5) KIRMED /TR (W-P20s) 1T, IEEHERERE 4.2.4.8 (NFREVT FUBRT V=0 MEKER) O (4.1)
(R0 FBRA IR Z B, (R (4.2) (4.3) 12XV E &.

(6) KM (W-Ko0) 1, IEEHERBRE 4.3.3.a(7L— A IEE L7 L — 2N EEE) D (4.1) 12X
AREHAIRAFARL, [FIHEH (4.2) ICEVE &.

(7) <IAMETE 1 (C-MgO) i, IEEMERERYE 4.6.2.a(7 L — LTI O (4.1) I X0 ERA R AL,
AT (4.2) IC X0 E &,

(8) <M~ H (C-MnO) IE, IEEHERERE 4.7.2.a(7 L — AR T-WETE) O (4.1) I X0 REHR R 2 iR Y
L, [FTE(4.2) 12X E &

(9) OFHE (As) I, IEEHERERIE 5.2.a UKFELW I AEF - WIEE) O (4.0 IZK0FEHAR Z R, [F2E
A2 IZXVEE. T, 5.2b (=T NITF A TN SIUERER I E ) D (4.1) ICX0FEHA R 2T RLL, [
TH (4.2) (4.3) 12XV EE.

(10) ARIVA(CA) 1L, AERFERERE 5.3.a(7 L —AJRFRO0E) O (4D ICKVBUEHA IR ZTRELL, [FIH
(4.2) Ik,

(11) JR#EMEZESHE (U-N) I, IERMSEBRTE 6.3.a4(TL T —P1E) © (4.1) IC kil bHaAKR Z 8L, [FHE (4.2)
(4.3) (4.4) 12XV ER. XX, 6.3.b(FHEAKIm~ N T71E) D (4.1) 12KV EHERZHRIL, [ (4.2) 12X
DIER. XUE, IEEHERERE (2018) 6.3.¢ (p-T AT VT XU RXT VT ERWSEHEETE) O (4.1) 12X 0FEHA
WATRRIL, [FIE (4.2) (4.3) 12XV &,

(12)  AIEMEOER (S-Si09) 13, IEEMERERYE 4.4.1.a( 5o LYY A3E) O (4.1) 12K R EHATR 2RI,
AT (4.2) (2 X0 E &

(13) 7 AVU5y (AL) I, fERFERERE 4540 (2T L U7 U UEERIEE (UL FTEDTA E1E0)) O
(AD) [T LR EHAR AL, [FIH (4.2) ICXE R, T, RO T ETHRENARZ TR, alEma X
(S-Ca0) (JEAFa3BRTE 4.5.2.0) M VAR M £ (S-MgO) (ERMEFBRIE 4.6.1.8) ZHIEL, IERMEBRIE
4.5.4.b (FTYAMEA K e OVRTEPE TS X0 OB HY) 0 (2) ICXD HE .

S

4. BEHEMTAERUABRREOFMA &

1) #ESh-HER R O

(1) mANEILEDZ2Aa T ORD I

9, BEROEOH Y (Median) 23R 7=, wIZ, EISALE L OV F MMk, (a) ik sy
&P (IQR) A H L 7=

IQR= Rk — Uik -+ (a)
LS NT-n S AMEHER 22 (NIQR) & (b) SUCIVE H L=, EMOHAOEA, NIQR SEHER AT —£
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T5.
NIQR= IQRXx0.7413 ++-(b)

2 227 (2) % (¢) MICIVEHLT-. z 2271, KRBREORER A (xi) O Median 7>HOFE=0EAWE R
THIECHD.

z= (xi—Median) /NIQR ---(c)
(2) zAaTICEDHEHM

F—Z DT F1EELT, ISO/EC 17043 (JIS Q 17043) # VY, £ ikBr=R ORBRAE D 2 A7 Ik D LD
R AT 72,

HEY cee R
2<]z|]<3 -+ BEDLW
l2|=3 e N2

2) SHEBRAEEKZMT SRETE
H RSy D STV 2R 2 Tl 5720, IROFFHRERD 7.

(1) ZIRBR=E (T —2EUN).

(2) zA=a7\ZX DR Nz =2 () , 2<|z|<3 (B L) KDV Z|=3 (il 8) L7 o ToikBR == K% OV D E]
& (%).

(3) HnfEZFEAL N ET —ZDFEfE (Mean) .

(4) 2&EOfED T JE (Median) .

(5) NIQR ZAEHE(R AL 72 L7z Median DHEIRAHENS (Ugse) (ELEHREk =2) & (d) U2 EDF .

Ussy = 2 X NIQR,/VN <ee(d)

(6) &7 —ZDIFEHERZE(S).

(7) LSz m SAMEERZE (NIQR) Z (b) ik FH L=, IEH M OSE, NIQR 13 s &—
2.

(8) W RANEMNLROTANRHEHENR 75 (RSDrob) %2, (&) AUV H LT,

RSDrop = NIQR, Median ERN())

(9) AEEHERBRVE CHRIRBROREE O H %2 LU OREIU TN D == B B 6 R 22 (CRSDR) .

AEEHERRBR LI C, EFRIRBROEEE X, CRSDr DIELAN THLZENHERES N TEY, b0 2 f5F
THFRL QD ZOREED B 21X, 7a~ 7 T7iksra~ g 7RSO FIETHT TERESN TS, £
72, K3 EDORBRA /AT R S 7.
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5. HMRRUEE

1) HEEHBRAEMOHEERER

2.2) 1238\ T 10 #UBH 2 s T Totr L7 B B HERRIBR O B DRSS (X) K OV DRARIZ DV T— Tt
B & 53 W AT DA DRt it &AW TR LI M TRE R 22 (s, ), BRI YEIR 22 (spp ), D THEEE A
Lo ER 22 (spgr ) 3R 2 1R LT, BT, ARBFERBRTE 017) ITRSN TV O EM B E O H %
(CRSDRr) K OMENBBF M (1) L7 HEE = M A BUR HER 22 (6 5 ) 2% 2 ITRLT-.

BYEPEDHEE I, IUPAC/ISO/AOAC D H:EERER 7 k=L (2006) O O FNAZZEICFEHMLT-. £7°, 3Bk
AR D EE Sy Bt 2 e RB 4 D720, BRI OV T Cochran OFREZEFEiL 7=, TDFER, X TORITIZ
BOWTHANEIZRDO NN STDT, ZTOHD AR IZ DWW T —JEALE 7 o2 FE L 7. I
IUPAC/ISO/AOAC D BERER 7 mha/L (1993) Y ) E = (K 2) & VT D I E & 1T -7 %@rf*%
FTRTOEFICBONTHIER (X 2) 2720 QW22 end, it NI E ThEZ LaMRLIZ. 728,
ZEDTD, AL T TR EZ G DR R 22 (sp4p ) R LTZEZA, WT ORI HE § LEEEE
L CHaI/hEVETH 72

6 = CRSDg x %/100 <. (X1)
spp < 0.30, =036, <o+ (A2)

Spir = /Sr2+sbb2 «ee (X3)

G g HEE == M B BUR MR 22

CRSD g : BERMEZERE (2017) 1T R EAU TS S AR BLURS 2 (S 1) P SRR AR VE(R 72 (%) ) O H %
X AR E sy - PHTAR HE MR 7=

0, EAVERERRAAT) BRI & LI AR Y (R 22

Spp © Bk (R 72 Spir - DFTRE L 5 T RUB AR VR 22
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%2 BTHERERRBRORE T
o w22 529 spp® sy, CRSDR 6Rg) 0.365"
B 0)” )Y ) (%)Y ) (%)Y (%)”
C-P20s 10 17.05 0.05 0.00 0.05 3 0.51 0.15
C-MnO 10 0.216 0.005 0.000 0.005 6 0.013 0.004
SRV WOERE IEE C-MgO 10 7.16 0.02 0.02 0.03 4 0.29 0.09
2) AT Bl (B B2 A DFT 57 47)

b) B By

¢) DT el 2

d) PR (R 2=

&) BETHEE % 2 TR I e

f) MEEFERBRIE CRSIVCODE R PR BUR FE (M B R HE R 22) O B %

Q) SETAFEELREEE O F 725 B H U7 i o P P e

h) B MEDHIE (SobDFEAM) D7z D/RT A—4

FERFDFERH

LRI

2) HERFMEOBITRR

4.2) (1) ~ (2) OFRBREE L O 2 22T TS/ & B EH OF OEIA2H 3 1R, & isr ok
BR A C Nl 2 ) E DRI & 52 T 7R OFEIA S, ALRRIEEFFR DA RIT L0 96 %lich i<, {LRIEEHF
OFED 8L WEEBIRNWEIGE R L. —F, [ | LRl A = T 723 BRE OIS 1L, (LAIERIOHEMER
TROOFEN 10 EENZE RO EWIER ThoTz. FEEE L3 5L, HiliE (|21=2) | Ll S iz ik
FEORNIGIIVEEEEDY 78 %~93 %, il /& (|z| =3) ) LRl S AL/ i BR = DEI S IV EE DS 2 %~12 % Tho
7.

4.2) (3) ~(9) TRO-MAEE R 4 \TRLIZ. 2D TEIRD Mean 1T Median HIFIE—E L7243, —
HOFERTE H T Mean & Median OZNROLIVZ. FTo, BIROEMERZE s 1L, = XANEICL> TELNTZ
NIQR &ib# L CRARMIC K E R EZ R E S DI, SMUEDFBE Z 1 THIENE X BT, RSDon
R BRIy DIRFEL ~)UIZE1T% CRSDR & T CRSDR @ 2 f5DfEEDEAFREX 1 IT/RLTZ. 22T, AERHEE
RERILED CRSDR 1X7m~ N7k~ N7 T 7ELUND T 1EE 5T TRIESITEY, IRBMEERORR
AR DWW TEE BLD FIEHIRIEL TV elzd, Zoa i CEELIL-. miEiRikr7a~hr 7715 (LU,
THPLC 75180, ) LIS O 5 i CHIE ST R FMEZE TR IOV TO I CRSDr D 2 (52X TRY, RBRER
DREFEDIES DE N BRI R E WD LN HER SN2, ZOMORBERA 51T, RSDrop (ZAEEFEBRIE TREEEEL

THFAIIL TS CRSDr D 2 5 DOHIPAN Th o7z,

Fio, RERE 8 RE=ELL E#iE0H 728 71550 Median, NIQR, RSDyo» 2 (8 CRSDr 2543 5 (/R
7-.
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#3 AT L HRBREGR DR
B0 z2]=2" 2<]z/<3"” 3=Jz|®
R A (A S T v S R HG
E EsL4 (%) EH (%) EH (%)

({LRRAEAL)
Mois 129 121 94 4 3 4 3
T-N 129 116 90 2 2 11 9
AN 122 100 82 18 15 4 3
C-P20s 126 110 87 8 6 6
W-P20s 127 114 90 5 4 6
W-K20 128 106 83 10 8 12 9
C-MgO 124 106 85 6 5 12 10
C-MnO 111 98 88 9 8 4 4
As 42 34 81 4 10 4 10
Cd 51 49 96 1 2 1 2
U-N 55 52 95 3 5 0 0
(FEEWVTVERE IEE
S-Si0> 59 52 88 3 5 4 7
AL 75 68 91 4 5 3 4
S-Ca0 64 60 94 3 5 1 2
S-MgO 64 56 88 4 6 4 6
C-MgO 72 62 86 7 10 3 4

a) ZAATIZE DN (j2] £2) Lo T BB L K OF DEI A (%)
b) z A TIZLAEMAEED LN (2<|z| < 3) L2 o7~ ER B NEDEE (%)
C) ZAATIZIATHH AR (3= z]) 72 o T=RBRE £ N O F DEIA (%)

50
45 1
5 40 |
o
g > s
D 30 gg
z\ézs- _
@ 20t
(@]
15
10 f Er.! ~
- 18 o 10
,dHBEddf 4 H H A d
Z Z 8 8 000 2383w 2 9 0o
"OON@CQ:Ujﬂg::{mC)G)
S S N == S x 2 9533
Oz = 0O T K 2w O
£ O
Z g
>
Z

K1 & aRBRAE DCRSDrERSD,,, P BILR
O2xCRSD-R  OCRSD-R  ORSD-rob



20184F S AMEKE LA B oD 70D 0D A [E Had Al 2 T AR oD S R RRUBR B RR D AT 143

K4 IR O &

., 3 . b) B 0 9 9 9 2X
SBRIE g;ﬁ% Mean Median U 95% S NIQR RSDrb-  CRSDr CRSD "
(%, mgkg)’ (%, mgkg)’ (%, mgkg)’ (%, mgkg)’ (%, mgkg’ (%) (%) (%)
Cl954; /%))
Mois 129  2.25 2.14 0.08 0.68 0.45 21.1 . -
T-N 129 1556  15.62 0.04 0.38 0.20 1.3 3 6
AN 122 8.39 8.37 0.05 0.60 0.29 3.4 4 8
C-P20s 126 17.09  17.09 0.03 0.94 0.17 1.0 3 6
W-P20s 127 9.90 9.79 0.03 0.66 0.18 1.9 4 8
W-K20 128 1517  15.25 0.04 0.85 0.24 1.6 3 6
C-MgO 124 3.48 3.50 0.02 0.19 0.09 2.6 4 8
C-MnO 111 0231 0221  0.002 0123  0.011 5.2 6 12
As 42 1014  10.49 0.28 1.34 0.90 8.6 11 22
cd 51 0.33 0.34 0.03 0.10 0.11 32.7 22 44
U-N 55 6.45 6.56 0.12 0.44 0.44 6.7 -9 -9
(HPLCEE) 8 6.78 6.79 0.05 0.22 0.07 1.0 8 16
(HPLCIELISA D J7 1) 47 6.40 6.48 0.15 0.45 0.51 7.9 4 8
BEEVNT OV ERE IEED
S-SiO2 59 3452  34.58 0.11 0.65 0.42 1.2 25 5
AL 75 5117  51.29 0.27 1.55 1.15 2.2 2.5 5
S-Ca0 64 4126  41.35 0.32 1.40 1.30 3.1 2.5 5
S-MgO 64  7.22 7.17 0.04 0.45 0.16 2.3 4 8
C-MgO 72 7.07 7.12 0.04 0.32 0.16 2.2 4 8
a) BIEROFELIE 0) AEEHERBR L CTRIE O B 22 L CTHERES U CUVA S [ R o M 22
b) ko i h) JERHERRERTE T L U CRFAR S IV TUWVD EE [ B BURE SHE HE (R 22
c) RO RIEDRHENS i) As, CdiZmg/kg, ZDMDAL 7 IE% (B &5 5)
d) EROEUERF ) CRSDRrIFAKSIHIE DL 7R BREY AT IR ZI0E H TE7R 0.
8) I NAMEHE(R K) CRSDRIZ/a~R/ T 712 NSO HEIT T TRESITWDD,

f) B S ANEHE HE 2= U-NIZEBHHORBREED & A TUVWD 725 TEZR.
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#5  RERIFIER O LR OF &
BT Ik jiispy Medlr” NOR' RS CRSDA" 2XCRSD<
%, mg/kg)® (%, mg/kg) (%) (%) (%)
(bRAEEr)
Mois HEJRA Z LD R SR 128 2.14 0.45 21.1 - -
T-N VA — L 113 15.62 0.20 1.3 3 6
PRIGETS 13 15.59 0.23 1.5 3 6
AN AR 105 8.35 0.22 2.7 4 8
FILLT VT ERE 14 9.01 0.21 2.4 4 8
C-P20s ;2;%‘5;7?/@7\/%:7A& 124 17.00 017 1.0 3 6
W-P20s ;ig;; TTMTEZTAR e 979 048 1.9 4 8
W-K:0 7L — AR el 98 15.25 0.26 1.7 3 6
T — LN E 26 15.27 0.22 1.4 3 6
C-Mg0 7L — AL 115 3.50 0.09 2.4 4 8
ICP-OES£ 7 3.45 0.10 3.0 4 8
C-MnO 7L —AJF Wik 100 0.220  0.011 5.2 6 12
ICP-OES£: 9 0.225  0.010 4.3 6 12
As IKEALW 3L Ok E 19 10.70 0.73 6.9 11 22
DIFNDF AT SIUMERE 16 10.23 0.64 6.2 11 22
ICP-OES£ 7 10.35 1.21 11.7 11 22
Cd 7 L— LR AR 46 0.32 0.10 31.9 22 44
U-N LT — Pk 35 6.31 0.48 7.6 4 8
R IA v~ T 7k 8 6.79 0.07 1.0 16
%&;ig; SINIATVTER 1 679 016 2.3 4 8
BES VDT WERE EE
S-Si02  Sofb BT LE 38 34.54 0.37 1.1 2.5 5
0 K SRR 19 34.80 0.47 1.4 2.5 5
AL TF LD T U VKRR 11 50.97 0.72 1.4 2.5 5
T — AR E 59 51.27 1.09 2.1 2.5 5
S-Ca0 7L — AW ik 59 41.32 1.21 2.9 2.5 5
S-MgO 7L — A EE 59 7.17 0.17 2.3 4 8
C-MgO 7L — AWk 64 7.11 0.14 2.0 4 8

a) ROyl
b) w N AME AR 2=
C) TN AMHHE A (R 7=

=AY
B8 H)

d) MEEHERRERE TR D B L LU THEBES I CW D == ] AR AR R 7
e) NEBHERERIE TR LU TRFAE S T = AR B R R =
f) As, CdiImgl/kg, & DD RS 1E% (
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3) EHBRRAEDIEM

A — DB EICB W THESN - BB D 2 27 OERA M 2-1~ 2-6 |RLIZ. BARRIZIE,
[] — > 3 [FIERER A BUBHZ DU CRIBR O H 7 7E T R 72 D 55 (ERIEEFF 0 W-P20s & W-Ko0 %), [Hl—D
R FAER I BUBHT DWW TR 2R Dl 515 TRl — DR 4y (BEEEFH D C-P20s & W-P205 %) , % L Clrlfk Dl
71 K ONEl— D R 5 C 5752 36 [FIRRER R0 (B R IEEE K OFES W WERE IRk oD C-MgO 55) DB f%
ZRLTWD.

