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1 ICP RIEHD IS H (ICP-OES) EIZ LA FERIBE b D
DEBBIREM D RIE

LA
F—U—F ICP-OES, #RICE, 2 RFEIUeEN

1. [XL®IC

T DR ZARES T D RN DO EIEL T, I RFEBUEER (Ca, Fe, Co, Cu, Zn KT Mo) ZIRINL7-
AEBFAFEIE L THY, WML A 132 O EA (RIS R T 2 BN H 5. ZhRIEBURHER D534 )7
EEL T, Ca, Fe, Co, Cu XU Zn [IZOW TR WL AT E, Mo I oW I g SR Z WA 5k
ISIEEF I HTIED R OVIERHERBR L2 I S LTSRS, ICP FE 64 6430 & (ICP-OES) & fi\W = 7 ki
DVWTIINE TSN TR,

YRR 26 AEFE SRR BEE T O K ENE RS (W-P20, W-K,0, W-MgO, W-MnO & O} W-B,03) {2V T
FILIAERY, ICP RN M HiEIC LD — B HrE DS ML S AUz, ARRREHCIE, AR ickes, 2R
FBUREMZ OV TRFIL 7O THE T 5.

2. #HRUAE

1) SHEAEE
I HFREIELC, WG ITERL TODIIREA IR (13 #2), FREREZEHE A IEE GERIRIEED (12 457)
T OV IR R A AEEL (5 45) 2 .

2) AEFORR

(1) AN D LEEHERE (Ca 1 mg/mL) : /L0 MEAERK (Ca: 1000 pg/mL) (FEATEE T3 JCSS)

(2) SREEHERR (Fe 1 mg/mL) : SKAEUERT (Fe: 1000 pg/mL) (Frytfli T2 ;ICSS)

(3) =V MEAERK (Co 1 mg/mL) © =17V MEUENRK (Co: 1000 pg/mL) (FEATHE T2 JCSS)

(4) HEAERR (Cu 1 mg/mL) @ SAAEAERR (Cu: 1000 pg/mL) (FRYEHi%E T3 JCSS)

(5) HEENEEUENR (Zn 1 mg/mL) : HEEREEMENR (Zn: 1000 pg/mL) (FotfidE T3 ;JCSS)

(6) EVT T UAFEHENE (Mo 1 mg/mL) : U7 7 U AEHERK (Mo: 1000 pg/mL) (R T.36;JCSS)

(7) AR : (1)~ (6) DIEMERZAEHEFURE L, SAREFK ARG - AL THILRIBED 200
ng/mL OIRAFEMREAFIRIL 72, £, ZORGIRMERZ AN, HERERE D (1423) £722 IO 12 BHEEE (1+5)
A INZ TR AR R IR AR IR A L L 7.

(8) ZK: JISK 0211 ([ZHE T 2EH/K CLIEPE 18 MQem L E)

(9) HEmE: FE#EHH

3) HERUSRR

VSIATEOE NEMOK R B R a2 Bt 2 —E e 2 —
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(1) ICP o35 Hrd&iE (ICP-OES) : SEAERT ICPS-8100 (B ML 5, v —r x5y
pji)

(2) MptikRLELEE . Millipore Elix UVS

(3) ~AZ7wuvt’~Xvhk: Eppendorf

(4) &2RE7IAa

(5) 2EE v

(6) Ak 3 i

4) A E

B g% 1| mg DHTETITNNED, 28 T7F 23100 mL IZ A, KK 50 mL 212 THRVIEE /=% /K TE
KL, A3 FETAHBLIZ. AIRO—ERZHOEETT7A2 100 mL (280, HFE (1+5) 25 mL 22 TKTE
K714, Table 1 OHIESATICP-OES # HWCEELT-. 7 e——hX Scheme 1 LY.

| 1 g analytical sample | Weigh to the order of 1 mg to a 100-mL volumetric flask

<—About 50 mL water

| Shaking to mix |

<—Water ( up to the marked line )

| Filtration | Type 3 filter paper

Aliquot

100-mL volumetric flask

(predetermined volume)

<—Add 25 mL of hydrochloric acid (1+5)

<—Water ( up to the marked line )
| ICP-OES |

Scheme 1 Method flow sheet of Ca, Fe, Co, Cu, Zn and Mo in liquid fertilizer

Table 1  Analysis wavelength

Element Wavelength (nm)
Ca 393.366
Fe 259.940
Co 228.616
Cu 327.396
Zn 213.856
Mo 202.030
3 HRRUEER

1) AT HORESR
Ca, Fe, Co, Cu, Zn LT Mo (Z2WTC, ZNHDILHEIZBIT A0 T HEfER L. £7-, BB FER% 5y
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ELTEEND P, K, Mg, Mn KO BIZEA5 T IOV THRERLZY .

TEHMLIE N 100 pg/mL D% 4 OFEUERZ Table 1 1ZaR LT3 B4 F\ T ICP-OES THOMTLIZAER, 0% T
W E BRI (770 781K (n = 10) D 100) Kiiii THY, 2N FRBURLEM O E BB LW b7z,
L7235 T, &It# D ICP-OES (281230 K13 Table 1| D&FVELT-.

2) REROERH
2.2) IZHE>THBIL 7= Ca, Fe, Co, Cu, Zn M OY Mo DIRAHENERL % ICP-OES THIEL, #aximEfikick
DR EAREAER L2825, 0.1 pg/mL~20 pg/mL O#FFH TR (P =0.999 LI E) Z7RL7-.

3) HMEMYEGRER <KD RE D

TIRAEEHE 873 0.01 %K% TN 0.1 %4 5D Ca, Fe, Co, Cu, Zn K U Mo FEHER A IRINUT-308H2 H
W, ARIEICLTIZ2 S C 3 SO T CIRINEIIGRER 21T~ 7=, K5 31T Table 2 D&Y, Ca, Fe, Co, Cu, Zn L
Mo D[EIULERIE 106 %, 94 %~96 %, 95 %~98 %, 93 %~95 %, 92 %~96 %K X 95 %~98 % Tih-7=. \
PTG IREHERBRIE I ORSN COD IR ISR EE (RILR) O BEELINTHY, ji 2k BES
nir-.

Table 2 Spiking and recovery tests

Spike level  Recovery” RSD® Criteria of the trueness”
Element Sample
(%)” (%) (%) (%)
Ca Fertilizer-1 0.1 106 1.9 94~106
Fertilizer-2 0.01 106 4.4 92~108
Fe Fertilizer-1 0.1 94 1.0 94~106
Fertilizer-2 0.01 96 2.0 92~108
Co Fertilizer-1 0.1 98 2.0 94~106
Fertilizer-2 0.01 95 1.3 92~108
Cu Fertilizer-1 0.1 95 0.2 94~106
Fertilizer-2 0.01 93 1.7 92~108
7n Fertilizer-1 0.1 96 3.0 94~106
Fertilizer-2 0.01 92 1.0 92~108
Mo Fertilizer-1 0.1 98 1.1 94~106
Fertilizer-2 0.01 95 0.4 92~108

a) Mass fraction
b) Mean Value (n=3)
¢) Relative standard deviation

d) Criteria of trueness (recovery) show in Testing methods of Fertilizers

4) FERHEIC &S E E O
FBE 12 R (RREA IR, FERER =< A G IR ORI R SR E G IR 2 W, RS aERike
AIEDSHHEZ iR U7, RS BRTEIE, Ca, Fe, Co, Cu MU Zn ([ZOW TR WL, Mo 13F 47
VEF NI DRSS EEVEIZ RV HT LT
Ca, Fe, Co, Cu, Zn } Mo D EEFEER 1L K OAYED 53 HHEIZ 380 D0l m B K V95 % Tl X [ % Fig
LITRLTE. F 2, 95 %R X OB (b), Y15 (o) K ONENFERROAHBIFREL () % Table 3 (T- L7, AERFE
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ARERETIE, HZ () D 95 %fFFX N 1 A EEI, A (@) D 95 %I HEIXENTIF A (0) 2355 Fiv, HHEIFREL
(r) 73 0.99 LA EZHELEL TN, Table 3 (2R LA RICHWT, Fe, Co KT Cu DIEX (b) D 95 %IZHE X M3
1 ZE ATV, ZRESIMZOWTIIHEEDO AN THY, Fig. 1 ORLEFEGERIE EATED 3T L %3
L CTHRIZETH -7,

Ca Fe Co
12 - B L 0.6 - 0.025 ;
»=0978x +0.006 = 0.968x + 0.001 o 3= 0.927x +0.0001 P
7=0.999 ® o ) 2
10 ¢ 0.5 r=0.99 =0.998 .
’ 0.020 |
~ ~~ ~~
< 8 < 04 N
< < < 0.015
» @ »
= 6 =03 =
O' o' o' 0.010
A a 0.
5y O 02 3
= b4 b4
2 —— regression line 0.1 — rcgression'lir')e . 0.005 — regression line
------ 95 % prediction interval - 95 % prediction interval A - 95 % prediction interval
0 00 * : 0.000 “- -
0 2 4 6 8 10 12 00 0.1 02 03 04 05 0.6 0.000 0.005 0.010 0.015 0.020 0.025
TMF (%) TMF (%) TMF (%)
Cu In Mo
0.10 ; 0.10 ) 0.25
1= 0.966x - 0.0006 A ¥ =084 -0.0007 = 0.983x +0.0004
- =0.999 r=0.998 Z r=0.999
0.08 r 0.08 0.20
2 g g
< 0.06 < 0.06 <015
2 ) )
S s S
o 0.04 o 0.04 o 0.10
S S S
0.02 o 0.02 0.05
regression line , regression line R regression line
A T 95 % prediction interval Lo” e 95 % prediction interval & 0 - 95 % prediction interval
0.00 # : 0.00 -~ : 0.00 :
0.00 0.02 004 006 008 0.10 0.00 0.02 004 006 008 0.10 0.00 0.05 0.10 0.15 020 025
TMF (%) TMF (%) TMF (%)

Fig.1 Comparison between ICP-OES and Testing Methods for Fertilizers (TMF)

mass fraction (%)

Table 3 The 95 % confidence interval and correlation coefficient of the regression line

in between ICP-OES and TMF

Floment 95 % confidence interval correlation

inclination (&) intercept (a) coefficient (r)
Ca 0.943 ~ 1.013 -0.192 ~ 0.204 0.999
Fe 0.943 ~ 0.993 -0.004 ~ 0.006 0.999
Co 0.888 ~ 0.966 0.000 ~ 0.001 0.998
Cu 0.946 ~ 0.986 -0.002 ~ 0.000 0.999
7n 0.944 ~ 1.025 -0.003 ~ 0.002 0.998
Mo 0.946 ~ 1.020 -0.003 ~ 0.004 0.999

5) GHTIREE R U th s O 5T
OFITRE RE K NP A S 2 R85 27200, HRIRIE B IR M OV SRz [ 25 I & IEEHZ S\ T, Ca, Fe, Co,
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Cu, Zn } Mo % 2 RPHTTHZZEZ T 7 MR Z I L TREO AL R B4 Table 4 (RLTC. Fiz, 2O
R — LR E S T AT > TROIT O TR BE R OV P RS FE % Table 5 (CRUT-. IR A IEELD Ca,
Fe, Co, Cu, Zn }: O Mo D FHIEITE 455 2.14 %, 0.145 %, 0.0554 %, 0.0643 %, 0.0677 %K 1*0.124 %,
O THIRHEHER 21X 0.7 %, 0.6 %, 1.7 %, 0.9 %, 0.6 %% N 0.5 %, FREFAHEAERZEL 2.1 %, 1.1 %,
4.4 %, 1.7%, 0.7 %KX 1.2 % Th-o7z. £z, FEERZEMESIEED Ca, Fe, Co, Cu, Zn XU Mo DI
X E3 3 0.103 %, 0.0485 %, 0.0105 %, 0.00976 %, 0.0107 %K T8 0.00359 %, DFFTHIRHEHER 21T 0.9 %,
0.5 %, 0.7 %, 0.6 %, 2.3 %KX 0.3 %, " EFHRHEHER 2L 1.0 %, 0.9 %, 2.1 %, 3.4 %, 4.2 % &% 11 4.0 % T
HoT~.

ZOWRFEETBT DT IO R A YR 75 SRR BRIED LRSIV QOB I THE FE (DR TAE S HE(R 72) &
OV RS BE (R AR SR Y R 22) O B Z AN Thh o 7=,

Table 4 Repeatability test results on different days (mass fraction (%))

Sample  Element Test day
1 2 3 4 5 6 7
Fertilizer-3 Ca 2.18 2.14 2.16 2.11 2.12 2.19 2.07
2.19 2.14 2.15 2.11 2.10 2.23 2.11
Fe 0.146 0.143 0.143 0.143 0.143 0.145 0.148
0.147 0.143 0.145 0.144 0.143 0.146 0.145
Co 0.0573 0.0548 0.0546 0.0596 0.0527 0.0547 0.0583
0.0562 0.0549 0.0543 0.0571 0.0510 0.0533 0.0574
Cu 0.0637 0.0642 0.0642 0.0649 0.0635 0.0667 0.0643
0.0636 0.0645 0.0647 0.0635 0.0625 0.0658 0.0634
7n 0.0673 0.0676 0.0682 0.0680 0.0679 0.0681 0.0681
0.0666 0.0670 0.0680 0.0674 0.0681 0.0672 0.0677
Mo 0.121 0.125 0.125 0.124 0.123 0.126 0.125
0.123 0.125 0.126 0.123 0.123 0.125 0.125
Fertilizer4 Ca 0.104 0.0988 0.105 0.104 0.104 0.103 0.103
0.104 0.0978 0.103 0.104 0.1041 0.102 0.102
Fe 0.0483 0.0481 0.0483 0.0484 0.0482 0.0491 0.0495
0.0487 0.0480 0.0487 0.0488 0.0486 0.0491 0.0490
Co 0.0108 0.0106 0.0109 0.0108 0.0100 0.0101 0.0106
0.0109 0.0100 0.0109 0.0112 0.0102 0.00982  0.00962
Cu 0.0101 0.00982  0.00914  0.0100 0.00953  0.0101 0.00975
0.0100 0.00973  0.00914  0.00987  0.00962  0.0101 0.00972
7n 0.0112 0.0107 0.0103 0.0103 0.0104 0.0116 0.0106
0.0114 0.0107 0.0104 0.0103 0.0103 0.0107 0.0107
Mo 0.00386  0.00370  0.00364  0.00345  0.00354  0.00346  0.00352

0.00384  0.00371  0.00360  0.00346  0.00355  0.00345  0.00353
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Table 5 Repeatability and intermediate precision

Total Repeatability Intermediate precision
Sample  Element  mean” 5. RSD."”  CRSD, sy RSDyn® CRSDym”
(%)" (%)" (%) (%) (%)" (%) (%)
Fertilizer-3 Ca 2.14 0.02 0.7 2 0.05 2.1 3.5
Fe 0.145 0.001 0.6 3 0.002 1.1 4.5
Co 0.0554 0.0010 1.7 4 0.0024 4.4 6.5
Cu 0.0643 0.0006 0.9 4 0.0011 1.7 6.5
Zn 0.0677 0.0004 0.6 4 0.0005 0.7 6.5
Mo 0.124 0.001 0.5 3 0.001 1.2 4.5
Fertilizer-4 Ca 0.103 0.001 0.9 3 0.001 1.0 4.5
Fe 0.0485 0.0003 0.5 4 0.0005 0.9 6.5
Co 0.0105 0.0007 0.7 4 0.0021 2.1 6.5
Cu 0.00976  0.00006 0.6 4 0.00033 34 6.5
Zn 0.0107 0.0003 2.3 4 0.0004 4.2 6.5
Mo 0.00359  0.00001 0.3 6 0.00014 4.0 9

a) n=14 (2 repetitionx7 days)

b) Mass fraction

¢) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of repeatability relative standard deviation
f) Intermediate standard deviation

g) Intermediate relative standard deviation

h) Criteria of intermediate relative standard deviation

6) EETRFOHER

7 Z 7Bk ICP-0ES T 10 [FIpHTL, 567 o EOEER £4 10 f5L TE®R FIREHEEL, £72,
PEARENR 2% 2%t (n-1, 0.05) 5 L TR FIREZHEE LT-E2A2), IRAEEF @ Ca, Fe, Co, Cu, Zn 1Mo T
B 0.0005 %K% T 0.0002 Y%l HEE ST,

B, #HEE S E & TR OREEIZ T HEIGERA R T 2720, IRIEEHT Ca, Fe, Co, Cu, Zn &
O Mo &L TR EEAVE 8475 0.0005 Y% 2 S D& o FAEEIRA IR I3 0B VLT, ARIEICHE- T 3 miff
1T CHRMEIGRER 21T o7, 708, FUBHREEIL 10 g, AR O/ BRI 50 mL EL7=. #5513 Table 6 D& 150,
Ca, Fe, Co, Cu, Zn }2 O’ Mo D[AIX 1T 102 %, 88 %, 95 %, 86 %, 89 %L TN95 % THY, WD IH R
BHERBRIEI RSN TV D B Z LI THYTl R 225 RSG5 72,
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Table 6  Spiking and recovery test (minimum limit of quantification)

Spike level Recovery”  RSD®  Criteria of the trueness”

Element Sample
(%)” (%0) (%) (%)
Ca Fertilizer-5  0.0005 102 11.8 85~115
Fe Fertilizer-5  0.0005 88 4.3 85~115
Co Fertilizer-5  0.0005 95 1.6 85~115
Cu Fertilizer-5  0.0005 86 0.4 85~115
V4 Fertilizer-5  0.0005 89 3.0 85~115
Mo Fertilizer-5  0.0005 95 0.6 85~115

a) Mass fraction
b) Mean Value (n=3)
¢) Relative standard deviation

d) Criteria of trueness (recovery) show in Testing method of Fertilizers

4. FL&H

ICP-OES (2 X DWRIRNE 1 D 2h RIS BURMEM D WL R L T2 L 25, IROFEREFFT-.

(1) ICP-OES D43 T HAIZh B BURMEM O E BB LI\ 2 &3 ) o T,

(2) Ca, Fe, Co, Cu, Zn & T Mo DiRATEHEE % ICP-OES THHTL, Mokt Bkl ER A B L
72&Z5, 0.1 pg/mL~20 pg/mL OFEFH CEARME (2=0.999 DL |) &R L7,

(3) 2 FEFEEDAEEE W CTHSINEIGERERZ F2hE L 7=L 25, Ca, Fe, Co, Cu, Zn } O* Mo D[AIX (X 106 %,
94 %~96 %, 95 %~98 %, 93 %~95 %, 92 %~96 %} N 95 %~98 % T -7z, \ VT IEEHERBRIE IR
SIVTWDEINIR B 2351 HEJE ([EIE) O HEELIN Th-o 7.

(4) B 12 FITHONT, IEEHERBRIE M ORIEICID ST 2 T o722 5, AIEEIEEHERBR LD/ E
LRI CTHHT-.

(5) AIEOPHTIEE R O EZ iR LI A, IEHERBRIEI RS QOB O TR E (DM TAE HE
Yl 72) B OV DS B (R AR SHEE HE(R 22) 0 B 2 LA Thh o 7.

(6) AIEITIIT DI BURMER D E & T IRITE 4535 0.0005 %HEE Iz, B &5 3% 0.0005 %fH
AU O CRINEIGRBR 21T 572224, Ca, Fe, Co, Cu, Zn & Mo DEULEIL 102 %,
88 %, 95 %, 86 %, 89 % TN95 % THY, Wb EEFEBRIEI RSV TWODININR FEIZ 31T HE EE (JR]IY
) O HELUNTH T,

LI L, ICP-OES (2R DIIR AT h DZh RFEBURHER D I3 AT IED L TE T, B &7 203 0.0005 %D EH
FEOREHIOWTHEEN AIRE Th o7,

X B
1) BEMOKPER BESEBRETEANFZCAT  JERH I ATIE (1992 20K) , H ARNERERRE 2, B (1992)

2) SIATBUE NRMOKPEHE Z2 2l 2 — (FAMIC) : AR % (2015)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2015.pdf>
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3) H I ICP 8655 Y653 HT (ICP-OES) {EIZ LD WARAEAE D /KM £ Aoy OB E, IEEHIFE A, 8,
1-9 (2015)
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Simultaneous Determination Method for Effect-Development Promoting Agent (Ca, Fe,
Co, Cu, Zn and Mo) in Liquid Compound Fertilizer using Inductively Coupled
Plasma-Optical Emission Spectrometer (ICP-OES)

Keisuke AOYAMA!

Food and Agricultural Materials inspection Center, Kobe Regional Center

An ICP-OES method for simultaneous determination of effect-development promoting agents (Ca, Fe, Co, Cu,
Zn and Mo) in liquid compound fertilizer was developed and validated as a single-laboratory validation. Samples
were extracted by shaking and diluted with water. After filtration, sample solution was added hydrochloric acid,
and analyzed by ICP-OES. As a result of 3 replicate analysis of 2 fertilizer samples spiked with Ca, Fe, Co, Cu,
Zn and Mo at 0.01 % (mass fraction)~0.1 % each, the mean recoveries were 106 %, 94 %~96 %, 95 %~98 %,
93 %~95 %, 92 %~96 % and 95 %~98 %, respectively. Repeatability standard deviation of Ca, Fe, Co, Cu, Zn and
Mo were 0.7 %~0.9 %, 0.5 %~0.6 %, 0.7 %~1.7 %, 0.6 %~0.9 %, 0.6 %~2.3 % and 0.3 %~0.5 % respectively.
Intermediate relatives standard deviation of there were 1.0 %~2.1 %, 0.9 %~1.1 %, 2.1 %~4.4 %, 1.7 %~3.4 %,
0.7 %~4.2 % and 1.2 %~4.0 %, respectively. The limits of quantification of there were estimated 0.0005 %, each.
Those results indicated that the developed method was valid for the determination of these effect-development

promoting agents in a liquid compound fertilizer.

Key words  1CP-OES, liquid compound fertilizer, effect-development promoting agent, single-laboratory

validation

(Research Report of Fertilizer, 9, 1-9, 2016)
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2 FIREH D OKBERS O ZHH &

JI ] !
FX——F  JRIRAEE, KA, R B

1. [XL®IC

AR, MRS RBRIED ISR &I QD E P ERE R R D IR 2D 5 5 RIS IE R LS O ST
FHWSATIIW N2 L, BICHER E TEEXEESERVIEEHI AT S THHI L0, ZbE ey
T EORESLIZ O W TEENEE LN TN,

AE RS B BR A D IS I i S AL T B KR IEMED AU (W-P,0s) , KIEMEI B (W-K0) , KiEtE~r 7
(W-MnO) , KiEMEHEN (W-Zn) , ZKEEMESH (W-Cu), ZKIEMESR (W-Fe) & OVKIEMEEY 7 72 (W-Mo) Ot
FEZDWT E NEREEEERRDIBER A AR W FIEIC OV TRRETL7-.

A lENE, WCRAEEF O AKEEMED A (W-P20s) , KEPENNE (W-K20) , /KIEME~ 24 (W-MnO) , 7KV
Hidh (W-Zn) , ZKEEPESR (W-Cu) , KIEPEEK (W-Fe) & OVKIATEEY 7 7 (W-Mo) Z xR EL TR TIRVIEES
i A 7O AE MRG0T, ZOMEERLET5.

2. MERUAE

1) SHEAEE
ST BB LT, L TOBIRIRE A IR, FRER == A IR G IEEL & ORI & R E A
AEERE .

2) RAX

(1) 7K: JSK 0557 IZHUET D A3 FHH DRZRE LI

(2) HElg: JIS K 8180 |[ZHIE T D3k,

(3) THlR: JIS K 8541 |ZHiE T D3k,

(4) Bilg: JISK 8951 |ZHLE T Hakk.

(5) B¥EEEE: JIS K 8223 [THLE T Dk,

(6) TrE=T/K: JISK 8085 |ZHLE T DRk,

(7) Zx/)—=NTHAEE: NS K 8799 I[CHET DT =/ — L 7HL A2 1 g% JIS K 8102 ([ZHET 5=
4 =1 (95) 100 mL [ ZIELT=.

(8) fieladk () ¥ : JIS K 8981 (ZHUET 2 Hil#k () 5 g A2 (1+1) 49 10 mL K OV B D KITIED>
L, BWIZAKREMZT100 mL &L7=.

(9) FATTUEERFTNITLEE: JIS K 9002 [ZHETEF AT T U T A 50 g Z/KICIEDLT 500
mL &L7-.

(10) $f 33 (1) ik : JIS K 8136 (ZBLE 4 DML~ (1) A 50 g 21 (1+1) 200 mL (2.

VRSAATBOE NEMOKEETN B R et 2 — 4 B 2 —
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LTHEMNLI=DG, KEM AT 500 mL &L7-.

(11) VAFEFEUERR (P,0s 10 mg/mL) : JIS K 9007 ([ZHIE T2V AM —/KFEHIT L% 105 CTE2 CTH 2
BREINEAL, 73 —2—HCTlRIm LT, 19.17 g ZO0 L) BILIZIEEST2, D EOKTENL, 2RT7 T
A1 1000 mL (2L AN, filfE 2 mL~3 mL Z00%, R ET/KEMZT-.

(12) VABAEYERR (P,0s 0.5 mg/mL) : D AEEFEHENRR (P20s 10 mg/mL) 50 mL A48 ~7 7 A= 1000 mL (Z&
0, gL 2 mL~3 mL 2%, HERETKEMZT-.

(13) AV AFEHERR (K20 Img/mL) : AU AEHER (K: 1000 mg/L) (BIsR L% ICSS) A L7-.

(14) < T AEHERR (MnO 1 mg/mL) : ~ > H U AEHERR (Mn: 100 mg/L) (BIHL;ICSS) Zff FH L 7-.

(15) HEEAEAENR (Zn 0.1 mg/mL) :  HEMEYERR (Zn: 100 mg/L) (BIHAL;ICSS) Zfi AL 7=.

(16) #EHERE (Cu 0.1 mg/mL) : FAEHEE (Cu: 100 mg/L) (BAHAL2;ICSS) &ff FiLT-.

(17) $HFEHERR (Fe 0.1 mg/mL) : SREEYENR (Fe: 100 mg/L) (BAH{L;JCSS) L 7-.

(18) V7T AZHEK (Mo 1 mg/mL) : EUT T UAEHERL (Mo: 1000 mg/L) (BIH{L;ICSS) &4 L
7-.

(19) EV7 T AR (Mo 0.01 mg/mL) : EV7 7 AFEHERR (Mo 1 mg/mL) D — & &4 7K TIEMELZ 100
EICAIRLT.

(20) FEFIEWK: JIS K 8747 ITHETHNFTVU (V)T =0 A 112 g ZKIZEL, il 250
mL Z X 72, JISK 8905 ([ZHLET HLEV T 7 VAT o E=0 LIUWKFI 27 g 2 KIZEENLTINA, BIZ
KZNZT 1000 mL EL7=.

(21) TVHMHIAIERR 12 JIS K 8617 I\IZHLET DRIEH VDL 12.5 g 28 —7—2000 mL (21322040,
YEOKEMA, g 105 mL 2R % 12N, DRENEAL, imts, KZ2IZ T 1000 mL &U7z. /KGRI E
(W-K20) D3I IV =,

(22) TUIHIANAERK 2. JIS K 8132 IZHLE T DML AR F 7 LZNKF) 152.1 g 2 —77—2000 mL
I ED, D BEOKEIMZT-1%, MR 420 mL 24 % [2NZ TRL, BIZKEMZT1000 mL EL7-. KIE
P~ 77 (W-MnO) D F3HTIZ .

3) WERUEKE

(1) BFRKQA: sartorius CPA423S

(2) ETFifEREESIRVIEEE: —=8.ERT RS-12
(3) Fyh7L—h: LHET: NP-6

(4) S CEEET: EEE/ERT UVmini-1240

(5) JRFWEHrEmE: AingTr/ay—X Z-2310

4) aWAE

B g% 1 mg OHTETIFNDED, £2ET7 T A2 100 mL IZ A, AR 50 mL 22 CTIRVIE W 7-1% K CTE
AL, A3 FETAHEL CRBHAIKRE LT- (Scheme 1) . ZOREHAIKIZHOUWNT, KEEMED ARE (W-P,0s) 1337
REVT T UEET B =0 LIRS YEEETE (Scheme 2), KIEMENNE (W-K20) , KEEME~ > T (W-MnO) , 7K
PEFER (W-Zn) , KIEPES (W-Cu) S OVKIEPESR (W-Fe) 137 L — AR T- W e, KIEPEEY 7 5 (W-Mo) 1
FA T T NI DR ETED FNATE L TUHIE L7 (Scheme 3~5) .

7B LRI KD B ORI U725k b FlinfEl2CE iR RIS IR0 IR- A O -l T EE
Scheme 6 {Z/RLTz.
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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 marked line)

Filtration | Type 3 filter paper

Sample solution |

Scheme 1 The flow sheet of simple extraction procedure

Sample solution |

Aliquot

(predetermined volume) 100-mL tall beaker

< 4 mL of nitric acid (1+1)

Heating | Boiling

Standing cool |

Transfer | 100-mL volumetric flask, water

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

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

< 20 mL of coloring reagent solution

< Water (up to the marked line)

Leaving at rest | For about 30 minutes

Measurement | Spectrophotometer (420 nm)

Scheme 2 The flow sheet for water-soluble phosphoric acid (W-P»0s)

Sample solution |

Aliquot

(predetermined volume) 100-mL volumetric flask

< About 10 mL of interference suppressor solution
< Water (up to the marked line)

Measurement | Atomic absorption spectrometer

Scheme 3 The flow sheet for water-soluble potassium (W-K,O)

and water-soluble manganese (W-MnO)
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| Sample solution |

|
Aliquot
(predetermined volume)

100-mL volumetric flask

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

Measurement | Atomic absorption spectrometer

Scheme 4 The flow sheet for water-soluble zinc (W-Zn), water-soluble capper (W-Cu)

and water-soluble iron (W-Fe)

| Sample solution |

I
Aliquot
(predetermined volume)

100-mL volumetric flask, water

< About 5 mL of sulfonic acid (1+1)

<= About 5 mL of perchloric acid

< About 2 mL of iron (III) sulfate solution

< 16 mL of sodium thiocyanate solution (while shaking to mix)
< About 10 mL of tin (II) chloride solution (while shaking to mix)
< Water (up to the marked line)

Leaving at rest | Until the red color of iron disappears
[

| Measurement | Spectrophotometer (460 nm)

Scheme 5 The flow sheet for water-soluble molybdenum (W-Mo)

| 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 the marked line)

| Filtration | Type 3 filter paper
I

| Sample solution |

Scheme 6 The flow sheet of extraction procedure using rotary shaker

3. BERRUER

1) FERLEEIC KD EED

IKEMED AU, IKVEME~ T, KERPETER, AKTATES K OUKIEMERRIC DUV TIEEEE 12 A8, KIS
DNTERE 13 JEAWT, B TEEEREEIRVIE S E FW Rl 5 15 AR EE ORI EEOF B K Y
RIEDOTNED 95 Yof 548 X M2 (157 ELAR O JE PHICHE X Fig. 1 ITRL7z.

IKEEMED AU (y=1.005x+0.005, r=0.999) DIHED 95 %fEHE X 13X 0.997~1.012 T, HIF D 95 %= HHIX[H]
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13-0.057~0.067, KFEMIME  (3=1.001x+0.011, 7=0.999) DREZD 95 %[FHE X [H]1£0.980~1.022 T, Ll D
95 % EHEX M1X-0.104~0.125, KiEH:~ 7 (3=1.006x-0.001, 7=1.000) DEHZD 95 %{EHEIX[HIE 0.999~
1.013 T, GJH D 95 %S H#E X [#13-0.005~0.003, KEMHHEH ()=1.005x-0.001, =1.000) DEEZD 95 %IEHHX
fH130.999~1.010 T, B17 D 95 %(FHEX 13-0.003~0.001, /KIEHS (=1.001x, 7=1.000) DEZXD 95 %[5
FEX 1T 0.999~1.004 T, Y17 D 95 %{EFEIX[E]13-0.0004~0.0003, KIEMER (=0.997x, =1.000) DAEHZX D
95 %fEHEX T 0.992~1.002 T, BT D 95 %EHEXEIZ-0.001~0.001 THY, W hvb JERFERBRED IC
IRSIVTCW D EE RO HELEFIPHN Th o7z

KEPEEY T T AZOWTIE, 3B 3 ma AV, b NEEREERIRVEE LR EARE - TERER
4 SOMT CRBRE EHEL TEONRERE Table 1 ITRUTZ. £, ZOREDLZENEN 2 BEOKAED F e
KON t BB DFERA Table 2 (RLTZ. WTNOFEHIRB W T, IEEMSESRBRED TRO LN TS HIA =
KHES % THERZETRDONE) T

15 r 12 -
~ 12 r —_
< S99t
<
S g
5 9t 5
E Qo
- E o |
g 5
g7 g
> =
o 53 |
o 3 %
£ £
« n
O 1 1 1 1 ] O ".‘ , . . |
0 3 6 9 12 15 0 3 6 9 12
Extraction method using an upside down Extraction method using an upside down
rotary shaker (%) rotary shaker (%)
1) W-P,0s 2) W-K,O

Fig. 1 Comparison of extraction method using an upside down rotary shaker and simple extraction method
Heavy line: Regression line
Dotted lines: Upper and Lower limit of 95 % prediction interval
Thin line: y=x
(%): Mass fraction
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Simple extraction method (%)
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Extraction method using an upside down
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5) W-Cu

1.0

< < e
L N oo

Simple extraction method (%)
(=]
o

00 </ 1 1 1 1 J
0.0 0.2 0.4 0.6 0.8 1.0

Extraction method using an upside down
rotary shaker (%)

4) W-Zn

e e < e <
\S] w N W [@)}
T T T T 1

Simple extraction method (%)
e

00 1 1 1 1 1 J
00 01 02 03 04 05 0.6

Extraction method using an upside down
rotary shaker (%)

6) W-Fe
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Table 1 Individual result of repetition tests using 4 samples for W-Mo (% (Mass fraction))

Liquid micronutrients

Fluid mixed fertilizer 1 Fluid mixed fertilizer 2 ) o
mixed fertilizer

oy shoke Smpleshake PSR Simpleshake PR O Simple shake
1 0.107 0.106 0.234 0.234 0.0229 0.0230
2 0.105 0.105 0.236 0.235 0.0229 0.0229
3 0.106 0.106 0.235 0.235 0.0228 0.0229
4 0.107 0.107 0.236 0.234 0.0228 0.0230
1;/;22 0.106 0.106 0.235 0.235 0.0229 0.0229

Table 2 Statistical analysis of repetition test result for W-Mo

Sample F value  F critical value t value t critical value
Fluid mixed fertilizer 1 1.37 9.28 0.45 2.45
Fluid mixed fertilizer 2 4.73 9.28 1.30 2.45

Liquid micronutrients

mixed fertilizer 1.21 9.28 1.36 2.45

2) PHTRER UG EFEE O

DR THE S B OV A S A el 27200, IR & IR B ONR IR B LSRG IERE -V T, 2 IREE DK
D AR (W-P20s) , KIEMEINE (W-K20) , KIEME~ > 5 (W-MnO) , KIEMEH L (W-Zn) , KIEMESR
(W-Cu), KIS (W-Fe) K OVKIEMEEY 752 (W-Mo) % 2 sifMTTHZZ 2T 7 [mikBrz E L TEbL
TfE A Table 3 \TRL7c. Fo, ZORERNO— LR E S BT AAT > TR OV O TR B & OV RS B 4
Table 4 (Z/RUTz. KESMHED A (W-P20s) DO FEAMEITE B3R 12.19 %KX U8 2.88 % T, PHTHRMERER 221X
0.2 %% X 0.2 %, HFHAHMELER T 0.4 %KL TN 0.5 %, KIEMEINE (W-Ko0) O SFEEMEIZE 57 3% 9.96 %
J N 2.44 %C, DHTHRHEAER 1% 0.2 % N 0.4 %, FREAE S AENR 2215 0.7 %% OV 0.8 %, KEE~> 5
> (W-MnO) O MBI E B3 1.28 % K& 10 0.232 % T, G T MR 2215 0.4 %% TV0.5 %, H AR
PRI 1.3 %KX O 1.5 %, KEPERS (W-Zn) OFEEITE #5758 0.0591 %K% 00 0.0314 % T, FHTHXME
YERZEIT 0.7 %K 0.4 %, FRIFIAMEMERZL 1.0 %M DN0.7 %, KIEMEH (W-Cu) O FEHEITE 85y %
0.0540 %% T} 0.0172 % C, DA TFIRHE (R 2213 0.6 %M TN0.7 %, HRIFHRHE MR 21X 1.3 %X V1.5 %, 7K
TRIERR (W-Fe) OB I 5573 0.244 %J% 10 0.0988 % T, D THIRHEAENR 2513 0.6 %% V0.5 %, H fE+H
RTEYERR AT 1.4 %L V2.9 %, KIEPEEYT T 2 (W-Mo) D ¥ ITE 85y 5 0.242 %} 10 0.0228 % T, #f
TR ER 2213 0.4 %K% T 0.4 %, T RIFHHFRHER 221X 1.0 %KL TR 0.8 % TH 7.

ZOREIZBT DN T O SHE R 2 IEEFERBREV IORSITOD UM TREEE (D THE R TR 22) &
O TS B (Hh R AR SR HE R 52) 00 B 22 AN THh 722805, HRARIEBO K EATED AUBE (W-P,0s) , ZKERMENN
B (W-K20) , KIEE~> 7 (W-MnO) KIENERER (W-Zn) , KIEVES (W-Cu), KIETESL (W-Fe) J OVK IR
EVT7 T (W-Mo) DFHHIZ DN TIE, B NEEERERRRVIEEHZ O 220V S I 5L T+ Tho
ZENHERSNT.
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Table 3  Individual result of repetition test of changing the date for the precision confirmation
(% (Mass fraction))
W-P,0:s W-K,O
Test
day Fluiq @med Fluiq @ked Fluiq @med Fluiq @med
fertilizer 1 fertilizer 2 fertilizer 1 fertilizer 2
1 12.24 12.21 2.88 2.88 10.01 10.01 2.42 2.41
2 12.13 12.13 2.85 2.86 9.96 9.96 2.43 2.44
3 12.13 12.11 2.88 2.90 9.96 9.95 2.43 2.42
4 12.22 12.22 2.90 2.90 10.05 10.08 2.46 2.48
5 12.22 12.24 2.88 2.89 9.83 9.90 2.41 2.43
6 12.18 12.22 2.89 2.88 9.93 9.98 2.43 2.43
7 12.26 12.19 2.89 2.90 9.91 9.92 2.45 2.45
Table 3  Continue
W-MnO W-Zn
2:} Fluiq @med Liquic? micron'u.trients Fluid. @ked Liquic.l micron'u.trients
fertilizer 2 mixed fertilizer fertilizer3 mixed fertilizer
1 1.27 1.28 0.229 0.228 0.0579  0.0591 0.0314  0.0314
2 1.27 1.27 0.228 0.229 0.0588  0.0588 0.0311 0.0312
3 1.26 1.26 0.232 0.229 0.0591  0.0584 0.0313 0.0315
4 1.26 1.28 0.231 0.232 0.0588  0.0591 0.0316  0.0313
5 1.29 1.29 0.234 0.234 0.0601  0.0597 0.0314  0.0312
6 1.30 1.30 0.236 0.236 0.0593  0.0594 0.0317 0.0314
7 1.30 1.31 0.238 0.236 0.0595  0.0595 0.0318 0.0317
Table 3  Continue
Test W-Cu W-Fe
day Fluiq @med Liquic? micron'u.trients Fluiq mked Liquic.l micron'u.trients
fertilizer 3 mixed fertilizer fertilizer 3 mixed fertilizer
1 0.0532 0.0531 0.0168 0.0168 0.240  0.238 0.0953 0.0951
2 0.0536 0.0533 0.0170  0.0169 0.245 0.244 0.0960  0.0949
3 0.0533 0.0537 0.0170 0.0170 0.248 0.251 0.1007 0.1001
4 0.0544 0.0543 0.0174 0.0173 0.243  0.242 0.0980 0.0975
5 0.0541 0.0542 0.0173  0.0177 0.244 0.242 0.0985 0.0991
6 0.0555 0.0544 0.0175 0.0173 0.242  0.246 0.1017 0.1018
7 0.0549 0.0544 0.0172  0.0173 0.247 0.246 0.1019 0.1026
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Table 3 Continue
Test W-Mo
day Fluiq mixed Liquiq micron.L%trients
fertilizer 3 mixed fertilizer

1 0.241  0.240 0.0227  0.0227

2 0.240  0.243 0.0225  0.0226

3 0242  0.243 0.0231  0.0229

4 0.240  0.240 0.0226  0.0226

5 0.243  0.245 0.0227  0.0229

6 0.246  0.248 0.0230  0.0231

7 0.242  0.240 0.0228  0.0227

Table 4  Statistical analysis of repetition test result for evaluating precision
Repeatability Intermediate precision
Sample Mean® 52  RSD,” CRSD. sury)  RSDypr® CRSDyr)”

%) (% (%) (%) (%)" (%) (%)
W.P,0. Fluid mixed fertilizer 1~ 12.19  0.02 0.2 1.5 0.05 0.4 2.5
Fluid mixed fertilizer 2 2.88 0.01 0.2 2.0 0.02 0.5 3.5
WE,O Fluid mixed fertilizer 1 9.96 0.02 0.2 2.0 0.07 0.7 3.5
Fluid mixed fertilizer 2 2.44 0.01 0.4 2.0 0.02 0.8 3.5
Fluid mixed fertilizer 2 1.28 0.01 0.4 2.0 0.02 1.3 3.5
W-MnO iﬁiﬁ fne“;iﬁjzz‘:mems 0232 0.001 0.5 3.0 0.003 1.5 4.5
Fluid mixed fertilizer 3 0.0591  0.0004 0.7 4.0 0.0006 1.0 6.5
W-zn ;lgzg P;Ej‘;‘;:‘mems 0.0314  0.0001 04 40 0.0002 0.7 6.5
Fluid mixed fertilizer 3 0.0540  0.0003 0.6 4.0 0.0007 1.3 6.5
W-Cu Ir;llgg ?;E;‘;Fmems 0.0172  0.0001 0.7 40 0.0003 1.5 6.5
Fluid mixed fertilizer 3 0.244  0.002 0.6 3.0 0.003 1.4 4.5
W-re ;ﬁlﬁ f“;;iﬁj‘z;‘mems 0.0988  0.001 0.5 4.0 0.003 2.9 6.5
Fluid mixed fertilizer 3 0.242  0.001 0.4 3.0 0.002 1.0 4.5
W-Mo " Liquid micronutrients - o, ¢ 0001 04 4.0 0.0002 0.8 6.5

mixed fertilizer

a) Mean value (n = Sample number of parallel test (2) x Number of Test days (7))
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

f) 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. T

TR B D AESPEY /U, AKERMENNER, AESPE~ L Ay, AKESPETRER, AKUSPES, VMR B OV v
FVT T UAZONWT T TIRVIBEE A S M L0 A2 RE LI2E2 A, IROEBVOFERIELIT-.

(1) KEPEDARE, KRGV~ AT, KEEVERER, KEAMES K OUKEEPEERICOWTIE o Hr HEEE 12 A%
TR B SWTE o ARk 13 8280, b s Xas R0 IR A F = R
EORE A L L7224, FHEIFRERIT 7=0.999~1=1.000 Z /<L, 58 VFHEIAFED DAL,

(2) KIBVEEV T T UAZOWN TN HFVE 3 & VT4 S0 T CRllia EhEL, b FisE = RRREY
IREHEZ F O 51 EAREOREEZ iR L2225, WA EKAE 5 % CTHERZEITRO LR
7-.

(3) WAREA IR K R AR BB HE A IEEZ AWV T, 2 BEOKIEMED AR (W-P,0s), KEEMINE
(W-K,0), /KIEMHE~> 42 (W-MnO) , ZKIEMERLEN (W-Zn) , KIEMES (W-Cu) , ZKIEMEER (W-Fe) &wkm
EVT T (W-Mo) % 2 ROMTCTRAZEZ T 7 [BRBRZ T LI2L 25, KEBEVED AR (W-P,0s) DB fEIE
B 12,19 %K% 10 2.88 % T, Gﬁcﬁ*axﬂﬂfﬁ{ﬁ# F0.2 %M Tr0.2 %, TRHIFHHERER 21T 0.4 % T8 0.5 %,
ARVEVENN L (W-Ko0) O MBI 8573 9.96 %M O 2.44 % C, DHTAIXEAER 2215 0.2 %% V0.4 %, H
AR AR EIR 221 0.7 % X T 0.8 %, KEEME~ 7 (W-MnO) O F-EIMEITE 5555 1.28 %% 11 0.232 % T,
DHTHRMRAER 1T 0.4 % T8 0.5 %, FRFEHMERER A 1.3 %M O 1.5 %, AKREMEHEE (W-Zn) OS2 E
ITE RS 0.0591 %M 11 0.0314 % T, FHTHXHMERER A1 0.7 %X T 0.4 %, T AEHEERZEIE 1.0 %M
0.7 %, KRS (W-Cu) O FEMEITE &3 0.0540 %M 08 0.0172 % T, GHATFIHEHER 1% 0.6 %L Y
0.7 %, FIAHSHEEER Z21E 1.3 %X Y 1.5 %, KPR (W-Fe) OFEEIEITE 8533 0.244 %% T 0.0988 %
T, PHTAEHR R 2213 0.6 %X TR0.5 %, TRRFEHMEAER AT 1.4 %% 182.9 %, KEMEEVT 7> (W-Mo)
DOFLENTE B3 0.242 %M 10 0.0228 % T, JHATAHXAEER 221% 0.4 %% T8 0.4 %, HFARRHE ER 221X
1.0 %% X 0.8 % ThH-7-.

X M

1) SEATBOE NRMOKEEN 2 250 £ 2 — (FAMIC) : JEEHERRER L (2015)
<http://www.famic.go.jp/ffis/fert/obj/shikenho _2015.pdf>
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Simple Extraction Method for Water-Soluble Components in Liquid Compound Fertilizers

Shinji KAWAGUCHI'!

"Food and Agricultural Materials Inspection Center, Nagoya Regional Center

The Japanese Official Methods of Analysis of Fertilizer provides several extraction methods using the
upside down rotary shaker for the determination of water-soluble and citrate soluble components in
fertilizers. However, these extraction methods are only used in the analytical methods for fertilizer.
Therefore a simple extraction method shaking with hand without using the upside down rotary shaker for
water-soluble components (water-soluble principal ingredients (W-P,Os, W-K,O and W-MnO) and
water-souluble effect-development promoting agent (W-Zn, W-Cu, W-Fe and W-Mo)) in liquid compound
fertilizer was developed and validated as a single method validation. The quantities of W-P,0s, W-K»0,
W-MnO, W-Zn, W-Cu and W-Fe were measured in 12 or 13 analytical samples by extraction methods with
both the simple extraction method performed shaking with hand and the extraction method using an upside
down rotary shaker. The data obtained from the simple extraction method correlated highly with that from
the extraction method using an upside down rotary shaker (W-P,Os (+=0.999, y=1.005x+0.005), W-K,O
(r=0.999, y=1.001x+0.011), W-MnO (=1.000, y=1.006x+0.001), W-Zn (r=1.000, y=1.005x+0.001), W-Cu
(=1.000, y=1.001x) and W-Fe (=1.000, y=0.997x)). With regard to W-Mo, 3 samples were conducted 4-point
parallel test according to the simple extraction method and the extraction method using an upside down
rotary shaker, respectively. As a result, it was confirmed the homoscedasticity of 2 groups. The #-test for each
concentration indicated that significant difference was not observed under two-tailed significant level of 5 %.
W-P,0s5, W-K,0, W-MnO, W-Zn, W-Cu, W-Fe and W-Mo were conducted a duplicate test per 7 test days
using two analytical samples of liquid fertilizers respectively. As the result, W-P,Os was total mean value (mass
fraction) 12.19 % and 2.88 %, repeatability relative standard deviation (RSD;) 0.2 % and 0.2 %, intermediate
relative standard deviation (RSDj) 0.4 % and 0.5 %, W-K>O was total mean value (mass fraction) 9.96 % and
2.44 %, RSD; 0.2 % and 0.4 %, RSD; 0.7 % and 0.8 %, W-MnO was total mean value (mass fraction) 1.28 % and
0.232 %, RSD; 0.4 % and 0.5 %, RSD; 1.3 % and 1.5 %, W-Zn was total mean value (mass fraction) 0.0591 %
and 0.0314 %, RSD; 0.7 % and 0.4 %, RSD; 1.0 % and 0.7 %, W-Cu was total mean value (mass fraction)
0.0540 % and 0.0172 %, RSD: 0.6 % and 0.7 %, RSD: 1.3 % and 1.5 %, W-Fe was total mean value (mass
fraction) 0.244 % and 0.0988 %, RSD: 0.6 % and 0.5 %, RSD; 1.4 % and 2.9 %, W-Mo was total mean value
(mass fraction) 0.242 % and 0.0228 %, RSD; 0.4 % and 0.4 %, RSD: 1.0 % and 0.8 %. These results indicated

that this extraction method was valid for water-soluble components in a liquid compound fertilizer.

Key words  liquid compound fertilizer, water-soluble principal ingredients, effect-development promoting agent,

single-laboratory method validation

(Research Report of Fertilizer, 9, 10-20, 2016)
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3 ICP-MS IZ&AFREBHBDDEESREDAE

AT !, Ve AR !, AR
F—U—K  GIRIEE, ~A7ui i iElEE, ICP-MS, HAeR, IRV A

1. [XL®HIC

THIEMEEHIIZAERE VIS W TE A EFFSNOAERN I WRIV L, $, =vi b, 7rb, UF, K O
BeK & GFAIE) BRRESITRY, YA B ORBIEILATEE THO B ITEY D2 UMD HER S
T EDIE STV D AR R BRIE Y I GRsi S QD ZBREBRIEDO T, IRITVA(Cd), # (Pb), =
v (Ni), 785 (Cr) (BUF, E&BED. )L, SRR 20 i U WS AT B CRIE 32 5 1R 03 8
ESITWDD, BRI IET DRNIRRHZ AL - IRAL T DM N D570 8, BRI REFFD ETICR I ZE 5.

HBJEOPT, DRIV AT EORAREREY, KPR TAEREOFRMEBEIE LS ZL, =7,
K OSROFF MBI O FTREMELY BV SRR S TRYY, JVIEEZE T L L/ mSITbi Vg, £,
TENLED TIZHBITTHIEN LI TEYY, FAMIC 123\ Ch{G TR o8 b 3B A S L, 1
WE~OBAT AR T DL ZOBRENIE A SN, RIS L 504 R FRIHA T, Rdtho
HGEHEEL RSN TODT . Zo7ed, IGIRIEEH P OARIY AORBRIEB R EZE 12, BT, O
DEEJE~OW T O REMEZ BRI AL, A 18], HIEIEE T O E 48 O /3 #r O E L O T b OBLED
DA u Sy R E 2 FORURH R L 7%, 86 7T X~ B B E (ICP-MS) IZ LD |IETEIZ W
TR EAT o7, Bric ikt o U CH—RBR I KD 2 Y R 21T o 7o D T2 H S 775,

2. MHERUAE

1) FRHORR

TGURFEFERERE 14 08, URIGIRAEEL 7 4, FATGTRAEEL 2 AL, TIEVHUEAEEr 1 AR, BEsGIeitet 1 Ak O
IRATHIRIEEL 1 5 (BF 26 &) ZUNELT-. 40 ‘CT 60~70 FFRI# L, HBEAX 500 pum D55\ a2+ 5%
THRLTIZb D& AT R LT,

2) BEFOREH

(1) BRIV LFEUER (1 mg/mL) : FRYEHISE T3 JCSS

(2) EOFEHERR (1 mg/mL) : FISEHIZE T3 JCSS

(3) =o7 /VEEHER (1 mg/mL) : FOEHISE T3 JCSS

(4) 7o LFEUER (1 mg/mL) : FOYGHIRE T2 JCSS

(5) (1)~ (4) DIERER ZZNLNOEEERIREL TRV, SEREFR RS - AR L TR A UE IR
(Cd: 1pg/mL, Pb: 10 pg/mL, Ni: 10 pg/mL, Cr: 10 pg/mL) ZH#L7-. 7z, IRGAEERIK A AIRL, fHRRE
FEAY 5 % (RFE 53 38) 12725 KO\ BN R 2 N % A AR R & i B L 7=
U ARNTATBOE N EMOKEE T B 22 2 B & — IR L2 AR A
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(6) T AMEHERL (1 mg/mL) : FYEHIZE T3 W/ H

(7) L= E%ERT (0.1 mg/mL) : AccuStandard ICP-MS H

(8) (6)~(7) D FitiEHER A TN ZNOEAERGREL THWE. BIEHEFURZIRA AR L CRYBRE FE 23
5 % ((RFES ) 1T D IO BRI A N %, 1R-A PAEHERR (Rh: 0.1 pg/mL, Re: 0.1 pg/mL) 7R 7.

