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1 ICP XA KSH (ICP-OES)HZICKBHKRIER b DKBHE RS OAIE

LA
F—U—R  ICP-OES, WIRNLE}, AEEVEFRSY

1. [ZL®HIZ

BUE, TEAFERBRIEY [T RSV QOB IR R 0TI, W EEE R O L — AU i ok %
THY, FHEAE G T T A<HI5 K115 (ICP-OES 1£) IZ W TIEE#i S 41TV veu . ICP-OES {54 vz
NEBFD AL DN T, 2011 FESTHIRIEEH R DA FE R O3 HTEIC DN THRESNTEY, HIRIEEOX

NHAFWE DL\ REHZ OV T ICP-OES D5 A2 AliE Th D LA STV a2,

B G BRI D IS HR# S CUODKIATED AU R (W-P20s) , ZKIEPEINE (W-Ko0) , /KIEM:H £ (W-MgO) ,
KM~ (W-MnO) K OVKIEMEIED 3 (W-B203) D #rikig, s K TR L7 ¥k E -V Cortr
DTN, IGIRNEENZ EIK IR LTS 2 0 s S EE U C, JEfF B VD I e B R & JH T
%, ZOZENS, RO KM R DHTIZOWTE ICP-OES TEICK D WIS I ReL & £, Z D Fi
RREILTC.

A a0, R AEE R O KA RS (W-P0s, W-Ko0, W-MgO, W-MnO K& T* W-B,0s) Z5%f4:& LT ICP
FENHAHTE~DWE A BFI LD T, TOMELZHE T 5.

2. HMRUAE

1) 88
AELEL T, Wbl L CWOAIRIRE S Ik, FEERE = A S B GRRIEER) K& OV RIS BB SR8 A
AEERE .

2) AEZFOFAH

(1) WAREYERL (P10 mg/mL) : WAFZEHEKR (P: 10 mg/mL) (SIGMA-ALDRICH ; TraceCERT)

(2) AV LEERERR (K 1 mg/mL) © VD LEAERL (K: 1000 pg/mL) (FE#iZE T3 ;JCSS)

(3) 7R LMERERR (Mg 1 mg/mL) : <7 30 MMEHERL (Mg: 1000 pg/mL) (F1YEHi%E 7.3 ;JCSS)

(4) v‘/ﬁ‘/*ﬂfﬁ%&(Mnlmg/mL)- ~ BN (Mn: 1000 pg/mL) (FooeHis T3 JCSS)

(5) 1FHFAFEUENR (B 1 mg/mL) : 1FHFREEUERR (B: 1000 pg/mL) (FIEAi3E T3 ;JCSS)

(6) TRATENENRR (1>~(5)@$ﬁﬁ{1ﬁz7‘dﬂfﬁﬁ{ﬁzkb BAEE R AR A - AR IR A A2 YE (P 200 pg/mL,
K 200 pg/mL, Mg 20 pg/mL, Mn 10 pg/mL } O° B 10 pg/mL) iU 72, $£7-, ZORAGIEERZ TR,
PR FE A3 (1423) L7 2 XOVTH BHE RS (1+5) Z2 N2 T &M IR S AR MER A T R L 7=

(7) K EBHK (LEEEPUTE 18 MQem LA )
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3) EERURE

(1) ICP Z&Jesy sy HrdkiE (ICP-OES) : S /ERT ICPS-8100 (B 7 MBLAIG =, o —o v /LB 5y
pjie)

(2) EHiKRLELERE . Millipore Elix UV5

(3) wAr/mt’~Xvyhk: Eppendorf

(4) &2R7TI2a

(5) AR~k

(6) AHE3FE

4) AMrAE

BN g% | mg OHTETIENDED, £2ET7T 22 100 mL (2 AL, 7KK 50 mL 2012 TIRVIB =% /K CE
KL, A3 FETAHBLIZ. ARO—TEEEZOEETT7 A2 100 mL IZEY, HiFE (1+5) 25 mL 22 CTKCTE
KLUTEbOZ AR L, ICP-OES # W TEELT. #Tr7 2 —3 —NM% Scheme 1 D &350,

| 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
( predetermined volume )

100-mL volumetric flask

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

<—Water ( up to the marked line )

| ICP-OES |

Scheme 1 Method flow sheet of W-P,Os, W-K,0, W-MgO, W-MnO and W-B,0s in liquid fertilizer

. HERUER

1) SHFHORER

HRIENE FE RSy D IEHE THDH P, K, Mg, Mn &Y B Oz, 2R BUEER LT Fe, Cu, Zn, Mo
&Y Ca BIRINESNAHZEND, ZNHDILRD T WA L. &Itd 100 pg/mL OFEERIZOWT,
Table 11Z/RL72i &% VT ICP-OES Ty L7z #EH% Table 2 12/~ 9°. P, K, Mg &KUY Mn (22 i, il
DILFNCED T WIS TEIR 72208, BAZOWTIE 100 pg/mL @ Fe FEUEE)S B LT 1.2 pg/mL OFA
BEOTTAOFWRFEDONI. Z2T, FERZMEGIEEHC Fe LLTEEDER 0.01 %~0.5 %iHY =
(W-B203 (2% L THY 0.8~40 £i5FH 4 &) D Fe fRUEMRZ IR 7-30BHA 34T L, W-B20s D3 HTIZH517% Fe
T BOREEMER U, R Table 3 DY, Fe DIRENENELE, W-B203 DFHXHEHER 2 (RD)
K720, HTREEE D M E LT3, W-B203 DT EILRIFRE CTho7o 280D, Felldk b e FisT ¢
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XAZLENbIoT.
L7272357C, ICP-OES O 3#Hri KX Table 1 DEFVELT.

Table 1  Analysis wavelength

Element Wavelength (nm)

P 178.287
K 766.491
Mg 279.553
Mn 257.610
B 249.773

Table 2  Investigation of spectral interference

Spectral interference (pg/mL)

Standard solution (pg/mL)

p” K’ Mg" Mn" B’
P (100) — <0.2 <0.02 <0.002 <0.04
K (100) <0.04 — <0.02 <0.002 <0.04
Mg (100) <0.04 <0.2 — <0.002 <0.04
Mn (100) <0.04 <0.2 <0.02 — <0.04
B (100) <0.04 <0.2 <0.02 <0.002 —
Fe (100) <0.04 <0.2 <0.02 <0.002 1.2
Cu (100) <0.04 <0.2 <0.02 <0.002 <0.04
Zn (100) <0.04 <0.2 <0.02 <0.002 <0.04
Mo (100) <0.04 <0.2 <0.02 <0.002 <0.04
Ca (100) <0.04 <0.2 <0.02 <0.002 <0.04
a) n=1
Table 3  Investigation of spectral interference of Fe to analyze W-B,03
Sample Spiked levae)l of Fe Fe/BaOs a)b\)N-B203 _
(%) Mean (%) RSD (%)
0 0 0.013 5.3
Liquid fertilizer 0.01 0.8 0.013 4.6
0.1 8 0.012 0.4
0.5 40 0.013 0.1

a) Mass fraction
b) n=3

¢) Relative standard deviation

2) [ES5SFDATY—HROIREE

ICP-OES {EDFHHZ DN, 1EFIFEDAE) — RN EIN TS Y| 2 2 CABRGCff L 72 ICP-OES
IZDNWT, AEV—2ZhROEE R OGRS AEBO P 5 IEIZ OV TR L7z,

1 pg/mL, 10 pg/mL K& Y 100 pg/mL D% B E#EH % ICP-OES Tl LTo BT T VR % b L.
AEHE AN OVEEHE, S HTE IR T30 B, IRIZHHTT 25 EHA R T30 B RITEH T 2L51cA— Mo
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T—OREEAToT-. #ER, 100 pg/mL O B R HEGE 2 3T LIZEARIZ T LI2 7 Z 0 V8D HIE 0.15 pg/mL
D B AFHEN, ARV—EREOSNT-. LA, 1 pg/mL KON 10 pg/mL @O B FEYEHG &2 AT LT-IE % D7
TUIVIRIBIEIF IR B S 2 h o T,

£ T, W-B20s 20392556, 1ZDFRIRELED 10 ng/mL LU FIZ725K

CHFUENR K OB 2 L,

ol
FUERE AR O VR, S ATIELRZ (SR T 30 B[], IROBUEHAIR T 30 BFTTHIZLELT.

3) BREROERMY
22) \ZfE> TRBLL 72 IR-A AR WA ICP-OES THrbrL, s i |t iE I KO B A (ERL L 72, P R OVK %
1 pg/mL~200 pg/mL, Mg (% 0.1 pg/mL~20 pg/mL, Mn & T B % 0.05 pg/mL~10 pg/mL 0% CE M

(BB E r2=0.999 VL )&= L7T=.

4) FEURERERIC &5 H E O

IRARIEEHZ W-P20s, W-K,0, W-MgO, W-MnO K O W-B,03 L TIREEDVE 8433 1 %~10 %, 0.4 %~
5 %, 0.15 %~1 %, 0.005 %~0.2 %K% T 0.01 %~0.2 %tH Y FEDF LFEIEERZ RN U3 EE VT, K
EIZHEST 3 WO T THRIMEIGRERZ1T > 72, #5380 % Table 4 DEFD, W-P,0s, W-K,0, W-MgO, W-MnO
e OV W-B203 DAL 1L 98 %~102 %, 102 %~104 %, 99 %~103 %, 96 %~107 %K% 1} 96 %~99 % T, \
FTIBIERFERBRIEV IORSIVTOD IR FEIZ 3 1 D B ([HIER) O HARLAIN THY, i 27258 RAEH

niz.

Table 4  Spiking and recovery tests

Principal Sample Spike level  Rec overyb) RD Criteria of the truenessd)
ingredients (%)” (%) (%) (%)
P20s Fertilizer-1 1 102 3.1 96 ~ 104
Fertilizer-2 10 98 5.8 97 ~ 103
K0 Fertilizer-1 0.4 104 4.0 94 ~ 106
Fertilizer-2 5 102 5.2 96 ~ 104
MgO Fertilizer-1 0.2 102 4.7 94 ~ 106
Fertilizer-2 1 103 3.4 96 ~ 104
Fertilizer-3 1 99 2.1 96 ~ 104
MnO Fertilizer-1 0.005 107 0.7 90 ~ 110
Fertilizer-2 0.15 96 1.5 94 ~ 106
Fertilizer-3 0.2 96 4.0 94 ~ 106
B0s Fertilizer-1 0.01 97 1.8 92 ~ 108
Fertilizer-2 0.15 99 3.4 94 ~ 106
Fertilizer-3 0.2 96 1.8 94 ~ 106

a) Mass fraction

b) Mean Value (n=3)

¢) Relative standard deviation

d) Criteria of trueness (recovery) show in Testing Methods for Fertilizers

5) AiERMELERIC& S HEE D

BF 12 S VT, IERMERBIE L AIED AT EZ Lk U, JERMERBRIED 3 HTEIE, W-P2Os 1337
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REVT T UART =0 MRS, W-K20, W-MgO K& TN W-MnO 7L —AJF 61, W-B.0s 137
Y AF L HEIZLD ALz,

FERIL Fig LITRLTZEBY, WT IO B W THHHBIREIL r = 0.999 Z7RL, JERFERBEEARED
SHTELZ IR VHBI TR D B LT,

W-P,0, W-K,0 W-MgO
10 8 - 10
»=0991x +0.027 ¥ = 1.030x + 0.032 » ¥=L.016x - 0.002
3 r=0999 r=0.999 ” s r=0.999
6 "
S s 5 g ¢
9 4 ] 2 g
o o I
—_— (] r
2 = 2 2
0 0 - 0
o 2 4 6 8 10 0 2 4 6 8 o 2 4 6 8 10
TMF (%) S
IMF (%a) TMF (%)
W-MnO W-B,0,
16 . 0.6
¥=0.976x +0.001 ) 1= 1.013x +0.004
=0.999 05 r=0.999
12
0.4
- 08 £ 03
P o o2
o 04 5
= o1
0.0 0.0
00 04 08 12 16 00 01 02 03 04 05 06

TMF (%) TMF (%)

Fig1 Comparison between ICP-OES method and Testing Methods for Fertilizers (TMF)
(%) :Mass fraction

6) GHTHEER U SR E DT

DRTHE B e OV TR EE 2 sl 32720, WORBE A NEEE & OVZE e 25 G IEEHZ DWW T, W-P,0s,
W-K>0, W-MgO, W-MnO } )X W-B,0; % 2 sififfT CHZZ % T 7 [mlikBhz S5hi L CfAD - iE % Table 5
WRULTz, F2, ZORE RO —IehLE 5 BT 21T TR OV M TR X OV RS FE 4 Table 6 [27R L7z,
WOIRBE A NEED W-P20s, W-K20, W-MgO, W-MnO K * W-B,0; OFEHMEITEESER 10.8 %, 5.69 %,
1.18 %, 0.155 %% T 0.166 %, HHTAGHEHER 1% 0.9 %, 0.4 %, 0.3 %, 0.5 %N 0.7 Y, 1 RIFH 62 (R
13 1.3%, 1.1%, 1.2 %, 1.0 %M N 1.2 % Th-oi-. £-, FREREZEZHE S IEEO W-P,0s5, W-K20, W-MgO,
W-MnO & O W-B,03 D BT B4 5 0.829 %, 2.29 %, 0.392 %, 0.0174 %K% T 0.0134 %, HFfTAH %
PR 7213 0.9 %, 0.8 %, 0.5 %, 0.6 %X TV 1.0 %, TR EERZAEIL 1.8 %, 1.6 %, 2.2 %, 1.5 %M T 1.0 %
ThH-oT-.

ZOREIZIIT DT IO R 255 IR ERBRIE VIR S T DI TREEE (D THE R YR 22) &
O RS (P R S MR 22) 0 B Z2 LA Toh o722 85, IR BRI W-P,0s, W-K20, W-MgO,
W-MnO } U8 W-B20s DIRFER T B DRl § 2D+ 53 72K A A L CWDHZ e RS L.
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Table 5 Repeatability test results on different days (mass fraction(%))

Sample ‘Princ ?pal Test day (factor)
ingredients 1 2 3 4 5 6 7
Fertilizer-1 W-P,Os 0.817 0.833 0.826 0.827 0.804 0.858 0.831
0.836 0.825 0.838 0.826 0.806 0.845 0.839
W-K,0 229 231 228 229 226 236 229
228 227 230 227 225 237 233
0.379 0.385 0.391 0.390 0.395 0.404 0.398
W-MgO
0.382 0.387 0.390 0.386 0.394 0.405 0.402
W-MnO 0.017 0.017 0.018 0.018 0.017 0.018 0.017
0.017 0.017 0.018 0.018 0.017 0.018 0.018
0.013 0.013 0.013 0.013 0.013 0.014 0.013
W-B,0;
0.013 0.013 0.013 0.013 0.013 0.013 0.013
Fertilizer-2 W-P,Os 10.7 108 11.0 10.8 10.6 10.8 10.8
10.8 10.8 109 11.0 10.6 11.1 10.8
W-K,0 566 569 566 570 560 577 572
568 575 564 568 560 582 573
W-MgO .16 117 118 1.19 1.18 1.19 1.20
.16 118 1.19 1.19 1.18 1.20 1.21
W-MnO 0.154 0.154 0.154 0.156 0.152 0.157 0.154
0.155 0.155 0.154 0.155 0.153 0.157 0.156
0.166 0.164 0.169 0.167 0.165 0.166 0.166
W-B,0;
0.167 0.165 0.167 0.167 0.163 0.169 0.166
Table 6 Repeatability and intermediate precision
Repeatability Intermediate precision
Sample Total meana) Src) RSD rd) CRSD re) SI(T)ﬂ RSD I(T)g) CRSD I(T)h)
(%) (%) (%) (%) (%) (%) (%)
W-P,0s 0.829 0.008 0.9 3 0.015 1.8 4.5
W-K,0 2.29 0.02 0.8 2 0.04 1.6 3.5
Fertilizer-1 W-MgO 0.392 0.002 0.5 3 0.008 2.2 4.5
W-MnO 0.0174 0.0001 0.6 4 0.0003 L.5 6.5
W-B203 0.0134 0.0001 1.0 4 0.0001 1.0 6.5
W-P,0s5 10.8 0.1 0.9 L5 0.1 1.3 2.5
W-K,0 5.69 0.02 0.4 2 0.06 1.1 3.5
Fertilizer-2 W-MgO 1.18 0.004 0.3 2 0.015 1.2 3.5
W-MnO 0.155 0.001 0.5 3 0.002 1.0 4.5
W-B,03 0.166 0.001 0.7 3 0.002 1.2 3.5

a) N=14(2 repetitionx7 days)

b) Mass fraction

c¢) Repeatability standard deviation

d) Repeatability relative standard deviation

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

g) Intermediate relative standard deviation

h) Criteria of intermediate relative standard deviation
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7) BEETRFORESE

7773 B ICP-OES T 10 BISHTL, BN rEOIEERZZ 10 5L CE & FIREHEEL, X7z,
FEAER 2% 2xt(n-1, 0.05) 5L L TR FIRZHEE LI=EZAY, IRIEED W-P,0s TE &35 0.02 %MK
0.01 %, W-Ko0 THE &5 0.05 %K% T8 0.02 %, W-MgO TE &7453% 0.002 %% O} 0.001 %, W-MnO CTH &
73%20.0002 % &% T 0.0001 %, W-B203 THE &572 0.0005 %K% O 0.0002 %l H#EE 417z,

Iz, #EE S E & NIRRT O EIZB T DEIREEZ R T 5720, RIEEHZ W-P,0s, W-K0,
W-MgO, W-MnO K Y W-B,05 &L TR EEAVE 8433 0.02 %, 0.05 %, 0.002 %, 0.0002 %% TOF 0.0005 %FH
BEORITLRIEER TSI T308 2 T, RIEICHEST 3 AT CHIMBIGRERZ 1T 72, 7235, 3UBHE
B E 10 g, AIEO4EEIE 50 mL EL72. #5503 Table 7 L350, W-P20s, W-K,0, W-MgO, W-MnO & O}
W-B,03 D[EILEHIE 93 %, 107 %, 91 %, 110 %M X 114 % T, Wb IS RBRIEV (RSN TODESINE
FEWZ T DB (BIR) O BEELANTHY, i B2k R G-,

Table 7 Spiking and recovery test (minimum limit of quantification)

Principal Sample Spike level  Rec overyb) RSD,” Criteria of the trueness"”
ingredients (%)" (%) (%) (%)
P20s Fertilizer-4 0.02 93 0.5 92 ~ 108
K20 Fertilizer-4 0.05 107 0.9 92 ~ 108
MgO Fertilizer-5 0.002 91 0.9 90 ~ 110
MnO Fertilizer-5 0.0002 110 0.3 85~ 115
B0s Fertilizer-5 0.0005 114 2.4 85~ 115

a) Mass fraction
b) Mean Value (n=3)
c¢) Repeatability relative standard deviation

d) Criteria of trueness (recovery) show in Testing Methods for Fertilizers

4. F&&H

ICP-OES {EIZXDHWRNEEL T DK ESHE TR Sy DI ENZ DWW TIREI LT L ZA, IRDEBVDERIBFHN
7.

(1) P, K, Mg, Mn, B, Fe, Cu, Zn, Mo X X CalZOWTC, BT HDOMEREAT T8, eRAEE R ok i
PEER % T35 LTI, 2 PRI ER TELOL L ThoT.

(2) 1FHFEWEFENN 10 pg/mL LLF OaEHAW A ICP-OES T/ L 72, ICP-OES D EHAE AT DV
ZIKT 30 BRI, WRICHHT T 2REHATE C 30 BT T-7235 4, 13HFDOAEY—ZROFEITRO Lo
7.