WIZ, z ZaT7 BRIVEE2 S8 EESMNZ T2, ZOBEBIEATH O T 7y MNEFEEROfh 515 X R —
DRLGY DRNE FEIZIB N CRF IR O BER DD DHEE 2 HID.

10
5
S
o
=
-5
-10
-10
W-P,0O, W-K,0
(42-1 fbRiArer o C-P,05— [<2-2 {LAAEEH DOW-P,0,—
W-P,05DzA=1 7 DRI W-K,0Dz227 D RIfR
o [F—RB=EIIBTHz2xa7oFay k o [F—REB=EICBIFsz2a7oFay k

------- BRI (22 27 D3R CAR 2 /< 3 IELHR) mmmmm=- B (22 2 7 D3 [E U A 7R 3 EHR)



146

REEHIFZE RS Vol. 12 (2019)

C-MgO

2-3 fLp ekt o C-P,05—
C-MgODzA= T DESFA
¢ [F—HR=EICKITHz2aT7DTmy K
------- W (22 2 7 HS[E Ul 27~ 3 EAR)

S-Cao

S-MgO

(2-5 SRSV 0
S-MgO—S-CaODzA= 7 DGR

o [F—HBR=ElcBlT2z2aT70 ey b
------- B 22 27 MFE UEZ2 7R T ER)

LS WITWERE LR C-MgO

10 ’
5 +
.l
e
* N o
*
0 1 * 1
L 2
o
-5 e £
-10 ¥
-10 -5 0 5 10

C-MgO

TR AEEE C-MgO
B42-4 ALRSAEEE K OFES U O R E AR
B DC-MgO Dz 2= 7 D Bl
& [H—EBR=EICBITLzRaT7TOT ey b
------- B (22 27 3 UAE &2 7~ AR

S-MgO
2-6 FLIWTWERE IR R o
S-MgO —C-MgODzA= 7 D Bf%
o [Fl—HREICBIT3zAaT70OTay kb

------- B (2% 27 DA CAE A 73 )
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4) 53R DR ER R AE D AT

(1) AbEAEEFF DK 53 (Mois)

SN 129 RREDH D, 128 AR D H M S LD R L, 1 BRBRE D Ky FHC XD s kA
7o BB D EH A A K 3-1 1R T, SEMENE 2.25 % (L E433),, Median (% 2.14 % (E &7 3%), NIQR
130.45 % (E £572) THY, N | ERHMliSN =B =IT 2R D 94 %l7e D 121 R =E CTho7-. [Rie &
SRR ER T 2R D 3 % ThD 4 RBREZLY L. KB OBT, RN ORE SR IL—ET
1372, MEEICE > T EBEROEE N R EREL BARDZ LR 5720, sl igER e iR i 4524
NEFELV. T, 2NOKIRICEVHEIDTRELT DI ENHLDO THEENP ML ETHD.

(2) LRk % F 45 (T-N)

BN 129 REREDHD, 113 HERE N7 /L& — Lk, 13 RS DRBERE, 2 BRSNS H B HTEE, 135
EDEE — R K R sz Tz, SRBRRGRE D BEEU R A X 3-2 12~ . SEHfEIL 15.56 % (E &4 %),
Median 1% 15.62 % (Z &5 %), NIQR 1% 0.20 % (EH &4 3%) THY, z 2272k N i | SRS AU 723 BR == 1%
BIRD 90 %L7eD 116 SR =E CTho7-. R | LRSI 7RI TR D 9 % THD 11 BRE 3L 4L
7. ZD5H 10 RERENT VA —E, 1 RBRENRBEEEZ -V T e, 7 — Wk e OYRBEE D 53 BT B
FRICDWTEIED ZEICI DM EEAToT2L A, TNENDEMEICH B/KYE 5 % TH ERZITRO LN
N7z,

30 40

>3.4 [
147

e
S &
|
|
||
e
& 8 &
~1590 | » W

A
125353383333 EEETEEER LY
AV// N 2 S S S SR S A A R | VIR B B B B B o - -
(%) I S S S SR 'RV
(%)
X3-1  fLAAEEF DK 55 D53 HT AlhE [X3-2 {LAKAEEF R DB ED
SIHTRRE
Rl gD LU S E=a i 2 m—EDLL
m— M A —| 7L E—)LiE

—O— ABEIL

(3) AbpkEEIF DT =T 23 (A-N)
SN 122 R ABREDH D, 105 skBRE K1, 14 BRENR/V LT VT eREE, 2  RBRENH BV EE, 1
RBRENA R T =/ — WEE W, SRR DO A %X 3-3 1R U2, EHEIT 8.39 % (B &),
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Median (3 8.37 % (E &4 %), NIQR (X 0.29 % (H &5 3) THY, z 2272l i &t | LRS- sk =X
BIRD 82 %&72% 100 FABRE CTh-o7z. TS | LeHliS 72 =B I T2 D 3% ThH S 4 BRENGL YL,
INBIIRBEEZAWTERBRE Thotz. RBIER OV LT VT ERIEIZ DN A IC W ORI D7
IZEDREEAT T2 LA, AEAKUE LN TEPRBOLIE.

AREE, TABVANKERIL T N Y D& 358, IRESCH Y Z S LR EHIZ DA 0L CTEfE s
fﬁé%/\ﬁ%é@f“ TNTVFIOBRITERE TOMER DD, Fo, FAVLT AT EREIZBONTE, YARRIZ

DRAFEREUHZENDIALT NRI=0 AEIRE DO RINC L D0 A BEBR L E, XU M A8 Tealkh pH

HHW&U BT HZENHHOTHALT NI=0 DEIRIRINENCABAEITHIZE, FI2ARLLT LT ER

Wz I 2 R0 pH B EFE O 2 O P EZ IEMEICATO IR N L E THD.

(4) ALRAER R OLEEMED AU (C-P20s)

2N 126 REREDH D, 124 WREN AT REVT T U7 o E=U LE, 2 BRED ICP R0 0Tk
Z W, SRR AR O EE R A 22 X 3-4 12777, I M OF Median 1 17.09 % (E &473), NIQR (X 0.17 %
(E&E7=) THY, N | LFHIS NI 2R 87 %L/rs 110 R = Th-o7-. [Rild | LS
TR EIX RO 6 %ICHT-5 8 RERENGL UL, ZNOIXT X IANFREV T T URT o E=y AEE W
RBECh-o7o. BEMEVAEBEORIERIIE, SUEHNEZ IR CHCAm T 528, BBHE T &K ONEHER
SR ABEEZA—EL, HEa%IE 30~120 4 OMICHIEZ K TS L LITEENLETHS.

45 45
40 ... 40
35 35
30 30
s 25 4 25
50 20
15 \ 15
10 10
\
Y e —— y ........... 5
0 Lg | o0+ 0 i
¥ 9 ® o N % O 09 NN 28 3% 8 3 &8 B RR
N N N O 0 © 08 © o o o Y 6 Y8 6 N N N NN~
N S A A Y A A IR B R~ B R~ R R
) z A A N A A
(%) %)
(3-8 ABRIERT O 7 8 = TR (03-4  ALAIEER 0 < T ABRD
Do SYBT R
[ — D L
= i 2 —.— R = RN 2 . e L e

—0— RV AT LT b RiE

(5) ALRAEEF D KIETED AEE (W-P20s)
SN 127 REFREDHD, 126 RBEBENAFTREV T FUT B A0E, 1 BEREN ICP HIE Lo 0rE
-, SREREAE D FEE A & X 3-5 1R, SR 9.90 % (E &%), Median X 9.79 % (& &5y
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%), NIQRI%0.18 % (F &y =) THY, Mk | LRFliE A 7ZiBR =13 2R D 90 %Th o7, TR L LRFHlS
N RERE TR D 6 %ITHT-5 8 R EN L UL, ZHOIT T R UARFREY T FUBT B AEZ N
I-RBR=ETH-oT-.

(6) ALRERHEEL O AKEEMEN H (W-K0)

2N 128 REREDH G, 98 RE N 7L — LR I EIE, 26 REREN 7L — AL EVE, 1 BRENT N7
T =/LARUEEF N L EE, 3 BEBRED ICP ROt sz vz, SBREGARE DU A4 3-6 127
9. EHEIL 15.17 % (E &5 %), Median 13 15.25 % (E &%), NIQR 1% 0.24 % (B &4 5%) THY, il |
CRM S A7 RRBR SR 1T AR D 83 % k72D 106 B E Tho7-. [R | LRS- B == 1T 2R 9 %lcdh
725 12 RERE LML, WaRIT 7L — AJE 775 10 3RERER, 7L — AJEEEN 1 RBASR ) ICP L%
SSHTEDS 1 RBRE ThH-7-. FFWEER O 7L — 2 EIEIC LD RBR AR IO W CEE OS2 XA M E
EATSTELlAh, ZNENOFEHMEICHB/AKNE 5 % CHERZETRD LN o7, 7L — 2 EEKR 7L
— DR WOEECHINE T DB I B O BEARMEICRE EL, SRR LUIEERIC OV TS, R ORREEEHITHR
FEEALBNECDZERHHOTEMINCTAR ST DL ENHD. £z, ERBIITENAR OVEZE N E N ET D
728, WIERFITITFRHE B OREAEIR DIR S, BEAAR R OFBIRE A R — LT 22N ELL .

50 40
45 ] 35 ]
40
30
35
20 — 25
H ] M 20
B 2 53
20 15
15
10
10
5

142 &4
>16.0 @1

N O 1 O 1 O W o To) LO < © 0 O N < © o O
0N ~ © o < M 9 © ~o~ < < < W0 0 W0 wWw W O
S R R R Y[ S S S S S S S
(%) (%)
435 ALRIEEHR DR D ARED 43-6  ALAALE T ORI D
AT AR SN AR
; - ; = i e D LU
N [ VY 3y
AT 2 Beb LW it 2 =i Y

—— U L — LG EE

(7) fEpEHERL oL EMER 1 (C-MgO)

ZN 124 FRER=EDOD, 115 RBRE N T L — LJFFRORTE, 2 3= EDTA I, 7 5 BR=2723 ICP 350t
Gyfritg Az, RBREGE OO BEE A A (X 3-7 12T, XML 3.48 % (B 543 3%) , Median 1% 3.50 % (&
53%), NIQR 1% 0.09 % (B &4r3) THY, Mifikd | LaHlis7oaliRE= 1T 20 85 %L/ed 106 il =E Th-o

= ARG | SR ST BR SR IX 2R D 10 %IZH 725 12 3 BRE NN FZH L, WiRIZ 7L — AR %6128 10
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AR, EDTA EM 2 iBR=ECTho7=.

(8) AbAEEFOLEE M~ T (C-MnO)

ZINULRERE DD, 100 3EREN 7L — LJRFUO0E, 23 BRE W=y By Lk, 93 BR=E )Y ICP
Ry ICoMTIEE T, SRBREAE D B A% K 3-8 1R, EHMEIE 0.231 % (B &5y3%), Median 1%
0.221 % (‘E &/ 5), NIQR 1X 0.011 % (E &5 3) THY, N ) LM 7B = 1T 2K 88 %L72% 98
AERE Cholo. TR R ) LRSN3R E XD 4 %IZH7eb 4 RBREDFL YL, T XTHTL—LAJH
TWSIETHST. 7L —DFRFBORIE LY ICP FE 3 TR LD BR AR DWW TR ED 128D
MEZAToTL A, TNENDFIEEIA EAKYE 5% TH ERZEITRO IR -7,

45 40
40 o 35
35
30
i 25
2 \
15 Lo | \
10
5 | 8 .
O P
O o4 N @™ QN & 3 & &
Y S S A S S TTITR
(%) (%)
. N N [43-8 AbpEkh o < EEtE~ v T D
[X|3-7 ftﬁkﬂ/ﬁ\?ij;fiz<(ﬁﬁﬁj:® JA
[ P N
e ANl . - LY i A i i
—- 7 L— A E

—— ICP3E o3 e iriE

(9) fBEIEELHF DT (As)

SN 42 FREREDH S, 19 FREREDIK B LI FROIE, 16 SREN Y =F VL OF A NI R
1%, 7 RER=E ICP 8t trisa Vo, BRBR G O BE R A 22 (X 3-9 1R 3. SF-EJfEI 10.14 mg/kg,
Median /% 10.49 mg/kg, NIQR (% 0.90 mg/kg THY, Mifi | LS ALz iBR =1L 2R D 81 %L/ed 34 7l
ETholz. TR ) EFHI SN 7ZRABR 1L 2R D 10 WIZHT7=5 4 FRERE DL Y L, KB LRl
ED 3 HBR=E, VTN OF A DN EEREN 1 RBRE Th o7, KFER AR TREER YT
IWOF A NSRRI L DR AE IS OV TEIE DI LA REE T o728 25, TN RO FHfE
(ZHEKYAE S % THERETRDLNR) T,

(10) ABRRAEELFH DA RIT A (Cd)
ZN 51 WRE DD, 46 WRENT L — DT IOEIE, 4 BBRED ICP L nITE, 1 WR=ENY
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L — AL R RO EE -z, SRR BORE D BEEU 0 A A2 14 3-10 12~ §. SERIfFTE 0.33 mg/kg, Median 130.34
mg/kg, NIQR 1% 0.11 mg/kg THY, Nififd | EFHHS R IT 2R D 96 %l72s 49 RBR=E Th-o7-. [
JE LRSI RBR B 1T 2R D 2 %22 1 BRENG44 L, 7L — AR T THH- T2,

14 12
12 10
10
8
8
AH Mg
JE B
6
4
4
2t 2
o L 0
o N~ — n [e)] o™ N~ — n ()] o
o~ < N N N M M 3 9SS
— o o o o o o o o o o
A [ S A A S S A A SN
(mg/kg) (mg/kg)
[43-9 LA O OSE D AT Rl [X3-10 ALEAEEIF O R 7 LD
= R SIAT KR

— O LU

e
—B— K FA LI A R WA
—— U T F )L UF A TN RRE

e AN A — 5 L = i

(11) AbRRIEEF O JRFEMEZE FE (U-N)

55 RBRENSNNL, 35 BRENT LT — Bk, 8 BR=E)Y HPLC 14, 12 3BR=ED p-P AF LTI/ N XT
VT ERWE G EETE (LAF, TR &), ) W, SRBRAE D50 i % (X 3-11 12§, M
6.45 % (&), Median 1 6.56 % (& &%), NIQR X 0.44 % (E &/0=R), N | LiHlis /=R BR= 1T
RO 95 %L7es 52 FERE THY, R/ | ORBRE T2 o7c. EAN T LD RMEICENHoT2T LT —
BYEE HPLC Y ED T ARIC DWW ORI D 2T LA EE T o12L 24, HREKUE 1 % TENRO L.

ZOFERIZOWTIE, 6) IRFEMEBEROOIT FIBIRLTE TUL 7 —BIEOREHFR O FIARNE

217
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X3-11 ALRRAE T DIRFEMEEE SR D
ST AR

C— i
— O LD
e Ryl 2
—a— L7 — Pk
—— EliiiR s u~ 7T Tk
p-IAFNT I )RR T VT RO E

(12) FESWIFWERE B O wT R HETOER (S-Si0s)

2N 59 BRE DI D, 38 SR BN S b HVT A, 19 3BRE SR RS, 2 35BN ICP F55 65y
Mtz FIv -, BRBREGE O BRI A 2 (X 4-1 ("9, S 34.52 % (B #57=%) , Median (334.58 % (H &=
53%2), NIQR 1% 0.42 % (EH &3 2) THY, Nt | LRS- 1T 2R D 88 %725 52 il = Th-7-.
R R ) LR S NIRRT BIRD 7 %lH 725 AR E THY, StV AEN 1B, @R
2 FRBRE, ICP RN HTEN LIBR=E Th o7z, 5o by LIE R QNG H R I X DR BR I
WCOEBMEDEICE DR EEITT2E2A, TNENOFHEICH EKYE 5 % THBRZEITBD LN
7-.

(13) FLSWFWEE R o7 1Y 55 (AL)

2N 75 HBRE DO D, 59 MERENT L — AR WOE, 11 3BR=E7)S EDTA i, 5 3 UBR=EY ICP 600t
SyRTiEE -, SREREGE O BRIy A A X 4-2 (2R, FMEIE 51.17 % (B &47%), Median 1% 51.29 %
(E&5%), NIQR 1% 1.15 % (H &7 3R) THY, N2 | LS 72 aBR == 132K D 91 % L7282 68 iER=T
otz TR | LRS- BR R IT 2R D 4 %IChHT=5 3 BREN YL, 1A= EDTA 1%, 2 ik
ENTL— AR TROREE AW, 7L — ARFREE RO EDTA IEIZE DT A IC DUV R EO 21
FDMREEAToIL A, ZIENOEEIEICAH EKYE 5 % CH B ZITRO LRI 5T,

TV — LR AR EE VI 59 BB E K OY ICP 8653 e iritsa vz 5 IR DA 5t 64 FBR=END
S-Ca0 K1 S-MgO DO HHEDMEEZ 7. TNHLOREBREKAED E L %X 4-3 LK 4-4 [ TRT.
S-CaO (X ¥ 7Y 41.26% (& £572R) , Median 7341.35 % (& £/473), NIQRA31.30 % (& &/ R) THY, 'R
Tt e | ERHm SN -ARBR = 1T 1 REBR=E Ch o7z, —77, S-MgO XA 7.22 % (E &4r3), Median 73
7.17 % (E &), NIQRA30.16 % (& &433%) THY, TR L | ERHMlisn/=ilBr=E 1T, 21K 6 %ihi=54
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RB=ETHHoT-.
TITV GO, BRI RRE E R I LB Z1TO S, oW aEl 23 e — B — D B [ R
THEMHE AR A2 8720, IRMEDOHER E72H7- OB THLERHD.