(9) fiHiz (68 %) : ZEE{LF 1.3 TAMAPURE-AA100

(10) EEELATE (30 %) : FEHMIBE T3 JFr-Woe i il

(11) 7K: AKEHIAERE (Elix AdvantageS } O Milli-Q Academic A-10, Millipore) CHHL 72 JIS K 0557 12

TET D A4 DKE .
(12) Rt L QOB LS OFRIEIZ DN TRk V-

3) BMERUEE
(1) FERETITAE R&IHriLE (ICP-MS)
D ESHERERT ICPM-8500 (MY EEARAET Sy AT at, v VI R EE TR B )
(2) ICP Hl H EhA AL & - B FERT ADU-1
(3) ~ A7/ fiEdEE . Anton-Paar Multiwave 3000
(4) LV BERE: =79 H-26F
(5) A7l AxSs: Y—x/LY) (T A DigiTUBEs 50 mL

4) TAHOESR-ICP-MS [CkBHHBRIE/E

(1) FEHAIR O

T 71 TEM 8O & L3RR EH TR 0.20 g 2130080, fEfE 2.5 mL K& QM@ /KSR 2 mL 211
7o AP BIEST-OL BIaNFELWREHIEEAIL L T/ — V2 H0iH ), ~A 27wl o fidkiE 2z H
T Table 1| DT 07T MMIE>THIRLTZ. 7238, RN+ EROLNLGE1E, TIZHEE 2.5 mL
R ONEREbAKSE 2 mL ZIRINLESME CHESE1Tolo. mtk, SiRiRE R 7 e L 8l 0 A%
KTHELIAA, 50 mL OE#RETAREZNNZ T 3000 [E1§5,7 45 (K 1700 X g) T 5 4y MmO BEL 72 %%, R AR
ZRBHEIR & LT, JE T 25000 IR FE D3 B EE R A 8 2 5 5 60121, B A AR, Wi O R Ee e B
D35 % ((RFE/3R) O LD IO IR & N A B LT= (Scheme 1) .

Table 1 Operating condition of microwave digestion equipment

Electric power  Time Temperature State
W) (min) (©)
Step 1 0—1400 10 Room temperature—240 Heating
Step 2 1400 10 240 Fixed temperature
Step 3 0 20 240—Room temperature Residual heat

(2) FUBHEIE OWIE
ABHAR e NE A AR YEIRZE 21 9:1 OFIGTIRGLIZ# ICP-MS 2 AL, "'Cd, ®Pb, “Nj,
2Cr, '®Rh, "¥7Re #EL Cd, Ni, Cr i% Rh T, Pb /% Re THEEHERMIEL-.
[FIRFIZ, IR IEERATEL, MEHREERL COMaE T OARIV L, 8, =7 /b, ZabRELZ R
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L7z, IR OTEAERR I IR BRTE FEAS 5 % (IAFE4R) 9V L7 B XL 7=,
ICP-MS DOHIERFITLL T D LY.

High-frequency output 1.2 kW
Sampling depth 3.5 mm
Coolant gas flow rate 7.0 L/min
Plasma gas flow rate 1.50 L/min
Carrier gas flow rate 0.70 L/min

| Sample 0.20 g |

<Nitric acid 2.5 mL <————

«<—Hydrogen peroxide 2 mL As needed

| Microwave digestion |

| Transfer |

—Water (To the mark line)

| Filled up | 50 mL P.P. Volumetric flask
|

| Centrifugation | 1700xg 5 min
|

| Dilution | As need

«—Mixed inner standard
(Added 1/10 times the amount)

ICP-MS |

Scheme 1 Heavy metal analysis in fertilizer by microwave digestion -ICP-MS method

5) IBMFHEERE(EKSB—RFELEE) ITKHHEREF

AR BR LS I CINE S 0D 5.3.a, 5.4.a, 5.5.a, 5.6.a 7L —AJRFIEIEIC I AT e R O AR
ZME LT (Scheme 2) . 7235, BEAIGIRAEENH O AT/ HTEA TR, FEEE - HilR - i SR 0 /0 fif — 1
W SETE L2 DT REREA TR0~ T
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analytiség?simple 200-mL tall beaker. < About 50 mL of hydrochloric acid (1+5)
|
Charring Heat gently | Heating | Cover with a watch glass, and dissolve
Incineration Ignite at 450 °C £ 5 °C |
| | Standing to cool | Room temperature
| Standing to cool | Room temperature |
< A small amount of water | Transfer | 200-mL volumetric flask, water
< About 10 mL of nitric acid |<— Water (up to the marked line)
< About 30 mL of hydrochloric acid | Filtration | Type 3 filter paper
| Heating | Cover with a watch glass, and digest
| <« Chromium is added to the interference suppression agent
| Heating | Slightly move a watch glass to remove acid < Adjusting the acid concentration by the hydrochloric acid
| solution at the time of dilution
| Standing to cool | Room temperature
| Measurement Atomic absorption spectrometer

Scheme 2 Heavy metal analysis in fertilizer by Aqua regia decomposition - atomic absorption spectrometry

3. BRRUEER

1) REROERE
22D > TR ZZIR B AR HE 2 ICP-MS THIE LB M AR L. DRIT L, $, =L, ZnAid
0.1 ng/mL~100 ng/mL OHFH CTEGHRIE (RELFREL =0.999 LL 1) 2R LTz,

2) BIFEEOHE

REE 26 RAEHWT, BEFECTHOIEEMERBIE L ARIEICB T2 ENENOE &L KD, 2 FIEOE &E
OFHBIMZAERL, Bl EROMEE (a), @J)#(b)&U*ﬁE&H@&(ﬁ%k&ﬁ_(Flg1 1~Fig.1-4) . F7z, [EIFHE
FROMEE KOG D 95 %G X M2 H H L7z (Table 2) . ZIH % IEEHERBRIAI RSV TOD B EERHl O HE
PP (% () D 95 %X 1 G Eh, YR (b) D 95 %IEHE XTI A (0) 235& Fh, HEERE ()
2099 LA EHHRLT2E2A, IR LD HEFEFATOHERFEFAN CTho7c. 7238, Ui%nR BT HARE
7 95 % T I X [ & [B i ELRR D J PR LS iV 7z (Fig.1-1) .

BARELT, ARV NTERHERER L LR FEORIEENTONTN, $h, =y, 7abIfGbivenoT:.
£, NTBETAIEICH U TRIEE /2D, =y b, Z7a TS EEE 2 B a2 A bz, RO 84 51216
AR D2 LD, 2O FIER ORI E OB X, #9280, A L7 ok, IEE o nHEl
RO LR -2 1 E S G2 0 38 D43 fif B DR, I TE MR OEE ML R -2 TR R EE OBV DM BRI
L CNDIENEZLNT-.

721, T DR ORE A IR EHERBR E TR O DI TWOAREEE-HEER (143) D EKICTHIELE 2 DT,
e DR [F— LU CH BRI R EINE T (e KIE : RRIED 60 15) 43 CIXBRICE D 0 RE N 7252 L

HEZOI, Fo, HWEEZEH 5L ICP-MS I[CEHEEATLHIENTEY, — AR CERT 0%
PEDITHZEND, OB R LB AL TRV E bR et 21T/ o7z,
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n
S
T

/7 '=0.817x- 0.439
y=1.01x+ 0.0402 2 w A0 pYTESLES S
z 3 D? =0.978
= 5 " :
- )
S = 30
o = —
S5 2 e
72 A ‘Bb
5y 5 £ 20
Ry ]
= 1
° 5 10
= b=
0 s 0 KX .
0.0 1.0 20 3.0 0 10 20 30 40
Testing Methods for Fertilizers Testing Methods for Fertilizers
(mg/kg) (mg/kg)
Fig. 1-1  Comparison of the cadmium measurements  Fig. 1-2  Comparison of the lead measurements
in between two methods in between two methods
Solid line: Regression line, Dotted line:y=x Solid line: Regression line, Dotted line:y=x
Dashed lines : Upper and Lower limit of
95 % prediction interval
100 r 80
% O
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Microwave digestion-ICP-MS
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Fig. 1-3
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Comparison of the nickel measurements  Fig. 1-4 Comparison of the chromium measurements

in between two methods in between two methods

Solid line: Regression line, Dotted line:y=x Solid line: Regression line, Dotted line:y=x
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Table 2 Confidence interval of slope and intercept of the regression line

Y=aX+5b
Element a (Slope) b (Intercept)
Lower limit?  Upper limit” Lower limit?  Upper limit”
Cd 0.976 1.044 -0.008 0.089
Pb 0.742 0.891 -2.256 1.378
Ni 0.673 1.243 5.759 32.928
Cr 1.048 1.220 -3.151 6.844

a) Lower limit of 95 % confidence interval
b) Upper limit of 95 % confidence interval

3) BE=S—AFTUDOEE

ICP-MS THIE T DEITITART MV F O T O REMEIC B2 KT T ZE0HY, ZOEA RS 51
THEE BHOERDAHESITNDIO . 07w, HIRREEIREL | FERE, RATEGIRIEE 1 fifE, LIRIGTR
AEEE 1 FEEE VT, RIETE BRI =S — A4V B E R AR CRIRFTREL S TS E=H— o
FATERLREZEATV, BIROA EAHZE L. FHIZ1TO720, IERHERERE THRONTMEZ EEUEL L T
YEEICH T 2FI G AR L7 (Table 3).

FERELT, IRIVATET=L— A4 (m/z2) 111 ZRIRUT2EE, BIGELTI7 %~105 %l fktEERIEIC
PLVMEZZRLTEZDS, 7 114 TIEEIEELT 127 % ~158 %l Ml 7257,

T T=H— A4 (m/z) 208 ZIRINLUIZEX, FIAEEL T 84 %~95 %l At 5B L L bhig L TRV M2 R
L7273, A 206 THEFEB{LIZ AL Tz,

=T ITE=F—AF 0 (m/z) 60 ZRINLT2&E, FIEELT 146 %~205 %l AEEHERBRIEIR L TEv
EZ7RUT=28, 7] 58 TIXEIALEL T 216 % ~567 %EHIZEVMEE /-T2,

JOANFTE=H—AF 2 (m/z) 52 ZIRIRUT- L%, FIGEL T 129 %~140 %EAEEMERBREICXH L TRV VER
FRLTEDS, 6] 53 TIFEIGELTI133 % ~152 %E0R0mVMEE /2T,

BRI BEL 80 LA FOH T FHEZITOT VSN TRYY, =7V R a sz U CRE BTN
ARIT DL =S — A4V EFRHIEITEVMEE /2o T2, ZRHITARI LTIV OEBLE Z BN, 72
B, 3BLL CA I M TEORK LD A4 19 % Table 4 |ZRLTZ.

INHDOZENLE=L— A 1F MCd, 2%Pb, Ni, 2Cr ZAREORFHI WS ZEE LT,
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Table 3 The comparison of the determination values by the difference of the monitor ion

Ratio of this method for the cd Pb Ni Cr
Sample o hod” *b) * * *
existing metho 1Y 1142 206 208 58 60 52 53
The existing method (mg/kg) 2.33 31.7 26.3 51.6
Composted e thod (me/k 225 3.05 303 302 568 384 713 72.1
sludge fertilizer is method (mg/kg) . . . . . . . .
Ratio (%) 97 131 95 95 216 146 138 140
) The existing method (mg/kg) 2.17 27.0 19.8 26.8
Mixed sludge .
fertilizer This method (mg/kg) 2.23  2.75 22,3 227 52.5 40.5 345 35.6
Ratio (%) 103 127 83 84 265 205 129 133
The existing method (mg/kg) 1.97 19.8 26.9 33.0
Raw SeWage  ppic ethod (mg/ke) 2.06 3.11 164 166 1527 485 46.0 50.1
sludge fertilizer
Ratio (%) 105 158 83 84 567 180 140 152

a) Testing Methods for Fertilizers
b) Monitor ion (m/z), *standard selection

Table 4 Polyatomic ions that cause spectral interference

Element m/z Polyatomic ion
111 95M016O
Cd
114 114Sn 98M016O
58 8Fe
Ni

4) RBREOEE

AEBFEEERIER L T IR ER - HERR \C LA BRI E AR iRAATV, ARUETITAEE: - BER LK R ICL D~ A7 sy
iz 1T > TS, 3.2) BEfFIEL O I CHERSNIZIITER, =v 7V KR O a AT IREFE RBRE I ORS T
HEEFHATOHESEGLFASL L7020, 2D, SREDEWIZI DL DRD), ATV FBEDRBEIZLLH D
IRDNRIRE L2 DoT 128D, RO TR B A TR L 7=, 3BF 15 /RIT OV T, JERMEERERTE (F K — i
FROIE) &, RiE, RiETROIVE R RO TS E S TEZ R, &K TIEOFHEEE, WEE2T
7 &I 7o UCHRL N U T A R 22 Je OVH AR MR 22 2 AR T R & LTe. & 5 IE OB B 0 2% F ik
1%, bR T oy s LB U TR E BT ATV, T OREES EE I Tukey EICKVRERTT-T-
(Table 5).

728, WE R IR SRV E R R A R & E SRR IR & DR - BRI S 2 B b5 10120, Fi, Z7uiidH
TR SEETHIE T DBRICIE TSGR 2 RN LRE 32288725 TNDD, v A7l 53 i CRD L3R
SRR U A A RN U E U 7o & A ERR FE OFRBHI T L CRIE 7 —# DG DR D> T2 28
5, ZOJRRIT AL TUBHE IR O FRFE & TV HI Al L OB DRI LD EE 2, TSRz Rme 4
HEEAT ST,
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FERELT, s, MREM EREER OM T CHEZDBRBO BV, —MKICHEEE IR KR~ TE
KOOI FFRINIRZ D, BB G R~ A7 LD 0 R L T CalBHI R L TR 2MER 35729, B
HCR EKRGIREOG RN D EEDLIENE 2 L. £z, FfERR%A ICP-MS TRIETHEF KRR THOI
TEEVBIRWMES 22572, ZOZEND AT I LD RIE EARSIREVE KO3RS TODHD, FEARTR
JVFEY LD NDIE R O TS OREE S IR MEL /2D 2L AVRIZS .

=V, SRER TR BEAITRO LT HIEEM THEENRO L. LD CIImfRiERE ©F
BENRDOLNZN= 7V TIERD LIRS T2Ze0n, JTERITES TH R RE N RID T ENIRIBI L.
Z DA, A% ICP-MS THIET DL 1 BBV TT R CEWES T2, ZOZENDART LTIV E
BONDHE RO T O EE T @ MEL 2D EDTRBES .

Ja b, SRERCIIA B ZITROONTHEER CHRBZEPRO LN, £z, ~ A7l 0 CHED
ATAEIE FAR R CEDNTEE LB L TEIA L LT 63 %~136 %ER0IEL XN KEN-7-, BERTIETH
PHIFIZBIMUIRNAEDIES S ER ALY LBV, T HIHIAFIRINATOBAKIRROBFE N B2 D08, 4
[E]% [Fg A CTdhotz.

JEE A BN, ~ A7l i T IR E R ERE (BB R ELUERSNTRY, #1745
HNEZEE - 3RS Lo T, I iRiE L BARDMER R P EONL RN S LD 1S5, 4 Hl,
FRIY LIBEAFIEE D BIF AR BAME NSO, ZOMOEE BTGNS T2ZE0, MEHIHWE
REHEBO—FONIZREE RIAEN. Ko T, BRI IV AR EL TOMTEZREL Tz EeL
7-.

Table 5 Basic statistics and results of analysis by Tukey test

Average” SD® RSD" Significant Significant
Element Method difference test difference test
(mg/kg) (mg/kg) (%) for B for C
Pb AY 25.9 1.5 5.9 *? *
B” 20.8 1.8 8.8 — *
c” 29.9 0.9 3.2 — —
Ni A 44.3 2.7 6.1 * ns.V
B 57.3 4.7 8.2 — *
C 47.2 2.9 6.1 — —
Cr A 53.2 5.1 9.6 * n.s.
B 62.2 4.3 6.9 — *
C 52.7 2.1 3.9 — —

a) Aqua regia decomposition-atomic absorption method

b) Microwave digestion-ICP-MS

¢) Microwave digestion-atomic absorption method

d) The total average value of the 15 sample

e) SD was calculated using a value obtained by subtracting the average value from each analysis value,
after obtaining the average value of the analysis of the three test methods for each sample.

) ((SD of e) / the total average value of d))x100

g) There is significant difference between methods (significance level 5 %)

h) There is no significant difference between methods (significance level 5 %)
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5) GHTHRERU P EE Qb

ATEDOPHATREEE K O IS EE 2 RS 5728, 2 T OIGIERRENLEZ VT, 2 RPMTTREZZZT S
[ 3T ZAT o T Al R BT, —TeRlE T BT AT > TR DT O TG S OV R RS £ 4 Table 6 1 Z/R LTz,
WP IO R R AR 220 IR R BRIE RSV TO D M TREEE (B TR MR 72) M OV TS B (PRI
SHFHENR ) O B 2N Tho72Zlnb?, REFH0EEEA L CWD e RS,

Table 6  Statistical analysis result of repeatability test

Repeatability precision Intermediate precision
Sample Element  Mean®” s RSD.” CRSD.” syt RSDyn) CRSDyp?
(mg/kg) (mgkg) (%) (%) (mgrkg) (%) (%)
Composted sludge 0263 0.022 8.5 11 0.031 12 18
fertilizer 1 cd
Composted sludge
fertilizer 2 2.39 0.04 1.6 8 0.10 4.1 13

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 standard deviation

f) Intermediate relative standard deviation

g) Criteria of Intermediate precision(Intermediate relative standard deviation)

6) EETRFOHEE

TGIRFEBEREAEE Y, ARIEICHESC 7 MM TR i L E & F IR & O FRROMERAIT o7, B8 T
PRIT (BEHER ) 10, F7-, i FERIZ BEAEMR ) x2x¢ (n-1, 0.05) EL TREND YO T, KIEDOE & FIRIZ
ARIV L 0.1 mg/kg FREELHEES AL/ (Table 7). A ERY, IR SO E & TRITE AFFAED 1 mg/kg
Y EOBETIEZD 1S LT THHAZENEREINDY . DRIV LOEGHIFARRILS mgkg THHZEND, Rik
TIBIRIEEHP DA RIT WG A B OIS0 5370 B BHIHZA L TWOAHZ LRSI,

72E, MR RIS RBRIE BT DR WREED A RIV ADER FIR 0.1 mgkg LRISEThorz, —
AXAIIZ ICP-MS O HYRREE 1R RO 2L E O R M LB @V e F T ICP-MS IEDIEH KK
EE FREZELNEL O LML, SUBHRIREDS 200 mg LD 720727201 X5 D ENRELARVRBRIED E
& FIRIZEL oo tE 2 onT-.

Table 7 Calculated LOQ and LOD values (mg/kg)
Sample Element Mean ¥ St LOQ" LOD®

Composted sludge
fertilizer

a) Mean value (n=7)
b) Standard deviationx10
¢) Standard deviationx2x¢(n-1,0.05)

Cd 0.235 0.008 0.08 0.03
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4, F&H

~ A7 53 fR-ICP-MS (2 X D15 VR IEEN o 8 4 @ O FRBRIE I DWW TH—FRBR (2 LD 2 Y MR & £ it
LizeZh, IRDFERAE157-.

(1) BREMEIERLTZEZA, BRIV, $, =7V KO a il 0.1 ng/mL~100 ng/mL 0 #iFH T E M
(R ERRE 17=0.999 L) k) ZR LTz,

(2) #EF 26 HEMAWT, BEFAECTHOIEEEHEBRIEEARIEE O EBO B AT o7 ZA, HRIV LD
BB LR BR LS E 6 5 B E R O HESE RPN CTHY, 5 23 AT RE S I S v (HE D 95% 15 HE X I
0.976~1.04, G/ 95% 15 #HX []1E-0.0085~0.0889) . 7233, SplIBEAFIEICRIL CTIREE 2D, => o)L, /=
DN ES U= [ v Y A [R/APNSY gl

(3) HKorF 2 MHEOET=F— (A4 &L, Cd, 2%Pb, “Ni, 2Cr ZAEOKRFHNIHVZ. (2) TEIEL
IR o Tz = VEDIE DR E R T2, WFEX AN~

(4) &, =7V RO a IO TR R LK B LD~ A /el il BRHCR EAR O iRE D53 fif
DA LT-EZS, SACIIA B EDIROOLNTZN, =v7 L RO a A TIIAEETRD L)1,

(5) HRIVAIZOWT, BHTHEEE K O RS B O MER 2 AT - 7= 45 B, O TR SHE R 1T 1.6 %~
8.5 %, THIFHRIRMER 21T 4.1 %~12 % THY, EEHFRBIEI RSN TODREED H Z izl Tz,

(6) ARIVLIZONWT, E&E FREDHEREIToIMR, RIEICBITLER FIRIZ 0.1 mg/kg FREE, i
TRRIZ 0.03 mg/kg PR LHEES AL,

UL EDZED D, RIEZEEOTGIIEEIF ORIV AEH BEZWETH2DIZ, HaattiEa AL TnaD
EDHERRS LT,

ARRERDED FLOIZBRL, T FIEFIZOWTTIREWEE EULESHIER FEIE N R Bk ESE
AR DT IERAS B A S FTERT A S 1+ M OSPRBRBR A ISR e L £

X M

1) JRMKEEA &  EBHGRRHE S @D O A E R ZEDHEOM:, 1 61 422 H 22 B, Bk
IKPER SRS 284 75, FcQCIE TR 27 461 A 9 B, BWKFEL SRS 52 5 (2015)
2) EMOKPER RZEEREEEANDIZERT BT IE (1992 200 , ITETEE N A A NERRE Fh=, (1992)
3) BRSEATEUE NRMOKEETN E 2 280t % — (FAMIC) : R BRTA(2015)
< http://www.famic.go.jp/ffis/fert/obj/shikenho_2015.pdf >
4) JRMOKEER GIEIER O R G REE T E  SGETH 1R K 27 43 A, p.2~6 (2015)
5) RMOKEEE WH-geR REZEEMHR EEHMEEPE GRIEBOHH OHY I7 I+ D3R WS
=Rk 21 423 A, (2009)
< http://www.maff.go.jp/j/syouan/nouan/kome/k _hiryo/odei_hiryo/pdf/honnbun.pdf >
6) EHAIH, BEEZ, (IR, B A RID A0 HHEERE M OWYEm I 36 1T 275 Je IR EhE H o
OB (fe) , IEEHIFZEERES, 6, 43~60 (2013)
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7) HZsEr, hERE, MR, SR, SRR, R, PSR v Ay e — T S RIEL R
BiEG T T AE R HTIE (ICP-MS 15) & FW -8 P O 88 2% o 380l — F T iE ORGSR
ARFZEATAE R 20, 75~80 (2002)

8) FEEH, MARFER, (WAE —, P T ~Aray o —T 3 fpdtE s A - B4 R ORI O HEDR
i, 1 i B OR A BR BT SR P4, 36, 61~66 (2009)

9) BREEAE ST IR DL e T FIRHAE 15 (B2 0 iR/ ICP-MS %)

10) BREEE K- RABRBER A LT OWT, Fak 24 458 A 8 H  BRZKKI/KFE 120725002 5

11) #EEEN B AR B LS B RESE  ICP F0650 4T - ICP E &/ T DS L 2R — 2B 22727720
\Z—, A —24E, p.146~160 (2008)

12) BRIZER  FL—2T F UL AR DR A, &) IREREEIRETFE 2 —, BT 5, 35~40 (2002)

13) il Bk, He RN G TR AEEL R 0> 7 v KERERVE 0O 26 4 MR — I E B E O RN — , IERHFFER S, 2,
130~136 (2009)

14) Codex: “Guideline on Analytical Terminology”, CAC/GL 72-2009 (2009)
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Determination of Heavy Metals in Sludge Fertilizers using Inductively Coupled Plasma-Mass
Spectrometer (ICP-MS)

Toshiharu YAGI', Kenta SAKUMA' and Yoshimi HASHIMOTO'!

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

The proper applicability to the analytical method for the heavy metals (Cd, Pb, Ni, Cr) in sludge fertilizers was
studied. The sludge fertilizer that contains heavy metals was digested by microwave, after digestion nitric acid and
hydrogen peroxide was added to sample. Heavy metals were measured by ICP-MS, using Rh and Re as an internal
standard substance. 26 samples were compared in measurement values with existing method (aqua regia
decomposition-atomic absorption method) and this method. Only Cd was within the recommended range of
trueness evaluation criteria (95% confidence interval of slope: 0.976 ~ 1.04, 95 % confidence interval of
intercept: -0.0085 ~ 0.0889) defined in The Testing Methods for Fertilizers provided by the Food and
Agricultural Materials Inspection Center. In addition, Pb was low values against the existing method, Ni, Cr were
high values against the existing method. The degree of digestions were compared between the aqua regia
decomposition-atomic absorption method (open system), the microwave digestion-ICP-MS and the microwave
digestion—atomic absorption method. Degree of digestion for Cd was equivalent in the both digestion sytems and
methods. However, with respect to Pb, it was realized significant differences between digestionsystems and
methods. The values of Ni differ significantly in both methods, but not in digestion systems. As to Cr, it was
shown the significant differences in both methods, but not in both digestion systems. According to the above
results, an ICP-MS method for the determination was validated as a single-laboratory validation specialized in Cd.
As a result of duplicate test per 5 tests on different days using two analytical samples, repeatability relative
standard deviations (RSD;) were 1.6 % ~ 8.5 % and intermediate relative standard deviations (RSDyr)) were 4.1 %
~12 %, respectively. As a result, they were within the criteria of 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 0.1 mg/kg for Cd in the sludge fertilizers. Those results indicated that the developed method was

valid for the determination of Cd.

Key words  sludge fertilizer, microwave digestion, inductively coupled plasma - mass spectrometer (ICP-MS),

heavy metal, cadmium, single-laboratory validation

(Research Report of Fertilizer, 9, 21-32, 2016)
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4 BEBHRIOTNTST(HPLC)EICLHEREREET
FNEESTERHEPDOASIODAIE

k- !
F—O—F AT, mIKER, AREILE, mEREI e~ T7

1. [XL®HIC

Lo, K 22 3 (IR 2 3R) D9 B A R HZHHIR STKZ I 2 TERL L ZRRR LI O WT, ATV 0F
HENEWIENHDZEDNHEREINTY . ATIIMEDIC L > TIRIN L ER— T2 EnH0Y, 273020
BEME CTHHY T ZVEE N RIRFICARNICEIA N DT E TR EZ 5 SR TIENmLNTNDY.
IR 23 N VAR 28 B [T R T DI D ATIATHOWTIE, FRE 25 4E 3 H 25 AAFT TEMKES
B R RRIVE EHRMEE 0.4 %ETDHFBMEINTNDY.

BREZE G ERWIEEHF OATI K OZEOBEWE THL T AV, T2 AR KO T VI (BLFTAZ
VEE ) ) DSHTIEE LT, BER LB EE LB U W T E OB 53k BR 5L LT HPLC G2 AT
S, BB NIC I DB 5L O 2 Y PERERS K O L [FIERERS & FEMiL, i 7efs A 437-. HPLC ik
TIEEFR D AT K O O B E O3 ke U CIERMERBR LV IS . 7k, AHEZ 5 e e
[ZOWTUE, JIE ST IS E BE T E T D8 — AR L2, MIERROSERIN S, AHE
EETIERHIE A1 M — 73 %<, HPLC {5 CIEATIV S 4 [y & [RIREAIE 35 Z L I3 N EECH
5.

A[al, BEfFD HPLC {E22EI, MERSGHEEATIVITIREL, AHEEE TIREHF OAZI ORIE Tk
ERREILI=OT, TOMEEHRET 5.

2. MBPRUAE

1) #HEEN

AREENEE O T, AREZE L LIEE 7 f5E, AREZ S R GIEE 2 E M O RE 2 0 E
Al AR 2 A Z L E LA BIE 500 pm DSHWNIIEL, @i L 7ob Oz Ao, HEGESEHIARY =F Lo 4%
AL, WIRCRAFLTZ.

2) ARFORH

(1) 7k: JISK 0557 [ZHIETH A3 DIK.

(2) 7Eh=kJ)L: HPLC H#ZK.

(3) AFJ—)v: ik,

(4) PTF T FERGRIK.

(5) Ml AEeREEHRE.

(6) AZVAME: FefkatdE.

VIRSTATBUE NRMOKEIH B 2 Rt 2 —FLi e 2 —
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(7) N Zoafilk: FrkalSe.

(8) FEF: Hpihitdk.

(9) VARRYEFE®ENR : JIS K 9020 ([ZHLETHVAMEKFE —F MDA 0.237 g L OIS K 9009 (ZHLE T 5V
AR T IKFETRIT L T IKFI 0.520 g ZKICEAHNLC 1000 mL & L7=. HPLC OIRBERIZMH 58540, #
KM PTFE DA TV 7402 — (L2 0.5 um LA F) TAHilL7Z.

(10) AZIUFEAERR (0.5 mg/mL) : AT3270.05 g&#ZF DE 8% 0.1 mg OHTETITANDED, KIZEENLT100
mL &L7-.

(1) AR (0.05 pg/mL~5 ng/mL) : ATZIAEAER (0.5 mg/mL) &7 B h=R/L — 0 A FEtiifk
TEAR (82+18) THEKATIRL T 0.05 pg/mL~5 pg/mL O DR B U & TR L 7=

3) BMERUEE

(1) mEEksa~~777 (HPLC) . BESUERT LC-VP 2 U—X

(2) AT L HY— TSKgel Amide-80 (WNFE 4.6 mm, =& 250 mm, K% 5 pm)
(3) M —RHZ2: HY— TSKgel guardgel Amide-80 (% 3.2 mm, KX 15 mm)
(4) MFWRAER: P~MF B5200

(5) =L rBfERE: KUBOTA 8410

(6) rRHE L HfERE: HITACHI CTISE

4) HERIRME

(1) i

IIMTRRER0.50 g A1y, e =477 23 200 mL I ANz, IR E L T/KE 100 mL iz, 85
FEA LA T 10 0 S AL AT o7, FrEtk, B A% 50 mL RO A2 LR E 128D, 2000 X
g THI 10 sy Flm D or L, BB A iR E L. ik O —E &% 50 mL FOEET T A2TEY, fEHRj
FTTBb=FIV — D B ETHR (82+18) Z N A TANUIZ. ANk A 1.5 mL A OHpe i DILERE 128D,
8000 X g THY 5 srfilizE Do BEL, VB A% HPLC & HFUEHANK £ L7 (Scheme. 1) .

| Sample 0.50 g | Erlenmeyer flask with stopper 200 mL
< Water 100 mL

| Extraction | Extract by ultrasonic wave for 10 minutes
|

| Centrifugation | 2000xg, 10 minutes
I

Dilution Dilute ?hguots extraction liquid with
acetonitrile - phosphate buffer (82+18)

I

| Centrifugation | 8000xg, 5 minutes
|

| Measurement | HPLC

Scheme 1 Method flow sheet of melamine in organic fertilizer

and fertilizer containig organic matter
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(2) HE

KRR AR 10 uL %2 HPLC (27 E AL, Table 1 ® HPLC $:M4CHIEL, A5 N7-E — 7 5
B A ER U7z, SUBHATR 10 pL 2 HPLC (I EAL, B —Z MO BRI I BENAIR T D AT FED
BRD, SHTEREROREZRE L.

Table 1 HPLC conditions

Column TOSOH corporation TSKgel Amide-80 (4.6 mmx250 mm, 5 pm particle size)
Guard column TOSOH corporation TSKgel guardgel Amide-80 (3.2 mmx15 mm)
Column temperatures 40°C+1 °C
Mobile phase Acetonitrile - phosphate buffer (82+18)
Flow rate 1.0 mL/min
Detector system UV detector at a wavelangth of 214 nm
3. WMRRUER

1) BIEFHORE

ST RIS L CRRe a3 R ONK B2 vy, IEEHERBRYED ICINE O HPLC ¥E (FHE A & %
ROEED IC I T EAT o Te 25, ATIVDE BE I ETHRMEE — 7R b, WE S ZHRET 5
ZETATGIUVE — 7 LA — 7 03 S B PTRED MR AT LT A 3, TR O AE 7 B h=FJ/L —5 mmol/L Y AE
HEARTENR (82+18) (12T DL TATIL B — 7 LAY — 7 % Sy B D LN T& T

HPLC 4:fF% Table 112, A7 MR FAZHER (1 pg/mL #824 &) © HPLC 711~k 5% Fig.1 (TRLT-.
RELTZHE R HIT D ATI D — 7 TR K OV BEEE 10 2 32 D Tdh-o72. 0.05 pg/mL~5 pg/mL 4H
Y RO EHR RS EREZRL, RIEES TREHRETERLTZ. ZOREE, 0.05 ng/mL~5 pug/mL A
Y BEOHFH CEMBEOSH LM EMHIMFH7 (Fig.2) .

mV

100 Area
Melamine | 600000 y=108614x - 322.81
\ | 2 =1.0000
| 500000 -
15 ’ .
|
‘i 400000 |-
|
W ‘ \ 300000 -
|
f \ 200000 |
2 | i
\'\L L‘ 100000 |
I, i
0,0-—~~--J A S 0 \ \
o 0 1 2 3 4 5 6
4 : Tine(mi) ' i Concentration (jg/ml)

Fig.1 HPLC chromatogram of melamine Fig.2 Calibration curve for melamine

Melamine standard solution (1 pg/mL)
HPLC condition is shown Table 1.
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2) WMHBEEROREN

ST B L Clato a3 & F W TR O 21T o 728 & Table 2 (TR LTE.

MK ELTK, 7=V —K (1+1), A% )—— K (5+1), TEr=NIL— K- =F LTI
(5+4+1), Hamz (1+15), HEFEE (1430), HEEE (1+150), N7 afEER /KSR (5 g/100 mL), A% 0 ABEKEERR (5
/100 mL) & ONFERE (0.1 mol/L) & AV, 72722l TIEATIAREDVE 8573 0.1 %IZ72 D IO R Z U N
LI B O AT BRI W EL O T 21T o7, 2 TORMBIRRICB W CEREZ Y I 55—
IR ESIUT, 0.1 %USHIEREFO [T 1T 88.7 %~98.5 % Th->7-. AN D pH 1% 0~14 OHiPH T, Kb
pH DRWEREE (1+15) OTMEIEEDS 88.7 % THY, MOFHEIKE T 5 TR MEE Ze o7, &FhH
WIRD A~ 77 L g LT= LA, B — 7 ORBIZKRE R ZIT /21D T, GHEEA, B T V)%
Nz B2 E7eL, fHEEIRIT KD HZE WD EELT.

Table 2 Comparison of extraction solvent

. pHof  Content  Measured Recovery
Extraction solvent

extract (%) value” (%) (%)
Water 7 0.1 0.098 98.5
Acetonitril-water (1+1) 7 0.1 0.095 94.6
Methanol-water (5+1) 9 0.1 0.091 90.9
Acetonitril-water-diethylamine (5+4+1) 14 0.1 0.096 95.6
Hydrochloric acid-water (1+15) 0 0.1 0.089 88.7
Hydrochloric acid-water (1+30) 0 0.1 0.091 91.1
Hydrochloric acid-water (1+150) 1 0.1 0.097 97.4
Trichloroacetic acid (5 g/100 mL) 0 0.1 0.095 94.7
Metaphosphoric acid (5 g/100 mL) 1 0.1 0.090 89.5
Acetic acid (0.1 mol/L) 3 0.1 0.091 90.6

a) n=1

3) HHBFREORE

BT RENE L TR IR ZE B A AL RRIEE e OV 7= i3~ & UV Tt R O i 21T - 724 R A
Fig.3 [Z/RL7z=.

B AR BR 157 (U D HPLC (2 XD B O AT B E O JIE 7 1k (EHE 28 £ WIEED Tig,
ATV, T AV, T AR RO T SOVERD 4 fl 4y A Cai RIS B 5720102, fhH R % 30 47 &
ESRELTWD. ST 0Nk G- IS AT O B0 T, HERRZFME T 22 LB ATRERET LT, AF
E02 WIRE G A T A IKEFRATEAVCEIEE L Q7272 2l I AT IR ENVE 8573 0.1 %2725
FOREHE A RN L T=50k 2 VY, 7K 100 mL 2%, 0, 5, 10, 20, 30 38t a21T o7, fER, K=
FABEACARAEEH TR EME2VE B0 0.18 %~0.20 %D FiFH THEB L, 5 2y AT H R IC LD 2513538
HEINIRS T, 72T TIEH EMEAVE 53 5 0.068 %~0.092 %, [BILERDN 67.7 %~92.5 %D#i[H T
BL, 10 5 LI I R LA ZEITERO Lo 7=, UL EOFEFR XY, FHFFZ 10 09528807,



HPLCIEIZ XA HE B IR R O NAEE T IEEH R D AT DOIE 37

Mesured value (%) Mesured value (%)
0.25 r 0.10 r
o o
0.20 ./.’-@ —— ° 0.08 F
0.15 0.06
0.10 0.04 +
0.05 r 0.02 |
0.00 : L ) 0.00 L L ;
0 10 20 30 0 10 20 30
Time (min) Time (min)
Sample : Compound fertilizer containing calcium Sample : Rape or colza seed meal

cyanamide and organic matter

Fig.3 Comparison of extraction time

(%): Mass fraction

4) HHAD pH ITEDASIVDREMADEEDRE

HT ARREIE L TR Z AW GRENAIR O pH ICED ATV DL ENME~D B A FRA LT=H 2% Table 3
IZRLTz.

FRIEAEEE AEZHE > TR 72RO pH 1% 4~10 EIAWEPHZ /R U722 80005, RO pH 3 AT
VOREMICGZDEBERETHILLU. ATIVEEEE 1.2 %REEEEH T HEMME ST AR
LAWY, SHEREIC 0SS K 40 mL % 50 mL ©—5—|2&0, pH 2, pH4, pH 7 KO pH 10 L7725
FOMREEL 7. pH ZFHHE L7 % 50 mL AREET T AUBLIAL, FERRETKEZMZ T2, pH ARFREEOHH
HE (pH 5) 1IZ2WTH 40 mL % 50 mL BB 7 7 AIINED, ERETRENA T, ER U HHiRD—
ER%E 50 mL FOERETTAUILY, FEHRETT vh=R/L — 0 AR EL (82+18) MM CTAIRLI. A
Rk 1.5 mL & OIAeE LILEE 128, 8000 X g THI 5 3z LBl Ak HPLC & H B
L, HHE %, 20 B K& O 45 712 HPLC IZXVIRIEEITVY, AT O EMAHER L. f5 5, Hh
KD pH D3AT I DR EVEIZI T B2 52 22 81372<, JEEIE pH 2~pH 10 DWW IO K IZI VT
LRI 1.2 %R T 45 BFZEL Tz,

Table 3 Effect of pH of the extract on stability of melamine

Lapse time Measured value in the solution on each pH"
(hours) pH2 pH4 pH5.4 pH7 pH 10
0 1.23 1.24 1.23 1.24 1.25
20 1.22 1.24 1.22 1.23 1.23
45 1.23 1.24 1.22 1.23 1.22

a) Measured value after standing certain period in the extract
of vermicelli dregs adjusted to each pH

5) AhnEUREER
PRI 1A, REHT 1R, AIKEARATEAVICRRLE 1 5L, AAVILRRIEER 1 SR R
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DECAAEER 1 SUCATIVELTHEEDTFE 2 %, 0.4 %L V0.1 % IVEIVRINL, 3 S0 T CHmmENEER%
Fhi L7t B4 Table 4 (SR U7-. [FUNCERITVE B3R 2 % T 94.6 %~99.8 %, 0.4 % T 92.4 %~98.5 %K N
0.1 %T 93.1 %~98.4 % TV, IEEHERERIED ITREN TWBEIRD BAELIN THh-7-.

Table 4 Result of recovery test for melamine

Content of Mean Criteria of
, . RSD® .
Sample name melamine recovery” the truness?
(%)" (%) (%) (%)
2 94.6 1.1 85~110
Rape or colza seed meal 0.4 95.6 0.9 85~110
0.1 96.3 0.6 85~110
2 95.2 2.5 85~110
Soybean meal 0.4 92.4 3.4 85~110
0.1 93.1 1.8 85~110
Compound fertilizer 2 98.2 0.4 85~110
containing calcium 0.4 98.5 0.1 85~110
cyanamide and organic 0.1 97.6 2.1 85~110
2 99.8 1.2 85~110
Compound fertilizer
o _ 0.4 97.9 0.8 85~110
containing organic
0.1 96.2 2.2 85~110
2 98.6 3.0 85~110
Mixed fertilizers
. . 0.4 97.7 5.6 85~110
containing organic
0.1 98.4 2.2 85~110

a) Mass fraction

b) n=3

¢) Relative standard deviation

d) Criteria of the truness (recovery) of Testing Methods for Fertilizer

requires

6) PHTIEER U HREREE O

DRSS R OV DS EE 2 HeiR§ 57280, REIIDTICATIVIVE BT 2 %Emb ISR AR 72
B O AL AEBHI AT I VB B3 0.1 %R0 MR AL 7302 W, 22 2
PHMTCHAEZEZ TS [RIRRBRZ FEE L CTROAL7 R % Table 5 J OF Table 6 (Z/RL7z.

KREMDPTDOATGIVOEEEITE &5 HE 1.91 %, FHTHRHERERZIL 1.7 %, R HE R 221X
2.2 %, BHEAVLEAEEI DO AT I O EIEITE 7573 0.100 %, PHTHIREER AL 1.4 %, HHIFE o v
WZ21% 2.5 % THY, WITNOMHEAER D P EHERBRIE ) IORSNTODREE D B Z N Th o7z,
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Table 5 Intermediate precision of confirmatory test results by the day
(% (Mass fraction))

Compound fertilizer containing
organic material

Soybean meal

Da
’ (Content of melamine: 2 %) (Content of melamine: 0.1 %)
1 1.94 1.85 0.0979 0.0938
2 1.94 1.93 0.100 0.100
3 1.90 1.92 0.100 0.100
4 1.85 1.90 0.101 0.102
5 1.95 1.97 0.102 0.101

Table 6 Results of statistical alanalysis for the intermediate precision in the confirmation test results

Mean” 5,9 RSD,Y  CRSD,” s’ RSDyn® CRSDyn"”
Sample name »” )" (%) %) " (e (%)
Soybean meal 1.91 0.03 1.7 4 0.04 2.2 6.5
Compound fertilizer” 0.100 0.001 1.4 4 0.002 2.5 6.5

a) Total mean (Test dates (5)x2 Samples replicate analysis)
b) Mass fraction
¢) Repeatability standard deviation
d) Repeatability relative standard deviation
e) Criteria of repeatability (repeatability relative standard deviation) of Testing Methods for Fertilizer requires
f) Intermediate standard deviation
g) Intermediate relative standard deviation
h) Criteria for intermediate precision (Intermediate relative standard daviation) of Testing Methods
for Fertilizer requires

1) Compound fertilizer containing organic material

7) EETEROHEER

KEJMT 1 BEANTATILVOE & FIRMERORERE % Table 7 (R L7. KEMOTIZATIL EL
TEESHR 0.04 %ZRMUT 7 mOHMTREBREZ EIELI-E 25, RIEOER TIRITE R/ H 0.02 %EELHEE
iz, F7o, REOH M TRITE &5 0.007 % L E sk,
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Table 7 Calculated LOQ and LOD values

Content of Mean o o )
Sample name  melamine value® SD LOQ LOD
(%)” (%) (%)” (%)? (%)°
Soybeen meal 0.04 0.039 0.002 0.02 0.007
a) Mass fraction
b) n=7

¢) Standard deviation
d) Standard deviationx10
e) Standard deviationx2x¢(n-1,0.05)

8) FUEMEHDDH

AHENREIE L Carz a3 2 FiE, KEihosd 1 R, M98k 3 fiE, haRy i3 1 fiE, &
SR | B ORI | i, A E 2 0 baEE e L CTHIRE R A S Tk 2 FiE, & F7220 ik
5HH, AWELZETORA TR 2 FE &K VA RE L & O ER S IR 2 FEZ ARE e > THIELT.

ARENEEHZ W TIL, S Bk 3 FlE, ZARBOEH K ORI TATI Y — VLN EICE — 7 03
a7z, TR TRIHESNIZE =22 T, ATIVELTEED 3 0.01 %~0.04 %S, f
R OIS, TE SR ORGET R O 7 DO 2T 7203, BRETDHIENRHIRZR o7, RS
ATV DR AL COSAREMEDE 2, Tk | FEIC W, SR R UHED I Ok /e~ ~
T8 T DRV BT RHI L DMIEEE O T & T o7, fER, AZIV TS d, A3 R Th
HENTEE = IEATIL Tl R MY — 7 ThHZ LA R LT, PLEORER LD | RRBRIE T TR L
BIER B DR ZEE LT, BRI HNZ O TE, AT ELTE RS 0.008 % ERIHEN-03, A
BRIEDAZI ORI FIRDY 0.007 %FEEECTHLIEMND, DT EE RITS/2 WL E DR — 7 L8 2 5
N5, BRI OWTE, IBEFERBIED IO T A0~ 7 T 7 G BN RHE TATILV O MRS
NTWDH TN THY, AFIELTHESHE 1.2 %Sz, ZOMoOAEIEHZSWTL, ER&2T
DR — 71T S o7,

AEEZETLRRIEEHI DWW T, ARERZETIEE 2 FH CATI B — L FNEIZE — 7 03 R TS
Nic. AIREHZ 2GR THLIEND, MHENIZE—2I3ATIL ThHEEZ NS, GARITE RS R
0.01 %~0.18 % T o7-. FIKEHFEE2EGFRVIEEHI WL, EREETHRME — 713 SN2
7.

Al A IR R EELA IEEHZ DWW TR, &2 E T M — 713 i s hvie o7,

4, F&O

HREENEE R FNE & TIEEI T OATI ORBRIEDORFT AT o728 25, IROEBVDORAEZFFT-.

(1) BEAFD HPLC JEDIRBER DL RA TS DL T, P — 7 AT — I DAy BN AT RE T~ 7.

(2) FREHRIT 0.05 pg/mL ~ 5 pg/mL OFEPH TEAMEZRL, RERENL 7=0.999 UL ETH-o7z.

(3) AR A RRET LT ARG R AREHHIEIREL TR WA Z EELT.

(4) AIREFRFOATIL OEETAME 0.4 % (HESR) 2L, STHEOARENIE ke ETe
JEEHZ, AZIELTEREDTFE 2 %, 0.4 %K N0.1 %E/2DIOUSIIL, 3 SOHMT o &Lz, SEHEIE



HPLCIEIZ XA HE B IR R O NAEE T IEEH R D AT DOIE 41

1% 92.4 %~99.8 % THY, ERHEFERBIEIRSAIVTWDELE (RIULER) 0 B AR A 72 LTz,

(5) REMOT L OBEHBAVCRIEEHIATI ELTE R 2.0 %M V0.1 %l DX E 2N
L, 2 ST CTRHZZEZ TS AMBRBRAERL, HHTRE X O R E DML T o7, S TR R 2
X 1.4 %~1.7 %, FREFEHERERZIL 2.2 %~2.5 % THY, ERHERBRIEIORSN TWDIBE D B L2701
LU=,

(6) KEMNTIZATIVELTHE B 0.04 %E725IOUNL, 7 80 TRBRZ L E & FIREMRM T
FROMEREAT ST FE R, RRBRIEIZBITDATIV OE & FIRITE B 0.02 %, i TR &k
0.007 Yo L4fE i Sduiz.

(7) 20 FEEOARE K O & i@ B O AT ZJIE LIRS R, TR TATIV OE EE
WhE T DHHEE — 7 DR S NT T2, RRBIAITAN T REHES BRI LT DL LT

UL EOFERLD, RRBE, AHERE R OZ a2 S 0 REt R DO ATIL ZHIE T D701+ 7e ke
EHL QNI EEMERRLT.
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Determination Method for Melamine in Organic Fertilizer and Fertilizer Containing Organic
Matter using High Performance Liquid Chromatograph (HPLC)

Etsuko FUNAMIZU'

! Food and Agricultural Materials Inspection Center, Sapporo Regional Center

An HPLC method for determination of melamine in organic fertilizer and fertilizer containing organic matter
was developed and validated as a single-laboratory validation. The melamine was extracted from analytical
sample with water. The extract was centrifuged, and a portion of the supernatant was diluted with mobile phase.
The melamine was analyzed by HPLC on carbamoyl-modified silica gel column with UV detection at 214 nm. As
a result of 3 replicate analysis of 5 fertilizer samples spiked with melamine at 2 %, 0.4 % and 0.1 % (mass
fraction), the mean recovery of melamine was 92.4 % ~ 99.8 %. In the train of duplicate analysis per 5 days, the
repeatability and intermediate precision of melamine were 1.4 % ~ 1.7 % and 2.2 % ~ 2.5 %, respectively. On the
basis of 7 replicate measurements of melamine added to samples, the LOQ value was 0.02 %. These results
demonstrated that this method was validated for the determination of melamine in organic fertilizer and fertilizer

containing organic matter with the exception of fish meal.

Key words ~ melamine, calcium cyanamid, organic fertilizer, HPLC, single-laboratory validation

(Research Report of Fertilizer, 9, 33-42, 2016)
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5 BYARGR)ZSTEHBEMBOYARODAIE
— VD A BERIRIE OB B —

JEHRIBAY, L T
F—0—F HYARR, AR, BEIEIE, EPEDARE, TK, WL 3 ATiA

1. [FC®HIZ

{0 A (FR AR T2 : HoPHO3) (XA /L N0 AR (H3PO)Z ELER L C, AKA~DEEAREED <, H0 AU K VY
AR (LUF, ®i0ARE (M) L), ) 25 Te ka6 I U CHEICSEm HUf L7235 & o Ik s L= 35 &, 1
SROA VN ARG % T BN IO RS OB ES L, M0 ARRE & Te 3 i o FH O IRk <
FLBT DI TECNDY . —J5C, WX AR BRI CERWEOMELEINH L1702,
JEEFEL COREY B ORI A NEH SFLT05.

A, #0ARE (M) 25 T B AR CUEMED A BR 2 ARFEL T IRER DS IR B R SRS NRE L TV D28, BLIRT
1T, MEERSY ORBIEDIEE I HTEY e OEAMERBRIEY IS TR, 20729, 2014 FEOFE
WFFERRREIZ WV, SBRIEDSRE SHUBBHE HIR R & O % = 7. REEEITZ 0 JEOER BB
FEE MR DT O LRI FH B SV T2, L LD, ARG A L[FFRER R L L C 2014 12K
ALz BREE AW C, ERIEEI O B MRk A i L 7= 25, —H O IEEHI B W CREHAIRICFEFL
T HRER DL B 2 D IED R EZ AT HZEAHILT-.

ZD7e, EEMEY AUBRBRIEZ W R 352881, BUBHAIR P OHE0 A BE A I K Ol R 2 N2 CNEN#2A b,
Liztk, VT T BO I GREIR (IBEITIED 1285 b 3 3K) 2 AW FREV T T U T o E
=7 KW EEVRIC KO BIE T 57ROV TRETL, BB COZ 4R E T D TE O E A
W5,

2. MERUAE

1) HAROFR

(1) B &R

AREO IR T2 > T Table 1 \ZR LT, JIS HIMICHLE SN QOB ERR, S 99 %Ll ik % Y
JERIRAFEAES L FAMIC-A-13 (LR, TIEEHERE A-13120)). ) VW, EVAERE S A, <MD AUBRE
TRAEL COD LB Z X SR EEZ O CTEORE B EEA R L12L2A, BDAREII LT LDTEREL
2o TCNHIEN RO B, ARELD Y AT L7 I—7K ) (CaPHO;3  HoO) [ BB 7B 15 (2 g oD 7K
PED ABROFIH FIETIFEAETRIRLI2VD, <X ARV (20 mg/mL) ([ZIXIRIRT D E CTh-o7272,
ZOREEE TR LT AL L7, IEBHMERE A-13 IZ oW T ABROFRFHE SR ESN TV,
HH AR T V2T = KT, BilET B =0 L O g VD M, 1REANCHEAZ W THBE 500 um O
SHVERIBETHE L.