(3) ICP-OES TH#TL, ffaktiR &ALV EMAIERLTIZEZA, P K OVK 1F 1 pg/mL~200 pg/mL,
Mg 1% 0.1 pg/mL~20 ug/mL, Mn & OB % 0.05 pg/mL~10 pg/mL O CEARMEEL R,

(4) WCHRIEEHZ W-P,0s, W-K,0, W-MgO, W-MnO K& T} W-Bo03 EL TE &5 3# 1 %~10 %, 0.4 %~5 %,
0.15 %~1 %, 0.005 %~0.2 %M T 0.01 %~0.2 %4 ED 4 e FFEUERR 2 I 72508 -V CHRINENY
RER AT T2L 25, [ILERIT 98 %~102 %, 102 %~104 %, 99 %~103 %, 96 %~107 %I T} 96 %~99 %
THY, WT NG IERHEERBIEI RSNV TWAEE (BN ER) O HEELIN Th -7z,

(5) #BF 12 RAEHWT, KIESIEEHEERBIED OITEZ LR LTZL 25, WO TRV THIHBILR
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X r=0.999 Z/R~L, 5RVHBEAFRD B,

(6) WIRIEANEE N OF R 2= A E A BN OWT 2 ST THZZEZ T 7 [ BRZ I L-. kg
AIEELD W-P20s, W-K,0, W-MgO, W-MnO } 18 W-B203 DB E 5K 10.8 %, 5.69 %, 1.18 %,
0.155 %} 1 0.166 %, PHATHIRMTEHERZEIT 0.9 %, 0.4 %, 0.3 %, 0.5 %M TN 0.7 %, HRIAH G HEfR 221X
13 %, 1.1 %, 1.2 %, 1.0 % &N 1.2 % Th-oiz. £, FREFZEHEA LD W-P,0s, W-K,0, W-MgO,
W-MnO & O W-B,03 D BT B4 5 0.829 %, 2.29 %, 0.392 %, 0.0174 %K% T 0.0134 %, HFfTAH M
PR 7213 0.9 %, 0.8 %, 0.5%, 0.6 %X TV 1.0 %, TSR ERZAEL 1.8 %, 1.6 %, 2.2 %, 1.5 %M T 1.0 %
ThHoT-.

(7) ARIEICBITS W-P,0s, W-K,0, W-MgO, W-MnO } O} W-B,0; OE & FIRIL, EESF 0.02 %,
0.05 %, 0.002 %, 0.0002 %K T* 0.0005 Y%ofefE S HEE 7z,

X B

1) ASZEATEGE N RMOKETE B2 2Bz % — (FAMIC) : BRI (2014)
<http://www.famic.go.jp/ffis/fert/obj/shikenho 2014.pdf>

2) HEEEZ, S EENL, B, BAEE GGIRIEE R ORIV A, $h, =L, Jal, H kOO

[ERFE — ICP FE Lo e AT k@ om H —, JEHiFsEHEs, 4, 30~35(2011)

3) RS, MATER], AR ICP L/ mHTIEIC LD THROBUKAIEMEARY RO E &, HAR TR

BHEMERE, 63, 53~57(1992)

4) FEEAME, NHEGEE, SARDS T ICP FEN WA LD BN R L SR HKFEDIZHO R TE R

B3 2T, &) REREEORGENTFE 2 — P, 2, 157~163 (2003)
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Simultaneous Determination of Water-Soluble Principal I ngredients (W-P20s, W-K 20,
W-MgO, W-MnO and W-B203) in Liquid Fertilizer using Inductively Coupled Plasma —
Optical Emission Spectrometry (ICP-OEYS)

Keisuke AOYAMA!
'Food and Agricultural Materials Inspection Center, Kobe Regional Center

A single-laboratory validation study was conducted for the simultaneous determination of water-soluble
principal ingredients (W-P20s, W-K>0, W-MgO, W-MnO and W-B,03) in liquid fertilizer products by inductively
coupled plasma-optical emission spectrometry (ICP-OES). Water-soluble principal ingredients were diluted with
water. A part of the diluted solution was added hydrochloric acid, and analyzed by ICP-OES. As a result of 3
replicate analysis of 3 fertilizer samples spiked with W-P,Os, W-K,O0, W-MgO, W-MnO and W-B,O; at
1 %~10 % (mass fraction), 0.4 %~5 %, 0.15 %~1 %, 0.005 %~0.2 % and 0.01 %~0.2 %, the mean recoveries
were 98 %~102 %, 102 %~104 %, 99 %~103 %, 96 %~107 % and 96 %~99 %, respectively. Repeatability of
W-P,0s5, W-K,0, W-MgO, W-MnO and W-B,O; were 0.9 %, 0.4 %~0.8 %, 0.3 %~0.5 %, 0.5 %~0.6 % and
0.7 %~1.0 % , intermediate precision of there were 1.3 %~1.8 %, 1.1 %~1.6 %, 1.2 %~2.2 %, 1.0 %~1.5 % and
1.0 %~1.2 %, respectively. Minimum limit of quantification of there were estimated 0.02 %, 0.05 %, 0.002 %,
0.0002 % and 0.0005 %, respectively. Those results indicated that the developed method was valid for the

determination of these water-soluble principal ingredients.
Keywords ICP-OES, liquid fertilizer, water-soluble principal ingredients

(Research Report of Fertilizer, 8, 1~9, 2015)
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2 BYARGRZETCEREHDOKBLEYAERDRRE
— i PR —

BT SCHE L, e & ARTESE 2, SRR R 2
F—T—F  HYARE, HOABRE, FEILE, KRBT AR, 30tk

1. [XC®IZ

0 ABE J OVRED /URRYE (LR, B0 AURRSE ). ) B ST IRRO 2R TH DY, JT4E, BEAREHZ >
W CHD B RO HEE L TETWD. IRAEEHZ DWW THEY A FRZE AV JEEHF O /K A A BERRIE | £ T
BREVSNIAFREYVT T URET =0 AROEIEEE 1 (H0 AR XX 2 O %8 TR AR | 23 AR5
BRIED I ZNE S QD ZoRBRIEO A EE T IR IEEHT RS TN D72, (L AR B AR X5
RIS 72> TS, ZDZ e, [FERED J71E THD A BESS 25 To IR O KB A BE S HIE TX 5
JOICH— R R TO U MEMEREIT 12D T, TOR AL T 5.

2. MHERUAE

1) RAHOFH

AELOFELY L Table LIZ/R L7z 3FRIHDM B A LTz, B0 ARV Y A (KHLPOs) 13 IS B I ES
TWHRIEN 2N EMB BB SR R AR Z L, ZOIFNOMEHT IS MR ESI QO D RS A
AL, DAY MNIFEFIZRIBERE VI E CThDHT20, TR 80 CTHIEL-#%, Féka AT
HBHZ 500 um D 55\ E 2T HETHEL, RVZF LU RICANTERA LD, BEL T v r—#
—HCRE L. TOMOMENZ W TIEFLERE FV T H BRE 500 um 0 550 a2l 5 F THRLT-.

B AR R OIERRIC S 72> T, HEVABE DY AOEIVE £33 100 %, 60 %, 50 %, 35 %, 30 %, 20 %,
15 %, 10 %, 5%, 2 %} () 0.4 %L725191C Table2 DEBV B EIO BATEL, KIEMED AME (W-P0s) L1
THE 4% 59.10 %~0.236 % & A 3 HakBidh I~11 28 L 7-. BB EE R =F L A2 A THL
RALUHRUZ. SRR3R OE QLT v r—F—Hh TRE L.

Table1l Properties of materia (% (mass fraction))
Material W-P,0s”
A Potassium phosphonate (KH2PO:s) 59.10
B Ammonium sulfate 0.00
C Potassium sulfate 0.00

a) Theoretica value of water-soluble phosphorus (W-P20s)

LOMSEATEOE NEMOKPETE Z 2kt 2 — e 'r 72— (Bl) IEfE 2 A
2 JSIATBUE N RMOK EH B it 2 —la e 5 —



HED AURR () 23 Lo B ALER T O/KEEMED AR ORI E  — i FH P LR — 1n

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

Number of The mixing ratio of the materials Content of
analytica sample A? B? A W-P205"

1 100 0 0 59.10

2 60 20 20 35.46

3 50 25 25 29.55

4 35 325 325 20.69

5 30 35 35 17.73

6 20 40 40 11.82

7 15 42.5 42.5 8.87

8 10 45 45 5.91

9 5 47.5 47.5 2.96

10 2 49 49 1.18

11 0.4 49.8 49.8 0.236

a) These are substances which are shown in Table 1.
b) All content of water-soluble phosphorus (P20s) is derived from phosphonate-group.

2) HE

(1) /K: JASK 0557 [ZHLET%5 A3 DK.

(2) Hifk: JSK 8180 ([ZHE T DK,

(3) filE: JISK 8541 (T ET Sk,

(4) 7x)—NVTHEAEEHR: ISK 8719 IHET DT =/ — /LT XA 1g% JSK 8102 [IZHET H=
4 )—/1(95) 100 mL [ Z¥A7LT=.

(5) 7rE=7/K: JSK 8085 (ZHETHAIK.

(6) VAFEKENERR (P:0s 10 mg/mL) : JIS K 9007 ([ZHLE T DV AME —/KFEHV T L% 105 C+2 ‘CTH 2
REFDINEAL , 7 o r — 2 — T LI=14, 1917 g 2O &MIZIEN0EoT-. D EDOKTENL, 28T T
A=11000 mL IZBB LA, R 2mL~3mL 2%, fEfRECKREMZT-.

(7) VAREREYERR (P05 0.5 mg/mL) : D ABREE HEHK (P20s 10 mg/mL) 50 mL %425~ A= 1000 mL (Z&0),
g 2 mL~3 mL 20N %, B ETREIZ 7.

(8) FEFRIAENL: NS K 8747 [ITHET DTV (V)T =04 112 g Z/KIZEDL, ik 250
mL 2Nz 7%, JSK 8905 [ZHETHLEVT T VAT - E=y LUK 27 g 2K LTINZ, &
\ZAKZINZ T 1000 mL L7z,

3) BMERUEKE

(1) #EFKOPA: METTLERTOLEDO M$403S

(2) ETEspEE SR RS ADVANTEC THMO62FA
(3) mybFL—b: THEELEEFT APS-500

(4) SreotrEdt: BEERERT UV-1800
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4) BHEAE

SrRTEEL 25 g% (Lmg OHTET) (30 ED, 28T T A2 250 mL (2 AFL/KK 200 mL 201 %, 30~40 [alifiz
/53T 30 o MIRVIRY, FERETKREMA . Ak 3T TAHBL CRENARE L.

BRI DO —E &2 M—/LE—%—100 mL [Z AL, Mg 3 mL L OWERE 1 mL 2N RA LIk, Reatil
THEWV, K250 CORY ML —FCMEALT-. #KEK 1 mL~3 mLIZ725FTRMELZ. intk, 28772
2100 ML IZKTRL, 7=/ — AT XA k% 1~2 THNA, BWROBPIROIREBIZRDETT o E=T
KA+ ZIMR T ZD%, WEOWWREREPTHRTLE TR (1+10) 2Nz THEEMESL, HWEOKE
A=tk FAFRIRIRIR 20 mL 22 TR ECRZ M 72, K9 30 43 R ALE Loy e e B 3Tk & 420 nm oD
WSR2 E L. JIE 7 0 B4 Scheme 1128 LT=.

| 2.5 g analytical sample | Weigh to the order of 1 mg to a 250-mL volumetric flask
< About 200 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
I
Aliguot(predetermined
volume)

100-mL tdl beaker

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

Cover the tal beaker with awatch glass, heat on ahot plate or sand
Heating bath at 200 °C - 250 °C, condense until the solution volume reaches
1mL-3mL

[
| 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
I
| Measurement | Spectrophotometer (420 nm)

Scheme 1 The flow sheet for water-soluble phosphorous (W-P20s)
in solid fertilizers containing phosphonic acid, etc.
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3. HERUEER

1) RARBHBIEICLDZIEEDFE

RIEOBEEHMeR T 5720, 3B 1~k 10 2 W TKIEMED AR (W-P,0s) Dk % 3 50T T
Fehi L7 it B Table 31T LTz, AKIEMED A BB DR FHEIZ DWW TIZHY A BB VD M EEER {2 FH e,

IKIRVED AR & A BEVE B 5y 3R 1.18 %~59.10 %G, [AIUL I 96.9 %~100.4 % THY, W\ T D[E[IY
KHZNHO B EFRIICIBITDIEENERBREDN R L COSEE (RIIXER) O HAEELIN TH - 7=,

Table3 Result of truness confirmation test for water-soluble phosphorus (W-P20s)

Number of Content of Mean Mean o Criteria of
analytical W-P20s value” recovery RED: the truness”
sample %)’ (%)” (%) (%) (*%)
1 59.10 59.33 100.4 0.2 98~102
2 35.46 35.28 99.5 0.2 98~102
3 29.55 29.57 100.1 0.2 98~102
4 20.69 20.75 100.3 0.8 97~103
5 17.73 17.60 99.3 0.5 97~103
6 11.82 11.80 99.8 1.0 97~103
7 8.87 8.91 100.4 0.5 96~104
8 5.91 5.88 99.5 35 96~104
9 2.96 2.94 99.3 1.0 96~104
10 1.18 114 96.9 2.8 96~104

a) Mass fraction

b) Mean value of pardld test (n = 3)

¢) Repeatability relative standard devition

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

2) GHTRERU SR EDTHE

RIEOOATREEE R O RS AR T 5720, 3R 1 RO 8 & T, ZKENED A (W-P.Os)
OkERA 2 HOMTTHAZZ TTEIFERL THRLARRE Table4 (TRLTC. 2, ZORERNL— IR ED
ST EAT > TIRONIOM TR EE R OV RIS 4 Table 5 IR LTz,

RER D 1 OEEIEITE &% T 59.36 % C, MM TAXHEER 1% 0.1 %, T HMXHEHERFZ21L 02 % TH
o7 F o, B 8 O EXIEITE B/ T 5.90 % T, DHTHIXHEER X 1.2 %, A RHE R 220T
1.2 % CTh-7z.

ZNHOREIZIIT DT O HEER 22 R RBRIE RSV TOD O TR B (DR TR R YE (R 22)
B O RS (R A YR 2E) 0 B LN TdhoT-Z80 5, AIEITFOBEE A L TWAIENHERSH
7-.
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Tablle4  Individud result of repetition test of changing the date

for the precision confirmation (% (Mass fraction))
Test day Analytical sample 1 Analyticd sample 4
1 59.24 59.38 5.93 5.75
2 59.48 59.42 5.80 6.00
3 59.54 59.52 5.95 5.94
4 59.44 59.20 5.87 5.89
5 59.22 59.14 5.92 5.96
6 59.28 59.40 5.92 591
7 59.38 59.34 5.90 5.91

Table5 Statistica analysis of repetition test result for evaluating precision

Number of Repeatability I ntermediate precision
andyticd ~ Mean ? s RD”  CR®D. sy RDip? CRDip)”
sample (%)” (%)” (%) (%) (%) (%) (%)
1 50.36 0.09 0.1 1 0.13 0.2 2
8 5.90 0.07 1.2 2 0.07 1.2 3.5

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

b) Mass fraction

¢) Repeatahility standard deviation

d) Rpeatability relative standard deviation

€) Criteria of repeatability (repeatability relative standard deviation)
shown in Testing Methods for Fertilizers

f) Intermediate standard deviation

0) Intermediate relative standard deviation

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

3) EETRFEOHER

KIEDOER TRZMER T D720, BB 11 2 W OKEPED AR (W-P0s) OFERE 7 mfHMT THERMLZ
fti R Table 6 (TR LT-. ZORER, IKEEMED A (W-P.0s) D FEEITE 85753 0229 % THY, ZDOIEE(R
ZITE &SR 0.004 % ThHo/. Ei FRIIEIEREAX10, £z, M T IRIZEEHEFZEx2xt (n-1, 0.05) LT
RESNDY DT, AIEOKEEMED /U (W-P20s) D E & FHITE RS 0.04 %, Mt FRITE 55 0.02 %
R LHEE ST
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Table6  Estimation of the lower limit of quantitation (LOQ) of water-soluble
phosphorus (W-P20s) (% (mass fraction))
mg;glb‘;‘:ple Content Mean? s LOQ®? LoD ?
11 0.236 0.229 0.004 0.04 0.02
a) Mean vdue of the pardlel test (n=7)
b) Repeatabillity Standard deviation
¢) Lower limit of quantitation (LOQ = sr x 10)
d) Lower limit of detection (LOD =sr x 2 x t(n-1,0.05))

4. FEDH

0 A2 5 T [T IR R O KM AR D E Bl O R E 1T 1T D 3 Y M 2 L 7= 25
R D5t AT,

(1) FEEZHRT L0, 3B 10 502 W OKEMED ABE (W-P,0s) DBk 3 AT CEIMELIZEZA,
IKVEMED AR O SR AVEL By 3 1.18 %~59.10 %D #[H T, [HIL 1% 96.9 %~100.4 % THY, I o[H
L 2 DO EERLFAIC BT D IREFERBR IEAVR L QWD EFE ([81IER) O BEELIN TH-7-.

(2) DHTIEEE R OV RIS EE 2 fesB 357, BB 2 & T, KIEMED AR (W-P,0s) Dtz 2 5 0F
ITCHAZEZTTIRIERLIZEDA, KEEMED A B EIEITE 857 R T 59.36 %M () 5.90 % T, HHTHEXMEYE
fR721% 0.1 %K% O 1.2 %, FREFEXHEER 2L 0.2 %L N 1.2 % Th-o7-. ZOREICBITHWVT O HE
(R =S MBS RBRIE I RS COD O RS EE (DR TFR SR YR 722) S OV R RS 2 (HP A e AR YR 22) O
HZNTH-T-.

(3) & NERITE &= 0.04 % L E S iz,

X B

1) BEHFIA, FEARE—, RS B0 AFRE AV IEEL T K PED ABRIE, IERHFZEHE, 1, 256~33
(2008)

2) MMNATEAE NEMOKEHE 2 it 2 — (FAMIC) : BRI R % (2015)
<http://www.famic.go.j p/ffis/fert/obj/shikenho_2015.pdf>

3) Codex:“Guideline on Analytical Terminology” , CAC/GL 72-2009 (2009)
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Determination of Water-Soluble Phosphorusin Solid Fertilizer
Containing Phosphonic Acid by Spectrophotometry

Fumihiro ABE?, Noriyuki SASAK 12 and Toshio HIRABARA?

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

We validated a spectrophotometry for determination of water-soluble phosphorus (as phosphorus oxide;
W-P,0Os) in solid fertilizer containing phosphonic acid or phosphonate (phosphite). Phosphonate ion and
phosphate ion in fertilizer were extracted with water. Oxidation of phosphonate ion with agua regia (nitric
acid-hydrochloric acid (1+3)) was used to formation of phosphate ion. After phosphate ion colored with an
ammoni um vanadomolybdate reagent according to Testing Methods for Fertilizers, W-P,Os was determined using
a spectrophotometer. As a result of 3 replicate analysis in 10 fertilizer samples prepared to contain 1.18 % ~
59.10 % mass fraction as W-P,Os, the mean recoveries ranged from 94.9 % to 100.4 %. As aresult of repetition
test on 7 different days using two samples, the mean values were 59.36 % and 5.90 % mass fraction, repeatability
relative standard deviation (RSDy) were 0.1 % and 1.2 % and intermediate relative standard deviation (RSD(m))
were 0.2 % and 1.2 %, respectively. On the basis of 7 replicate analysis of W-P.Os, the limit of quantitative value
(LOQ) was estimated at 0.04 % mass fraction. Satisfying the criteria shown in Testing Methods for Fertilizers,
these results indicated that the method is valid in determining W-P,Os in solid fertilizer containing phosphonic
acid or phosphonate.