18 28
] 26
16 24
14 22
— 20
12 -l\ 18
16
10
4 M1y
\
L T
6 10
8
4 / (et ) gl [ I (R | —
4
2 -/ 2 I }\\\
Omcoovc\!quorgwlxomvc; O;@mggg&gg
OB IIISEB88S [V S A A A A A SN
[ S SR S S SN S R ST SR SVAN %)
(%)
S [04-2 8k XV OEBRE B 0
B4-1  FEE VT OEREAEE O TIVH D 5y DTS
AIVANE O BE O 53T AR T /
= R 2 — i L —%gu\
—o— I R EETE —— 7 L — AR E
16 16
14 14
12 12
10 10
;5= NP I N R #H
% 8 A
I s I I B 6
4 /[ S ) R B -
2 2 B 38589
9 0 5;5;5h7 =
8285333533833 eI LC
VI &0 o o & < < S S < <
(%) )
[4-3 5 S U O R o B4-4  FLSWITWERE IR O
ATV IR 0D 53 HT R FIEHE T 20D S HT R

Co AN . - L i e CCo AR o L e



154 REEHIFZE RS Vol. 12 (2019)

(14)  FESWTWERE AR O<EEMETE +- (C-MgO)

ZN 72 SABRE DI G, 64 FABRENT L — RO EAZ IV, 3 3ER=EDS EDTA 5, 5 3BR=E 2N ICP FEOt
Oy IO HTIEE -, SRBR A D FE R AT A (K] 4-5 1R 3. ST 7.07 % (B &4 2) , Median 13 7.12 %
(E&E53#), NIQR X 0.16 % (H&4532R) ThHY, N /& | LRI S A7 3R = 1T 21K D 86 %D 62 7R =E Th -
7o TR | ERMI ST BRE X 2R D 4 %lZHT=5 3BT GZ YL, 7L — AR FIORED 2 35R==E,
EDTA £ 1 iRBR= CThH o7z,

REE
5

o N B OO

>7.6 |

N oo N MmN Q
© ©O© O M~ M~ N~ N~ N~ M~ I~
L S S S A S A S A
(%)
X|4-5 §5 SV UWOERE AR O
< WM A DT Rk A

o AN — T LV i e

5) {ERAKRICRIFE

AR O AR B BEERBRIZ SN U 72 156 FRBRERIZI81T D r s O AR 2 Fi 4 L 7-

ENENOIHHEEREZHEH LTV 5, UTHRBRELS D OMEH L CTHEMFREE Bbid LE%E Lz
R EH R ORRICBIT 2EEE2E 6 TR L. WO OBFIT 128 SRS (228D 82 %) T
E, ROA (/R 1 mg BLT) XEEETCORBRECHEMA STV, IR 8T, K
MR Sy ORI W 2 [ElEHR 0 IR T 104 3R E (KD 67 %) , MRS ORIz W S 1EIR
[ElEAHR IR EHE IS 74 BABRE (IR D 47 %) THEH S TWe. FRICTHR 2 a0 HEBRE IR, €5
DB D BEZRREEEE O 55 BRE (21K0 35 %) N bEhnodz. HIEICFR DRI /0 E
FF2% 139 BBR=E (KD 89 %) , W TR/ HTEEiE 7S 131 allR=E (21K 84 %) TEEM ST
W, IRHDZEND, ERSOMEEHETHW LB, BE, fH, BEE ORISR L EEN S
SORBRETHAINTNDZ ERNI N ZT-.
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K6 IR O IR

it RN 7t
R 26Y RBREE 210° Reer” #5180

<Kf>
BTy sV e 65 42 6 4 71 46
D INYAVZIN Y 4 27 17 2 1 29 19
T AT 41 26 3 2 44 28
Z DA DR Wk 43 28 2 1 45 29
WO R R 128 82 2 7 1309 83
<KOA>
KO (Fe/h227:0.1 mg) 132 85 1 1 133 85
KO (/32771 mg) 68 44 4 3 72 46
Z D DOR VA (Fe/v4671:0.01 mg~0.1 g) 19 12 0 0 19 12
WD KOA (iR mgLl ) 151 97 5 3 1519 97
<>

AR HR 0 TR 104 67 1 1 105 67
TEEALEIREOME 25 16 18 12 43 28
TR [RIHRHR D JR A1 74 47 1 1 75 48
PELS TEIE A 24 15 11 7 35 22
VT RTF I I A —TF— 88 56 7 4 95 61

B R A AR 33 21 10 6 43 28
~ A Ay R 10 6 3 2 13 8
< FEHL >
05y Bt R (3000 rpmFRFE) 44 28 15 10 59 38
e L4y eSS (10000 rpmAR EE) 16 10 16 10 32 21
W 5| A ZE T (FFE5h) 27 17 1 29 19
W5 | Al AL TE (il L=z —h) 27 17 3 32 21
8|~ =hR—L R 10 6 3 15 10
TR —H— 16 10 20 13 36 23
VA=V Y WA Ly 41 26 5 3 46 29
a3 E A 55 35 6 4 61 39
<JE>
IR 139 89 1 1 140 90
RAIEEFE (T — 2R 56 36 5 3 61 39
JEL WL A BT S 131 84 5 3 136 87
BRI (T a— AL P = a ) 16 10 7 4 23 15
A ra< 757 (1C) 23 15 9 6 32 21
Bk 7a~ 757 (HPLC) 19 12 10 6 29 19
PRI 22 SR E R & 37 24 7 4 44 28

Q) ML TV CUIME A TRELHERI S D) FliER == K5+ 2 ek == 40x 100
b) AL TWD, UMM ArRELHERIS M DR = D &5
REREOGFHZIN

¢) AL TWD, T FTREEHERIS D

i == 4x 100

d) W ok CUIKOA) 2L TS, SUIER ATRELHEN S L o5 =5
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6 fix
it FH EEIEE 7t

R 0a? BBl 218° seesn® #e”
<JIE>
ICP3& 4y JE 45 BT & & (ICP-OES) 23 15 6 4 29 19
B JE T X~ BT E (ICP-MS) 9 6 4 15 10
HAra~<~777 (GC) 10 6 15 10 25 16
A~ 777 E &5 Hrat (GCMS) 9 6 11 7 20 13
B R n~ 85 7 B4y (LC-MS) 3 2 7 4 10 6
BRI O~ 85T 2T DR BT R 6 4 c 3 1 .
(LC-MS/MS)
K= 55 35 13 8 68 44
] B T e 42 27 4 3 46 29
< ik >
ik B AL 125 80 3 2 128 82
i A LS s 36 23 12 8 48 31
<HR#i>
e 29 19 20 13 49 31
6B 24 15 18 12 42 27

6) RRMUBROIMTFIREIRLIAE

AR PEDSNERS FE G BB O IR FMEZEF (LU T, U-N) O3 FIEIZOWT, 7o —ha gLz, 3R
ERNO T RAEZ R TIORT. SEEMEIZOWT, UL T —B{EE HPLC 15 & OW Y EEVE O [ C 0.5%F2 B
ZNRHY, LT —BIEE HPLC HEIZ DWW COESED ZIZIDREZT T 2AH, AEKME 1 B TENRDD
nr-.

UL — BRI, VLT — BB L REHR O %R (LU, [TV —BRBZER | &0, ) hbrL 7 —ER
R DOFREHE D EEFR (LLT, T 7 — BRI ER | L), ) ROZERBRIEZ 2L W TR T 5. ER%
ERiE (2018) B OIS TEL AHNT- FIAE# 8 (TR, JERMEGRERTE (2018) LA D FIATIE, 9 3t
BRENTLT — BB ERIIARE, VLT — B RAIEE FITRUE 2 BRI L CEF Ll E VL TRy,
U-N OB AEEHERBR 1 (2018) D TIELD 0.5 WK 7. ZIUIVAREIE, ~7 R T LR T v
U LEETREINEAT D, KICERIEOWE NER EE 2 DD, ZOWEITKICERRDTO, AIRIC
XZEAEEENRV. AlRE AW L T — BB E R ITEAEY B ICH kT 2 ERITTEA L S
TELT, B2 EEAR L CHIREDE Rk T2EEZ N MHENZT L 7 — B RLELE R OfEZE 2L 5]
W22 ET, UN MEEE o7zl S 72, 2, Bl 9 BR=1T, VL7 — P E R ITIRmIR A K, ¥
L7 — PR ZE R TR 2 AR Lol O T2, AU IER A5 (1992) ¥ oL 7 — PR ALEE %5 3%
ZRRIE IRV LT VT ERIECERETHL2A%, AR IEICRZ b LBbi-. A EIOREHIIBW T,
U-N ORISRk (2018) O FIEE K E2 21T bIVieh o7z, 7ok, IEEHERERTE (2018) O
L7 —BIED AT AARRIZOUWT, HPLCIEL PIED ZIC I DM E L LIZL A, AEKUES % TENRBOLI
Tz, ZOZEZHOWTUL, 5% T —2EHEEL, BT OIUENRDLEEZ LN,

LT —BEICRBWTE, VL7 — B ERE K UL T — BRAHE R CRICEEHRE WD 2L, Fe,
PRIFBODIRE S TDIZT VB VFNIIRIL~ 7 32D DEEH ZICEBE NN ETHD.
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KT RIFMEZROFRHIRITIEITIST DT B

AR 1A AR =2 P2 fiE (%)
L7 —Pik 35 6.25
EER IR0~ 7T 7k 8 6.78
p- CAF LT )RR T IV T RO VR 12 6.82

#=8 LT —BIEDOHT FNEIZ LD A5 DR%AR
LT — LR g2 3 A o S USRS

Al AR PRI fE AR WEME RAETERE SR
% (HETTIE) (%) (HETTIE) (%) FIE (%)

el ek BR 1% (2018) 10 A (FREEVE) 14.44 2k GREEE) 7.86 6.41
9 A (FREEVE) 1437  FklaEpzkeE 843 5.96
Z D% Bbi-FIE
9 MM CGREYE) 15.03 RElxERRE 841 6.55
6. ¥ &

2018 4 FESNET RS FE A HL O 720 O S [RIFRBR I, (LAAERE 11 5o 1T 141 3BRE, SRSV WFOERE AR 3 Aoy
(2 78 ER=E N SIMLTZ. BRI N TR R E n SAMNEIZLD 2 27 2 W TEHliL 72425, T
B (|2|=2) J LS 73 BRE OEIA 13X 82 %~96 %, [ il (jz]=3) | LRS- EOEIG 1L 0 %~
10 % ThHo7o. BEEORBRIEICLDHE T8RS LA L T ERICOWCOEEOZEEREL LD
5, ToE=THER K OIRBEERIZBWCGRRFIEM THEBERZENRDLIZ. ZOZLIZHOWTUE, 4
BT —HEEML, EETOIRERDHDLEEZ LN, £, HAKSIROHE T, TRYOMEERT
DR, i, R E ONE IR DR R A3 2 OFBRZE CTHE S TWAIEDRINBZ T

B AT IR R A T2 R EN <, BEROWMNEELEZ O TH 2 HEDH LIZFDL0ERHD. &
\ZSERE B O DD, NER G S BB 2 AN TN E D E BEAITHZE T, —@RBR= O E ik
TR ELEEZDND.

ZOIL[RIABRAZ E T DI2HTZ0, B O U R, WEMRBRESZ KT AZ2BY ELZ, KEGIEE
BRAS R B T35 M ORI E TR S 8 1L TSSO BB E S AITRIEH B L £

X ®

1) 1SO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025 :2017, [FERFT K OB IEMERI D RE /112 B T2 — M ZER #151 ))
2) BEMKENEZEHENTE % — (FAMIC) : JREEREE MY E OB P §E Tt
< http://www.famic.go.jp/ffis/fert/sub6.html >
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3) ISO/IEC 17043 (2010): “Conformity assessment— General requirements for proficiency testing” (JIS Q
17043 : 2011, TJd & MERFAL — BeRERRBRI k35— X SR HIH )
4) Thompson, Wood, R.: The International Harmonized Protocol for the Proficiency Testing of (Chemical)
Analytical Laboratories, Pure & Appl. Chem., 65 (9), 2123~2144 (1993)
5) Thompson, M., Ellison, 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)
6) IMNTATEE NEMOKPEEE Z 22— (FAMIC) : Ik BR 1L (2017)
< http://www.famic.go.jp/ffis/fert/obj/shikenho_2017.pdf >
7) MSIATEOE NEMOKETHE Z 2 E i 2 — (FAMIC) : Ikt EaERiE  (2018)
< http://www.famic.go.jp/ffis/fert/obj/shikenho_2018.pdf >
8) JEMIKFER REERBEENMIZEIT BB HTIE (1992 AEhR) , A% FHIE AN A ARBERRARE 2, H
(1992)
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Result of Proficiency Testing for Determination of Major Components and Harmful Elements
in Ground Fertilizers Conducted in Fiscal Year 2018

Madoka KATO?, Masayuki YOSHIMOTO?, Masahiro ECHI3, Takao YAMAOKA?®,
Takafumi KAMIKAWA?, Erika HIRATA®, Yuji SHIRAIY, Norio HIKICHI’

! Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department
2 FAMIC, Sapporo Regional Center

3 FAMIC, Sendai Regional Center

4 FAMIC, Nagoya Regional Center

> FAMIC, Kobe Regional Center

® FAMIC, Fukuoka Regional Center  (Now) FAMIC, Fertilizer and Feed Inspection Department

7 Japan Fertilizer and Feed Inspection Association

A proficiency testing of analytical laboratories was conducted in fiscal year 2018, using reference materials of
ground compound fertilizer and silicate slag fertilizer based on ISO/IEC 17043, “Conformity assessment—
General requirements for proficiency testing”. Moisture (Mois), total nitrogen (T-N), ammonium nitrogen (A-N),
citric acid-soluble phosphorus (C-P,0s), water-soluble phosphorus (W-P,0s), water-soluble potassium (W-Kz0),
citric acid-soluble magnesium (C-MgO), citric acid-soluble manganese (C-MnO), arsenic (As), cadmium (Cd),
urea nitrogen(U-N) 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 slag fertilizer sample. Two
homogenized samples were sent to the participants. From the 141 participants which received a ground compound
fertilizer sample, 42~129 results were returned for each element. From the 78 participants which received a
silicate slag fertilizer sample, 59~75 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, ISO, and AOAC International (2006). The ratios of the number of z scores
between -2 and +2 to that of all scores were 82 %~96 % and the results from the satisfactory participants were
almost normally distributed. The mean and the median of all elements slightly differed from each other. Where
more than 7 results were returned, no significant difference was observed between the different methods used
except for 2 elements (A-N and U-N).

Key words  proficiency testing, compound fertilizer, silicate slug fertilizer, ISO/IEC 17043, z score

(Research Report of Fertilizer, 12, 136~159, 2019)
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11 2018 FEFE BRI RIIREMBE DR

— J5IRFEEIEE FAMIC-C-18 D3R # —

TEAKR Y, SOFH B2, MEEEE D2,
KEEESS, PAMEY BOCHR Y2, AHRIE?
X—J—F  RGEEMEWE, (BIRREEICEL, EERRY, ARy, 1SO Guide 31,
ISO Guide 35, Jt[A]FAER

1. [XL®HIC

ﬁﬂjﬁﬂ(?ﬁkﬁjﬂi‘ﬁkﬁ‘?ﬁE’%ﬁé&ﬁﬁzyﬁ~(FAMIC)“C“ , RARTIRIEEI O FiEiE A MR 3 D7D AR
HaFEML, ORI ELTZ IO TR0 M OF EMR T D& Fi L THDH3, ZhbD a1 To1ld
TR BRIEDOE MR R DB TWD. FERTLY, ﬂEﬂé%%%%@u%gﬁfﬁg A EF D DO AT
(RFEZ 2 T 7200 iSRS, IREHR AR & O RBR =TI, BRAUE O F IMEHER e O T Hiffi o Eoi=
BRI E R A EY - VI KD NS A B B WIS T AL, S E R A I T iR =
DI FEFBRICS L COMBREE A EEL T 5. T4, EERN2E ST Mo B 2 ded, TS EIC
FU T ISO/IEC 17025:2017 (JIS Q17025:2018) 2 D ER HIHA B E I C L=k BR R OB HEEMR DB 2 5
DEEMAIITND. ZOESREFIHRIZBWT, uﬁ%ﬁ)ﬂﬁ IRERDOZYMEE ST HFIEE A T HIENRBHT
HNTEY, ZOEAERAFINED— 2L THEEYE L EE B AWEER 1 836 o5,

BIE, FAMIC IZB W T, IEEHRRHE Y A(mﬂtﬁizEEﬂ) EEFRREAE HEY) B B (Bl LR AR K
OEEFRAEAEY S C (BB EEIEED 2R 8L Bl L CHY, ZNHOFHRICOW X E BRI A PEfE R D
728 1SO 17034:2016 (JIS Q 17034:2018) ¥ D7 Hiffi e OVEPEICE 2 B R FIH | 2 2B IR 5L LL,
ISO Guide 35:2006 (JIS Q 0035:2008) ¥ %% |Zfif#T 21 T>7= - C ISO Guide 31:2015(JIS Q 0031:2018) * %
BERAEE N T~V EAER L WD EZATHS. 2018 4F 1T HT7- 1T EEERAFE YW C (FAMIC-C-18)
ZIRBLL, ZOFEIRRIEICONT 11 RBRE CIFERBREZ ML, RAMEOEFHTZ2 L7200 C, ZOfE
EHRETD.

2. MHRUAHE

1) EMORE

I RGEREHEY)EL C DFEAT & LT, 3R I B KBRS D38 2T A URTEIR A FUBLE L, 30 H FREE %
SHET- TR DTG IR BB A8 E L.

¥, M OBEIHTY, HIRIBIEEIO N ERMIZEDDHEH A ETFINIAFM (OFE, WRIV L,
KER, = v, 7an, 87) OFRKEICHLT, I 110 UFZNL EEFNTWbHI a2 TofERo 1, 2018

VIRSTAT B N AR K FETY B e Rt 2 & — AR R R A () fR i & —
2INTATBIE N JRAMOKPETH B 22 el o 7 — N RL 22 A D

S IMSTATHUE NBMOKPEH B 22 it o 2 — NEAEN 22 R AT () FRAMOK PERS B R B
SIRSTATEOE N MK EETE R 22 R i 2 — Bk 22 i (B Ila ' 2 —
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4 AIGRELTIEEE 100 kg FREEREALT-.