VSIATBOE NEMOK EH B L it 2 — et —
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B AR OMERIZ Y 7= o T, FEDAER VT — K F) D )V 55738 100 %~B 55738 0.4 %k72d
£91Z Table 2 DEBVERIFEDEEZREL, <MD AEE (C-P,0s) EL TEEDH 5140 %~EHEDH
0.206 % AT 53R 1~8 ZFRR L7z, BRMIIMBER) =F L U RIZANTEREGLIZOLEELE
RCRE L.

Table 1 Properties of material (% (mass fraction))
Material C-P,05?
A Calcium phosphonate (CaHPO3) 51.40 %
B Fertilizer certificated reference material FAMIC-A-13 10.79 ©
C Ammonium sulfate 0.00
D Potassium sulfate 0.00

a) Content of citric acid-soluble phosphorus (C-P,0s)
b) Theoretical value
c¢) Certified value

Table 2 The preparation of analytical samples (% (mass fraction))
Number of The mixing ratio of the materials Content of PO33’
analytical sample AY B" (o D" C-P,0s” ~drived”)
1 100 51.40 51.40
2 60 40 35.16 30.84
3 30 70 22.97 15.42
4 20 40 40 10.28 10.28
5 10 45 45 5.14 5.14
6 47.5 47.5 2.57 2.57
7 2 49 49 1.03 1.03
8 0.4 49.8 49.8 0.206 0.206

a) These are materials which are shown in Table 1

b) Citric acid-soluble phosphorus (P,0Os) derived from phosphate-group and phosphonate-group
¢) Phosphorus (P,05s) derived from phosphonate-group

(2) pEam e
AR HY AEE (H) H e D <IEMEY AR Z & T BT AEERT 300 g 2 H BAE 500 um D 550\ a5l 5FTH
e, IBAL, 3B 9~14 AL 7-. BRBR TR = F L AR ANVB R LA IR CIRE L. BB FEE K&
O AU D H K9 Dk Table 3 (2R LTz,
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Table 3 Phosphonic acid source of fertilizers used in this study

anall\illtlir:;esra(r)rfple Type of fertilizer Phosphonic acid source
9 Processed phosphate fertilizer Phosphonic acid
10 Byproduct phosphate fertilizer Calcium phosphonate
11 Compound fertilizer Phosphonic acid
12 Compound fertilizer Phosphonic acid
13 Compound fertilizer Calcium phosphonate
14 Absorption mixed fertilizer Potassium phosphonate

2) HE

(1) 7K: JISK 0557 IZHET D A3 DRZEfEHILT.

(2) <AABEWHE (20 mg/mL) @ JIS K 8283 ITHET H X AEE—/KF#) 20 g Z/KIZEDL T 1000 mL &
L7z

(3) flfE: JIS K 8541 (ZHLE T D5k,

(4) Wilg: JISK 8951 ([ZHLE T D5k,

(5) HEfE: JISK 8180 (ZHLE T D53k,

(6) 7=/ —NTHLAEERR: NS K 8T ICHET LT =/ — L T7XL A1 g% JISK 8102 IZHETH=
X )—1(95) 100 mL (ZIAEDLT-.

(7) 7rE=77K: JISK 8085 |[ZHIET HAlEK.

(8) VWAREIEYUER (P,Os 10 mg/mL) : JIS K 9007 (ZHETDVAME —/KFEHIT L% 105 ‘CE2 CTH 2
REINEAL , 77— 2 — TR LI, 19.17 g ZO XD EMUTITNNED, D EDKTENL, BRI TA2
1000 mL (2B LA, filfig 2 mL~3 mL Z /1%, HE#ECREMZT-.

(9) DAPBKENERR (P,Os 0.5 mg/mL) : D AUBEAEHERR (P05 10 mg/mL) 50 mL Z 477 A= 1000 mL (Z&Y),
il 2 mL~3 mL Z %, B ETRENMZ 7.

(10) FEFKFE @hIK) : JISK 8747 IZHIET /3T VU (V)BT o E=U L 1.12 g ZKITEED L, B
fi 250 mL 2Nz 7=1%, JIS K 8905 |\ZHLE T HLEY T T UEERT =0 AIUKFIY) 27 g % /KIZEE L TN
Z, BITKZIAZ T 1000 mL &L7=.

(11) FEFAIEEH (b 3H) © JISK 8747 I[THET DTV (V)BT o E=U A 112 g ZKITEDL,
4ER 150 mL 201z 72%%, JISK 8905 |[ZHIETH LTV T T UERANT =0 LUK 50 g Z/KICEENL
TNz, BEIZKZMAZ T 1000 mL &L7=.

3) FEARUEE

(1) FEFKUA: METTLER TOLEDO MS403S

(2) B FEREXEREERIED RS ADVANTEC THMO62FA
(3) Y7L —b: THEHYLRYERT APS-500

(4) Win

(5) ZrYeXREEt: EERAERT UV-1800

4) HERAZE
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(1) 2014 FRERFHE (RERE-RRIE 2 iR1E) [TRE 3. 2) ORET TV 7]

SIRTERER g% (1 mg DHTET) 1320 LD, 28T T 221250 mL I ALK 30 CITIMEL 72 2 A BRIRIF 150
mL Z/Z, 30~40 [El#5, 47, 30 ‘CE1 CT 1 REMIRVIEY, BBRIEMRETKEMR . A3 FETAHEL
TRBHARE LTz,

AEHA K D—E A h—/LE— 7 —100 mL [Z A, 2 2 mL X OIS 2 mL 2208 G L7, Rt
THEW, K250 CORYITL—RNTMEAL T, K&K 2 mL 1225 ETRMELZ. A L7220 [N AT TH
SEITK 30 BV 7=, i tk, 287722100 mL K THRLTHEIL, 7=/ — VI XA TR E 1~
2 WNZ, WROBPEOIREOITRDETT =T K+ 1) EMA T, D%, WEROPOIREE AR
THETHEEE (1+5) 22 TRIMELLEIRF TR LT, RERIKAK (a 383K) 20 mL 2%, fEHRETK
ZINA T, £ 30 Sy HCE Loy G FE R T R 420 nm OW S FE A HIE L 7= (Scheme 1) .

(2) S R¥E(EARmEALE)
[ ERE (1) D RO, TRL 3.3) ~3.7) THEMFZMEIL, 3.8) ~3.12) TOMEREMER AV T7 ]

EFE (D) SRS U 73U HR IR O — B B h—/LE— 5 —100 mL (2 AZv, & 1 mL M ONEREE 3 mL %
IMZIRELT-1%, FERFILTEY, 200 C~250 CORY ML —RNCMEL T, IREIK 2 mL 127225 F THAE
L7z, tntk, 2w 7 722100 mL IZKTEL, <ZABREIKAS 17 mL AR Y &2 50 RIEERZINZ, il (1
+1)2mL 2N 7.

0 ABERAEAERR (P2Os 0.5 mg/mL) 1 mL~12 mL 24877 A2 100 mL (ZERERIIZED, < ABRYETE 17 mL
ZINZ, WEEE (1+1)4 mL 200z, SBICHEEOKEMNZ 2. 3 EaRIEEIE (b A3 20 mL 200%, HEHRETKE
INZT=4%, £ 30 23 I ACE LAy YE R EE BT Tl R 420 nm O EEZ | E L7 (Scheme 2) .

(3) BEFDIT ik (2 — ViR 55 fifE)
[TRE 3.9 2B W T EFE (2) Dk B k& D HaR BRI V2 J71E]
AEEHERERIEY DY ARE 2 BBRIE L L OES L QOB 7V — VR Sy iR 1R I HEC T
EFE () LRSI 72 BRI O — & a7 VA — iR o iR L, AUERATR R O AR B EJIEL,
YAV AVBRE UTZ. 7035, TIEIZH T THEBEIC L DR A~ DR BE S B LURIE AR 100 mL IZRTER)S
0.5 mL LL &5 590255 BT,
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Weigh to the order of 1 mg
to a 250-mL volumetric flask

lg
analytical sample

< 150 mL of Citric acid (20 mg/mL)
(about 30 C)

Constant-temperature
rotary shaker

(30 - 40 revolutions/min)
for 1 hour (30 'Cx1 °C)

Shaking to mix

Standing to cool |

< Water (up to the marked line)

Filtration |Type 3 filter paper
I
Aliquot(predetermined
quot(predetermine 100-mL tall beaker
volume)

< 2 mL of nitric acid
< 2 mL of sulfonic acid

Cover the tall beaker with a
watch glass, heat on a hot plate
or sand bath at about 250 °C,
condense until the solution
volume reaches 2 mL. Further,
heat for 30 min from the solution
change to colorless, and white
smoke evolves.

Heating

Standing to cool |

Transfer |100-mL volumetric flask, water

< 1-2 drops of phenolphthalein solution
(1 g/100 mL)

< Ammonia solution (1+1) [neutralization]
< Nitric acid (1+10) [slightly acidic]

Standing to cool |

< 20 mL of coloring reagent solution
(reagent “a” solution)

< Water (up to the marked line)

Leaving at rest |For about 30 minutes

Measurement |Spectr0ph0tometer (420 nm)

Scheme 1 The method that was developed in 2014
The flow sheet for citric acid-soluble phosphorus (P,0Os)
in solid fertilizers containing phosphonic acid

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

lg
analytical sample

< 150 mL of Citric acid (20 mg/mL)
(about 30 C)

Constant-temperature
rotary shaker

(30 - 40 revolutions/min)
for 1 hour (30 'Cx1 °C)

Shaking to mix

Standing to cool |

< Water (up to the marked line)

Filtration |Type 3 filter paper
I
Aliquot(predetermined
quot(predetermine 100-mL tall beaker
volume)

< 3 mL of hydrochloric acid
< 1 mL of nitric acid

Cover the tall beaker with a
watch glass, heat on a hot plate
or sand bath at about 200-250 °C,
condense until the solution
volume reaches 2 mL.

Heating

Standing to cool |

Transfer |100-mL volumetric flask, water

< Citric acid solution, until it reaches
the equivalents of 17 mL

< 2 mL of nitric acid (1+1)

< 20 mL of coloring reagent solution
(reagent “b” solution)

< Water (up to the marked line)

Leaving at rest |For about 30 minutes

Measurement |Spectrophotometer (420 nm)

Scheme 2 The improving method in 2015
The flow sheet for citric acid-soluble phosphorus (P,05)
in solid fertilizers containing phosphonic acid
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3. MRRUSER

1) B (2014 ££18) FTORHBREREER
2014 FE F T FE RS NI<EME ABERBRIE O BRI E L LU T O LBV IEBIL .

(1) HE AR (M) 25 £ W RO B %

NEEFIATEED Je OB B BRE DV LTI IEAEL P O VEMED AEE (C-P20s) K OVKIEMED AR (W-P20s) Dk
EELT, WIEETHIH L%, ST REVTF U7 =0 ARG (LR, WOREEEENY. ) Ik 3
- HETDHEPIERSITND. ZOHIETIE, B T2EA NN ABEA VN VIR T 57201
BRI AR (1+1) ZIN 2 BT 2 ER LTS,

(2) #ARE (M) 2o e RO RERE

AR () 25 TIEEOGAIT ERE (1) O FIETIEHEVAB A HomibIn T, & EEMEIRHH M
W% . TR OO ABRA T ANTIRVIZTTHITHY, T2 DI(LANZ L > TE&MIZIR LS A VI AR A
AN BY ZENMBNTEY, BEIC, H0A R (M) & & T RIERI O KD A BEREBRE S atan™ @,
FRBHAE O HY A% YR K OV PR CINEN - R L LR S BEE IS K0 E 2 07 R DS IR 3 BR 154 1Y
I,

AR, #0 AR (M) 25 e ETE AR CEMED AR A IRFEL 7o IRE D IR BB SR SR IE L TVD 23, BLIRT
(X, YRS ORBIED NI HTEY K ONERFERBR LY [T S TR, #i0 AR (M) 25 2o ikt
D<EEMED AT DNTE % IEBE R ERE O K IEMED AU FRRBRIEICEC THE L7256, SUBHRIRIZE £ 5<%
AR SEH EEVRIC LD E BB A 52 25803057 . 2012, 2014 FEOFIEMITREIZIB T,
SEMEV AVBR D TE BABIZ R A 5 2 720 IOK R VBB T 3 R $ 5728, sBHAIR AR 2 mL KX Ol 2 mL %
Iz TIEAL , B0 ABRDFEILES X AFED Sy % [AIIRF ATV, KBS AUFR % OO 7E & T T~ 2 38 (iR
K (EEFIFTEDICEBIT D a 33K 1Tk aE BT 27 ESRESN, RS fTRa S clEsniz
(Scheme 1).

2) 2014 FERHE (HBR-RBRIMRE) ORERETORERE

AR, PHERFIEFT IR SE I T E O FERBROUER LT 2014 4 (TR U 7= B -hile /o ik
(Scheme 1) Z T, BB O R R A i L7=L 25, —HOIEEHI B W CHEERELD S @O EE
L2200 G NS <DoT-T280, MERDT=D DOFRERA TN 7=, IEER-HiEE o ik Z - CHD BRIV A
—KFNH B ONEEHEHE A-13 OV ABEEEIZEI 3 AT THNT L. iEEE-RiEE /iR 31T ekl
EREZR 2 mL 2055 1| mL ICE B LIz FIEICOWTH O L. ZOREE, BB, BN
B2K2 mL EL725A, SOABRI LT A— KT OV IR IE (E B H 51.4 %) ZF5HMET 2 %
FEEE L, IEEHEYE A-13 (2 OV CIIXNER S E B FRO 72D 0 b7 WL #j GRAEAE -+ 28 ) P B Y (R 25 X 3)
ZoE 5 i D OE (BEER I S TRRREEIZ KT T 2FIE DY 101 %~106 %) LigoTo. FBHATKIE B4 1 mL &
Lics &, 3 ROMTRERDI S 2 U3 BRI SUIREREME Ty Vil (BE R B S IREREIE L6 2525 98 %~
99 %) L7go7ey, OB 1 RUTIRMELIHE 5708 L TRES 22572

ZORRELT, HEE-HiER iR - AR R TR A LT O BN EZ X b2, MR BRE ML, v
PUBBREAER 256 R R IAE (a 7k 3R) 2N 2 E L 72 0 (BEAERR D), 0 ABREEHER iR 2 mL } Ol F2 2 m
L2 Nz ChYmE — Fle o5 fifiE CRIE L7200 (EHER@) 12D\, BB 2 e L7z,
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ZORER, HEIR-TER YRR I I REHAR R B2 K 2 mL LU RO, k2 Z D EFR AT
FEAEE D& el LTI B ERER 30 43T 0.02 FREEED DU EFEL 72D, T D 90 43 # £ TORMF I3 vt
HOITHETH0.001 DEZA, FEHERDIT +0.013 &Ll AT E 2B B 1) 235583 B iz, fYER-Hifz /) fif
FEICEORENARTE B AR ImL ECTELTAEHEROIL, MER-FiNE Y a1 Tio7e > T AR U D& [RIFREE O
LT,

LU EDZEMNE, TEER-HREE D R TR I CHRER S 2 mL FREFEIF D2 LIC LD IED R MR K O
WAL DD LB 2 BT, A O FH I L5 I AR A Tt 3~ D RN RBRiE A R T2 BN AT
7-.

3) BYABRDERRILEEDRTE

RS - FlE o iR i A L R T2 IR LT, BMLTIEO R BERFILIZ. B 2) OfE RSl EHA T % B4
1 mL ETETHEAELTHIELB 2O, ek & AR ORI TR MAE T 2LE018, BHE
T OHEIZHHAZEL, XD OXDJRK ERDIENE 2D, 2T, BITEEL TWA DA () AV
[ FE AT & B A B Ay HT FEAE 23 8o 2 IV AR P 2638 e OV T BN VAT D AR DR 5 A I X I FAAS L
7o, ZORER, i< AL TWDHIE, BITOREFERBRIEO T AR (M) 25 TRkt KMy
AUBRFRBRIE TR A ST DS 3 mL K OREEE | mL 2002 CMNEWEAE (UL T, T KR LERE &0, )L,
H 8 B O E BRI AR BRI E O VR AUBETRBRIE L BRI, 8 ARSI b RIS XOIE 5051k
ThHoTZEM b, ZDJ5 1k (Scheme 2) 12, LU FOMGETEATHIZEE LT,

4) EKBILBRERUBEEO+)FMOBRICEIIHZBADEEITDOINT

FREBACHAEZATOC BTN, NFREV T FUBET = AR EIC BT, BN T % F K 4y fif
L7zB izt b =hr s L (NOCL) 2N EAFE T 5 EZ DR T K-> TOABR DI N T O a1 55107
0, EORBERETHULENRSD. Fiz, BUTOEHEREREY bR AR E (LT, THATE S
2L, PUBHAR B OB B AR P RS HENR |2 < 2 AVBRYAIR 17 mL A2 B J OVEg (1+1) 4 mL Z3RA0L, FEA L
DA% & Lo BHAIRIZ DWW TIIE B L2, PREEEZ1TO T, RERIEEIK (b 33 ZiILRlE 2
FETHDH. A COW B ETTREE (1+41)4 mL TOE®ICEZ T, REHAR T O AEEIRIL 357
DD EKEBICERIEZATIN, ZOFIKERERAE R O (1+41) 4 mL IRINOA ), IEHEROIAICE 2 D5
B\ ONT, WABRIEHETR P05 6 mg/100 mL % FVC, FKERLEMED A MK OREEE (1+1) DRI EEZE 2
T, 3 SOHMTRBRIC IV A Ll ¢ A a2 T o7, Z D5 R, Table 4 DEFY, FEUER@ (FRITIEDEE
), FEUER® (FEAERIC 2 AVBRYATE 15 mL, ¥EEE 3 mL M OVEEE 1 mL JRIIL, 92 mL £ CHIEEEE,
KX ABBERNR 2 mL B O EE (1+1) 2 mL 2 W12 E 35 515) O EZ R L 7= 25, [FFEE O R Lo
7o, FABLERTOMEE DTN ENZVEHER O (FKEBLEIEDTZ D DR | mL+ 52 (1+1) 4 mL=fifE
3 mL/100 mL 84 &) 1%, 52 2 mL/100 mL 024 &% 5 e B TIEOEER@ K 0@ L Hlg U T L EE DMK
TL, BEFEH RELBRDME ThoT-. EUEROIZ T KB EEREOTDICHEEE | mL ¥, TKBR{LERE
BATHEE (1+1)2 mL 230, JIERE F ORSEEO A G EMEER@LFEUA 2 mL MY & THH20, [H
FREDOWSEELIpo =& 2 b7,

ZOFERMNG, BUTIELRIRFICHIE D ATREZRFEMED B L, MR &M AR IBATIELRIC T 2 AR
% 17 mL AN, AEEE (1+1) 4 mL @ANTUSE AR SRIRTE b s CHIE 920775 L, sUBRAIRIE T KR L B E
%, <ZABBYRIR 17 mL ARG BRI, AR (1+1) 2 mL 2 N2 R AR b i3 CHIE T 5 515 1 ELLL T D
REtE ToZ kLT,
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Table 4 Influence on absorbance of the standard solution by the aqua regia oxidation treatment

@ a)b)c) @ a)b)d) @a)b)e) @a)b)f) a)b)g)

Absorbance Absorbance Absorbance Absorbance Absorbance
(abs) (abs) (abs) (abs) (abs)
30 minutes later™ 1.417 1.405 1.419 1.431 1.428
60 minutes later™ 1.415 1.399 1.417 1.433 1.429
90 minutes later™ 1.414 1.394 1.415 1.433 1.428
120 minutes later” 1.412 1.389 1.413 1.434 1.428

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

b) Phosphate standard solution (P,0Os 6 mg/mL),
This corresponds to reagent “b” solution in the Official Methods of Analysis of Fertilizers (1992).

¢) Add 17 mL of citric acid solution, then add 4 mL of nitric acid (1+1)

d) Add 15 mL of citric acid solution and 3 mL of hydrochloric acid , 1 mL of nitric acid, then heat and
condense until the solution volume becomes 2 mL, further add 2 mL of citric acid solution and 4 mL
of nitric acid (1+1)

e) Add 15 mL of citric acid solution and 3 mL of hydrochloric acid , 1 mL of nitric acid, then heat and
condense until the solution volume becomes 2 mL, further add 2 mL of citric acid solution and 2 mL
of nitric acid (1+1)

f) Add 17 mL of citric acid solution

g) Add 15 mL of citric acid solution and 3 mL of hydrochloric acid , 1 mL of nitric acid, then heat and
condense until the solution volume becomes 2 mL, further add 2 mL of citric acid solution

h) It is an elapsed time until the measurement after adding the coloring reagent solution.

5) {AABRERMU-BEBORBICEKBRICBRENEZIHEIIONT

NFREVT T URET =0 AR RO T, REHATR P I A AP IFET DA 12E, £V
T DN AX T INDTD, VAR ORIEER T OT) T T U R T 20N ERDHD. 127120, HED
ZHERETHET VIR BT D20, <A ABEIT—ELL (100 mL OFEAEERHPIZSZ AR 034 g), D
FeftF T CRARIERIK (b W) Dzl T,

BUTIE T, BEHAKR Oy BUEIZIS U TR AEMERTIC 100 mL F o< ABIARK (20 mg/mL) &% 17 mL
(KZABE 0.34 @AY BRI Z T, FABIEELIToTW5. KZABREEZ —EIZTHI2HT-0, FAKREBIGERIEC
FOFERAT T DL Z A BB T 572 8 LRI BET D0 EI0 it L.

R—/LE—%—100 mL (2D AFEFEAENR (6 mg FH Y &) 2 AdL, AR 0 mL~18 mL (KX AMELL
T 0.00 g~0.36 g 14 &) 2PN, T2, HiFg 3 mL K ORSER 1 mL 2012 TR 250 ‘COAvh
TU—h ETHEAL, &I 2 mL L5 FTRMEL, 287722 100 mL [IZ/K TBLIARE, 7 EE) O
R A AV 3 17 mL/100 mL A5 & LU F O%5513 17 mL A8 2 # L7 D IO A VBRI IR Z IR NL
DA% I E LT 45 55% Table 5 \ZRLT-.

FRBRACBRAERTOL 2 ABERIRIREAINE: 0 mL~17 mL (23 2 FEUERR W Y B (abs) 1% 1.419~1.423 THY,
FEPERERNIC X AR B4 17 mL/100 mL (ZHiix 52 E T, FAKRBILERIEORT%R E BT X AVBRIA IR
WINLTH, EREICEETHIILIHFIEAERNEDEE Z B,

ZORERMNG, 1R 2) OFEREFCHIEICKY, LT OfEE o8 e LTz,
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Table 5 Influence of aqua regia oxidation treatment on absorbance of standard solution varying
in the citric acid density

Before the aqua regia After the aqua regia
oxidation treatment oxidation treatment
; ; ot ; Citric acid
Estimated aliquot Citric ?101d Citric acid solution Absorbance of
amount of solution added amount . a)b)o)
: added amount  standard solution
sample solution added amount (Reference)
(Reference) A) (B)
(mL) (mL) (2 (mL) (abs)
0 0 0.00 17 1.423
2.5 1.5 0.03 15.5 1.421
10 6 0.12 11 1.421
25 15 0.30 2 1.419
30 18 0.36 0 1.420

a) Mean value of parallel test (n = 3)
b) P,Os 6 mg/mL

¢) Add predetermined volume (A) of citric acid solution and 3 mL of hydrochloric acid, 1 mL of
nitric acid, then heat and condense until the solution volume becomes 2 mL, further add the citric
acid solution (B) to make the equivalents of 17 mL of the citric acid solution and 2 mL of nitric
acid (1+1).

6) EKEALBEDOMEBIET FHITONT

FKEBCERNEE T DRI, HABRE TR VN AR LT BT OB T &I a it 35720, 2.1)
(1) Table 2 DFBR AL 1 L OFRER A 6 2 FHV VMBI Z LD BURHANR IR B2 BB 1T 28 % T BRI & i B L
TEREE R U7z, 7ok, SUBHRIRIR B OMERITIRIZZEON— /L E — I —|Z/K 1 mL~5 mL ZBFERIZ AN
7O BT U L7z, BBR G O IEMED VBERRGHEIZ TN ENE 05 514 %, BEDHE 2.57 %
ThHD. MEIR I, SUBHA K O WM O FHE L T O I #G B TRIEN PR THLILRE LB EL T
250 CTATo72. TDRER, Table 6 DEFY, FEHATKRIE R 1 mL~3 mL O 12, 2 IREOREORE
o7 B DAL R DY 98 %~100 Y%b/a o7z, sEHATR IR B4 5 mL LA T ETRMELIZZE T, BRIRE A RS
720, AL D RLARY, HY ARE A NN AL T HZENTE LB 20N, Fe, EHARA &% 0.5 mL
LITFELTESHAID, MmO UTRIEM DAL, IVEWEBEE/RDGE R Ho7=2800, WRIETIX
IR LD ENATR R BA, F2mL 352U TLL FOMREITHIZEE LT,
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Table 6 Influence of sample solution residual amount at the time of the heating end
on recovery rate of C-P,0s

Content Aliquot Sample solution Sample solution residual amount

Number amount amount at the time of the heating end”

of of of at the time of
analytical C-P2Os  sample the heating start 105 3 2 1 05 0

sample solution mL mL mL mL mL mL mL
(%)® (mL) (mL) Recovery rate (%)°
1 51.4 2.5 6.5 — 9% 99 99 100 76 —9
6 2.57 25 29 94 97 98 98 98 98 —

a) Mass fraction
b) Approximate amount
¢) Mean recovery (n = 3)

d) It is immeasurable for carbonization.

7) EXKEBACBREOMBEEIZONT

FEIKBRA LA EIZ W CRUBHR IR & IR A T DR OIRE 2t L. 0 AUBA LS EH12H 720, I
BEREWTBRIE AR EDN, FiRTEDLMALD A OIBICEEIMER T2 E, UTZEHOfGRRIE
NEEDEEZLND. WIAKIR THHEMAL G EV I ViR %E Fe 7 L TEIRWRTREME N DD . Z D72
b, HERDIMBIREIZHOWT, L FDOLEBOHILT-.

2.1) (1) .Table 2 DFRERE 1 K OFERSL 6 2 HVINEE FEE 2 SO PS8 2 7o il BHA R & R B L e s 4 b
B U745 B4 Table 7 (/R L7z, 3RS 11X 170 ‘C~270 CT, #ABAS 612200 C~270 CIZIBWTEEAHK
53 BTRET DRI 98 %~100 %&7ao7z. ZORERND, sEHARRZ ) 2 mL £ T3 2BRZIT LY SR
THD 7 DIMBEE ORGSR DHIE, £2, 270 CTIXEBAROONLENE EORMERH LD T, W
RIETIIMEMREZ 200 C~250 CELTU FOMGETEIToZ8E LTz, ERE 2) ~7) ORGEHE RS, thRL
72 BRIEE 2.4) (2) Bh B ik (Scheme 2) L, ZOWBIEIZOWCLL FO B, KESOMRER AL ML 7=,

Table 7 Influence of heating temperature on recovery rate of C-P,0s

Number  Content  Aliquot amount

of of of Heating temperature
analytical ~ C-P20s sample solution
sample (o) ¥ (mL) 170°C 200°C 250 °C 270 C
ing time " 250 80 50 20
1 51.4 2.5 Heating time
Recovery rate (%)° 99 100 100 100
ing time >600 600 240 100
6 257 25 Heating time
Recovery rate (%) -9 98 98 98

a) Mass fraction
b) It is minute required for heating and condensing until the solution volume becomes 2 mL.
¢) Mean recovery (n = 3)

d) Non-measurement
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8) ERBEIAITE(Z kB EE O FE

K BIEOEE 2R T 5720, 2.1) (1) Table 2 OB 1~ 7 AW TIEEY AR OB Z 3
ROMT CEM LR K% Table 8 (IRLT. IEMEVABRORRFHEIZDOWT, VAR LD A—KF1Y)
(T ERER A2, AR RERRREAT MEM B I LR R A T

SEEMED VR INE B0y 5 1.03 %~E &7 FE 51.4 % T, [FIULERIT 99 %~100 % THY, WT N DENLHEE
LD EFRPHICI T DI RBRIE N R L TS EE (RILER) O HEELIN TH - 7.

Table 8 Result of recovery test

Number of Content of Mean Mean o Criteria of the
analytical C-P,0s value” recovery R3D: truness”
sample (%) (%) (%) (%) (%)
1 51.4 51.1 99 0.1 98~102
2 35.2 35.0 99 0.3 98~102
3 23.0 22.9 100 0.5 97~103
4 10.3 10.2 99 1.3 97~103
5 5.14 5.10 99 1.0 96~104
6 2.57 2.55 99 1.6 96~104
7 1.03 1.02 99 4.8 96~104

a) Mass fraction
b) Mean value (n = 3)
c¢) Repeatability relative standard devition

d) Criteria of trueness (recovery) shown in Testing Methods of Fertilizers

9) BEDFELDLBIZKDEEDFE

B BIED, BFEO R ] U720 AV () AV E T ALK E B2 H rTREDE I B 35720, BE
1RO IFEE L TIREHERBRIEY D0 A "“é%aﬁﬁ%ﬁ(é&&b“(ﬂﬂ%ﬁéhf%é’f”& — VI EE oy iRk (150 2.4)
(3)) Lk BE (FAKBRLIE) D 2 FIEIZXY, IO A I L L—KFi) K& O Table 3 (Z/RL7Zi
FERE 6 AL UM TDABRIERE 1 4%, sz/v@zﬂﬂﬂl i, ALERAEEE 3 8, WAEE IR 1 42) §F 7 Mo EHZ S
W, EEMED ABRE & i L=, =2 4 ,ﬁﬁﬁéﬁﬁ%%iﬁﬁbf:ﬁ%% Table 9 |Z/RLTZ.

2 BEDORIEDS 2B L, BBREM I ¢ MER FERE L7 R, MlA B KYE S % CHERZITED
LR oTz.
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Table 9 Comparison between kjeldahl method and Aqua regia oxidation method for C-P,0s

Number Kjeldahl method Aqua regia oxidation method
P -value
of Measured o Measured 9 of
analytical value” St value” o d)
sample b) b) b) b) {-test
P (%) (%) (%) (%)
9 45.8 0.1 45.8 0.1 0.58°
10 40.9 0.2 40.9 0.1 0.91°
11 17.7 0.1 17.6 0.1 0.07°
12 13.3 0.04 13.3 0.02 0.48%
13 5.15 0.1 5.18 0.03 0.55°
14 14.2 0.05 14.2 0.04 0.38°
1 51.0 0.3 50.8 0.1 0.24°

a) Mean value (n = 4)

b) Mass fraction

¢) Repeatability standard deviation

d) P -value of t-test on both sides levels
e) Not significant (P>5 %)

10) EHBIHREYEICLSEE D

O BV D BLFE A TR T A7, ALEHEHE A-13 % F VO CEMED A BE D3RR A 3 AT CE M L7k %
Table 10 [Z/RL7-. ZOVHMEITE &4 % 10.85 % THY, RAFEHEYH 0%?3&1 DR (3 Tt
Br) OFEPHLIN (B 8573 10.65 %~10.92 %) THY, EEHEREREICIIT LR EY E 2 W5 E
DOHEEG L Tz,

Table 10  Result of truness confirmation test for C-P,Os

Certified value Measured Warning limit®
Sample (C-P,0s) value? RSD Y Lower Upper
(%)" (%)" (%) (%)" (%)"
FAMIC-A-13% 10.79 10.85 0.05 10.65 10.92

a) Fertilizer certified reference material (High-analysis compound fertilizer)
b) Mass fraction

¢) Mean value (n = 3)

d) Repeatability relative standard deviation

e) The calculated evaluation criteria on basis of 3 replicate analysis

This evaluation criteria is used criteria of trueness in Testing Methods of Fertilizers

11)  BHTHRE R U PR E O S

S BLIED R R B K OV TRE B 2 s 357200, skt | R OABR G 6 2 O, <IBMED AR DRBRZ 2
FPHMTCTHZZEZ TS5 BIERL THON-H % Table 11 ([RLTZ. £72, 2O/ NS — TR & D4 BT
AT TRV O TR E K OV SRS £ % Table 12 (2R U7-. ikBR AL | OEHEITE BT 51.0 % T, #F
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ITHISRTIEAE R 2213 0.2 %, T RIFHEHER 7213 0.3 % Tih-7=. £, BRI 6 O FHHITE RSy =3RT2.57 %
T, PHTAEHEER 21X 0.6 %, TRFIRMEERAZIT 1.1 % Th-o7z.

ZNHOREIZBIT DT IO R R AT (R 225 AL SRR RS TOD O TREEE (D TR HE (R 22)
Fe OV RIS (P REIFE SR YR 22) 0 B 2N Thh 712280, W RIEITFORMEE A L COD I LD HER
niz.

Table 11 Individual result of repetition test of changing the date

for the precision confirmation (% (Mass fraction))
Test days Analytical sample 1 Analytical sample 6
1 50.9 50.8 2.55 2.54
2 51.2 51.0 2.56 2.54
3 51.0 51.3 2.54 2.56
4 51.2 51.0 2.62 2.59
5 50.9 51.0 2.58 2.60

Table 12 Statistical analysis of repetition test result for evaluating precision

Number of Repeatability Intermediate precision
analytical Mean * s RSD.”  CRSD. sury RSDyry? CRSDyr)”
sample )" ()" (%) (%) (%)" (%) (%)
1 51.0 0.1 0.2 1 0.2 0.3 2
6 2.57 0.01 0.6 2 0.03 1.1 3.5

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

shown in Testing Methods for Fertilizers

12) EETRFEOHESE

W RBIEDE & FRA MR T 5720, R 8 (KIEMEVABEREHE HE/75E 0.206 %) Z W TN A
fEDORERE 7 SO T CIIMELUIZFES% Table 13 1R L72. I E BEITE B33 0.205 % THY, T DOIEHE(R
ZETE RS 0.005 % Tholz. 728, i FIRIZIERERZEx10, f TERIFAEER 7Ex2x1(1-1,0.05) Z2 W
THHWLZLEZA, WREOER TRITE &5 0.05 %REE, Bt FIRITE RS2 0.02 %IEELHESN
72, 728, IEHERBRIEY [IORSITWDZOREIZB T DEILERD H 2L 94 %~106 % THY, BZE D=0
H L7825, FARLT-BURI ORI ER 100 %I XFFA#IPAN CTh-o7-.

BUEREIEL TWDEED AR (M) AD BRI O SEEMED AR O fie MEFER ST BITE RT3 5 %feEThy,
HEE LT B T R (B 55 58 0.05 %) 1L Z D F/IMRRERL T D 1/10 LU Thole. ZOZeEMD, WRIE,
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NERHETBRIED R L CODIE B T IROHESEELHEAT - L TV DT LA RS LT-.

Table 13 Estimation of the lower limit of quantitation (LOQ) of C-P,0Os

(% (mass fraction))

Number of
- Content 2 ®) © d)
anaiytial sample onten Mean St LOQ LOD

8 0.206 0.205 0.005 0.05 0.02
a) Mean value of the parallel test (n=7)
b) Repeatabillity standard deviation
¢) Lower limit of quantitation (LOQ = s, x 10)
d) Lower limit of detection (LOD = s, x 2 x t(n-1,0.05))

4. FEDH

2014 ETE&:@%W:%D/V@E(K@%@Ulﬁéﬁe*ﬂrqﬂ0)<7§¢$Dh@2@%&t%¥£ ZOUNT, AR |2 I AR
WfF D7D ORERE LTL A, — O JEEHI I THRIE FIVAIR H O Rl 03 € BAEI R 25 5.2 2L H3
Licles), BERFE U R T 52807 BRIEIT, HEH#aﬁ%ﬁ/ﬁ@ﬁ@hﬁ&(L]’?;))\Dﬂeﬂwkzﬁéwvﬁ&aﬁ
BRIECERASICODHERS 3 mL & O 1 mLZ2 N2 CINENENE 92 5 15 K0 aEHAE TR O B AU BR &
fEL, AERFEEGRBRIEDIEMED ABERBRTE L RIBRIZ, R b EEHWANFREVT T BT o E
=0 BRI K03, JIE T DS LT

B RIEIZOWT, BRI T 5% Y ViR & FE L 7= L AR DR R 15 7.

(1) <ZABEVEIE 0 mL~17 mL iRINIL7-0 A BB UERS IR A S8 Je OV IE CINBMIRAEL , N REVT T
Fe7 =0 DO EEE (R EAEEAIR b SR ICXVRIEL72L 25, FEBIERTIS A AR IR &4
17 mL/100 mL IZHix 22 & T, EKBILEAEORTRE DO TLAABEIEZIRINL Th, & &EIZZEL 2N
N i By

(2) HEZMRT D20, WA LT A= Kz il TR L7238 7 S22 W TS A
FRDRER%Z 3 mPHT CIMLIZETA, <EMEDARERIVE E573 1.03 %~E &'/ 51.4 % T, FIILRIL 99 %
~100 % THY, W IOENLHFE Z DO FEFLFHIZ 31T DB B ED VR L TS EEE (BIER) O B AR
UUNTHHoT-.

BEAED FIELL TR — VR M RE LS B L0 2 FIEICRY, EEOH VBRI LS h— KT K
O AEEL 6 L OFEHZ DN T 4 SO TRERZITV, 3B ¢ Tﬁﬂi’i’;‘%ﬁ@bf_& A, WA EAKAES %

THERAITROOLN Do T.

AEEIEREAR HEY) B FAMIC-A-13 2 AW CEAMED VR OB % 3 ROMT CEBLIZAER, WIhoE &l
HILEFEFRERIE DR L CODEEE O HAZ GERHEEY E OBRHEOEHAR) LN Th o7z

(3) DHMTHE R O S 2B 35720, 3B 2 RE AW, IBHVABORERE 2 RiMTTHZ
Tz T 5 BIFEMLIZEDA, FHEITE RS RT 51.0 %Rk 2.57 % T, PHTAMEHER 2T 02 %L O
0.6 %, TRIFHRMEAERZAET 0.3 %KY 1.1 % Th-olz. ZOWEEIZIBIT DT FLOFH IS (R 24 frph s
ABE RS TS RS EE (P AR SR YR 22) B OMIFT RS BE (B TR SHE YRR 22) O B Z N Th 7=

(4) CLBIEOLEEMED ABRTE B TIRITE B3 0.05 %A, B TIRIZE &% 0.02 % s HEE S
7.
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1)
2)
3)
4)

5)

6)
7)

8)

9)

10)
11)

X |

PEDFNZ 25 L, G 101 %5, SRR 17 45 6 H, p.91~93, IEEHE 7R
BOE — 2 A it A&7 (2011)

SR PES L BR BTN ST BRI TS (1992 4FiR) , B AR E e, I (1992)

MSTATE R N A PETY B 2 iz % — (FAMIC) : B8R 1% (2015)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2015.pdf>

BT ST, e 2 ARPlSE, SEJREQ R dE0 AR (M) 23 To BT AR L O EEMED A BRI E -HiD A B O
b7 iEO R-, IEEHIFFEHRE, 8, 17~25(2015)

SEMBEVR, ARHE RS LR AaE V-6 V2 P, 145, JLERKASH, HUR (1965)

FEHFIR, 75 AHE—, IR 0 AU R 5 ANV AEEL O KR A BRI E - 38 TV E DU R -, NEEHIF
e, 1, 25~33(2008)

BEFERIA, FEAME—, IR M0 AU S AV REREH D 7K EEMED /M E - 46 [FFBR AR -, FERHIFZE
W&, 1, 34~40(2008)

BRI IE 2 55 GTRERRNE R AT, 108~114, B AL, HU (1988)

RSO, BRE IE 2, AR, —dmas KRS T e MRIe Rl ATk, 93, FBAL, B (1973)

Codex : “Guideline on Analytical Terminology” , CAC/GL 72-2009 (2009)
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Determination Method for Citric Acid-Soluble Phosphorus in Solid Fertilizer
Containing Phosphonate (Phosphite) using Spectrophotometer

Toshiaki HIROI' and Masayuki YAMANISHI'

" Food and Agricultural Materials Inspection Center, Sendai Regional Center

A spectrophotometry was developed and valid for the determination of citric acid-soluble phosphorus as to
convert to phosphorus oxide (C-P,0s) in solid fertilizer containing phosphonate (phosphite). Phosphonate ion and
phosphate ion in solid fertilizer were extracted with 2 % citric acid solution. Phosphonate ion and phosphate ion
were oxidized to orthophosphoric ion with aqua regia. The C-P,Os was spectrophotometrically determined by
measuring orthophosphoric ion colored with the coloring regent which contains ammonium vanadomolybdate
and hexaammonium heptamolybdate tetrahydrate according to the Testing Methods for Fertilizers. As a result of 3
replicate analysis in 7 fertilizer samples prepared to contain 1.03 % ~ 51.4 % (mass fraction) of C-P,0s, the mean
recoveries ranged from 99 % to 100 %. In the train of duplicate test per 5 tests on different days using two
analytical samples, the mean values were 51.4 % and 2.57 % (mass fraction), repeatability relative standard
deviation (RSD;) were 0.2 % and 0.6 % and intermediate relative standard deviation (RSDyr) were 0.3 % and
1.1 %, respectively. On the basis of 7 replicate analysis of C-P>Os, the limit of quantitative value (LOQ) was
estimated at 0.05 % (mass fraction). These results were satisfied for the criteria shown in the Testing Methods for
Fertilizers. This method is valid for the determination of C-P»Os in solid fertilizer containing phosphonate

(phosphite).

Key words  phosphonic acid, phosphonate, solid fertilizer, citric acid-soluble phosphoric acid, aqua regia,

spectrophotometry, single-laboratory validation

(Research Report of Fertilizer, 9, 43-58, 2016)
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1. [IC®HIC

H0 A (ME) 23 L REHT Z <R THY, TEm B O ALEHE L THt@L TV 528, T4, B0 AR ()
ZE T E R ILEHC BN TY, <EEMER OVKIEVED AR RAEL 72 BB IEEPR GRS LTT@L T D. D AR
() % T B AR R O VR K OVKEMED VB OBBRIEIZFRR ST 2 ks TS, BE, OMTHE,
EH T REDHRRNZAT o7/, B BRERNICBIT DR GIEOZ LD HERES NI, LN LR, 1Y
Aol (M) %8 o TR ARt 0 ESPED AR OFRBRIED (2 BT, BOBHESIR T O < 2 /VBE D 53 iR B OV /U1
Dz B B E L THNE Y R IRFIZ N 2 DE IR 4 5K & UT2 IE O R AR 7208 — O Lk CHERR S L7272, [l
ORI LI TEY AR R L, S CTHRE, MTREE, & FREOHFZIToIof R, H—RBRENICE
T HRRBR T 1A D Z A PED HERR S L7 (AT

A ], 0 AR (D) 25 T B ARAELh O K EIED ABERBRIE (2014 AF R 1 R OERMED AR s BR %
(2015 4F EERRHN (T DU TRl ABR 2 20t L s BR = R O iR B EE 2 i AL L 72D T, TOBEZHE T 5.

2. MBRUAE

1) #RFEBRAFEHOHAR

(1) <¥EMED A BERRERE F R

Hf0 AT FR R O EMED AVl & Te I T /VBRIEEE 1 A5, ALAAREE 1, WA IR 1, 33K (Y
BRIV =K F) | 5% B BEE 500 um OS5\ A@iE T E T, IRA L. SBMEVABRE S
FRUVEEIEE | S E I, IRE%, MRS ORI (ALY L—Kin) LEERIG
9:1 KIAEMEVWABREL TR 5 %Y EE D) TIRA L.

e[RRI RREIE L C R S FEEOREIS ) 1.8 g Z RV F LU WIC AN, 1 S OTTA Rkl 243
D128, RZTUH LI FEAML, 10 Aa BRI il mLT-.

(2) JKIAEMED AR ERIE AR

0 AR F R DIKEENED Aol & oAb AR RE 3 A5, WA A IR 1 AL, BEAIERE 1 A4 500 pm OfE.5
HNEIBIETHETHEL, RA L.

LR AR S L C ERD S FH OB 6 g RV = F L KT AN, 1 RO T TA U REEIZ#R L5
7o, RITTH MIFEFEAL, 10 e alBR=1ChAm L.

VINATEOE NRMOKEEIH B Z e tidfre e 2 — a2 —
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2) EERURE
BB ITRRE L TS B T = (EIR) [FHRIRD IR M OV e E A L.

3) HEBAZE
(1) HoARE () 28 Te BT IRE T OEEMD B ORI E
INTEREN g2 (1 mg DHTET)IEIN0ED, £2ET T 23250 mL IZ ALK 30 CITIE L=< 2 AVBRIATR 150

mL Z /%, 30~40 [F]#5,7 47, 30 ‘C*=1 CT 1 FEFHRVIEY, A BRIEMETKEMZ, A3 FETAHIEL T
AEHARE LTZ.

FBHANR 2.5 mL Zh—/LE—7—100 mL (ZAAL, Al | mL & O 3 mL 22 IR A L7k, REEHILT
W, 200 CT~250 CORYITL—RNTMEAL T, EAK) 2 mL IR FTMLIC. intk, RE7 723
100 mL (Z/K TRL, <X ABREIEDS 17 mL A4 &2/ 530 [AARE N %, s (1+1)2 mL 2N 7-.

A FRIRIANE (b 3A3K) 20 mL 200z, BERRETREMZ 2%, 59 30 0 MAGE L2y YR CI R 420 nm
DO EZREL (Scheme 1), FEHATRH OV AR EZ KD, ek OIEMED AR Z R H L.

(2) HEVARE OR) 25 To BT AR DK EEMED AR O I E

SYRTEEE S g % (1 mg DHFET) 1T, 487522 500 mL 12 A KK 400 mL &1, 30~40 [a]#,/
53 7C 30 RIS, FERREC/RENMZ . ARt 3 FECTAHBL CGREHRIRE L.

EHATE 10 mL &2 h—/LE—#5—100 mL~200 mL (Z A, Hifg 3 mL &K OWEER 1 mL 22 RA L2,
RFRHILCTEWY, #9200 C~250 COFRYI T —NTHEALT. IKEDK) 2 mL IZ25F CRMLE. ink,
BET T2 100 mL IZKTEL, 72 /)= AT XA ERE 1~2 A, RO EIRONIREAIZRHET
ToE=T KA MR T ZDH%, BROWNIREEADTER T HE THER (1+10) Z N2 THERMES L, 1
BOKE AN, ORI (a 3838) 20 mL 2012 TERRECREIZ 72, £ 30 23 RAkE Loy Y6 e 7t
TP 420 nm OWEEEZIE L (Scheme 2) , FUBHAIR T OV AUl &R, S HTakBh i O KEMED AUk A
HL7-.

4) HEFABARKHOHEMHHER
IUPAC/ISO/AOAC DHERERBR T mbho L OB MHRERICHEV, & RA O LLFERER RN ENEh
10 B E Y, KNI X 2 ST T X LRI T 3) ITit> TobTLiz.

5) HRIHER
RERIZSMUTE 12 BREBRELFEHLZ 0 HEFHILL TOLBTHY, ZNENOREREIZIBVTRERL
77 20 FBHZOWT ) IS TH L=,

- FRa—7 T VRS (B ST 7 /Y —X U-5100)

- BT —HASH 4 E TS (BHE/EFT UVmini-1240)

- NAEETE N B AR E e A (BEE/ERT UV-1800)

© WNERMEEN BARNERERE 2 BvE S5 (BEEERT UV-1700)

« JRSEATEOE NEMOKPEM B2 e 2 —f P 2 — (BERERT UV-1800)
« JRSEATEOE NEMOKPEM B2 e 2 — iR 7 — (B ERERT UV-1800)
© JRNEATBOE NEMOKFEM B 22Tt 2 —lH o7 — (FEEERST UV-1800)
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-« MSEATBOE N BWKEN S Z a2 — 4 By 2 — (BHRYETT UVmini -1240)
« MSTATECE N EMOKEE S R 22— @it 2 — (GERYERT UVmini -1240)

-« MSEATEUE NBMOKPEIE B 22 il o 22— ARE (B HEERERT UV-1800)

- RY =T e AR AFFEET (BEERUERT UV-1800)

-« OAT 77 UA MRt (BEHRUYERT UV-1800)

(50 &)

| 1 g analytical sample | Weigh to the order of 1 mg to a 250-mL volumetric flask
< 150 mL of Citric acid (20 mg/mL) (about 30 C)

Constant-temperature rotary shaker (30 - 40 revolutions/min) for 1

Shaking to mi tempe
akig fo mix hour (30 ‘C+1 °C)

|
| Standing to cool |

< Water (up to the marked line)

| Filtration | Type 3 filter paper
|
Aliquot(predetermined
volume)

100-mL tall beaker

< 3 mL of hydrochloric acid
< 1 mL of nitric acid

Cover the tall beaker with a watch glass, heat on a hot plate or
Heating sand bath at about 200 °C-250 °C, condense until the solution
volume reaches 2 mL.

|
Standing to cool |
|

| Transfer | 100-mL volumetric flask, water

< Citric acid solution, until it reaches the equivalents of 17 mL
< 2 mL of nitric acid (1+1)

< 20 mL of coloring reagent solution

< Water (up to the marked line)

| Leaving at rest | For about 30 minutes
|

| Measurement I Spectrophotometer (420 nm)

Scheme 1 The flow sheet for citric acid-soluble phosphorus (C-P,0Os)
in solid fertilizers containing phosphonic acid, etc.
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| 5 g analytical sample | Weigh to the order of 1 mg to a 500-mL volumetric flask

< About 400 mL of water

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

< Water (up to the marked line)

| Filtration | Type 3 filter paper
|
Aliquot(predetermined
quot(predetermine 100-mL tall beaker
volume)

< 3 mL of hydrochloric acid

< 1 mL of nitric acid

Cover the tall beaker with a watch glass, heat on a hot plate or
Heating sand bath at 200 °C - 250 °C, condense until the solution volume
reaches 2 mL

|
| Standing to cool |
[

| Transfer | 100-mL volumetric flask, water

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

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

< 20 mL of coloring reagent solution

< Water (up to the marked line)

| Leaving at rest | For about 30 minutes
|

| Measurement | Spectrophotometer (420 nm)

Scheme 2 The flow sheet for water-soluble phosphorous (W-P,Os)

in solid fertilizers containing phosphonic acid, etc.
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3. WRRUER

1) #EHBRARMOHEERER

)M e 5B AR D piiiE e O D RAE D — JCELIE I Z LD BT S BAG LNt &% Table 1-1 KO
12127z, ﬁ?ﬁ*ifh \_Ob\‘(CochranTﬁ/tF_ ZEDHMUVEIEL T R TOFE L PRI Z B W TRROH BIVR) -
7o WIZ, —TEECEIC LD BT D F #E (A EAKUE 5 %) ZFERLIFER, X TOMIZ VTR
BHEICA B 22721 mm%W;bxoﬁ) F72, B TAHEHER 22 (RSDY) 13 0.2 %~1.0 % Tholz. ZDOTEND,
T T I FIFRER AR L RIRBR I H WA ZEN TELEM A/ L QDI EA R LT,

Table 1-1 Homogeneity test results of citric acid-soluble phosphorus (C-P,0s)
No. of Mean” s RSD.” sy spaf RSDy.." F

Sample 2) i)

sample” (%)Y (%) (%) (%) (%)° (%)  Value”
Processed phosphate fertilizer 10 (0) 4554  0.17 0.4 0.05 0.18 0.4 1.17
Compound fertilizer 1 10(0) 17.54  0.06 0.3 0.04 0.07 0.4 1.91
Compound fertilizer 2 10(0) 5.20 0.05 0.9 0.03 0.06 1.1 1.55
Absorption mixed fertilizer 10(0) 14.11  0.07 0.5 0.07 0.10 0.7 2.82
Calussium phosphonate (CaHPO;) 10 (0) 50.80  0.11 0.2 0 0.11 0.2 0.29

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

b) Grand mean value (n = 20 = 10xThe number of times of a repetition (2))

¢) Mass fraction

d) Standard deviation of repeatability

e) Relative standard deviation of repeatability

f) Standard deviation of sample-to-sample

g) Standard devitation of sample-to-sample include repeatability Sy 4r = v Spp 2 + Sp2
h) Relative standard deviation of sample-to-sample include repeatability

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

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

Table 1-2 Homogeneity test results of water-soluble phosphorus (W-P,05)
No.of Mean” 5% RSD? 5w’  spu® RSDy.” F

Sample 2) i)

sample” (%)Y (%)? (%) %) (%) (%) Value”
Compound fertilizer 1 10 (0) 59.03 0.11 0.2 0.04 0.12 0.2 1.50
Compound fertilizer 2 10 (0) 3.85 0.04 1.0 0 0.04 1.0 0.31
Compound fertilizer 3 10 (0) 12.89  0.13 1.0 0.08 0.15 1.1 1.77
Absorption mixed fertilizer 10(0) 7.24 0.03 0.5 0.01 0.03 0.5 1.05
Mixed fertilizer 10 (0) 22.13  0.11 0.5 0 0.11 0.5 0.51

a) ~j) Refer to the footnote of Table 1-1
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2) #*EEBRBERVINERTE

FHRBRED SRS SN S FRBRAGES Table 2-1 KO 2-2 1ZRUTz. R 51D kO #E 4 TUPAC
OIEFRE T mhand Nt TRFHLEE L. BBRAGE O SMUEZ BT 572912 Cochran DRRE & Y
Grubbs DIREZ FfELT=. TOFER, 12 BREORWBRAE DG, <MD ABRIZ OV TIE 3 FEORE T
1 BRI IUE L L CHIES L. KR ABE OB SAE CIIs UEIZ 220 7.