Keywords  phosphonic acid, phosphonate, solid fertilizer, water-sol uble phosphoric acid, spectrophotometry

(Research Report of Fertilizer, 8, 10~16, 2015)
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3 HVUARGR)ZESUERBEBHAIDOIEHYAEREDRIE
— B ABORAL T IEDHE —

BT SCHE L, e & ARTESE 2, SRR R 2
F—0—F  HYARE, BOABRM, ERIE, EPEVARE, 30T

1. [XC®IZ

HR0 A S VR VR (LU T, VAR L), ) 23 T IERO Z IFTERIIK TH Y, HmmHcm H o E
BEFEUTHEL TS, T, #i0 A RS2 5 T AR TR ClIpims E7267e 0, EEMED AUREERGELT-
AEEF SRR SRS NFRIEL TWD. LnL, BURTIE, B0 ABREA 5 A T2 AR O <EEMED A BE O FRBRIE N
TEFES TR0,

FTI, WORAREID IR A BRI DU T THRD AR S A AEEF DK IEED A BRIIE & L CTRETY S
[RFREVT T URET =0 DO FETE (B AR X2 DR 28 Te it R IERE) 1 ASAE RSB 152 12X
SN TCND. B A FRSEZ & T R O VEMED ABRODIE 2 Z O BRIEICHEC T, SR O H) A BRSE %
W & O CMBR L LT3 6, RIS E FNA A ARBE BRI 0T 52 TE T, EEEICE
BWh 5209 NS5, M0 ARRSE S TeE AR ORIV AR O EBICEL T, EREICHEL 52
RWETIZ A BB E RS DB DD . ZOZEND, FEHRICHEIE K O EEZ 12 CHIEVL CTHEY ABRD
Feb &< ABED 53 R% R ITAT VY, IKIEMED AR E O E & AT 2R AR IRV R A ERT D)
Eaatl, B—iRE CORYMMREIT 72D T, ZORFE2HmET .

2. MPRUAE

1) HAHOFAR

ABLO IR B> Tl Table 11K L7z, IS HHSITHESN TOBEERKHE & O FAMIC BB R R FRE vE
W A-10 3 ONT A-13 Z V=, B AUER AL ST S— K T (CaHPOz+ Ho0) LRI BIHE 3R BRVE | T4 dl D K I
P AVFE DI T IETIRIZEA EVEFRL72WD, <X ABBEIRICIXA R 2 E Chs. FRREEEYE 12D
TUENT IO IEMED AR OFEREED R E S TND. ARV —KF), Filg 7 > =7 LK% OV
feh Vo A%, 1A AN HLEEE VT H Bl & 500 um O 550 a2l A5 E Tl L7-.

Bl ARG OVERRIZ S 7o T, FDABR LT —/KFi) O BEAVE E45 3% 100 %, 60 %, 50 %, 40 %,
30 %, 20 %, 10 %, 5 %, 2 %& O 0.4 %L725L912 Table 2 DEBVERILFEDO BEREL, <IEMHEVARE
(C-Px0s) &L CTH £57 3 51.40 %~0.206 %5 A9 HakBR b 1~ 11 2 FHR U7, 38R I3 B2 R = F L 4%
AN TERALEOLEELUFIR CRE L.

LOMSEATEOE NEMOKPETHE Z 2kt 2 — a2 —  (Bl) IEfEF 2 A
2 JSIATBUE N RMOKE B it 2 —la e 7 —
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Tablel Properties of materid (% (mass fraction))
Materid C-P20s”
A Calussium phosphonate (CaHPOs) 51.40"
B Fertilizer certificated reference material A-10 10,05°)
C Fertilizer certificated reference material A-13 10.79°
D Ammonium sulfate 0.00
E Potassium sulfate 0.00

a) Content of citric acid-soluble phosphorus (C-P20s)
b) Theoreticd vaue
c) Certified value

Table2 The preparation of analytical samples (% (mass fraction))
Number of The mixing ratio of the materials Content of PO
andlyticd sample ~_ A9 = o D? = CP0s”  _grived”

1 100 0 0 0 0 51.40 51.40

2 60 40 0 0 0 34.86 30.84

3 50 50 0 0 0 30.73 25.70

4 40 0 60 0 0 27.03 20.56

5 30 40 30 0 0 22.68 15.42

6 20 40 40 0 0 18.62 10.28

7 20 0 0 40 40 10.28 10.28

8 10 0 0 45 45 5.14 5.14

9 5 0 0 47.5 47.5 2.57 2.57

10 2 0 0 49 49 1.03 1.03

11 0.4 0 0 49.8 49.8 0.206 0.206

a) These are subtances which are shown in Table 1.
b) Citric acid-soluble phosphorus (P20s) derived from phosphate-group and phosphonate-group
¢) Phosphorus (P20s) derived from phosphonate-group

2) HE

(1) 7K: JSK 0557 ([ZHET 5 A3 DIK.

(2) <ZAABEVHE (20 mg/mL) : JS K 8283 |ZHLE T H X AME—/KF#) 20 g Z/KIZEAA>LC 1000 mL &
L7,

(3) filR: JISK 8541 (T ET Sk,

(4) Hile: JSK 8951 ([ZHIET HtK.

(5) 7z /)—NTHALEER: ISK 8719 IHET DT =/ — N T XA 1g% JSK 8102 IZHET H=
% )—/1(95) 100 mL [ Z¥A7LT=.

(6) 7oE=7/K: JSK 8085 (ZHETHRAIK.

(7) VAFEFENERR (P:0s 10 mg/mL) : JIS K 9007 ([ZHLE T DV AME —IKFEHV T L% 105 C+2 ‘CTH 2
RERINEAL, 737 —2— Gl Lo, 19.17 g 2O L) EILIZIENDESTZ. D BOKTENL, £2ETT
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2A=11000 mL IZBBE LA, AR 2mL~3 mL 2%, FEfRECKREMZT-.

(8) VAREKEYERR (P05 0.5 mg/mL) : VAU BEEE HER (P20s 10 mg/mL) 50 mL %42 &~ 7 A= 1000 mL (Z&0),
g 2 mL~3 mL 20Nz, B ECREIZ 7.

(9) REORKAEK a: ISK 8747 ITHETH 3T (VIBET =04 1.12 g Z/KITEENL, f4EE 250
mL Z Mz 7%, JSK 8905 ZHETHLEVT T VAT = LUK 27 g KT LTINZ, &
(2K ZNZ T 1000 mL &L7=.

3) BERUVEE

(1) #|FKOPA: METTLERTOLEDO M$403S

(2) ETFEspXEEEESRY IR T ADVANTEC THMO62FA
(3) mybFL—b: THEELEEF T APS-500

(4) SrotiEst: BERERT UV-1800

4) HBRAE

IoNratEl1 g% (L mgDHTET) I EY, 287722250 mL I AT 30 CITIE L=< 2 ABRYATR 150
mL Z /%, 30~40 Bz, 4y, 30 C£1 CT 1RHHRVIRY, Km L%, M ETKEMA . A IFET
AL THREHRE L.

AEHK D—E Ba h—/L e — 7 —100 mL (2 A, ffE 2 mL & OWilE 2 mL 2Nz IRG Lz, Ratil T
B, £ 250 CORYITL—MTIELT, B 2 mL (2225 T LIZ. AL AN LT THD
FIZH 30 o INEAL 7=, Fum g, 287722100 mL (K TBLTRAEIL, 7=/ — V7 XA 1Rl E 1~2
FINZ, WO AIPIRNIREEAIZIRDETT BT K (+D) ZMA T2, D%, IWIROWE O IREEEITE R
L ETHEEE (1+10) 2 N4 CREMEL L SIR ETHRG LTZ.

P 0 FARIRYA IR 20 mL 2 N %, FERRECTRAEMZ T4, K9 30 43 i Loy IR C R 420 nm oW S
ZHELT-. (Schemel ZR)
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1 g andytica 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 m . .
'ngto mix hour (30 °C+1 °C)

I
| Standing to cool |

< Water (up to the marked line)

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

100-mL tall beaker

<~ 2 mL of nitric acid
«— 2 mL of sulfonic acid

Cover the tall beaker with awatch glass, heat on a hot plate or
sand bath a 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 drop(s) of phenolphthalein solution (1 g/100 mL)
< Ammonia solution (1+1) [neutrdization]
< Nitric acid (1+10) [slightly acidic]

Standing to cool |

« 20 mL of coloring reagent solution
< Water (up to the marked line)

| Leaving at rest | For about 30 minutes
I
| Measurement | Spectrophotometer (420 nm)

Scheme 1l Theflow sheet for citric acid-soluble phosphorus (P20Os)
in solid fertilizers containing phosphonic acid, etc.

3. BERUER

1) C<RABRBENCGERYABRADMNEEICRIFIZERVHE RERLEOHE

Hf 0 A BR5 % T IR D SERMED AR IIE Z K IEMED AR O FRERVEIZHEL C, TR O #i0 A B2 3
P — AR (3+1) CMMBARR(LL7=L 24, REHMELD FEIDHEMARO L. ZOZEND, KIS £b
SZNBBNEBETLLOLEZ, h—/LE—1—100 mL (29 A BREEYER (1 mg HH4 &) 2 AR, <X AE—/KFl
W (LLF, K2 ABEEND. ) (0g~0.4 g &) & BEREICIN X, 284Uk 10 mL R, #FE 3 mL, figfz 1
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mL ZNx TR 250 COFRY L —h ETHIEL, E2S 2 mL~3 mL FTREMEL, BLFARIEIZES TYARR
RELIRERE Fig. LIORLTZ. ZOFER, <X ABERE 0.3 g &1 0.4 g CHAREORIEMEIX F23o7. 2ozl
b, SEMOABEOEH BEIMELS, AT 2RO IENR Z<255 6, ZIU o T X AR ED

%2720, <MD A TEMOMELS IR B2 0GR BT,

Fo T, SAABBEREIE K ORI XIS it A ea a3 A28 E L7, h—L e ——100 mL |Z<Z
AR 09~0.36 g & Bt FERIIC AL, TNE IO AFRIERER 20 Al LT I mgAH Y &, 7KK 5 mL, fiffE 2 mL
e Ol 2 mL 22 THI 250 ‘COFBy b L—h ETIEAL 7. BT 2 mL TEE L) AERAT
THH 3038 EELT-. i RE Fig. 1IRLZ. ZOELZ LY, <X ABOEN 0.36 g £ TIXVABEO I EE

-7 N &Iy

12
2 1t
(=]
=
) 1.0
2 09
E
3 08 f
7
S 07 |
z‘ 0‘6 1 1 1 J

0.0 0.1 02 0.3 0.4
Citric acid added amount(g)

Fig.l Effect of citric acid added amount on phosphorus (P-Os) measured value
<>: P,Os measured val ue i n the measurement solution obtained by treating with aqua regia
O: P,Os measured val ue in the measurement solution obtained by treating nitric acid and

sulfonic acid

2) HRAMHAHAEICLIEEOHME

RIEOBEEZMRT 5720, 3B 1~ B 10 2 WV CTEEMED ABE (C-P.0s) DiRkER%E 3 ST T
FMEL 75 Re% Table 3 1TRL7z. <IEMEVABEORRFHIEIZDOWT, D ABRS LT A— K Fni 1 B G i
%, NERLERRERE M) B 1 TR AR A V.

SHMED AUT 3 E B 53 3R 1.03 %~51.40 % T, [EIER]1E 98.3 %~101.0 % THY, W ILDEI RS i
HOJE IR BT D IREHEBRIEN R L TODEFE ([EIIER) O BIELIN Th-7-.
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Table3 Result of truness confirmation test for citric acid-soluble phosphorus (C-P20s)

Content of Mean Mean 9 Criteria of the
Number of C-P20s value” recovery R truness”
analyticd sample
(%)? (%)? (%) (%) (%)
1 51.40 51.91 101.0 0.1 98~102
2 34.86 34.70 99.5 0.4 98~102
3 30.73 30.70 99.9 0.3 98~102
4 27.03 26.94 99.7 0.4 97~103
5 22.68 22.38 98.7 13 97~103
6 18.62 18.62 100.0 0.4 97~103
7 10.28 10.11 98.3 15 96~104
8 5.14 5.15 100.1 0.9 96~104
9 2.57 2.56 99.5 0.8 96~104
10 1.03 1.03 100.0 1.9 96~104

a) Mass fraction

b) Mean value of pardld test (n = 3)

¢) Repeatability relative standard devition

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

3) GHTHRERU SRR E DT

ARIEOPHATIEEE e OV RS A feiB 35720, Bidh 1 K OBRERGL 8 2 VT, UMD ARE (C-P.0s) D
R 2 ROMTCHAZEZ T T EIEML TRONIRERE Table 4 1R LTz, o, ZORENH— Tl E D5y
BT 2T o TN I TRE L S OV ARG % Table 5 1Z/RL7z=.

RERGD 1 OEEIEITE &% T 51.68 % T, MM TAXHEMENR 21X 0.5 %, T HMXHEHERFZ21L 0.7 % TH
o7z F o, B 8 O EMIEITE B/ T 5.16 % T, DM THIXHEER X 1.2 %, T A RHE R 20T
1.2 % CTh-7z.

ZNHOREIZIIT DT O HE R 22 R RBRIE RSV TOD O TR B (D T R YR 22)
B O RS (R A YR 2E) 0 B LN TdhoT-Z80 5, RIEIIFOBEE A L TWAIENfHERSH
7-.

Table4  Individual result of repetition test of changing the date

for the precision confirmation (% (Mass fraction))
Test days Analytical sample 1 Anaytical sample 8
1 50.66 51.51 5.20 5.17
2 51.97 51.88 5.19 5.14
3 51.83 51.83 5.15 5.17
4 51.90 51.88 5.01 5.13
5 51.79 51.38 5.13 5.25
6 51.65 51.76 5.09 5.22
7 51.70 51.77 5.24 5.18
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Table5 Statistica analysis of repetition test result for evaluating precision

Number of Repeatability I ntermediate precision
andyticd ~ Mean ? s RD”  CR®D. sty RDip? CRDip)”
sample (%)” (%)” (%) (%) (%) (%) (%)
1 51.68 0.26 0.5 1 0.34 0.7 2
8 5.16 0.06 1.2 2 0.06 1.2 3.5

a) Mean vaue (n = Sample number of paralld test (2) x Number of Test days (7))
b) Mass fraction

¢) Repeatahility standard deviation

d) Rpeatability relative standard deviation

€) Criteria of repeatability (repeatability relative standard deviation)
shown in Testing Methods for Fertilizers

f) Intermediate standard deviation

0) Intermediate relative standard deviation

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

4) EETRZEOMRER

RIEOEE TIREMEET 5720, 3B 11 2 W TIEMED ARE (C-P.0s) DikBR % 7 s T CEMEL 724
% Table 6 IR L7z, S EEAEIT, B3 0.203 % THY, ZOMEHERZAITE &5 0.011 % TH-7-.

BT IR R 2210, £72, M T IRITEHER 2Ex2xt (n-1,0.05) ELORENDY O T, RIEOE & T IRIT
B 0.1 %R, B TIRITE &4 0.04 % L HEES .

I

Table6  Estimation of the lower limit of quantitation (LOQ) of citric acid
phosphorus (C-P20s) (% (mass fraction))

mg;glb‘;‘:ple Content Mean? s ” LOQ®? LoD ?

11 0.206 0.203 0.011 0.11 0.04
a) Mean vdue of the pardlel test (n=7)
b) Repeatabillity Standard deviation
¢) Lower limit of quantitation (LOQ = sr x 10)
d) Lower limit of detection (LOD =sr x 2 x t(n-1,0.05))

4. FEDH

0 A % % 5 To [E AR O SERPED AUBR O TE LD B — B IC 31T D G MR A R L 7L 25
R Dt RAAFT.

(1) <ZABBRDIIRIZAONT, <ZABRDOEN 0.36 g £ TIEAYEE 2 mL K OWiEE 2 mL 2z C 250 CT
MEG 52 8C, PIEEICREE 52 72h o7,
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(2) FEZMHRT D0, 3B 10 8% FW TR AUBE (C-P:0s) D% 3 ST CEIELI-E2A,
SYEMED AUFEDVE B35 1.03 %~51.40 % C, [FIIY=RIE 98.3 %~101.0 % THY, W T IO RIS Z SO
FERIPAIZ I DIEEHERRBRIED VR L COVDELE (FIER) O HEELIN Th-7-.

(3) PHMTIEEE K OV G EE 2 fesB 3572, #BR AL 2 R VT, <IEMEV AR (C-P:0s) DitBi%E 2 miff
ITCRHEEZ CTRIFERLIZEZA, FIEITE £ 3T 51.68 %X 11 5.16 % C, JHTHEXHE (R 21X 0.5 %
KON 1.2 %, FRIFAEERZL 0.7 %L 1.2 % Tholz. ZOREICEBITDNT O IEERZED IE
BEHERBIE RS T D T RS EE (7 AR SR R 72) K OV TR B (DR TARSHE MR #2) 0 B Z N Th
-7z,

(4) AIEOEMED Al E B FIRITE RS =R 0.1 i LHEE S .

X B

1) BEHFIA, FEARE—, IR B0 AFRE AV IEE 1 7K PED ABRTE, IERHIFZEHE, 1, 256~33
(2008)

2) MNATEAE NEMOKEENE 2 it 2 — (FAMIC) : IEEHEFABR L (2015)
<http://www.famic.go.j p/ffis/fert/obj/shikenho_2015.pdf>

3) BNEFIEF O CGTREMRIE AT IE, p108~114, #E 5, H5((1988)

4) Codex:“Guiddine on Analytical Terminology” , CAC/GL 72-2009 (2009)
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Determination of Citric Acid-Soluble Phosphorusin Solid Fertilizer
Containing Phosphonic Acid by Spectrophotometry

Fumihiro ABE?, Noriyuki SASAK 12 and Toshio HIRABARA?

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

This spectrophotometry was developed for determination of citric acid-soluble phosphorus (as phosphorus
oxide; C-P.Os) in solid fertilizer containing phosphonate (phosphite). Phosphonate ion and phosphate ion in
fertilizer were extracted with 2 % citric acid solution. Phosphonate ion was oxidized to phosphate ion with nitric
acid and sulfuric acid. C-P.Os was spectrophotometrically determined by measuring phosphoric ion colored with
an ammonium vanadomolybdate reagent according to Testing Methods for Fertilizers. As a result of 3 replicate
analysis in 10 fertilizer samples prepared to contain 1.03 % ~ 51.68 % mass fraction as C-P.Os, the mean
recoveries ranged from 98.3 % to 101.0 %. As aresult of repetition test on 7 different days using two samples, the
mean values were 51.68 % and 5.16 % mass fraction, repeatability relative standard deviation (RSD;) were 0.5 %
and 1.2 % and intermediate relative standard deviation (RSDm)) were 0.7 % and 1.2 %, respectively. On the basis
of 7 replicate analysis of W-P,Os, the limit of quantitative value (LOQ) was estimated at 0.1 % mass fraction.
These results satisfying the criteria shown in Testing Methods for Fertilizers showed that the method is useful for
the determination of C-P,Os in solid fertilizer contai ning phosphonate.

Keywords  phosphonic acid, phosphonate, solid fertilizer, citric acid-soluble phosphoric acid,
spectrophotometry
(Research Report of Fertilizer, 8, 17~25, 2015)
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4 ICP BEEHNMEHICP-MS) RUVETTRILEFWANXEF (CV-AAS)
[2&BBRRFBEEHIDEERFDAIE

INKRFIG !
F—U—FK  JRIRIBIEIEEL, ~A 7l o fR, —FFH1iE, ICP-MS, CV-AAS

1. [XL®HIC

TGIEIEEHIIZ ATV ICB W CERETFSNDAEFRS (IRIV L, $h, =o)L, yan, OF, K O
RRENFESNTEY, Yi%h ERRBRIEI LA EE TH AR LY 02 Y MO RS AL 5 5L
SN QOB IERME B IED SRR SN TS, L LSSl T T E R O S 2 e L CER S L
TR, WREEHZ R 218 ] - 29 MRS IO, 2, ATEBUE TIEEWaE%2 100°CT 5 FEH
RIS Tzl Bt D TV DR E R P A EE U CHRERR ESIVTODD, HRAIROIGIENEE (LLT, #ARTE
TENEBIEND ) ITK D BB 'mDFEF @D, BEFEO T EZ W5 GIIE TR A LB LRV IE R
ICE BEOMRREZ VLTS, RN ARV T E TEDIEEHIMR A D70 M B e /N EIZ IR DY
el TRY, AR UEFEITIT RV 235 5.