2) RIHMREMHEEAORER

FEN LT IEHZ, FAMIC EERIEEZ A A - e R M B = I SR E O E IR LR AR 2 AL, 65 °C T
5 I LA bz U7z, Bomtk, [RIRURHREE ISR E OB DT, ABE 500 um D525\ Al 3 5 E
T, LT IERHE, T0REL, HTAMITK 120 g o/ NMp I REEL, sy ORI Z EEIX
MOT=0, y IR E ATV, TREREAEVEM B Al Cl &L TRl L /2.

3) HERIEE

AEBF BRI JOTG TR AR B ORGEZEIC G A B2 i T2 EE Ry (BHR 2R, VA SR, RS,
AR, N, AKAE) KO IRFEEFRL OB ML ERARIRE, W ONIHIEEIO A E RIS T
TREEREDOILTODHEFMR D (OFHF, IRIVLA, KR, =7/, 7al, )RS EMx -5 14 THE
ERBIEALLIZ(F D).

£ 1 EEESEEHEEY B Al CoRBRAK Sy & UL

s R E H AR E O 2
R R ) a TR — —
R %57 FEHEE IR R 5 VA5 HE 71k
3.1a — HEMR AR Z LD R =
A% (H0) i A
oo 3.1b" - KOy RHC S BB R
S LRI SR 5 Spi =y
e 3Bt (T-N) 4.1.1.:1) TNE — VR EE Y i — KRR EF%E‘I{F%{E%
4.1.1.b - IRBETL
rIVE — VR ER Y iR
MR R (T-P20s) 4214 IR ALt NFREVT F BT =0 MR

JRAL-F A iR
TRAL- S
JRAL-F A iR

SN 45 (T-K20) 4.3.1.a T — LR FROTE T T — DGR

JR AL~ ‘
AR 42E (T-CaO) 45.1.a " 7L — AR A
o AL EA Sl
S (0-C) 4.11.1.ab) —ru LRk ﬁz@ﬂ:ﬁfﬁi@i
4.11.1.b — PRBEY
- 4.10.1.a JRAV- F KA i T — LR EE
$i4 & (T-Cu) \
= 4.10.1.0°" AL A i ICP3& 643 Je A A
o 491.a JRAL- F AR5 iR TL — AJE PR
A (T-20) 49.1.b” wz-azmz\ﬁz |CP& Y43 e /b v
0% (As) 5247  WRlE-RSEE- B R RS R KB A ST IR
- 52.b T - R - e S5 4> i DIF L DF A BN TRR
BRI 4 (Cd) 5.3.a" PRAL-TE A5y fif 7L — DR
h 5.3.b JRAC-E K> iR ICPF& 43 YA Wik

a) RSB (2018) ORBRIE H & 7=
b) P MERABR TN L - RUBRIE H
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£1 jgix
A ECEE REREORE S
PR e AL 1% E F7 ik
7k $R (Hg) 5.1.a - 0 SR 4 i BT RALRE TR
— oL (NI 5.4.27 PRAE-FK Sy fi 7L — DRI
5.4.b JRAb- K53 i ICPHE N3 e Tk
s (Cr) 55.a" PAL-TE AR5 iR 7L — DR
5.5.d JRAL- EA Sy % ICPJE 53 o HT ik
£ (Pb) 5.6.a” JRAL-E ARG TL— DR TR
5.6.b JRAL- EAS % |CP3E 53 Mo T ik
4) HIHE

AR B ORBRIET, PEBHERERIEZ .

5) HEMEHEERAR

IUPAC O HfEAER 7 mhaL? OB EMERBRICHE S, [RGZEAEM LA CJ (450 &) 15704 412 10 3
Bl B> TR MR RIS L, 2N E N0 % 2 ST TTo & L22IEF CRBRL CTHE
PERERERRBR DRARE L, ZDORAEZ AT L CRUB O B2 fesd LTz,

6) HFEHER

AFEEY)E ORFHEZ R E T 5720, LLT D 12 3 BREIC LA L FHERA I L 7. A lRE ISR 7250
BIBRBR AL T 2 A&l fiL, 2N EHOREHIDOWTHAZZE X T 3 AT TilBrae L 7=, HIEfED
WEEIE, K5y, BHEERE(TN), VAR (T-P,0), MEAR (T-K0), f)K4 5 (T-Ca0) &k VA
(O-C) ITABR A 2% THRL, AT 4 KB 2N AL THIET 3 HTH £TEL. ZNBLS DKy
TR A molkg THL, A208T 4 HTB 2008 H AL CTHET 3HTH £ TELT-.

L ARSI = (L1 F )
—AEETEN I B ARG AR A 2 —
RS AL IR 7 —
ANTEMEIEN AARERE RS BEVE ST
NEEMETEN BAREERE S A
MSTATBUEN BMOKPEHE a2t 7 — 2 —
MSATEAEN RMOKERE Z2EIN 2 — it 7 —
MSATEAEN BRMOKEREZ2EN 2 — ety —
MSATEEN BMOKEHREZEEN 42— alEtr 2 —
MSATEAEN BMOKEHE Z2EIN e 2 — @2 —
MSEATEOEN RMOKEEH B Z 282 — K
RSt AEREERBERL 2T IE AT
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3. WREUER

1) ¥EMREEHR

BPEMEOHENL, IUPAC DERERBR 7 ha V&2 BB ZROFIETEmL-. £, BB O % o #bt
ZHER T D78, BRAARIZ DWW T Cochran DREZERL7-. ZDHER, T X TORMIIZIBVTIMUVER
OB T2, IRIT, ETOEJEMEMERRER ORI OV T — ol B B Db L &2 M
WCE U TREUENR 22 (s, ), BUBHRIREUENR 72 (spp ) A E 2 IRz, SBIT, IEEHERBRIES IOREh
TWHEMBEREE D H % (CRSDr) X LG HE M (N 1) LI =M EIREERAZD B 22 (6 5) 2% 2 12
RLTC.

I, BeREaBR 7 o b2 ZREHES I TOD o3 I B DHE R (FN 2) 2 W T RBRIE A Dsyy, Xt
950.36 g bl L7285, K LIS DRI THIER (G 2) A7z L T, 22800, IEEEEREE
EWE C I HICETHLEHIELE. 723, 2EDTD, X 3 ICLo TIM TR EZ 5 Tl R R 2=
(Sppr ) ERILTZEZA, WTHNOR T Dspyr B6 g SHBL T”hSVMETH 7.

6 = CRSDg x %/100 <. (K1)
Spp < 0.30, = 0.36 ¢ -+ (X2)

Spir = /Srz"'sbb2 «ee (X3)

G g M R B 3
CRSD p : KM RRBED (RN TV VD2 FRBURREE (S PR BUR R M 7 (%) ) 00 A 2

X e ME sy DHTIR (R 22
0, 1 AVEMERRZATS H RIS & L 7oA (R 2=
Spp : PEHAIR R 22 Spr - DHTRERE 25 Lo URH R YE(R 22

# 2 WEVERER RO F
HERE Y e i s” RSDY CRSD sw”  sow” RSDou” CRSDR)  6g) 0.36R"
PR 5 " " ) %) )Y WY ) ) (W )"
)" (%) 0 0) (%) (%) 0 %) )~ %)
K57 (H0) 10(0) 6.86 024 35 2 011 027 39 4 0274 0.082

EF 2R (T-N) 10 (0) 4.82 0.02 0.4 2 0.004 002 04 4 0.193 0.058
VAR E(T-P.0s) 10(0) 4.68 0.02 0.4 2 001 002 05 4 0.187 0.056
A& (T-K:0) 10 (0) 0.128 0.004 2.8 3 0.000 0.004 28 6 0.008 0.002
fJR 48 (T-Ca0) 10(0) 158 0.05 3.0 2 000 005 30 4 0.063 0.019
AR (0-C) 10(0) 368 04 1.0 1 0.0 04 1.0 25 0.921 0.276
a) ShUERRSME DOFEHL, 0) DHMTHE 25 TeilBH R YE R 22

() OfEIECochranffiE 1= K0V & 78 > 7= 3B Sb4r =V Sbb” + 5¢°

b) FREEIE (S AU ERIME OB 2SO T oM h) O TR B2 5 CoaloRk AR e AR VR 22

) PHTIEYE(RZ= D) BRI RO B %

d) D TAR T HE(R 242 J) DB E U7 HE e = i B Y 7=

e) PHTHXHMEERZZD B % K) HEMEDHE (SbhDFHM) D= /8T A—H

) FRHHI PR HE (R 22 D &R
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#x2
N *fW)r P s” RSD’ CRSD:” sow’  Svu” RSDow CRSDR' 4y 0.3659
B (mgkg) (mgkg) (%) (%) (mgkg) (mgkg) (%) (%) (mgkg) (mgkg)
44 f: (T-Cu) 100) 976 12 1.2 4 0 12 12 8 78 23
HgnaE(T-zn)  10(0) 1570 8 05 30 8 05 6 94 28
5 (As) 10(0) 123 08 6.8 6 00 08 68 11 14 04
HRI L (Cd) 10(0) 1.96 003 1.4 8 000 003 14 16 031 0.09
K4R (Hg) 10(0) 0.782 0093 11.9 11 0.000 0.093 11.9 22  0.172 0.052
=% 1 (Ni) 10(0) 269 1.0 3.6 6 02 10 36 11 30 09
a1 (Cr) 10(0) 437 33 7.6 6 00 33 76 11 48 14
4 (Pb) 10(0) 262 09 35 6 00 09 35 11 29 09

2) HRFEIERERAIE

HRERE D DA ST LRI A A & 3 1R LTe. &R ORBR IOV T ISO 5725-2:1994
(IS Z 8402-2:1999) ¥ %5 H (T GHLEE T 52 L, BBREGE DA UBZ T 57212, Cochran #7E K&
O* Grubbs #E"ZFEhEL, A EAKHE 1 %DIMVEZ RSN LT-. Cochran #7E & U Grubbs & CTOIEHEIT
BINRBRE D 219V FTELT-.
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# 3 J[ERBR (B & %%)
—[rlH N EI =
AR BRTE H B BEM WEM AEE W WEmE WEE
K5y A 6.53 6.52 6.43 6.43 6.48 6.39
B 6.07 6.01 6.15 6.02 6.08 6.03
C 6.86 6.89 6.89 6.59 6.59 6.63
D 6.64 6.70 6.67 6.90 6.95 6.92
E 7.17 7.14 7.07 6.94 6.89 6.83
F 7.12 7.06 7.04 6.92 6.92 6.84
G 7.15 6.87 6.98 7.19 7.26 7.37
H 7.58 7.46 7.36 7.22 7.18 7.24
| 6.85 6.87 6.18 6.87 6.79 6.74
J 6.68 6.68 6.62 6.67 6.62 6.64
K 6.41 6.88 6.54 7.36 7.31 724 P
EXReE A 4.97 5.16 4.93 5.04 4.81 499
B 5.37 5.37 5.38 5.44 5.44 538 ©
C 4.89 4.89 4.89 4.89 4.88 4.89
D 4.63 4.61 4.61 4.63 4.62 4.62
E 4.98 4.96 5.04 4.88 4.83 4.88
F 4.80 4.87 4.86 4.85 4.86 4.85
G 4.96 4.98 4.95 4.94 4.94 4.93
H 4.81 4.80 4.80 4.82 4.82 4.84
| 4.63 4.77 4.69 4.69 4.72 4.72
J 4.87 4.89 4.88 4.85 4.84 4.85
K 4.82 4.83 4.86 4.81 4.85 4.85
VAR AR A 4.73 4.69 4.73 4.72 4.68 4.71
B 4.95 4.87 4.93 4.94 4.89 4.95
C 4.60 4.60 4.60 4.59 4.60 4.56
D 4.59 4.59 4.58 4.55 4.54 4.57
E 4.49 4.46 458 4.62 4.61 463
F 451 4.49 4.50 4.48 4.50 4.50
G 4.69 4.70 4.66 4.66 4.66 4.65
H 4.72 4.70 4.68 4.74 4.72 4.72
| 4.62 4.60 4.62 4.68 4.67 4.67
J 4.63 4.62 4.63 4.58 4.60 4.60
K 4.67 4.67 4.66 4.68 4.69 4.66

Q) RIS BR=E DR (EAR)

¢) Cochranffi &z kDo MUE
d) GrubbsffE 2L D5 LI
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®3 i (HEEN%)
—[alH —[nlH
R IH H A" e JOEE e WEmE WEE e
JIIEEREES s A 0.13 0.13 0.13 0.13 0.13 0.13
B 0.13 0.13 0.13 0.13 0.13 0.13
C 0.12 0.12 0.12 0.12 0.12 0.12
D 0.12 0.11 0.12 0.12 0.12 0.12
E 0.13 0.14 0.14 0.13 0.13 0.13
F 0.12 0.11 0.11 0.11 0.11 0.11
G 0.13 0.14 0.13 0.13 0.13 0.13
H 0.13 0.13 0.13 0.13 0.13 0.13
I 0.11 0.10 0.11 0.12 0.12 0.12
J 0.12 0.12 0.11 0.12 0.12 0.12
K 0.13 0.13 0.12 0.13 0.13 0.12
FIR A A 1.71 1.70 1.72 1.75 1.74 1.74
B 1.82 1.83 1.77 1.84 1.80 1.80
Cc 1.65 1.64 1.65 1.64 1.64 1.63
D 1.59 1.60 1.60 1.69 1.68 1.71
E 1.73 1.74 1.74 1.75 1.76 1.74
F 1.63 1.63 1.63 1.69 1.70 1.71
G 1.78 1.81 1.89 1.73 1.73 1.71
H 1.66 1.68 1.78 1.73 1.73 1.74
I 1.66 1.69 1.68 1.62 1.62 1.63
J 1.52 1.53 1.55 1.56 1.58 1.62
K 1.58 1.60 1.64 1.48 1.48 1.48
HHEIR A 37.70 37.00 37.40 37.80 37.40 37.10
B 38.10 37.60 37.10 37.50 37.30 38.10
C 37.10 37.30 37.20 37.10 37.10 37.20
D 37.50 37.50 37.60 37.70 37.60 37.60
E 36.90 37.20 36.90 37.40 37.30 37.20
F 37.40 37.10 37.50 37.20 37.10 37.50
G 37.30 37.70 37.30 37.10 37.40 37.50
H 36.90 37.30 37.00 37.40 37.10 37.50
| 36.70 36.70 36.50 36.70 37.30 36.20
J 36.40 36.70 36.20 36.40 36.40 36.40
K 37.80 38.70 37.30 37.50 37.90 37.70
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#3 i (mg/kg)

il 4> A 1060 1020 1050 1030 1040 1030
B 951 943 921 968 976 944

C 969 977 974 967 974 973

D 853 840 842 882 889 870

E 1050 1020 1020 987 998 1000

F 869 839 863 877 879 865

G 972 977 968 943 976 951

H 959 966 957 966 961 901

| 933 900 924 922 925 918

J 965 958 963 966 968 972

K 983 982 953 950 957 940
figh A 1670 1630 1680 1630 1640 1630
B 1560 1550 1530 1570 1570 1550

C 1520 1530 1540 1540 1550 1550

D 1390 1390 1390 1410 1430 1420

E 1600 1580 1520 1530 1530 1510

F 1520 1510 1510 1490 1430 1470

G 1570 1600 1570 1550 1590 1550

H 1690 1690 1690 1750 1740 1660

| 1550 1550 1560 1550 1540 1550

J 1550 1560 1550 1570 1560 1570

K 1590 1570 1580 1600 1610 1600
1053 A 12.5 12.0 12.7 12.2 13.0 12.8
B 12.6 12.7 12.8 12.8 12.7 12.3

c 11.9 11.1 12.0 12.5 12.9 12.9

D 9.76 10.2 9.84 10.2 9.58 9.88

E 13.9 13.8 14.0 12.7 12.5 13.1

F 14.5 14.5 14.3 14.5 14.7 14.3

G 15.7 14.3 14.8 14.5 14.4 14.6

H 12.4 12.7 12.6 12.9 11.9 13.3

| 12.6 12.1 11.2 13.8 13.4 13.8

J 13.2 13.2 13.5 13.0 13.6 13.9

K 13.0 13.3 13.5 13.5 13.3 12.9
FIRIT A A 1.88 1.88 1.82 1.88 1.84 1.84
B 1.77 1.81 1.79 1.80 1.82 1.80

C 1.84 1.78 1.84 1.90 1.89 1.87

D 1.86 1.84 1.84 1.80 1.82 1.87

E 1.94 1.94 1.94 1.94 1.86 1.79

F 1.90 2.05 1.91 1.92 1.99 1.90

G 1.90 1.90 1.90 1.93 1.90 1.90

H 1.89 1.83 1.89 1.93 1.88 1.88

| 1.81 1.78 1.80 1.96 1.92 1.92

J 1.93 1.90 1.90 1.88 1.89 1.89

K 1.96 1.99 1.96 1.90 1.93 1.87
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#3 i (mg/kg)
KR A 0.952 0.963 0.952 1.03 0.955 0.943
B 0.895 0.856 0.949 1.03 1.02 0.958

C 0.961 0.936 1.03 0.841 0.805 124
D 0.686 0.694 0.723 0.663 0.658 0.666
E 0.838 0.830 0.842 0.862 0.840 0.848
F 0.906 0.829 0.857 0.825 0.874 0.958
G 0.943 0.963 0.892 0.861 0.857 0.843
H 0.956 0.960 0.941 0.942 0.859 0.886
| 0.826 0.910 0.978 1.06 1.08 0.895
J 0.856 0.884 0.886 0.880 0.870 0.916
K 0.834 0.854 0.771 0.864 0.862 0.795
=i A 26.5 26.9 26.3 25.2 25.6 25.8
B 25.2 25.7 25.3 25.5 25.4 25.4
C 25.9 26.6 25.8 26.0 26.1 25.7
D 21.5 21.5 21.7 19.8 19.6 21.8
E 31.6 31.6 30.6 30.6 30.3 30.4
F 23.1 23.2 23.2 23.4 23.4 23.1
G 25.5 25.2 25.4 23.3 23.7 23.9
H 26.1 25.0 25.1 26.2 26.1 25.9
| 24.7 23.8 24.2 26.7 25.7 26.2
J 25.6 25.6 25.7 25.2 26.0 25.6
K 26.7 26.5 26.4 26.2 26.1 26.0
V=N A 42.7 46.1 43.8 41.4 43.4 43.7
B 41.2 41.0 41.1 41.1 40.1 42.2
C 50.2 54.9 50.3 50.2 49.1 49.8
D 41.1 40.5 40.2 42.0 40.7 42.2
E 44.9 44.1 44.3 47.0 46.5 46.0
F 42.3 41.0 41.3 46.4 41.6 42.5
G 48.7 48.7 49.1 49.4 53.1 52.2
H 46.4 45.5 44.6 50.1 51.6 50.5
| 44.7 40.6 41.9 47.4 45.8 46.3
J 47.8 46.3 47.8 46.0 46.6 46.7
K 43.8 42.4 42.4 51.9 51.9 51.9
0 A 27.1 26.1 25.1 25.1 25.4 25.3
B 24.5 24.9 25.3 25.6 25.6 25.5
C 26.4 26.1 25.8 26.4 26.2 26.4
D 24.0 24.0 24.3 27.0 26.6 27.5
E 27.7 27.6 26.6 26.5 27.5 27.6
F 24.1 24.6 24.7 24.4 23.9 24.0
G 25.9 25.4 25.9 26.1 25.5 25.7
H 26.1 25.4 25.6 26.0 26.2 26.1
| 23.6 22.5 23.0 24.7 24.4 25.2
J 26.1 26.4 26.2 25.9 25.8 26.0
K 28.2 25.4 25.6 27.9 28.4 28.1
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3) FEIFER R DA

S IEZ BRI LT B ERE LD S U7 P8 fiE, S8 AR YRR 22 (sw

Al — 3B = T A 242 2 Gl 32

LTWHIEND HHAB 2 & Te), = A BURERZE (sg) , =S A SRR HER 22 (RSDr) K OVIERHE AR
BB D= M B REERZ£0 H %2 (CRSDR) V2% 4 ITRLT-.