Table 2-1 Individual result of citric acid-soluble phosphorus (C-P,0Os)

(% (mass fraction))

Processed phosphate

Lab ID? fertilizer Compound fertilizer 1 Compound fertilizer 2
A 47.31 47.19 17.39 17.49 5.09 5.16
B 48.83 48.68 18.57% 18.64% 5.47 5.32
C 46.80 46.81 17.54 17.62 4,98 491
D 46.86 46.74 17.42 17.54 5.12 5.17
E 47.58 47.19 17.77 17.66 5.13 5.08
F 46.50 46.73 17.60 17.63 4.90 4.95
G 47.33 47.32 17.90 17.75 4.79 4,94
H 48.06 48.05 18.03 17.95 5.24 5.22
I 47.34 47.33 17.81 17.75 5.02 4.91
J 46.88 47.10 17.91 18.04 5.22 5.18
K 46.93 47.27 17.80 17.84 5.25 4.95
L 46.13 46.04 17.55 17.60 491 4.92

Absorption mixed Calussium phosphonate

Lab ID" fertilizer (CaHPO:;)

A 14.18 14.16 51.07 50.90
B 15.05”  15.15” 54.15"  54.23"
C 14.10 14.14 50.77 50.86
D 14.13 14.25 50.47 49.96
E 14.41 14.40 52.02 51.77
F 14.32 14.22 50.17 50.22
G 14.27 14.29 51.25 51.21
H 14.58 14.60 51.67 51.63
I 14.37 14.30 50.90 50.94
J 14.53 14.62 50.52 50.66
K 14.38 14.55 50.84 51.08
L 14.13 14.07 50.28 50.28

a) Laboratory identification
b) Outlier of Grubbs test
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Table 2-2  Individual result of water-soluble phosphorus (W-P,0s)

(% (mass fraction))

Lab ID® Compound fertilizer 1 Compound fertilizer 2 Compound fertilizer 3
A 59.46 59.36 4.01 3.96 13.54 13.49
B 58.68 58.58 3.94 3.90 13.22 12.97
C 58.08 58.34 3.80 3.93 13.29 13.26
D 57.87 57.79 3.88 3.88 13.43 13.43
E 58.54 58.62 4.04 4.01 13.30 13.22
F 58.62 58.69 3.84 3.88 13.37 13.46
G 58.27 58.36 3.81 3.84 13.11 13.05
H 58.93 58.69 4.06 4.12 13.63 13.43
I 58.49 58.54 3.87 3.85 13.58 13.50
J 58.04 57.95 3.86 3.95 13.07 13.29
K 58.24 58.43 3.85 3.86 13.45 13.63
L 58.53 58.12 3.90 3.92 13.52 13.68

Lab ID? Absogrttli(l)ir;errmxed Mixed fertilizer
A 7.25 7.21 21.97 22.02
B 7.05 7.07 21.65 21.49
C 7.05 6.97 21.78 21.69
D 7.04 7.04 21.65 21.65
E 7.51 7.45 21.69 22.00
F 7.37 7.34 21.74 21.87
G 7.07 7.08 21.51 21.75
H 7.36 7.35 22.12 21.90
I 7.06 7.11 21.88 21.75
J 7.06 7.02 21.89 22.07
K 6.98 7.00 21.66 21.56
L 7.20 7.16 22.00 21.84

a) Refer to the footnote of Table 2-1

3) BHTRERUVEMBREE

S IUEZ BRI BR AR L0 B 2 LT, DR TR YR 22 (s0) B OV TAR R HE R 22 (RSDy) , 2
N ] PR B (R 72 (sp) S OV FH) PR BUAE e AR MEJR 22 (RSDRr) % Table 3-1 KUY 3-2 [T/RLTZ.

SEMED AVBEDN-EIEIE 5.08 % (B &7 3) ~50.89 % (H &5 3) THY, OO TR 72 (s0) 1% 0.06 %
(HEDHR) ~0.14 % (EEHR), PHTHSIERERZ (RSD) 1X 0.3 %~1.6 %, =M HFIUEHERZE (sp) (X
0.17 % CE &7 5) ~0.69 % (E &5 3) , = M BB R R 72 (RSDr) 1% 1.1 %~3.3 % Th-o7-.

IKIENED AUBE DS IE 3.92 % (B0 5R) ~58.47 % (E B4y 3R) THY, ZTOPH THEHENR 2 (s,) 1 0.03 %
(E &) ~0.13 % (E &), fHTHSIEERZE (RSD) 1X 0.2 %~1.0 %, == i BUEER 2 (sp) 1
0.08 % (E #577) ~0.42 % (E &%), =M BB R E R 72 (RSDr) 1% 0.7 %~2.3 % ToH -7z,

WO P TAERHEHE(R 22 (RSD;) K OVER [ P BLFH M HE (R 22 (RSDR) ® IERFERBRIES D 2 4 M B D
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FINRL TOWDHEIREDL IR DIFED B LZOHPAN THLHIEND, AEORE X RFRERIEDOME
REREAT R HEDBLRFIHITE A L CWVH T L& MR LTz,

Table 3-1 Statistical analysis of collaborative study results for citric acid-soluble phosphorus (C-P,05)
Labs? Mean” 5% RSD? CRSD, s:¥ RSDR" CRSDy’

Sample
P (@) (W) (W (%) (%) (W (%) (%)
Processed phosphate fertilizer 12 (0) 47.21 0.13 0.3 1 0.69 1.5 2.5
Compound fertilizer 1 11(1) 17.71  0.07 0.4 1.5 0.19 1.1
Compound fertilizer 2 12(0) 5.08 0.08 1.6 2 0.17 33
Absorption mixed fertilizer 11 (1) 1432  0.06 0.4 1.5 0.18 1.2
Calussium phosphonate (CaHPO;) 11 (1) 50.89  0.14 0.3 1 0.57 1.1 2.5

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

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 fraction

d) Standard deviation of repeatability

e) Relative standard deviation of repeatability

f) Rough standard of relative standard deviation of repeatability in Testing Methods for Fertilizers 2015
g) Standard deviation of reproducibility

h) Relative standard deviation of reproducibility

i) Rough standard of rerative deviation of reproducibility in Testing Methods for Fertilizers 2015

Table 3-2  Statistical analysis of collaborative study results for water-soluble phosphorus (W-P,0s)
Labs” Mean” 5%  RSD° CRSD, s:¥ RSDR"” CRSDy’

Sample
P (@) (W) (W (%) (%) (W (%) (%)
Compound fertilizer 1 12 58.47 0.13 0.2 1 0.42 0.7 2.5
Compound fertilizer 2 12 3.92 0.04 1.0 2 0.08 2.1 4
Compound fertilizer 3 12 13.37  0.10 0.7 1.5 0.20 1.5 3
Absorption mixed fertilizer 12 7.16 0.03 0.4 2 0.16 2.3 4
Mixed fertilizer 12 21.80  0.12 0.5 1.5 0.18 0.8 3

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

4. F&oH

12 SRBRERICIR W TH 5 FREE (10 £0) Okl AV CHLRRBRZ FML, HH0 AR (M) 25 felE EIEE
DOLIEME J OUKERMED VBRI E BT 2 E B H R OFN 21 T-7-.

ZORER, IEMED AR E-HIE 5.08 % (B 80 5F) ~50.89 % (B 857 28) OO C2 0> 55 ) - SAH 12 1e
Rz (RSDR) 1E 1.1 %~33 % THY, KIEMEDAFED V-HIME 3.92 % (B 857 3) ~58.47 % (E &7 ) O
TE DR M FHAAMEYERZE (RSDR) 1X 0.7 %~2.3 % THY, W3 100D 5= [ F BRI Y 22 (RSDR)ME
BHERBRIES O % A RO FINEIRL TOD R IR E DL~ BT D O B Z2OHFIAN THHZ LN,
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ARIEDONE L RFBRIE O MERERHAR AR HE D ZOR FIHIZE 5 L CWOD LN RS Uz,
X &

1) BRSO e 2 ARl PR i AUBE (M) 25 T BT AR O K ENED AR ORI E  — i F #EH
LR —, EEHIFFEER S, 8, 10~16 (2015)
2) BERSCHE, e RfEsE, SRR i AR (M) 25 BT ALE P O<EMED ABRORIE  — D ARRO
b 7iEot B —, IEEHWFZEHE, 8, 17~25 (2015)
3) 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)
4) Horwitz, W., : Protocol for the Design, Conduct and Interpretation of Method-Performance Studies, Pure &
Appl. Chem., 67 (2), 331~343 (1995)
5) AOAC OFFICIAL METHODS OF ANALYSIS Appendix D: Guidelines for Collaborative Study Procedures
To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL (2005)
6) IMSIATBUE NEMIKPEI B 2 £ % — (FAMIC) : IEEHERAERIE (2015)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2015.pdf>
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Determination Method for Citric Acid-Soluble and Water-Soluble Phosphorus in Solid
Fertilizer Containing Phosphonic Acid or Phosphonate (Phosphite) using Spectrophotometer:
A Collaborative Study

Masayuki YAMANISHI', Toshiaki HIROI'! and Fumika TAKATSU'!

" Food and Agricultural Materials Inspection Center, Sendai Regional Center

A collaborative study was conducted to evaluate spectrophotometry for determination of citric acid-soluble (as
phosphorus oxide; C-P,Os) and water-soluble phosphorus (as phosphorus oxide; W-P,Os) in solid fertilizers
containing phosphonic acid or phosphonate (phosphite). The inorganic phosphorus compounds in fertilizer were
extracted with 2 % citric acid solution or water as ionic forms. Oxidation of phosphonic ion and hydrolysis of
pyrophosphoric ion with aqua regia was used to formation of orthophosphoric ion. C-P>Os and W-P,Os was
spectrophotometrically determined by measuring phosphoric ion colored with an ammonium vanadomolybdate
and hexaammonium heptamolybdate tetrahydrate according to Testing Methods for Fertilizers. We sent 12
collaborators 5 materials each method in a blind duplicate design. After identification of outliers with Cochran test
and Grubbs test, the mean values and the reproducibility relative standard deviation (RSDr) of determination of
C-P,0Os were reported 5.08 % ~ 50.89 % as a mass fraction and 1.1 % ~ 3.3 %, respectively. Those of
determination of W-P,0Os were reported 3.92 % ~ 58.47 % as a mass fraction and 0.7 % ~ 2.3 %, respectively.
These results indicated that this method has acceptable precision for determination of C-P,Os and W-P»Os in these

concentration ranges.

Key words  phosphonic acid, phosphonate, solid fertilizers, citric acid-soluble phosphorus, water-soluble

phosphorus, spectrophotometry, collaborative study

(Research Report of Fertilizer, 9, 59-68, 2016)
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7 EEIOINTSOEESWEH (LC-MS)RIZESBE P D

AILID7SVEDEIE
— e [EIE R R S —

W AR
F—O—F  ALTIURE, @R B~ ST RHE, R

1. [XE®IC

TR DR FERR Sy ThHHANVT 7 (B4, 7IRGEE (Fig.1)) OERIZ OV, IERHTEICI W T
FAEEE Y MEREDHITNDY 203, SN RIEIC LD E BB TR OHE I & BB s
VECHhHD. Fio, IERIOREBIC I > T, SFWE OB L RO E D K EE L 720 RS2 E DT 272
WEWS RN DD, ZDTZEMND, Rk 26 IR D AN T IO pHTEE LT, Ekikik s a~ 57
B BT (LC-MS)IEDNGHEO I L TiES, BEE, OHMTREE, & FIREOMREEIT o7 /5 R, H—
B NI B 1 kB 7 1B D S S ME A RERR S =)

4 [al, LC-MS {EIZLDIERFH DAV T 7 I DOE O PEREFEAT O 72, Ii@malkba FHvC, BBREM D
HOURSEAZFELZOT, TOMELRE TS,

H:N
Ok

5
=
QN
o
AT 7 FE[HOSO,NH;]

Fig.1 Chemical structural formula of sulfamic acid
2. MHERUAE

1) HRSBRAFMER
JIS K 8005 ([CHE T AR EHM EEME 7 IR Z W T AL T 7 2 U BROTRINGIR &2 g U7,

2) HRREBRARR

H[FEEER ARBI B L, WEMEOMESRAZEMLI=E25, BB O 2L 7 7 IO — 2 IRE DN HEL N
ZEDHERI N, FDim, HERBRS IR EICB W TRV T 7 BRI C LR 2 Fhh 5
AZLELT.

VIRSTATBUE N SAMOKPEH B 22 il o 7 — IEE RN 2 AT
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T TRBHNIAN T 7 B FIR WL MR LI TtE L T AR, BIEE SR, BIEZE SRR,
Wil T B =7 K ONEIR D ZE RER 2= IE A IEE U . FERE = A SRR E BIE 500 pm D550
AT L E TR, JEEEEHBUEHIR 1.5 g DALRUIEEIZRY = F L AR, 9 1.5 g DFERERE S
BIEEZ 2 mL AT ANEE L TN 20 HEffLTz. 774 N Z Rt 5720, FRR
RRE R ANV T 7 e — € BHR G LTINS RIS ELEBE AT L, 2R =R LTz,

3) EERUSRE
ZRBRBITREBEL QWS EEREA I o~ 7B BESWT e R OVEEE OB A LT,

4) RLIFPSVEBOEIE

(1) EEREE (LA AR, BIFEE A REEL, FIE S SRR OiEE T - E=7") Ol

IINTERER 1.00 g 2130 En, ke =77 23 200 mL (2 AR, IR ZINZ 16 R =R CTREL, K
100 mL Z0Z, 7 RXF I A2 —F—% HTH 10 &R, ki OiEE 50 mL 12k, 2000xg
THI S Syl oy B, AR LT,

(2) WIRIEEF (FREE 2= A A AR Ol
SIATEREE1.00 g 2130 ED, 27T 23100 mL IZ A4, K50 mL #1%, E2E77Aa0EZLT, IE
VIR THEDL, B E KA 2 Tk E L.

(3) HE

AP 5 mL 227742100 mL (AR, KK 50 mL 2001z, IRVIEET-1%, HERET/KEMZ THR
R E Uz, BIlPE 2 SR AEE R O lE T & =7 134 A B IR 10 mL A2 &7 7 A2Z A, K20 mL %
Mz, IWORET-1%, FERRETKEIMNZ T 1/5 AR E Uiz, &3R4 HHR K O 1/5 A% 1.5 mL
DIt O TEEE I2ED, 8000xg THY 5 4y filis Ly BEL 7o 18 Znii % LC-MS I E H#UEHA K & LT- (Scheme
1 }2 0¥ Scheme 2). T OREHAR A EHIEIA 7 0~ 7T 7 G B3 RHHEL, Table 1 ORESMETHIEL,
E— RN DREHRIE P OV T 7V IO BE RS, Sk OREZRHLZ. HIEICY >,
FRBRBO BRI v~ T 7 G BT R O ET Bt~ T-.
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|1 g analytical sample | Weigh to the order of 10 mg to a 200-mL Erlenmeyer flask
«— Add 100 mL water

| Extraction | stir 10 minutes

| Centrifugation | 1800%g, 5 minutes

| Dilution | Diluting extract 20 times with water

| Centrifugation | 8000xg, 5 minutes

| Measurement | LC-MS

Scheme 1 Flow sheet for sulfamic acid in solid fertilizers

|1 g analytical sample | Weigh to the order of 10 mg to a 100-mL volumetric flask

<— About 50 mL water

| Shaking to mix |

«— Water (up to the marked line)

| Dilution | Diluting extract 20 times with water
| Centrifugation | 8000xg, 5 minutes
| Measurement | LC-MS

Scheme 2  Flow sheet for sulfamic acid in liquid fertilizers

Table 1 Analytical conditions for LC-MS

HPLC conditions
Column Silica surface is covered with vross-linked diol

groups or polyhydroxymethacrylate

Guard column Same type as analytical column

Temperature 40 °C+1 °C

Mobile phase Ammonium formate buffer - Acetonitrile (1+9)
Flow rate 0.2 mL/min

Injection volume 1 puL

MS conditons
Ionization Electrospray ionization (ESI)

Ion monitoring m/lz 95.9
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5) H*RIFABRARKOHEMRER
S ElORERTIE, REHI AL T 7IUBOBANRIRNE K AL T 7B IR R THRINT A0, B
BRI T,

6) H*RFRER
RERICBINLT- 7 BB LS dikkra~ N S7 BN R OME R DT AT DL THY,
FNFENOREREIZBOTE U 12 BBHZ DWW T 4) IZHE> T L=,

- PR SAE EERAERT (B ESA/ERT LCMS-2020 A7 2, Phenomenex Luna Su HILIC 200A (100
mmx2.0 mm, 5.0 pm))

- W TR S (B EERERT Nexera/LCMS-8030 Plus, BAFNE T. Shodex ODP2 HP-2D (150 mm X
2.0 mm))

- —RARETE N B AR SROE 2 (R ERT LC/MS-2010C HT, MS-2020, Phenomenex Luna 5u
HILIC 200A (100 mmx2.0 mm, 5.0 pum), Phenomenex SecurityGuard Cartridge HILIC (4.0 mm X 2.0 mm))

- —RAEEN B AR ST 4 — (Agilent Technologies 1100 Series, Phenomenex Luna 5u HILIC
200A (100 mmx2.0 mm, 5.0 pm), Phenomenex SecurityGuard Cartridge HILIC (4.0 mm X 2.0 mm))

o —RFEE N B ARG R SRR A S (Waters Alliance 2695, Waters Quattro micro, Phenomenex Luna
5u HILIC 200A (100 mmx2.0 mm, 5.0 pm), Phenomenex SecurityGuard Cartridge HILIC (4.0 mm X 2.0 mm))

© MNZATBOE NRMOKEEN & L 2Bt 2 — i 2 — (BEEIERT LC/MS-2020 27 A,
Phenomenex Luna Su HILIC 200A (100 mmx2.0 mm, 5.0 um), Phenomenex SecurityGuard Cartridge HILIC
(4.0 mm X 2.0 mm))

- JRSZATBUE N RMOKETH B 2 it o 2 — A58 (B SERT LC/MS-2020 A7 A, Phenomenex
Luna 5u HILIC 200A (100 mm*2.0 mm, 5.0 um), Phenomenex SecurityGuard Cartridge HILIC (4.0 mm X<2.0
mm))

(50 & IE)

3. HERRUER

1) #EFEBRBERUTINIERE

HRBR R HH A ST 2 FIRRBR kAR A Table 2 (/R UT=. R8O 5B O fE A TUPAC O 2[R3R
FuhzLb N htS THEEMLHEIL7-. ZOfE 5, Cochran D E T 3 FEHEOEEHZISOWT 1 REBEOSHHEN
FH). E72, Grubbs OEE T 2 FEHDFEHI DWW T 1 BBRE O EAFEHS N, SHIT, 2 FHORET
L AR E OFE RIEAIS N BRE N 2/9 22712720, T HOFEIORBR RO FHLER T2 TD
AEREORE R A V.



LC-MSIEIZEDEEN R DA77 BEORIE  — R R ER ks — 73

Table 2 Indivisual result of sulfamic acid in fertilizer (mass %)

By-product Compound By-product nitrogen  By-product nitrogen
fertilizer fertilizer fertilizer (dilution)

A 0.0566 0.0525 0.0327 0.0245 0.0890 0.0845 0.0970 0.101
0.0418 0.0441 0.0234 0.0227 0.0529 0.0532 0.0616 0.0632
0.0466 0.0466 0.0244 0.0243 0.0672 0.0644 0.0606 0.0629
0.0499 0.0507 0.0271 0.0236 0.0662 0.0675 0.0914 0.0927
0.0843Y  0.0803Y  0.0395°  0.04479  0.124 0.176 0.140 0.122
0.0419 0.0400 0.0215 0.0220 0.108 0.0364 0.0674 0.0629
0.0499 0.0606 0.0215 0.0232 0.0724 0.0686 0.0698 0.0790
Ammonium sulphate ~ Compound fertilizer Compound fertilizer

Lab IDY  Compound fetilizer

Q" mUOaoaww

Lab ID? Ammonium sulphate

(dilution) for home gardening 1  for home gardening 2
A 0.215 0.210 0.252 0.254 0.0100 0.00937  0.0373 0.0342
0.205 0.203 0.215 0.219 0.00963  0.00964  0.0395 0.0389

B
C 0.196 0.189 0.188 0.216 0.00768  0.00769  0.0371 0.0343
D 0.197 0.186 0.257 0.220 0.00937  0.00930  0.0457 0.0289
E 0.325 0.413 04117  0306”  0.429”  0.499”  2.34" 3.19"
F 0.0850 0.270 0.206 0.217 0.0114 0.0104 0.0347 0.0387
G 0.252 0.242 0.208 0.229 0.0105 0.0108 0.0386 0.0443

a) Laboratory identification

b) Outliers of Cochran's test

¢) Outliers of Grubbs' test

3) BHTRERVERBRFBE

A IUEA BRI BB L B D LT B2, DR TR YEMR 22 (s0) K OVDF AR X AR AR 22 (RSDy) , I
N =B W PR BRI 72 (sp) K OV [ P BUAR SR HE(R 72 (RSDR) % Table 3 IZ/R LTz,

AU it U 7= 45 RO SR [EII 281 94.2 %~112 % THY, ZD s 1 0.00035 % (& 57 3) ~0.055 %
(E&5%), RSD: 1% 3.7 %~29.4 %, sp 1% 0.00117 % (EH &5 %) ~0.077 % (E&725), RSDr1E 9.7 %~
44.9 % Tho7=. 7233, RSDR 13 RSD; JO/NS) 738N 1| FlikEH 7.

ZIHOFEHZ DN, P EIR TR RFEERER L I FES<EE O HEEOFIFAN (80 %~115 %) Th-
72, B THAHERER 2SO TR E O H 22D 1.5 fFIC AT 1 4, SR P B e HE MR 22 X == [
FEEED HZD 1.5 I ASTREINN 1 S ThoTz. F72, BIFEZEFIE L OiEE T > =7 OEHR TR Z AR
LT LTl R EATIRU 72NN T LI i e el 35 &, O THE RS HE (R 72 & OV F AR AR HE (R 22 2D 12
R CTOMTLTZ DA RN T L= K0/ NS M E 7o 7.
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Table 3  Statistical analysis of collaborative study results
Labs” Conc.” Mean® Recovery 9  RSD” CRSD.® sz RSDR’ CRSD’
p@” (W (W B (T ) ) () (R (%)

Sample

Compound fetilizer 6(1) 0.05 0.0484 96.9 0.0034 7.1 4 0.0064 133 8

By-product

Compound fertilizer 6 (1) 0.025 0.0242 97.0 0.0026 10.9 4 0.0031 12.9 8
By-product nitrogen
fertilizer"

By-product nitrogen
fertilizer (dilution)

7(0) 0.075 0.0807 107.7 0.0237 294 4 0.0362 449 8
7(0) 0.075 0.0837 111.6 0.0057 6.8 4 0.0258  30.9 8

Ammonium sulphate
(dilution)

Compound fertilizer
for home gardening 1

6(1) 021 0.223 106.4 0.015 6.8 4 0.0216 9.7 8

6(1) 0.01 0.00965 96.5 0.00035 3.7 4 0.0012 12.1 8

Compound fertilizer

. 6(1) 0.04 0.0377 94.2 0.0054 143 4 0.0044 143'D
for home gardening 2

o]

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

b) Sulfamic acid concentration contributed by spike
¢) Mass fraction

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

e) Standard deviation of repeatability

f) Relative standard deviation of repeatability

g) Rough standard of relative standard deviation of repeatability in Testing Methods for Fertilizers 2015
h) Standard deviation of reproducibility

i) Relative standard deviation of reproducibility

J) Rough standard of rerative deviation of reproducibility in Testing Methods for Fertilizers 2015

k) Sample of number of outlier / number of laboratories exceed 2/9

) Value was RSD, because RSDgr<RSD,

4. FEDH

7 RBREBIZIB O TR, RIFEE G IR, RIFEEFIE, iilET =7 K ONRIROFER = AE S
AEEE G 12 ) IRV 7 7R Z TSN T LC-MS EIZ XD 2 7 7 B ik o R A M L, sRBRiE
DR Z T 7. ZOFER, SEHEIERIL 94.2 %~112 %, D TR FERHEAER 722) 13 3.7 %~29.4 %, =EfH]
FFEBURS BE (PSR YE(R 22) 13 9.7 %~44.9 % ToH Y, X IR FARBHERBRE I -S<SEE O B R O#FHN
ThHoT=b DD, JFA TR EE K OVEE [ 5 B BE I AR E SR IE O O TR BE ) V== M B 8RS FE oD B 2 D#iFH N
WZIZALRR DT,

ZDOZENG, ARl O SRR R OIIARRBIEN R R DAL T 7 RO EIZH WD LN TEDH+
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S MERER A L TCWALITE 2720, MEAEE O BH—RERE ORI T, RIENR D -T-280 0, 5%, B
FHELED THRFEZBIRIONERNGHLLEZ D,

EFRIABRICTH ATHS L, MRS ERT, A TR, — kA A BAHE S E
=, RMEIEAN BAR G2 2 — RO B HTEN AR R A RS ORI EEZRLE
ER

X ®

1) FEMOKPER &R  EEHIE S E Bl LB O A E RS 2 EDL%F O, 161 422 H 22 H, Ak
IKEERERE 284 5, BAKSIE AL 27 4R 1 A 9 H, BMOKERERE 52 5 (2015)

2) EMOKPER BEBR B BARITZERT B Ak (1992 42450, A AIERERE F2s, 3L (1992)

3) LC-MS EICEDIEE DAV T 7RO, WAk 27 FFIERME BAT R R = 8 R

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

5) AOAC OFFICIAL METHODS OF ANALYSIS Appendix D: Guidelines for Collaborative Study Procedures
To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL (2005)

6) IMNIATBUENEMIKPEEH B 22t 2 — (FAMIC) : IEEHERBRE (2015)
< http://www.famic.go.jp/ffis/fert/obj/shikenho _2015.pdf >
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Determination of Sulfamic Acid in Fertilizers using Liquid Chromatography-Mass
Spectrometer (LC-MS): A Collaborative Study

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

A collaborative study was conducted to evaluate the applicability of liquid chromatography-mass spectrometry
(LC-MS) for determination of sulfamic acid in fertilizers. Sulfamic acid in fertilizer was extracted and diluted
with water. The sulfamic acid in the mixture was determined by LC-MS. Six samples of fertilizers, respectively,
were sent to 7 collaborators. These samples were analyzed as blind duplicates. Recovery values reported from
94.2 % to 112 %, the relative standard deviation (RSD;) for repeatability ranged from 3.7 % to 29.4 %, the relative
standard deviation (RSDgR) for reproducibility ranged from 9.7 % to 44.9 %. These results indicated that this

method has an unacceptable precision for determination of sulfamic acid in fertilizers.

Key words  sulfamic acid, LC-MS, collaborative study

(Research Report of Fertilizer, 9, 69-76, 2016)
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8 HAFEIVLOLTEBBERCEPRIN-ETSFRIEHEROEE ()
—2014 F4AE-2015 FE{E—

TSR 1, SRRt 2, R 2, TSI 2, WAL 2, BEERIDT |, AN (5
F—0—F  I5IRIEE, WRER, AR

1. [XC®HIZ

AEEL D A EHFEY TIXBRIEE T OEFZFFSNOIRIVLAORKE (LT, TEHEFFARMEIEN). )X
0.0005 %EEDHLILTEY, BIRIEHIZO&FHNICB W TR, i HIh T\, —2F, {EIRIEEOjEH 12
Y HEEICAam SN B RAERML, BICEMIER 5L HEOREHEZB X TRIEM~BITL, A&BIC
BERBIEMPEFESNAZENREII TS, 2009 4F 3 HIZEMKEL NBI TSI TG TRAREO ]
DHYIFIZBETHBHEAWEE VIR, 13 fERFEMTHI NN ERFIENIRE I LL T, IRIVLE
B RMEORZI I RAEET 5720, ERIEEIOEICLDEF AR IRIV AOERE A EA THEH L
BATERL, R LRI W EEMZIE L, Y ~OWIL O, BRELZR D VLERHD LA
iz, ZoZenn, PEIOR IR VLR ORIV E TR I B T2 A M 7R L L C, 15T iREto
MRBRZERL, TRIV LD HIEA~OER K VMR DOV EA R T 5.

2009 FFEAEDD 2014 FFEEAEISHNT T, THURAEEFE S FH L 72X & UMt FH L TV XD 2 BRBR X 2 3% 1
=PV IROVIT RIVIY, FUTUYA, AT ROV, =V RV IY, 2D, KT
Loy, =0V DIETHEESL, TEHROARIT LRE DAL K OEMRO IR AR I EZ R L.
ZOFERITBRIIERHFZE A 5 6 52, 7 54 KON 8 52 T Liz. 2014 F4AE L N 2015 FEEAEIZHBNT
%, ZTNENATL Yy, =V EROC TR E EMLI-OTEORRERE T 5.

2. MHEHBRUAZE

1) 2014 FEXEDERFABR (2014 E 11 A 7B~20154£3 A 12 H)

(1) BRI M OV 3

AR Y o — A WE S (B ERIWCE) TFEmLZ. 3URIE, 1GIEEE Ot B RED 25 11
(VGRS FH X)) &t B R 3 7y 88 (BRVE ) A el R L, 2 SR IX 2 iR e L7e. R, 1,
AYEBRHO pH, EC (BEXURER), HoEVARE, £2EFR, 2IRFE KL 0.1 mol/L HFEFIEIRIT A LLT,
0.1 mol/L HCI-Cd) % Table 1 {Z/~L7=.

(2) MR
Jit 4 DGV NERHI I URTGIRILE 2 I L7z, URTGIRALENT, UK M OATEMEDE K 2 TSy B Je OV

VORSTATEUE N EMOK BTN B 2 i i o 2 — JRER 2 i A () Ak 2 —
? MSIATBUE NEMOKEEN e 22 i o 7 — NEEEL 2 SR AT
S OSTATEOE N EAROKBETH B 22 i 2 — AR R 22 i AT () Rl 2 & —
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fi | X > KA G2 AT IOHEARRIRL TRAELTIGIEE @ 0 T B A2 VTR, INEARZ IR 7o B,
KPR 3 mm O RALEF T2 . URIGIEIEEID 3 53 Mt 4 Table 2 (TR L7z, IRV APREEIE 3.6 mg/kg
(BiW) THY, Z ORI FEIIIEEHAE A O S A TFAAES I (K 5 mg/kg) Tho. EHR 4w (BiiE) E&
533 3.3 %K OVE R R EEK) 30 % (30 °C, 28 H[HlE#) ThHY, EREE K CERLRIT KA URTE
JENEEIOHTIHED THHTH, BRHHEHASCSKEA LG A IEM ~DOEBEESE RIS, IR
U LA B LR DO ORI R ATREZR TR B 2 DD,

IEIERIE L CRIGRIED IR, VAR —T B =0 AR O LIV Y 2 LTz, 15 TR IERE & OV AR
BRSO ST I NEEHE R BRVES 12 Ko 72 (T IENER O A5y 81 Table 3 1TRLTZ).

7235, 5URAEEEF D 0.1 mol/L HCI-Cd 2 EEIE, 15UEAEEL 1 g & 0.1 mol/L HEfE 50 mL T 1 Kfff#iRES L CThh
HULTEARIT 257 L — AR BTk (2-2310: B oA 77 /vy —X) CRIE L. EIRIEEFR O 1
mol/L FEfET > =0 LEHR (pH7.0) FI¥EIRIT A (LA, 1 mol/L FEZZ (pH7.0) -Cd ) &V)) IR EEIE, {5 TEAR
Bl 1 g % 1 mol /L FElET L E=17 5K (pH7.0) 50 mL T 1 BERIHRES LT L 7= I R A% ICP & 4547
4E1E (ICPM-8500: S SR CTHIE L.

Table 1  Characteristics of soil for using in winter 2014 crop

Unit Year APY-1 APV SP”-1  SP”-2

pH (H,0)® 20099 6.1 6.1 6.2 6.2

2014" 6.9 6.8 6.8 6.8
EC? mS/m 2009 10.0 10.3 14.0 11.6

2014 16.9 17.7 15.4 16.9
Phosphate absorption mg/100 g 2009 5.8 6.1 7.7 6.9
coefficient® 2014 8.4 7.9 11.4 10.8
Total nitrogen® A 2014 0.42 0.42 0.38 0.38
Total carbon® o) 2014 5.7 5.8 5.4 5.5
0.1 mol/L HC-Cd® mg/kg 2009 0.18 0.19 0.18 0.21

2014 0.20 0.21 0.15 0.15
Kind of soil Andosol
Soil texture Light clay

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

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

e) Content in the dry matter, average (n=2)
f) Mass fraction

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

h) The year when the study was conducted
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Table 2 Properties of sludge fertilizer

Item Unit Content Item Unit Content
Total nitrogen A 3.3 Total copper mg /kg 546
Total phosphrus” 0 5.2 Total Zinc mg /kg 1760
Total potassium®’ A 0.4 Carbon to nitrogen ratio - 7.1
Total calcium® %" 2.1 Total cadmium® mg /kg 3.6
Organic carbon A 23.6 Acid-solubility-cadmium® ~ mg /kg 3.2
Moisture %" 26.1 Excangeable-cadmium" mg /kg 0.32

a) Mass fraction

b) Content as P,Os

¢) Content as K,O

d) Content as CaO

e) Content of cadmium dissolved with aqua regia

f) 4.9 mg /kg in the dry matter

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

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

Table 3 Properties of reagent

Ttem Unit Urea Ammonium Potassium
dihydrogen phosphate chloride
Total nitrogen 0, 46.2 12.0 —
Total phosphorus® %" - 61.5 —
Total potassium®’ %" — - 63.1

a) Mass fraction
b) Content as P,Os
c¢) Content as K,O

(3) FBRXDOHERL

TG VR R X R OEHER I, 1 BRI Oz 4 m? (i 2 m X A5 2 m) L, FakBRIX 2 K ORF 4 58k
X% Fig.1 DLBVEE L. FEiREIIEH EROKRTL DR HED 2 JL SRR FH L 7=

1GIRNERO NI 81X, BMOKFER DT 7 — MBI TIE T ES720 2 V10 a BES AL TODEFEHAF
E3 5%, Hii BT, 500 kg/10 a FLE D b, — I TH 728 . BIRIRICE-> T, IBIRIERIH OREA RO &
HA~OFBREEINHIT D701 LR ED B 2 Z2RLTEY, 4 500 kg/10 a~1000 kg/10 a L T H44
WD F i, @y REERIE G LG TR # L5, T8 pH MK F 97212 288 mbi T
Z. 8 i 2 LD HEEEY L~ O S A Z B L, 22T, 1 RS 7200 fE A& 500 kg/10 a (Bid) &L
7-.

TGIEIEEI O Z BN RITRMEE TCOMEUEX EDOEFEDENS 0% ELTEHHAEL, R0 & EAREClit
FLT=. AR OVINBAZ DUV TH AR 3 34 EAERERE W TR o 72 AEHEXIZ DWW T, fliEEERE AT
T VBRI FH X & R D 45 BT/ D L it L 7= (Table 4) . VAN FHICOWNTIE 2012 4FEVELIBEAARLY
ANBZAE L Q3 TBTEIEEHEH X O A N HED A BE OB BHINN =8, 2014 FHAE= VU AERHTRE
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IR RATHE RO A IEE 2 & (FEYEIX 0D 10 {5 8) ICHi I L7 LA, AR AVBRIZHIMUT-23, FEHEX & bis L
TIHVRREEE FH X O A Btk 385 £33 KIE IS B F/- L7272, 28T efipk ABEOHE A 1T H 1k L, 2014 4 4E
DOITVARE— T =0 LB AL, 70k, RITEOHM LEEZ ST LT 2A, R OAZNIEY AT,

11.1 mg/100 g #z =70 i HEHE FEAFR S B 1T DA N HED AFE O S B A (10 mg/100g iz 1) IZEL 7= 7=
b, FifEIEHEDY A B B R L 7=, 5 TRANEHEH X1 8.2 mg/100 g izt Thoi=7-, HINREV A RO E
FARICEET D IO MEENER R D &0V AW %17 >72 (Table 4) .

I'm
H N
Cim
H N
Cim

1m| 2m IlmI 2m Ilm

Fig.1 Plot plan of the test field
(AP : Sludge-fertilizer application plot ~ SP: Standard plot)

Table 4  The fertilization design of the test plots where spinach was cultivated in winter 2014
Amount of The applied components  Amount of The applied components

application per 4 m* application per 10 a
per 4 m’ N pY K» «Cd per 10 a N P? K Cd

(2 (@ @ (@ (mg (kg (kg (kg) (kg) (2
<Sludge-fertilizer-application plot (AP)>

Sludge fertilizer 2000 66 104 7 73 500 16.6 26.1 1.8 1.8
Urea 99 46  — - - 25 114 — — —
Ammonium dihydrogen phosphate 285 34 174 — — 71 8.6 43.5 —
Potassium chloride 103 — - 65 — 26 — - 162 —
Total 146 278 72 173 36.6 69.6 18.0 1.8
<Standard plot (SP)>

Urea 136 63 — - - 34 15.7 — - -
Ammonium dihydrogen phosphate 144 17 88 — - 36 43 220 — -
Potassium chloride 114 — - 72 = 29 — — 180 —
Total 80 88 72— 20.0 22.0 18.0 —

a) Content as P,0;
b) Content as K,O
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(4) #EEHE

WEIEMITRT LYy (WL =2 —T ) R4) LU, B EROFEINEEAEL BT L. KB X O JE

WEBIZIIH —R 7T LU CHRAEW 24 L=

FEARIE 2014 45 10 A 30 HIZ, KilBRXOFEE 15 12 kg Z48I2H0, JEEHZ ATVRAL, K ikBRX E£E i1
BIR\THAG L, B CURSH 15 em £ CHHELT-.

AR X NIT 9 S5 (SRR 20 cm) LU, &R 11 H 7 BICy—X —T7 — 712 X0fT-o7-.

SIEIT 11 A 21 HEXOV 12 A 5 BIZATW, BIEBATIII N A EOE B ROT-OERERF L AT/
RLA A U, HEEBH BRI TR A L5 B L 7=

INFEIL 2015 4F 3 A 12 BITATV, HIERZ N CHIBr L CH A IREL 7.

(5) 1EMRDTIRNID B34

INHEL 7o ART L YD TE D ISR K S AR E AN E L. /o B e L GRERK oD 1 m? 534
T, KIEK, A ZHKDNAIZBEF L, T AZE T H IR LTI B R EZEEER I T 65 CTIRE IS
L7z, EEAAEL%, HBZ 500 um D55\ & i@ 925 F T (ZM200:Retsch 72— & —[A 5%
6000 rpm) THML 04T BN LT=.

HARIT LEGRIL, SRR 0.5 g (SRR 5 mL R ONMBEE(L/KFEK 2 mL ZIMZ~A7 il oy fiiis
(Multiwave 3000:Perkin Elmar) ' Gy L7t D% 50 mLIZE AR LR EHAR E L. IS I3 ICP B &/
(ICPM-8500 : eyt B/ ERT) IZ K0 T o 7.

&
&

(6) Bt -HED 53 Hr

I FERS D 3381, A RRER TIE OIS KV ERER L 72, & ikBR X OB IR O S5 B IR L 7= 35 P &
FICEEBRX RS 1 m? OPURE & O D FE 5 2 Frdkh, £ (WA 50 mm X £& 250 mm) & WV TERED D
15 cm ETECEL, TRA LI, BEEL IR LY 35 CT—Bhszitg, HEEX 2 mm D550 AmiELzb 0 K&
U2 HEL THBE 500 pm D 550 &l 372 E TR (ZM200:Retsch  =—4 —[R[#535 6000
pm) TEIFELT=6 D& # B S LZ.

JRRL LTz HEEOAKGNE, s K53 (HGS3: AR — - U R) IZEDHIEL7-.

158 pH M O EC (FEGZ 38 1 1)L Tk 5 20Nz 1 REIEE S 1%, pH 1377 A% R (F-23:HORIBA)
(2, EC IXERAZEHE (F-54:HORIBA) (LI E L=,

TP DOHRIY LG ONTIE, BRI NIV L% . TP RIT ADTERE (AT EEE) B FFAM
EIZHOWTE, HEEOFHIC I8 HE AL/ EM AR OW IR E DFABZ2 15t i T D720 Dfk 2 72 05 15D e+t
ENTWDLDOD, TREERERD FIENRNRIUCSHD. T THR—IRRELL T, A9 TEDL 0.1
mol/L HCI-Cd, }¢ O HANERG A A DORIEIZHVHILTEY, 0.1 mol/L HCI-Cd & iz L T Z< DK FilE
PHRD AR L FE LA BIAN G & ST 1819 R BE T R A (1 mol/L EZE (pH 7.0) -Cd) Z38 R L
7-.

+5E4 > 0.1 mol/L HCI-Cd 1%, +:3 10 g {Z%FL 0.1 mol/L ¥ 50 mL Z 12 #9 30 “CIiZfib 1 BEf#RED
L THIH L7= R L% ICP H &/ & i (ICPM-8500: S5 Et AR AT) (2 KD HIE L 7=

THEHF D 1 mol/L FEZ (pH 7.0)-Cd, Cu X TN Zn %, +582.5 glZxfL 1 mol/L FFfE 7 =7 AV (pH 7.0)
50 mL #1259 30 CIZfRD 1 BRERHEES LTI L7- I RIY A% ICP & &/ AT (ICPM-8500: )5 H LA ERT)
WZEDRELTZ.
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2) 2015 EEEDERFER (20154 6 A 17 B~201549 A 30 A)

(1) FRBR[E T, K OVILER -8

BRI 5 R OVIG EHEE L C 2.1) OFRBRO B TR AR ] X K& OMEHEX DBl A 5 | g &4 L 7=
O, B, RORIER#O pH, EC, ARIEVARE (MLA—271k) 19, 2EEk, 2m#E K 0N0.1 mol/L
HCI-Cd #2 £ % Table 5 |27~ T.

Table 5 Characteristics of soil for using in summer 2015 crop

Unit Year APY-1 APV SP”-1  SP”-2
pH (H,0)® 20092 6.1 6.1 6.2 6.2
2015" 6.1 6.3 6.4 6.5
EC? mS/m 2009 10.0 10.3 14.0 11.6
2015 11.4 10.8 10.2 10.7
Available phosphate® mg/100g 2009 5.8 6.1 7.7 6.9
2015 12.8 10.6 11.4 8.4
Total nitrogen® %) 2015 0.40 0.38 0.32 0.35
Total carbon® A 2015 5.3 5.1 45 5.0
0.1 mol/L HC-Cd® mg/kg 2009 0.18 0.19 0.18 0.21
2015 0.22 0.20 0.15 0.16
Kind of soil Andosol
Soil texture Light clay

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

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

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

f) Mass fraction
g) The year when the study was designed to evaluate the effects of sludge fertilizer applications
on soil intended for long-term use

h) The year when the study was conducted

(2) fEkpmspag
HEER B B OV ERREHE 2.1) (2) LRBEDS D% -,

(3) FRBRXDOHERL

BRI ORI 2.1) 3) LRBEICE E L=, Ml &3 RO =0 P M B B HED 2 L S5k EH L=, VB TRIE
ol FA &1L, 500 kg/10 a(Bi) , EHEIELHEE 50 %LU THEAEL, REDEMIEECHH L=, WA K
OIMEIZ DWW TH AR EAREHE Tl o 72, A YERKIZ DU, Ml E AR VTS TR AR X
ERIBED RS B2 D XM I L7= (Table 6) . RI{EETOBM HIEE ST LIZE25, FBRIXDANEED AR
VB TRAEEE F X 11.7 mg/100 g 52+, FEHEX 9.9 mg/100 g ¥z TV, M AT ICITHH e
AEOYGE BEE (10 mg/100 g #2 1) 1T~ TEWULFERE Th o7z, ZD720, MR AEDY AR &2 it
fEL7-.
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Table 6  The fertilization design of the test plots where carrot was cultivated in summer 2015

Amount of The applied components A ount of The applied components
application per 4 m® application per 10 a

per 4 n’l2 N Pa) Kb) cd per 10 a N Pa) Kb) cd

(€9) (@ (@ (@ @mg (kg (kg (kg) (kg) (g
<Sludge-fertilizer-application plot (AP)>

Studge fertilizer 2000 66 104 7 73 500 16.6 26.1 1.8 1.8
Urea 93 43 — - - 23 10.7 — - —
Ammonium dihydrogen phosphate — - — - - - — — - —
Potassium chloride 90 — - 57 - 23 — — 142 -
Total 109 104 64 73 27.3 26.1 16.0 1.8
<Standard plot (SP)>

Urea 120 56 — — — 30 139 — — —
Ammonium dihydrogen phosphate 170 20 104 — - 42 5.1 261 — —
Potassium chloride 101 - — 64 - 25 — — 16.0 —
Total 76 104 64 — 19.0 26.1 16.0 —

a) Content as P,0s
b) Content as K,O

(4) Feb5 71k

HEERIEMIE=0 Vv (A BT 2A) LT, BRI OEBIZIEN — R 7Ty LU TR E A Hiks
L7z,

FEAEIE 2015 4F 6 H 15 BT To7-. FlBRXORE 149 12 kg 2421200, IEEEZ ATIRAL, £alBRX
KB THAL, BHEHECIRSH 15 em ETHHRLZ.

FRBRIXNIE 9 25 (LM 20 cm) LU, #EFEIZ 6 H 17 Bicy—4 —FT—7 &AW T{T-o7z.

ME1ZIE7 A 21 25 8 H 3 BIZATW, IHERFORRE 23K 8 cm &£725 X912 LTz,

FEIREATI I Y DO E BEFROT, RRRHIE AT ) RiAI a8 Uiz, HEE D RRIETFBRELICLY
W H IR L7 i H KB AKIZ DDA K EI T T,

INFE1T 2015 459 H 30 HIZATV, FEHBEAR 2L FEL 7=

(5) TEMMEDAIRID o3 HT

INHE LTz =0 VA 3KE K e %, SRR X IR E BRI E L7z, oA B L TR e 1 m?
AR TCEARTBEFEIRIZEIO 30T, AN EELRE L. IREISAA KT, BREZEREL TE<
BI0G3 T4, WREERERIZEY 65 CT 24 R HREATWEEZNIE L. FEERITIENERDRWIDITA
O, HARELEL, 20, BEFLEREICED 65 CT 24 WA ITV, EEANIE L. 8RR LD
HEAY, 2NV EBIE 1 mm KO 500 um D500\ E @i 35 £ T4 (ZM200:Retsch 17— — [R[#5%L
6000 rpm) THyfL 7.

BRIV LEFEDOSIHIL, 2.1) G)EFRIAToT-.

(6) W HIEDHT
INFERE O 131X, 2.1) (6) & [RARICERE L OVFRRIL 7=,
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DI, 2.1) (6)DIEH (0.1 mol/L HCI-Cd &R \TMZ TERARIVLE ST LT,

TEEPOEHIRIT AL, Hbrakkl 0.5 g 12, MEEK 10 mL, M@ER{L/KFE AR 3 mL, KO AbKFEREK 5
mL 2Nz, <A 74 fEdEE (Multivave 3000:Perkin Elmar) (2 X0 fRLaBHARRE L=, HIEIT ICP B &
Sy AT 4 iE (ICPM-8500 : S EE LV ERT) (12 X0 T o7z,

3. & B

1) 2014 FRXVEEARER (ZERILIYD 20144 11 A TH~201543 A 12 )

(1) 1EIROIE: R ORI AW &

FEARE) DU HE ECOHETIIMITH 4 7 H THY, TORNZERFERERIFBEI N2 o7z,

RUL T DOILE, FIRIT LR & WY &% Table 7 (2~ U7z. {5IRAREHIE H X & OFEAEX O £,
ARENEETENZEI 14.75 kg & 13.55 kg THY, FEHEX DI EZ 100 & U725 IEAERHEH X DI EHE5
1% 109 Th-o7o. DRIV LR (H) [ZOW TR, THIRiERHE H XIZEEMET 0.43 me/kg, FEHEXIT 0.28
mg/kg THY, FHIRIEEHE A X2 BT Eh -T2 (p <0.05) 23, ZOHMIEE 1T Codex HEHEAE (0.2 mg/kg) 2
D 1/4 FKiifiTooTz. ARIY LRI DOV T, HIEALEEH KIZ AT 0.65 mg/aRER X, HEAEXIX
0.42 mg/FBRX THY, VHIEAEEHIE A X 23 @y ME A2 -7z

Table 7 Cadmium uptake and yield of spinach (edible portion) in the test

Yield  Sienifi
Unit Test plot-1 Test plot-2  Average o ignificance
index test

<Sludge-fertilizer-application plot (AP)>

Fresh weight kg 14.75 14.75 14.75 109 -

Dry weight kg 1.49 1.55 1.52 102 -
Cadmium concentration® mgkg 045 044 042 040 043 - Significance®
Cadmium concentration® mg/kg  0.045 0.044 0.044 0.043 0.044 - -
Quantity of cadmium uptake® mg/plot  0.67  0.65 0.65 0.63  0.65 - Pending”
<Standard plot(SP)>

Fresh weight kg 14.00 13.10 13.55 100 -

Dry weight ke 1.53 1.46 1.49 100 ;
Cadmium concentration” mg/kg 0.30 0.32 0.26 0.25 0.28 - -
Cadmium concentration® mg/kg  0.033 0.034 0.029 0.028 0.031 - -

Quantity of cadmium uptake® mg/plot  0.46  0.48 037 037 042 - -
a) Content in the dry matter

b) Content in the fresh matter

¢) Quantity of cadmium uptake = Yield (dry weight) x Cadmium concentration (dry matter)

d) Yield of Standard plot was indexed as 100

e) It was significantly different for processing examination section
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition X number of samples))

f) It was pending decision to be significantly different for interaction
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))
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(2) BRSO DRIV LGRS

Bt 180> 0.1 mol/L HCI-Cd J# /%, 1 mol/L FE% (pH 7.0)-Cd 2%, pH K Y EC % Table 8 [Z/RL7=. 0.1
mol/L HCI-Cd J#2 £ 1%, “FHME CYATRALEHE H X 13 0.21 mg/kg, FEHEX]T 0.15 mg/kg THY, {HIRALE FH X
DIEVMEMIZH 72, 1 mol/L FEZE (pH 7.0)-Cd #REELE, “EXE CTYHTRAEAEE A X1% 0.039 mg/kg, fEAEX T
0.026 mg/kg THY, THIENEEHEH X A3A B mn -7z (p <0.05) .

Table 8  Characteristics of cultivated soil in winter 2014

Unit Test prot-1 Test prot-2 Average Significance test
<Sludge-fertilizer-application plot (AP)>
0.1 mol /L HC-Cd® mgkg 022 022 020 0.20 0.21 Pending®
Exchangeable-Cd"” mg/kg  0.039 0.038 0.040 0.039  0.039 Significance”
pH (H,0)? 6.1 6.3
ECY mS/m 11.4 10.8
<Standard plot(SP)>
0.1 mol /L HCI-Cd® mg/kg 0.15 0.15 0.15 0.16 0.15
Exchangeable-Cd"” mg/kg  0.027 0.025 0.028 0.027  0.026
pH (H,0)° 6.4 6.5
EC? mS/m 10.2 10.7

a) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid in the drying soil
b) Content of cadmium dissolved with pH 7.0, 1 mol/L ammonium acetate solution in the drying soil
¢) Soil pH determined on 1 : 5 (soil : water) suspensions with a glass electrode, n=2

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

e) It was pending decision to be significantly different for interaction
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))

f) It was significantly different for processing examination section
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))

2) 2015 EEFERRBR(EE=2T20:20155% 6 A 17 H~201549 A 30 A)

(1) TEIRDIL & S O R LI &

FEFEDDUNHE E COFEFHIMITN 3 7 A2 ThY, 2O EEIMERIIMERES N7,

=2V DI E, IRIY LNREE R O % Table 9 (ZoRU7z. TGTEAREHE A X K OFEHEX DI &L, A4
REEEE TR E S E T4 7.28 kg & 6.38 kg, TEHAEZ L 8.80 kg & 7.20 kg THY, IEHEX DI E4A
100 EL7=iH R Ak I X DU B FREUTARER S 114, FEEHDY 122 Tho7z.