ZDT=H D7 VR E CIVKIRE £ TRIE CED LD, v A/l i dkiE I Z LB 0 fR D%, IR ?A
(Cd),ﬁ’ﬁ(Pb),v—‘yﬁll/(Nl) 71 (Cr), OSE (As) D HTICIEREER & 7 7 XA~ E &5t (ICP-MS) |2
LHHE %, KER (Hg) Do HriZiTiE oAb+ ot EE R (CV-AAS) IZE DB EZEAT VY, «ﬁzbkﬂ?diﬂﬂﬂﬂfﬂ@
HEBEIITEOR— ﬁ%ﬁ% LD MR A T =D T A 175,

2. MHERUAE

1) RHOFH

Tl L COBHIRTEIEIRE A E O EE 00 skl Uiz, 72, ~ Aol ik @ L ok oy it 2 e
BB, BEEMERAFEIELT Table LR TIRA HE CIERRRERE Y E (FAMIC-C-12) &/KA N
ARG VR AR SRRl L7 3k A A L L 7=

2) REZORAH

(1) ARIVLAEUERL (1 mg/mL) : FAYEHISR T2 JCSS
(2) $nEEMERE (1 mg/mL) @ FIOEAMiZE T3¢ JCSS

(3) =o/ N FENHER (1 mg/mL) : FSEHISE T2 JCSS
(4) e L FEHER (1 mg/mL) @ FYEHISET 3 JCSS
(5) OEREYERR (1 mg/mL) : FoYehliZE T3 JCSS

ORSEATBOE N RMOKEE TN B L N 1 S — BB e A
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Table I The combination percentages of the sample used for the test

The content (mg/kg) of heavy metals

Content (Certified Amount Combination o
Used raw material value) @ percentage in the preparation sample
0,
(mg/kg) (%) cd  Pb Ni Cr As Hg
Composted sludge C(_1: 1.81, Pb:35.4,
o) Ni: 73 ,Cr: 82, 0.3 1.5 0.0272  0.531 1.1 1.2 0.321 0.00722
fertilizer As:21.4, Hg:0.481
Water” 19.7 98.5
Total 20.0 100
Content (mg/kg) 0.0272  0.531 1.1 1.2 0.321 0.00722

a) Fertilizer certified reference material (FAMIC-C-12)
b) The density of the water is calculated as 1 g/mL.
¢) The moisture content of the preparation sample, 98.5 % (mass fraction)

(6) ARHUEHERL (1 mg/mL) : FOYEHiZE T3 JCSS

AR A TN T OB FR EL TR W, SRR ARG - A IR L ClR G (Cd: 0.5
ng/mL, Pb: 10 ug/mL, Ni: 30 ug/mL, Cr: 50 pg/mL, As: 5 pg/mL, Hg: 0.2 pg/mL) ZFHBLL 7=, 7=, IRAIEYE
JFR AR, FHERIREEDS 5 % (ISFE 53 3) 1270 DL BN R 2 N 2 IR A AR MR A Sl L 7=

(7) a2y LFEAERR (1 mg/mL) : FnyehisE T3 JF-We it A

(8) L= LHEHEWL (0.1 mg/mL) : AccuStandard ICP-MS H

R A N E NV DREERIRE L T, BRI 2 SRR EEDY 5 % (IRFE 5 38) 12722 KO
HAHER AN Z IR - AR L CIRA PV HERR (Rh: 0.1 pg /mL, Re: 0.1 pg /mL) ZFHHL7-.

(9) fii2 (68 %) : ZEE{L T3 TAMAPURE-AA100

(10) BER(LKSE (30 %) : FOEMidE T2 WL stT F

(11) 7K AHE#dEE E (Elix AdvantageS K& OY Milli-Q Academic A-10,Millipore) THE L 7= JIS K 0557 (28

ET D A4 Y DOKRE .
FFRLL CWD LIS O RFEIZ W TR 2 .

3) BERUKE
(1) FEFEETTA~E &5 HrEE ICP-MS)
D EEEUERT ICPM-8500 (DU EEARAYE #/0ATat, T v 2V R A E R I ER)
(2) ICP HI B @A BUEE . BEES/ERT ADU-1
(3) BILKULE TSR (CV-AAS) : HARAL RV LAY RA-3
(4) ~Arva/rfifdEE . Anton-Paar Multiwave 3000
(5) mLyEEE: =79 H-26F
(6) RYFurL Ml nEe: V—T/P AT A DigiTUBEs 50mL
(7) /K%3%t: METTLER TOREDO HG53 47 7K4yat

4) BERIR(E

(1) HARIBIRAEAL R 0D 7K 535 Jo OV FE DI E

HARTGIRNER DK Gy & A B B3 o720, JERHIITE 3.1.1 C4) KUK RHILDRIEZRTo T2, iz,
ZELUTEEZEN T 25720, /oridkliz 10 mL 287723230 ey, EEAE F RIFICTHFEELRD
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(2) BRI D FTE

T 71 TFM B0 & E 0 R 2 HTadEl 20.0 g(7272L, ETESHE T 0.5 g FREELL ) 2130 &0, i
fi£ 2.5 mL & ONHEERL/KSE 2 mL 201272, BIaNBSEo7205 CEIaNFELUOGUENIHaAlIL L Ty /—
VR ), ~ A7 fRIEEIZEY Table 2 D37 07 T MZHEN DRI, 7238, 73RN+ 0 &7k
HOENDEAIISSITHIER 2.5 mL K OuBE(b/k#E 2 mL ZHNURSME CHRESRZIT- 1. nt, 5k
KER)7ae L AN O REHIK TR LIAR, 50 mL OFEHRECTAEINZ T 3000 Az, 4y (K 1700 Xg)
T 5 SRBEOABELT- 8%, EBAEEREHARITE Uiz, JE T DR 1 B DS e E R & 48 2 D3 BT
X, EEARL, KT OHERIRIED 5 % (K55 3) 2 L7e b JOICHEBA A B2 L.

Table 2 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

(3) BHEeRFONE

(a) ICP-MS (2 X5 EREIR DR E

FRBHATR e ONRA WA YR A B BN A RIS E e 9:1 OFIGTIRA L% ICP-MS [ZEAL,
g, 208pb, Ni, 2Cr, "*As, '©Rh, ¥"Re Z|EL Cd, Ni, Cr, As, (X Rh T, Pb (X Re THIEHEREL7-.

[FIRFIZ, IRAIEEIR AT EL, MEREVERL COMRREI T ORIV A, §y, =o)L, Jun, OFRES
BH U, IRATEAERIIRSEEIREE Y 5 % ((KFE /0 5R)© L7 BT REIL7-.

ICP-MS DOHIESRIHTILL T DLID.

e JE I H ) 1.2 kW
YTV RS 3.5 mm
I —J NI AR 7.0 L%y
TIRX~H AR 1.50 L5y
X U7 AR 0.70 L5y

(b) CV-AAS IZL2FERARORIE

NEBFERERE 5.1.a EooKUbEFUORTE (4)RBERE (4.2) flEIC X7,

72k, IREGIEYERR (Hg :0.4 ng/mL~10 ng/mL) ZEL, MEMREVERL THoHralE R o KRR EZ R L
7z

TEE{EOWME% Scheme 1 [Z/RLT-.
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| Sample 20.0 g | Only less than 0.5 g as organic
matter

<Nitric acid 2.5 mL <————

<Hydrogen peroxide 2 mL As needed

| Microwave digestion |

| Transfer |

—Water (To the mark line)

| Filled up | 50mL P.P. Volumetric flask
|
| Centrifugation | 1700xg 5 min
| |
Dilution | As need | Dilution

<—Mixed inner standard (Rh,Re)
(Added 1/10 times the amount)

| ICP-MS | | CV-AAS |

Cd,Pb,Ni,Cr,As Hg

Scheme 1 Analytical procedure for heavy metals in fluid sludge fertilizers

3. BKERUEER

1) BRFRIEHDOKIERVEZEEDE

TBIRIEEI O H FERY O & BRI E S0 TRl 52810705, 2O BM RO Y% E A &
ERER LI ITT P OE R BICRE T D0 ENHHI-0, B OKS &G BERD-. 8 FEOWIRE
TRAEEL DK G A B DV TIREM I HTEIZ LV R D 7= (Table 3) . K& A BIdH KT 99.93 % (E &),
B/NT 95.05 % (E&5r3) Tholo. £z, BEOHIRAENIIT 27K 53 FHT L DK G0 1E 00 26 24 MErfere A
RS SITNDA, IRTETRIEEHC S [ E F 038 CEX 20 E MR T 5720, Koy it FV ik sy
OREMED R DT (Table 3). FFHNIZAERITH L TR OERICLD EEOREEI T2 5, AHEAK
e 5 % THIEMIZAERZITRDO bR D T,

Z M, MERFEDOSZ B LT, BEZRE LA R% Fig. 1 ITRLT.
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Table 3 Comparison of the determination values of moisture
by Methods of Analysis of Fertilizers or moisture meter

Methods of Analysis of

o . The difference in The comparison of
Fertilizers Moisture meter the measure the measure
Sample 3.1.1C4)
A" % BY %" A—B %" (A/B)x100 %
Industrial sludge fertilizerl 96.74 96.89 -0.15 99.8
Industrial sludge fertilizer2 95.05 95.41 -0.36 99.6
Composted studge fertilizer1 97.12 96.92 0.20 100.2
Composted sludge fertilizer2 96.06 96.22 -0.16 99.8
Composted sludge fertilizer3 99.31 99.32 -0.01 100.0
Composted sludge fertilizer4 99.55 99.60 -0.05 99.9
Composted shudge fertilizer5 99.29 99.26 0.03 100.0
Composted sludge fertilizer6 99.93 99.98 -0.05 99.9
a) n=1
b) Mass fraction
1.025
1.020 ~ © o
’g 1.015 A
=1}
~  1.010 - ©
z ©
2
[
A 1.005 + o
O
1.000 A g
0.995 ‘ .
94 96 98 100

Moisture (% (mass fraction) )

Fig. 1  The relation between moisture and density in fluid sludge fertilizers

2) BAHOIMERVBIEREORE

MRS NI E TH DN ERBRIE L DG IRNEE P O BR B E O 3 HTEDOHE % Table 4 12
AUz, YREOMTEIZE R R 2 E U CTER S, 72, JiRICI0 MR OMIE FIEN R0, =R
ST THMTDUERDDS. BRIGIRIEEHI K3 %2 EITE A THWDT2, KRS E4 R EITBEFEOJR
TSN G TR ERN RO T EBNRECTHHEEZ LN, 20720, flish, MEtE%sE B LR %
BT~ A7l 5y i B V2 ICP-MS IZ LD FEARJB S O T iEERET LT (Table 5). 703, BE#® 1IN
FEHEEZE IO TOZRN, (GTRIEEHIE W~ R o7 AR PSRN b NIERER AR 52 8L, R
e LU CRIFEDVGIRAEELD 73479 0—F o3 AT 01 JE 3 21l i S0 H o w A0 = 2% L
7o, Fio, KEUT ICP-MS AW THIESHCOSIE YL H 50, AT —Zh RO FBNZ LM EARE ER T
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AZENTETHIENNE TH-T-720, CV-AAS WAL LEUT-.

Table 4 Test method of each ingredient by Testing Methods for Fertilizers
The outline of methods

Ingredient — -
Sample liquid preparative procedure Measurement method
. o Fl tomic absorpti
Cd,Pb,Ni,Cr Aqua regia digestion ame atomic absorption
spectrometry
L o e Hydride generation atomic
As Sulfuric acid - nitric acid - perchloric acid digestion .
absorption spectrometry
o e Cold vapor-atomic absorption
Hg Nitric acid - perchloric acid digestion
spectrometry
Table 5 Test method of each ingredient by this consideration
. The outline of methods
Ingredient — -
Sample liquid preparative procedure Measurement method
Cd.Pb.NiCr. As S o Inductively coupled plasma -
Nitric acid - hydrogen peroxide digestion mass spectrometry
- (Microwave use) Cold vapor-atomic absorption
5 spectrometry

3) BREROERMY

22N> TR L 7= IR A HE N A ICP-MS F7213 CV-AAS THIE LR ERRETER LT-. SO MEiRo
i, G, WERBOAEA Table 6 (7. R, IRIVA, §y, =v/L, /0L K OYOEIL 0.1 ng/mL
~100 ng/mL, 7K$RIE 0.4 ng/mL~ 10 ng/mL O#iFH TEHRME R EFREL r>=0.999 DL E) Z/RL7-.

Table 6 Numerical values in standard curve

. y=ax+b
Ingredient >
a (Slope) b (Intercept) r~ (Decision coefficient)
Cd 0.9972 -0.09279 1.0000
Pb 0.1218 -1.00897 0.9999
Ni 0.9561 -0.02275 0.9999
Cr 0.2363 -0.26694 1.0000
As 0.9431 0.30534 0.9999
Hg 3.1615 -0.05200 0.9998

4) FHEBRMEOHKET

K EA B RS DIRWEIRIGIENEE (LG IENEN 2 20.0 g fRIRL, FEASBHFLL THMIEIZE
DR B 12 FEZUINL, EREILREZ RO T-EZAH, OFMRIEILRL /D LRS-
IRL CODOHBITH BN T DL, WESNSLTWIERNHESN TN, 2o, DR A+5T
BAFUIZAHEIIC OB DR AL, EEREF X UZEE 2, sEHRREZ 10.0 g IZHOL, ALK
W RO REREFT T2, 5 5R% Table 7 1ZR7. OFEOENLEEN 40 %LL Eif) EL7=ZE00, sUBHERED
BAIAR THLEE 2DV AREHIME G- LI EBIOK 0 & A &I3HK 95 % (B &) THY, 3k 20.0
g 2L G T2 LFER PR TR 1.0 g, 308 10.0 g I 5T 2L ERHE TR 0.5 g Ik 5. L7-2 81275, &
DZEND, [EFEMHLRE T 0.5 g EORBHML 5 &ERIEICIBIT 550 FIREE X B,
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Table 7 Influence of weighting amount

. Spiked amount Recovery at the time  Recovery at the time
Moisture . b) L c) C 1 <)
Sample Ingredient (dry weight) of weighting 20.0 g~ of weighting 10.0 g
(%)" (mg/kg) (%) (%)
Industrial sludge As  95.05 25 59.4 100.4

fertilizer

a) Mass fraction
b) The spiked amount (actual weight) is 1.24 mg/kg.
¢) Mean value (n=3)

5) FRABEMAIEICLDEEDE

TRTG VRN G EM B I X ARFE S TR 2D, H L CRBL 7K & A & 98.5 % (E & R) D
BT REARG SR -V C 2 SO T CEABSEORERE FML -2 Table 8 ITRL7z. X FHMEICKT2E]
INFRIL92.5 %~133.3 % THY, AN+ SN BB BEORIENFTRE THHZ LN RSNz, 7235,
AOAC"NZHIT DI FEL ~ UK T B ENEROFFAFPH LR L 0.01 mg/kg~1 mgkg T 70 %~125 % THY,
BELLUTHE LI AR LEBROT-WDTNOESBSLZNOOFFRFEN TH-7-.

Table 8 Test result of heavy metals in the sample

. Percentage Relative
. Difference to g Standard
) Design value Measured value . of the Recovery .. standard
Ingredient the design value . deviation .
difference deviation

A" (mgkg) B’ (mgkg) € (mgkg) DY %)  E' (%) F(mgke) G (%)

Cd 0.0272 0.0296 0.0024 8.8 108.8 0.0002 0.7
Pb 0.531 0.569 0.038 7.2 107.2 0.015 2.6
Ni 1.1 1.2 0.1 9.1 109.1 0.03 2.5
Cr 1.2 1.6 0.4 33 133.3 0.1 6.3
As 0.321 0.297 -0.024 -7.5 92.5 0.003 1.0
Hg 0.00722 0.00774 0.00052 7.2 107.2 0.0005 6.5

a) Test result of heavy metals in the sample (design value)

b) n=2

¢) C=B—A

d) D= (C/A)*100
e) E=(B/A)x100
f) G= (F,/B)x100
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Table 9 Results of spike and recovery test

Industrial sludge Industrial sludge ~ Composted Composted Comp osted Composted Composted Composted

fertilizerl fertilizer2 sludge fertilizer1 sludge fertilizer2 sludge fertilizer3 sludge fertilizer4 sludge fertilizer5 sludge fertilizer6
Moisture (%) (A) 96.74 95.05 97.12 96.06 99.31 99.55 99.29 99.93
Conversion factor (dry
30.64 20.22 34.69 25.37 144.3 222.1 140.5 1408.7

matter)a) (B)

Spiked amount  Spiked amount ~Spiked amount  Spiked amount ~ Spiked amount ~Spiked amount ~Spiked amount ~ Spiked amount ~Spiked amount

(dry matter (actual matter ~ (actual matter  (actual matter  (actual matter  (actual matter ~ (actual matter  (actual matter  (actual matter
Ingre dient conversion) convers ion)b) conversion)” conversion)b) conversion)b) conversion)” conversion)b) conversion)b) conversion)b)
(©) D)
(mg/kg) Mean” Mean” Mean” Mean” Mean” Mean” Mean” Mean"”
RSDd) RSDd) RSDd) RSDd) R$d) RSDd) RSDd) RSDd)
2.5 0.0816 0.124 0.0721 0.0985 0.0173 0.0113 0.0178 0.00177
95.0 107.0 91.0 101.2 97.5 96.6 98.9 96.3
4.9 5.5 4.7 4.1 0.7 3.1 3.0 4.4
5 0.163 0.247 0.144 0.197 0.0346 0.0225 0.0356 0.00355
Cd 108.5 104.7 98.6 91.4 108.8 103.9 112.0 108.5
3.2 5.0 6.2 5.2 8.5 5.4 3.7 4.2
20 0.653 0.989 0.577 0.788 0.139 0.0900 0.142 0.0142
91.8 97.7 94.2 89.4 101.4 94.5 91.2 103.9
3.2 0.9 1.0 6.0 2.0 2.6 6.4 3.1
50 1.63 2.47 1.44 1.97 0.346 0.225 0.356 0.0355
100.7 111.1 85.0 98.5 103.3 105.4 104.7 106.1
3.4 1.5 2.7 4.2 1.0 1.5 2.6 2.0
100 3.26 4.95 2.88 3.94 0.693 0.450 0.712 0.0710
Pb 110.6 107.2 113.9 95.8 95.9 93.2 101.7 109.8
1.6 3.9 3.1 5.8 5.7 2.7 2.4 2.7
400 13.1 19.8 11.5 15.8 2.77 1.80 2.85 0.284
91.2 103.1 95.5 99.7 107.5 106.9 92.8 108.1
0.9 0.7 2.1 4.4 2.3 3.4 5.6 1.0
150 4.90 7.42 4.32 5.91 1.04 0.675 1.07 0.106
92.9 95.4 100.8 96.8 95.3 94.3 94.4 98.6
1.8 4.6 2.3 4.2 1.1 0.8 1.5 0.5
300 9.79 14.8 8.65 11.8 2.08 1.35 2.14 0.213
Ni 114.7 96.1 106.6 99.2 107.6 110.2 107.9 103.7
0.6 0.8 2.1 4.2 1.8 2.6 1.0 4.9
1200 39.2 59.3 34.6 47.3 8.31 5.40 8.54 0.852
93.0 95.9 94.2 89.6 91.5 108.3 98.6 96.1
0.8 2.3 0.6 5.1 0.7 1.3 3.7 0.9
250 8.16 12.4 7.21 9.85 1.73 1.13 1.78 0.177
94.3 97.2 101.1 98.3 98.7 98.7 97.9 106.8
1.7 4.6 1.7 3.4 0.9 0.9 1.0 0.7
500 16.3 24.7 14.4 19.7 3.46 2.25 3.56 0.355
Cr 108.8 97.9 106.1 99.8 115.4 109.6 108.3 105.8
1.2 0.5 2.4 2.1 6.1 2.5 1.0 3.8
2000 65.3 98.9 57.7 78.8 13.9 9.00 14.2 1.42
92.4 96.1 94.5 96.7 93.5 112.2 98.8 98.8
0.6 2.7 0.5 1.8 1.0 1.1 3.2 0.8
25 0.816 1.24 0.721 0.985 0.173 0.113 0.178 0.0177
90.6 100.4 97.8 96.9 96.3 93.4 96.1 95.0
1.4 8.4 2.3 1.6 0.4 1.3 1.6 2.1
50 1.63 2.47 1.44 1.97 0.346 0.225 0.356 0.0355
As 105.9 95.9 96.6 91.0 110.7 105.1 108.5 95.0
2.3 0.1 53 3.9 4.7 4.3 0.9 7.8
200 6.53 9.89 5.77 7.88 1.39 0.900 1.42 0.142
85.0 86.3 94.5 96.2 93.1 90.7 98.8 98.5
1.7 2.4 0.6 1.1 1.0 0.7 2.6 0.5
1 0.0326 0.0495 0.0288 0.0394 0.00693 0.00450 0.00712 0.000710
99.0 103.0 102.9 108.0 100.4 103.9 110.2 105.8
1.2 0.7 0.3 0.1 0.3 0.2 1.0 1.5
2 0.0653 0.0989 0.0577 0.0788 0.0139 0.00900 0.0142 0.00142
Hg 114.5 101.7 105.2 107.5 114.6 113.4 113.6 102.2
0.7 1.0 0.4 0.1 1.2 0.8 2.2 2.5
8 0.261 0.396 0.231 0.315 0.0554 0.0360 0.0570 0.00568
106.6 100.0 108.5 109.1 104.3 105.0 102.6 95.2
1.4 0.8 0.1 3.9 0.8 1.1 0.4 2.4

a
b
c
d

B=100/(100-A)
D=C/B

Average recovery (n=3)
Relative standard deviation
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6) FINEURRERIZLSEEDETH