< 4 ILFEIBUBR AR DA RS S

NN g FEMEY sy sg”  RSDg” CRSDg’

nﬁ%ﬁ)ﬂzﬂ nﬁ%éi& (%)g) <%)g) (%)g) <%> (%)
K43 (H,0) 10 6.79 0.19 0.39 5.7 4
EHFRLE(T-N) 9 4.83 0.05 0.20 4.2 4
V) pli 4= F(T-P,0s) 10 4.66 0.03 0.11 2.5 4
N 4 & (T-K,0) 11 0.124 0.004 0.009 7.6 6
11K 4= (T-Ca0) 11 1.68 0.04 0.09 5.5 4
ARERE (0-C) 11 37.2 0.3 0.5 1.3 2.5

a) FENTICHW B E L
b) #FEIE (n =B =L HHTAERE (3)
xR H%0(2))

e) =[] BUAH e HE(f 22
f) NERHEERBRIAICR T DR
FFEURR MR 22D B &

c) ENEEHERZE (R RLBZE )
d) =R FHEERE

Q) HENFE

#®4

e crmregd TEEY sy® sr”  RSDr® CRSDg’

AR ARSI (k) (mokg)  (mgkg)  (mgkg) (mgkg)
4> & (T-Cu) 11 951 17 55 5.8 8
HEN 4 & (T-2Zn) 11 1560 23 80 5.1 6
U (As) 10 12.9 0.5 1.3 10.5 11
SR 2 (Cd) 11 1.88 0.04 0.06 3.1 16
7KER (Hg) 10 0.880 0.067 0.104 11.8 22
=471 (Ni) 11 25.4 0.6 2.4 9.6 11
21125 (Cr) 11 45.6 2.3 4.0 8.7 11
i (Ph) 11 25.7 0.8 1.3 4.9 11

4) RIHERUTFHEMS

ISO Guide 31:2015 (JIS Q 0031:2018) > |ZF W\ CRAGEAEHEM BT DRBAEE D MIEN R EL THERESNTVDHRR
R M O gD SE 2 5 12R LT, 72, 1SO Guide 33:2000 (JIS Q 0033:2002) ' {238\ VT KR AFAZ #e) BT
O FICHIZY LB L2555 T — 4 GEFERBRICE T 2RISR 22, o= WS R 22 & O 2
TR BR ) ZFRFITR L.

(1) JEEAHENZOF H Tk

FE[FEFRBR O EMEDOEUEARHED S (u) 1 I1SO/TS 21748:2017 (JIS Z 8404-1:2018) 'V ZiEw >, HFFRERD
FENIERERZE (sw) , BRI FFBUEERZE (sp), #BREL(p =9~11) K OB = TOMIKLEREL (n =6) 7>
5, (@ RUZKVRD T, FHEDORFENSIL, JERAMHENIEL, RIS (U) 28205 1 Hiue, £
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TOERE (K 2R TRD (b)), IEEHERBRIEICR T 2E R FROHTIZADT. 223, T &R (k)
(COWTEIEM AT OIF K UER) 95 %I 475 k=2 LLT-.

su2 — 52 ) + 3w
FYE RS () = (sx V;) n e (a)

EAERHENNS (Ugsy,) =k xu =2+ (b)

sp: =W IR MR 2

sw:i ZEPIEAE(R A

n: HLFEFRBROEBENBIRLFHBRE(n = 6)
p: IR ORER =5

k: wEtREk = 2)

(2) FBRHEOWE S5

2 CORBRIE H OFEFFFBUEE (RSDr) ITFFAINDHIF (CRSDr @ 2.0 £i5) W THDHZEMND, /Ki3Z RS
13 fi A RRAET HZ L& LT (K 5).

7B, RITRFHEE ST _%%rﬁi&(i% 6) LL T pz sl LTz,

RGBT AR AR BRIE BT D E & FIROMTIC D TR R THIEL L.

#5 WEEFICEEHT DA

P EE@%IE H BET—H
5N 27 = VL) b) ©)
%) H)ﬁ mgmﬁe? & sw . SR 8 yor
(%) (%) (%) (%)
EHF2E(T-N) 4.83 0.12 0.05 0.2 9
Y /Ul 4 & (T-P20s) 4.66 0.07 0.03 0.1 10
N4 & (T-K20) 0.12 0.01 0.004 0.01 11
{42 (T-Ca0) 1.68 0.06 0.04 0.09 11
A &R (0-C) 37.2 0.2 0.3 0.5 11
a) datrii(k=2) d) FEATIZA O RBR =S
b) =N E e) H&EiFE

) =EfHFFHIRER =
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#5 fex
FORE T DI H BET—H
A 5 = L) b) ©)
EE]J wunmfﬁ T}Eﬁﬂ?ﬁﬁﬁ = Sw SR %ﬁ%%;ﬁd)
(mg/kg) (mg/kg) (mg/kg)  (mg/kg)
i 4> (T-Cu) 950 30 20 60 11
g4 (T-2Zn) 1560 50 20 80 11
U (As) 12.9 0.8 0.5 1 10
HRI7 4 (Cd) 1.9 0.02 0.04 0.06 11
7K $R (Hg) 0.88 0.05 0.07 0.10 10
=471 (Ni) 25 1.4 0.6 2 11
e (Cr) 46 2 2 4 11
£ (Pb) 26 0.6 0.8 1 11
F 6 FRAFEICEEEHREL T 5HHEE
N BENH i}jﬁ%ﬁﬂﬂiﬁi))éa) sw” SR I
P (%)° (%)° O
K43 (H20) 6.8 0.2 0.2 0.4 10

JHTEX RS2SR

5) REIMREMEOHZHR
ATy hOJEEEREAE HEY B FAMIC-C-12-2 ((HIERBENLEL 1, RIIZEM OO0 OB £ %
W E 2, FRREME O FEATHT OKER (Hg) K O%A (Ph)) 2355 4 446 2020 4F 6 H KETLEL TND. ZDZE
b, [FERAAZHE A CI DA ZNIIIRIL, 4 41540 2023 4F 6 H KICRETHIEELT-.
F7o, IRFEBHMZOME I Z EMET =2V TR TR L, ZEMEICHED DT 2OV T, FEREE
DHBBEIZT HIRE DWEEITHIZEET S,

6) AR EMEOENS

ISO/IEC 17025:2017 (JIS Q17025:2018) 2 Tl, & H DI U HEDFERITINT, FATHHER G A, ROV
o — ORI FiEA A A28 A ER L T5.

ZDOZEME, BEGEE L CIAGRIHEEYE (FAMIC C 18) D7 | "W AFEFEED BAD Leb 12Tk

SYHTAREHERR B OBAR 35 e |V ICHB# L, FAMIC IR W TERJIL QO BN S S B FIE % O ERM 7
TV —ary )= CRSIVTWDFIREENZ OB HEZ R LT,

4. FEDH

AAEFE TR RL R HEY) B & LI TR R BEAEEL C 2RI, ZORSGEHEDORR E D 7= DL FEFHBREI TV,
ISO Guide 35:2006 (JIS Q 0035:2008) ¥ &% |Zf##L, 1SO Guide 31:2015 (JIS Q 0031:2018) ¥ D E R FIH|Z
AN TRAFER TV EER LT, ZRHDOZEIZONT, EERGAE MY R R & O % % Tk
ARSIV 1%, 2019 4 A JVNEERERREREHEY E FAMIC-C-18 DECAT ZBAAAL 7.

RO BRI ER E I, EPITIICERL OB 612370, £z, ESN TR ST IRERREE HE)
BT E DR OIEELRL Sy o OV ORI IFIEP RS L TR, ZOXHRBLRED D, ZOREHEYE HIE
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Bt OEBVERERICE BT 2L 2AITREV B D LTSNS,

NEBFRREAR EM B DB I I\ T, [ENZAFFERH e 15 N 3 - B dh ESE BT IR S T JE R A 2 A 1 1,
PURRRELE L, ESZAFIERR ST N PE BN S WHERTRA B 07 b, R EEN BAIERREH R4
NIRRT, SE R R A E S SRR TR L, R O—BMEIEN A AR 2 — 0|
7SS (e N e S = AR b=V LYl O 3 =Sy . 7 N 7 LY el Y e - 2 S R RN S AN /e e
A —, BRASAEIVAEREI N o 7 —, KM EIEN BAIRERE s, RS thAbBEER SR b
FFT OB HEERLET.

X &

1) MSZATBUE NRMOKEEH T L2 222 — (FAMIC) : JEBF 3 HT iR R O B A H & Fhe s
<http://www.famic.go.jp/ffis/fert/sub6.html>
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WE —RAEE K TV DNE])

6) JRNIATBUE NRMOKEEE 2 2527 — (FAMIC) : IEEHERRER % (2018)
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B EARD DI DA T4 ])
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13) FBEE/&wE, NI EARE], #1230, foARACTS, IHVEIERE, H BB, AHHT6:2018 (R IEBEERER 4EY)
BHORRE —mELEAEE FAMIC-A-13, 3@ bR R FAMIC-B-14, G TEFEEREEL FAMIC-C-12-2 Jx O}
AL AR FAMIC-A-17 ORI 22 E MEREN —, AREHFZtEE, 12, 175~195 (2019)

14) MNIATBOE N EMOKPEEE 22t 2 — (FAMIC) : AGEAHEHEYE (FAMIC C 18) O ffivJ7
<http://www.famic.go.jp/ffis/fert/obj/mihon_18c.pdf>

15) JRSZATBOE N B AROK ETE B 2 22 % — (FAMIC) : iRELGREEAE W 'E C 15 e 5 W n
FAMIC-C-18 #%GE®E (A <http://www.famic.go.jp/ffis/fert/obj/tukaikata_18_c.pdf>
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Preparation of Certified Reference Material (CRM) for Deter mination of Major
Components, Organic Carbon and Harmful Components: Sludge Fermented Fertilizer
(FAMIC-C-18)

Akira SHIMIZU?, Satoko SAKAIDA?, Madoka KATO?,
Mayu OSHIMA?3 Nobuhito NAKAMURA?*, Satono AKIMOTO? and Yuji SHIRAI?

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

2 FAMIC, Fertilizer and Feed | nspection Department

3 FAMIC, Fertilizer and Feed Inspection Department (Now) Ministry of Agriculture, Forestry and Fisheries,

Kanto Regional Agricultural Administration Office

4 FAMIC, Fertilizer and Feed Inspection Department  (Now) FAMIC, Sendai Regional Center

Food and Agricultural Materials Inspection Center (FAMIC) has developed a certified reference materia
(CRM): dludge fermented fertilizer (FAMIC-C-18), for analysis of major components, organic carbon and harmful
components. FAMIC-C-18 was certified for the contents of total nitrogen (T-N), total phosphoric acid(T-P.Os),
total potassum (T-K20), total copper(T-Cu), total zinc(T-Zn), total lime(T-CaO), organic carbon(O-C),
arsenic(As), cadmium(Cd), mercury(Hg), nickel(Ni), chromium(Cr) and lead(Pb). In addition, it is stated as a
reference value that moisture content (H2O). 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. Eleven 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, organic carbon and
harmful components in sludge fermented fertilizer.

Key words certified reference material (CRM), sludge fermented fertilizer, major component, harmful
component, SO Guide 31, SO Guide 35, collaborative study

(Research Report of Fertilizer, 12, 160~174, 2019)
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12 2018 &£ E BHRIEEME DR

— B EALREE FAMIC-A-13, @ kA iEEr FAMIC-B-14,
1GIR R IR FAMIC-C-12-2 K OVE AL AR R FAMIC-A-17 D& #1227 RFAl —

R, )1 E]t, #1123,
MRAKLIS!, IIPHIERE?, R, FAHHTR°
F—0—F  GREHEVEWE, T, RSy, AERGT, 1SO Guide 35, KM ZENE

1. [XL®HIC

LRI NERL OB A MR T D72 O IS T BOE N BMOKEW B 2 iz 2 — (FAMIC) 23 T5> T\ %
SRV T E LT BB 57 B L OVE FERGT O HTIER AT R THY, 2 ORI EtE
DIERDIROHIL TS, TERTND, IEEHERESESGOMEE =S, AEFELOOOITIKEEZ TR
SSNTHERE, MERME A RIS O RBRFT CIT, FBRAGE OE MHERR & OV BT ELiT oo 6] Lo 7=8b |28 BT R0kk

XATHERIGEREAZHEY) B VI XA NER S B BEAY B H BUICA T O QD ITAEEBRR) 72208 & VARl 0 B & 3
e, FAEIZEB VT ISO/IEC 17025:2017 JIS Q 17025:2018) D OERFHE BB (LIRS OE
MR DB Z P EEMRINTWD, ZOERFHITIE, BRI RO Y ML EH T OFIRE AT 5
ZEREBAITONTEY, O BAHFIED —>ELT F#‘EE% T EE B AMERE R DT BT
5.

F72, BUE FAMIC [Z3BW T, IEEREGEEEYE A (R EILAEE FAMIC-A-13 K T FAMIC-A-17), [A]
B (@ L EAEEE FAMIC-B-14) X OMA] C (GIRFEEEEL FAMIC-C-12-2) (LLF, 2N ENEEHEYE A-13)
(EHER L A-17) TIEHEE B-14) TEEWEMEL C-12-2 L0 ). ) 2R~ JEATL TRV (F 1) (TEHEmE
A-13)1, AL T), ZHHOFHRICOW X E BRI A VERECR D723 1SO 17034:2016 (JIS Q 17034:2018) ©
DT i e O FEIC BT A ER HIH | 2 2B (S35 2L &1L, 1SO Guide 35:2006 (JIS Q 0035:2008) ¥ %%
BT 24T 72 E T 1SO Guide 31:2015 (JIS Q 0031:2018) 19252 (Z38FEE M T~ L ZAERRL TV HEZ
AThD. 2018 L%, FEHEME A-13, A-17, B-14 }x O} C-12-2 DEMIZLEMIZOWT, ERREHE VR
AFERR ERFDDOFRIER Y DE=HV 7 H F i L T2 T, T O EEHETD.

2. MPRUAHE

1) REEDE=SIVT

(1) FRBRF

ISO Guide 35:2006 (JIS Q 0035:2008) ¥ ClZ, sBiAZ YW E O E M H, =2V 7 % FhiL CTLENE
R THZENEEN TN, ZEMEORFNCOWTL, & TR TOT — 2 &9 2 [E R e A2 @
PERBR K OMRAEHI B ST — 2 R NDTE R L E MERBR O — DD EEARR) TR G IEN &S, [FIREIZHH

LNTATBUE N EMOKEEIH R it 7 —th P 2 —
2INTATECE N EMOK EN B 22 2Bt 2 — i F e 2 — GRS SRR
SAMNTATROIE N AR PETH B 22 el o 7 — N RL 22 A D
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LT RRREAR Y E D IR AF IR ORI 72 7 — S St B2 Z &0, % H DI ke R EVEDE=4Y 7O
TEEUTEIR LTz, 2RI 22 @ MR 2 i3 5720, ko a) ~f) Z FAMIC #f =t 2 —TitiL7-.

a) M HRREL « EUEY'E A-13, B-14, C-12-2 L (R A-17 DIEEND, TNENTUH M 1 A& H->
7o 3k}

b) FRBRELSY -« - RRESNIZ T RTOSY (£ 1 2 R).

) ABRITIE- - - FRGEE R E 0O M [ O ST R RN AR BR ALY (32 3A, i‘% 3B KUV 3C & R).

d) FRBREEH- - FEWEYE A-13 13, R E DO7=0 O I [FFRER L 14 1 5 DRBREER &/, 7 7 A 1%,
13 » H 1, 19 » A%, 25 » H %, 31 » H#, 37 »fﬂ ﬁ% 43 r A1%, 49 7 A ?&&U 61 » H1%. {EHEME
B-14 1, FBFEERR E D7D D I [AFER i 4 (2551 DRBAEERR EW, 4 » A, 10 » A, 16 » A 14,
22 - A%, 28 r H 1%, 34 r A%, 40 r H %, 46 7 H ?‘ﬁ TEHERET C-12-2 13, FRREMHER E D7D D IL[FAIF
BR SN2 | Zd 1T DREAEERR I, 8 o 12, 14 » 12, 20 » 112, 26 » 11142, 32 » 11 1%, 38 » 1%, 44 »r
A%, 50 7 A 1%, 56 » A 1%, 62 »» A4, 68 » A& KO 74 7 A t%. FEHEME A-17 13, SRAEERR E DT
O IL[FFER I 2 12351 DARAEERR ERE, 9 - H % KOV 15 » A 4.

e) BR=E- - H—BR=E (FAMIC ffi 7o % —).