TR AEBH ) X M OMEHE R D AR I AR JE (RE) 12OV T, EETREATNER 0.19 mygkg &
0.15 mg/kg, HEFMNZNZI 0.23 mg/kg & 0.19 mg/kg THY, FEEIZOWTIIGFIRARENE H X203 E B
72 (p <0.05) 23, TDOBMIE LT Codex FEYEME (0.2 mg/kg) D 1/4 LL T Tlh-o7-. 1GTRAEEHiE A X K& OVE #E
XOFERX Y 720D A RIT DRI EZ DUV T, SEIETIREAZ A 4L 0.14 mg/mlBR X & 0.10 mg/allR X,
FEERENE I 0.22 mg/iERIXE 0.15 mg/iERIX THY, FEEIZ OV TIIHGIRAREHEH X23E ZIS -7z
(p <0.05) . TEMARRAROFER X M7=V T Ry LI SO FEEITIGIEALEHEH X T 0.36 mg/mBRIX, 1
HEXT 0.26 mg/BRIX. THY, {HIEABHEH XA B IS mh 72 (p <0.05) .
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Table 9 Cadmium uptake and yield of carrot in the test

Yield  Sionifi
Part Unit Test plot-1 Test plot-2  Average . 0 Significance
index test

<Sludge-fertilizer-application plot (AP)>

Fresh weight Root kg 7.25 7.30 7.28 114 -
Leaf kg 7.50 10.1 8.80 122 -
Total kg 14.75 17.40 16.08 118 -
Dry weight Root kg 0.75 0.75 0.75 108 -
Leaf kg 0.86 1.06 096 117 -
Total kg 1.61 1.80 1.71 113 -
Cadmium concentration® Root mgkg 022 0.22 0.17 0.17 0.19 Pending®
Leaf mgkg 0.26 0.26 020 0.20 0.23 Significance”

Cadmium concentrationb) Root mg/kg 0.023 0.022 0.017 0.017 0.020 -
Leaf mg/kg 0.030 0.030 0.021 0.021 0.025 -

Quantity of cadmium uptake 9 Root mg/plot 0.16 0.16 0.13 0.13 0.14 Pending
Leaf mg/plot 0.22 0.22 022 0.21 0.22 Significance
Total mg/plot 0.39  0.38 0.34 034 0.36 Significance
<Standard plot(SP)>
Fresh weight Root kg 5.90 6.85 6.38
Leaf kg 6.60 7.80 7.20
Total kg 12.50 14.65 13.58
Dry weight Root kg 0.64 0.74 0.69
Leaf kg 0.79 0.85 0.82
Total kg 1.43 1.59 1.51

Cadmium concentration® Root mgkg 0.17 0.17 0.14 0.13 0.15
Leaf mgkg 0.20 0.21 0.18 0.16 0.19
Cadmium concentration” Root mg/kg 0.018 0.018 0.015 0.014 0.016
Leaf mg/kg 0.023 0.025 0.019 0.017 0.021
Quantity of cadmiumuptake® Root mg/plot 0.11  0.11 0.10 0.10 0.10
Leaf mg/plot 0.15 0.16 0.15 0.14 0.15
Total mg/plot 0.26 0.27 0.25 024 0.26

a) Content in the dry matter

b) Content in the fresh matter

¢) Quantity of cadmium uptake = Yield (dry weight) x Cadmium concentration (dry matter)
d) Yield of Standard plot was indexed as 100

e) It was pending decision to be significantly different for interaction
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))

f) It ws significantly different for processing examination section
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))

(2) B HEED IR I LT
B 504 Cd IREE, 1 mol/L FEZ (pH 7.0)-Cd #2 £, pH 2 Y EC % Table 10 [Z/RL72. 42 Cd IR,
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it

THIRAEEHIE X1 0.57 mg/kg, FEHEX L 0.46 mg/kg T, VGIBIEEHE H KA A EIZE -7 (p<0.05). 1
mol/L |22 (pH 7.0) -Cd #2EE1, {5 TRNEEH I IX1% 0.034 mg/kg, FEHEX T 0.024 mg/kg T, {5 IEMREHE X
DHBEIZE-T (p<0.05).

Table 10  Characteristics of cultivated soil in summer 2015

Unit Test prot-1 Test prot-2 Average Significance test
<Sludge-fertilizer-application plot (AP)>
Total-Cd¥ mg/kg  0.55 0.56 0.57 0.58 0.57 Significance®
Exchangeable-Cd" mg/kg 0.034  0.032 0.037 0.033  0.034 Significance
pH (H,0)® 6.8 6.9
ECY mS/m 11.9 10.8
<Standard plot(SP)>
Total-Cd” mg/kg  0.45 0.45 0.47 0.47 0.46
Exchangeable-Cd" mg/kg 0.024  0.023 0.025 0.024 0.024
pH (H,0)° 6.9 6.8
EC? mS/m 9.6 10.4

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

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

e) It was significantly different for processing examination section
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))

4. E =

1) 2009 & FARBRBRRNODHERBHDHS 2014 FZERY 2015 FEEDREIZDUNT
2009 HEORERBALAREDD, ZIVET 7 M, 4 2 1E, 51 13 EORBREIT 7. Kl REOHER ) DH
25D 2014 HEAAE KT 2015 FEEAVEOMHBNCHOW T TRt LB TH -7,

(1) HE e e

ZNETOREBRICEB T HALEES Table 11 (IRU7z. BEBRBALE Y 9), TG IEIEEHE H X DM FHI I W
T, {GIRIEEIOME I L D507V 2B L C, EHRMENHFEEZ 100 % LU THEL TR, 15 TRIEEHE F X
DU EDSEHE KA R TRV ME AN D 22035, HEERIENCH D LR TG TR IEAE D 22 58 ML 12D\ T
2012 D THERSLRUBR (THIRAY 30 °CC 240 AR 2 FML7-L25, H5E IR 90 A Tl L
30 % L0, ZFOBITE ETHR LIZZEND, 2012 FEXVELIEE, 15IRICEIOZEFZIERhHRE 30 % LL
THIELT=. Z D%, RER XM TOEZE K OVKIRICE D B L ROiE W E B B LIGTRIEE O ZERIEsh R4
AR THEAEZAT > Tz, 2014 FAAERTL Y 7R BRIZEB W TR, BIEERIOZEFIEL % 0 %. 2015 4F
BAE=0 2280 T, THIRIEEIOZ R IENFE 50 % &L ThuftaiT-7,
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Table 11  The fertilizer application log of the test plots
Year <Sludge-fertilizer-application plot (AP)> <Standard plot(SP)>
Season Amount of The applied components Amount of The applied components
Fertilizer application per 10 a application per 10 a
Test per 10 a N P K» Cd vperlla N P? K» «ad
crops kg)  (kg) (kg) (kg) (g kg)  (kg) (kg) (kg) (g
2009  Sludge fertilizer 332 11 17 1 1.2 — - - — -
Summer Ammonium sulfate 52 11 — — - 104 22 — — —
Potassium dihydrogen phosphate 3 — 2 1 - 36 19 12 -
Carrot  Potassium chloride 28 — — 18 — 12 8 —
Total 2219 20 1.2 2219 20 0
2009  Sludge fertilizer 302 10 16 1 1.1 — — — — -
Winter Ammonium sulfate 47 10 — — — 95 20 — — —
Potassium dihydrogen phosphate — — — — — 30 — 16 10 -
Spinach Potassium chloride 27 - — 17 — 12 - - 8 —
Total 20 16 18 1.1 20 16 18 0
2010  Sludge fertilizer 227 8§ 12 1 0.8 — — — — —
Summer Ammonium sulfate 36 8 — — — 71 15 — — -
Potassium dihydrogen phosphate — — — — — 23 — 12 8 —
Spinach  Potassium chloride 15 — — 9 — 3 — — 2 —
Total 15 12 10 0.8 15 12 10 0
2010  Sludge fertilizer 181 6 9 1 0.7 — — — — -
Winter Ammonium sulfate 28 6 - — — 57 12 — — -
Potassium dihydrogen phosphate 5 — 3 2 — 23 — 12 8 -
Qing Potassium chloride 15 — — 10 — 6 — — 4 —
geng cai Total 12 12 12 0.7 12 12 12 0
2011  Sludge fertilizer 227 12 1 038 - - - - -
Summer Ammonium sulfate 33 - — - 57 12 - — -
Potassium dihydrogen phosphate 6 3 — — 24 3 15 — —
Turnip  Potassium chloride 22 — — 14 - 24 - — 15 -
Magnesia lime® - - - - = 35 - - - -
Total 15 15 15 0.8 15 15 15 0
2011 Sludge fertilizer 483 16 25 2 1.8 — - — — —
Winter  Urea 22 10 — — - 43 20 — — —
Potassium dihydrogen phosphate 1 — 1 1 - 50 - 26 17 -
Spinach  Potassium chloride 25 — — 16 - 1 - - 1 -
Slaked lime® 176 - - - = 26 — — - -
Total 26 26 18 1.8 20 26 18 0
2012 Sludge fertilizer 500 17 26 2 1.8 — — — — -
Summer Ammonium sulfate 65 14 — — — 80 17 — — -
Ammonium dihydorogen phosphate — — - — — 42 5 26 — -
Carrot  Potassium chloride 29 — — 18 — 32 — — 20 -
Fused magnesium phosphate 50 — 10 — — 50 — 10 — —
Total 30 36 20 1.8 22 36 20 0

a) Content as P,0Os
b) Content as K,O
¢) It was used for pH adjustment

d) The average value of the two district for changing the amount used by each of the experimental plot
(SP-1:240 kg, SP-2:196 kg)
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Table 11  Continue

Year <Sludge-fertilizer-application plot (AP)> <Standard plot(SP)>
Season Amount of The applied components Amount of The applied components
Fertilizer application per 10 a application per 10 a

Test per 10 a N P k¥ Cd perl0a N P? k¥ «d

crops kg)  (kg) (kg) (kg) (g kg)  (kg) (kg) (kg) (g
2012 Sludge fertilizer 500 17 26 2 1.8 — - - - -
Winter Ammonium sulfate 71 15 - — - 71 15 - — -
Ammonium dihydorogen phosphate - - - - - 42 5 26 — —
Spinach Potassium chloride 26 — — 16 — 29 - — 18 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 — —

Total 32 36 18 1.8 20 36 18 0
2013 Sludge fertilizer 500 17 26 2 1.8 — - — — —
Summer Ammonium sulfate 81 17 — — - 80 17 — — —
Ammonium dihydorogen phosphate — — - — - 42 5 26 — -
Carrot  Potassium chloride 29 — — 18 — 32 - — 20 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 — —

Total 34 36 20 1.8 22 36 20 0
2013 Sludge fertilizer 500 17 26 2 1.8 — — — — -
Winter Ammonium sulfate 87 18 — — — 71 15 — — —
Ammonium dihydorogen phosphate — — - — — 42 5 26 — -
Spinach  Potassium chloride 26 — — 16 — 29 — — 18 -
Fused magnesium phosphate 250 — 25 — — 250 — 25 — -
Slaked lime*®! 196 - - - - 218" - - - -

Total 35 51 18 1.8 20 51 18 0
2014 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Urea 23 11 — — — 30 14 — — —
Ammonium dihydorogen phosphate — — — — — 42 5 26 — —
Carrot  Potassium chloride 23 — — 14 — 25 — — 16 -
Fused magnesium phosphate 291 — 58 — — 33 — 7 - -
Slaked lime® - - - = = 9% - — — -

Total 27 84 16 1.8 19 33 16 0
2014  Sludge fertilizer 500 17 26 2 1.8 — - - — -
Winter  Urea 25 11 - — - 34 16 - — -
Ammonium dihydorogen phosphate 71 9 43 - - 36 4 22 - -
Spinach Potassium chloride 26 — — 16 — 29 — — 18 —
Total 37 70 18 1.8 20 22 18 0
2015  Sludge fertilizer 500 17 26 2 1.8 - - - - -
Summer Urea 23 11 - - - 30 14 - - -
Ammonium dihydorogen phosphate — — — — - 42 5 26 — —
Carrot  Potassium chloride 23 — — 14 - 25 - — 16 —
Slaked lime* 9% - - - - - - = = =

Total 27 26 16 1.8 19 26 16 0

(2) 1RO &

TEMR DI & (EARE) OHEREIE Table 12 DLV THL.

ZHNETOUET, ALY TICBELTUESZIC L B IR AR SRR ST D BRI R L [R5 L
ETHY, —EDNEZHERTETNDEEZILND.

=AU T 2012 R AEXY BIAMHEARFEHEIZFegk S Q0D BRI &% FlEl>Cd. Ziud, i
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W, SV VIR DIE R AR HE TS0 FE AR ITAE S EIEE 2 L, X CBIEZITHIZEESNTWHD T,
ARBR Tl b, SR EIEEI O B ONBIE M TR AN ZEN—RE B Z5N5. £z, 2015 EE1E
T, =V VUREOIEE L TUERBRBA L RIS e o7, ZhUd, 8 A FRILIBEOERE B AR ENK
EFBEUAREBD LR D o122 8 L O ABRD Jits H SIS T e o T ZED RN &5 2 BT,
F7z, BRI TERAEEE A X O ENR 7D, 2014 FELVERTL YT CIHRIEEIO % iR
NHRZE 0 %ELTEY, AIEOFRNZIV AN AU AIEEEDN B 2 55,

Table 12 The yield of each crop body of 2009 to 2015 (fresh weight)
AP? Sp” .. Freshweight
Year  Season Test Crops Part Fresh weight Fresh weight Aim yield index
(kg/plot) (kg/plot)  (kg/plot) of APY
2009 Summer Carrot Root 18.0 (0.1 17.9 (1.0 14 101
Leaf 10.5 (0.4) 9.6 (0.9) - 109
Total 28.5 (0.4) 27.6 (1.8) - 104
2009  Winter Spinach Edible portion  13.7 (0.8) 18.6 (1.0) 8 74
2010 Summer Spinach Edible portion 4.5 (0.1) 5.8 (0.6) 4 77
2010  Winter Qing geng cai Edible portion  22.4 (0.7) 26.9 (0.8) 12 83
2011  Summer Turnip Root 8.9 (0.6) 9.4 (0.9) 16 95
Leaf 8.7 (1.0) 10.0 (1.3) - 88
Total 17.6 (1.5) 19.3 (2.2) - 91
2011  Winter Spinach Edible portion 8.1 (0.0) 10.3 (0.5) 8 79
2012 Summer Carrot Root 12.3 (0.5) 12.1 (0.2) 14 101
Leaf 10.0 (0.6) 9.7 (0.8) - 103
Total 22.3 (0.1) 21.8 (0.5) - 102
2012 Winter Spinach Edible portion  11.3 (0.5) 13.3 (0.6) 8 85
2013  Summer Carrot Root 12.2 (0.9) 10.3 (1.4) 14 118
Leaf 5.4 (0.3) 4.6 (0.6) - 119
Total 17.6 (1.2) 14.9 (2.0) - 118
2013 Winter Spinach Edible portion  16.7 (1.2) 17.9 (0.8) 8 93
2014 Summer Carrot Root 8.9 (0.4) 8.9 (0.1) 14 100
Leaf 6.1 (0.6) 6.2 (0.8) - 98
Total 15.0 (0.9) 15.1 (1.0) - 99
2014  Winter Spinach Edible portion  14.8 (0.0) 13.6 (0.6) 8 109
2015 Summer Carrot Root 7.3 (0.0) 6.4 (0.7) 14 114
Leaf 8.8 (1.8) 7.3 (0.9) - 121
Total 16.1 (1.9) 13.6 (1.6) - 118

a) Sludge-fertilizer-application plot

b) Standard plot
¢) This value is shown in the recommending rate of fertilizer application (local government) exchanging

aim yield (kg/10 a) to 4 m®
d) Fresh weight index of sludge-fertilizer-application plot when standard plot assume 100

e) Standard deviation (n =2 (2 repetition))
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(3) Bt OB LA EOHER

(3.1) Bt 13D pH

Bt -8 pH OHERS 13 Fig.2 DBV THD. pH 6.0~6.9 OFiPHPN THlBR X 7=/ NS<KHEB L TD. ARk
BRClIpH 6.0 % FEIST, HORMBRXE TENHRNED, @E, AKEMIZED pH OIEEZTToTD. AR
REBRTIL, THTRIERE ] X SAEHE X OB -5 pH X RIF RIFEE THEB L CULDZEND, KB conRIy
LENRED MR 7 15 pH (KT EAEREL QWD EE X HIS.

8.0
75 —&— Sludge-fertilizer-application plot (AP)
Standard plot (SP)
7.0 N N
'/ f ve———v
6.0 =~
5.5
5.0
— | Carrot Spinach | Spinach |Qing geng| Tumip | Spinach | Carrot Spinach | Carrot Spinach | Carrot Spinach Carrot
cai
Examination after after after after after after after after after after after after after
start summer | winter summer | winter summer | winter summer | winter summer | winter summer | winter summer
cultivation | cultivation | cultivation | cultivation | cultivation| cultivation | cultivation| cultivation| cultivation| cultivation| cultivation| cultivation| cultivation
2009 2010 2011 2012 2013 2014 2015

Fig.2 Changes in the pH of soil after harvest

(3.2) Wit 1-HED EC (BEXnEF)

Bt 152 EC OHER T Fig3 DL THL. ABRBIARLIKE, 2013 A /EBIM £ TITFE 4~ LA E2->T
W23, 2014 4E B AEBRHE LR T BRI 28 LS4 72. ZhuE, EC BRI R QMRS ORI LE 1305720,
2014 FHEAENOEFIEEZ ZNE T L CORBET E=Y IDDIRFBICEL L2 LEZOLND.

25 - —
—&— Sludge-fertilizer-application plot (AP)
Standard plot (SP)
20 —
£ /A\ A
n "
E15 i
~ \
10 A g -
5
— | Carrot Spinach | Spinach | Qing geng| Tumip | Spinach | Carrot | Spinach | Carrot Spinach | Carrot Spinach | Carrot
cai
Examination after after after after after after after after after after after after after
start summer | winter summer | winter summer | winter summer | winter summer | winter summer | winter summer
cultivation| cultivation | cultivation| cultivation | cultivation| cultivation| cultivation| cultivation | cultivation| cultivation| cultivation| cultivation| cultivation:
2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

Fig.3 Changes in the EC of soil after harvest

(3.3) B -HEO 2% FR (TN) kUK (TC)
it HHED 2% F (TN) K OVR R (TC) DHER X Figd DEBYTHL. BB Y AT TN K N TC T3
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BRIXECIEEA L 2D BBV o72 03, 2011 AFRAVEBRMILARE, TN & ONTC HISIG IR ARG [X 0D 5 3 vE
KA HATEVME MBS 072, ZhUE, TEIRIREHEF XIZ I35 TR AR Sk DG M 23 it F S AL Tna 78, 1
YEXAZBWTIE AP O fits 2372 KRB CHEEN TOI TN D720, X OB IR E BB Li=Z&1s
JoEEZLND.

2014 FEAAE KON 2015 AF AR B H-58IZ DWW TH [RIEROE A 23 b7z,
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Fig.4 Changes in the total nitrogen (TN) and total carbon (TC) of soil after harvest

(The error bar indicating the standard deviation)

(3.4) B -EEDOHZhEED AR

Wi 3RO H HRED AFRDOHERS 1T Fig.5 DLV THS. sBRBILA Y 917 515 TR AR X & bl L ChE v
XA E<HERE L QU ed, 2014 FEAVERHECIRIGIRIEEHX O A Zh 8D AVEE N BTN L 7=, 24U, 2014
FEEAERFI TG TEIREHE F KAZ KR EITHEIE L7 S O VB D B L D0 O LHELZ ST, RITEICHEAR L 72 1&
B0 ARBIZ VA ERED A’ BR-3 DM mIE, AREXIZIBW TS 2014 42 AR TR TV5.

F7z, 2015 FEAEPR I OV T, A2hEED VBRI B FEARFR$ O U E HAE CTH D 10 mg/100 g 2 F
[Elo7-. 2, 2014 FEAAECIREE RO ANED i A 1 U722 SIS KOFEIME D AURE R 53 D3 LT 28
OHITEOBR A OUWNTIE, BZRIHEVAEEDS 10 mg/100 g ERIFRED LUTZNLL EOMETH 72728 T R
SELUTHEAEL TWZO AR — 7 B =0 LDIBNN% 2015 FEAFRHIA TR0 -T2 LB 2 HiLD.
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Fig.5 Changes in the available phosphate of soil after harvest

(The error bar indicating the standard deviation)

(3.5) Bfikh HEEDOAZHAMES L O, 35+, 1K)
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D, FEHEX i U O VAR A X O Bt 38 Hh O AZ AR A3 EV IRAE L 72 > TVDEE Z b,

x#ﬁwﬁﬁ 1%, REREENIRL, £, BBRXE CRERZENRDST-HOD 2014 BAEHRHCIIAEHEX
IZIBWTHIME M 23 ST, ZauiE 2014 B AERHTEEEXIZO ZH A K E T A LI2Z LIk ob D EE 2 5
5. Fiz, 2014 FAVERHCIERRER X B O 24 MR L7 F, 15 TR IERHiF XK OMZEHE X -C a0 7 7S e
RSN, THUT 2014 AFAAERFICTHA K ORE A 21T/ > Z8Ic Db DB 2 Hivs. 2015 FEEICE
W TIRTBTRAEE i KAZ D 2 145 K 2 i L 72 730 3Bk X [ CO IR SN & 2 Db,
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Fig.6-1 Changes in the exchangeable-potassium of soil after harvest
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Fig.6-2 Changes in the exchangeable-magnesium of soil after harvest
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Fig.6-3 Changes in the exchangeable-calcium of soil after harvest
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Table 13 Changes in the 0.1 mol/LL HCI-Cd concentration® of soil after harvest

AP spY Significance p-value of single d
test regression analysis”
Year  Season Test Crops (difference
(mg/kg) (mg/kg) between the AP” SpY
processing)
2009 Start — 0.19 (0.01)? 0.20 (0.02) N.S.D — —
2009  Summer Carrot 0.21 (0.01) 0.21 (0.02) N.S. — —
2009  Winter Spinach 0.20 (0.003) 0.18 (0.01) Pending? — —
2010  Summer Spinach 0.19 (0.01) 0.17 (0.02) Pending — —
2010  Winter Qing geng cai  0.18 (0.02) 0.18 (0.01) N.S. 0.55 0.20
2011  Summer Turnip 0.19 (0.004) 0.18 (0.01) Pending 0.41 0.11
2011  Winter Spinach 0.20 (0.01) 0.17 (0.01) Significance”  0.63 <0.05
2012  Summer Carrot 0.19 (0.005) 0.15 (0.01) Significance 0.41 <0.01
2012 Winter Spinach 0.21 (0.01) 0.17 (0.01) Significance 0.98 <0.01
2013  Summer Carrot 0.20 (0.004) 0.16 (0.01) Significance 0.89 <0.01
2013  Winter Spinach 0.22 (0.01) 0.16 (0.004) Significance 0.34 <0.01
2014  Summer Carrot 0.20 (0.01) 0.15 (0.005)  Significance 0.30 <0.01
2014  Winter Spinach 0.21 (0.01) 0.15 (0.003) Pending 0.17 <0.01

a) Content in drying soil
b) Sludge-fertilizer-application plot
¢) Standard plot

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

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

f) It was not significantly different for processing examination section
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))

g) It was pending decision to be significantly different for interaction
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))

h) It was significantly different for processing examination section
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition X number of samples))

(4) WithEERD B RIY LEJRE OHER

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

Bt 580> 0.1 mol/L HCI-Cd & £ DHERE I Table 13 X TN Fig.7 DEBDTHS.

TG UEREEHE X K% OMFEHEX O 0.1 mol/L HCI-Cd JRFEEDHER I DOW T A AR T 572, A E DAL
FXICH1TD, ABRBAGR OO E H (S HBROMIFREIL 6 7 H LL72) 1535 0.1 mol/L HCI-Cd JiEE D
FEHBUR T 54T o 72 (REYR O3 BT RO p EICKVFEAM, WifllA E K% S %) (Table 13). 2014 F4
VEWR ECOIETRAEEHEH K OB A B T2 (p=0.17) —E THB L TOAHA Thotz. — 7, EREX
TIE, 2011 FAEBMLIRE, BIRAE LD TR 2F2D 50 (p<0.05) , WiFlBRIX M D 2T RELRD
fHmCThoTe. £z, 2011 FLAELURE, 5 TEREHE X 0.1 mol/L HCI-Cd i DM YE X Z bR TH EICH
<720, LI [REEDRE R DM Tz, 2014 FEXAEB I CII R EAEADSHERRS =, 5l& 5 TR IEE i
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XS EME 72, 20, FEAER IR RO BRI DA RN, £ 3BRICB W THEMIED
ULHEIZ LD R ARSI 2D BIGIN~DOFEFH H UG S HZ S XD, B 150> 0.1 mol/L HCI-Cd 2
FEIZOWTHIRAD T L7 > TNDEE X HILD.
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Fig.7 Changes in the 0.1 mol/L HCI-Cd concentration of soil after harvest

(The error bar indicating the standard deviation)

(4.2) Wridit5ED 1 mol/L HEZZ (pH 7.0)-Cd J2JE

B 13D 1 mol/L EEZ (pH 7.0) -Cd 2 FE DOHER 1T Table 14 & O Fig.8 DEBVTHS.

THVRNEEHiE A X M OFEHEX D 1 mol/L FEZ (pH 7.0) -Cd J2E DOHERBIZ W T AR 5720, 21
FHOMFRXIZIT D, 2009 FAIENLORRM A (K BROMIIRIL 6 7 A L L7)I1Zx3 % 1 mol/L EiZ (pH
7.0)-Cd 2 FE DL AR AT 24T o 7= CREIRRO DS ED p HEICKVEEME, WG ZKYE 5 %)
(Table 14). 2015 4 E AL E TOIGTRAEEHEH X OENFHIAE T (p>0.05), — & THER L TV DE M
Thoto. —7, XTI, 2012 FEAEBHLRE, EUFA EL72D (p<0.05) FREEMA3FRDOHIL, Wik
BRIX [ DI K EL IR DMHEA TH-oT-. ZOMEANIE 0.1 mol/L HCI-Cd ¥ L[FIER Tdh -7z (Table 13 ¥

Fig.7).
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Table 14 Changes in the exchangeable-Cd concentration” of soil after harvest

oni p-value of single
APY Sp Significance . »

test regression analysis
Year  Season Test Crops (difference

(mg/kg) (mg/kg) between the APY SpY
processing)

L2009 Winter  Spinach 0036 (0.002)7 0.037 (0.002) NS S
2010  Summer Spinach 0.038 (0.002) 0.036 (0.003) N.S. - -

2010 Winter  Qing geng cai  0.041 (0.001) 0.037 (0.001) Signiﬁcanceg) — -

2011  Summer Turnip 0.036 (0.0004) 0.035 (0.003)  Pending" — -

2011  Winter Spinach 0.039 (0.001) 0.035 (0.002) Significance 0.58 0.13
2012 Summer  Carrot  0.037 (0.001) 0.032 (0.001) Significance 093  <0.05
(2012 Winter  Spinach  0.038 (0.001) ~0.032 (0.003) Significance 093 <001

2013  Summer Carrot 0.038 (0.001) 0.031 (0.001) Significance 0.91 <0.01
(2013 Winter  Spinach  0.041 (0.003) 0.029 (0.002) _Significance 034 <001

2014  Summer Carrot 0.038 (0.0005) 0.026 (0.001) Significance 0.38 <0.01

2014  Winter Spinach 0.039 (0.001) 0.026 (0.001) Significance 0.31 <0.01

2015  Summer Carrot 0.034 (0.002) 0.024 (0.001) Significance 0.38 <0.01

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

b) Sludge-fertilizer-application plot
c¢) Standard plot

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

e) Standard deviation (rn=4 (2%2) (repetition X number of samples))

f) It was not significantly different for processing examination section

(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))
g) It was significantly different for processing examination section

(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))
h) It was pending decision to be significantly different for interaction

(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))
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Fig.8 Changes in the exchangeable-Cd concentration of soil after harvest

(The error bar indicating the standard deviation)

(4.3) Wi HEEO DRIV LR

Bk D 2RI KR OHERS T Table 15 & O Fig.9 D&V THS.

GV B X M OREHE X DR R AR EOHER I DWW T 28R 35720, £ E OB X2
BIF5, 2009 FEEENLOREH (EAENDAVEETOMBIL 6 »H L) kT DRI LR ORI
B[R AT 24T o7z (RENF RO 38T £ O p EIZEVFHM, MR EKYE S %) (Table 15). 2015 4FEAE
B CoIETRARENE A X I1E _E R (p<0.05) BERD LI, MEEX O EFIE—E THRB L TODAEATH
7= (p>0.05).

TGUEREEHE X OREEX DRIy MREZ L LT-E 24, FRAEL. 2009 FEAEDLIGTEAEH
XAMEAEX LA BICFE <o TRY, 2021 2012 FEAELIKE, BEE/2D O L7 DI RIFRO#E R 35T
W5, ZAUE, TGIRAEEHE F RKIVE IR IR D ARy AA GRS, (EMIROINEIZLD LB IR A0
B ~OFFHLHL &LV 22w, DRIV LARER T D AICH 503, BEHEX IS DA RIT AH
REDIRNTEHEE Z DI,
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Table 15 Changes in the total-Cd concentration® of soil after harvest

Significance p-value of single
AP” Sp? test regression analysisd)
Year  Season Test Crops (difference
(mg/kg) (mg/kg)  betweenthe — Apv sp?
processing)
2009  Summer Carrot 0.51 (0.02)° 0.48 (0.03) Significance” - -
2010  Summer Spinach 0.52 (0.01) 0.49 (0.03) Significance — —
2011  Summer Turnip 0.51 (0.02) 0.48 (0.02) Significance — —
2012 Summer Carrot 0.52 (0.02) 0.46 (0.03) Significance — —
2013  Summer Carrot 0.53 (0.01) 0.46 (0.03) Significance — —
2014  Summer Carrot 0.57 (0.03) 0.47 (0.03) Significance  (0.030% 0.16
2015  Summer Carrot 0.57 (0.01) 0.46 (0.01) Significance 0.005 0.06

a) Content in the drying soil
b) Sludge-fertilizer-application plot
¢) Standard plot

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

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

f) It was significantly different for processing examination section
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))

g) It show that regression is significant n p < 0.05 (5 % of both sides levels of significance)

Total-Cd (mg/kg)

0.7
=&—Sludge-fertilizer-application plot (AP) - Standard plot (SP)

) W
0.5 ; § ? + +
0.4
0.3
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After summer After summer After summer After summer After summer After summer After summer
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2009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014 ‘ 2015 ‘

Fig.9 Changes in the total-Cd concentration of soil after harvest

(The error bar indicating the standard deviation)

(5) VEMRD NI L EE K O &
2009 £ ZAEDD 2015 £ EAEETOHRER TO/EMIRD I RID L JE K ORI EDOHER % Table 16 M O
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Fig.10 (Z/RL7z.

2011 AELARE, ZAERTL YT ORI LR, HIRIEEH X AMELE XA TR EIZE o7z (p<
0.05) . ZAUE, TBTEIEEHE FH X ClIRw L oY 7 AR AT REZR TG HE D 1 Ty A BE S FE E X & brilgs L C U
RAEAS 2011 FEAAELLBERENTWDZENRK LB 2 HID. LnL, 1EMIEF OBIRIY AR Codex FLHE
EIZEE R TRWDIREE THERB L T 2.

Table 16  Continue

Table 16  Absorption and the amount of cadmium concentration of each crops in 2009~2015

Cadmium Concentration” Quantity of cadmium uptake

Test
Year Season Crops Part  Ap® SP?  Significance Rate” AP SP?  Significance Rate”

(mg/kg) (mg/kg) test (%)  (mg/plot) (mg/plot) test (%)

2009 Summer Carrot - 0.12 0.1 N.S.” 1033 021  0.20 N.S. 1088
(0.01)° (0.02) (0.02)  (0.03)

Lot 024 022 N.S. 1092 032 031 N.S. 1053
(0.02)  (0.02) (0.02)  (0.01)

Toul - 0.54  0.50 N.S.  106.7
(0.03)  (0.04)

2009 Winter Spinach Edible 0.62  0.61 N.S. 1022 118  1.34 N.S. 881
portion (0.01)  (0.02) (0.004)  (0.02)

2010 Summer Spinach Edible 1.40  1.56 N.S. 897 072 096 N.S. 749
portion  (0.10) (0.07) (0.04)  (0.01)

2010 Winter Qing Edible 0.20  0.17  Signifi- 113.1 021  0.21 N.S. 1015
gengcai portion (0.01) (0.01) cance® (0.01)  (0.01)

2011 Summer Turnip  ~ 0.08  0.08 N.S. 1004  0.04  0.04 N.S. 993
(0.01) (0.002) (0.003)  (0.00)

Lot 016 017 N.S. 966 010 0.1  Pending” 89.8
(0.01)  (0.01) (0.01)  (0.01)

- - 0.15 0.16  Pending 92.4

Total

(0.01) (0.01)
2011 Winter Spinach Edible 0.53 0.36 Signifi-  150.0 0.68 0.58 Signifi-  117.7
portion (0.01) (0.02)  cance (0.02)  (0.05) cance

a) Content in the dry matter

b) Sludge-fertilizer-application plot
¢) Standard plot
d) AP/ SP
e) Standard deviation (n=4 (2x2) (repetition X number of samples))
f) It was not significantly different for processing examination section
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))
g) It was significantly different for processing examination section
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition X number of samples))
h) It was pending decision to be significantly different for interaction
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition X number of samples))
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Table 16  Continue

Cadmium Concentration” Quantity of cadmium uptake
Test b) o) .. d) b) <) P 4
Year Season Crops Part AP SP Significance Rate AP SP Significance Rate
(mg/kg) (mg/kg) test (%)  (mg/plot) (mg/plot) test (%)
2012 Summer Carrot Root 0.24 0.23 Pending 106.3 0.32 0.30 Pending 106.5
00
(0.01) (0.01) (0.01) (0.02)
Leaf 0.31 0.29 Pending 107.5 0.41 0.38 Pending 107.3
ea
(0.01) (0.02) (0.005) (0.04)
- - 0.73 0.68 Pending 106.9
Total
(0.02)  (0.06)
2012 Winter Spinach Edible 0.56 0.47 Signifi- 119.2 0.75 0.75 N.S. 100.6
portion (0.02) (0.03) cance (0.01)  (0.08)
2013 Summer Carrot Root 0.18 0.15 N.S. 117.4 0.22 0.17 Signifi- 134.3
00
(0.02) (0.02) (0.02) (0.004) cance
0.33 0.28 ionifi- 117.4 0.24 0.18 133.3
Leaf Signifi Pending
(0.02) (0.03) cance (0.01) (0.01)
- - 0.46 0.34 ionifi- 133.8
Total Signifi

(0.03) (0.01) cance
2013 Winter Spinach Edible 0.45  0.30 Signifi-  152.1 0.73 0.53 Signifi- 136.4

portion (0.02) (0.03)  cance (0.06)  (0.07) cance
2014 Summer Carrot Root 0.17  0.13 Signifi- 129.6 0.16 0.13 Signifi- 127.4
(0.01) (0.01)  cance (0.01) (0.010)  cance
Leaf 0.25 0.18  Pending 137.3 0.22 0.16 Pending 137.3
(0.00) (0.02) (0.00)  (0.03)

- - 0.38 0.9  Pending 132.9
(0.01)  (0.04)
2014 Winter Spinach Edible 0.43  0.28  Signifi 151.2  0.65  0.42  Pending 153.8

Total

portion  (0.02) (0.03) cance (0.02) (0.006)
2015 Summer Carrot Root 0.19 0.15 Pending 128.0 0.14 0.10 Pending 139.5
(0.03) (0.02) (0.02) (0.004)
Leaf 0.23 0.19 Signifi- 124.0 0.22 0.15 Signifi- 143.9
(0.03) (0.02) cance (0.01) (0.01) cance

- - 036  0.26  Signifi- 142.1
(0.03) (0.02)  cance

Total

- 755  7.03  Pending 107.4
(0.17)  (0.31)

The sum total
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Fig.10 Cadmium concentration and absorption amount of each crops in 2009~2015

(The error bar indicating the standard deviation)

(6) =r U ROKRTL YO TR RIV LR EOHER

W S EO=P B &K O E 6 BIORTL Y 7EEBRIZOWNT, 2O MTEBIVEMIR T IRIT LR EED
#efp % Table 17 (R U7z, BRERBHAARED NS 2015 FEAEETOMEMIRD FIRIY LR EEIE, 42 Codex K YE(E
D 14 LT THEREL CTD. 2010 FEAFRTL YT ORI LAMREEE, 1GTEAREHE H X M OREAHEX 612
Codex JFEMEED 2/3 FRELBHE T EWIRE Tholo, ZAERYL YD LR L TEAERYL YT DHRIT A
REIZESEVRTWIENOINTERY, EOEIREFEDOKRRERMENEEL TNDHEEZ LD,

UV OSERY, 2014 FERAENDIBRIZANIER L. 2o T, X—%—VyF J0LIRIT LREE
DEEVRLTNESNTEYZY, O @RI iR RS L CREL.

RV R 2012 SEAAETIR, T —F A NIER LA T 7. ZhUE, o IAMObIRIV AR
FEREEORLTNESN TRV, LOMRIRIZ AR O IFEE L TRELZ. D1k, 2013 FEL/ETIEIA4—
TA XD ERFIER W TR IIA—F 11, 2014 FEAVEDRDIZIVIRIV AR ENEEVRLT WVEIND M
FEYChbH [ =a—T ) R4 EALFRE AR LT

ZHETORBAE RO LDWI RO ZITHIRE Leh o Te. AR TIEF — S CEko M
ERIEL TR, SFEO B LOWICRO 22 T 20 1 XKL W S 54153, 4%1%, W
DEFEEATHO T AIFELRIRY [F— i CRBR § 2 Z LI KRR B R 20 - e MBI R B H EE 2 DD,
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Table 17 Changes of the cadmium concentration of carrot and spinach in 2009~2015

Cadmium Concentration” CODEX
. b) ©) Cadmium
Test Variety Year Season CultDwatlon Part AP SP Standard®
Crops ays Dryd) Fresh® Dryd) Fresh® Standar
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Root 0.12 0.01 0.11 0.01 0.1
2009 Summer 90
Leaf 0.24 0.03 0.22 0.03 0.2
. Root 0.24 0.03 0.23 0.02 0.1
Bétaricch 2012 Summer 105
Leaf 0.31 0.04 0.29 0.04 0.2
Root 0.18 0.02 0.15 0.02 0.1
Carrot 2013 Summer 97
Leaf 0.33 0.04 0.28 0.04 0.2
Root 0.17 0.02 0.13 0.01 0.1
2014 Summer 92
. Leaf 0.25 0.04 0.18 0.03 0.2
Koigokoro
Root 0.19 0.02 0.15 0.02 0.1
2015 Summer 105
Leaf 0.23  0.03 0.19 0.02 0.2
2009 Winter 156 Edible portion 0.62  0.09 0.61 0.07
Sanraito 2010 Summer 38 Edible portion 1.40 0.16 1.56 0.17
. 2011 Winter 99 Edible portion (0.53  0.08 0.36 0.05
Spinach - 0.2

Orai 2012 Winter 131 Edible portion 0.56  0.07 0.47 0.06
Kyouryoku Orai 2013 Winter 126 Edible portion 0.45  0.04 0.30 0.03
New Anna R4 2014 Winter 124 Edible portion 0.43  0.04 0.28 0.03

a) n=4 (2x2) (repetition X number of samples)

b) Sludge-fertilizer-application plot
c¢) Standard plot
d) Content in the dry matter

e) Content in the fresh matter

(7) ARIVLEARE, FFHLER O EE

FREBRCONBHR RO BRIV AAN &, EMIRICEIDIRIV AR HLE, LEA~ODIRIVAEEEK )
*ﬁ/%f“@?%@inble 18 DEBVTHL. B ORIy L EF &I &2 T, HEA~OHRIY

AL LTz, IRIV ARFHL &L, WHELTEMIRO AR A EE LT, HiAIEEHZ LD I RIY A8
ﬁrgkf’ﬁ%w CEAHIRIVLFFH L EDZZIRIVAERMEL L. IRV AEEEZABRX Y700 T E
(fELOWES 15 ecm, HEORILE 1.0 LU, HBRX 4 ni 470D +HEE% 600 kg b L7-) TBRL T, L~
RIVLAEFEREL L. 2, HEOELOWRS E ORENE I ET, OB RO ARIT AH3 4
THELICERB LS EL TR,

ARIVLFFHLEICOWTE, ZHETHEMLE 13 /EORBROGFHE, 15TRIEEHEF X T 7.55 mg/aBR (X,
FEAEX T 7.03 mg/BRIX Th-7-.

THURAERHIE A XTI, SRRV T, ARIV LA B LU TR L&D 72N END DO AR
U LN SN T T AL DT, HIRIEEIOHE LD DRI LA R EO NN > THEERE T LRIV L0
BEELEM THLIENE ZHL. FERNEIZIBWTHEM HHED 2 I RID AR O HGAME R 2358 BT
% (EFL(4.3)) . 8 13 fEORERIZIS T AIGIEAEEFH XD A R A 7 8l E 76.48 mg/mlERIX (191 g/ha),
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IR LERERE (DRI LB R X HEE SR H U8 Lo BEFRIRI7 A0 EFERE) 1T
0.115 mg/kg L72>7- (Table 18) .

Bl HEE DRIV LRIEIZOWT, 2009 4B AER DO SN E S B E O HERE A Table 19 KUY
Fig 11 {Z/R U7, 5 TRAREHiE A X & OMEHEX D4 AR MY FE O BEGIEIL, 2009 4F =2 /EBRH 500 FLHI1E
R EL T, Table 18 TR UIZ NIV AR A BRU R H U7, FEYE KX S BRI AN FE — 5L
L CHERBE L QU e, — 7, THIRAEARHIE A X1, BRAR A L Hi U CSEHIME D J5 AMEY ME A CHERB L Uz, 20
HERELT, BEROARIY LR EE S B EI LT FTRENMEDNE 2 HivI=7=8 2014 4F EE I IV CTfE -
J& D T (15-25 cm) DAEHRIV AYRFER/3HT Uiz, ZORER, 15IRAEEH I X (0.46 mg/kg) M OMEHEX
(0.44 mg/kg) DAEARIV AREITHEEIT -7 (p>0.05)° . 20780, BARIV LRE OB R {E L TR
EIZZENELDDIFHHEE LD 5D ARIT AP ACEBENAE R 500V RICEDEE 2 BN,

Table 18  Changes of the 2009~2015 year of the quantity of cadmium load by fertilizer, quantity
of peculating due to the crops body, and quantity of cadmium accumulation to the soil

Sludge-fertilizer-application plot (AP) Standard plot (SP)
Test Quantity of cadmium”  Concentration  Quantity of cadmium®  Concentration
Year Season Accumu- ©f cadmium Accumu- ©f cadmium

CTOPS  15ad® Removal® ) Load” Removal” )

lation® accumulation®
(mgplot) (mgplot) (mgplot)  (mg/kg) (mg/plot) (mgplot) (mgplot)  (mg/kg)

lation® accumulation®

2009 Summer Carrot 4.84 0.54 4.30 0.007 0 0.50 -0.50 -0.001
2009 Winter Spinach 4.40 1.18 3.22 0.005 0 1.34 -1.34 -0.002
2010 Summer Spinach 3.30 0.72 2.58 0.004 0 0.96 -0.96 -0.002
2010 Winter Qinggengcai 2.64 0.21 2.43 0.004 0 0.21 -0.21 -0.0003
2011 Summer Turnip 3.30 0.15 3.15 0.005 0 0.16 -0.16 -0.0003
2011 Winter Spinach 7.04 0.68 6.35 0.011 0 0.58 -0.58 -0.001
2012 Summer Carrot  7.28 0.73 6.55 0.011 0 0.68 -0.68 -0.001
2012 Winter Spinach 7.28 0.75 6.53 0.011 0 0.75 -0.75 -0.001
2013 Summer Carrot 7.28 0.46 6.82 0.011 0 0.34 -0.34 -0.001
2013 Winter Spinach 7.28 0.73 6.55 0.011 0 0.53 -0.53 -0.001
2014 Summer Carrot  7.28 0.38 6.90 0.011 0 0.29 -0.29 -0.0005
2014 Winter Spinach 7.28 0.65 6.63 0.011 0 0.42 -0.42 -0.001
2015 Summer Carrot  7.28 0.36 6.92 0.012 0 0.26 -0.26 -0.0004

Total 76.48  7.55 68.93 0.115 0.00 7.03 -7.03 -0.0117

a) It show every test plot 4 m
b) Quantity of cadmium load by fertilizer = Total cadmium concentration of the fertirizer x Amount of the
fertirizer application

¢) Quantity of peculating due to the crops body = Yield (dry weight) x Cadmium concentration (dry matter)
d) Quantity of cadmium accumulation to the soil = 2) — 3)

e) Concentration of cadmium accumulation to the soil = 4) / Amount of test plot soil (600 kg)
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Table 19 Changes in the actual total-Cd concentration and the theoretical total-Cd

concentration” of soil after harvest

Actual measurement Theoretical value
Year  Season Test APY SpY APD D gpo®
Crops

(mg/kg) (mg/kg) (mg/kg) (mg/kg)

2009 Summer Carrot 0.51 (()‘()2)*) 0.48 (0.03) 0.51 0.48
2010 Summer Spinach  0.52 (0.01) 0.49 (0.03) 0.52 0.47
2011  Summer Turnip 0.51 (0.02) 0.48 (0.02) 0.53 0.47
2012  Summer Carrot 0.52 (0.02) 0.46 (0.03) 0.55 0.47
2013  Summer Carrot 0.53 (0.01) 0.46 (0.03) 0.58 0.47
2014 Summer Carrot 0.57 (0.03) 0.47 (0.03) 0.60 0.47
2015 Summer Carrot 0.57 (0.01) 0.46 (0.01) 0.62 0.47

a) Total-Cd concentration in the drying soil
b) Sludge-fertilizer-application plot
¢) Standard plot

d) This value is the theoretical total-cadmium concentration of soil when assuming
that there was accumulation of the whole quantity cadmium derived from fertilizer
to the surface soil of the test plots in a starting point in summer 2009

e) This value is the theoretical total-cadmium concentration of soil when assuming
that there was not accumulation of cadmium derived from fertilizer to the surface
soil of the test plots in a starting point in summer 2009

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

0.7

=—@— Sludge-fertilizer-application plot (AP) ,Actual measurement 8 Standard plot (SP),Actual measurement
=X==Sludge-fertilizer-application plot (AP) ,Theoretical value === Standard plot (SP),Theoretical value

0.6 N T
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\E/ ————— i — i
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=
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0.3
Carrot ‘ Spinach ‘ Turnip ‘ Carrot ‘ Carrot ‘ Carrot ‘ Carrot
after after after after after after after
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2009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014 ‘ 2015

Fig.11 Changes in the actual total-Cd concentration and the theoretical total-Cd concentration

of soil after harvest (The error bar indicating the standard deviation)

VB IENEER X O AR 2B A e OV RS e 88 0.1 mol/L HCI-Cd IR E DO HER % Fig.12 |ZR LTz,

15851 0.1 mol/L HCI-Cd J& B 1 33 B B LA I D 2014 AE BE/EE T, 1T ETHER L TBY, I5T1RIEEO
M 256 B2 EA T N EEmIEERO B2 >72 (p>0.05) .
D FRER T oy TR F 24 L= 75T IRk 2 F U 548 (5 1F) UL Lo AR 7 @3 T 35k 4
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MEL, 130 pH % 6.0~7.0 IZHERF LIIRIE TIEW 2 IEH 124 E S, 13EH 0.1 mol/L HCI-Cd 2 £ D HER
ERER LIS 1T S 725720, R ORBRE L TERARZ B R TUSHO D 72 W B R O B2 80
C/KPE SR BEHEN) F I HERR A FIV N 5 4R 5 VRO A 3R FEfi L 7oA 5 (DRI AR A AT &1 91.1 g/ha, Bt
THED pH 1L 6.0~6.7 DRI THERL L TRV, ARBRIZITW R E2>T0D), B 3D 0.1 mol/L HCI-Cd
FEEIX 0.15 mg/kg 705 0.17 mg/kg (2T MITEIIILIZZ LA E S 529,

F7-, MR TEIRALEN O E i BRI BT, 5 T 10 FEREEE s A I L0 V5 TR AR F X O 1
YR R SR FE A FRIXATSe U TR B sV MBI 2 R L7 RS IR T2, ARBR O B A0 R
IWCWHEREL T, HGIRIEEI O I RIT MREN S AR EMEEEVSOZE L, SREUTEEX
WHEAR SR RID A3 72 VNI TREE A FE N L QA7 25 BT WEREFThHTE, 1 3RBRIX 4 m? Ll
FO/NEWHFE T DT B — 7 fi I - FETE BN RIRE CThHHI L, BHEFEIIZ TR OBHEMA A LT
=R T TV K ERRT TNDZENBRER XA D T HEE DI XIHGER DI &, 1EMR D7V 7%
RERX O R 1 m2 & TEMPHES Lo AL 2 SO T TONTL QD 7V 72 i DiEh D
ENHIAY SN L, BRI E R L2 TOD ATREMED Z 2 Db,

YL EDZENS, AR CHZ H88, URIGTEIEE R OEM SR 361 2 F i R IZ 3V T, Bkl 14
D4 Cd OEEIME A AFRD S TEY, 5%, Wit £330 0.1 mol/L HCI-Cd ¥ FE A IME R &7e D Al REMEL 5
720, AR T HUNERHDHEE X DD,

— 5, IEEHE SR D BRI DA F 2V MEHEX 2R T, 589 0.1 mol/L HCI-Cd 2 FE A3 M) (p<
0.05) L72 5 Z LIFEMINHE I LD RN LICE D DB 2 bD. FTo, DRIV LAM IS HIGTEIEHH X
+48r0 0.1 mol/L HCI-Cd JEFEN, 1ZE— & THERE (p>0.05) L TWDI L, TEMIFEIZ L DR L O, +
B ARSI RID NI EEENCLVE LI 520 ORHHIET8 0, LEOTHRIEE O
AW LREATHZE22128D 0.1 mol /L HEERIZIZRIAERIIEE L CTE L HPICERL QWA ZENRB LI
%.