ARG IR AR (G VEREEE 2 ) K OVBIEsIEARE (6 %)) 1T, £ EBSELL TRz
DEFFRAE, TP 1/2 15 R OFFRED 4 (584 BAIRINL, RIEIHEST3 mOMTOI a7V, Sbihiz
DAL R, DT HE(R 5% Table 9 (RUT-. 8 FEEEDHARIBIRIEEHT 31T 54 B 4@ S o0 -2 ]
IERIT 85.0 %~115.4 %, ZNODOHHATHH X IR MER 2 (RSD) 1% 0.1 %~8.5 % THY, W ALDEIERE Lk}

SRR IUR LD ELEE (EUE) 0 B LU Tz,

7) BHTHRE R U REE E O

AEO O THE E B O P RS BE & a8 9~ 2720, 2 FREEORIRIGIEIEEZ FAWT, 2 T CHEZEX TS
[E M 2A T T2 R B, — o E T 24T > RSN O TR EE K OV RS S % Table 10 (2780
T2 WO S U R 25 AR BHE BR VA  ORES VT DO TS B (FR TR e HE(R 72) K O RS B2 (o
FIFE ST HE(R 72) D B RLAN TH 72205y, RIEIT 07 EE AL QDI LRS-,

Table 10  Statistical analysis result of repeatability test
Repeatability precision Intermediate precision
Sample Ingredient  Mean” s R®D.”  CRD.’ sm”  RSDim”  CRSDim”
(mg/kg)  (mglkg) (%) (%) (mg/kg) (%0) (%0)

Cd 0.139 0.007 5.1 11 0.010 7.0 18
Pb 2.80 0.09 3.1 8 0.27 9.7 13

Composted sludge .

fertilizer 1 Ni 8.60 0.44 5.1 8 0.61 7.0 13

Cr 14.3 0.58 4.0 6 0.68 4.7 9
As 1.43 0.07 4.6 8 0.07 4.8 13
Hg 0.058 0.001 1.5 11 0.001 2.5 18
Cd 0.036 0.001 3.2 11 0.002 5.6 18
Pb 0.74 0.01 1.9 11 0.02 2.7 18

Composted sludge Ni 2.04 0.13 6.1 8 0.13 6.4 13

fertilizer 2 Cr 3.47 0.20 5.8 8 0.20 5.8 13

As 0.34 0.02 5.0 11 0.02 5.0 18
Hg 0.0142 0.0002 1.7 11 0.0003 2.2 18

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)

8) EETRFEDHER
K EGH B RS LWBRIGIEILE GGIRRRELEL (1 7)) , K EH 5 99.93 % (HE5HR)) 2, K

EIZHE>T 7 M TRERZ i LU E & TR &K O FIROMERE AT o7, & FIRIX BRHERZS) <10, Fz,
B T ERIE EEHER 22) x2xt (n-1, 0.05) ELTORSNDMO DT, RIEOE & FIRITARIVA 02 pgkg, #h 4
ug’kg, =7 /L 6 uglkg, 70 1 ngkg, O 3 pg/kg, KR 0.2 pgkg EZNENHEE STz (Table 11).
HER, HIRESSOEE FRITEATFAEED 1000 pg/kg UL EOBFATIZZD 1/5 LU F THHIENE
RENDY . BRIEEHIB WU E HT- D OFRERH ESIL TN, WEOK G EAEIZE->T
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MEESNAHER FRIZERRDLN, KoEAE 99.93 % (E&E5H) CTRELSNDLBIMHT-VOE & FIRITY
RIT A 0.7 ngkg, #5414 ngkg, =v/7 /v 43 pg/kg, 7vh 71 nglkg, 05 7 pglkg, /KR 0.3 pgkg THHIEN
5, ZORBIETIRRGIRIER T OB R FOEA B2 S2DIZ+ 0 EEFHAZ AL TWDHI LN
Stz

Table 11 Calculated LOQ and LOD values (ng/kg)

Sample Ingredient Mean * Sr LOQ" LoD

cd 1.4 0.02 0.2 0.1

Pb 18 0.4 4 1

Composted sludge Ni 18 0.6 6 2

fertilizer Cr 11 0.1 1 0.4

As 31 0.3 3 1

Hg 0.5 0.02 0.2 0.06

a) Mean value (N=7)
b) Standard deviationx10
¢) Standard deviationx2xt(n-1,0.05)

4. FEO

~ A7 Gy R T2 ICP-MS J O CV-AAS (IZ EDIIRIG TR O B 8 S5 O T E LS DU T2 e
BOT-DDORERE LG LT- 25, ROFEREST-.

(1) 8 FEEEOWCIRIGIRIEEID Ky E A BIZ OV TIEE I HHEIZ KO RDI-EZA, Ky EH EITR KT
99.93 % (E=533H), /T 95.05 % (E &) Tholo. £z, KOFHILAHE DM G AR LT=EZAN
EVEEH BKYE 5 % CHEMICH B AITRO b7

(2) ~AVEPIC L DmE, WERL KR R i, EeR % OKERAER X ICP-MS, KEIT CV-AAS
ZROTHIEZ T 7. SUEHRIEZ RS L2 LA BRI E L L TIE 20.0 g THY, BRPIRE T 0.5 g f2
FEDREMIL 5 BAARIEICBIT D0 LIREE 2 BT,

(3) HOTHBLIADER R 98.5 % (EEYFR) OB AREZ A WT 2 T cEARZEOR
B FEhE L7 5, BREHIEIC R 2IEIRIT 92.5 %~133.3 % THY, AW+ 0 RSV 4B S5 OH)
TENARE THH I LD HERI NI,

(4) MEBMBMEERLIZEZA, BRIV L, $h, =y 7L, 7% T 0.1 ngmL~100 ng/mL, /KERIX 0.4
ng/mL~10 ng/mL D% CHERM: REREL r’=0.999 LI E) 2R L7,

(5) WIRVGVRAE (T35 RAREL (2 FE) K& OVBIRFEBREARE! (6 FiE) ) 12, AIEITHE> CHMBIIGBR -
LC3REIZINT 3 mIMTaONraiTo7o /R, & ESREDFLENTERIL 85.0 %~115.4 % THY, Eib
OO TR EE (R 2 (RSD) 1 0.1 %~8.5 % Th-olz. £z, WIFHNOENRES JEHERBR BRI TWD
B (B O BEELIN Th-7-.

(6) ARIEOUHTHEE K OIS E A MR LI A, IERMERBRIEI ORI TODOMTREEE (DFTHH R
YR 72) K OV RS BE (PP AR SR YR 22) O B Z AN T o7z,

(7) RIECBTHERETRITIRIVL 02 peke, 0 4 pgkg, =v7 /v 6 pgkg, 775 1 pgkg, % 3
ugkg, KER 0.2 nglkg L NZENHEES .
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Determination of Heavy M etalsin Fluid Sludge Fertilizersby ICP-M S and CV-AAS

Toshiharu YAGI!

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

An analytical method for determination of cadmium, lead, nickel, chromium, arsenic and mercury in fluid
sludge fertilizers by Inductively Coupled Plasma - Mass Spectrometer (ICP-MS) and Cold Vapor- Atomic
Absorption Spectrometer (CV-AAS) with microwave digestion was developed. The fluid sludge fertilizer that
contains heavy metals was digested by microwave, after nitric acid and hydrogen peroxide was added to sample.
Heavy metals except mercury were measured by ICP-MS, using rhodium and rhenium as an inner standard
element. Mercury was measured by CV-AAS. As a result of 3 replicate analysis of 8 fertilizer samples (6 kinds of
fluid composted sludge fertilizer and 2 kinds of fluid industrial sludge fertilizer) spiked with heavy metals at the
permissible values, the 1/2 of the permissible values and the quadruple permissible values, the mean recoveries
and the relative standard deviations (RSD) were 85.0 %~115.4 % and 0.1 %~8.5 %, respectively. As a result of 5
tests on different days using two samples, repeatability relative standard deviation (RSD;) were 1.5 % ~6.1 % and
intermediate relative standard deviation (RSDym) were 2.2 % ~9.7 %, respectively. As a result, they were within
the criteria of repeatability and intermediate precision of Testing Methods for Fertilizers. On the basis of 7
replicate measurements of naturally contained samples, the LOQ values were 0.2 ug/kg for cadmium, 4 pg/kg for
lead, 6 pg/kg for nickel, 1 pg/kg for chromium, 3 ug/kg for arsenic, 0.2 pg/kg for mercury in the fluid sludge
fertilizer at actual matter. Those results indicated that the developed method was valid for the determination of

heavy metals.

Key words  fluid sludge fertilizer, microwave digestion, simultaneous analysis, inductively coupled plasma -

mass spectrometer (ICP-MS), cold vapor- atomic absorption spectrometer (CV-AAS)

(Research Report of Fertilizer, 8, 26~37, 2015)
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5 &RAEIOTNTSTEERDHEH(LC-MS)ICLBIERTD

A IT7PIVEBOEIE

OrvE 2 ) R EE- 2, IBARRE !, AHmie!
F—U—F 2T rIRER, BB LC-MS

1. [XL®HIC

Ak DOFER Y THDHANLT 7R (B4, 7IRKEEE (Fig.1)) OEBIZOW T, IR HHEIZIWT
RS EE N D MERTEDHIVTNDY P8, SRR I LD E BB B TR D E I 8 7R S S
VETHD. Fio, IERIOFIC L > T, AFEWE ORI L0 R OHE D E L2 2 E DT 272
WEVHTERHS.

AR 23 ARRE K ONERR 24 FEEICRWT, A4 7a~ N T 7RI LVIEEN R O 2V T 7 TR OB TE ORRET
EAToT. BUNE, AT 7 K ORE T B O & A TR BN ERE ST D A T8 fis AT RE 72 7] IR
EIZDWTRET L. UL, AHIE%E <& TIEEF CIIAN 7 7V R E B ORiEL 2D I TIEN AL,
BEME DRSS R CHLE I RRIEN D727, Rk 23 FEEIIMIE T =T DAEGELTE 2
53 R E N\ DUV TR R AT 722 . ek 24 4RV, D ERIOFEREIZ DWW, 2 i O & H AR &R
VIR &, Fz, EEOWELRAIAFMEL SR THAHZEND, 2D E IR T5Z8ELT2. 2 A5y
DIBANVT 7 IV BRI A FF T 72 N2l h, EERURE M ERE WA A ra~v NI 7151k
DRRETEIT-12Y . 7, GBS OY EWEIZ OV CRIEERE O R E T IEERFILIED, 22k BT
ool Fo, Y7Ly —iER OV T Ly R, iEY— AT IR — 7 LD Sy B AT EE
TRE S A MRET LT2S, FE RN B FTREZR U E St RN CER D o7z, LA ERY, A4 om~ 7T 7ik
X DA RS A < ETIEEH R DO 2L 7 7 B O E LR EECH L ZENIALINE 72572,

IO, @K~ T 70— & AR (LU FTLC-MS &) ) IC KA B % 4 2 <& T ekt
DANT 7B DRSS E BT D2 8% B ICHNE SR OfERE O iat 1T o7

Sulfamic acid [HOSO,;NH;]

Fig.1 Chemical structures of sulfamic acid

VIRNTATBOE N RMOK PEIH B 2 B v & — R B A
2MNTATBOE NEMOKPE B R 2 — BN SRR (Bl) @t 42—
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2. MHERUAE

1) #EEH

HEREBHIREE T T =0 A0, AHIEE 2 BICE T T MR BRI A R B E LT k25t gL, i
7 E=T 1 R, BIFESEFIEE 1 A, BIFEEES IR 1 A, (ERRAEEL 1A, IRE S IERE 1 R, FEERZ=H
BAIE SOFE 6 sx Wz, BEEORENT, TN E BIE 500 pum DAV — 2 Z @il 35 E THfELT-
HLOESHTHFEIEL, fEHRFETRY =T L U OSICEE L CRIBRE L.

2) REZORAH

(1) 7K :AKHELEERE (Elix AdvantageS }2 O Milli-Q Academic A-10,Millipore) CTHFELL 7= JIS K 0557 IZHIE
T5 A4 DKE =

(2) 7Eb=RJ/L: LC-MS JHFtIE.

(3) EWHe: LC-MS At

(4) W7 =0 LEEK (pH 3.2) © FEE 95 % (H &5 3R) UL EOETWHET L E=0 4 3.153 g Z/KITEED
LT500mL &L, XERICED pH 3.2 L7ebl i L7z,

(5) ANT I FREEHERR (1 mg/mL) : JIS K 8005 (ZHUE T 27 &0 T FAEYEYE 7 INAIEE 0.1 g 20D
BILIZEY, ZOEEEZ 0.1 mgDOHTETHIET 5. D EOKEMZATERNL, 2EZT7A2 100 mLIZELAN,
TR ECREIZ .

(6) ANT 7 PTEFEHERR (10 pg/mL) @ Al HIRFIZ, BEYEHR (1 mg/mL) 2.5 mL #4277 A= 250 mL (280,
R ECAREIZ .

(7) AT 7 FRFEUERR (200 ng/mL) : i HRFIZ, AEYERR (10 ng/mL) 5 mL 242877 A= 250 mL (280,
R ECREINZ .

(8) MEARH AN T 7IUEFEHERR (10 ng/mL~600 ng/mL) : ff FRFIZ AL 7 7 FEEEHERR (10 pug/mL)
? 2.5 mL~6 mL Z 47722 100 mL ([ZBFERIICED, BERRETKEMA 2. [FERIZ, AVT 7 FREEHETR
(200 ng/mL) ?® 5 mL~50 mL Z 48~ A2 100 mL (ZEXPEAYICEY, B ETREINZ .

3) BERUEE

(1) @mHEEsa~ N7 G & SHEHLC-MS) - BEE{ERT LCMS-2010EV
717 25: phenomenex Luna HILIC (N££2.0 mm, £X 100 mm, $7£E5 pm, ZRER A — L2 b5 fE S L2 )
T NHT L)

(2) ATV 7 4% —: ADVANTEC DISMIC-13HP (FL£% 0.45 um)

(3) ki 0oy B : HSIANGTAI MCD-2000

(4) mLTEERE: =279 H-26F

(5) =7 3F vy A% —F—: ADVANTEC SRS261PA

4) HERIRMF

(1) FURRERK DR

FrRoO 54 HREIOS S, oHrakEl 1.00 g 23048 =/~ 722 200 mL (213220 &, 7K 100 mL 201z, ~
T X F g AL —F—% TR 10 3N EIRET 4%, 30 7] 1700 X g THI 5 ZrfiE Do BEL 72 BB 7,
FITAM 3 FECABMUI- AR RS LT,
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AR DT FHERBIOL S, oATaE 1.00 g 213030 &0, 287723 100 mL 12 A%, 7K 50 mL /1% C
ROIRAE, FIERECTREINZ TR L.

IR 5 mL 27 B, 287723 100 mL I AL, BERRETREMZ 20 f5ICARLTZ. ZORmRikE R
7arL O HARE DB 1.5 mL 128D, 3077 8000 X g TR 5 4y iz Dy Bl L 7= B AR, Fi-idA
TV 7 v E— (FLEE 0.45 pm) TAHIE LT AR AR E BRI E LTz (Scheme 1) .

| Sample (powdery) 1.00 g | Erlenmeyer flask (with stopper) 200 mL
< Water 100 mL

| Extraction | Magnetic stirrer, 10 minutes
Centrifugal separation Ground-in stopper centrifugal precipitate tube,
or filteration 1700 X g, 5 minutes or type 3 filter paper
[
| Sample(fluid) 1.00 g | 100-mL volumetric flask
< Water, about 50 mL
| Extraction | Shake to mix
[
|
| Aliquot 5 mL | 100-mL volumetric flask
< Water (up to the marked line)
Centrifugal separation Ground-in stopper centrifugal precipitate tube,
or filteration 8000 x g, 5 minutes or membrane filter (0.45-pm)
Measurement LC-MS

Scheme 1 Flow sheet for sulfamic acid in fertilizers

(2) HE
FBHANE 1 uL & LC-MS (Z{EAL, Table 1 OJEFRIFITHEST, BIRAA UM (ELFTSIM &), ) 7
~ T LEET-. BHNT- SIM 7~ T LB —J HfEE KD 7.

Table 1 LC-MS Conditions
Phenomenex, LUNA HILIC

Column (2.0 mm i.d. X 100 mm L, 5 um particle size )
Mobile phase Ammonium formate buffer - acetonitrile (1+9)
Flow rate 0.2 mL/min

Column temperature 40 °C

Injection volume 1 uL

Measurement time 20 minutes

Ionization method Electrospray ionization (ESI) negative ion mode
Capillary voltage -3.5kv

Ion source temperature 300 C

Nebulizer gas flow rate 1.5 L/min

Desolvation gas temperature 250 °C
Monitor ion m/z 95.9
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3. HERUEER

1) BIEEH

ZIVT 7 FRRR R S ERR (600 ng/mL A &) O SIM Zu~h/'Z L% Fig. 2 & O Fig. 3 1RLT-. kR
KB HEBEFT OB T LOT TV r—ar? %532 LC-MS HIESM: (Table 1) 2 ELTZEZA, 10
ng/mL~600 ng/mL DOHFiJHTAL T 7I RO — 7 DNl TET-.