) ZEMEDFHM -« - 3T RE O TR A 2 DR R (B 250 & OV O RIE RO 53 HHE O SEEIEIZ DN T,
JIS Q 0035:2008 1+ J&FH B.5 &5 & I ZfifHT.

#£ 1 JOEEREEYEY) E OBE 2
i FEEE SRR FRRIERL Y A h IR
RE, Wil 7 =7, VAR

L TR TR DATE mgent oo Tikgd, <HEDA
FAMIC.A13 1 EEAERG o=y, MU, RIBEE W™ it capti - <ty 2008

R RAEEL B EEEEAE S TSN 6H K
KL DAEE 7ot Hy, BMEIFEHFE (BTG

TURSTHER, AR ARR, KR

(bR BREET =T, WY AREA s 8 20214
FAMIC-B-14 7 =% DU ’ PEO AR, KIS, U3, ARIVA,
MR IR, AL iy Jitints ZES
HFEER, VARER, INEEE, def,
EAMIC.C.12.p TFUEREE TOKIGUE, fefh THIGUE, By WSRA R, TR, AP, OF, I 20204
ek B IUL, KER, =o L, sad, (213K 6 K
457)

VAT =T, BT & %3

BEALRL =7, R, AR, B~ B
ek IR TR, KRk T, <EPEL ioﬂe 7k{»erli i?»—ﬁ‘ €S 6H K
WEEEE S IR MEZE (25T

SN s 7/%%7 @%’% <{»er %D/\/
ey
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(2) =XV 7 DFEHi

R2 HFEEVA—DOE=L) T HABRERR T
BRENMES _E;gﬁ 2EEH 3EE 4mE 5HE 6HE 7HE 8EEBE 9EE 10EE 11EE 12EE 13HEE

FAMIC-AL3 2013498  20144E4 2014410 2015%E4 20154E10 20164E4 20164E10 2017484 20174E10 2018410
Y ~118 A~5A A~1A A~5A B~uAl A~58 A~11A A~58 A~1A A~uA

2014512 201544 2015510 201654 2016410 201744 2017410 201844 2018%10

FAMIC-B-14 ;2015&1 B~58 A~118 A~58 A~118 A~58 B~118 A~58 A~118

FAMIC-C-12-2 20124F8H 201344 2013410 201444 2014410 2015%F4 2015410 201644 20164F10 201744 2017410 201844 2018410
~10A A~5A A~11A A~5A A~11A A~58A A~11A A~5A A~11A A~5A A~11A A~5A A~11AR

20174E7R 201844 2018410
FAMICALT o B~58 A~118

#* 2 @%é&t%’ﬁﬂ%%ﬂ%%ﬁmﬁiﬁ%g A-13, IEHEYE B-14, IEHEWE C-12-2 K OMRHEME A-17 % 1
AT, BB 2 RO TREBREZTT o7,

WEEOHEUT, i%ﬁ#@’féj A-13, B-14 KN A-17 IZ2W T, AFAr (As, Cd, Hg, Ni, Pb), C-MnO,
C-B203 K Y W-B,05 ORBRSATIZA N T 3 Hr, TNLISNORIE, /IMRELT 2 HieLiz. s
C-12-2 122\ T, T-Cu KU T-Zn OFRBRAEITEEIL, TN LS DRI OWTH RIS 3 MLz, E7z,
AT, BLROGRREE L [FERIZ K R LW R EE (T RIRED) &Lz,

F23A FEHEYIEA-13, A-1TOREREL S K OEER 51k

I BRIA B ERVE OB
S VAN
ABRRS) &5 SPHERELiE By ik
e 4.11a  TIE =R — R RN 15
|AE(T-
ERERTN) 411b  — BRIEVE
- BRIV LT VT RN
N =7 FeF= _ E el s N
ToE=THEZ(AN) 4.1.2b iR (1+20) HhiH R
N % (C- > ) gk NFEREVT T UBBT =T A
e ! . 7L — ARG
<IAMENNE (C-K20) 4.3.2.a < ZAUBE (20 mg/mL) fh HY X&iﬂ/*bﬁ'ﬁ&f&
IKTEMINE (W-K20) 4.33.a KA H demal %%ﬂi

I T — DY E T
¥+ (C-MgO) 4.6.2.a <A A (20 mg/mL) fifi 7 L— LA
M~ (C-MnO)  4.7.2.a <Z AUFE (20 mg/mL) fihiH 71— AJE A S

. e T AT UHRs
YEMEIED # (C-Be0s) 481a <X A (20 mg/mL) filiHy T

. ] TYAF UHIE R,
KEEMEIED 37 (W-B203) 4.8.2.a piiiifas W 3G BE

JRFEMEZEFE (U-N) 6.3.b KA H EHiEE s~ T 7 1k
1) ek kR E ORI H & 5
) BRMEME AL, <P, KIEMEEO R, IRFBMEEFR 2R EEWEA LT, KEEMINEZERS.
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#3B IRMEWE B- 1405 R ik oy M OB 5 1%

I B HERVE O
Es YAN
PIRBLS £2Y SRR W
TUE=TEEE(AN) 4.1.2.a a3 RO E A
—— e Kt N—=T A~ K NFREVT T URRT =T A
ARMED AT (S-P20s) 4.2.2.a Kot Vi P
. s (AL NFIREYTFUMBRT =7 A
e, : T — AR AR
IRIAVEN L (W-K20) 4.33a K T L DY
ONE (As) 5.2.a fitlR — e — e B ER 0 fiF K BAL s A R - GTE
HRI7 A (Cd) 5.3.a E KGR T — KNH AW
=41 (Ni) 5.4.a T KR T — KB E

JEILFRIA S .

#3C (EAHEYE C-12-2D3ER Ak 4> Jo OVakBR 7 1

~ ] ERIE H ERVE O 5

=Ny AN

AR %59 SRR W
e A 4.1.1a  TIVE iR — R HORD

ESPAN -
ERERT-N) 411b  — PRI
N TN —HRE R FAK NTREVT T URT E=T A
0 Al 4 B (T-P20s) 4.2.1.a ok %é/&%%@#
I 4 B (T-Ke0) 431a TSR R Z;;?f”b“ﬂﬁ”—
£ K4 (T-Ca0) 45.1.a TR R PR 7L — LR
R (0-C) 411.1a —ruAfEEEL P s oo e
i 4= & (T-Cu) 4.10.1. T KGR T — ARG
g4 & (T-Zn) 49.1a EEVi Ay 7L — AR
O\ (As) 5.2.a Wile — e — IR SRR 0 iE KB AR IR
HRI A (Cd) 5.3.a v oy, A 7L — AR
7K $R (Hg) 5.1.a H IS — M E e 0 iR iw= ot S bR TR
=41 (Ni) 5.4.a TRy i 71— LR
e (Cr) 5.5.a LV Ay 4 71— LR e
#4 (Pb) 5.6.a Koy fiF 7L — AR ARG
JEILR3A 5.
3. R

1) REMEODE=SYLT

(1) =KV Tk

EEVEYE A-13, fEYEME B-14, FEVMEME C-12-2 K OMEMEME A-17 ORBRA 5y D2 TE MR AR A %
AAD~F 4C TR LT, BEAEYE A-13 ORBRBI O 61 » A £, HEUEW'E B-14 O BRIAM D 46 » A 14, 12
YEWVE C-12-2 ORI D 74 o A 12 K OCHEHEE A-17 OFRBRIAM O 15 » A #% £ CIo I L= &f%aE H
T O BR R 5y DFRBR AR D BB A X A13~[X] C12-2 (Z/RL, FEAZEH IR A I OVILE [RIR & V. 7
3, WEBGLE A BT D12 0 L= O TERBR OMER LA (n) 7 ONZFRREE (W), S PAZYENR 2 (sw) K OV
FEUEYER 22 (sp) Z VT (@) K, (b) KLV (e) RITkY, BREFAM D72 OFEUE(R 22, PR K& QYL E
PR K712 ZORER, EHEWE A-13, IEHEY'E B-14, fEHEWHE C-12-2 K OMEMEME A-17 OREM
RREGEO AN, W oRBRE S ER R R OFFHN Th 7.
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2
BAERFAIE 00 7= o O e 35(0) = J(st_st)ﬁ% ()
FREI T D EHRRA = u+ 20 )
EIEIC T DILER R = u+ 30 )
n: FRBERBOPHTREREL sw: SRR 2 I A e 3
Swi BB GBI SR (R I
FAAD AL T =) 7 SR (R %)
wmy Sl TrorE=TH BHEDARE IRYAMEN

(T-N) =% (AN) (C-P20s) (W-K20)

18

0 14.90 14.94 10.58 10.60 10.74 10.77 13.00 13.12
7 14.80 14.82 10.22 10.54 10.68 10.81 13.04 13.14
13 14.80 14.83 10.44 10.49 10.85 10.87 12.87 12.89
19 14.87 14.93 10.72 10.77 10.72 10.76 13.02 13.11
25 14.74 15.06 10.39 10.70 10.67 10.80 13.12 13.27
31 14.65 14.75 10.53 10.58 10.66 10.70 12.93 13.01
37 14.70 14.79 10.51 10.52 10.80 10.89 12.90 12.92
43 14.94 15.01 10.48 10.49 10.69 10.79 12,92 12.95
49 14.65 14.70 10.47 10.49 10.67 10.69 12,92 13.19
61 14.73 14.78 10.55 10.62 10.82 10.82 13.03 13.16

FAAD (fix) (B B3R %)
s TR+ B~ EEMHEIFHFE
il H (C-MgO) (C-MnO) (C-B:03)
0 3.18 3.29 0.359 0.381 0.214 0.214
7 3.16 3.27 0.357 0.368 0.194 0.208
13 3.26 3.35 0.348 0.370 0.196 0.204
19 3.17 3.22 0.363 0.363 0.201 0.203
25 311  3.19 0.345 0.367 0.207 0.214

31 3.23  3.26 0.371 0.388 0.192 0.202
37 312 3.17 0.329 0.347 0.199 0.206
43 319 3.22 0.352 0.363 0.210 0.210
49 3.10 3.13 0.337 0.346 0.194 0.199
61 321 3.22 0.349 0.351 0.197 0.201
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FKAAND) TEYEYEA LT DL EMT =) 73R R piE (E &% %)
o EHAR FoE—TtE <MEOARE M
i (T-N) 2% (AN) (C-P20s) (C-Kz0)

0 13.92 14.03 11.62 11.64 13.20 13.32 13.76 13.91
9 13.99 14.03 11.70 11.74 13.39 13.44 13.38 14.32

15 14.01 14.02 11.94 1211 13.24 13.36 13.95 13.99

FKAAD) (fix) (EH 5577 %)

8 <TEtEH 1 M~ A ICIEDES KIEMEITD 2 JRFEVEZETR
(C-MgO) (C-MnO) (C-B203) (W-B203) (U-N)

0 3.44  3.47 0.298 0.318 0.568 0.583 0.444 0.462 214 224

9 3.42 3.44 0.289 0.303 0.561 0.567 0.452 0.464 228 231

15 3.52 354 0.309 0.318 0.561 0.578 0.445 0.453 229 233

F24B [EYEY)EB- 14O R E T =X 7 7 B ki (E &5 %)
I 7;‘/%:7@ ALY AR RIEVED AR RIAPENN
! 725 (A-N) (S-P20s) (W-P20s) (W-K20)
0 7.94  8.09 9.13 9.14 6.66 6.74 8.18 8.23
4 7.98 7.98 9.18 9.23 6.77 6.79 8.15 8.16

10 7.96 8.01 9.12 9.13 6.65 6.67 8.28 8.29
16 8.01 8.05 919 9.26 6.65 6.66 8.23 8.27
22 8.02 8.06 9.25 9.33 6.72 6.77 8.17  8.47
28 7.98 8.00 9.10 9.13 6.69 6.71 8.17 8.28
34 7.93 8.03 910 9.11 6.69 6.73 8.27 854
40 7.89 8.02 9.21 9.23 6.66 6.67 8.07 8.30
46 7.93 7.95 9.27 9.28 6.74 6.76 8.17 8.18

R4B (%) (mgrkg)
o [0 TIRIT A =)
X
it (As) (Cd) (Ni)
3.01 3.23 3.92 411 36.7 38.3
4 2.96 3.07 4.26 4.27 37.7 37.7

10 293 2.96 415 4.19 36.9 37.8
16 2.88 297 417  4.19 369 37.1
22 291 298 3.95 3.99 38.1 39.0
28 3.01 3.08 3.70 3.78 36.3 36.6
34 3.06 3.10 443 4.44 383 391
40 294 299 429 4.38 37.2 37.2
46 294  2.98 4.04 4.14 374  38.1
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KAC IEWEMEC-12-20 L EMEE=2Y 7 kBl

(BB %)

. R s N A iR R
i ] (T-N) (T-P20s) (T-K20) (T-Ca0) (0-C)
0 4.77 4.79 8.64 8.64 0.607 0.619 5.99 6.03 20.4 20.6
8 4.57 4.75 8.46 8.49 0.553 0.561 5.76 5.82 20.0 20.1
14 4.71 4.78 8.52 8.53 0.560 0.564 6.03 6.08 20.1 20.9
20 4.67 4.72 8.59 8.59 0.538 0.541 5.84 6.17 20.7 20.8
26 4.67 4.69 8.56 8.61 0.572 0.573 6.20 6.30 20.2 20.3
32 4.79 4.80 8.62 8.63 0.583 0.588 5.62 5.66 20.1 20.3
38 4.80 4.81 8.72 8.76 0.610 0.614 5.90 5.95 20.2 20.4
44 4.62 4.69 8.53 8.57 0.524 0.532 5.42 5.44 20.4 20.9
50 4.63 4.66 8.73 8.76 0.611 0.623 5.78 5.78 19.0 19.2
56 4.58 4.61 8.48 8.54 0.605 0.608 5.79 5.87 19.9 20.2
62 4.58 4.61 8.59 8.60 0.570 0.579 5.77 5.82 19.3 19.5
68 4.63 4.69 8.60 8.64 0.560 0.579 5.85 5.90 19.8 20.0
74 4.66 4.69 8.70 8.72 0.608 0.611 6.12 6.14 20.4 20.5
#4C (Fix) (mg/kg)
w3 A gie [N AN (053 HRIT A
(T-Cu) (T-2n) (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
20 582 582 982 988 21.8 22.1 1.78 1.78
26 545 547 991 996 22.9 23.1 1.84 1.90
32 561 575 1,000 1,004 22.4 22.9 1.82 1.82
38 570 571 985 996 22.7 22.9 1.77 1.79
44 567 569 981 992 21.7 21.9 1.83 1.83
50 571 579 1001 1003 19.8 20.0 1.82 1.88
56 587 589 996 1002 21.4 23.7 1.85 1.91
62 554 561 997 1006 21.1 21.6 1.77 1.82
68 575 577 998 1007 20.4 20.5 1.72 1.81
74 572 574 983 999 22.1 22.9 1.83 1.85
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F4C () (mg/kg)
PN 7KER =/rv Z4=FN £
it (Hg) (Ni) (cr) (Pb)
0 0.464 0.470 73.3 743 786 81.2 36.4 365
8 0.448 0.478 742  74.6 80.5 80.5 351 35.1
14 0.443 0.473 783 787 75.4  79.4 36.1 36.9
20 0.511 0.514 727 74.3 81.8 82.9 353 353
26 0.501 0.503 73.3  73.4 86.6 88.5 354 359
32 0.462 0.479 773 77.4 80.4 81.2 36.0 36.0
38 0.506 0.514 747  74.9 79.1  79.4 353 358
44 0.488 0.509 716 726 79.5 80.2 353 357
50 0.483 0.520 759 76.3 83.1 84.0 355  36.0
56 0.466 0.476 76.1  76.3 80.5 82.1 36.8 37.3
62 0.466 0.476 743 74.4 772 79.3 346 351
68 0.489 0.501 732 755 80.8 83.5 348 358
74 0.512 0.522 740 74.6 78.8  81.0 36.1 36.9
11.5
~ y = -0.0022x + 14.883 2 y = 0.0001x + 10.531
£ 153 k 110
il .. ¥
4 4
”ﬂﬂ* ok R M‘E“
o <§\®v ./ o 105
< 148 | 1 A--- ~
i ! I
5 I AR G100 Foomm
143 1 1 1 1 1 1 95 L L L L L L
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Sl (1) wid O)
1. fE e ALS (22554 5) 2. MEUEMVE AL (7 BT %EFE)
~ y =-8E-05x + 10.76 . y =-0.0002x + 13.029
S\i ;\313.5
R Y
%
gﬂﬁgﬂy iz
) I
10.7 — 130
il l
o =
105 1 1 1 1 1 1 125 ' | | | ' |

0 10 20 30 40 50 60

iEA (A)
3. FEYEM L AL (TS MED AUR)
Al3
O DFEBIE
TR BT ALE R

0 10 20 30 40 50 60
A (7)

4, FEAEME AL (KIAMENN L)

FEEUEMET A13 DT =X 7 iR B
TT— R I E O
— B R

AR : (A1 ELAR
JR AL TR FEREAE
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13.8 15.0
_ y = 0.0038x + 13.294 — y = 0.0084x + 13.818
= S us |
%\@_ F m e e e e e e e %\@_ s s =
% %
: P = 140
13.3 ko===-"""""" 14.0 F 2~
m I N
5 5 135
12.8 ' L ' 13.0 ' ' '
0 5 10 15 20 0 5 10 15 20
“amA (H) “amA (H)
3. MR ALT (KEAPED AUBE) 4. FEUEYE ALT (KEAPENNEL)
395 |
2 y = 0.0043x + 3.4369 = y = 0.0002x + 0.304
=X S 0.35
t\g_ 370 b t\gr L e e e
N N
i I
= | g 0.30
o o
ey oY
3.20 ' ' ' 0.25 ' ' '
0 5 10 15 20 0 5 10 15 20
“amA (H) wmA ()
5. BEYEM B ALT (M 1) 6. FEYEMEALT (I~ T )
0.65 0.50
N y = -0.0005x + 0.5735 N
g\i 060 Feimimimimimicicicicia oo g\i --------------------------
M ¥
4 < _____ /
0.55
= = Y
@ 0 50 : ......................... @ e e i e e s — - -
E & y = -0.0002x + 0.455
0.45 ' ' ' 0.40 - - -
0 5 10 15 20 0 5 10 15 20
wmA () wmA ()
7. EVEE ALT (KEEMEIEHFE) 8. HEYEM T ALT OKIAPEIZH )