0.25 the quantity of cadmium load

10
mm the quantity of cadmium accumulation

=@=—the 0.1 mol/L HCI-Cd density of ruins soil (Sludge-fertilizer-application plot (AP) ) g'
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Fig.12  Changes of the 2009~2014 year of the quantity of cadmium load by fertilizer, the quantity
of cadmium accumulation to soil, and the 0.1 mol/L HCI-Cd concentration of soil after harvest

in sludge fertilizer application plot (AP) (The error bar indicating the standard deviation)
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5. £&oH

NEALD A ZNME e OV22 D RE PR\ BRI B 2R AT 78 £ L C, 1B IR IR O FHEERZ 2009 4E10
FIEREEAT - TIRY, HIEIERHE H X & OVG e ERHE i H OFFEHEX o 2 RERIXIZ, 2014 F4ELL TR L
VD%, 2015 FEEAELL =0 P aHEEL, BEROARIT AREDOEAL L OEMIRA~D I RIT LAY
EAHERLT-. TORESE, 2015 FEE= T O HEEO 4RIy AR EE TG IR AREHE F K MR HE X
_THEICED 2T (p <0.05) . 1EMIED I RIV LJREEIL 2014 FAAERTL V0 KO 2015 FFE A=
DU OBER TG TE LR X AMEAE IR TH EISE 272 (p <0.05) . EIRD T RIT ZRIEIZ D
W, 2015 AEHEAFE= U OREE K VR (FEHR) C, 1GIR IRBHEH X 2MEE X~ TH BEICEm N
72 (p <0.05) . F7o, 1EMIERD ARIV LYREEIL Codex FHE[ED 1/4 LLF Th o7z,

RERBIAARED 2009 4 HZAEND 6 42 13 VEOBIHL IO B RIY LR EE K OVER IR R LR, WRIYL
BEOHEBIZOWTEIE L. Wi HIEO R NIY AR, 15TRIEEHEH X C EFMHA 23580 B, F3E
X CIE—E THRBL CWAZEND, {GIRIEEIO ALV ARIT AN EEEREL TCWAHEB BN,

IBIRIEEI O DRIV LGB FFRMAE (R HRE 4.9 mg/kg, BRI 3.6 mg/kg) OURIGIEIEEE,
2009 AEEAE~2011 AELAEETO 6 1EIX 1 FE47-0 0l & 181 kg/10 a~483 kg/10 a (Bl#) Z i, 2012 4=
HAE~2015 FFEAFEETO 7 113 500 kg/10 a (Bi) ZHa L, 4F 2 fEORERE 6 4, 13 {F{To72. ZNET
DEZS, IHIRAEEHE N F LTV eV EHE X O L0 Bl s, (5 IRAEEHE RO AR I MTE LIS EFEL,
TENZRI S CONDEEBZBIDD, TEMIRF O BRIV ARBEIZOWTE Codex FEYEH T LR TIRWR
JETHER L TS, AR W TARIY A A &4 6 mg/4 m>~10 mg/4 m?(15 g/ha~26 g/ha)
TO 2K A RIY LA R 15 mg/4 m? (36 g/ha) TO 4 4 OB TRINERE HfEH TH X, B
R 2 T LAOEM IR~ B K T2 A REMEITIR VNGB 2 HND. LinL, BICEHISE Ak Lo
AR, IGIRNEEHE F B2 IS8 A TR LIVEY A BOV RN EEOEAICBITS
TGRSR DI RIY LD TR ~DFERE L OCVEM IR DRI DWW TOI RAERETHMERH DL
EZHND.
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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 2014 and Summer 2015 -

Shin ABE!, Tokiya SUZUKI?, Yudai TANAKA?, Fumihiro ABE2, Yoshimi HASHIMOTO?,
Toshiaki HIROI! and Shinichi KASHIMA3

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

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

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

(Now) Fukuoka Regional Center

The aim of this research is to monitor the change of cadmium dissolved with 0.1 mol/L hydrochloric acid
(acid-solubility-Cd) and pH 7.0, 1 mol/L ammonium acetate solution (exchangeable-Cd) in the soil. We have been
investing the cadmium absorption by crop since 2009. We have tested in the upland fields in which the soil is
composed of the Andosol. And we have used sludge fertilizer and chemical reagents. We cultivated spinach in
winter 2014 and carrot in summer 2015. 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, acid-solubility-Cd and
exchangeable-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 significant high
concentration of the exchangeable-Cd compared with the soil in the SP since winter 2011. The concentration of
total-Cd in the soil (from summer 2009 to summer 2015) showed significant increasing trend in the AP. Although
the concentration of the acid-solubility-Cd (from summer 2009 to winter 2014) and exchangeable-Cd (from
summer 2009 to summer 2015) in the soil showed significant decreasing trend in the SP, the concentration of
those Cd in the soil did not show significant fluctuations in the AP. The concentrations of cadmium in each crop
harvested (from summer 2009 to summer 2015) in the SP and AP were less than that of the CODEX standard. We

consider that it is necessary to be conducted further monitoring of the cadmium-transition in the soil from now on.

Keywords  sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 8, 77~109, 2016)
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B N MK PETY B2 2 il 2 — (FAMIC) ([2B\WO Th S AR T E L7 IEEI O R85 K OVE E %4y

DOREDHTIEAR AR THY, ZORBRIEIITE ORI RD LS.

INETHNEEE L L CodmEHc LD IRt O I FEIRBRIL, 2£F 6 2O IEREHLE R WS
18 2 | CRURHR B K AT 24T > CE T2, LinL, sBREGEED N 22 & TRATRE EE D ) BRI D Z L
D, 2006 45 L0 L E R R s F O RBR T oI 2 E B O RN AW e LR Z L T D,
BV ERRER K O [FIFRBR AR IZ DUV T ISO/IEC 17043 (JIS Q 17043) 2 BB TARHTL, 2015 4E B8 1R
A PR OSESWHOERE IEEHZ DWW C e E @l 2 3L, LR A FiL 7= 0 T O REHE
T5.

2. MHRUFE
1) HEFERAEMHS

WK S IEENZ, 20 kg AVD 4 Figw 1 BEIBLUEHMNIIRE L%, £ 250 g AVOFEL 280 #2775
L, #AEOR)F L RIS CHEE L TR R E CRIRRE L.

VIRSEATBOE N EMOKEETN e 22 i o 7 — NEERL 2 AR A
2 PSEATEIE N RMOKPEIH R 2 pidfre e 7 — AL e & —

SPSIATBUE N MK EH R L et 2 — a2 —

S ISTATBUE NRMOKEEH B 2 atlifrer 2 — A B 7 —

S PSIATBUE N EMOKEH R L et 2 — i F o 2 —

S PUSIATBUE N EMOKEH R L Bl 2 —f@ e 2 —

T ANRMEIEN A AR SRR IRE =
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FESDTFOERE AR, B THBAZX 212 um OISV ELEIE T, SV EmLzalEHE, KRAL
Tett, OUBRRICHLT CTHEIRRIZ 9 H 5L, 1~9 ODRGFEFEAFL TR L. ZOHHDHE | DIREGH
VEROMETITHEN 4 KO2HL, JKIBALEOL 4 %5 L COrORSITRE L. ZOWEEE 7 [H#R0iRL
721%, 1~9 DX X ORERMO—EET DI, LIRA L%, 1 8472057 180 g ADDFEL 160 E27H
R, RV=F L RS CEE L TR ETRIRRE L.

=
R 1 2 3 4 5 6 7
8§ 1 3 4 5 3 1
6 7 4 7 6 1 6
B 5
7 9 5 2 6 2 2 3
2 2 8 9 1 5 8

2) HE R

TUPAC/ISO/AOAC DHifEakER 7 mhaLt 9 OYJEMERERIZHE, 2.1) TR 3L SR RS 10
BT O R E BB MR AR Lz, IR E S IERHZ W TITE F 2 E (T-N) L UK +
(W-MgO) , FESWFWEEEAEEHZ DWW TELEE M 12 (C-MgO) & /B MR HEEHZ & 2 ST T
B L CHIE MR BR O Bl S LT

3) meft
ABER S 2 U72aE, SEhE B K OV AT SRS E 2 S IR R 15T L2, 2015 1, iRE AR
BHE 129 3R, JLSWITWOEREIREH T 82 BBR=E NS,

3. #RMBRAREDOHEREE RUKERAZE

1) RBERIER

TREAIEEHZOWTIE, ZEAE (TN), 7o BT MR HE (AN), fYfErEZE5 (N-N), KEMED AR
(W-P,0s) , KIEMEIE (W-Ko0) , KM 1 (W-MgO) , /Kigt~ 77> (W-Mn), KiEHEIFHIFE (W-B) LY
KAV IN(W-Ca) D 9 THHZRBRIAH ELT-. F72, SLSWTWERE AEEHZ DWW T, mlEE TR
(S-Si02), 7V AV 55 (AL) e O ¥ 1 (C-MgO) @ 3 THH 23 BRI H & L7z,

2) HERAE
AR RERE (2014) O 2RO EBVFIRLTZ. 7ed6, ZOMOREBR S IEA R A LIZRBREICIL, 2O HED
DR EZRDT-.

(1) ZEHJREET, ERHERERIE 4.1.1c(TIVE G448 — 7 VE — k) O (4.1) I K0sUERATRZ TR,
R (4.2) (4.3)I2EVER. XU, 4.1.1.b RBEE) 1LV E &.

(2) TrE=TMEEFRE(AN) T, IEEHERERE 4.1.20 (VAT VT ERE) IZEDE .

(3) FlEAMEZESE (N-N) I, IBHERREBRTE 4.1.3.C (7 =/ — LHilEHE) O (4.1) 1IZK0ak AR 5L, [FE
(4.2) 4.3) 12XV EH.
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(4) KERMED AR (W-P20s) 1, IERMEGERE 4.2.4.0. ONFREVT TUBET =0 AROELER) O (4.1)
(ZRVBEHR IR AR, [FTH (4.2) (4.3) ICLVE &

(5) ZKEEPEIE (W-Ko0) 1, IEBHERBRE 43.a(7L— LR FIOEE UIT L — 2 EE) 0 (4.1.2) 12X
DEEHR TR ZTREIL, [FTH (4.2) 1LV E &.

(6) ZKEEMETE 1 (W-MgO) 1%, EEFERBRIE 4.6.3.a(7L —AJREF L) O (4.1) IZX0FEHA R ZFIRL,
[FITE (4.2) IZ LD E &

(7) KEEME~> A (W-MnO) I3, IEEFERBRYE 4.7.3.a (7L — LW OEER) O (4.1) I K0aeHaik &7
L, FHE 42D L0 ER.

(8) IKIAMEIEYFE (W-B205) 1F, MEEFERERE 4.82.a(7Y AF > H %) O (4.1) 12XV EHAKRZFRIL, [
TH (4.2) (4.3) 2LV EE.

(9) AKEEHEAI LD I (W-Ca) 1L, AEEFERERE 4.53.a (T —AJRFIEE) O (4.) IZ K0 EHA IR 23R
B, [ (4.2) 12X ER.

(10)  AIERMETOER (S-Si02) 1%, IEEHERERVE 4.4.1.a (5o L DU LE) O (4.1) I 0REHA K Z I HRIL,
[ (4.2) 120 E &

(11) 7/ HV55 (AL) 1%, BEEHERERTE 4.5 4.0(=F Lo 7 I NFEREYETE (LU R TEDTA VA £0v)) D (4.1)
XA ZFRIL, [FTH (4.2) IC X0 e &

X%, [FREO 7 IETRBHAR Z R, AN A K (S-Ca0) (IERFERBRIE 4.5.2.0) K OVA[EMEE +
(S-MgO) (BERMEFBRTE 4.6.1.2) ZMEL, JREFERBRE 4.54.a(7 L — L FUETE) O () 12X R H.

(12) <¥EMETE 1 (C-MgO) 1%, JERMERERTE 4.6.2.a (T — AR IEIE) O (4.1) IZX0FUEHA R ZFHILL,
[F2H (4.2) IZED E &

4. BT A EZRUREBREEDFMA
1) |EShI=REREE DM
(1) BARRAMNEIZLDZzAa T ORD JIT
FF, AAROEO T (Median) 23R 7=, WIZ, EIUASAIE VTSN EE KD, (a) AL U AE
#iPH (IOR) ZH H L 7=
IOR= UG g — T g -+« (a)
FEAEA L ST DU LGP (NIOR) % (b) SUCEWEH L. TERS A OBE, NIOR SHEHERZET 5T 5.

NIOR= IQRX0.7413 -« (b)

z 237 (2) % () MUTIVHE L. z 227, FRBRE OBBRAGE (x) © Median 22HORE7-0EEAER
FTHRIETHL.

z= (x;,—Median) /NIQR +-+(c)

Q) zZAaTIZLHEE M
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F—Z DN F1EEL T, ISO/MEC 17043 (JIS Q 17043) 2 Z AV, £ BREDORBREAEDzAa 7 LWk D X
NZFHm AT -7,

|4=2 oo il
2<|4<3  eee BEDLWN
|4=3 oo A R

2) HEBRMEEWEFMY SHEE
R ST DS ST AR GE B AR A 5720, IROBTR 2R T,

(1) ZMRBR=ER (T —25:N).

(2) z AaATIZXDRHMmA | A=2 (i), 2<|2<3 (Beb L) KN 4=3 (i) Lo 7B E S D
FE (%)

(3) AIUEZEFEHIL2WET — XD NEH)fE (Mean) .

(4)  EIROMED T HAE (Median) .

(5) NIOR % HEHE(R 722 572 T2 Median DYLIEANHEDS (Ussy,) (CLEAREL  k =2) % (d) ULV FHH.

Ussu=2XNIOQR,/NN  +++(d)

(6) &FT —HDOFEHERZ(s) .
(7) FRHEALS P& P (NIOR) % (b) AT KW L7z, IERI AT OS5 E, NIOR 13 s &—HT%.
(8) T NANENGROTAHRHELENR ZE (RSDrob) %2, (&) UTIDFH LT

RSD:ob = NIOR /" Median <e-(e)

(9) ARk RRERES CILFERBRO R E O B 2L U ORSIVTO L M A BUR R R 22 (CRSDR) . A
SFABEICRB W T, EEIROREL, CRSDr O HLZLNTHLHZEMERSNTERY, B LD 1.5 fFETH
HELTHD.

5. MRRUER

1) XREBRASENOHESHES

22128\ T 10 kR 2 SOMT TOMr LI- B HRBR O g O FEIE (%) & O O RHfEIZ DWW T—t
Bl &y WO DG DTk G BB R U OMTER R 2 (s, ), UBHHERER 2 (spp ), THMTHEZ ST
FRBHIE MR 22 (spyp ) 38 2 1R ULTE, BT, JRBMERRBRYE (2014) O LRSIV TOD O TASEE J OV [ F B
F&EED HZZ (CRSD . X U'CRSD g ) W N ENOEDLE M U1 KO 2) LIEHEEIRHERZE (6 M6 g ) &25%
2 1 TRLTz.

B PO E I, TUPAC/ISO/AOAC DEFERBR 7 1h=iL (2006) ) D FIEEZ B HICFEMLIZ. £7°, B
AR DEES B AR T D720, sBR AR DUV T Cochran MEZEFEhiL7=. TOREE, = XTOlSIZE
WTHIUEITERD HALR D> T2D T, ZHHDFAEIC DWW T — el B e Ef L. HihgikB 7 aha
L (2006) THEOHMTRIEE AN 3 27z 9 0 8§ 5 FIHS /RSN TS, 22T, 050, 1320.56 g Z2fUAL,
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0.56 = 6, DR Ds, %6 LR LUT-. ZORER, T X TORMIMNTIBWTR 1 A7 T BUE Th-o72. RIZ,
TUPAC/ISO/AOAC D EREFBR 7 1 h=/L (1993) P DB (H4) 2 AW THE O HE L. ZORES, §
TORAIZBWTHER (R 4) 23720 T 2Zinn, AT HREHISE ChHZ LB L. 7ok, 5
DT, A SRS THITHEE 2 & Tl BHIE IR 22 (sp 4 VTR LTZEZA, WD 66 g LEEIL T
T4 NESVMETH T

6, =CRSD, x X /100 = (N1
6 = CRSDg X ¥/100 - (02)
¢ <050,=056; =6 <o (A03)
spp < 030, =035y <o (:U4)
Sher = /Sbb2+sr2 o+ (205)
G HEE O TR YE(R 22 G g HEE = BT e R 2

CRSD . : BB L (2014) (RSN TODHHTHE L (B TH R HER ) O H %
CRSD g NEBFERRBRYE (2014) I RSHLUTWD =R I FFBURS BE (SR AR B S YR 22) 0 A %

X i fE sy D TARHE(R 22
0, 1 E N ERERBZATO HICE & LI AR Y (R 22
Spp : PR (R 22 Sper | PHATHE L 25 ToRURH IR VE(R 72

2 WEARRAROL R
s e 2 509 s s,,,9 CRSDY 5,5 CRSDY” &” 0355
PR o o ) )Y ) ) () (W) (%)
TR A T-N 10 6.51 0.05 0.02 0.06 2 0.13 4 0.26 0.08
W-MgO 10 1.14 0.01 0 0.01 2 0.02 4 0.05 0.01
PLSWTWEREIEEE  C-MgO 10 544 0.01 0.04 0.04 2 0.11 4 0.22 0.07
2) FHIE Rl REFEO 2.5 DT b7)
b) B 5y
o) BHT R
d) BORHHI B
) BTHREE 5 2 TR RIS 32 Soar = VS pp2 5,2
1) MEBHS BRI RS T D P TRIE (BHTXHRYE(R2) 0 B %2
g) BHPREIED B 22705 B L BT B R0 M 6, = CRSD, X % /100
h) IERH S BB RN T DS REBUREE (I R LAR R el 35) 00 F %
1) EMHFBREE O B 2005 U TR ME R 2= OHEEfE 6r=CRSDg X X /100
i) BIEHEDHIE (5 DR O 0D/ $F 44

NEEFDOFESR

2) ABRBBEDOETER
4.2) (1) ~ Q) ORBREL K O z 237 TEHlS AR BRI CEOEIEEE 3 (TR, FRy O



20154FE ARG EE LD 7= D2 FE @ik e F O T2 IR o [5] FRBR Bl i o figHT 115

BR SR C Nt /& ) ORI 252 1T 7R B OFIE X, FESWITWEREIEEH R OEEPETE 128 91 %lfb sl
{w%@AHEHEP@%%éE&UT/:E: PEZEEN 77 %ibRWEISE R L. —J7, TR SRl

ZTTRBREOEISL, TIREAIEECIITERE2ERD 13 %, SLSWITWERE AEEHF CTIXT7 B 50 5 %H
FNEIURD R R Tho Tz, BT OVEFE K AR E L RICHIRE S IEEE AW 24 R HRi
T2&, Nl (21=2) | LM S 723 BRE OIS IR EEDS 72 %~97 %, AL 24 FEEDS 78 %~91 %, R
T e (|2|=3) ) ERHI SN TR B OB I IVEEE DN 4 %~ 14 %, ik 24 FEE1N 5 %~13 % ThH o7z,

42) (3) ~(9) TROT-MetEEFK 4 \TRLIZ. ZLDRS TEIED Mean 1% Median SIFIE—E L7223, —
#8°C Mean & Median D7 KEWEERIE HH A0, SMUBDRBLZZIT QDI ENE 2oz, 2, £

DIEHEAR = 51X, B/ NANMEIZE > TRDILZ NIQR LU CHRARMIZ KR E Ao fliz R 3#E m 23 b, Sl

R T WD LI HELRSHUTZ. RSDrob L BN 52 DR EEL~VIZES1T % CRSDr o Y CRSDR @ 1.5

{—p%@fﬁkmlé'ﬁ%%l 1 IZRUTz, A TORBRAITIZINT, RSDrop ITAERHEERE THRELL TIFASNLTH
% CRSDr D 1.5 fEOHFHNTH o728, WIRE S NEE O SRR =R, KBV D DR DRSOV RS
REEFD IEVEE 122UV TUE RSDrob MFFRAE T&H% CRSDr D 1.5 fEHED 90% % 2 HETHY, sERER D
AR DI OO E DL R ENZEHELZ ST,

2006~2015 4F |2 32 L 7= 7 BRE H © Median, NIOR, RSDrob K U8 CRSDR S5O, ALRIEEHTF 5-1
2, FESWVITWVEREALEHEER 52 [TRLTz. E72, RIEE 6 RBRELL LG DH 723 B 7 155D Median,
NIQR, RSDiob 2 ¥ CRSDr %% 3 6 IR LT-.

#3 2 AaTIC LR EAE ORTAM
BN HEYA 2<[z|<3" 35| ¥
ARERIE A (A - ST Rg; e R HA
B = (%) = (%) = (%)

(IR A RERE)
T-N 111 86 77 6 5 19 17
A-N 106 82 77 7 7 17 16
N-N 92 79 86 6 7 7 8
W-P,0s 126 106 84 8 6 12 10
W-K,0 124 100 81 8 6 16 13
W-MgO 118 99 84 8 7 11 9
W-MnO 107 89 83 7 7 11 10
W-B,0; 97 85 88 1 1 11 11
W-Ca 95 84 88 6 6 5 5
(BEEUNTFOERE AR
S-SiO, 62 52 84 8 13 2 3
AL 77 67 87 6 8 4 5
S-Ca0O 60 58 97 1 2 1 2
S-MgO 61 50 82 5 8 6 10
C-MgO 80 73 91 4 5 3 4

a) zAATIZE DRI 2 (2| =2) &R~ T- iR EH K O OEIE (%)
b) zAITICEBEHMEAEED L (2 < |z < 3) L7~ T2 iBR R E N O DENE (%)
¢) z AT LD AR B=z|) £~ TR EH N O DEIE (%)
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#F4  HLFERBR A OMG R

—— Meag” Medign") Ugso/ﬁ s“f NIQI;e) RSD.," CRSDz® 1.5XCRSDg"
(%)" (%)" (%)" (%)" (%) (%) (%) (%)
(IR A AEER)
T-N 6.37 6.57 0.04 0.70 0.19 2.9 4 6
AN 2.43 2.33 0.02 0.35 0.08 3.4 4 6
N-N 1.32 1.29 0.01 0.18 0.07 5.5 4 6
W-P,05 6.20 6.15 0.01 0.31 0.07 1.1 4 6
W-K,0 6.34 6.27 0.02 0.39 0.10 1.7 4 6
W-MgO 1.15 1.15 0.01 0.09 0.04 3.1 4 6
W-MnO  0.090  0.092  0.000  0.007  0.003 2.8 8 12
W-B,0; 0.127  0.126  0.001 0.015 0.004 3.5 6 9
W-Ca 0.223 0.224  0.004  0.030  0.020 8.8 6
(BEEWT O ERE IEER)
S-Si0, 3242 32.34 0.18 0.95 0.71 2.2 2.5 3.8
AL 50.37  50.43 0.17 1.12 0.76 1.5 2.5 3.8
S-Ca0  41.11 40.99 0.27 1.06 1.05 2.6 2.5 3.8
S-MgO  6.55 6.59 0.04 0.28 0.17 2.6 4
C-MgO 4.89 4.87 0.06 0.31 0.25 5.2
a) BERDOFEHE ) BN ANE R AR 2=
b) &RDOH Rl g) NEAEEHERERE CRE O H Z2 L THERES LTS
c) BERDOFIAED RN NS = ] 5 LA PR (R A2
d) BIROIERERZE h) AEBFEERRERIE TR L U CRIFAR S CUWD EE ) T BUFH S M 22
e) H/NAMENAE(RZ i) HESR
14
L 12 F —
g 10 |
S P
8
Smoannnuar il;
fH B H B O .
o [ I l 0 b | L y
2+ o O !
O
° w0 0 0 2 & m 2 Q 0 O
= 2 5 2 z PLLLY
AR LY

Bl1 & EABREUED CRSDrE RSD, D 1%
O1.5<CRSD-R  ©OCRSD-R  ORSD-rob
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#%5-1  BHEIEEHIEBIT 52006~20154FF O [FERER & OR R &

= ER s RERTEE ICHskETS B Median®  NOR®  RSD..,Y CRSDRY 1.5%CRSD
N EARIFURH, B b b b% % %
(%,mgke)”  (%,mgke) (%) (%) (%)
Mois 2006 147 1.70 0.30 17.7 4 6
2007 146 4.99 0.35 7.0 4 6
2008 145 2.87 0.24 8.5 4 6
2009 145 3.53 0.15 4.2 4 6
2010 143 1.58 0.41 26.0 4 6
2011 137 1.00 0.12 12.0 4 6
2013 136 2.93 0.84 28.7 4 6
2014 133 1.78 0.16 8.7 4 6
T-N 2006 JR%E 158 14.60 0.13 0.9 3 4.5
2007 AHEEIEE 145 8.74 0.07 0.8 4 6
2010 JR¥%E 140 14.11 0.11 0.8 3 4.5
2014 BB LR 126 9.13 0.11 1.2 4
2015 R 111 6.57 0.19 2.9 4
e AN — N
MR T L T=T, VARET
AN 2006 150 11.46 0.10 0.9 3 45
2007 WREET L E=T 143 6.20 0.09 1.4 4 6
BT =T, VARET
2008 147 12.56 0.16 1.2 3 45
=i 11/
2009 o e ek 144 5.56 0.07 1.3 4 6
BT =T, WAEET
2000 o ” 128 11.53 0.18 1.6 3 45
WMEe T =T, VAERT
2011”2 138 13.49 0.18 1.3 3 45
2012 130 2.39 0.04 1.9 4 6
BT =T, VARET
2013 27 136 9.92 0.74 7.5 4 6
W T =T, DWAEET
2014 D7 122 7.99 0.12 1.5 4 6
WATET E=T, RSRET
2015 o7 106 2.33 0.08 3.4 4 6
BT =T, R T
N-N 2009 e 123 3.62 0.11 3.2 4 6
2012 115 2.17 0.10 4.8 4 6
2015 fHEET L E=T 92 1.29 0.07 5.5 4 6
a) o g d) AERMERRBR A TRE O B 228U THESES I QOB E I - B e W (R 72
b) TN AMEAER ) NEEHEZRBRVE TR L L CHFA S QD S [ F B R e A Y ff 7

¢) PANAMEXHMEMERZE ) T-AsKOT-Cdidmg/kg, ZOMORLIIEY% (E &5 5)
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#£5-1 ()

H_ER RERTEE ICHskTS B Median® NIOR®  RSD,.,Y CRSDRY 1.5%CRSD
wE T ki e ; ; ;
5 & BRI (%,mgke)” (%.mgke)? (%) (%) (%)
T-P,Os 2007 FAHEEIEE 140 10.35 0.10 0.9 3 4.5
C-P,Os 2007 VAT E=T 143 9.81 0.13 1.3 4 6
2008 VAT E=T 146 15.82 0.13 0.8 3 4.5
2010 WARERT =T 141 14.59 0.18 1.2 3 4.5
WABET E=T, @0 A
2013 RS IR 129 20.60 0.20 1.0 3 4.5
WABET E=T, 180 A
2014 RS IR 126 10.41 0.12 1.2 3 4.5
S-P,0s 2006 f?@ﬁﬁm’ VIBRT = 144 10.88 0.11 1.0 3 45
2009 Y AFEA K 125 6.37 0.12 1.9 4 6
VABET LV E=T im0
2011 . ’ 114 17.44 0.22 1.3 3 4.5
[ ZEPIN
\n 7o) NG 7o) “/
W-P,0s 2006 f?/;ﬁkgm’ VIIT 157 9.02 0.12 1.3 4 6
2007 WARET =T 143 7.02 0.23 3.2 4
2008 VAT E=T 149 9.16 0.24 2.7 4
2009 Y AFEAIK 144 4.57 0.08 1.8 4
2010 VAT =T 144 11.56 0.52 4.5 3 45
WIBET =T B0 A
2011 . ’ 133 14.51 0.19 1.3 3 45
[ ZEPN
2012 131 2.86 0.06 2.1 4 6
DABET =T, @Y A
2013 RS TR 134 12.09 0.38 3.1 3 4.5
DABET E=T, @A
2014 RS IR 132 5.34 0.12 2.2 4 6
2015 VAT E=T 126 6.15 0.07 1.1 4 6
C-K,0O 2011 #iREsInE 122 10.41 0.23 2.2 3 4.5
W-K,0 2006 HAbhnE 156 12.38 0.22 1.8 3 45
2007 fRERINE 145 8.43 0.15 1.8 4 6
2008 HEALINE 147 11.39 0.15 1.3 3 4.5
2009 AR IR 145 8.35 0.13 1.5 4 6
2010 HEALINE 142 14.72 0.17 1.2 3
2011 HALINE 132 10.17 0.17 1.7 3 4.5
W-K,0 2012 131 2.43 0.06 2.4 4 6
2013 SEALINE, miESANE 1 132 11.74 0.35 3.0 3 4.5
2014 ARERINE 130 8.80 0.16 1.8 4
2015 AL INE 124 6.27 0.10 1.7 4
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#5-1 (i)

B . %ﬁ%ﬁ%ﬁﬁ&:‘%ﬂ%@”é S Median® NIOR®  RSD..,” CRSDR® 1.5XCRSD "
HH LR, BREH omghkg)” (%omgke (%) (%) (%)
C-MgO 2007 EllFE ekt 137 3.41 0.07 2.2 4 6
2008 KAl HAEE 142 4.62 0.12 2.5 4 6
2010 @IPEE AR 137 3.11 0.07 2.4 4 6
2011 KPRl Rk 128 2.48 0.07 2.8 4 6
2013 iﬂ%%ﬂ%* B2 129 6.18 0.13 2.2 4 6
2014 EIRE AR 122 3.37 0.08 2.4 4 6
W-MgO 2011 7KFEg(b Akt 119 1.94 0.09 4.6 4 6
2012 116 1.68 0.05 3.1 4 6
2013 Rl nE T + 120 3.79 0.68 18.0 4 6
2014 EIRET AR 120 1.89 0.18 9.5 4 6
2015 b~ R A 118 1.15 0.04 3.1 4 6
C-MnO 2009 JARKISEZEZESIER 126 0.54 0.02 3.6 6 9
2013 AR EREE SR 115 0.51 0.01 2.8 6 9
W-MnO 2012 112 1.25 0.03 2.4 4 6
2015 Mg~ A 107 0.09 0.00 2.8 8 12
C-B,0; 2009 JARKISEZEZESIEE 120 0.28 0.02 5.6 6 9
2013 MAREERESIEEE 104 0.25 0.01 5.5 6 9
W-B,0; 2006 [F9EEHE A 132 0.40 0.02 4.2 6 9
2008 1 EHEEH AL 119 0.26 0.01 2.9 6 9
2010 I EH MR ATE 116 0.29 0.01 3.4 6 9
2012 103 0.24 0.01 3.6 6 9
2015 IEHEEHEACE 97 0.126 0.004 3.5 6 9
W-Ca 2015 Hfbhn i 95 0.223 0.020 8.8 6 9
Fe 2012 86 0.240 0.013 5.4 6 9
Cu 2012 88 0.0545  0.0014 2.6 8 12
Zn 2012 87 0.0595  0.0029 4.8 8 12
Mo 2012 52 0.210 0.010 4.7 6 9
T-As 2006 84 1.89 0.19 10.1 16 24
2007 68 3.84 0.38 9.8 16 24
2008 65 4.14 0.41 9.8 16 24
2009 59 431 0.60 13.9 16 24
2010 61 3.62 0.36 9.8 16 24
2011 52 4.74 0.61 12.9 16 24
2013 52 10.31 0.99 9.6 11 16.5

2014 47 2.64 0.32 12.2 16 24
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#*5-1  (fe)

=k ER REREB ICHNKTS B Median®  NIOR”  RSD,," CRSDR” 1.5XCRSD Y

R Ay v E g BREH (vomake)® (omeke? (%) (%) (%)

T-Cd 2006 95 1.26 0.11 9.1 16 24
2007 85 1.24 0.12 9.6 16 24
2008 86 2.60 0.15 5.9 16 24
2009 73 0.47 0.08 17.3 22 33
2010 79 1.22 0.08 6.7 16 24
2011 74 2.03 0.09 4.4 16 24
2013 65 3.02 0.24 8.1 16 24
2014 61 0.55 0.08 13.8 22 33

#5-2  FESUWNTWERE BN I 52006~20154F [ D[RR ER B OR B

7}3 )| b) c) d) e)
kBT A Jn Median NIOR RSD.,Y  CRSDR” 1.5XCRSDy

ENTE (%)” (%)” (%) (%) (%)
S-Si0, 2006 66 33.92 0.60 1.8 2.5 3.8
2007 67 28.25 0.87 3.1 2.5 3.8
2008 68 33.35 0.49 1.5 2.5 3.8
2009 69 32.67 0.62 1.9 2.5 3.8
2010 67 33.52 0.57 1.7 2.5 3.8
2011 59 30.69 0.75 2.4 2.5 3.8
2012 67 36.15 0.48 1.3 2.5 3.8
2013 60 35.18 0.55 1.6 2.5 3.8
2014 63 34.10 0.36 1.1 2.5 3.8
2015 62 32.34 0.71 2.2 2.5 3.8
AL 2006 75 50.56 0.64 1.3 2.5 3.8
2007 83 48.70 0.76 1.6 2.5 3.8
2008 86 50.90 0.71 1.4 2.5 3.8
2009 85 39.03 0.92 2.4 2.5 3.8
2010 85 49.26 0.80 1.6 2.5 3.8
2011 76 49.48 0.68 1.4 2.5 3.8
2012 77 49.95 0.71 1.4 2.5 3.8
2013 78 36.79 0.95 2.6 2.5 3.8
2014 77 50.83 1.03 2.0 2.5 3.8
2015 77 50.43 0.76 1.5 2.5 3.8
a) RO H A d) MEEMERRBRIE CHEE O B 22 L U THESES AL TV VD 38 [ P ERRE oA Y 22
b) TN AME W £ e) NEBMERRBRIE TREE L U CRER S TN S P BRE o 28 v 2
c) PNAMHERMEMERAE ) BESE
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#25-2  (fix)

= 0 d) b) ) d) e)
SAEATE Sz ffi 4 H Median NIOR RSD b CRSDy 1.5X CRSDy

ENTE (%)” (%)” (%) (%) (%)
S-CaO 2009 58 32.68 0.90 2.8 2.5 3.8
2010 56 41.64 0.78 1.9 2.5 3.8
2011 55 40.78 0.23 0.6 2.5 3.8
2012 57 40.53 0.60 1.5 2.5 3.8
2013 61 30.09 0.70 2.3 2.5 3.8
2014 58 42.79 1.14 2.7 2.5 3.8
2015 57 41.02 1.02 2.5 2.5 3.8
S-MgO 2009 58 4.48 0.10 2.3 4 6
2010 56 5.38 0.08 1.5 4 6
2011 55 6.24 0.12 1.9 4 6
2012 56 6.86 0.14 2.0 4 6
2013 61 4.62 0.16 3.4 4 6
2014 58 5.78 0.13 2.2 4 6
2015 58 6.60 0.16 2.4 4 6
C-MgO 2006 78 6.18 0.13 2.0 4 6
2007 86 3.17 0.21 6.6 4 6
2008 89 5.80 0.14 2.4 4 6
2009 87 2.34 0.20 8.7 4 6
2010 88 5.42 0.11 2.1 4 6
2011 78 3.36 0.23 6.8 4 6
2012 81 6.77 0.19 2.8 4 6
2013 79 3.77 0.14 3.6 4 6
2014 79 5.71 0.17 3.1 4 6
2015 80 4.87 0.25 5.2 4 6
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#6  RBRTIER O RRBR A ORE
#AEH Median” NIQOR"  RSD.,” CRSD" 1.5xCRSD:"

S ERIE H AR 7 15 - o o) o) %) %)

(IR A RERL)

T-N PRIGEE 12 6.63 0.05 0.8 4 6
TNV G — TN — il 65 6.45 0.18 2.8 4 6
BILEk— N H — ik 24 6.62 0.13 2.0 4 6
IV — 6 4.92 0.98 19.9 4 6

AN AREE 25 2.32 0.09 3.8 4 6
AV LT IVTERE 74 2.33 0.07 3.2 4 6

N-N 7 x ) — )V IRE 72 1.28 0.06 4.6 4 6
TINIHE B dr — KB 13 1.35 0.07 5.5 4 6

W-P,05 ;%r;g{; BT E=Y 124 6.15 0.07 1.1 4 6

W-K,O 7L —2GE 36 6.28 0.08 1.2 4 6
7 L— LR TE 86 6.27 0.10 1.6 4 6

W-MgO 7L — APtk 109 1.15 0.04 3.2 4 6
ICPF 7 b i 6 1.17 0.05 4.5 4 6

W-MnO 7L — AR POtk 98 0.092  0.002 2.5 8 12
ICPFE 7 e i 7 0.090  0.008 9.2 8 12

W-B,0; 7V AT HIE 90 0.126  0.004 3.5 6 9
ICPFE NS5 Mo b ik 7 0.127  0.008 6.4 6 9

W-Ca 7L —AJRFUO0E 95 0.223 0.020 8.8 6 9
ICPH& o o HTis: 6 0.231 0.016 7.1 6 9

(BRSO AR

S-Si0, S b HUT L 44 32.30 0.69 2.2 2.5 3.8
M R W 14 32.37 0.68 2.1 2.5 3.8

AL TF LTI MU I 16 50.56 0.39 0.8 2.5 3.8
7L — LR 57 50.22 0.80 1.6 2.5 3.8

S-CaO 7L — AR POtk 57 41.02 1.02 2.5 2.5 3.8

S-MgO 7L — AWtk 58 6.60 0.16 2.4 4 6

C-MgO 7L — AR IEE 72 4.87 0.22 4.6 4 6

a) RO fE d) AEEFERERVE TR O H 22 U THERE S I CUOVH [ - B S AR V(R 2

b) TS ANME YR e) NERHERRBRIE TR & U CEFA S IV TS 2 ] P B o A% Y 72

c) MAAMEXRMERZE ) HESE

3) BHEREEDER

[A— DR B W TS SN R DR AR D z A= 7 DR A ] 2-1~[X] 2-5 | L7, BARRIIZIT,
6] — D H[FIERER FRUBHZ DU CRBR O fl L 5 15 TR D057 (RAIRE S AR D W-P,0s & W-Ko0 %), [F]
— O FFBR RN DWW TR D5 H 715 TR — DRy ((BRIEEFF D S-MgO & C-MgO %) Th 5.

B2, z AaT7 PRICE L85 S EEEINZ 7. ZOBERTTAT H RO 7 vy NI RO M 5 15 %R —
DT ORIE FIEIZBOTRIEARRODOBER R HLHEE 2 HD.
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23, 2) RO 3) &5H214) oy B OB AR ORI | T RO B OB KRG 279528 L5,

30

30 20 -10 O 10 20 30

B2-1 HRE A IR OW-P,05—
W-K,00z2=27 O R
¢ [Al—B=EICBITL2z22a707Tmy b
....... BRIE (22 =27 3[R UAB 2 7R 4 IEHR)

30

20

10

W-MnO

-30 20 -10 0 10 20 30
W-P,0;
B2-2 REA IEEHF OW-P,05—
W-MnO® zA27 D%
¢ [Al—#B=EICBTL2z2a707Tmy b
------- BRI (22 = 7 A3[A) U A 2273 IEAR)

W-MnO

W-K,0

[22-3 IR A REEFH OW-K,0 —
W-MnODzA= T D BEf%
¢ FA—RBRIRIZBIT5z2a707ay b
------- I (24 2 7 D3F UAE &2 7R3 EHR)
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20 ~ 20 .
1 O 1 ',/,’ 1 0 1 ’,"'1
o o o
o ¢ B0 ¢
A g ©
-10 1 -10 1
20 -20
-20 -10 0 10 20 -20 -10 0 10 20
S-MgO S-MgO

[X2-4 FLEUWTFOERE IEEF D
S-MgO—S-CaODz A= T DR

o [ARBREIC
------- BRI (zA 27 3[R Ul % 75 3R

BifdzAaro7aey k

4) 5 B 0 ER RIS ) SEAM
(1) RS IR D% E 4 & (T-N)

X2-5 #LEUNTUWLERE IEEFFR O
S-MgO—C-MgODz AT DB

& [A—HBR=IC
------- BRIE (zA 2 7 D3[R UAE % 7= 3 EAR)

B bzAa7o7Taey bk

SN 111 REREDH D, 65 REREINT SIVE B4 —r VA — )ik, 12 SRBREDREELS, 24 RBREDNGE T
Fhk— A=)V, 6 REREN 7 VA —)VIE, 2 WEBREDNEH B OATEE, | RBRENV YT UAERLE, 1 38R
N VA — AR ERME R OV RS BR M E D 2 B A AR LI kA W=, B O BB i X 3-1 12

Y. EEIE 6.37 % (845 3) & Median6.57 % (H &7 3) (2

102 %DENRLN-. z 2a 72k, [iE)

RSN TZRBR B ILEIRD 77 %D 86 iRBRETHY, [Riiid | EFHliS AR =1L 2D 17 % THD 19

RERE D%
J%J@E&z 1
X, TOMOFREREL EERL T 1.5 %L1 FRVVE

AR THEIZNSWETH-T- (A E

M UTz. DI T HRERENT NSVE B4 — VA — )k, 6 EBREN VA — VL, 2
B R DNRE T8 — TV E — EE VT, Z0 43R BRED Median L9 5L, LA — Lk
ZRLT- (3 6) . 4 RBIEORBRAHRE IOV C— ol i 7y 7
/\Uf%‘:ﬁb\ ZHEIRELL T Tukey REEITHToEZA, TVE — WEOFEREAE T
KUE 5 %), FVFZ— LB, IHEREEZEDOE
HICHHRBIEE RN T BT HERO LU T E T2 A HE
BREGALTRY, ZVE—VEERWZZEMUMED RN EE 2 b5, IRk

FRBRE A

F0 3 FRERIEIC
75>“Cé°7fﬁlz\ I, 2K
MR B 5. A EIOWIRE S NEEH LA
SRBRIEIZIE, T — Lk

IR E R A B FRWIEBHOE T T 23 TRY, FEOBRIZITEENLE THD.

) RREEIEEFOT o E=T 2R (A-N)

SN 106 REREDH D, 25 MEREREE, T4RBRENRNVLT VT ERE, 4BBRENA VR T = /) — ik,

RRENAA L 7~ T71k, 2 RBRED BB TR E

V. BB B2 32 (R LT

SEHIE 2.43 % (EE433R) & Median 2.33 % (H&703R) THY, z Ao 7|28, R | EFHtiS il =134

KD 77 % Tdh-oi=. R E | LRS-3R =T 2D 16 % TH D 17 RER=E 5%

YL, 2055 9 bR
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BRIV LT VT EREE, S REBRENREEE AT, ZRBE K ORIV AT VT ERIEIZ LA 00T & IZ D
WOFIEOEIZELDREEATT2ELS, TNTNOFEIEICAH EKIES % TH BREITRRD BT,
RRIEL, RBE DT IERERE T DEICKEM LT N 2E2T A HVEIELTHWDE, ZZRHBHIIRFEN Y
T DIEN DD, BRI T U E=T PRERDIEHEL, FEOIRK ERDGE 0L, TV UHI DR
IIXEEDNMETHD. T, REBEIHICT =T ORHENZ N =D, T/VHVFRNIOERNBIIRE T
Ao F RIS E S THIOBBESNIZ. RILLAT LT ERIEIZOWTIE, DVARRICE D854 LD
AREMER S DT80, AL T AR =0 MR EDOPINC I D0 AVBEER EBESS, BV LT VT EREREIRINT 5
Ai10D pH FHEEBAEE O 2 OO EZ IEMEZATOZEITEE T 20 EN DD,

30 3
25 ] 30 ]
25
20
u i
- 5 ‘
&Els | 0 ,' l‘
E A‘ e _" \
7 [ A ) =< 15 (] —Qr
10 Fo I 4 $
2 ¢ 10 1 e
5 7 N 4
Q‘ = ’e'j i &
0 :“:‘-‘; =L gz‘ 0 S A
LGARE0RRERELEE Y FEasAsERAEEEL:
R R I A I A A A~ 5 o1 6 ol ol i ol ol ol ol ol oi of 3
- (% (B By 55) v e O O O A A S A O A 3
Ue) o UE EJJ} < & . . N
~ (% (E&5r%))
W3-1 Ik A s NI N ‘
K31 R EQHE%«EE@%%}“E@ [43-2 WAREA IO T =T HEER
SRR it
m— e - ER ‘ 73BT AR ‘
—B— PABETL e S LA — L = g e EEHLU TR I
oo FONNE Gl — —-o-RLHE— —B—KRE -e- R ATATERE

PPV — L NV —

(3) AR A NEEH P OIS (N-N)

BN HRRBEDIG, T2 HBRENT = /— UiiERIE, 13 RBRENT SVE A4k, 3B B8 b
&, 2R EN T T T NTIE, 2RBRENRAA L v NI 7 EE WL, BBREGE O B A A X 3-3 12
AU SEEIE 132 % (E&E53) & Median 1.29 % (B &%) THY, N & | Lafh S 7zalr=s i3k o
86 % Tz, [RIlE | RIS =R 1T 2RO 8 %lZdh =2 THRBRENZ YL, TDHIH T =/ — LHilk
%, TONVE BB O A B OHTEE IS EN 2 RRE T, T7FATIUEN 1 RRETho7-. 7
=)= URERIE K ONF 7SV E B AR K DB A W ORI D 2 XA EE T 12825, ThEh
DN BARAEE 5% THEBERENRBODI, T IVE BRI ARG SO e fRsnz. 2
MR FEE T ARENS, KB LT NT LERINL, BN LD KRR LI T8 T, RBEONDRLT
T oRETEERDERT 52 CEEDRRIC e o e ZENHERIND. JERMERBRE TIET SV E G481k
1%, TR =T IR RIS DIRFEAIKE R KOG & T IREHC I3 A X enesih Ty, Jik
DIFRITEE T LM ENRDD.
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(4) WA G NERBE T DIKEEHED AU (W-P20s)

SN 126 REREBEDH D, 124 RREN AT REVT TUBT o E=0 L3k, 1FRBRED ICP R0 e miTiE,
1 3B S H 8 oA B T KD 7B Tz, SRR AR O BRI 21X 3-4 1R, SFEIE 6.20 % (B &4y
3) & Median 6.15 % (B 857 5) THY, Mifj /e | LIS 73R BRE 1T 2R D 84 % Th 7. T 2 | &FH
ENTRBREIIRED 10 %2725 12 RBRESFZ UL, | REBRENSH B E LD 5, Zofid T
REVT T UBET o E=U MEIZE DO Th T,

18 30
16
25
14
12 20
ﬁlo
ig 2R15
o “
6 10
4
5 %
2 i -
0 o % TR
L2082 INEaNgY
e n 2 SETETITISTEISITITR
- (% (FLRESY ) a i (% (EERSY5)) °
(3-3 RIREA IR ORI E R O B13-4 WRIREAREEH DOIKREEMED AFED
SRR SRk
e N 7 L \ BT \
= i 2 —8— T = ) — ViR i e . oLV e AN R
-G = T NNE EEE

(5) RAE BB DK EAME I E (W-K20)

2N 124 RERZE DO, 86 ERZEN T L — LR ROGIE, 36 sABRENTL — 2O TE, 2 3BR=E) ICP %
S5y IHHTIE, 1 RERERT N7 = VRUBR T N U LR kA . SRR O By A X 3-5 12R
T OFIME 6.34 % (E 57 3) & Median 6.27 % (B 53 3) 11T —H L Nl | SRl S 7-ak B 3k
D 81 % Tl o7z, [ R | LRSI FRBR =T RIRD 13 %IlTH72D 16 sABRENGL Y L, NFRITTL—2008
FEVEDS 2 3B, 71— AR RGIED 12 3RBRE K OV ICP F0 50 0 miEns 1 sBR=E Ch o7z, R
ER QT L — LA X DRI DWW COEED LM EZAT 272825, TNENOFEEEICA
BKHE 5 % THERAITBOBIRD T, 71— DICEEE R OVR ARG TE THIE 9 2B 35 Bt O E.
FRIEICHEEL, FARL7AEEIRIZ OV T, BRI ORGHEE LS IR EE LA AL DT LN BHDO TE IR
TOMENDD.

(6) WK A AEF D AERMETE + (W-MgO)

2118 RBREDH D, 109 SRERENF WG, 6 sERE N ICP %5 6015, 3 #BR=E)S EDTA ik
e, SR O BB A 21X 3-6 1R 7. EEfEE Median E612 1.15 % (H&533) THY, [ | L7F
i SA7ZFRER == T RIRD 84 % T o7, TR 2 | LRl S AV7-iRBR =X AR D 9 %2725 11 FBR =A% Y
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L, WERIFE W28 10 3RBREE, EDTA 4% 1| RERE Cho7-.

30 35
25
20
g% 15
10 -
S ral Ef — —
};53333383%?‘%3311 igsasssﬁaaaaj
N\ \© O O O O O O O O © O O O - A\ e e e e T e e e e e T e T A
R AR A SR AR A SR AR AR A - O A O O R R A A A A
© (% (BEm3F)) o — (% (B&575%)) —
XI3-5 HIRE A IEEFR OKREEMIN R O X3-6 KA IR RO KEME O
AN \,\3; I\ ‘(‘zla
— TR EebLn ‘ SIHT kSt ‘
R S L I [ i A I O L ) AN

=G = 7L — AR ROIE

(7) WRAE LR OKIEME~ > 7 (W-MnO)

ZN 107 FBR=E DS G, 98 FRERE N7 L — AWt EE, 7 3BREDS ICP 560 6 iris, 2 sBRED
FOFRE VY NEE ATz, REBREGE D A2 X 3-7 127, SFEEIE 0.090 % (B #4553 3%) & Median
0.092 % (E&/73#) THY, Nilid | ERHME S 7-RERE X 2R D 83 % ThH-o7-. TR | LRS-l
IERIED 10 %725 11 RBREDGL YL, 7L —LRFROEED 7 3 BREE, ICP L0 o riEds 3 7R
R, IR AT LEN 1 RRE ThH-72. 7L— AR FWEE R OV ICP FIE5 e rikic Lo Bk i
IZDOWCRAED AL DR EEAT T2 E2A, ENENDIEEEIA EAKYE 5% TH ERZITRBD HALRD

oY

(8) WRAE AL D KEATEIED 55 (W-B203)

ZM 97 HEREDH G, 90 HERENT Y AT H ik, 7R EREDY ICP RN e mbrika v iz, sRBR D
FER A A K 3-8 IR T, SEIME 0127 % (B &5 %) & Median 0.126 % (E&573) THY, N e | LFEHhE
NIRRT RIRD 88 % Tho7o. [ | EFHIS I BRBRE 1T 2D 11 %I2h 722 11 REREE% 4L,
T AFL HED 9 B, ICP R EAHTEN 2 RERE Thol=. 7Y AF L H IE K OV ICP 0085
BB Z DR AR DWW ORI D LD E AT o7 2 A, TNENDOEEEICHEAES % THE
RATRO NIRRT,
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30 25
20
15 [ O R
BE
I |
_ ey 2 S £
o _ pe)
o L
Ladegs822yaes gy X228 a3SsS82a3Y
NEEEE8222322334 XzZzZzZzZczZczZczczczsczsod
dS33S333s33333g = 2
2777777777777 7¢ T L
= (% (B 5y 5R)) S s (% (A5 3)) S
B3-7 AR A MR OKEME~ T (3-8 HARME A MR DOKEMEIESHE D
D53 AR ST R
R L = il )2 5oLV
e N —— L —NE O mrrnrss BN ) R —8— 7V AF UHIE
-G --ICP-OES#: -=G--1CP-OES{:

(9) RGBT OKEEME I V27 L (W-Ca)

2N 95 REREDOL, 87 MR ENT L — LT UOETE, 6 BBREDY ICP FI/m otz vy, Lol
T E=U LEE EDTA M2 1RSI, SRBREGE O BEE 3 i 41X 3-9 12T, 113 0.223 % (B
57 3), Median 13 0.224 % (H &573) THY, it | LS 72 BREE1T 2R D 88 % Th o7z, [ 2 |
ERHME NI EII R D 5 %IHT25 5 RERENFL YL, 7L — AR FIIEIED 4 3B E, EDTA IEM 1
AEBRECThH-o7.

(10)  FESUNTWERE R o ml st i (S-Si0,)

BN 62 FRERER DI, 44 REREN S oALHYTLIE, 14 REREIEIEFEIRE, 2 3ERE S ICP FE 085
Hrikz Fz. BB O A A X 4-1 1R §. SFME 32.42 % (B 553 38) & Median 32.34 % (B #4535)
ThHY, TR LIS RRET 2RO 84 % Th-o7o. TR LAl RRE L RIED 3 %l
% 2 RBRETHY, SolbAYTLEN | B, WERIRIEN | MRE ThoTz. 5o kWYY AEK DR
FBEZ LRI OV TOEEMED L DR EZAT T2 L 2A, TNENDFEMEICH EARMES % TH
BRI LI T.
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25
14
20 12
10
15
) #H 8
iy 13
10 e R 6
4 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,
5 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
_ R E—m—— | AR —
0 Lo Pala 0 o ) . e _
LegRLNgeRRL LYy FaNn®esnanganay
=i Mo B S B B B B B e NP mmma@m@amamaddx
877777 TTTTUT ¢ T L
= (% (BT )) S @ (% (FLf5 ) ) «
[03-9 iiRHE AR RO i
DDENT R AIYAME TR D 53 T8
\ mﬂﬁﬁm ‘ o i 2 — b
=i DL T AN e AR —8— 5ot b UYLk
-~ BRI

(11) FESWTWERE R o7 v 71955 (AL)

2N 77 SBREDOD, 57 SWERENT L — LR ROGEE, 16 3= EDTA 15, 4 BR=E70° ICP Lot
SINTIEE . BB D BB A A X 4-2 1~ 3. SEEIE 50.37 % (B 47 3) & Median 50.43 % (& &4
FHTIE—EL, [l LSBT 2R D 87 % TH o7z, TR L | RIS =B = 1T 2R D
5%IZd72% 4 FRERENFLM L, 2 FBRED EDTA B4 AV, 71— AR EEE ICP F6 5 itz
WSRBRE N 1 B BRE CThoTo. 70— AR FIOETE & O EDTA {EIZZD 0T AR I DUV CEED 221
KOREEAT T LA, ZIVENDIEEEITH BAKUE 5 % THERAZITFRO bR o7,

T —NRAROEE I 57 3RS, EDTA 12 V2 1 3R OV ICP FO65 etk a Fv iz 2
AR O G FE 60 FBREND S-CaO KT S-MgO DT ED S &5 T 7. ZHDRERBGHRE D sy A
4-3 KK 4-4 |23, S-CaO 1T F-EIMEDS 41.11 % (H 5453 7R) , Median 7% 40.99 % (E &%) THY, [~
Tt & | LRl S AR I I RRD 2 %lldTos 1 MBR=E Th o7, — 757, S-MgO OFEIEN 6.55 % (B &5y
3) & Median 7% 6.59 % (B &7 5) THY, T2 | LIS RBRE L, 2D 10 %IllH725 6 HBRET
HoT.