2) REROERMY

R AR YENR (10 ng/mL~600 ng/mL) ZAJEIZEST LC-MS IZHEAL, Bbhiz/a~h I A0 —7
RO A (R LTz (Figd) . £ OSSR, MEMRHEERIL 10 ng/mL~600 ng/mL DI CREFRMED
<, AT A LB DR BRI F DT

1
1
_._w_ﬁ.u'\_r\_fu"“ul _“-.Wmm-__-'nﬂ_u-. WWJ“\,’I_H_
u} 2.I5 5.ID TI'.I5 u} 2.I5 E.Il:l ?.I5
Retention time (minutes) Retention time (minutes)
Fig.2 SIM chromatogram of standard mixture Fig.3 SIM chromatogram of standard mixture

Peakl (Concentration): Sulfamic acid (600 ng/mL) Peakl (Concentration): Sulfamic acid (25 ng/mL)

3500

3000 r

2500 r

2000 r

Peak Area

1500 r

1000 r

500 y =5.5551x- 0.3542

1?=0.9998

0 200 400 600
Concentration (ng/mL)

Fig.4 Calibration curve of sulfamic acid
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3) XEFEMERELEZDRE

PEEREEHZIT A E M E N L BB F, FRICT I B IRBEIR A B LT IRENCI, 72 A EKE R B %
ZLE LA RN 5. ZNOOIAFWEITIE D EME LD 2N o570, BRIk Z LC-MS IZIEA
T ORI REZR RO BR BEEATOMLENRSHD. 2T, T2 ANESESORBE DR E DS A GER IR Aitd 7 L2 — (FL
£2£0.2 pm, RV T—T )VAVKR(PES)H) LA T L7 4 —(FLER 0.45 um, BUKMERV T N7 V4T
L (PTFE)E) O H 23 FTREDMRFT L 7.

2 REDANT 7L BREEUERR (10 ng/mL & Y 100 ng/mL) % [RA AT 4 VA —FINIAL T LT 4 —
THB TR E AU AR FERO AV 7 7 TR A B, ARIEIZHE> TRIE L. b7 — 7 HfEh
5, ABARFERORNEE 100 %&b LIzHA DK 7 ANV —HBRIEOBIRE B HT5LE012, AiREmED
WSR2 7 A VA — DITEIR O EHED ZE L DR E AT, ZHHORE R4 Table 2 (TR LT,

[RAN AT 4 V2 —TAHBULIZ5A, BRI 10 ng/mL T 75.1 % & T 100 ng/mL T 79.6 % THY, &°—7
RIS A TR OIEMER L HH T D LA BN STp o T (A EAKYE 5 %) . Fo, ATV 7402 —ThH
WL7Z5A ORI 10 ng/mL T 97.0 % & T8 100 ng/mL T 94.9 % THY, A ELRZEITRO LI/,

ZDZEND, ARETCHEH L PES B ORINAIET 4V Z— X ARD AN T 7 I BEEDME D720 ]
TEIRNWZENFERSNIZ. £, HKMEPTFE DA TV T A NH—IARERABD AN T 7 BRI
BHDHRHUT R SO0B7eh -7,

Table 2 Influence of filtration process on recovery rate of sulfamic acid

Concentration ~ Recovery rate”

Sample Filtration process
(ng/mL) (%)
Ultrafiltration” 10 75.1
Standard solution Ultrafiltration 100 79.6
of sulfamic acid  pMenbrane filter® 10 97.0
Menbrane filter 100 94.9
a) n=3

b) Polyether sulfone (PES) menbrane
¢) Hydrohilic polytetrafluoroethylene (PTFE) menbrane

WA, BERGUEI DY B 7 BR B BRI 2 7R R E L QOB RIPE 22 SEAREHE -, 2 E DR 51k
DEOAEMIC IE T B LR LT, BN AL 7 7B WA 0.1 %o AT 2X5%L, A7
VT4 —TAHBL LN RIEERK E, 8000xg T 5 4 DiE Ly BEE 1T CTREO I EEikZHIEL,
BONTZANV T 7 B R DUIMEICEZ B U U, F7, R Z TSI 20 GEHI DWW TH RIS
WEZE{T-7.

SR Table 3 DIV T, [EURILAIEDY 98.5 %, L7 BED 101.2 %&72D, WD REIEES Z O &
HPAIZF1T D AEHEFRBRYES D3R L QOB L ([RIXER) O HELINTHY, Al LoyBEO LS HH0 k%
AW THHEME IS EI TN e GRS NI, e, R ZTINL 20 EHIIZ AL T 7B O S A 13
DO oT. Teds, TNLAEORE CTIE L BT LR O B B LA B L, & 0o Bl C J0 iRz F ki
L7-.
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Table 3 Influence of separation method on recovery rate of sulfamic acid

Content ®)
Sample Separation method on e:)l Recovery rate
(%) (%)
Centrifugal ti 0.1 101.2
Byproduct nitrogen fetilizer entrifuga sepacr)a on
Filterlation 0.1 98.5

a) Mass fraction
b) n=3
¢) Menbrane filter (0.45 pum)

4) TR)YORDFEE

lET =T, RIPELREZNE, BIFEAEA IR, (LAEE, WORE G I &k OFERE = HE G Ik o 6 ff
HDONEBZ ARIE I THIE LT L2 A, B BZHEEY E T 2I0R KM — 713380 biviehoT-. Fic, &
T DR TEMEA TR T D720, BEEEUEL 3 IR D& 1 sl EIE TAL T 7 FRIEHERK (100 ng/mL) D45y
WraATo7. ife 15 Ref CHEEEL 30 MR LATYEIR 15 MARZ AT L, YRR O (R & — 2 i A4 il
LT, ZORER, Figs OLBY, BEERE — 7O RFFRF L — 7 m I LaT O E B O e EE Z T 5287
{—EDEAERLTEY, RRH - 2SI OLREMED RSN,

2000 5

1600 ¢——0—0—0—0—0—0—0—0—0—9 4

o) L i
L% = Peak area 2

=—&—Retention time
800 + .

>M}/ )./ ~ b \\ 0.9 _\é-‘.._x

400

Peak area

]

retention time (min)

Analysis time (hour)

Fig.5 Peak area and retention time of standard mixture

prepared 100 ng/mL sulfamic acid in continuous analysis

5) ARINEURFERIZ LS HEEDE

Wile 7 =7, BIPELEFICEL, BIEMGILE, (LAUEE K OHRRAE A IEED 5 FRE DO JEEHT, Table 412
IRUTZ B A BT S § DAV IV AR A N 2, 0 ISR A B S 7 alel i L, 3 S PMTTA
B THRIMEINGRBR A AT o T2, AV T 7O EHEEZTFSNLRKE (GATAE) L, ERSOGEE
DEFHE 1 %IZHOTEESH 0.005 %~0.01 %I FEIEEIOANERME THESNTEY, A T &L/
DE/NREINOANT IV BED B/ INE B A B R N T LR = HE A IR RO CRIEE S IEBVE
B0 0.025 % ThoT-. IRNMREIL, ZOE &5 0.025 %aHUHELL, 2D 1/5, 1 KN4 [FOEH &L
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KLERWEAHARETHD, FERZMEGIEROR/ NG ATFAERITEESF 0.001 %xldn, ZO%E
BIEBER POV T I BRIREIY 5 ng/mL &720, AL TR EROFFSNCE— 7 O U R #7257
DA ENIERANLT-.

FONEIGRBROFE I Table 4 DR, BIRIT 952 %~111.2 % T, TOMMERER L 0.7 %~
4.8 % Th-olz. WINOBEINERSZ O EFHIZ I DIEEMERERE > 2R QWA ESE ([BILER) 0 B %
DINTHY, BB DAL T 7 IO EMESFADIZ 3 EHESE AL TODIENERINT. 7ok, &
EOT=OUPINEIEERIZ 1T 23 EHAR D SIM Z7u~h7'Z A0—4% Fig.6 K& O\ Fig.7 (Z/RLT-.

1
1
1 I I T T T
o 25 5.0 15 u 25 5.0 7.5
Retention time (minutes) Retention time (minutes)
Fig.6  SIM chromatogram of ammonium sulfate Fig.7 SIM chromatogram of byproduct nitrogen fertilizer

Peakl (content): Sulfamic acid (0.1 % mass fraction)  Peakl(content): Sulfamic acid (0.005 % mass fraction)
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Table 4 Result of recovery test

Sulfamic acid Criteria of the
Sample o) 5
Content ~ Recovery rate RSD truness
(%)" (%) (%) (%)
. 0.005 102.6 2.0 70 ~ 120
Ammonium
0.025 99.3 1.1 80 ~ 115
sulfate
0.1 98.7 1.6 85 ~ 110
0.005 111.2 4.8 70 ~ 120
Byproduct
. . 0.025 107.0 0.7 80 ~ 115
nitrogen fertilizer
0.1 104.2 0.7 85 ~ 110
0.005 100.1 2.8 70 ~ 120
Byproduct 0.025 99.1 3.8 80 ~ 115
mixed fertilizer ) ) )
0.1 99.2 1.4 85 ~ 110
0.005 96.4 2.9 70 ~ 120
Compound
oy 0.025 95.2 2.5 80 ~ 115
fertilizer
0.1 99.3 0.8 85 ~ 110
o 0.005 99.6 3.6 70 ~ 120
Fluid mixed
. 0.025 101.8 1.4 80 ~ 115
fertilizer
0.1 97.6 1.5 85 ~ 110

a) Mass fraction
b) Average recovery rate (N=3)

c¢) Relative standard deviation

6) BHTHRERUHEBEDE

OFITRE EE R OV RS BE A HE 3R 27-0, TR T - E=7, BIPER IR O EEHT 2L 7 73 Bk L
TENEIEEDF 0.1 %, 0.07 %L 0.005 %L/ DITTHRLT=3EHZ DN, 2 AT CHEZE X TS
[ 5RBR A S i L TR D IR % Table 5 (R LIz, 72, 2O R H— TR E S BT 247> TEL I OF
FTREEE K O RS FE % Table 6 1R UT-. BREET L E=7 I ERIEAE 8553 0.097 %, DEFTHERHE #7573
1.1 %, SRR ZED 2.7 % Th o7z, FIEERIEEHIEAMEIVE B35 0.066 %, DF1THHRIE (R 2=
2521 %, TR ER 72 2.6 % Tho7-. o, ALENEEHI FAEAVE 8573 0.0051 %, FH TR HE (R
ZEDN 2.4 %, TRAHHEER AL 5.8 % Th o7z,

TNBOYREEIZIIT DT O R R R £ IR EFERBRIE LRSIV TO A I TR B (DR THE A MR
72) K OV TS B (P RIAE RS HEIR ZE) O B 2N Tho7-2800, B O 2L 7 73 B E 4155 D
I A RN % =l DM QA Ny /Y 7YV a el

Table 5 Result of repeated test on 5 different days (% Mass fraction)

Byproduct nitrogen

Test day Ammonium sulfate Compound fertilizer

fertilizer
1 0.098 0.099 0.068 0.067 0.0048  0.0050
2 0.093 0.095 0.064 0.065 0.0053  0.0050
3 0.096 0.096 0.066 0.068 0.0053  0.0054
4 0.101 0.099 0.064 0.066 0.0053 0.0054
5 0.098 0.098 0.063 0.065 0.0047  0.0047
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Table 6 Statistical analysis result of repeated test on 5 different days

Repeatability Intermediate percision
Sample Total Mean” 5,7 RD,” CRD,? 54 RD,¢F CRD, )"
%) " D (%) 0" (%) (%)
Ammonium sulfate 0.097 0.0011 1.1 4 0.0027 2.7 6.5
Byproduct nitrogen fertilizer 0.066 0.0014 2.1 4 0.0017 2.6 6.5
Compound fertilizer 0.0051 0.00012 2.4 6 0.00029 5.8 9

a) N=10 (5 test days X 2 replicate measurment)

b) Mass fraction

¢) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of repeatability (repeatability relative standard deviation)

f) Intermediate standard deviation

g) Intermediate relative standard deviation

h) Criteria of intermediate percision (intermediate relative standard deviation)

7) EETREOHER

AN T I BELUTE RS #0.005 % Y &4 5 H TORIEERBINEZREL, 7 S0MTTALT 7
OB F L7 AE % Table 7 1RU7z. 7235, & FRRIT (BEMEMR Z2) X 10, 72, fit FRRIZ B HE(R 22)
X2Xt(n-1, 0.05) ZHWTHEHLIZEZA, & FIRITE &5 3% 0.002 % & O T FRITE &5 % 0.0007 %
LRSI, 7o, IERMERBRIES LIRS CWODZ O EIZRITHEINED BEET 70 %~120 % TH
v, BB O AR 106 %I TFFRHEPAN TH-7-.

ANT IO B/ INE A TR R, FRER S HE G IEEEBROCTE &3 0.025 % THY, #EELIZE &
TERME (2553 0.002 %) 12O ZAFA & (BH &S 0.025 %) D 1/5 LUF Tholz. ZOZENBARIET,
INTERRE I 1T DM G O R A LIS 2D+ 5070 B & FIREA L CWAI eI, 72720, —
H O FRER = HE G IEEHIHEE € & FIRE TRIZEMEEE/ D70, SSRHERE TOREIZ DN TOR/R
O LE X B,

Table 7 Lower limit of quantitation (LOQ) and Lower limit of detection (LOD) of this method

Sample Content Mean”  Rec overy rate” S o LOQd> LoD®
(%)’ %)’ (%) (%)’ (%)’ %)’
Byproduct nitrogen 5 0.0053 106 0.00019  0.0019 0.0007
firtilizer
a) n=7

b) (Mean / Content) x 100

¢) Standard deviation

d) Lower limit of quantitation (LOQ = s, x 10)

e) Lower limit of ditection (LOD =s, x 2 xt (n-1,0.05))
f) Mass fraction
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8) BRENFEEZRAEAEHICETIEETRENDHER

RIEICHITD, HEEE & FIRE TEISEEEEA L DI FERZAEAEENL, BRSO GFHEOER
RN 1 Y%A 72 DIEDE DD T2 WNEAR DIEEF CHDHZ LN, 22T, REDSIMHIRO 7R B EE2E
BEL72HIEORE FTIRAOER FIRZMERL, KERZHES IO/ EAFAETHLIHEES R
0.001 %D ANT 7V W% & A T HRBHI B W TRIE A ATREN R FT L.

TR DEFEOEHEN 04 % (EHETEEVNVERETZH 0.002 %) DFFER=HEEEEHZ AL 773
VERELUTHE BT 0.001 %Y &5 5 A T AHIO R, ARIED DR O A RAE GRS LT 7 5% AV T T A
BT TRV T 7 BRODRER % i L 7= 45 5% Table 8 |C/RU7Z. TORER, &8 FRITE R/ 0.0002 %%
OB FBRITE 5y 3 0.00007 %FfifE LHEE Sz, 708, IEEHMERBRIES) IORSNCWDZOREICEITD
[ D B ZIX 70 %~120 % THY, FARLT-GUEIOEIIE 97 %l IFFE#HN TH 7.

HEE L7 & T IRME CE &5 3 0.0002 %) IIFEREZHES IO R NERATFAETHLE I H
0.001 %D 1/5 LLF Toh-otz. ZOZEND, GA R EIE 73 0.002 Y%A L7200 FRE R = HE A IE O
5y, AR EAE N LT 7RI A E BT DB E A ME ORI &2 LIFHDIZ 4378 E & FIREHFL T
WHZ LRSI

Table 8 LOQ and LOD which was calculated using the low density sample®

Sample Content Mean”  Rec overy rate”’ S @ LOQ © LoD’

(%)g) (%)g) (%) (%)g) (%)g) (%)g)

Home gardenuse
mixed fetilizer
a) It omits the dilution operation of extract
b) n=7
¢) (Mean / Content) x 100
d) Standard deviation
e) Lower limit of quantitation (LOQ = s, x 10)
f) Lower limit of ditection (LOD =s, x 2 xt (n-1,0.05))
g) Mass fraction

0.001 0.00097 97 0.000018 0.00018 0.00007

4. FEDH

LC-MS 52 HWTIEEFR DRV T 7B O NI W TR B E T 272824, IROXH 70 kE R NS5
7-.

(1) BEBL A — VARG LT YR T I T MBI EL CERE T & =0 MEBIR-T 2 h=FL
(149) Z -V THHER 5y K047 BEL , =L 7 b AT L— A AGIKIZIOA A AL LT AV 7 7 % miz 95.9
THETHZECLD, B =R OV B 20 T o8 — 703 Gbire.

(2) W7 E=7, RIPEEFICEL, RIPEE G IEE, LENEEL, #ARES IR R O FEE R = T E S e
D 6 FIHDIEIO SHTIZIBNT, IEZ B E T DI — 7 O o — AT A OEENTFRO B
Moiz.

() SHEEOIEEHIRIPEES I OR/ NG AFEE THLIE =

0.

B 0.025 %D 1/5~4{E5HHY EDOANLT 7
SEEARMNL T3 O CRIGABRE AT~ oA 5, B 3

VA
005 %~0.1 %D PELEL ~L TR EILR
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13952 %~111.2 % THY, ZOHMEERAIT 0.7 %~4.8 % Th-o7.

4) WREET v E=7, BIPERFZIDE L OYLARIEEHZ SOUNT, 2L 77U lit% 2 SOHMTCHAZE 2T S5 [
Bra B L7225, TN ENOREIOEIEITE F537R 0.097 %, 0.066 %K% T 0.0051 % T, PHTHIRMEYE
WZET 1.1 %, 2.1 %0 2.4 %, PRFERMEAERAZIL 2.7 %, 2.6 %M 5.8 % Th-o7.

(5) MR EERURE -2 & T IROMEROFE R, & FIRITE RS 0.002 %REELHESNZ. £,
HEE R TIRUTOEATARRZLOFERZHESIERZBEL, AENOHREMEL B LI TEDE
B TFIRAMERLAER, &8 FIRITE &5 0.0002 %R L L E I,

LU EDEBOAREL, IBEHR DAL T 7 WA IE T DI+ 07 e a LT,

X B

1) BEMOKER &R NERHGEA S DS H B O N TERME 2 T ED HFOM, BEF 61 422 A 22 H, Ak
IREER GRS 284 7, IASCEAL 27 4R 1 A 9 H, BMOKERERE 52 75(2015)

2) JEMOKPER RIEBRBEEATITIEAT IR ATIE (1992 42050, HARHE e E =, 30 (1992)

3) BHFIB, AHMIR A4 7a~x N TEIC DT B =T ORI K AL 7 7T
RFHIE, IEBHITZEER T, 5, 1~23 (2012)

4) FEHEI, AHMGR: A4 7a<v N I7EICRDEE R DAV T I BRAE, R 24 4F B AR
et =gkt

5) (BR) BEBERT . 77V —Yar=a—2A No.C105 LC/MS % A= iR AL 7 7 I BED 4347
<https://solutions.shimadzu.co.jp/solnavi/n/search/a-lcms.htm>

6) MNIATBUE NRMOKEEE L2t 2 — (FAMIC) : JIEEFEER % (2015)
< http://www.famic.go.jp/ffis/fert/obj/shikenho _2015.pdf >
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Deter mination of Sulfamic Acid in Fertilizer by Liquid Chromatography/M ass
Spectrometry (LC-MYS)

Kohei ITO! , Mariko FUJITA? ,Yoshimi HASHIMOTO' and Yuji SHIRAI'

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

(Now) Fukuoka Regional Center

Titrimetric determination is used for determination of sulfamic acid in fertilizer. However, the method is
difficult to measure because of using external indicator and is unable to use some type of fertilizer such as
contained much organic material. Then we have developed Liquid chromatography/mass spectrometry (LC-MS)
method. Sample extracted with water was centrifuged or filtered, and it was analyzed by LC-MS. Separation was
carried out on a silicagel column bound chemically to cross-linked diol using mixed solution of ammonium
formate buffer and acetonitrile in the ratio of 1:9 as mobile phase. Sulfamic acid was ionized by electrospray
ionization method, and it was detected by selected ion monitoring (SIM) mode.