Al7 (Fix)
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270 | y =0.0051x + 2.2398
SN I
< i
230 o
g
210 f
sl I
._I;:\?
1.90
5
1.70 - : -
0 5 10 15 20
e (7)
9. FEHEWE ALT (JRFEMEZER)
B AL7 (i)
~ y =-0.0012x + 8.0177 96 y = 0.0013x + 9.1592
x83 F e
%@F L e e e e e e e e = . 4 :/ | .
& ﬁgs-
I 1 N SN o
= 80 ¢ S
Jm] L 9.1
£ s o
7.8 L ! 8.8 . .
0 20 40 0 20 40
e e () i e ()
L e EBLA (T B =T HEEER) 2. FEHEY E B 14 (AT EAMED AUTR)
8.8
= y = -8E-05x + 6.7095 .
S .o S
R S T 5 l /%
N N
s R i g3 |
e P @\&@-ﬁ oo [l s Yoad LA
T 6.7 F R4 = <
ol ol I DN PR
S P 5
BH BH
y = 0.0005x + 8.2332
6.5 L 1 7.8 1 ]
0 20 40 0 20 40
e (7) ime (7)

3. FEYEWE B14 OKIRTED AFR)
X B14 fEH#EM'E B14 OE=XU T RER RS
(HEIXX AL3 2 1R)

4. FEAENEE B14 K EEMEIN )
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y =-0.0011x + 3.0233 50 F

SEEE - (mglkg)

y = 0.0017x + 4.0966

20 1 L 30 1 1
0 20 40 0 20 40
A (H) A (H)
5. UM EB14 (V0 ) 6. FEVEY)EBL4 (IR L)
45
’§= L o e
[@)]
E <‘7'V"A &= g;@. “'?"@"QA?“EA'
23 }
Q
S

y = 0.0048x + 37.475
25 1 1

0 20 40
A (H)
7. EHEYVEB14 (= 7L )
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5.1 8.9
y = -0.0014x + 4.7499
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2.2
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2) EBHZEREMHEORMAREMLE

FEEME A-13 ORBGEERR ERF (0 7 H), 77 A4, 137 A4, 197 A, 25 » A#, 31y A#, 37T r A#,
43 A%, 49 7 At K OV61 » A th, HEHEYE B-14 ORBREHER ER (0 H), 4 A%, 107 A, 16 7 H 1%,
22 r H 1%, 28 r A#%, 34 r H 1%, 40 7 A # & OY 46 7 A #0F ONTAEHEW B C-12-2 ORBGEERR ERF (0 7 H ),
8 H1%, 14 » H 1%, 20 » A 1%, 26 » H1%, 32 » H %4, 38 » A 1%, 44 »r H 1%, 50 » H#, 56 » H t%, 62 » A 1%,
68 - H 1% KON 74 4 A #% £ T ORI A I ONZ A B0 E O SEEE N N 22 E PR BR ORI # R 2% 5-1 K
O 5-2 | TR UTe. ZEMEDRHmIL, £ A O SERE &4 B O E DS EA HV T 1ISO Guide 35:2006 (JIS
Q 0035:2008) Z B ZIZIKOFNETITo72. £, (d) XLV (e) &b, #&l A & OV HHiE & O [alF EFR O g X
(by) e O (by) sk 7=, iz, () XL N (g) &V, TRIOEHERLE (s) K ONEli ELAR OfEE DOFEHERR
7 (sp, ) AR 7. [AVRERROMEE OIEHERRTE (s, ) & HE (60,9572 ) Z I CTAHEMBHE OAEXHE (|bq]) Z LLEIL
7-.

ZORER, FUEWE A-13, FHEWH B-14 L OFEHEWE C-12-2 DETORFELTITIBNT, [by| < sp, ¥
toosT_2 C720, HEZIIH R ELITRBDOOND o7, ZHICKVEEEYE A-13, IEEWM'E B-14 K OMEHEME
C-12-2 DFRFERTE, =XV VR FERRFNO 5417 H, 34E10 74, 6 -2 » HRIZE CTh -7z, £z,
FRBREIEUL 3EIEAD 723, FEEE A-LT IZOWCRIBRDFEMi Z E L7225, WTNORGHEEITAE
LRDOINIR ST,

T T
b, = ;(xi -0y — )_’)/;(xi -x)? e (d)

b0=)7—b1f ”'(e)

T
mZ()’i — by — byx;)? e ()

- (g)

*Uﬁiﬂ%z@ |b1| < Sbl X t0.95,T—2 e ,JEI:VGVIII/\ (%’J/:E_’)
[b1] = sp, X toosr-2 e HETHD (RNEZE)

T: BRI (A-13(10 [71), B-14(9 [7]), C-12-2(13 [=]))

xi: PRI RIEIORERENE A HE=2V 7 i H £ TORRRER (H)
X ox; OFEE(H)

yio E=XU T B ORI E O E

yi y; ORBREAE ORI E

b,: [EIFEFROMHE

by: [EIFEHROE]

s TRIOMEHERRZE (HEETR 2 (v; — 9;) OIEYER )
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Pio xS Dy; O T E
Sp,: EUFEFROMAE OFEHERR S
toosm—z: UIE (WA EAKLE a=0.05 AHE T-2)

£5-1 FEUEWET DR EIEDT =2 7 B Ol 5

b 9 B )i 5y AT s SR ) E
EY T2 T N N A - AT
(mon) (o) ( % )” %) ()" < % >” ( % )”
mon. mon. mon.

(FEHEY)E A-13)

EHEemE (T-N) 28.5 14.819 -0.0022 14.88  0.098  0.0017  0.0039 O
ToE=THEZEH (AN) 285 10535 0.0001 10531  0.103  0.0018  0.0041 @)
IAPEV ARG (C-P20s) 285 10.758 -0.0001 10.760  0.067 0.0011 0.0026 O
KIAVENNE (W-K20) 28.5 13.025 -0.0002 13.029  0.105  0.0018  0.0042 O
<ML (C-MgO) 28.5 3.202 -0.0013 3.238  0.052  0.0009  0.0021 O
WM~ H (C-MnO) 285 0.358 -0.00036 0.368  0.011  0.0002  0.00043 O
IAMEIZHFE (C-B0s) 285 0.203 -0.0001 0.207 0.006 0.0001 0.0002 O
(BEHEYE A-1T)

EHEeE (T-N) 8.0 13.993 0.0026 13.98  0.009 0.001 0.011 O
TUE=THE%E%E (AAN) 8.0 11.675 0.0251 11.591  0.119 0.011 0.142 @)
SEMED Al (C-P20s) 8.0 13.338 0.0038 13.294  0.106 0.010 0.126 O
<EEMINE (C-K20) 8.0 13.843 0.0084 13.818  0.054 0.005 0.064 O
<EEMEE 1 (C-MgO) 8.0 3.443 0.0043  3.437 0.056 0.005 0.066 O
Y~ (C-MnO) 8.0  0.302 0.0002 0.304  0.012 0.001 0.015 O
<EEMEIZHFE (C-B20s) 8.0 0570 -0.0005 0.573 0.006 0.001 0.007 O
AKEEMEIEFHFE (W-B20s) 8.0 0456 -0.0002 0.455  0.006 0.001 0.007 O
JRFEVEZESE (U-N) 8.0 2.266 0.0051 2.240  0.012 0.001 0.014 O

a) AEAEYEA-L3IT RS ORBR N B 2 DERELC61lyr H R TE=HY S
FEAEY)E B-141 X 0514 O BR 20 0 DI L C465 A FTE=4Y s
FEUEN) ' C-12-21 XS t% OB I N A O EEE L CT4r HR ETE=XU 7
FEAE A LTI S OB E N H 2D HE L C15, A% ETE=XU 7

b) FRELLFIEIDORERINE A DT =2Y 7 F i B ETOREEEM OFELME (F)

c) FEUEM)E A- 13D BR B AR DS M (77— 4% = ARBR IG5k (10) X G TRBREL (2))
T B-14 DFRBR AR ORI (7 — 2 4% = BRI 014K (9) x fRHFT7RBR%E (2))
FEAEY)E C-12-20D iR BR AR O M (57— 2% = ARBR N 15Kk (13) X P T3R5 (2))
TEHEMVE A-1T DRRBR AR DR - HIE (77— 2%k = BRI 5k (3) X G TiRBREL (2))

d) [ElRFERROMHE

e) [BlREMHROY T

f) PO SERE

0) EUFEROEEOFEAERLE

h)  Sp, X toosT-2

) ORKAIGEAL THEHZIIAZLTRDONT, LEEFTMUIZ Y

|b1| < sp, X toosT-2
) FhO%ITEESSR
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#5-1 (fa)
£5-1 UM DR EMEOT= 2 L 7 s O 5

oo 19 53T s HE
SRER A Y x y by D by <N Sp, P " o)
(mon) (o) ( % )j) )" ()" < % >” ( % )”
mon. mon. mon.
(I ey E B-14)
TroE=THE%EE (AN) 222 7.99  -0.0012  8.02 0.03 0.0006  0.0015 O
AYRMED AURE (S-P20s) 22,2 9.19  0.0013  9.16 0.07 0.002 0.004 O
IKEEMED AUlE (W-P20s)  22.2  6.71  -0.0001  6.71 0.05 0.001 0.002 O
KYEMENE (W-K:0) 222 824 0.0005 8.23 0.09 0.002 0.004 O
(FEHEM'E C-12-2)
ZHEALE (T-N) 37.8 470 -0.0014  4.75 0.06 0.001 0.002 O
0 /Ul 4B (T-P20s) 378 861 00013  8.56 0.08 0.001 0.002 O
HE A& (T-K0) 37.8 058 0.0003 0.57 0.03 0.000 0.001 O
FiIR A (T-Ca0) 37.8 589 -0.0014 5.94 0.22 0.003 0.01 O
AR (0-C) 37.8  20.16 -0.0085 20.49  0.45 0.005 0.012 O
#5-2 BHEWE DR EMDE=2Y L 7 iSO i 5
I [ 43 B HTE
e T oY bD  by® D Sm® g o
mg/kg mg/kg mg/kg
(mon.) (mg/kg) ( —— ) (mg/kg) (mg/kg) ( —— ) ( —— >
(FEHEY)'E B-14)
V% (As) 222 3.00 -0.0011  3.02 0.07 0.002 0.004 O
HRIT A (Cd) 222 413 0.0017 4.10 0.22 0.00 0.01 O
=4V (Ni) 222 376 00048 375 0.77 0.02 0.04 O
(FEHEY)'EH C-12-2)
#il4 & (T-Cu) 37.8 573 -0.0977 577 11.9 0.15 0.32 O
s 45 (T-2Zn) 37.8 995  0.1213 990 9.8 0.12 0.26 O
U# (As) 37.8 217 00010 216 1.16 0.01 0.03 O
FIRIY A (Cd) 37.8 1.82 -0.0001  1.82 0.04 0.000 0.001 O
k4R (Hg) 37.8 049  0.0004  0.47 0.02 0.0002  0.001 O
=41 (Ni) 37.8 749 -0.0051 75.1 1.83 0.02 0.05 O
27w (Cr) 37.8 810 0.0002 81.0 2.70 0.03 0.07 O
# (Pb) 37.8 358 -0.0002 358 0.69 0.01 0.02 O

AL #5-14 2 B

3) IEREIHEEMEOFER

EWRENRT=2) TR T ol 5, BLE M CIREVEME A-13 1JGRGHIER ED 4 4 7 7 A [H, 57
Y8 B-14 1 IF8FHERR E0 5 345 7 4 A [, HEVEME C-12-2 | XFRGEIERR EM S 545 11 4 A [, EEWE A-17
IXRBRHERR END 7 7 H O EMED RS,
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4. F&OH
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FIREOFMEMER RICF S T2b0EBE 2615,

X |

1) MSEATBUE NEMOKETE R Z2 it 2 — (FAMIC) : IEEH AT A vERUEF O REAT F 55 FleE
<http://www.famic.go.jp/ffis/fert/sub6.html>

2) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025 :2018, [FRBRFT e OB IEMEBIORE T IZBE 45—k BRI )

3) FKOLHY, BEHAIH, JURFR, BAAML, AHEIEN, REFE 1, ORI, BREEIT, AR,
SEHBON 12012 AR IEEERAREM B OB FE — G IERBEIEE FAMIC-C-12—, IEEHMIFZEHR T, 6, 84~100
(2013)

4) ME1E—, \KRFR, A, FOtHR)), REEF, A, AR, BHMY, BHRIE,
APREA 2018 ARFE EBIEREAEVEM E O PR % — i EE AL RUIEEE FAMIC-A-13—, BRI SRy, 7, 95~
104(2014)

5) [a[ERitE, FKoC Ry, BHH R, JORFFR, GG, AP RER, INEIE —, BEHFIE, saRird, (&
ICHIBER, AR, AHMTG:2014 5 IEEEERHEEDE OB — Ed b it FAMIC-B-14 O3
Bl —, MR, 8, 140~152 (2015)

6) FKoCHLTY, B, \RFR, RRIIER, TEAREKR, AHHTG:2015 FE JEERERHEEYE OB
I —1GIR BRI E FAMIC-C-12 O FE8GE—, IEEHFZE#H S, 9, 145~169 (2016)

7) BOTHT), NEEGE, BOFR B, GRS, TREC, AR, BRTR:2017 R ERRRAELR
YW ORRFE — B EEALEIERE FAMIC-A-17 OFH—, Sk 29 4 B RS Rt at & &k

8) 1SO 17034 (2016): “General requirements for the competence of reference material producers” ((JIS Q
17034:2018, MEHEMEAPEA DREJNZBEH T 5 — X ERFIH )

9) I1SO Guide 35 (2006): “Reference materials—General and statistical principles for certification” (JIS Q
0035 : 2008, MFEHEME — FRAED T8O D— XA K OFEFTHFHI72 5l )

10) 1SO Guide 31 (2015): “Reference materials—Contents of certificates and labels” (JIS Q 0031 : 2018, %
EYE —REE R T~V DONE )
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11) IRSZATEE NEMOKPETH 22 2 T % — (FAMIC) - JEHERER % (2016)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2016.pdf>

12) 1S0O 5725-6 (1994): “Accuracy (trueness and precision) of measurement methods and results—Part 6: Use in
practice of accuracy values” (JIS Z 8402-6: 1999, & 71 M ONRIERE RO FEMES (FLE L OUEE) — 5 6
ST S IR DD = AR J7 1)
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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-13 and FAMIC-A-17) and Ordinary
Compound Fertilizer (FAMIC-B-14) and Composted Sludge Fertilizer (FAMIC-C-12-2)

Shigeyuki INABA!, Shinji KAWAGUCHI, Takafumi KAMIKAWAL,
Norio FUNAKI!, Masayuki YAMANISHI? , Tadashi INOUE! and Yuji SHIRAI®

! Food and Agricultural Materials Inspection Center (FAMIC), Kobe Regional Center
2 FAMIC, Kobe Regional Center (Now) FAMIC, Fertilizer and Feed Inspection Department
8 FAMIC, 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-13 and FAMIC-A-17) , ordinary compound fertilizer (FAMIC-B-14) and composted sludge fertilizer
(FAMIC-C-12-2) for analysis of major components and harmful elements. FAMIC-A-13 is certified for the
concentrations of total nitrogen (T-N), ammonium nitrogen (A-N), citric acid-soluble phosphorus (C-P20s),
water-soluble potassium (W-K;0), citric acid-soluble magnesium (C-MgO), citric acid-soluble manganese
(C-MnO) and citric acid-soluble boron (C-B203). FAMIC-A-17 is certified for the concentrations of total nitrogen
(T-N), ammonium nitrogen (A-N), citric acid-soluble phosphorus (C-P20s), citric acid-soluble potassium (C-K20),
citric acid-soluble magnesium (C-MgO), citric acid-soluble manganese (C-MnQ), citric acid-soluble boron
(C-B203), water-soluble boron (W-B,03) and urea nitrogen (U-N). FAMIC-B-14 is certified for the concentrations
of ammonium nitrogen (A-N), citrate-soluble phosphoric acid (S-P20s), water-soluble phosphoric acid (W-P20s),
water-soluble potassium (W-K;0), arsenic (As), cadmium (Cd), and nickel (Ni). FAMIC-C-12-2 is certified for
the concentrations of total nitrogen (T-N), total phosphoric acid (T-P-Os), total potassium (T-K:0), total calcium
(T-Ca0), total copper (T-Cu), total 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 ISO Guide 35: 2006. It shows evidence that there were no need
to update the certified value and its uncertainty. From these results of the statistical analysis, the all certified
values of the CRMs (FAMIC-A-13 : 4 years 7 months after preparation, FAMIC-B-14 : 3 years 7 months after
preparation, FAMIC-C-12-2 : 5 years 11 months after preparation FAMIC-A-17 : 7 months after preparation) were
stable. The CRMs were expected to be useful for the quality assurance and the quality control in the analysis of
major components and harmful elements in compound fertilizers.

Key words certified reference material (CRM), fertilizer, major component, harmful elements, 1SO Guide 35,
long-term stability
(Research Report of Fertilizer, 12, 175~194, 2019)
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F—0—F EROBIE, TS, 1GIEALE, HEAL

1. [XL®HIC

MSEATEE N MK ER B 22 2T 2 — (FAMIC) TI, R OB ORI BN E 4 578 Ak
23 FPEDDIRL 26 LT THER(E4) OB E, 1 XU VA VLB 7= B & O/ kA B EE T8l
B BEEERTRELD T ET — X X—AZ/ERL, FAMIC &R L OB RAMOFTIAEZIZIE AL
T,

AR TIX, #EE T —F X —AZHH L TOZRVETRILEL & OHER DR A 725 0 2R 35720, filkt
ST EEED THLIESILCODEE XL T VAV LD MERAAT o 7= % O SRR SR A VTSR, B AR
L7c. ZAUCEY, BAPSEEBIZIZ 3T D15 TR IR X OHEE D RS2 MR LT DT, ZDRERAEHRET 5.