THVGrOFHTE, SN RIS TR S LD B B A1 TOBE, A slEli e — 2 — o JES I [E S
FTHERH A ERVIRIEDOER 705720, BT DUENHD.

(12) FESWTWERE IR o< 1 (C-MgO)

2N 80 FBREDH L, 72 SRR E N T L — LR FROGIEL AV, EDTA 1£ KON ICP HO650 6 iriE 45 4
RS, RBREAE D ST 2 X 4-5 1R SEEMEDS 4.89 % (B B4 5R) & Median 728 4.87 % (&
B3R THY, e | LiHhS B EIZ 2R D 91 % Th-o7=. [ | Lish-iBR=iz 2o
4%\ T % 3 MBRENTL G L, WaIE7 L — AR FIROEIEDS 2 3R =, ICP F/ e miiEns 1 ilBr=Th

o7z,
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S (% (BT R4y R) ) 5 % (% (BT R4y 3R) ) ¥
X4-2 SESWFORRE AL R 0T Y 5y 44-3 SRSV WOERE LR O eI

Doy IR D453 HT RS A
— A . .
5O o i e B LV o AN
N &
18

6.10LLF [iiere:

S EFTEIIEIRILEKE =Y
E Y 6 6 & ¥ S v = = X : :
A A A A S o
(% (E&S5ER)) o < (% (B B4y ) g
[Xl4-4 FLSUNFOERE AL O RIS X 4-5 FRIUNFOERE REER o< pE
T DT Rk T DT Rk AE
o i . SR L T R R i . e e L o R e

5) VABRDBRIERERVRERDERMEFHTEROMER

AFLFFRERTIE 2013 FEEEND, DABEDSIHTICB O TEEEROINELIT>TND. SEEIT, KEMED
WBEE T REVT T VT =y AE TR U7 R BRI, SBRARE O M2 E i R ORI O
O FEIZ DN TS Z RO TR, 121 BEBRENLHMENRH T,
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WERREHNT, RBREBAWER EToLZ. &% 420 nm, 415 nm, 410 nm, 400 nm & 2 OAtd
WRICHEL, ZNENOHE T z A7 I R LR S A7 =L (2| =2 3) L2 0EIE, KOG/
FIETRHLUZBEREEO P RAIEL NIOR 3 TR LT, TORERAKRMEY AVBRIE, 420 nm % V72588
Y 95 5BREE (79 %), 400 nm, 410 nm K& N 415 nm 72E, Z OO 5 AW BRE 1G0T 26 35k
% (21 %) THY, FFETLEMITRLNL) -T2,

KW R COREBREZ T, 420 nm T 0.236 abs* 100 mL / P,Os-mg THg/ly, 400 nm C 0.379 abs* 100 mL /
P,0s-mg Efc KLY, JIER R /INEL 2D DI TIHE IR &R DE M2 bz, ZhuTok EE hi” &
—HTHEMATHY, KW E TCOMEIOIEH>ZZE7RF NIQR 1% 0.002 abs* 100 mL / P,0s-mg~0.006 abs* 100
mL/ P20s-mg &/NSUVME T o7z, ZAVHOE FlE 2013 45 J UV 2014 4R EE O FRA O L RIFEDOH M Z 7~ L
NQAY

F7o, 3 8 I RBRE COREEFE 71k (REMRIED VR ZER) K OREEROFARLT1E (P20s 2> P 7> PO4) 12
SN, HIESNT-REBREL, Z205HRBRAEN z 227 I LR R LIS - B = 5% OEIE ST
PR FE AR DA LRI SNSRI A OB G A R Uz, KEETED AVBEIT 84 BUBR=E AR EfRE, 29 3K
BRE N RAEEZ IV, 93 BUBREEDS PrOs &L CIR BRI B L 7oA HENR, 23 3ABR=E3 P LU CIR EEAR R L7 I YEIR,
4 FRBREN POy LU CHRBERBLL 7 AR YE 1 2 N QU2 R R M O Z DEIRICHOW TR EfE L R 7S
EORICBRE LA TR bR T, iz, FRMER ORI IEDEIT IO RN R DEIG1E, P05 4 %,
P23 17 %, KL OPOs A3 75 % ChhoTe. ZIETORAEIZLDE, 2013 4RI IEMED AVBRIZDOUNT, P20sH3 4 %
(ZHRTL TP 28 38 %lBAE /RN FERSILCNDY . 2014 AR 1XIRMEV ABRIZ DN T, Po0s 28 8 %ICkfLTCP
319 %, KD AFERIZ DU T Po0s 13 2 %I LT P 23 19 % THY, P THRRL 2B E 2B W TR 2 D
FIA D EME A SRS TRYY, 2015 4EFEL RIEEOM A28 Boirz.

KT KD ABROWE R R &R

R BB

WEWR e wrmes R e NigRY
420 95 8 8 0.236 0.005
415 3 0 0 0.267 0.004
410 14 3 21 0.304 0.006
400 3 0 0 0.379 0.002
< DA, 6 0 0 - -

a) H{7: abs +100 mL/P,O5-mg
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K8 WARROYE T iEL R

o ®§ﬁ§2m‘ REBR R
PREROMBTE  mgs NRIR R OBE (%)
88308 96 10 10
TRZEVE 25 1 4
IKEENED AT P,05" 93 4
p” 23 4 17
PO,° 4 3 75

a) P,Os CHAMR L 7= FE CHEUER 2 75 Y
b) PCHUR L 7o I CREVER A7
c) PO, THUE L7 iR B CRE MR - 3

6) MNIBREETELFEREROMER

Z DI B B BRI TR L T B A BRI A R DT LT A, K9 DY, 145 FBRE (RIED 93 %)
MOEIENRGH ST, 85 FERE (UKD 57 %) HAAERMEE P2 FE i L TV, 60 slli=s (KD 40 %) 735
LCWiipotz, Eio, NEWEE OO OF BEEIEL T, 35 B (KD 24 %) MR EYE, 49
AR E (RD 34 %) 2338 £ O Hlzkk A -V T (BRI D)

IKVEMED VRO FRBR AR 31T 2P B BLO B A 10 IR UT-. ZKEEPED ABEDORIE TI, PWEk,
B A FE L7235 A ORI R B OZDOEIG DS 6 RBRE M N9 %ICH L, EiiL TOZRWIEEAIT 6 iBR=E
BN 11 %E7e0, R ROEIE DD TONEN TN K ERZET AL AR T,

728, ZELUT, IERERIHEEYE (@ Lk IEEE FAMIC-B-10 K& O FAMIC-B-14) IZ351F 57K A
s DN S B BRI 2 2R 11 IR Uz, AKEEPED AVBRIZ DV T 27 BRI DS B 2 CTORBRAUE 7V
FARLAN Tz, BRI, KIEMED AFRICHOWTIL 29 iBRE DI, 2 BBRE DORBR R AL B 2 i
2’(1/\7”:75)

FDH—

AEEITER BT R O o7, S EE BRGED LE MO FIH 2 B2 72561
ORBFAENEEGLL, FRBREFETHIENEEND.

K9 NERaREE EEBIR L

PR i B BRI A ERRCR) (BRI 2 AT)
% RAEEEME  EEOIERE ME O R E

3 R AR R S 85 35 49 13
[ B A PR AR BR AN it 60 - , 3

% 5 : - :

bl
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#10 AR E R BEABRIR LV AR ORI

EPREB O HE K O AR =
BB ORI K AR RS (%)
ﬁﬁﬁ 69 6 9
LR YE B 33 1 3
® oL@ 39 5 13
M O FEEE 7 0 0
A 53 6 11

a) HEEEFITELTUICHT R
b) PR A P AR R S e

K11 NER AL BRI L L AKIRED AR O R BR pliE

R I
HLH EH; E‘
BERRBE R FAER SRRUN LRGN RGBS

WBIb AR FAMIC-B-10 13 13 0 0

@ EEE FAMIC-B-14 14 14 0 0

&t 27 27 0 0
6. ¥ 1%

2015 AR EEAMERKE BE B BRO T D DL RIFABRI L, WCIRFE A IR 9 Ao 129 BBREE, SRSV WEREIEEL 3
BT 82 FBREMN ST, Kz BT, FBIE Mean &l Median X0V ME TH o723 —EFTRe
ST B L AN, SMUEOREEZ T TCODIENE X DN, KRBk a0 S ANEICLD z 23T
ZRHWCIHMELZEZA, 2 (2=2) | ERHMliS 7z BR EOEI S0 77 %~91 %, [RifE (|21=3) J LRl
NIZRBRE DEIE1E 3 %~17 % Th o7z, FEORBRIEICLLDWE T 7 R BRELL AR L7 ERIZ O
CTEBMEDEERELTZEZA, HIBEMEER (N-N)IZBW T = ) — UL E T SV E A ﬁﬁ@jﬂﬁf’ﬁfﬁ
BRENROLNIZ (FEKYE 5 %). IEREERBRETIIIRFZE TR OmMEEMEZE R (N-N) OREIZE
W, TAVE A EIETE AN CHLHOEENMETHS. £2, NEbEEFICEDHE T, £
6 FNORBRED IO DIEEYEZ NS EE B AT > CWDIEN DT, FEREELHRL T, 4
FE R TN R AR HER) A3 IE I S T D 2 e HEgR S L.

FEEE 3 HT 1A B9~ 5 R EN 2L, B OWMNEEZ D TH 2 EOM RIZBOL0ER D5, T

(ZSEASE BR O 25, PER G E & BB A B0 AL COT B D BB A1 THZ 8T, —EilBR=E 0 E Mk
IXEELEBZDILD.

ZOMFRBRE I T DITHTY, WEO M R, BHEMERRE L KT e ELL, o7 7n
IRAE AR T35 e ORR A2 ALT Y 7 E RS IE T35 OB E SIS TRE# B £
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Result of Proficiency Testing for Determination of Major Components and Harmful Elements
in Ground Fertilizers Conducted in Fiscal Year 2015

Kohei ITO!, Masanori HASEGAWA, Toshifumi FUJITA?, Masaki CHIDA?, Toshio HIRABARAS,
Hisashi TSUTSUI*, Takafumi KAMIKAWA?, Keiji YAGI®, Yuji SHIRAI' and Toshiaki IMAGAWA

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

3 Food and Agricultural Materials Inspection Center, Sendai Regional Center

4 Food and Agricultural Materials Inspection Center, Nagoya Regional Center

3 Food and Agricultural Materials Inspection Center, Kobe Regional Center

¢ Food and Agricultural Materials Inspection Center, Fukuoka Regional Center

7 Japan Fertilizer and Feed Inspection Association

A proficiency testing of analytical laboratories was conducted in fiscal year 2015, using reference materials of
liquid compound fertilizer and ground silicate slag fertilizer based on ISO/IEC 17043, “Conformity assessment—
General requirements for proficiency testing”. Total nitrogen (T-N), ammonium nitrogen (A-N), nitrate
nitrogen(N-N), water-soluble phosphorus (W-P20s), water-soluble potassium (W-K,0), water-soluble magnesium
(W-MgO), water-soluble manganese (W-MnO), water-soluble boron (W-B»0s3) and water-soluble calcium (W-Ca)
were analyzed using a liquid compound fertilizer sample. Acid-soluble silicon (S-Si0,), 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 129 participants which received a liquid compound fertilizer
sample, 92~126 results were returned for each element. From the 82 participants which received a silicate slag
fertilizer sample, 62~80 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 77 %~91 % 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 distribution difference was observed between the different methods used except for 1 element

(N-N).

Key words  proficiency testing, compound fertilizer, silicate slug fertilizer, ISO/IEC 17043, z score

(Research Report of Fertilizer, 9, 110-135, 2016)
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10 2015 &/ EHZBIIREMEDORR

—IHTE R BEIEEL FAMIC-C-12 D383

BOTETY L, B HE 2, NKRFFR L, ER)INERE !,
Ve A REER Y, BFHRIR !
F—I—F  HGEARVEME, HUETEEIREL, TSy, A RSy, ISO/MEC Guide 31,
ISO/IEC Guide 35, 3 [A5BA

1. [XL®HIC

MSTATEOE N MK PENS #2224l % — (FAMIC) T, 227/ BB A RE, s AMl: 575
SRR A R, Z ORI E LT IEEND F sy o OV 55 550 D 53 BT E L T D 703, Jh%@/\*ﬁ%
1B T2 BIE OB MR RO LTS, 1ERTLY, B EFELOMEEHE, 4 EFE%
INDD AR S T - 5SS, IR RSB %5 DR BR =R T, BRI O1E B MEMER: e OVl oo
] b7, B BB UT IR RRHEE Y E VI LD NER S B B A Ty, Bicdmaletz f
W2 BRBRE R O L [FIFRBRIC SN L TOMMIE S B2 Sl Q5. AR, [ERSHZiE A ERE T O BhZ 3 Te
o, FAE ISV TE ISO/MEC 17025:2005 (JIS Q17025:2005) 2 DERHIEHA S35 UT- s BRARE O 15 HE M
el D& 2 T WEERSN TG, ZOBERFIAICIO CIERRFEENE O & HAR 726 ] | K O3 BR AT o
LG T E BERER 7 0 7 T A DS HHELES LTS,

BITE, FAMIC [ZB W, IERIRRHAEEDE A (RELRIEED , EEERGHEEY S B (@ LRIk &
OEREREEAED T C (B IR EEAEED 2705 - e L TRY, ZNHOFRBUZ SWTIXE BRI S MR D
728 1SO Guide 34:2009 (JIS Q 0034:2012)% D5 ik OVEREICB T 2ERFIHE | 225 RS HZLLL,
ISO Guide 35:2006 (JIS Q 0035:2008) ¥ %% | Zfif#%1T-o7= - C ISO Guide 31:2000 (JIS Q 0031:2002) %
BEICRIEE R OT NV EERL, IEBFERINR S S IR SE R B R R S O Rk 2 52 T KGR A5 C
NW5HEZATHS. FAMIC-C-12 32016 - 6 A G MR A X 57280, Fii-/eibrtiEEmE A3 5208
IRBDN, TR A3, BAHERR ERF (20124 8 H) 22 b & 22 BRI BIEN 22N 2 E D03 iR
ENTWBIEND, RIREEANTEA T L. LnL, 2012 FEORFHEDIIE D=0 OfFFTIZiHT-Y,
KGRI DN T B FFBRE R 220 45 NS WDICF IS UER EZ L TV, £72, g oV
BREID 2/9 B2 D0 RERE A IUERE THRINL CQ72d, KRR OSSR D ARFENS IV INEL, dhE BB
ELTHERHLULIZKWEDE ARH 7.

ZDT=D, ZOKRE KR OENZ DV THE I F R A TS L, Z OB AT L CHZEREL, NAEY)
FCTHDHZENBIEERRGHAEEY E D4 F% FAMIC-C-12-2 ([ZZH L, F8iHE M OYEREARHENSEDE S
1T D TEOMEEZRET 5.

2. MHRUVAHZE

VIRSEATBUE N REMOK BN B 22 AN 27 — NEERL 2 AR A
2 MNATBOE NEMOKEEN B 2 2o 7 — IR R L A (BOlEEr2—
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1) FAMIC-C-12

FAMIC-C-12 DFER1Z, BB 18 HHTD FAKKERE (5 5y F-BEERIHE 2390 %, — ARV Ek0FH & Ot
1 RAE N BIE A5 T AIGIE (86 %) 2 LB EL, 5 BATO &5 TEIEVE (10 %) &, B EIFRH (FEd) &
ZIRALT 45 HEZEEBES S/ IROTGIEREEIEEICHD, 2012 4F 4 BICAFESNI-b D& AL Tz,
W, HESD LI v BIRE LI D Th D,

7283, 2012 FRICEE A HER L CODIEND, AR E MR BRI LT,

2) HERR

FRAREEATO720, ZINEREE FAMIC O 6 3B =E & OV BB 6 slr=s (B 12 3R =E) IV TR [ER
B FEfii L7z 455U = 1C FAMIC-C-12 (%9 120 g tB ) AD) 2 2 AGEAFL, BRBRAEL 73 312 3 O TR A 52
i B & OB B DA 25 2 C 2 [ FEMEL 7=, KER K OMRIZ DWW TIIAIET 4 M B A DU AL, AhE
FIMTHEL, KT OWTI/INLES 2 (2 U AL TN | fETEEToIEELT.

72k, LR ERIL RO PEA IZI U THRR 20 4R MDA 23 ST AT EERE P O F
BWEDOY L TV FIEOBIRE LR E TSI OVTHEBE THY, TGIRIEEIO W S 720+ 23 70k
EHAT> 0D FiliBR=ETh s, (+FIE)

—RRFEEE N B IR ER B A e SE T

—fMENEN BARERSTE 24—

A IRHEBRE E 2 —

PASAFEN B AR E W BIVE SR

NESENEN B AR E e AED

MSIATBUEN BMOKEIEE Z it 22— k22—
MSIATBUEN BMOKEIEE Z it 22— it 2 —
MSIATBUEN BMOKEEE Z 22— et 22—
MSTATBOEN BMWKEMEE AN 24— AR 2 —
MSZATBOEN BEMOKEEHE 22t 2 — iz 22—
MSZATBOUEN EMOKEEHE Z a8t 22— AR
FRLERAE Rt

£ 1 JEBRRREREEWEC OERR Y M OiRIE

RERAY  HEREA R BB O

K4 (5,0) 3.1.a 57 k;t’%fﬁ |2 XA R e
3.1.b IRy TS K DR B

7Kk $R (Hg) 5.1.a S ST )i L& e

#n (Pb) 5.6.a T — LR ETE

a) AERFERRERE (2014) ORERE B & 5

3) BRRERUSHAE
AUBRIH H 3R Oa L L2 (B D). Fe, 2B EMEL TRRET 2720, KobilBRia H L7z, #45RE
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H OaBRTEE L CIRRFEBRE (2014) V% FH V-,

3. RERRUEER

1) #EHBRER

KRR BN E SN R AGEL R 2 1R Uz, BBRGE DO/ VEE R T 572012, 2 HMIZHT=
HHEEFEPIEE L T —L L CaZZ (Cochran) DI E K& N7 X (Grubbs) DRE A FEL 722 . 73
3, 277> (Cochran) DR E J N7 T 7 X (Grubbs) DRUEIZ LV BEKYE 1 % CERANSNDfEIT A2 o7z,

K2 EEHESGELEEY B A C O P 3t Rl R ki HRE (%)
A Ky
A 120 120 120 116 115 116
B 103 108 107 11.0 1.1 109
C 9.9 9.7 98 9.7 10.1 9.7
D 1.5 114 113 114 113 112
E 122 121 121 121 122 121
F 1.7 118 1.7 116 117 116
G 122 123 121 115 114 118
H 125 126 125 123 125 124
I 115 115 115 114 114 114
J 1.5 114 114 120 119 115
K 1.4 114 115 116 116 117
L 128 123 123 123 124 124

a) HRIFBRIZSINUTZRER=E O 75 (A [R])

72

B KR T
A 0.490 0.508 0.476 0.506 0.493 0.507 37.0 372 375 377 379 376
0.468 0.471 0.451 0.477 0.479 0.482 349 364 355 351 347 347
0.555 0.526 0.518 0.538 0.530 0.514 349 349 346 356 349 341
0.474 0.467 0.468 0.481 0.486 0.483 349 349 343 353 352 354
0.525 0.505 0.501 0.559 0.536 0.540 346 36.0 349 359 343 346
0.481 0.468 0.496 0.517 0.484 0.451 357 354 356 352 351 353
0.411 0.451 0.427 0.481 0.466 0.469 372 37.1 371 372 377 377
0.470 0.483 0.530 0.502 0.490 0.522 36.4 364 364 364 364 362
0.500 0.505 0.511 0.490 0.482 0.481 357 354 357 369 362 362
0.487 0.524 0.500 0.503 0.528 0.483 347 347 350 359 355 352
0.495 0.502 0.488 0.518 0.483 0.449 358 36.1 360 351 349 347
0.493 0.486 0.469 0.497 0.500 0.491 36.1 36.0 358 379 377 374

&
i

(mg/kg)

R =D QMW mUYUaw
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2) EIFER R DT

RERRUE LR LT, B ZE (sw: 2 BRSO 2HEEZBNNEELL T —)L), BHHH
PR 72 (sp) , 28 P P BLAE S HE (R 72 (RSDR) B OVIEBFESRBR L2 3317 2 S ] i BLH XHE MR 22 0 B %2
(CRSDR) %32 3 1R LTz, E7e, RBGHERRERF (2012 4F 8 A) O L FFBRAGRE I DWW CIRERICARAT L7/t %
RIZRIR LTz, 2015 ARG L 727K 57, IKER B DR O FEREIE 2012 DO FEIEIZHTL T 99 %~102 % THY,
ZNHO RS OEBNIFRO HIIRDN T2, IKER K Oh D 2 M R BUBSHE R 22 XV T 0vh K& 7228, B
BHERBRIED 12 31T D =M BURXHE R 220 B % (CRSDR) LIN Th -7

3 LRI O RE R

ABIEE  ABRERE RBREED O EEY sy s? RSD;?  CRSDy’
RO R (O R CO S (%)
K%y (H0) 2015 12 11.6 0.20 0.74 6.4 3
2012 11 11.7 0.17 0.81 6.9 3
(mg/kg)  (mgkg) (mgkg) (%) (%)
7k 4 (Hg) 2015 12 0.492 0.02 0.03 5.5 22
2012 11 0.481 0.02 0.02 5.0 22
#h (Pb) 2015 12 35.8 0.53 1.06 3.0 11
2012 8 35.4 0.68 0.88 2.5 11
a) FRMTICHW BB E L e) = [F P BLFH R (R 7=
b) EIIME (n=RBREHODHAT TR (3)) ) AERFERBRIEICIS T 2= M B B
c) EWIEERE IR ZED H %
d) =[MHFBUEERZ g) EEIE (%)

3) RFERUTFEME

ISO Guide 31:2000 (JIS Q 0031:2002) 243\ CAREIRAMEHEM B OFBREED MIENREL TEREN T
WDRBREE M OERRE AR S % 2K 4-1 KOV 4-2 (/R LT, F72, 1SO Guide 33:2000 (JIS Q 0033:2002) {2450
THERRAAEEY E O DTV L E L2555 T — 4 (FL[ARERIZRIT 2= NAE R 22, =2 W DU e
{72 M OMEAT I =3 BR300 A AR IR Uz, [AARIZ, FAMIC-C-12 ORBREEIZ RSV QOB REREE,
TEEREN SR OB ET —F & RIRITRLE.

(1) JEEAHENSOFE Tk

FE[FIFRER DR AE D FEHERHED S 1 13 ISO/TS 21748:2004 (JIS Z 8404-1:2006) 'O 12tV , HEFFERD =
PARHER 7 (sw) , EHIFFBUEMERZ (sp), #BREL (p =11~15) KU E TOMIKLURBRE (n =6) 7
5, (a) RickvsRD =, FHEO ARSI, #fﬁé‘%ﬂﬁb\é&b, IEMERTEDS (w) A 20T 1 Ml 724%,
AR (k) 2T U TRk ((b) ), IEEMERERIEICI T HE & FIRONTIHIO . 7ok, @Efat (k) 12>
WTEIER AT OIEFEKHER 95 %Il 32 k =2 é:ut 725, 2 BRI IELE 7 — /I L
72L2A, PIME K OYESRAHENSI IR CAEE 72D Z LA MR LT
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Sn2 — g2 ) 4 SW
FEYE R e S () = (sk g) n cee(a)
BEEARHENS (Uggop) =k xu ==+ (b)

sp: M BUE AR 7=

sw: ENIEERZ

n: HFEFREBROENMBORLUHAERE(n = 6)
p: FFEIFERORER =5

k: wlEtRE(k = 2)

(2) FEREAEZEDOWRIE J7k

IKER I OERIZ DT, FAMIC-C-12-2 OFRGEEIE L [FIFRER O S AME 2 JEBR AN SOHTELIZALD TV
RUTz. 2B T — 2 OENIEHERZE (sw) K OVE M B BURHER 72 (sp) b AR ITHLR AN HENS O ILD T
FoRUIZ. X5 T, FAMIC-C-12-2 DZNHDOHTEK I FAMIC-C-12 OH L 72D L b inoT=. KT HONTE
BT D E M HAERHE MR 22D H %2 (CRSDR) AN T/2WZEDHREGEE T IC S B FHEL T

NERF R A
feftyoZlilL.

F4-1  FEEEICRHEHEETLEA
TRTAIE A
SRS BRI O %%157#;1%2@5%& <) %7;) -
- 22 - ) S R R
(%)" (%)" (%)" (%)"
A4S (H,0)®  FAMIC-C-12-2 11.6 0.4 0.2 0.7 12
FAMIC-C-12 11.7 0.5 0.17 0.81 11
a) PoREECRLE LR e) MMTIZHVWE B E S
b) WERE (k=2) f) BHEnHE
c) SENAEUER = g) &N MEL TRt
d) =BT ER 2=
# 42 WEEEISGHAE T HIHEHA
o ey —— o) SR BET 7
AR S 9 POREME  PEAE AR &Y sw” st
otk el
(mg/kg) (mg/kg) (mg/kg)  (mg/kg)
7k R (Hg) FAMIC-C-12-2 0.49 0.01 0.02 0.03 12
FAMIC-C-12 0.481 0.009 0.02 0.02 11
#n (Pb) FAMIC-C-12-2 36 1 0.5 1 12
FAMIC-C-12 35.4 0.4 0.68 0.88 8

JEILFR4A- 122
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4) ERBARVLERRDLE

ISO/IEC 17025:2005 (JIS Q 17025:2005) 2 "Cl, FBFFEAEMEL % HIVCRrBRAT D B & oD PR b B BE
AR T AP IS U7 5B 5 1A D 2 S e iR A S 2 2 e HELES I TISY, FRGIEAE EW L 2 TN T B B R
DHEFEFHO—FIEL T, B X —ITBWTERHAL TODNER S BT 5% TR RGEEEY E O 7 )
ELTRITL TV,

A (810 T AL [RIERER AR 1S L0 2R & DTz 224 e 78 @%E& B RL QWD EEREL ZLEEGL, 3 5 ITRL
7o RER, TGRS (LWL) L OVF T ALE BRI (LAL) IZIRIE R C &0, 8570 B S BR R (UWL) K&
O EFALERR S (UAL) 3 @ik7e o7z, 2y, %E@ﬁ—:ﬁtlﬂ%ﬁ%ﬁ%ﬁn%ﬁ%ﬁi@mﬁ&%’a@%’Mﬁciﬁ“
NTEIRADOHIPAN L2 o7.

(1) RS (WL) Je OMLE RS (AL) O 5 H 51k

PSS BB BE OO 7= DI FEME LT TR BR O M LI (n) , FRREME () , FEFRFRBR O R IVSEDN - =N
el 75 (sw) K OVE R HE R 2 (sg) 2 AV T ) X, (b) KON (o) U2k, HEREFHl D72 DIEHE(R £,
BRI K OVLE BRI 2R 7-12) .

L B R DML E TR R OFPH B X 1285 A1F, FO—HORRERNEALL, HBREEM 520
BEND. 2 BEREHEL TEOMEE FEAGE SRR (WL) OfFAEE 2 72 551E, 2 Bl HORBRE R A L
L, BBa i 228 EENDY.

ST 7= s O HEE (o) J<sR SR ()
A5 D IR (WL) = 4 +2 X o e (b)
SEEMEIC KT DALE RS (AL) = u =3 Xo <o+ (c)

#5  PBIEREEEEHEYET A FA VN PSSR B A PR BRBR R 0 BRIR SR (f51]) )

B Y 1) T
TE jfm iﬁ@} o Eiva ”;f j::; LALY  LwL®  UwL®  UAL®
A#R(Hg)  FAMIC-C-122  (mg/kg) 0.49 0.42 0.44 0.54 0.56
FAMIC-C-12  (mghkg)  0.481 0423 0442 0519 0539
4 (Pb) FAMIC-C-122  (mg/kg) 36 33 34 38 39
FAMIC-C-12  (mg/kg) 35.4 332 34.0 36.9 37.6
K5y FAMIC-C-122 (%) 11.6 9.4 10.2 13.0 13.8
FAMIC-C-12 (%)° 11.7 9.3 10.1 13.3 14.1

a) WEBAE B R E L QRO TRBE S hi L TG I OE BRER

b) XRERDRAAEREY)E

c) KuyOFEIZISEEREL THRAL

d) LAL: FHALERRS, LWL: T AR, UWL: F SRS, UAL: )7 ALE RS
e) HEJHE
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5) FEHREMEOHHRR

BIERGEL TV FAMIC-C-12 (JBIRRBEIEED (2B T, FIHIFRGED 720 DR B/ SHEETOR 3 4
D@ ENEIE FAMIC # Pt =28 W TR Z EEMERBRO FZIC IR TWD. £,
FAMIC-C-09 (JGURFEBEALEL) IZ DWW TIZ DL EMAR 4 TR LIZD. ZOTEMD, AFE AT HEY) &
A RNHIRE 4 40 2020 4F 6 ISR ETHILELE.

7B, SEbMKAN L E B Z I ML, ZEMICRBED D ST IOV T, REHENSS B HEIC
WL IREDNEZATIZEETS.

6) FRRIEOERF

JISQ 0031 DERFEIHASE T CRAEEAIER L. 7ok, IERHRHED S RECEIZED, AFEESIEE
IINTEDDIEEHERBRIE LB TR DI, FRREEONEICEZLOEENAELLIN, NEMMNFEL T
HDHZEMSIEEIRRAE Y S O 4 Bk FAMIC-C-12-2 [ZEE L, BGEHE L OCIEEARHENSEDIEIEZ B IR
W, BETBREAZ R LD, Fe, AFRAHMEEME DN S22 E G LTI E L.

4. FEDH

2015 RS IXNEENR S HEN) S (5 TR S BN EHDFAMIC-C-12 OTEJERENE A0 4 ~<, ZOGHED
FRBFEZ O RIFRERZ1 TV, ISO Guide 35:2006 (JIS Q 0035:2008) V%2 & (ZfR#HTL, ISO Guide 31:2000
(JIS Q 0031:2002) ¥ DER HFIH|ZFL SV CRAFE L DT~V EER LTZ. ZhHDZ L2 OWT, IREFEHf
Mt IR B R R HE M B s B R 2 ARk 27 4F 12 A 25 BB OF#EZIKRENIZ7280, 2016 4F 4 A
FOIEEIERRAE Y FAMIC-C-12-2 LU CHRGEZBHAAR L 7=,

RREGEOE IR RO DD T, EME B A A Lo N B E BN EEHIN TV, L, 1B
BFOREHER S, EANITIEMI/ERL T2 013 7e<, EA TS CO D IEEHE EW B X R E O R A
DIERIEL 5 B OF DRI HERRRSILTURNY | ZDZEnD, Yo 2 — W ERT DR OFE Yy E 73
HEEF AT OETEMERELRIC T BT DL 2AIIREV S D LI SND.

NEEHEREARE B O FEEREICH T, [ENZATZERR JE 1R N 36 - B Gh PE SR BN & T JehEis = dnie S 0T 78
AT ISR e OWRRRGATE £, AFRMERIEA B RERIE =45 )RR+, W ONC 2 E R
FfLEHEE S B EFRIE LI, TRV RSSO LET . £, RIS T Wi ne— ik
FEFE TS RERBE L h R AFZEAT, —IRETE N B AR RSOt 72—, BREALIREBR BE i o &
—, IR EIEN B ANEREAR E 12 BV SO M OV, I DN BB A AL DS AL B e R L E
ER

X ®

D) ARSZATECE AR B 22 2 HAiT s 4 — (FAMIC) : I BHRAEEE M BT BT H1 %
<http://www.famic.go.jp/ffis/fert/sub6.html>
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2) ISO/IEC 17025 (2005): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025: 2005, [FRERAT K OBLEMEBIDORE I BI T 5 — AR BR #IH ))

3) ISO Guide 34 (2009): “General requirements for the competence of reference material producers” (JIS Q
0034: 2012, MEHEWE EPEE OREINZBIT o —iX 2R FIH) )

4) ISO Guide 35 (2006): “Reference materials—General and statistical principles for certification” (JIS Q
0035: 2008, [MFEHEMET —FRAED T D — M) K ONta HE R A )

5) 1SO Guide 31 (2000): “Reference materials —Contents of certificates and labels” (JIS Q 0031: 2002, 2
W —EREE KR TV DOWNE )

6) Horwitz, W. , Protocol for the Design, Conduct and Interpretation of Collaborative Studies, Pure & Appl.
Chem., 60 (6), 855-864 (1988)

7) EMOKPEIEE 22 iz 2 — (FAMIC) : JERFERER 4 (2014)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2014.pdf >

8) ISO 5725-2 (1994): “Accuracy (trueness and precision) of measurement methods and results—Part 2:
Basic method for the determination of repeatability and reproducibility of a standard measurement method”
(JIS Z 8402-2:1999, 1 E T HE K ORER R OFEHES (R R O EE) — 55 2 &8 ARHERE ST IEO O TR
FE R OB BURE BE 2SR D D780 D B AR J51E])

9) ISO Guide 33 (2000): “Uses of certified reference materials” (JIS Q 0033 : 2002, [FRFEAEUEME DL
71

10) ISO/TS 21748 (2004): “Measurement uncertainty-Part 1: Guidance for the use of repeatability
reproducibility and trueness estimates in measurement uncertainty estimation” (JIS Z 8404-1 :2006, [H|ED
ANHENS-55 10 JE D AN HEIS ORI I DO TG L, FREUREE N OCEEOHEEMOF] A DFEER))

11) 1SO 31-0 (1992): “Quantities and units—Part 0: General principles, Annex B (Informative) Guide to the
rounding of numbers” (JIS Z 8401 : 1999, D H.bJ5 1)

12) 1SO 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, [HI7E J71E K OV E RS RO KfeS (HLEE L OV FE) —
S HESIZ B9 DD SRR |

13) BRI, BTy, \RFETS, SN, BRI, IUVEIER:, BTG, SRHEBON:2011 4 R

FREGEAZAEY T OB —m@ LR IEE FAMIC-A-10, i@ LA EE FAMIC-B-10 K& ONGIE R EEAEAE
FAMIC-C-09 DR 2e iEMERABR—, IEEHFSEE A, 5, 90~100 (2012)
14) ALREIER W3, AL SRS SO REW IR T AR, p.215~223, JL3#, HH(2009)
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Re-authentication of Certified Reference Material (CRM) for Determination of Major
Components and Harmful Elements: Composted Sludge Fertilizer (FAMIC-C-12-2)

Satono AKIMOTO!, Shin ABE?, Toshiharu YAGI', Masanori HASEGAWA,
Kenta SAKUMA'! and Yuji SHIRAT'

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

(Now) Sendai Regional Center

Food and Agricultural Materials Inspection Center (FAMIC) has developed a certified reference material
(CRM). Composted sludge fertilizer (FAMIC-C-12) was created in 2012. Since it was found that the uncertainty
about the mercury and the lead of the certified reference material had been estimated too small, it was decided to
re-authenticate conducting joint test again for these. A collaborative study carried out in 12 laboratories, and
re-certification for mercury and lead FAMIC-C-12 from the analysis and the results. It changed its name to
FAMIC-C-12-2. At that time, also adds a change for rounding such as numeric, was revised a certificate. 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 ordinary compound fertilizer.

Key words  certified reference material (CRM), composted sludge fertilizer, major component,
harmful elements, ISO Guide 31, ISO Guide 35, collaborative study

(Research Report of Fertilizer, 9, 136-144, 2016)
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11 2015 & EHBIIEEME O

— @ AL AEE FAMIC-A-10, @A b s AEE FAMIC-B-10, {5UEEAIEE FAMIC-C-12,
= AL RAEE FAMIC-A-13 F OV i@ b % AEREE FAMIC-B-14 O 8122 @ MG EAf —

P eaE |, ARTRRES 1, Orgk BT, )12
FRH L FILE !, BEIER 2, A
F—U—F  GEEEHEEWHE, ICE, TRy, AERSY, 1SO Guide 35, R ZEN

1. [XL®HIC

RO B E T DT CﬁEﬁﬁBﬁiﬁ)\;@ﬁW}(F?‘%’E’%é&fﬁ?‘/?~(FAMIC)75§ﬁo“@\%6
SEARRANZ B W T E LT B O a3 B I OE ER S O HTIE R FI R THY, ZORBRIEIITEFED
HEIRDIROBILTWD. TERTND, EEHEPESE SO %f”@f?ié EPEE LD TR A S T - R M 4y
HresBe, NERHS AR R 5 OB T Cl, UBRARE DS MRS i OV T oD 1a) D720 |28 B A E0EE
ITNERIRREAE HEY L VI KD NER S B B8 O B T QD AR EIBE I 703 A M AE M O B X 233
Torfh, FAENZF W TH ISO/IEC 17025:2005 (JIS Q 17025-2005) D OERFEIEE S BT RBRAE O F 11
PEMERR DB 2 R EERSNTND. ZOERFEIX, [FRGHEEYE O EMHe 6 12 Ehi+ 22808
HELES LTV,

F72, BUE FAMIC (28T, IREERAAEEYE A (B B LAEE FAMIC-A-10 & O FAMIC-A-13), [A]
B (W@ LA ERE FAMIC-B-10 & TF FAMIC-B-14) X OVA] C (58 BENEE FAMIC-C-12) (BL'F, 121
EEHE)E A-10) TREE)E A-13) TREYER)EL B-10) TR YEME B-14) TEEVEMELC-12) &£\ ). ) Z3R TS~ ik
FELTEY (E 1), ZNHOFHRUZ OV TIEEBRAEIE S TERER D72 ISO Guide 34:2009 (JIS Q 0034:2012) 7
DI5 Ffhi R OVAEFEICR T 2B R FIH | 2 2B 8922 LLL, 1SO Guide 35:2006 (JIS Q 0035:2008) %%
BE\ T AT 72 £ T ISO Guide 31:2000 (JIS Q 0031:2002) 9 2% & | Z38FEE K T ~ULZERR L TV HE
ZATHD. 2015 FJET, HEUEME A-10, EHEYE B-10, EHEYE C-12, HEHEWE A-13 L2015 43 A
(CRRREEAT S TAEYEYE B-14 ORI EMEIZOWT, R ORI R & FRED D ORRRERK /7 DE =
BV T FE R LT=D T, T O E AR5,

2. MRERUVAHE

1) REEDE=SYLT

(1) FRERGT

ISO Guide 35:2006 (JIS Q 0035: 2008)8>T T, AR EMEORE BT, T=2Ur 7KL TRENE
BHER T AZENEFINLTUVA. EMEORRFHI DWW, & T, BT T — 2 A 32 ] R T 0 22 2

VM SIATBOE NRMOK E R 2 i 2 — P 2 —
INTATEOE NEMOKEEE B 2 2t 2 —m 2 —  (Bl) IR 2R
SMMNEATBOE N RMOK BETH B 22 2 Bl v o 2 — IRl e i A
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PERUBR I OHRAF IR 117 — SR SR T PRI 0 — S D BRI B s, [N A
LI BB B O RAF HAR DRI 072 7 — 2 LB Z b, B DIk RIZEEDE =57 D
FEEU TN, 2R E B T 57230, KD a) ~1) & FAMIC #hF£2 % — L.

a) TR - FEHEYE A-10, B-10, C-12, A-13 X UNB-14 DTEEND, TNENTUH BT | KefhE
B o 7-308

b) FRBRELSY « « BRRESNIZ TR TOMy (£ 1 B ).

c) PRBRJTIE - REREERR E O I [FIRRER O A S IR ER L0 (5 24, K 2B L UVE 2C 25 H).

d) FRERIFH - - - FEEYE A-10 L OVB-1013, FRAEERR E D72 DL RIFRER E iRy, 12 H 1, 20 H %,
24 r A%, 28 » A1k, 32 » A4, 38 » A1%, 44 » At4, 50 7 A1 (A-10 BRr<) LY 56 # H 4. FEHEW'E
C-12 1%, RFHERRE DTsd DIL[FFRER I M RF, 8 » H 1%, 14 » 1%, 20 » A4, 26 » H1%, 32 » A% K
O 38 - A, 1EWEWE A-13 13, FRAEERR E DT ORI E N, 7 »H 1%, 13 » Ak, 19 » A
KR 25 7 At BEHEM'E B-14 13, REHERR E D7D O HL[FFRIENERE, 4 7 A% &N 10 7 A 1%.

e) B .- B 3B E (FAMIC i tEr 2 —).

) ZEVEDOFAL - « - /3 RO TR B 2Bkl g ] (H 30 K OV O IERF O S Al O S EIZ DUV T,
JIS Q 0035:2008 {1 J& & B.5 5 & | Zfiffr.

K1 EEREREAREY E O

4 R FHA JRHEH K D% AR
JR3E, WREET =7, 1

AT =T, b BREE, TUE=TMHESE, B 20154
B, BIPEEIERE, ek AR, KEEMHEINE, <R T, <A 61
MEEFELSIE, WA M~ By, <EHEFOFE (2T7R5T)

fig, 72T

FAMIC &5 LAk
-A-10 At

Toe=TER, AT AR, K

FAMIC 35{bik BT =7, MOAME Lons s o ot . 20154

BRLE, VARSE, NE2R, e
FAMIC 75IR%EE T/KIGUE, B T¥ER, & @ihes, AKX, AMKE O 20164
-C-12 el B R F, IRIV L, KR, =v oL, Jal, ¢ 61 R
(2135%57)

Rk, T E=T,
e AT L ERAR, TUESTHER, D

FAMIC & - ’ § N o Nyl e 2018

AVIC RN i LI, ik AR AT, SIS b R

A MRTERMAIE, A Feeo A, SEIIEI % (2TH )

fg, 7=

N — e W= L

FAMIC S{Kik Bl =7, OB o, o Foo STHRIEDAIR, K g0

oy T R HELO AR, ATHEINE, OF, 2R

B- i 91, = (RTERAY)
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(2) =XV T D3N

FAMIC 72 Z—IZRB W TREME A-10 K OEEHEYE B-10 4 2010 42 7 H~9 A, 2011 4£ 7 1 ~9
H, 201244 A~5H,201247 H~9 H, 20124 12 H~2013 41 A, 2013 44 A ~5 H, 2013 410 A
~11 1, 2014 4 J1 ~5 J1, 2014 10 H ~11 H (BEHEWE A-10 ZFR<) KT 2015 £ 6 H ~7 H OFF 10 [A]
(EEYEME A-1013 9 [51), £RYEME C-12 4 2012 4F- 8 H~10 H, 201344 H~5 H, 2013410 H~11 H,
2014 4F 4 A~5H, 2014 410 A ~11 A, 2015 4 4~5 J } OV 2015 45 10~11 A Dt 7 1], HEHEYE A-13
2201349 H~11 A, 2014 4E 4 A~5 H, 2014 4 10 A ~11 H, 2015 4 4~5 A KX 2015 4E 10~11 HD
715 8], FEVEME B-14 % 2014 4F 12 A ~2015 4 1 A, 20154 4 H~5 H LT 2015 4F 10 A ~11 ADEt 3
[ 5RER A S L 7.

BRI L RBIE OB HEY . A-10, FEYEWET B-10, EEVEMVE C-12 BEYEWE A-13 M OMEYEYE B-14
DIEFEDD, ZIVENTH MIRER T4 1A AV CREREC 12 2 M TR e T o 72,
ﬁ%m@ﬁﬁj;@ﬁ%aﬁ%mJHQA43&UB44hOMTi/ﬁiﬁ 7> (As, Cd, Hg, Ni, Pb),
C-MnO } O C-B,03 DFRBRAAR T A NET 3 47, LIS DRGIE, INBURLAT 2 7L LTz, BRYEWE C-12
mowfi"Mm&Uwzn®ﬁ%%%iﬁ@:%mu%®ﬁf_owfﬁﬂ@%3%aj;itp$%ﬁ

3, BUR DGR L FIERIK 3 B R L7 R EE CHIRIRED) S LTz,

A FEAEMVEA-10, A-130OREREL S K OERER 715

Bk ARERIE A R O 3
' 5 ARHE R L 1 WE 715
4.1.1.b — PRIgETE
" AT VTR,

L= TEZEE (A H iR o
ToE=THEFR(AN)  4.1.20b e (1+20) HhH e
e (o . RPNV T FUBT L E=D A
KUEEENTE (W-K,0)  433.a  Adii 7 BRROGE

NI T — DY EEE
YT 1 (C-MgO) 4.6.2.a <z AW (20 mg/mL) filiH T — NE Y
M~ (C-MnO)  4.7.2.a <Z A% (20 mg/mL) fhi 7L — LA
b . TYAF HEE S
<IEMEIEHY F (C-B,03) 48.1.a <ZAUME (20 mg/mL) U

a) NERMEREBRIEORBRIAH &5
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F2B  EUEMVEB-10, B-140 B Sy K OFRER 712

o PR IE B AERIEO
FREBR Y Sy — - - -
By £ RN IE Wi
ToE=THEF(AN)  4.12a FREd R D e
o QL K N—=T A~ K NFREVT T URRT =T A
HAVED AR (S-P,05) 422.a B v YL
. o NFREVTFURT =T L
S T — AR TE
IKEEMEINE (W-K,0) 43.3.a K VT — P
O E (As) 5.2.a Wiils — FEIS — IBME SRR iR KRR AR ok
HRITA(CA) 5.3.a FE k53 iR 7L — LR
7k $R (Hg) 5.1.a TR — i SRR ) fiR STV )i ) & RES
=41 (Ni) 5.4.a T KSR T — LJE AW
#h (Pb) 5.6.a F KR AN SN S
I #2225 R

IEYEYE B-14130K R, $hair<.

F2C  NEHEYVEC-1203ER S K OGRER 715

BTN R H FRBRTE DR

AR &5 FREHR AR 7 1k W TE 715
e 4 B (T-N) 4.1.1a  TE— )NV — 75 qﬂfu{rﬁﬁﬁzﬁ

411b  — PRIGETE:

DABEAR(T-P0;)  42.1a Zi’ﬁf%”@ﬂﬁﬁﬁ@/ K ;ég/f;;;é%7/%:75
A4 (T-K.0) 4300 Thom R o S RPEEETE
7K 4= £ (T-Ca0) 4.5.1a  FIKRVEEERE DD 7L — LR R
H 1 (0-0) 4.11.la  —ro iR AL B I AE 15
il 4> (T-Cu) 4.10.1. FAKG R T L— KRR
fign 4 & (T-Zn) 49.1.a F K5y fi T — AR
U (As) 5.2.a el — Al — B SR e i KSR b T AR IR T
FIRIT A (Cd) 53.a Ty i 71— LR
k4R (Hg) 5.1.a B R — R R 1 o i U DI |/ e & nr i
=41 (Ni) 5.4.a TG T — NE WY 1E
a2 (Cr) 55.a Ty i 7L — LR FIROTE
# (Pb) 5.6.a TR R 7L — LR ROTE

X F A5 R
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3. BERUEE

1) BREMOE=S)VYT

(1) =XV VA&

FRAEE A-10, FEYEWE B-10, BEYEWE C-12, fRYMEME A-13 M OMEMEWE B-14 ORERE T D22 ENE
BRI A 2 3AD~FE 3CITR L7z, ISO/IEC 17025:2005 (JIS Q 17025:2006) 2 T, RS HEY)E %
UWNCRRERPT O B 00 PN S A B AR BR T 3B 6 L7 3B 7 VA D 2 Y VERERR A R 2 Z &3 HELE s
TW%. FAMIC TiZ, IEERRREEEY E 2 o O LR A L TV D, BEEME A-10 LY
FEHEY)E B-10 ORI O 56 » A %30 VAR HEW'E C-12 ORERBIR O 38 7 H %I DN HEWME A-13

ORI D 25 7 H #300 QAR EYE B-14 OB D 10 7 H #% £ TIZE R L7241 H M O 5B R

5y DR AT O I EA K TADO~K 1CITRL, BB RS ORLE R Z R, 22, PGB B
D= DIZ IS LT A TRBR DR UL (n) W ONTRRAEAE () , 2B NAEIE(R 72 (syw) K OV ) FF BUE MR 72 (sg)
ZHWT (@), (b) O (o) R kv, HRERHlioD 7= DR (R 7, @WEE%&U@%BE%%XWAD s

OFER, FEUEME A-10, FEUEY)E B-10, f=Y¥EWE C-12, FEYEME A-13 L OMEREYE B-14 O EMERER
AR DAL, WT DR S ERFR R O FH N Th 7=

2

FREREAM O 72 8 DAZ HE(R 72 (o) = \/(SRZ — sw?2) + S% -o- (a)

T T DEAIRAR = p£20 - (b)

SEPEICK T DALERRSR = u+ 30 <o+ (¢)

o REIZERBROMF TR s HFEFRBR CIEO - = M U MR 22
sw: FERRER CHELN T BN MR = 1 FRRIHE
F3AD  REHEEMEA- 100722 EMEE =42 7 3Bk (BRI %)

%38 A HEEE TUE=TME SYRVED AR 7Y ey INEES
A (T-N) 2% (AN) (C-P,05) (W-K,0)

0 14.83 1495 1059 10.62  10.09 10.14  13.18 13.56

12 14.80 14.80 10.78 10.90 10.11 10.14 13.63 13.72
20 14.77 1491 10.89 10.91 9.88 10.23 13.70 13.74
24 14.50 14.53 10.69 10.75 9.96 10.04 13.48 13.83
28 14.62 14.63 10.71 10.74 10.01 10.06 13.64 13.75
32 14.55 14.56 10.72  10.75 10.07 10.07 13.45 13.56
38 14.69 14.70 10.71 10.73 9.99 10.04 13.36 13.48
44 14.70 14.75 10.64 10.71 10.06 10.13 13.38 13.49
56 14.57 14.62 10.68 10.74 10.04 10.04 13.41 13.49
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#3AD (Fix) (H&57H %)
3 A ST+ e~ By EBEHIFHFE
(C-MgO) (C-MnO) (C-B,03)
0 320 3.44 0.389 0.414 0.204 0.210
12 329  3.35 0.397 0.398 0.200 0.206
20 330  3.41 0.388 0.388 0.208 0.210
24 332 3.38 0.397 0.400 0.211 0.217
28 333 3.36 0.412 0.420 0.213 0.218
32 3.28  3.44 0.385 0.389 0.198 0.219
38 3.44  3.44 0.397 0.406 0.203 0.218
44 328  3.44 0.398 0.402 0.206 0.207
56 325  3.39 0.391 0.397 0.205 0.209
F3AQ)  PREHEUEMEA- 1302 M =2 o 7 BR (E&E7% %)
i ERER ToE=T M SEENEO AURR AREEMEN B
(T-N) #=# (A-N) (C-P,05) (W-K,0)
14.90 14.94 10.58 10.60 10.74 10.77 13.00 13.12
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
F3AQ (Hix) (HE7E %
@ YEMETE T+ st~ By <EHEIFHFE
(C-MgO) (C-MnO) (C-B,03)
3.18  3.29 0.359 0.381 0.214 0.214
3.16  3.27 0.357 0.368 0.194 0.208
13 326  3.35 0.348 0.370  0.196 0.204
19 3.17  3.22 0.363 0.363 0.201 0.203
25 3.11  3.19 0.345 0367  0.207 0.214
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F3BD EUEMEB- 1002 EVET =21 75k Bl

(HE7H %)

(=30
i 7;‘/;}:7‘?95 AIEAYED Al IKEEMED AR TR R
#=3% (A-N) (S-P,0s) (W-P,0s) (W-K,0)
0 8.33 8.49 7.99  8.03 6.88  6.94 8.59 8.75
12 8.27  8.30 8.11  8.11 7.01 7.01 8.81 8.84
20 8.24  8.31 8.08 8.09 6.99 7.00 8.65 8.70
24 8.17 8.18 8.09 8.17 6.96 6.98 9.02 9.04
28 8.32 8.33 8.14 8.17 6.94  6.96 8.96 9.05
32 8.21 8.22 8.16 8.17 6.94  6.98 8.64  8.68
38 8.36 8.39 8.02 8.08 7.00 7.01 8.71 8.79
44 8.18  8.23 8.03 8.09 6.94 6.97 8.63 8.66
50 8.27 8.28 8.11 8.13 6.96 7.02 8.66  8.68
56 8.20  8.46 8.08 8.11 6.97 7.00 8.71 8.73
#3BD (LX) (mg/kg)
i OF AIRIT L 7K ER :y/.f/l/ i
(As) (Cd) (Hg) (Ni) (Pb)
0 2.60 2.63 5.83 5.84 0.881 0.890 42.4 455 23.7  23.7
12 2.32 248 5.93 5.95 0.885 0.889 473 473 25.8 269
20 2.25  2.25 5.86 5.89 0.856 0.871 44.8 45.6 24.8 269
24 2.38  2.39 5.99  6.01 0.891 0.892 45.1 46.5 25.7 263
28 227 232 5.87 5.99 0.933 0.945 46.8 46.9 21.5 229
32 2.28 2.34 5.82 5.82 0.888 0.916 43.6 44.8 246  25.6
38 2.34 242 5.76  5.85 0.868 0.873 46.1 46.1 21.6 259
44 2.21 2.28 5.73 5.76 0.876 0.906 44.4 447 24.8 254
50 2.38 2.55 6.14  6.15 0.858 0.879 46.5 46.8 24.0 252
56 2.51 2.54 5.86 5.87 0.784 0.788 447 45.1 26.8 28.3
#3BQ EEYVEB-140%EMT =2 7 BREE (EE7% %)
i Z;%:TTEE AITAYED AR IR AUBE RPN
#F# (A-N) (S-P,0s) (W-P,0s) (W-K,0)
7.94  8.09 9.13 9.14 6.66 6.74 8.18 8.23
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
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#3BO (i) (mg/kg)
= SI A =)L
e X
0 3.01 3.23 3.92 411 36.7 383
296 3.07 426 4.27 377 377
10 293 296 415  4.19 36.9  37.8
F3C  FEEMEC-120% EME=2) 73 BREE (E &3 %)
i EERLE AR JnEL 4 VeI R AREIRFE
(T-N) (T-P,0s) (T-K,0) (T-Ca0) (0-C)
477  4.79 8.64 8.64 0.607 0.619 599  6.03 20.4  20.6
457 4.5 8.46  8.49 0.553  0.561 576  5.82 20.0  20.1
14 471  4.78 8.52  8.53 0.560 0.564 6.03  6.08 20.1  20.9
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  6.30 202 20.3
32 479  4.80 8.62 8.63 0.583 0.588 562  5.66 20.1 203
38 480 4.81 8.72 8.76 0.610 0.614 590 5.95 202 20.4
#3C (Frx) (mg/kg)
w8 A 4 i High 4 [0 S HIRIT A
(T-Cu) (T-Zn) (As) (Cd)
0 583 587 963 991 22.1 225 1.81 1.84
575 591 991 992 192 203 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
26 545 547 991 996 229 23.1 1.84  1.90
32 561 575 1,000 1,004 224 229 1.82  1.82
38 570 571 985 996 227 229 1.77  1.79
#3C (frx) (mg/kg)
K4 = L =N i
#EiBA éfﬁ & i <§E>
0 0.464 0.470 733 743 78.6  81.2 36.4  36.5
0.448 0.478 742 74.6 80.5  80.5 351 35.1
14 0.443  0.473 783 78.7 75.4  79.4 36.1  36.9
20 0.511 0.514 727 743 81.8 829 353 353
26 0.501 0.503 733 73.4 86.6  88.5 354 359
32 0.462 0.479 773 714 80.4 812 36.0  36.0
38 0.506 0.514 747 749 79.1  79.4 353 35.8
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HERRSE (sp, ) & B (Lo 95 7—p ) B FECT AL LAHZ DHEXHE (|by|) 2 HolLT=.
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F4-1  FEHEYE DR EVEDT =) 7RG O Al 5

sp 7O (1) 53 BT s SR 0 )i
HBREL Sy by D by ® s Sby HHED )
(mon.) (%)j) ( % >J) (%)j) (%)j) ( % >J) ( % )J)
mon. mon. mon.