As a result of 3 replicate analysis of 5 fertilizer samples prepared to contain 0.005 %, 0.025 % and 0.1 % mass
fraction of sulfamic acid, the mean recovery rates were ranged from 95.2 % to 111.2 %. As a result of repeated test
of 3 fertilizer samples on 5 different days, mean values were 0.0051 %, 0.066 % and 0.097 % mass fraction,
repeatability relative standard deviation (RSD;) were 2.4 %, 2.1 % and 1.1 %, intermediate relative standard
deviation (RDyr)) were 5.8 %, 2.6 % and 2.7 %, respectively. On the basis of 7 replicate measurements of
fertilizer samples added sulfamic acid, the lower limit of quantitation (LOQ) was estimated to approximately
0.002 %.These results satisfy the criteria shown in Testing Methods for Fertilizers. In conclusion, this method is

available for determination of sulfamic acid in fertilizer.
Key words Sulfamic acid, Fertilizer, LC-MS

(Research Report of Fertilizer, 8, 38~49, 2015)



50 AEBHFZE s Vol. 8 (2015)

6 AF42o0TRITST(C)EKRICKIEHDPDIEZDRIE

SOEm BT, B EE 2, AR !
F—T—F MR, WERINER, f0T, HIE, (A oa~ T TTkE

1. [XL®HIC

WFRIIEHO LR O ECEERLL KA THIN, LELRRIIMETHY, HEECEENTQVWEET
F3 GBS L, ZNTEOVEY TITIER DD WRMENHFELNY . 2o, Wik O A ERRICE
W, INEE RO BAEFE TR DR NG END W RetEOH AR IR, eI B +, J\RFRINRIC
DN, ZOMOHIFRFEEL THFEIT 5.0 %L FTHHZENEDLNTNDEY, 72, FESAHERILF 4
P> E RO EAL K& OF HOMREICBI 32868 CERR 11 4F 7 H 28 HIEMRE 102 75) OfifT AR,
HEAE D B RS AN EE [ SR AKIC R A DO E M2 572280, RUAEIEDHE N8 2 IR B A3 HY
HNL, FRIZHERRE 2223 Tt 23 BE T D AE IS 5.

HFEOREIEEL T, MERSRIESIEE IR RS CTERYY, ZORERIT R3S E 5 L E e
REFP O R EZNE TED. LLRns, ZOWUEEIZBWTEHShb7a bBE ) 7 LK OEEE R B
W) R OB R EIC B WD CTBINCIR E SN TWAY | £z, ERIEICB W TR S DM EIC L 55 #
ESOEXNHHENST-ERHS.

— 7, AT ax N T IEITIEACI AT T E DEREIEA A A IR, ERTEDHETHY, 77C
BT B A A AEE DS B IEE L TRHES U CODIENY, B AR T J1S) ° LKHER ik,
TARBRGIEREICBWTHEEEL TERASNTWS. £z, A4 7a~v N I7 Kz 7L o —ikd )
YT —ERDDL. BAT L ENET LG, BTN T ROBERNTHLGAF 27 Lot
—TCBRELURBEDOEAA L ETHET55ETHD. BEFIX, fiFICHXTER FIRICHDD, BEXfmE
FER g A S Uil Ay~ N T 7 2 WA LN TED D ILAMEN S 2.

A8, ERAGEER MR EH#AE LA A /e~ 7 HCT, 3Ly —iE R OV T Lok
[ZOWT, BB DM E A A A A LU RS ORI E BT 52 8% B H BRI BT 5 %Y
MO EEITT-D TE O EEHE 5.

2. MHERUAE

1) aRAEMOFAR

WS, FFeIN R+, ERFINE, FSAHER, a3 mR, KSAHEIR, 3SAHER, B 5SAHER
BRI HENE K OVEEEEFE A HEE I DN T, MBS UE IR FEERIZ LY 40 CT 60~70 WpfszigL, HE
Z 500 pm OAZY—rZ @i+ 5 E T Totr HElERE L7z, ot ElEHIE HRFE TR = F L o 48(1C
BEELUCHIRRE L.

VIRNTATBOE N RMOK PEIH B 2 B v & — R B A
2PNTATEOE N MK PEIE & 2 2t 2 — BBl 2 (B @it 42—
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2) REZORAH

(1) /K: /AKiEK%EHARIVART Elix Advantage5 & O Milli-Q Academic A-10 (ZLVFERIL7=8,.

(2) 1 mol/L JREEFNID LW : AA L ra~ 757 1— RFA3E.

(3) LT NI L FESHT DS,

(4) HALA A AEYERR (1000 mg/L) : FEHFK T3 JCSS.

(5) HALAA AL YERR (100 mg/L) : FEYERE (1000 mg/L) D—EREEET T ALY, REH, MEikE
TKREMAT=.

(6) HEALA A F BRI HENR (5 mg/L~50 mg/L) : (5) DFEAERE (100 mg/L) 5 mL~50 mL 22 &7
A1 100 mL AZED, R ETKEMAZ T

(7) AL A A F B FREHERE (1 mg/L~2 mg/L) : (6) DFEHERK (20 mg/L) D 5 mL~10 mL 22 &~7 7
A2 100 mL (Z&0, FERRETKREMA 2.

(8) ZDOMOFRIKIL, Rtk UL RGO B ORIEE -

3) RERUEE

(1) =7 xF v A% —7—: ADVANTEC SRS261PA

(2) =B : 2279 H-26F

3) /A4 Ima<whrT7: Abm—2 850 Professional IC 7 4/LY7Loth—J2

(4) 7L y—EHAZ 2 Shodex IC SI-52 4E (N£8 4.0 mm, £ 250 mm, R85 um, FEAH] 5 4 8%
TR LA G LRI =T L a— VRS UKL T

(5) /o7 Lo—iEMAATZ . Shodex IC NI-424 (N£E 4.6 mm, K& 100 mm, FedAl 5 4 k7 E=
0 LR FEA LT BIAKMERY A2 7V —R R 7 V)

(6) A7V 7 4H—: ADVANTEC DISMIC-13HP (4L£% 0.45 um)

4) HERERME

(1) FBHA R O FH R

SINTERER 1.00 g 2348 = A7 722200 mL 12130 ED, K 100 mL #z, 7 3 F v I AX—F—%
TH 10 I ZIRE 1%, A3 I CTAIREITI 7, HLIE e O 50 mL ICNE&Z L, 1600 X
g T 10 i OaBEL, EEARA RS L7z, MR 5 mL 2287722 100 mL (280, fEfRE TKE
Mz, ATV 7405 — (FL£5 0.45 um) TAIEL, REHFKE LT (Scheme 1).
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| Sample 1.00 g | 200-mL Erlenmeyer flask(with stopper)
< Water 100 mL
| Extraction | Magnetic stirrer, 10 minutes
|
Centrifugal separation Ground-in stoppgr centrifugal precipitate tube,
. 1600 X g, 10 minutes
or filtration .
or type 3 filter paper
|
| Aliquot 5 mL | 100-mL volumetric flask
< Water (up to the marked line)
| Filtration | Membrane filter (0.45-pm)
|
| Measurement | Ton Chromatograph (IC)
Scheme 1 Flow sheet for chlorine in fertilizers
(2) Wz

KK B R AER, 20 pL A4 70~ I 7IEAL, BbN - — V7 EfEN SRR B A TERLLT-.

Ak

VAR 20 uL A4 ra<h7 o723 AL, B —ZHE B ERICIORENAR T O b A A R E AR

D, TR OREZR L.

B, A4 a7 ORIESMHIE Table 1-1 & 8 Table 1-2 (Z/RL7=.

Table 1-1  Analytical conditions for suppressed ion chromatography

Detection Suppressed conductivity

Suppressor Chemical suppressor (Column type)

Column Shodex IC SI-52 4E (4.0 mml.D., 250 mmL, 5 um particle size,
polyvinyl alcohol gel bonded quaternary ammonium group)

Mobile phase 6.4 mmol/L sodium carbonate aq.

Flow rate 0.8 mL/min

Injection volume 20 uL

Column temp. 40 C

Table 1-2  Analytical conditions for non-suppressed ion chromatography

Detection Non-suppressed conductivity
Column Shodex IC NI-242 (4.6 mml.D., 250 mmL, 5 pm particle size,
polyhydroxymethacrylate gel bonded quaternary ammonium group)
Mobile phase 2.1 mmol/L phthalic acid + 2.9 mmol/L 6-aminohexane
+ 6 mmol/L Phenylboronic acid aq.
Flow rate 1.0 mL/min
Injection volume 20 uL

Column temp. 40 °C
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3. HERUEER

1) 442903 57&E0KE

Shodex DHTLDT I =HNLR—K OV BBITAESRMEZZEL, WIELEZAE LY AA L DY —7
TEAR B OV BB 130 2 350 D Th- 7= (Fig. 1-1, Fig. 1-2). ¥ 7L o¥—iE TS HIHIE R 23 35 2977
STWTeD, 1 BEHEH 7=V O RIERF M O Fifg 4 B RIE LT, WBER OIR 4 3.6 mmol/L 7°5 6.4 mmol/L (2
WU OV N 2D, BT LIREZE 45 CHH40 CETHIEICIN?, oY T Ly —ikE RBEICH
R A 20 S3IZBIME T HZ LM TET .

pSkm | pskm ]
18.0 12380 k 1
%0 4 P 12370
14.0 4 123.60
12.0 4 12350
10.0 123.40
8.0 4
123.30 4
6.0 -
- M
40 -
20 2.0 4 |
00 ) ) ) : L = ) —T— : 300 . . . ] .
2.0 40 6.0 8.0 100 120 140 160 180 s 0.0 2.0 4.0 6.0 8.0 10.0 12.0 min
Fig. 1-1 IC chromatogram of potassium magnesium Fig. 1-2 IC chromatogram of potassium magnesium
sulphate (Suppressed ion chromatography) sulphate (Non-suppressed ion chromatography)
(Peak:1=Chloride ion) (Peak:1=Chloride ion)

2) BERORE

1 mg/L~50 mg/L #8234 EDMEAM A A A0 B A ER AT, B30 2. 4) QD&M THIEL THELIL
TS A O TR ERRZERR L. WIE T EEBIC 1 mg/L~50 mg/L 84 B O Tm\ W EREMES
7= (Fig. 2-1, Fig. 2-2). 728, V7L oV —EICB W CURBBRIEBER Z WL X IZfE A4 TlImERS
WHIFRIT AR D ZED DIV TS 3, Fig. 2-1 DR EMRE “ R HIFRCRO7-HA, 20 mg/L A4 & 2B
— 7 T FE A (B & R B AR O Bt TR L7356 O E O Z2M SRR EEHLEL T 0.094 % (BH &5 ) L& &
TRRAEFE 2 THY, A B TR L THRTERS RICEELE RFSRNWIEns, 37y —EOfR &
BIZBOWCHERCTHEE T2 8CL.

P F Lo —IRII DT DER G T L o — BB A LK FEA A BT D LR, VEEER ChD IR
FRID LEFRERED D IR RBRIZZE 2 513D, O A A b ERREE D @V K FEA A ATEIT 5720,
I BT Lo —IEL B U S B W RIS N TWAEY | RIEIZB W TH Y 7Ly —iEid o7 Lo
—IEI AR ERROMEEN 7.3 5@ iR oT2.
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12 1.6 B

= 5 ¥=0.2277x - 0.117 = 35 ¥=32.15x + 0.15

X 2 =0.9997 x 1. 72 =0.9999

g 5

s 6 2

= =

S S

S 3 5

(a1 (a1

0

0 10 20 30 40 50

Concentration (mg/L)

Fig.2-1 Calibration curves of chloride ion

(Suppressor method)

3) ATLEEHOBRE
(1) JRAED B

20 30 40 50

0 10
Concentration (mg/L)

Fig.2-2 Calibration curves of chloride ion

(Non-suppressor method)

45 MR DT RICOW I H M 3% BICE ENDHIEND, irake 2 Kb 52 L& iEt
FTHZEELT. HERE 1 g% 250 CC 1 RERT LA BN CTiRALL, FEIZ 450 “CC 8 BERILL LB TR L
L, L FARIEIZOE > THA A A % i LTz, IRAGAVER % S0 L 7= 3 AT i & SEALER O I % Table 2 1271
L7z, ZORER, IRAGAVERZ S0 U 700l X R A L AL BR A 320 L QR W HNE L e ~MEL A D A2 7R LTz
ZD=8, F SR O THRICBODTHIKLSE T, ZOFEMHL TRE T L.

Table 2  Influence of incineration in the pretreatment of cattle manure compost

Incineration/Non-
incineration (%)

Chloride ion in the sample (%)b)

Incineration” Non-incineration
Cattle manure compost 1 0.49 0.90 54.4
Cattle manure compost 2 1.45 1.63 89.3

a) After sample 1.00 g was incinerated by heating at 250 “C for not less than an hour and at 450 °C
for not less than 8 hours, the ash was prepared in following to scheme 1.

b) Mass fraction

(2)

BUBHIH ISR T 2k B

ﬂj yﬂl&

A7 2 <& b5 AHEIE R OFN T R

Z NAETORETUTZ. F 0%k 5 (Table 3), fliH 7K & 70 mL~200 mL T}

7KE 100 mL TI7HZ&&LT.

(ZOWT, JIHICHE 2 KDOBEEZ 56, fhitiZ
OB AT ST 28, filit
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Table 3 Influence of water volume as extraction solvent
on extraction of chloride ion

Water volume Chloride ion in the sample (%)"
(mL) Cattle manure compost Fish meal

70 1.50 1.40

150 1.49 1.45

200 1.49 1.39

a) Mass fraction

4) F“REEORE

AF L NI T 7IEZBOTUL, BB ORERA A 728 O~ w7 AN @R EZAFE T D ERE X R A
T D AR RO ME T 4251270750 U MEHTER ) 8O B2 5 Bl S A2 115 N THED HY
FTZERHBIVTNDY L Fz, BilEA A DNE HREHAR P @R AT E T DL, N—ATA U BARLE
ERDGEELHD. TIT, v NI AORBEHGRT 5120, FRD 2. 4) FREBRERIE () 12T 2 HE O 7R
BERICOWTRREI L. AIREERZ 565, 10 £, 20 fi5, 40 £i5, 50 fi5, 100 f5&2E %, HREORENTHZN
10 mg/L L7 I AW A A L REAER A RN U TR N L O FBHAIR A JE L, [N R bl L7 il %
Table 4 |[Z/RL7=.

ZDFER, 5~100 FFONT ORI RITBNTS, HLM A4 ORIMENCGRITIRIF ThoTo. £z,
WO RGBT L A A ORFFRF R JEL I W TR = AT AT L EL TV, JEEO
INTEFREIZIBWCRER IR, Bl B 1, \RENEIE, ERILS %L TEHRIRLTWDDIZXL, &
EARTIRAEEAER OPEE 1 mg/L~50 mg/L [ZBWT, FRMER 20 oL, B EEEIX 0.2 %
(BEDHE)~10% (EESF) ETHUETIIENAEETHS. ZOTD ARG RIL 20 5L, mEfai
RDHAREMED DL G AT TN EOERTHIRTL2LELT.

Table 4 Effect of dilution rate on recovery of chloride ion

2 Mean
Dilution rate Content recovery )
(mg/L) (%0)
5 10 99.5
10 10 99.5
20 10 101.4
40 10 100.7
50 10 101.3
100 10 100.4
a) Concentrations in measuring solution after dilution

b) n=3

5) TRUYORDHER
TR N (4 25), BRI 1 (4 20, EREINE (4 05), FSAHEIE R O TR @ 5, KSAHE
JE (2 ), BSAMEE (1 55), BSAMENE (1 45), B FREHENE (1 55) R OESEEMHER (1 5) 2@ Lzs
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A5, BTy —IER O T Lo —IEEBITE Ba i H T DR — 21358 b7,

6) FIMMEURGRERIC& S EE O M

AN, BRESINE 1, BRI, FSAHENER O T HEREZ 3 0T CIRINEIGRERZ FEMEL
745 % Table 5 1R U7, FREINE, BRI OV LA A L LT 10 % (B &%), 5% (B &
O3ER) e O 2 % (B By 38) MY BN D A2 UL, BRI R £, 4 SAHER, a3 ERicon
TiE, AV oi AREHFICh I RERFE2 &/ TH2800, MBI Hic oW b 14 LT
10 % (B &), 5 % (&S ) L2 % (E&5H) L5390, FSAHERITEA A4 L T334 %
(EEDH), 134 %(EEHSE) L 6.7 % (E&EHF) L2508, AT HRICOWTIE k4Ll
T9.1%(BHEDR), 3.0 % (HESH) K1.8 % (HESHR) LRI T N Y A2 3 A0HT TR
DNENERERZ FEH L 72, ZOFE 5, Wb IR RBRIAI ORI QOB B ([BILER) O B LIN Th -7
ZEDBY | B E R L QDI ED RSN

Table 5 Result of recovery test of chloride ion

Suppressor method Non-suppressor method L
The criteria of
Mean o Mean 0 4
Content b R, b) RD ., the trueness
Sample recovery recovery
(%) (%) (%) (%) (%) (%)
10 98.6 0.6 96.9 0.4 90~108
Potassium
5 100.0 0.2 99.8 0.4 85~110
sulphate
2 99.4 1.1 96.2 0.8 85~110
Potassium 10 99.5 0.4 97.4 0.4 90~108
magnesium 5 100.6 0.8 95.7 0.5 85~110
sulphate 2 98.4 0.7 94.8 1.8 85~110
10 101.0 0.5 96.4 0.3 90~108
Potassium
. 5 103.2 0.3 96.6 0.3 85~110
bicarbonate
2 101.7 1.7 101.4 1.9 85~110
33.4 100.8 0.3 100.2 0.5 90~108
Cattle manure
13.4 100.3 0.2 97.2 0.3 90~108
compost
6.7 101.6 0.7 97.6 0.3 85~110
9.1 98.9 0.4 96.7 0.3 85~110
Fish meal 3.0 100.6 0.1 100.6 0.9 85~110
1.8 96.2 0.5 93.3 1.1 85~110

a) Mass fraction
b) n=3
¢) Repeatability relative standerd deviation

d) Criteria of trueness (recovery) shown in Testing methods of fertilizers

7 SHTRERUDREREEOFM
2 ROMTCTHEZZ TS BISHE T oo fE e B, —thlE el To CTRELN- I TR K OV
[FIAG A Table 6 (ZRL72. W Uh IEBFERBRIE I ORSN T DTGB (BT XHMRE MR 72) M OV P TR
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B (A SHE AR Z2) O B LA Tho =251 | 570k E2 A L COAZE RS-,

Table 6 Evaluation of repeatability and intermediate precision

<Measuring method> Repeatability Intermediate precision
Sample Mean” &2 RD.” CRD? =) RDip)? CRDiq)”
%) ) D ® (%) (W) (%)
<Suppressor method>
Potassium sulphatei) 9.9 0.01 0.1 4 0.03 0.3 6.5
Fish meal’ 6.1 003 05 4 0.07 1.1 6.5
<Non-suppressor method>
Potassium sulphatek) 4.9 0.01 0.2 4 0.08 1.7 6.5
Potassium magnesium sulphate’’ 4.9 0.02 0.4 4 0.06 1.2 6.5
Potassium bicarbonate"’ 4.9 0.02 0.4 4 0.06 1.3 6.5
Cattle manure compostl) 13.2 0.04 0.3 4 0.16 1.2 6.5

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

1) Addition of sodium chloride at 10 % (mass fraction) as chloride ion

J) Addition of sodium chloride at 6.1 % (mass fraction) as chloride ion

k) Addition of sodium chloride at 5 % (mass fraction) as chloride ion

1) Addition of sodium chloride at 13.4 % (mass fraction) as chloride ion

8 EETBEDOKR

BN 1 A VA A O i FIRRERDSBRAE H% Table 7 (R L=, BRIk F 1Y
O BEHALIA A B RELT 0.5 % (RS R) LB IRIILTT SO TRBRE B L. &R P
(B3 (32) X 10, E7-MtH FIRIE (B 2) X2 Xt(n-1, 0.05) L TRENHO T, KO E & FRE
B T BRI T 75 b1C 0.1 % (BT RLAYSR) BRI R CR 0.03 % (B REAY5) B LA s .
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Table 7  Estimation of the lower limit of quantitation (LOQ) of chloride ion

Content b) c) d) e)

Sample Measuring method on e:’)l Meana) St N LOQa) LODa)
(%) (%) (%) (%) (%)
Potassium Suppressor method 0.5 0.487 0.008 0.08 0.03
sulphate Non-suppressor method 0.5 0.526 0.006 0.06 0.03

a) Mass fraction

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

¢) Repeatabillity Standard deviation

d) Lower limit of quantitation (LOQ = s; x 10)

e) Lower limit of detection (LOD = s x 2 x t(n-1,0.05))

4. F&OH

AF N T 7RIV IEE R OB R A LA A LU CRE T 5 BRIE DR G AT 57282 A, IRD
S SULY o S el

(1) BREBINE (4 &), FRERINEE £ (4 ), \ERBEINE (4 R), FSAHEROE TR R), K
AHENE (2 /), BSAHENE (1 7)), FBSAHENE (1 7)), EamFRiEHEIE (1 5) M OEEFREMHENE (1 5) Z2EL
1eeZAh, TVt —ik, ST Ly —{EEBICE BE Y E T ORME — 23RO Lo T

(2) FREBHDER, BRESONEE 4, BEAREINR, 4 SAHER R T RICED A A LT 1.8 % (B
BOTH) ~33.4 % (& H) L5 INTHALT NI LEIRINL, 3 80T CIRINEIGRERE EMELT-. Dk
R, FEEIEUERIT 93.3 %~103.2 % THY, JEEFERBE RSN TWD BEELIN TH -7,

(3) 2 RPHMTTHAZEZ TS EIHHTLIHER, DM THSHEER 2T 0.1 %~0.5 % THY, HHIFH SR HER
7513 0.3 %~1.7 %W TN IEEFERBUEI ORI TWH B 2N TH -7,

(4) AREOEE TRIZMAE T EEBIZ 0.1 % (B 25 R) B, B TERIZ 0.03 % (B &5 =) FLE LHE
EITz.