2. MPRUAHE

1) gEes

Ll L CODIGTRALEL K OHEAR A INAE L, BEARERIC LB A FE ML 7. 15 IRIEEFO NARIT T KI5 TR AR}
(3 4), LIRIGIEAREL(6 5), THEIGIEAEEL (3 &), IBAVHIEIERE (2 &), BERIGTRALE} (3 /1), VHTRFEEEAE
B2 R) THY, HERIT A SAHEE, IKSAHER, BSAHEIEZENZE 1 S THD.

IRHOEEHT, MBI T 65 °C T 5 KEH DU T 40 °C T 70 BERIFLE O PRI ATV,
SR CHBHE 500 um D55V E il T 5 ETHEL, IRE LT,

2) HEZFOHRH

(1) /K:AKEREERE (B AIVART  Elix Advantage 5) 2 VW CTRERIL 72 JIS K 0557 (ZH1E 5 A3 K.
(2) filE: JIS K 8951 A H 4 & e a3 (B s b+)

(3) KEE LT RUT L JIS K 8576 Fifkad 3k (& L7 A/ AF0EHi%E)

3) ZXERUHRE

(1) AVBEEE MM E B2EE CR-6 (=M L3kt

(2) ZERBAMEE:SZX 7 (OLYMPUS fH#) #5213 15 A F DE=F—ITHHi L TYTo7-.
(3) BHSET VX NHAZ: DP21 1/1.8 ! 717—CCD # A7 (OLYMPUS #1:#Y)

VIMSTATBOE NIEBMOKPET B 2 ikt 2 — kit 22— (81) IEfTEZ 2 A
P PSTATBOE N RMOKETH B L it 2 — 1@l e 2 —
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4) REAE
FA B BT FEYED (U SN QWD AL 5 VA2 B B T M O T IV I VIZ K DR EAT N, T L o8T — R ERL
LTHIZELZ. 22072012, FUH T EO7n—r—M K 1 KUK 2) 2R

LMkl 2 g ~—/L ¥ —H— 500 mLiZ|EZA 0 E5
— il (1+34) 150 mL
il RERFIL TR, 1557 [

—K (B—h— EHETNZ5)

i 1075 fH
|
R %A | TR Mo OVK g 2 i<

OKJEDSERIT 725 F TR IR )

(R
#lzz BRI LT — e ERL
1 FRICEDHTALER 5
ShrakEl 2 g ~—/LE —%— 500 mLIZ{ZAWE5
— KR L N AR (50 g/L) 150 mL
Fh FEEH LT, 304 & i

—K (B—h— FEETNZ5)

TE 1073 fH
|
EAR S E KA TlE J 0K i % i<

OKJEDSERT 725 F TRV IR )

(D)

kS BRI, 7V RT— Rk

2 TIVAVICEDRIERTT 1
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TR TS S T A IR - IR S A R BRI RS BV I TREL QWD A /a T IAF v Dk
LTI 4 DIl a2 TNDHIEND, FARIBIRIEEHIE N CWZIR A I~ A0 TAF 7 Tldiz
WNEHEER TED.

3 FAKTGVRMLE 1, §9 214 7, B 4 TABRIE 1, 40 214 {5, B0

5 TUKIGIRALEN 1, K9 214 %, 7/ WV ALE 6 TUKIGURNEEN 1, K9 214 %, 7V W UALER
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7 URIGUBAEEL 1, £ 214 1%, FRALPE 8 UIR{GIENER 1, K9 214 1%, FRALEE

9 UJRIGTRIEEN 1, #9214 1%, 7V VALER 10 UJRIBTRAEEL 1, 59 214 1%, 7V UALER
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FRBAMBE A IV CHBIZEL, G EA e Lo, ZOREE, 1GTRIEEIO 1T FARTGIRIEE &K O'UR TG TR AEE
DFFEELT, fRHEROMIELAD OWIB AW EZ R TE. £, —HOIGIEECIE, ObRO Ry %
BRI DL TE, — 5T, HIEIZOW IR AOILCH M E AR T 528N T2, LovL, FAIGIR
JEEHE T R BN IZ L7 IR O AR D S WZIR A ZHER T HZ LI TE o7z,

(2)  TRIBIEAEL K O\USRIB VAR CHREEIAIIZ BB AT HEIR O IRIZ DN T, JFURRO A TG E
FEMEHE KB END ALy bR — N — (TR DR TIT A S HERIL 72, 22T, MLy b= —%
s B O T VB ) CRBRICAABE LB R L7 /G, TG TR IR ONUIRTG TR AEEEC LS T ke O # ik &35
LTz,

(3) AWFFECHEMELI-BEMBEBEO FIEEZ RV ELD, HENRGRIEEOEMER ST o —F v — %
TERLT=.
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1) MSAATEIE NEMOKEEE 22 28 2 — (FAMIC) : i/t AL 1

2) BREEE HEZ AL ARTU T A 2016, (http://www.env.go.jp/water/marine_litter/2016.html)

3) HIK MELF MEEZ b~ A0S TAT BT HEREEE OB,
(http://www.env.go.jp/water/marine_litter/00_MOE.pdf)

4) BREEA, YRk 28 AR IR IR 3010 DI - IS T 2 AR A ZE S S H (0 FI) 6/6
(http://www.env.go.jp/water/marine_litter/report_h28/enganmain6.pdf)

5) HATAEFEN HINTHNZEBS: TG REHERNE o 27 2O EATEAGIZ B 3 2 & &
(https://www.jswa.go.jp/g/g01/g4g/pdfigihyo30.pdf)
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Observation for sludge fertilizer and compost with a stereomicroscope;
Expanding database for detection method of fertilizer by microscopy

Erika HIRATA!, Hideo SOETA?, Hidemi YOSHIMURA?, Keiji YAGI?

! Food and Agricultural Materials Inspection Center(FAMIC), Fukuoka Regional Center
(Now) FAMIC, Fertilizer and Feed Inspection Department
> FAMIC, Fukuoka Regional Center

We observed 19 sludge fertilizers and 3 composts by acid treatment using sulfuric acid (1+34) or alkali
treatment using 5% sodium hydroxide solution with a stereomicroscope. As a result, sewage sludge fertilizers
and human waste sludge fertilizers were characterized by containing fibers and colorful impurities. We
guessed fibers which characterized sewage fertilizers and human waste sludge fertilizers were lavatory
papers because these fertilizers came from sludge derived from domestic effluent. As result of observation
for a lavatory paper by acid treatment or alkali treatment by microscopy, lavatory paper were observed
fibers which be similar to them in sewage sludge fertilizers and human waste sludge fertilizers. Based on
result and experience, we made process flow sheet of observing sludge fertilizers with a microscope.

Key words  Observation of fertilizer, stereoscope, sludge fertilizer, compost

(Research Report of Fertilizer, 12, 195~207, 2019)
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14 FHEREICKIIEHEE S OBRE

—ERBDOTUEZTHERRVVABREEEDAEF EDRE —

MSTATEOE N RMOKEIH B L e tidire e Z—thF 7 —
F—0—F TSR, B, LR, T =T IEESR, VAR

1. [XC®HIC

B FE S 265 10 512, AERO EHEIEE L TR ORBR A 32 H ks et s gl sy,

ZOHE IS CRABRRITHEE B THY, IEEHH ORI & A BELHIE TEDATREMEDR DD LD,
BEROWEE RIEEH B R EH RS2 B) Lo & A BRNEZITY, ZTOkEELYELDT. Fi,
BRI E O THIEE R B A B2 LR RSHIE T2 TIEIC OV TERLIZO THRIE T 5.

2. MHRUAZE

1) gEEEH
TR (7B =T P22 7.1 %, KIEMED AR 13.1 % : B 52 1S LA 45 Bt 3 % B B & 500 pm o
SHNERETHECTHILIELOZFEIEL THW .

2) FERURE
(1) A GRERFE > 1)
TroE=THEZROWE MQuant™ Ammonium  Test
KEEMED AU OBIE  MQuant™ Phosphate Test
(2) 200 mL ARV =F L ARYR AR (FEAE)
(3) 10 mL RVAFL U BF 2—T (RVVa—F ¥y 7 f1X)

3) RERAE

(1) et o7 =T O

OFiiifis

Rk 0.5 g FREL, 200 mL RUEZHIAI, AAT VA —T/K%E 100 mL M1z, %L TR 30 HEIEDIE
, 1 EE L2, 200 mL RUEZR O BB 20 mL ZEEL, Bl 200 mL ARUEZRIZ AL, AR
Yo —TK%E 80 mL Nz, #H4& L CIRVIEERENAIRE L2

72E, YHSMUZRAERZ 10 NFRED 5 7NV —712050F, LilOBERZ V—T7EIC 1 570, LLTFO
BRI ES AT o7,

@ EVERUGEAE R ONHIE

10 mL T =2 —7IZEBHATE 5 mL 2B Xy M Cida &y, 3By MR ORI 10 Ma iz, HELTH5H
HRVIEE, BB BSR4 A& ZOFBHATR 12 3 B ANz, BUBRMRA I L 7= % B DR 43727k
Oy TR NERY 10 FORERE L 7=
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AHERAR DI Z AR M B DO T — 27— /LD NHa-N EDDFEAED, FEHER T O 7 =T HE
ez,

@ EEABREER Oy & A it H

(1) DODOREHARED G, HITEF 731 mL~5 mL D EZERINL TESy M TEA0ED, 10 mLF2—7 12 AR,
ZNENREHRIE DR ED 5 mL L7225 XK E M A T2, Z D% OBIER OHIEIZ@ LRI T 7.

BE LT ERRIR P o7 B =T HIEENA DRIV T =T R EE A BERHLE.

Tre=THERGAEERESR %) = WEMm/L) x MRER x L% (0.0001)

(3E) 1 mL S5 EOBEAOFRRAZE13 5000 £%, 2 mL 43 BUE 2500 £i%, 3 mL 4y 1667 1%, 4 mL 43 Bux
1250 fi%, 5 mL 47 B3 1000 £ &72%.

(2) FEEHF O ABR DR

@ Hhit
(D) OOIZRICTT 15 THIH U7 R 2 A E B I a7z

@ TEMEROGEAE K OIE

FBHA IR ZFRRBRAR D PO 0 2 1R AR, BRBRARA B L, SRR B DR 53 727K 53 2 =R — T
Heo, sk MO B ORRIE 1M A SOSHENZ % &L 16 FHFHE L. SEBRIK LD RS 7RIKT 2 —/ =T
WEY, 60 DT E L 7o R BRAR O JE A RRBR Y MR DI T — 27— /v D PoOs bRt L0, FUEHA
BT O ABRRIEEE LT

@ EEARBREBIEL VRS E&A&HEA
OOREHARRZSOIZ 2 15, 4 1%, 7%, 10 5, 15 2R UTR & S HIEE ICHFAL, @LRIUHRIEIC
X, BRI T OV AUERRIE A R E LT
HIE LU= BT T o0 AR EE A HR UL KIEED AR S A B2 L.
KM ARG B (B B3 (%)) = HIERE (mg/L) x #ARAER x EE%£%2(0.0001)
() 2 BRI OFTRAERIL 400 i, 4 (20801 800 1%, 7 (51T 1400 1%, 10 f5#Kk1% 2000 %, 15 fF
k1L 3000 fEL7e %,

3. HERUEER

1) ZUoE=7EMRIGCBRERVAEERALVER

FHEHD 3) (D) @OWEMER 1 IR, BT7—Ar— UEORZRIEEEL TRz Abue.
HIEEIE 78 mg/L~155 mg/L 281EEAETHY, BB HTEIZLDT =T HEER O3 HTE (71 mg/L AH2)
(BAF, TAN 38Tl 1 &0 ) JDEWIIEE O FE A~ LD Ele o7,

nE, TUE=TOREIZBWT, ZNE 42 MBI TE, RIGBERR L2052 L1378 ol
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#1 TUES TR OREEON
P FE (mg/L) 8 ~ 23 ~ 47 ~ 78 ~ 155 ~ 311
AN - - - - 1 — 14 12 9 2 4
Q) EEFIHTEIC LD T B =T ZE RO D OHEE I IE 71 mg/LFH Y4

2) PUEZTHEROEERR

BHEHRD 3) (1) @DARUTFUEHEIK DM EM K OB DT =T EHROGEHEAR 2-1 12, -,
ZDER BOWREAMELED ARG B 2-2 1ICELD 7. BMED A-N SHHEICE DT Oy & A Bl
ol PG FEEZRETHIIEEA B EHEIT NS AN SHTHEISE /o7, FREREZRE TV
A= AEDAERC A — VBRI A LG E BE R TELAIREMERSH L0, B ®mAHICRULER K
é‘<foté’2:7b\%7\/7—zlxﬁ'ﬁ®f Ze JO IERECHE A IO &0 %&%2%&5

TSR A2 THEERI ORI EEAT S ToRE R & D RME D 73BT iE] IV ME SRSz

#2-1  TUoE=TPHEZRORBRARE
ARBHRTR DATRAE R
10001 12501 16671 2500(% 5000
nmemE? 268" WER SR WEE SR WEE SAR WEE SR
(mg/L) (%) (mg/L) (%) (mg/L) (%) (mg/L) (%) (mg/L) (%)

(=R 78 7.8 63 7.8 47 7.8 20 5.0 8 4.0
pk A 78 7.8 63 7.8 47 7.8 23 58 8 4.0
78 7.8 78 9.8 47 9.8 23 58 8 4.0

78 7.8 78 0.8 47 9.8 23 58 8 4.0

90 9.0 80  10.0 60 10.0 35 88 10 5.0

100 10.0 200  25.0 75 125 47  11.8 15 7.5

117 11.7 75 125 47  11.8 23 115

155 15.5 78 13.0 23 115

300 30.0 23 115

310 31.0 23 115

Sl 13.8 11.7 10.4 7.8 7.5

a) AR 7= BNAIE R OT e T P2 FEOR EHE
b) et DT E=THEZOGA &

#2-2  TUESTHER ORBSSEOEAT R
EAT B ORI (%) o i (%) A (%) 15 HE T 7 (%)
10.3 9.8 7.8 6.0
a) [EEM AT LD T = T IEE R OSHFEILT.L %

3) YAREMRGEERVAEESALVER
FHEFED 3) (2) QDWPEMER 3 (TRLIZ. BT—Ar —MEDOMZRIEMEL TR -7z AbU .
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I EMEIE 187 mg/L 2MFE AL THY, IEEMIHTEIC LD KIENMEZEFE O3 HE (131 mg/L F824) (BLF, TW-P 4y
HHE 2. ) K@ WIEE O ALD LT,
728, WABEORIEIZOWTIE, 213 41 ANEBERIETE, MNMRENRREEL 72D Lid /e o7z,

£3  OABRORE R EE OR D545 ORI EE DS AT

BEE(mg/l) 75 ~ 19 ~ 37 ~ 75 ~ 187 ~ 374

A - - - - - - 1 7 31 2 -
a) NEEHIHTIEIZ LD KIENED AR D TE BB DOHEE R 13131 mg/LAR Y

4) KBHYVABRDEERER

FHEEHD 3) (2) @DARUIFEHAE DMEM K UFREH T OV ABRO G A EE2E 4-1 12, 2, TOE
A EOFFEEFEOILARE AR 4-2 [ITELDT-. BHEOKRFIIEL W-P IR ITV RS & A
Bllpole, ToB=THEROEERIETIE, BIERDAIREBIELAT IO REEIC AT Y X 0580 b
7203, IKEMED AR D E B F I RN E 3 22 o T IO JEMR R 5 =R Thilo 72, 72, MEBIRGARE T 1
ANLISME W-P BT SO EEE 3 727> 72

ARG =2 2L 2 TRERIOHREZAT 7ok R, HIE O TEED ST EIC R b MEE 72Tz

F4-1  KEEMED AUFE OFRERAGRE
ABHAR OFBRAE R
400f3 800f 1400 20001 30007
memd s WERE AR WEE SAR WEE AR WEE SA&
(mg/L) (%) (mg/L) (%) (mg/L) (%) (mg/L) (%) (mg/L) (%)

51 300 12.0 187 15.0 75 10.5 37 7.4 16 4.8
A 337 13.5 187 15.0 75 105 37 7.4 37 111
374 15.0 187 15.0 75 105 56 11.3 37 11.1
374 15.0 187 15.0 75 10.5 75 15.0 37 11.1
374 15.0 187 15.0 75 105 75 15.0 37 111
374 15.0 187 15.0 75 105 75 15.0 37 111
374 15.0 187 15.0 75 10.5 100 20.0 37 11.1
374 15.0 187 15.0 187  26.2
400 16.0
SEYE 14.6 15.0 12.5 13.0 10.2

a) AR L 7= 3B IR T D KD A B DI E S
b) BB DIKEEMED AR D A &

£A4-2  KIEVED AR DR D AR A
G AT R DRI (%) 1A (%) T HE (%) TR 72 (%)
13.1 15.0 15.0 3.6
a) JEAF AT KD KIEMED AU BE DS HHIEILT.1 %
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4. F&H

KA O TERORIEZ AR O T =T HER L OVABRE A RORIERIToT-, HIEE
ZENHERRETh o7 £, 7o =T HERIZOWVTUIA RS R AL 2 THEEREI ORI EZ{ToT- i R%
HW, 7ot =T HERICOW IS, KB AVBRIZOW TR N, b T E TV MEE 725
7.

AHAICT BN 202 K E 2 a2 B OB, Ma w5 m (M) A AR E
WA BEIPE S, i A=a—77 2 (BR) MRS T4) (T3 (LI L B S

X ®
1) FEARIESC, IR, AR, BARSE, FALET, ‘FHQHE, IRERHE, ARG s

WZEDNEE Sy Of Y, IREHFZEHR S, 10, 242~266 (2017)
2) EMOKPER R EBRBEEANAFTE AT ARk AT (1992 AEhR) , H ARERERR E e, # (1992)
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