(FEYEME A-10)

=FemE (T-N) 282 14.69 -0.0046 14.82 0.11 0.002 0.006 O
ToE=T %S (AAN) 282 10.74  -0.0005  10.75 0.09 0.002 0.005 O
<MD AL (C-P,0s) 282 10.06 -0.0013  10.10 0.04 0.001 0.002 O
KPR (W-K,0) 282  13.56 -0.0014  13.60 0.14 0.003 0.007 O
<Mt (C-MgO) 282  3.35  0.0007  3.33 0.04 0.0008 0.0019 O
<M~ (C-MnO) 282 0.398  0.0000  0.400 0.009 0.0002 0.0005 O
<EWEMIFEHFE (C-B,0;) 282 0.209  0.0000  0.208 0.004  0.0001 0.0002 O
(FEYEME A-13)

=FE 2w (T-N) 12.8 14.870 0.0006  14.86 0.061 0.0031 0.0098 O
TUoE=TH%EHE (AN) 12.8  10.545  0.0041  10.492  0.152 0.0078 0.0247 O
<M AR (C-P,05) 12.8  10.765 -0.0007 10.774  0.060  0.0030 0.0097 O
KIEPEME (W-K,0) 12.8 13.057 0.0038 13.008  0.125 0.0064 0.0203 O
<ML (C-MgO) 12.8  3.220 -0.0029  3.257 0.055 0.0028 0.0090 O
IEME~o 4> (C-MnO)  12.8 0362 -0.00046  0.368 0.003 0.0002  0.00052 O
<EMEIFHFE (C-B,0;) 1.8 0.206 -0.0001  0.207 0.007 0.0004 0.0012 O
(EEYEY'EB-10)

TroE=THEFR (AN) 304 829 -0.0010 8.32 0.08 0.001 0.003 O
A AU (S-P,05) 304  8.10  0.0007 8.08 0.05 0.001 0.002 O
KEEMEY AR (W-P,0s)  30.4  6.97  0.0006 6.95 0.03 0.001 0.001 O
KEEPEME (W-K,0) 304 8.76 -0.0015  8.81 0.15 0.003 0.007 O

a) PEEVEYEA-10 K OVEEYEY) B B- 10133 54 4% OFRBR SEHE H ) HEEHR L T56 H it TE=XY 7
TUEY) B C- 121X TR R% OB I H b E L 38, A% EFTE=XUL S
FEVEY) L A-131 L5 % OB ENE H M OEFR L 25 HRETE=XU T
YV EB- 14 LR % ORI B O EE L T10- A% ETE=4U> 7

b) AR HIEIOFERSESE H D=2 7 50 H £ CORBERE R ON-EIME (H)

c) FEAEW)E A-10DFRER AE ORI (77— 2%k = RBRFEHE 1L (9) x P T3ER %L (2))
FEVEY) B B-10D 7R B DR - HME (77— 2% = 3B S E (10) x O TaBR%ER (2))
W) E C- 1207 BR AR DR IIME (77— 245 = SRR SR8 (7) < O TR % (2))
FEVEY)E A-13DFRER AR DR IME (7 — 2%k = BBR N 0151 (5) x PR T#ER%L (2))
2 HEY)E B- 140 BRE O EME (7 — 2% = BB IEhE R (3) x FHT#ERE(2))

d) [FEUFEHREOMHE

e) BB

) TRIOFEHERR =

g) [PUFERROMEZOMEAEA S

h) Sp, X toosT-2

) OIEAUTHEE L THEXIIAELITROLNT, ZE LTl L7z a5

|b1| < sp, X toosT-2
i) FHO%ITE ByR
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F4-1  (fex)
£ 3O EIP T ARTIN S " )i
HBREL Sy by D by ® s Sby HHED  aiEd
(mon.) (%) ( % )D @) (%) ( % )1) ( % )J)
mon. mon. mon.
(BEYEY)'E B-14)
ToE=THESR (AN) 4.7 7.99  0.0094 8.17 0.06 0.009 0.111 O
AV AU (S-P,0s) 4.7 9.15 -0.0020  9.16 0.06 0.009 0.109 O
KEEMEDAEE (W-P,0s5) 4.7 6.72 -0.0052  6.74 0.08 0.011 0.139 O
KEEPEME (W-K,0) 4.7 821  0.0094  8.17 0.06 0.009 0.111 O
(FEHEY)E C-12)
ZFemE (T-N) 19.7 474  0.0015 4.71 0.06 0.002 0.005 O
0 R4 (T-P,0s) 19.7 8.60 0.0036  8.53 0.08 0.002 0.006 O
JNE4E (T-K,0) 19.7 0.58  0.0003  0.57 0.03 0.001 0.002 O
K45 (T-Ca0) 19.7 595  -0.0022  6.00 0.21 0.01 0.02 O
Az (0-C) 19.7  20.37 -0.0023  20.41 0.27 0.01 0.02 O
#4-2  FEEWE O EEDTE=ZY L 7O s O Ak
£ 5O (B )i S AT s S " HE
B ) b, by® D Ok HAED D
mg/kg mg/kg\ (mg/kg
(mon.) (mg/kg) <W> (mg/kg) (mg/kg) < — ) ( —— )
(FEAEY)EB-10)
UE (As) 30.4 239 -0.0010 2.42 0.13 0.002 0.006 O
FRIV A (CA) 304 590  0.0006  5.88 0.12 0.002 0.005 O
KER (Hg) 304 0.88 -0.0011  0.91 0.04 0.0007 0.0016 O
=L (Ni) 304 456 0.0027  45.5 1.2 0.02 0.06 O
g (Pb) 304 25.0  0.0208 24.4 1.6 0.03 0.07 O
(FEHEY)EB-14)
UE (As) 4.7 3.0  -0.0175 3.1 0.0 0.00 0.05 O
FIRIV A (CA) 4.7 4.1 0.0134 4.1 0.2 0.02 0.27 O
=471 (Ni) 47 375 -0.0157  37.6 0.2 0.03 0.38 O
(BEYE)'E C-12)
#ie&E (T-Cu) 19.7 573 -0.6099 585 12.0 0.4 0.9 O
ffigh 4 & (T-Zn) 19.7 993 0.2477 988 12.7 0.4 1.0 O
UE (As) 19.7 219  0.0512 20.9 1.1 0.0 0.1 O
FIRIV A (CA) 19.7 1.82  -0.0007 1.83 0.03 0.001 0.003 O
KER (Hg) 19.7 0.48  0.0011 0.46 0.02 0.001 0.002 O
=L (Ni) 19.7 751  0.0230  74.7 2.2 0.1 0.2 O
712 (Cr) 19.7 81.1  0.0501 80.1 3.4 0.1 0.3 O
¢ (Pb) 19.7 358 -0.0111  36.0 0.6 0.02 0.05 O

HEIXFR4- 1251



164 fEEHFZEHRE Vol. 9 (2016)

3) IEHZBREMHOADARE

FEHEYVE A-10 X OMEHEME B-10 O ZIRIE, 2012 4 11 H 30 A Ok Ezm*ﬁd/\ﬂeﬂmﬂﬂfﬁ

WE RS DR #EEZ T, ARHIRE 2 EIER L 2015 4E 6 A RICEFE L=, £7/-, RIS THEEDE C-12
13201646 A KRETOHMIROBEEZ T 7. D%, L CTRM%L 'rﬁz%%&)/ﬂ AREREAT S TG R,
FEHEY)E A-10 K OEYEY)E B-10 |35EFHERE B D 4 4 6 o H ], HEEW'E C-12 ITF8GHERL ED D 2
11 7 A [#, BEYEME A-13 ITFERHERREDD 1 4 7 7 H BIOZ EVED MRS AL,

4) ERM Application Note 1 [C&DHIFEELRIHELDLLE (%)

RO YEY B O E M EFRREEZ L 35 H1EEL T, ENOOZEEZNOD RN E AW CEHMET5 07
15753 ERM Application Note 1'2 (ZHETEN TS, ZOREM 5 #1358 LONRIE 7 10D 22 4 M RER D T2 1 TH

NESITNDN, BEDTD, SIEIOEAEYE A-10, FEHEYE B-10, FHEYE C-12 K OEEYE A-13 DK
B2 E PR A~ AR DL LT

F7°, EMREMRBRAE O T EIE Fmeas) & OFRREE (1) EZ DD ZEDMETHE (44,) ((h) =) O
(1) LV FBFEAEAED) B DAFHERHED X (ucpy) K& OV G) REVFREEEDAEER D E (Upeas) B FE 5 1TRLTZ.
O Umeas X T ucgm 2 MW T(K) &Y Ay, DB RAEERFEDNS (uep,) ZFEEL, FICOEHRE (k=
2) VT W) REVILREATEDS Uga,,)) ZRHLTERSITRL, Ay & U, L (K(m)) . ORI,
IEYHEYVE A-10(7 557) , ARYEWE B-10(9 Alioy) , BEYEME C-12 (13 [iisy) M OMEHEME A-13(7 H47)D 36
05 32 B, Ay 3 Ug,) A TORNZED S, HIE ORI (Vineas) & OFRFEE (1) DFH
ICHBETROLN ol AEENROLI S D6, EEMEE L0 A, (&S5 0.07 %) X, @
RIEAE (B B3 38 3.28 %) 1KLL T2 % THY, JEIRRMHENZZEDTH 0.01 %itB2 CWZFEE Tho7-. TrE=
TYEERD Ay CEEDR 0.09 %) 13, FEREE (B &7 8.38 %) I LT 1 % THY, JLEANHENSZDT )
0.01 %X TWRREThHo7. WRIVLD Ay, (H 8575 0.14 mg/ke) 13, FEREE (E #557 6.04 mg/kg) (T
XL T2 %THY, JEIEARMENSZDT ) 0.01 mg/kg Hx TU \mzr“f;bot TUE=THEERD A, (CE &
53720.19 %) 1%, FEAEE (10.36 %) IZXL T 2 % THY, JLIRAMHENSZ T ) 0.06 %t 2 TWZFEEE Th o7z,
SEMHEIFOIRD Ay CEESFE 0.010 %) 1E, F8FEME (0.203 %) IZXLT 5 % THY, JLIERHEENIZD TN
0.005 %X TWRRE Th o7z, 728, () ITRD R ML EMERBRGE O FIHED NHEDS (Upeas) DHE
TENEBROEHER NI/ NGHIL TODZELE 2 DI 12,

Ay = |7meas - ru| <+« (h) UCRM = 925% cee (i)
sr2
/S( )+ .
Umeas = TT T (J) Ucay) = umeasz + uCRMZ cee (k)
Uciay) = 2Uc(ay) <ee (1) A S Uca,y e (m)

Vimeas: TN ZEVERBRBGHE DI iE 4 WA
A T L ERERE 0 75 D ff %t

e FEE OIS Ugs o : walEMEDYLIRAHES (AL G R k=2)
Umeas: TIEDIEAERFENS
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sery: H IR HER 2= T: REREIEL(A-10(9), A-13(5), B-10(10), C-12(7))
e PHTIE R 22 n: OHTRER¥(2)
Uy Am DB RIFERTE)S Ucay): Am PIRIRAHENS (WL E1EE k=2)

K5 RILEVERBR RGO T LRBREE O Hi

ARERARSY BAZ  Ymeas”  Umeas” m ucrm®  Am?  Ucap)
(FEHEMETA-10)
e (T-N) (%)? 14.69 0.04 14.71 0.04 0.02 0.12
ToE=TEESR (AN) %)?  10.74 0.03 10.66 0.05 0.08 0.11
STED AR (C-P,05) (%)® 10.06 0.02 10.05 0.04 0.01 0.08
IKIEPEIN L (W-K,0) (%)? 13.55 0.04 13.59 0.04 0.04 0.12
<P 1 (C-MgO) (%) 3.35 0.02 3.28 0.02 0.07 0.06
<‘?§ﬁvt/7ft/ (C-MnO)  (%)?  0.398 0.003  0.403 0.003 0.000  0.008
<IEPEIES (C-B,05) (%)? 0209  0.002 0209  0.002  0.000  0.004
(FRYEME A-13>
e (T-N) (%)% 14.87 0.00 14.83 0.05 0.04 0.09
ToE=TPEEFR (AN) (%)? 10.55 0.01 10.36 0.07 0.19 0.13
STTED A% (C-P,05) (%)? 1077 0.00 10.79 0.02 0.02 0.03
IKEEPEIN L (W-K,0) (%)® 13.06 0.01 13.07 0.04 0.01 0.08
<P 1 (C-MgO) (%) 3.22 0.00 3.18 0.04 0.04 0.08
HME~> W (C-MnO)  (%)? 0362 0.000 0356 0.005  0.000  0.009

<HEHEIEH #E (C-B,05) (%) 0206  0.000  0.203  0.03  0.010  0.005

Pl
a) PR B BLRABR plE (BRYEM L A-10) DR TIAE (77— 28 = RRABRIAIEL (9) x #ik L%k (2))
Buﬁ:’gﬂﬁﬁuﬁ?ﬁﬁkfa (FRYEMIEB-10) DI E (77— 2% = FABREIEL (10) x #E L (2))
WL BEEABR plE (BRYEMELC-12) ORI (7 — 280 = RBRBIE(7) x fukLE(2))
EE BRI (R YE T A-13) O PME (77— 2% = BRI (5) x #ER L% (2))
b) FEEMEDFEAEAR NS
¢) AhRIEME
d) FBREEDIEAERFENS
e) A LFRREIE DA DB
f) FIMELFRRAED 22D B FRAILRAHENS (W ERE k= 2)

o) H AR

SE Iy
o o ORF
3

Uu o
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#®S i
RS WAL Ymeas”  Umeas” 9 ucew®  Am?  Ucgay)
(FEYEYEB-10)
TE=THE S (AN) (%)? 8.29 0.02 8.38 0.03 0.09 0.08
AIEEVED AT (S-P,0s) (%)? 8.10 0.02 8.10 0.01 0.00 0.04
IKEENED AUl (W-P,0s) (%)® 6.97 0.01 7.00 0.02 0.03 0.05
IKIEPEIN L (W-K,0) (%)® 8.77 0.05 8.85 0.04 0.08 0.12
U (As) (mg/kg)  2.39 0.04 2.36 0.05 0.03 0.13
AIRIT A (Cd) (mg/kg)  5.90 0.04 6.04 0.05 0.14 0.13
7K 4R (Hg) (mg/kg)  0.88 0.01 0.86 0.01 0.02 0.03
=47 /L (Ni) (mg/kg)  45.6 0.4 453 0.6 0.3 1.5
#r (Pb) (mg/kg)  25.0 0.5 26.2 0.7 1.2 1.8
(tRHEMEC-12)
EFE42E (T-N) (%)? 4.74 0.00 4.70 0.02 0.04 0.05
0 AR R (T-P,0s) (%) 8.60 0.00 8.62 0.05 0.02 0.10
M4 (T-K,0) (%) 0.58 0.00 0.58 0.01 0.00 0.02
fiIK 4 (T-CaO) (%)? 5.95 0.01 5.82 0.09 0.13 0.17
ARk (0-C) (%)? 20.4 0.0 20.2 0.2 0.2 0.3
#i4 & (T-Cu) (mg/kg) 573 0 583 6 10 12
ffign 4 & (T-Zn) (mg/kg) 993 0 992 9 1 17
UF# (As) (mg/kg) 219 0.0 21.4 0.5 0.5 0.9
AIRIT A (CA) (mg/kg)  1.82 0.00 1.81 0.03 0.01 0.06
KER (Hg) (mg/kg)  0.483 0.001 0.481 0.005 0.002 0.009
=4V (Ni) (mg/kg) 75 0 73 2 2 3
74=N(e9) (mg/kg) 81 0 82 2 1 4
¢ (Pb) (mg/kg)  35.8 0.0 35.4 0.2 0.4 0.4
4. FEH

FAMIC 13, JEERBREAREDE LU TREEWE A (G EALAIEE FAMIC-A-10) , #EYEW'E B (i@ (bRl IEE:
FAMIC-B-10) , #E#EME C (5IRFEELIEE FAMIC-C-12), #E#E%'E A (7 AL AEE FAMIC-A-13) K OME
HeE B iE(Lp Bk FAMIC-B-14) DA IR Z iR T 57201 T =20 72 LA R M et iliie 5=
fiL7-. ZORER, IREME A-10, {EHEYE B-10, fREME C-12, IEEWE A-13 KO HEYE B-14 D4
AR B i ORBRAAR DO FEMENL, W T IOR S E S BEOE R A A 2 52813 o7, Fiz, R
BrpiAE% 1SO Guide 35:2006 (JIS Q 0035:2008) ¥ &£ & (THEGHIENTL, REMEFIML- 25, FEHEYE
A-10, FEAEY)E B-10, FEMEME C-12 K OMEYEME A-13 IZOWCGRAHERR %, K444 6 A, 446
AR, 2411 2 AR, 147 7 A O TORBEER S D2 EMED RS-,

EBFRREAE VEM B ORBRER S DO R Z E AR T 228X, FIHFEOFMEMER BICFH 5T 5b0EF %
bivd. —J7, IEEORIMEEDE L, EWNIIIMIC/ERL TOhL 72, FIZ, BN TRIHSN TODHIE
BIERFEEE YR 3R E OB A DIEE 4 o OV DR IE RSN TR LT, 72, BAEMIT O
BIRGHEEDE G /ERIS L TOZR. 2O X BLE0D, ZOEMEYE ORI e, IR O fErE i
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Long-term Stability Evaluation of Fertilizer Certified Reference Materials for Determination
of Major Components and Harmful Elements: High-Analysis Compound Fertilizer
(FAMIC-A-10) and Ordinary Compound Fertilizer (FAMIC-B-10) and Composted Sludge
Fertilizer (FAMIC-C-12) and High-Analysis Compound Fertilizer (FAMIC-A-13) and
Ordinary Compound Fertilizer (FAMIC-B-14)

Shigeyuki INABA!, Yasuharu KIMURA!, Jun ITOU'!, Takafumi KAMIKAWA',
Taku FUJITA!, Keisuke AOYAMA'!, Masahiro ECHI? and Yuji SHIRAI®

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

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

Food and Agricultural Materials Inspection Center (FAMIC) has performed long-term stability examinations to
confirm shelf life of fertilizer certified reference materials (CRMs), high-analysis compound fertilizer
(FAMIC-A-10 and FAMIC-A-13) , ordinary compound fertilizer (FAMIC-B-10 and FAMIC-B-14) and composted
sludge fertilizer (FAMIC-C-12) for analysis of major components and harmful elements. FAMIC-A-10 and
FAMIC-A-13 are certified for the contents of total nitrogen (T-N), ammonium nitrogen (A-N), citric acid-soluble
phosphorus (C-P,0Os), water-soluble potassium (W-K»O), citric acid-soluble magnesium (C-MgO), citric
acid-soluble manganese (C-MnO) and citric acid-soluble boron (C-B203). FAMIC-B-10 and FAMIC-B-14 is
certified for the concentrations of ammonium nitrogen (A-N), citrate-soluble phosphoric acid (S-P»0s),
water-soluble phosphoric acid (W-P,0s), water-soluble potassium (W-K,0), arsenic (As), cadmium (Cd), lead
(Pb) (only FAMIC-B-10), nickel (Ni) and mercury (Hg) (only FAMIC-B-10). FAMIC-C-12 is certified for the
concentrations of total nitrogen (T-N), total phosphoric acid (T-P,Os), total potassium (T-K»0), total calcium
(T-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 of high-analysis compound fertilizer (FAMIC-A-10) and ordinary compound fertilizer
(FAMIC-B-10) and composted sludge fertilizer (FAMIC-C-12) and high-analysis compound fertilizer
(FAMIC-A-13) were stable for each four years six months after preparation and four years six months after
preparation and two years eleven months after preparation and one year seven month after preparation. In addition,
ordinary compound fertilizer (FAMIC-B-14) had little examination number of times, but was the same results. It
was compared the certification level with the measurements of CRMs by an introduced evaluation method in
ERM Application Note 1 by reference. The CRMs were expected to be useful for the quality assurance and the

quality control in the analysis of major components and harmful elements in compound fertilizers.
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Key words  certified reference material (CRM), fertilizer, major component, harmful elements, ISO Guide 35,

long-term stability

(Research Report of Fertilizer, 9, 145~169, 2016)
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12 avYFOEBESE
— 4R —

LTHEie—, JURE T WmERRE, AEET NEE !
F—U—F  FEHERER, o~ 81, BRI, FTEO#HL

1. [ZL®IC

B DA R AT LA ME Y O FL o RE %@ﬁﬁé’:# IETHTEELT, 3T 5FICBI T 2%k 55 35k
(BUF, THEERRER L)) O FIE MK ES BER S HREIVIZIVEDHN TV, & HE*M)/AE%E
¥2 T, FIEAREROVS TR AR RS ChiE uft%‘ﬁ@f*% T EDOZRD BN ézrb:jw)%mﬂ\é i E
BT, JRRIEL THERMEW ICa <Y T2V, 2O AF RTINS IEEh ORI A E 255 @ﬁﬁa‘:#
T5. Losl, BBRPICRATHREERITE, AFERSOMICE, R, WM OKRZ TR, %5
MRS 2 2R N DD, FAEUIEIRD, AERIICLDLON, tMOBERIZL D00 EHIRIT 52 L 1L
LV, Fe, B3R, WVARERY O VRS DR Z XITERNER T 2R A AR E LD, 2> Fa%f
FELUTEBEEOFEM AL LI ST 220,

FTC, WNIATBUE N EMOKPEW B 22 2 H £ % — (FAMIC) Ti, fEHERER P IC 8 A+ IR & 1O
HETHZEE BINEL T, BRI~y FOAEBREELA B ASE T, ZOMREBIE - sk LTGRO
AT TN, II2 T, 5% FAMIC CERE T 8 L QO D EFRBRIE O FEM 7 FIE & OfRsn D FEfET —
LZLUTEMT 5. A ENIHPIRI LT (LT, TCulld2) D3R4 HIIZIEEHA B LT S 5338
ZRIGUBRIE R MR BRZ L 7= T, ZORERE WL T 5.

728, Cu ORZIERIZZFH CTRAEDRDOLNTNDLDOD, ZOMIEY TIEHEIHERIN TROL Y, i
HHRBRIZBWCa~Y T OEMIRICEBIT DR ZIERITFEAE T D AT HIEAED TRV EE 2 DNDHZE, KU
FEBEEE T2, RZIEIRFERRB TG T DL LT,

2. #PRUAE

1) #ELIE BHE
(1) feak 5
W FRE IR A RR R IR R H 28R E L. SERILE L C, KA 1% Cu Z[EET DM
DL L Th7enZ &, KOV pH 2S@ FE R AR ER IZE L WD Z e 28 f‘%hé
T3 D Cu DEEME-FIHET pH ICREREEL 2T 5. BFPEIRAFBLEE 572D 1 TR T 3 A
pH 5.0~pH 6.5Y THLHMLENRHY, SLIZHEIEY DT~ DA E i pH 1 5.5~6.55>f&>5. i =
ZOEMEN LTS, HEOBE LR R 1 ITRLE.

VOMSIATBUE N MOK PEH B 2 it v 2 — 1@l e o 5 —
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#1 RO b

AN H ey =54 Ny H e B HEREY AURR
RS L K53 p AR E R RIHE WRENKE AfaReh Al

(%) (:H,0=1:5) (mS/cm) (500 mL/E#:1t) (mg/100ghzt) (mg/100g#z+)
R+ CL 9.8 6.13 0.07 528 64 11

(2) B30 AE Bt
HEERL7Z Cu 1338 2 1R 3 S ERAEH LT-.
TSI ETER LUt B B EiE 0 H L DO AR E L.

#2  PEEGEEE

PRI L [ #e==2v Kk
g (1) AR CuSO, - 5H,0 T
REERSR (1) AR Cu(NO3),*3H,0 s

Cu(II) —EDTA C1oH5N,0gNa,Cu- 4H,0 ek

(3) BERTEW
A=Y (4 BHER)

(4) R BRHIFL
1/10000 a /A /307 /LR b Y, 1 RRBRIX 1 EHE L7,

2) RBRAE

(1) Cu BERE DO DIFERER

R U743 BR X D Cu P FE I3 2R BRI LD AR MU R B LT (32 3).

Tt () FAKFI (LR, THEERER ) LD )2V T, TAakBRIZIs 0T 2000 mg/pot PXTHEIR 23153
MR TEDZ LN - TCTzdd, ZHUTHESUWN T 1400 mg~ 1800 mg DOFIPH TRy ELT-.

B D T FER IZ 35V T 2000 mg/pot XITHREER R DM ENS 1.1 g THY, 1EMIRD 3T 2 L B2 5 24)
1.0 g 200 EFY, FIFEFRN 60 % ThHo7-Zlnh, Ty —LIEIFFERAE FITIB W THIERD 60 %Ll LI
72072 XD Cu R FEZARFERICER A L= 7235, R 60 Y%Lk T Chts F D HEE A3 K #ES; A 1 XML EER D
RIEREEEL, RiHEL T

¥, FAFHERIL, 13M% 6 A BICIIEL, Cu i & OV HEE T 1/10000 a /A /37 /LRy hRIED 10
3D | Ar— LUz, 5, AR K ORI 22 230k 897, 3B 4 2) B)ICHEL 72,

#3  IME6HE EIHEE (%)Y

{ﬁéﬁéﬁﬁ %itﬁﬁ X (Cu mg/pot) 2
7N BN

50 100 200 500 1000 2000
firlRgR (1) =/KFn4) - - - 25 0 0
Cu(Il) —EDTA 80 85 0 - - -

a) BIHRIT EIELTEIA / 13RS 20 K1) x100 (2Xk->THRH
b) 1X 1#ZTHEHE
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(2) BRI O R & OV H &

SRR X OAE RS OV FH A 2R 4 1R LTz,

R X ORI TAREESHA Cu LLC 1 Ay F4720 1400 mg~1800 mg O THiA L 3 X, fiffEEsI(1)
=IKF (LUR, THSERHT ) 20D, )% Cu LT 1 ARy F472D 100 mg~400 mg DI THi M L7z 3 X, Cu(1l)
—EDTA (LL'F, TEDTA $il1 X9, )50 mg~150 mg OFFHTHa FHL7= 3 X% O Cu i H OFEHEX DFF 10
XELT-.

Fo, HFRBRXITITESRE, VAR, IRJFRELTHREEY o E=7, 80 A B4 KK ORI B 44 % 100
mg/pot (Z725JOMEH LTZ. Cu OHGERERIKIZ B W TE RN E ENHL A1, EHE2 100 mg/pot (272589
WZHRE T =T L > CTEREZHEL, Cu OHEEIENE I L~ TEHE D 100 mg/pot i T 554
IR T E=T Z e LTz,

#4  ARERXOHERL
Cufi & Fims® i EDTAY  HLadals & et sAEHRaE

(mg/pot)  (mg/pot)  (mg/pot)  (mg/pot) (g/pot) (mg/pot)
1400 2160 - - 5.50 -
T Pz el 1600 2471 - - 6.29 -
1800 2777 - - 7.07 -
100 - 99 - 0.38 44
ISzl 250 - 248 - 0.95 110
400 - 396 - 1.52 176
50 - - 320 0.37 22
EDTA%H 100 - - 640 0.74 44
150 - - 960 1.11 66
FEYE X 0 - - - 0 -

a) # LA DAL F T — T O

(3) ks 5k

BHFEBEE 23R 5 1R Uz, BRI s & O ERERE[F T 21 B &Lz, /A3y LRy MZ, fifidg o
k8% 500 mL FHEL, HE1EYDOa~Y )% 20 REREL -, #EESRrE, N TR G (kT
A e KG50-HLA ) PN CREEEK) 30000 1x, FEBAIRAH] 12 IFfH, SUREH 25 °C, &M 15 C, M 70 %
ELT-. BEKITIRRBEAED 60 %% AZIEHL, o—7—Rr 7 XA SRACER (HiTh 1o 2l
RP-MRFS) & if L7z, #bg 2% —129 5720, A TRGEEENTORY hOE B ITK B 2BrE, 5 H
VEZ\THLZ 7=

K5 P
JE RS
i A i %
Jitif e T SEH I

k2647 H25H 7H250 7H28H 7H31H 8A15H
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3) REEBRUNEMOSITA X
(1) FR&HEHE
FIR, R, WHEMOERERE (ERE, 2 E), REEROME, it 1380 pH, EC, $/ARD Cu, #
(BLF, TFe) &35, ) AR (S 7-0) IOV THRALT.

(2) ULHEM Doy BT 7 1k

IS, AREZRE Lo~y T 2 B RIS T 65 CTRI 24 BERIHLER L. T 0%, MW EARIEL,
R 0.5 mm Ay 2 & L CORfLT-. BN 0.1 g~1.0 g EB R E Lo 7= BR X IXR 5 0.1 g 72
EORBILOMER TE I oz, ) B FAKGREL, DIRIRERRE, AR E > TERBRIXO Cu, Fe &
AR (4 720) 2 E L.

. & B

1) SOEEER

T DO VIBE BT L BB R EMBEERICRISNDS. MEERIL, BARSEONBHBIRICBITDEED
WROTRELT, F, BEROTEMALRF L L THERERERIZRTZL T0D. CulZZOMEERITEL TV
FRTHY, FERBROIZ TG T 5. 7ok, HESOIUEIHE RO Cu 1 Cutb LI Cu &L TN S LD
ZEREIHNTNDT.

FE RN T Cu 2NBRICERS N5 6, BEERS FENPDRIET . ZAUIHHIEN O Cu MiEfisn
VB THDHT0, FEREICHSBRIZEREINL-HTTEB 25N TNDY.

F72, Cu IX Fe HHEHUERAMNHLT-OMWEHITIERI: Cu NERMINDE, Fe DU EF R L
THLTLEW, FERMIEK ZIE THHI/aas AEFHR T DG E03H55Y).

2) SABEIEE

(1) 1EMIR K O 380D S5 M s SR

SR FPE IR MR BR O MEM IR & OV 31T 2B a2 6 lORLT-.

BBRX OFIERIL 60 %L EAFHI, 2)UIFEIR U7z T akBR 2 I & 2 7R B3 B IR FTE RAF CTho
7oz b, LinL7eAin, EDTA i 150 mg/pot KIFAB B E LIS, BWED 0.1 g 75o72720, (EMRD Sy
WroBi7e 8o 1.0 g 2 KREFla-7z.

TEMIARD Cu OPRFEIZOWTIE, FiBREHX M O EDTA $iXMEAEX 2 K& ERDHICH 7. FEiEd
KIZBWOIERERX Z ERl>7-H 00, fifEHHX & Y EDTA $AX O M &I R R L7, EWRD
Cu OWUES RIEROME A 3 F DILT2A%, EDTA @i 150 mg/pot X TIIAEFTNE LIE)-7272 Cu L O Fe
DRI B IREAE X LB R T,

Wl 380> pH IXARERSR X 23 i X ZO RV ME AN HY, b ThHZ LN bh o7,

F72, BEC IIHREEEH X 2 M X L0 E ME I HH LM DD- T,
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Fo  ABRER
st 93.5 H& 3 - ek sl TEMEROTRRE  EMROIN & " R b 358
boun AR 1[EH 2@ B B E o R o F g PHOECY
(mgpot) (%) (%) (cm) (g/pot) (g/pot) (mg/kg) (mg/kg) (ug/pot) (ng/pot) (H,0)? (mS/cm)
— 1400 70 80 11 12 19 97 1700 184 3230 A 45 1.2
gﬂ 1600 90 9 7.5 11 1.9 92 1370 175 2603 A 4.4 1.8
1800 65 75 6.1 7 1.5 136 2170 204 3255 A 43 2.0
— 100 100 95 47 35 38 22 560 84 2128 M 56 05
g 250 100 90 102 40 39 14 980 55 3822 63 0.2
400 100 100 10.7 39 3.7 13 540 48 1998 # 6.3 0.2
50 100 100 6 21 25 47 1230 118 3075 A 56 05
EDTA
g 100 95 95 95 7 09 170 3740 153 3366 A 59 0.6
150 90 85 6.5 1 0.1 229 4050 30 527 A 60 08
EAER 0 100 100 7.5 36 4.0 10 370 40 1480 & 53 0.4

a) FEIRIL EIELTMEIR / 1 XFEER 20 K7) x100 (2L ->THRH
b) W fE

¢) pH(H,O)1& 13281 : /K5 DRI e 21 i

d) EC (BBR5EH) 1L 31 KSORE 2 W E

(2) HFIEIROBIER
Bt e 22 £ 47 L 72 RBR TR D 2 SER DR B~ 72

o TEDH AL

(IAE 12 B HEDFIEICHEEL, HH THIES DR Ao, sl e 7o BIITc ok, ARLEH
—HEANHADBATL TS, 130 21 A BIZIEARTES S ETEITL. AT S B ETAERL, 20
ARIEEE LG N OV U BRI AER IR B L e o 7. BRI N ALEED et 723 i AT DR B 5 %F
W RsnT.

o LFH
FRHEDK & PR 42 LAt R 0 1t o B L2 o> THE 33 S OVEMR B DML 2R D5 RGBT
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(& 1)

M2k 1800 mg/pot X |FFE% 21 H B OERF-.
HAMTIHNIETHDL TENOHLVIETHS
EATEEANNEICHEITL T, Bl IRBIL 72>
7z.

(BE 2)

IR 21 BB, TEAIMEEXOERRa~<Y
FOMEE. EFREERICIE AT B Lo
7z.

— 7, Wil 1800 mg/pot XIT F-IENPAL, A
R —EOPRDLIERITNT THEMAELL,
—HRDBEIET Db Db BT

(5H 3)

it FE4R 1800 mg/pot KK IXFE% 17 H H OJEIRAFE
BLLAAD TODARTER —HEDRR . FTieL 4%
EIEDENELIR>TERY, — BN ROND. T
TEL R AR RO, —HBBEL TV,
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(BH 4)

WiE2ER 1800 mg/pot 1 LFE % 18 H H OIEIR N HEST
L72kk 7. EATOARE =R, 1 HOZE DL
VN IR BEE S 2, B LI TL TN,

(55 5)
WilA#R 1800 mg/pot ITFE% 20 H HITITHERIR
DHIFED, FEFEIZE ST,

TR 2 BT L7 BR T D A T IR IR X DS > TOD I R A TS, I HERR D A R 134T
XL L TRERFETHY, BEERIBRSN DT

Fo, AEET O Cu WUERITAEEIX Lo O RZEDEEL, FERS kD Cu (TAEHESHX & O EDTA #i[<&
U TEMIRIZIZE A EBAT LR o T,

(5E 6)
IFERR 7 B HORRA-. AREX (2) (A~ D L1
Fdlil 400 mg/pot X (f7) DAEF TN ST,
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(BHE 7)

3% 13 HE

PEHEX (JE) |~ D EHERSR 400 mg/pot X
(F) DEB TS T

(BH 8)

I3 21 H BIC725L

fHPRE 400 mg/pot X (f ) IFARHEX (F 1) &
o7, fEERER 400 mg/pot KITAEHEX KDL
DHHEENZ N ZENBEARRKALZEL TN
LBz B,

7ok, o BIImEEH 1800 mg/pot X THY, A
TI% EDTA i 150 mg/pot X T %.

EDTA $iZRINLTZIXTlE, RO 2 SERAMEIgZR SN T-.

o HELWEFAR
IRYEX L HE T D L3 M % 7 B BIZBIDAETITE L E o7, 0%, LR ILELMEENR ST,
AEBFAE—RITEWRBOb IR ZRHT HE RS b,

o HEEALIZHDED T AVIER
IR 14 B BEDSEAE RS, 18 H BT SRR T b L. £, FRUCEn, KIE
DIEERFDOANFELRY, TV A TRARIIER A R L.
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(BE 9)

I3FE% 7 H H EDTA i 150 mg/pot X DT,
HEBRIEBNIEES> TOBEERSCAEBT AL —K
S N NDIO) 5§ s T DR RN =K =3V g el

(5H 10)
IFE% 7 H B OB ENEERX, A2 150
mg/pot X ThDH. fEHEX LT 5 L4 F D Uk

LAY

(B8 11)
I$FE% 10 HH EDTA 4 150 mg/pot XIZF0>
TIRMPZEHEL, BN EERI BRI
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(5E 12)

I3fE%% 12 HE EDTA $d 100 mg/pot [XDEE
T FBEBRORIER O o T B R IT A F
FEM RN DD F AT 7.

(BHE 13)

I3fE% 18 HH EDTA $ 100 mg/pot XDEk
T 3R 14 H HZADGE AR HEBLIZTD,
18 H BTN B b B C BTz

(5H 14)

I3fE#% 18 HH EDTA #i 100 mg/pot XDk
+.
FEYEX (f2) Lbig 354 EDTA 4 100 mg/pot [X
(F) O ELPIAE ThoTz. RIEITHER L 05
AR DN HEL 2> TERY, TP A 7RO
2L,

4. % =

(1) 1EAR S ARE A
YRR DT RE RITZR 6 DLV THS. Hitedfi X & OV EDTA $i X CTITARHE X L0 5O EE T Cu 23K
INEIUTUN e, — 7 TREFREE X CIIARE X & 00 22 I s it X &% O EDTA i [X1 &8 Tlden -7z, Cu D%
I &S RO R Th o7z



180 REEHIFZEHR S Vol. 9 (2016)

lesRIIhE %, TEER CHAA Y KA B — AT ToAREAT > (SO2) \ZfRBES 5. A4 1%
TETOEEHOEBEX L —NEALY, I iﬁ“éTfuf XKW BRI D b b il Tns
W20, iERBRIZEBOT, RO Cu 2l L7 EABIFEAE D Cu S HEICE ES, SlIMEm A

ESEUUNET RASTAY 15t gl il

LinL7e3 6, BB X CIIEE X & E e 3~ 2 & @ R EE TYEMIR HIT Cu DSIRINE LTV, Cu DRI E:
([ZOWThHIARETH -T2, ZHUZ, 1/10000 a /A /307 T LRy Ml 32 PSR O R 35 ) T, di
gLl 5L~ T OMRD Cu LELCF VRIS 225728 CulB I MEES LD Z L, KO 11813
Cu DR FHFE D &< 725 pH O#iH (42 pH5.0~6.5) Dt HETH AL, SHICHE HEP O AHY
DILCER ) D72 T2 D R L C Cu D R HES FARLL BIS @ o7a72, 1EMIRD Cu 2RI 554031
STWEZENRREMNEEZDND.

F72, EDTA HXIZIBWTHIRAEXLL ED Cu AINSHLTIY, ZIVUIMERH X LV EHE b D Th -7z,
EDTA $ill3EMIR~DOBEMENE W LN MES TR0, MERBRO S T EDTA Sill3EY i~k
ST W ATEEME D ® 5.

— 5T, RHERHR X Tl X & bbil 32 AR HE X L O EZE I LA DI o T, FREERDNER DT B 1
B pH HEEUEX L i U TR Ao TR X L 13 BRI, BEEESRIX. pH OZIZZIUTE b -7z
(#%6). a‘foczb% ﬁ?ﬁ@z@fﬂzf‘ TR +HED pH 2MEL 22D 28T Cu DYEMIRA~DOWRILDMEES =AY, Tl
XTI pH X EAC 2D 072728, FEHIX LT 54, Cu DRINRHST-bDEEZ HILD.

s ﬁ%%ﬂ@ﬁé&%ﬁx IEMIRITRIN S, FRERZ R T e 7e SRRt SN RS NLD T2, Y
ARG Lo IR A I IRRI i ] A T R B D LB 2 HiT.

(2) Fe DRI EIZHOWT

TEM R~ ZRIN STz Cu OFEFUEHEL TERR ZIERDOFEE D HLHLEBEZ LN TND. D72, 1
YR D Fe R EERIELTAE R, EDTA #i 150 mg/pot X TIIEFNEFLIE) 72728 Cu L O Fe DU
BITFEEXIOBED -T2 DD, 1ZEAE DX TIRAEX LA ED Fe RIS TN (3R 6). D720, Uik
BB DEFIERITER ZIERITITRE G LW 2 HER S L.

728, FEHERX LI L TR TOXT Fe NERE THSZFRITI AR THHH, HilLs X Clipih 5o
pH DMEL 72 ~72Z8M 5, Fe OEME-FIHENE T2 N —EHTIFRVINEZ 2 LS.

(3) 1EWR Cu K OF Fe I D52 %8 Jo ONBEARYE

TED RTINSV Cu Je O Fe 3 EF (R R O ) ICH-Z T B OV CHAL (K 1, ~[X14).
ZDORER, TEED Cu KO Fe IRERmWIEZE AT ITH LM A RbNT-. SFED, CulZif Tid7e, Fe Ol
I F A R OJFR &g > T ATREMEA VRIR S V7.

— 75T, EIE Cu B O Fe IREDBURNEIZ DWW TRA L=, Bl &30, 1EYE~ERIZRIN ST Cu

DIEHFUEMEL TER ZIERDFER DB 2D TNDD, A EHER MR R TIX Fe XL LAEY
RIS TRY, SHIT/EMIA Cu R E L EmWRBIA RS T2 (X 5) . FEERBRO S&AF Iz T,
ERPERIC > TRIEBRIER 2T 5 T2 T REED Do L HEL S LT
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3 (F¥fRFeiREELARE OO

{EIRFe R E (mg/kg)

0 50 100 150 200
TEM RCudR B (mg/kg)

B5 1E¥ICul UFelREE OB (31

X4 (FEFeRELEMED S
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(4) FEEROBIE

WERER X Tl FALZED A LB SNz, [T 12 H BENOFIEEICHEBIL, Z0%, REFH —END
5 = EONEITIER A B ST, Cu IXEM A TIZB W TR EILIZ W 2 Cu OIBEFERIE FALEENHAT
HEEZHITEYY, AR EERHERRBROMERRBREF FER2 V0 E DO ThoT.

ZD72, AFHEDIERIT Cu OIBFIFER THL FREMNHD L b,

INAC, WREEHH X CIERMERA A N LD BER DO FTREM L B 5. MRl A A T — AV T am A NI
BHIHULKNW LB Z LN TODN, KL TUEH EVRILE N2 EWbiuTnd Y,

ZDO—J5 T, MERBRICBITIDEHZOEPBEERBRORE D TIL, KFHAELIG HENRE2ZL00, [F
RO FEAALIER D FBELL TD. R CIE=EHRE (LLF, INJ1ET5. ) 200 mg/pot X ~600 mg/pot X T tafkod
JERD D, ZORKIIT o E=T ELLUIRBA A OB THHZLEREL TS, £z, [RHROAEE
AR THDOEET =7 Ol H BlX N £ LT 200 mg/pot~600 mg/pot, 725, HilkT =T 8L LT
DO FHEIE, 943 mg/pot~2830 mg/pot, Lo TEATHHEEEIL 700 mg/pot~2100 mg/pot 72 >7- LHEHIS AL
. AR gEE R AR ER CIR ALTZAREE D &I 2160 mg/pot~2777 mg/pot(F 3) THY, LR DA PREE
R OBE L, EIZE WL CTho7oZ b, I T DRI A4 OFEDRHEBILSCT WS Thotzln
2%, ZDT=8, ARHiERIREK R RER CBIE SN A WIERIE Cu 7217 Tlael, REEA A AL D5 EN
TR ol B 265,

F2, —REZEMIRICH 5 Cu DBERIED — DL TERR ZIERICES EAIEED 7 na s ZARZETH5
2, AGRIE R IR R R B Tl Bl S ho T,

RIZ, EDTA Sl L2 RIER I IR ERHR X OSER LT E LD D Tho7o. HitFEH X Tl N LEEND
FHOALDMR 2 \THEITLTZ OISR LT, EDTA $RIX T, 1351 18 B B EMDIEMIR RN oI # kL,
INFEREIIZIER BT AR E B L Q. FT, %ﬁ%ﬁ& (AR ZE AL TN DB AL Bl S 7z, EDTA #iXIZ

BUFDVEMIRD Cu P FEDFEAEX Ll L RIS BV 2D, Cu ICRDENE 2 5D, [RIERIC Fe DR
LIRS ERE OISR S, IWONS, EDTA DXL — R Cdh 5 EDTA I L 518 % HE Th 2 Al EEMD
b5, ZDI=, EDTA X CIIEAMNRERIC > GREFER S EHRSNLOEE 2 5NHT20, Cu D
FIERZFFE T DITIT TSR T2

— 5T, WHEESR X CITE T MR E X L L L TR B SR EIC B0, INFERF I X
DAEREABOBIL, BFERIIFBMERS DT,

5. F¥&OH

FHE B CH A LB R Z BRI HIE 3570 O EHERZ HEL T, 2= 2V, Cu OZhE
Z H BB EEE LT S DR 38 2 e QIS R E R e s el A S i L7z R PR s sl B C i itk
THELL TR @R 2 V-, BB, FiEeER K& O EDTA $i% B A i AL, 21 B M#RE L. Z0f R,
(1) TEOERIM AL OIENRMBLE, Q) EFTMmE, QMROMERR, @)EDOEFA7ROIEIR, UL L 4
FERZMER L2, WITHNOSERD Cu, Fe, ftEEAA L KT EDTA OHEPER THLE O LHEE S0 R A
DR EITIIES D o7,

X

1) EMOKPER R F = R iE A LB E O — e B AR OIEBHIGHED I DWW, B 1, 84
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T D EICEE T 2550, IEF 59 424 H 18 H, 59 [BAF 1943 5 (1984)

2) JEMOKEER &R  AREHIR A IS S ARE O A E RS 2 EDLHOM, IBF161 422 H 22 H, Bk
IKFEB /R 284 5, B E LR 26 429 A 1 H, BMOKER SRE 1146 5 (2014)

3) —MxMEEN AR LR TIEBE O R — AREE, LEYRET, aAMEBER R -, p.128
(2013)

4) HENRY D. FOTH: TEB 7O RME TTIAIRER, p.189~191, &EE AL, H AL (1986)

5) JEMOKEER BB I A A e 4
<http://www.maff.go.jp/j/seisan/kankyo/hozen type/h sehi kizyun/pdf/siryo3.pdf>

6) FEMOKPER  IEEHIARHERAT R, RARKEE TE 47 5 (2014)

7) WAoo MEEER 2013/2014 p.94~95 EMHFEHE (2015)

8) JEARIKPER it rl HERN R e A HEE T D 5] IR HIRNERI AN N7 v 7, B3 EE 4 1RO BRIEE LR
<http://www.maff.go.jp/j/seisan/kankyo/hozen_type/h _sehi_kizyun/pdf/sdojo18.pdf>

9) MSZATEOE N RN ICET A D& B TR 5 IS T 57 — 248, p.167, BFI524:2 A &
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723~726 (1966)
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AR IEAEFEMERE, 74 (2), 169~174 (2003)
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Physiological disorder of Komatsuna
- Copper -

Souichi IGARASHI', Keiji YAGI', Hideo SOETA', Takako ARISUMI', Shinichi KASHIMA'

" Food and Agricultural Materials Inspection Center, Fukuoka Regional Center

This study was intended to accurately judge the symptoms that occur in the vegetation test on the harm against
plants. The physiological disorder confirmation test, in which it was occurred the copper excessive symptoms
about Komatsuna (Brassica rapa var. perviridis) intentionally, was undertaken. Three of the reagents containing
copper were chosen under this study. These were copper sulfate, copper nitrate, and copper( Il )-EDTA, and are
used generally to raise fertilizer quality for aiming at the purpose of copper’s physiological effects against plants.
As the copper excessive symptoms confirmation examination, it was observed (1) the border part of lower leaves
turned yellow and the decoloration between veins of lower leaves, (2) the poor growth of leaves, (3) the extension
failure of root, (4) showing symptom of tessellated leaves. These symptoms were regarded as the high salts
obstacle such as sulfate ion, and EDTA in copper( Il )-EDTA with excessive application amount. On the other hand,
these were guessed to be due to the adsorption of copper and iron excessively against Komatsuna. Therefore it
should pay attention the iron excessive symptoms as well as the copper excessive symptoms. However, it could

not identify the direct causes of symptoms.

Key words  vegetation test on the harm against plants, komatsuna, copper, excessive symptoms,

yellowing of lower leaves

(Research Report of Fertilizer, 9, 170-184, 2016)
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