(5) BT o —ER O YT LIRS E R R0 e R A LT,

X B

1) BEFIESS 5 UGTRHRILE TS, p.199, FEE, HUL (1988)

2) EMOKPER &R EEHE I IR S E @ ARE O N E R A O LD, BT 61 42 H 22 H, bk
IKPER SR 284 75, R 27T 4R 1 A 9 H, BEAMKFER SRS 52 5 (2015)

3) EMOKPEL RFEBREE AN ZERT  IERR AT I (1992 4R, A ANERER E #h<, 3L (1992)

4) T K OB EGRETE | R 25 48 12 J] 28 B, 1AM 303 5, AofStIE~ER 27 4 6 J1 26 H, 155 50
B (2011)

5) Shodex:7 7 =71V LiR—h SI-52 4E (2L B 07 UL D53 Mt
<http://www.shodex.com/ja/dc/07/05/23.html>

6) Shodex:7 27 =71/VLR—h fEAA4L (16) (NI-424 72 )VERVSEEIR)
<https://www.shodex.com/ja/dc/07/06/02.html>

7) Shodex: 77 =J VLR — F&HRERIOTR LK 7% (SI-52 4E)
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<http://www.shodex.com/ja/dc/07/05/24.html >

8) MH —iZ: RITT=DAA L 7a~ T, p.92~93, Bk EtEA A3 <E, AL (2009)

9) [ RIFN: 70~ T TT =LA MACFTED S BT ~ A A 7~ T T 70— O FRERE 7>
DEKFET~, p.104, BT 11— X, HH (2010)

10) & H E: A4~ T77 4 ——~< NI ALANCE DY EEZ DX R —, SAEE, No.3, p.153~
154 (2004)

11) MSEATEGE N RMOKPETE B iz 2 — (FAMIC) : IR BRI (2015)
< http://www.famic.go.jp/ffis/fert/obj/shikenho_2015.pdf>
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Determination of Chloridein Fertilizers by lon Chromatography (I1C)
Satoko SAKAIDA!, Mariko FUJITA? and Yuji SHIRAI'

' Food and Aguricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
2 Food and Aguricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

(Now) Fukuoka Regional Center

An analytical method for determination of chloride as chloride ion in potassium sulfate, potassium magnesium
sulfate, potassium bicarbonate, compost and fish meal by ion chromatography was developed. Chloride ion in
fertilizers was extracted with water, and extract was analyzed by suppressed or non-suppressed ion
chromatography. As a result of 3 replicate analysis in 5 fertilizer samples (potassium sulfate, potassium
magnesium sulfate, potassium bicarbonate, cattle manure compost and fish meal) added sodium chloride at 1.8 %
~33.4 % of chloride ion as a mass fraction, the mean recoveries were 93.3 %~103.2 %. As a result of 5 tests on
different days, repeatability as repeatability relative standard deviation (RSD;) were 0.1 %~0.5 %, intermediate
precision as intermediate relative standard deviation (RSDym) were 0.3 %~1.7 %. On the basis of 7 replicate
measurements of a potassium sulfate with 0.5 % of chloride ion as a mass fraction, the limit of quantitative value
(LOQ) was estimated at 0.1 % as a mass fraction. Those results, which had met condition of the criteria shown in
Testing Methods for Fertilizers, indicated that the developed method was valid for the determination of chlorine in

potassium sulfate, potassium magnesium sulfate, compost and fish meal.

Keywords  chloride, potassium sulfate, compost, fish meal, ion chromatography

(Research Report of Fertilizer, 8, 50~60, 2015)
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7 RFBRAESTECIDBHDP DTNV LDRIE

IR, THIEMR, B m !
F—T—F TRV L, AERENE, HEIE, 7L —LRFROEE

1. [XC®IZ

HEAE K OVKBEIN T8 DAL R AR EE OREICHOWTELITH LD, IR HTIED e Er 54T
EN T N T AORIEED ARSI COR. HEIRS AR o iTIE, TAIGIREICBT 23 BRIEY 0TIk
JR A RSEAEDER SV TNDDS, BITALER 1L & ONAIE T IENE TR >Tnd. ZIWHD HEE S B ITH B
BRERE, 15TRAEE, HERL A N CHER R O F RN T ADRE FIEERETL, BICH —3BRE T2 Y Mk
BEATST-DOT, ZORERERETD.

2. MHERUAE

1) H#DRR
INEE L7 AR B, vHIEE, HEILSEZ H BHE 500 um D500\ a4l 5 £ Ttk Totr Halkte L
< ST HRCRHIIE S B2k THRIE TRE LT

2) HEE

(1) 7/K: ZKK58LEEE (MILLIPORE MILLI- QDIRECTS) & W TR BLL 72 JIS K 0557 IZHE 95 A3 A1 Y4
DRZEMHLT.

(2) HEEE: JIS K 8180 (ZHLE T DK,

(3) HALF I L F R AEAEFOFHELIE TIS K 8005 (T A28 BT HIEEYE ()2 kv
) %, FSINEIERER FH OB AIZIE JIS K 8150 (ZHLE I~ D4Rkl 3% /-,

(4) FHRIDLEENRERR (Na 1 mg/mL) : HE kTR A% 600 CE10 ‘CTHKI 60 3 MIMEAL, 7o —&—H
THIBLT-%, 2.542 g2 O X BILICIENN &5, DBOKTEHEL, 2877231000 mLIZBE LAY, FEfE
TKREMAT=.

(5) FTRUDLAEYERR (Na 0.1 mg/mL) : 7 RJD LEEHER (Na 1 mg/mL) 10 mL 24577 A= 100 mL (Z&0),
TR ECHRERE (1423) 2N & 7.

(6) K EARH TR A=A (Na 5 pg/mL~30 pg/mL) : R AFE%EE (Na 1 mg/mL) 2.5 mL~15 mL
ZARETT A2 500 mL (ZBEREIIZED, LR ECHERR (1423) 2N X 7=

(7) WREFRHF R LHEHERZ (Na 0.5 ug/mL~5 pg/mL) : F R AEHER (Na 0.1 mg/mL)2.5 mL~25
mL Z 4877 A2 500 mL [ZBeRERIICED, FERR ECHERE (1423) Z N2 7.

(8) FUHHIAI (Aha T 1) VAR . JIS K 8132 1ZHE 3~ DHa b ANE T A0S K FI) 100 g — 51—
2000 mL (21T &0, D EDOKEMZ, Yk 420 mL 24 2 \ZI2 CTEDL, BIZKEIZ T 1000 mL &L7-.

VORSIATBOE NRMOK PEIH Y L e 2 — Lt 2 —
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(8) THMHIHN (T 2R : RN B LT 2 29 g 2B —H—2000 mL (I3 0 ED, &
DIKZEIMZ, Yl 420 mL 285 % [Nz TR L, FIZKZMNZ T 1000 mL & L7-.

3) FERUEE

(1) JR7remsirdssE: —E7 v v —HA=7>7 iCE 3000SERIES
(2) BRI TRNRTv7 FUW242PA

(3) AyhFL—k: AS ONE EC-1200N

4) HERAE

IHTEREL S g & 1 mg OHTETITADED, h—/LE—4—200 mL~300 mL (Z AL, FEXIF ICANEENIT
INEAL TERALSE T2, 550 ‘C£5 CTARFHLL LBV TIRALS W72, ftntk, 2 =m0k THL, HfEf 10
mL 2R % 12Nz, FIZKEMZ TR 20mL &L, b= ——ZREHILTHE, Ay 7L —h ETIEL, 5
ORI, mts, K CaET7T A3 250 mL~500 mL (2L, FIOKAERETINL, AH3 ETAIEL,
BRI E LTz, SUBHAIR O —EBE2 2R 77 A2 100 mL 1280, FERETHIER (1+23) 2%, Table 1 DJF 1
W HTHEE D7 L — LHITHEFEL, WL ARt A M o70. RIREC, f i AR IR A2 1LE ALIRIRR O A
ATV, OB EN DR ERAAERL, oo o AREZE L. 2ok, BB EO7n—
—hF% Scheme 1 IZ7RL7z.

| 5 g analytical sample | Weigh to the order of 1 mg a into 200-mL~300-mL tall-form beaker
|
Carbonization Heat gently
Incineration 550 °C=£5 °C, no less than 4 hours
|
Standing to cool | Room temperature

<A small amount of water, moisten the residual
<10 mL of hydrochloric acid

<—Water (up to about 20 mL)

| Heating | Cover with a clock glass, and boil for 5 minutes
|

| Standing to cool | Room temperature
|

| Transfer | 250-mL~500-mL volumetric flask, water

<—Water (up to the marked line)

| Filtration | Type 3 filter paper
|
Aliquot
(Predetermined amount)

100-mL volumetric flask ,water

<—Hydrochloric acid (1+23) (up to the marked line)

| Measurement | Atomic abssorption spectrometer (589.0 nm)

Scheme 1 Flow sheet of the determination for sodium in fertilizers



JRF- S HTIEIC EDAEE P DT R A E 63

Table 1 Analysis conditions of atomic absorption spectrometer

Analytical wavelenght (nm) 589.0
Slit width (nm) 0.2
Lamp current (mA) 75
Warming up (%) 75
Atomization equipment Frame
Kind of frame Air-acetylene
Angle of frame 90’ to the optical axis
Fuel gas pressure (MPa) ca. 0.084
3. WRRUEE

1) BIEFHOHEE

HERE AT ST LD CIEFEHHIA (AR T 0 2) ViR E, TGRS 7 IEY Tl FssmsiH (Z
B ) VIR Ak Bt PR Y B OV E T O 3BHASTR IS TR A& E L TG, — 7, FARRER ST
B Je ORI AT « O 2B W T W T o T HIFRRTES VS TR,

FoC, FHIHIR ONLENZRET D720, £, ThENOTFHIEIENRERE 110 FRERMLUIRE
R ARV IR B OV VR AN R AN O e B AR YE VA IR (0.5 pg/mL~30 pg/mL) ZHIEL, &4
TERLLT=. 72383, TNENOTHIHIF (ARar T U LR BT U220 WROFEE, B HHED OBy
LOFRBPIEIZHEC T, ZOFER, Figl OLBY, ZNENOTHIHEIF (Ahas F0 LR T2 0) iR E TS
DN 7= K B AR HE VAR O W AR D[R U T y=0.0174x+0.0038 J2 TX y=0.0177x+0.0019 L1EIF —HL T /-
D3, TV A IR SR O St A YRV IR O R B AR O [alF UL y=0.0208%+0.0053 LAHZ AN 72 5Ty
7-.

0.75
O:y=0.0208x + 0.0053
2 —
0.60 rz=0.9994 D
A:y=0.0174x+0.0038
5 r2=0.9993
£ 0.45
O
S
< 0.30
0.15
rz=0.9996
0.00 @ ' ' ' L

5 10 15 20 25 30
Concentration (pg/mL)

Fig.1 Effect on the calibration curve by the interference inhibitor additive

O Interference inhibitor additive free calibration curve for the standard solution
A\ Interference suppression agent (Strontium) addition calibration curve for standard solution

<> Interference suppression agent (lanthanum) addition calibration curve for standard solution
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I, 2.1) THBLTZ 7 FEOBEHI DWW TRIEICHE > CREREIRZFIRL, 24080 T A ik
% 1/10 A RINUT2E F OFBRAIR K O E il AV B BRI ORUBHAIR 2 I E L TN E LD i &
B DTN EF R O MY A BE B H LIRS R4 Table 2 [ORLTZ. ZOFEE, Y AOREEINVE &
7750.20 %~6.87 %DFiIPH T, ZNENOTWHMHIAES 2 AN U 72 RIEM B SUXHEE C &l
TSRO REM A O ZETTHRADEH ROHEE B 2RV TE £575-0.01 %~0.06 % THY, ZiLZ
AORPEMREITIFE B Qe Fz, THRIEEH RKORNEM B LHEME A OZAITE &7 0.13 % Th-o7-
28, WIEME A3 5HIE B OFEA (B/AX100) 13 102 % THY, M OMEMEIHIEE L iz Wi
NOTFHINHIFNEIR DO FDTRO IR L, N2 Tl AR IR RN O F B A HEPR TR O &
BROPEREL (1) 23 0.9996 LEMMEEZ RL CODIEND, 5% OMRFNIIE T FIAR Z RINLan2 &
Ll

Table 2 Results of sodium to the measured value in the sample solution

added the interference inhibitor solution (% (Mass fraction))
Sample name AY B” B-A c? C-A
Fish meal 0.84 0.87 0.03 0.89 0.05
Dried fish meal 6.74 6.87 0.13 6.77 0.03
Compost 0.80 0.80 0.00 0.82 0.02
Animal excrement 0.35 0.36 0.01 0.36 0.01
Industrial sludge fertilizer 0.62 0.66 0.04 0.66 0.04
Calcined sludge fertilizer 0.56 0.62 0.06 0.62 0.06
Composted sludge fertilizer 0.21 0.21 0.00 0.20 -0.01

a) Sample solution not added interference suppressor solution
b) Sample solution added interference suppression agent (Strontium) solution
¢) Sample solution added interference suppression agent (Lanthanum) solution

2) RIEIZERTHBH/ORE

IFTRREIORTLEE 7L L CTRAL 2356, BEHOF N AOEHER ST HZ 00 A4 WD
TN IERHEERBREY |23\ OB EA (5355 11X JIS R 35037 ITHE T 21F0 T W T A-1 %
FAWAZERNHESNTEY, ZDIEINTVEERHN T A-1 1T T VAR 31 ng/g A FERESH TV, %7z,
FEBFROREL IV DVE R 0.1 %D OEY%RREDIRE THHIEND, AL 25 42,1350
W T ADN =N —H—% T HZE2E DTN AOREMB~OEELZRET LT,

2.1) THBIL7- 7 O SITRBI AT N TN A S ILICER L, [FREOSIETIREL, Kintk, KIkWEih—
B =1 =T LA TLL FARIEIC > TRIE L7 R EARIEITHE > THIE L7245 % Table 3 (TRLTC. £
DOFER, TR ORI EMEINE BT E 0.21 %~6.74 %DOFPH T, b—/LE—h—%&FAWCRIL L7 EE B
EAAME AW TRILL7ZJIEE A EOZETE &% 0.00 %~0.03 % THY, ZNENORIEMITIZE—E
LCWe., ZOZEND, ot HalEte U TIER 2 X5 L 325 G IR LB EICHIE T WEE T T ADR— /L —
J1—z= R, BUNZHBEEEI L TGRS LT 52 L3 T T,
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Table 3 Results on the measured value of sodium by the container to be used for the Incineration
(%(Mass fraction))

Sample name Platinum dish (A) Tall-form beaker (B) B-A
Fish meal 0.83 0.84 0.01
Dried fish meal 6.72 6.74 0.02
Compost 0.77 0.80 0.03
Animal excrement 0.33 0.35 0.02
Industrial sludge fertilizer 0.62 0.62 0.00
Calcined sludge fertilizer 0.56 0.56 0.00
Composted sludge fertilizer 0.21 0.21 0.00

3) HINEMRERERIC &5 HE E O

TR, ABEMINTAREL, Z27- il L O OB R, 1HIRREEIEE R OHEARZ AV C 3 sifffTC
IINIENI R 2 St L 72 #6554 Table 4 \/RUT2. ZORER, TR LOWNMIRENE &R 1 %~10 %D

FPH TERHEIERIT 97 %~103 % THY, ZOFXMEAERFRZET 0 %~0.8 % Th o7z, W LD BIERS LA
SESRBRIEY DR S PEHERR O FIEIRL TOA R IR E DL~ BT DB (FILER) O HEE LN THHZ LD
B, AEOFEITAREHERBRED OMRERE M E D ZR FIISHE G L TV DI e 2 iR LTz,

4) BHTRERUPRMBEDTHE

OHTREEE K O RIS EE 2B 9~ 572, ST M RBLOHEIRIZ DWW, TR L% 2 mfMTTHEZZE X
T 5 AR % FEhE L CRDIRE % Table 5 I/RLTZ. 7233, T MRIZITT NI AEL T 9 %iH Y &L
LI0BACT NI L TINUT-. ZOFERNS— uBE 53 BT 21T > TIRO AV TR EE K OV RS BE %
Table 6 [Z/RL7z. ST RR K OHEIL D F-RID LD FIEITE 8573 9.08 %K% T 0.097 % T, HHTHEXHE
YEMRZE1E 0.6 % KX 1Y 2.0 % T, TRIAHAMEER 21T 1.0 %M OV 3.8 % TH o712, W OPH TR RS (R 72 M
OV (R e R VAR 25 b I B A5 3 BR 12 D B 4 MR D FIEL R L TWOA R IR FE DL~ LI BT DR (BF T
FR G YA 7 K OV AR S HE MR 72) O B AN TH DT END, ARIEO RS FET AR 3UBRIED O REREAfh
HAEO TR FIHITHE AL QDI EEHER L.
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Table 4 Results of recovery test
Addition Recovery o Criteria for
. b) RD d)
concentration rate recovery rate
Sample name (%)a) (%) (%) (%)
10 101 0.2 97~103
Fish meal 5 101 0.4 96~104
1 97 0.4 96~104
10 101 0.2 97~103
Processed
. 5 102 0.2 96~104
fish scrap
1 98 0.2 96~104
10 101 0.3 97~103
Rapseed meal and
. 102 0.4 96~104
its powder
1 100 0.4 96~104
10 100 0.6 97~103
Composted sludge
o 101 0.6 96~104
fertilizer
1 98 0.8 96~104
10 102 0.0 97~103
Compost 5 103 0.5 96~104
1 103 0.4 96~104

a) Mass fraction

b) The average recovery rate of parallel test (n=3)

¢) Relative standard deviation

d) Criteria of trueness (recovery rate) Testing Methods for Fertilizers is to request

Table 5 Intermediate precision of confirmatory test results by the day

(% (Mass fraction))

Test day Fish meal” Compost
1 9.08 9.16 0.099 0.098
2 9.00 9.10 0.094 0.097
3 8.89 9.02 0.94 0.093
4 9.11 9.11 0.099 0.094
5 9.16 9.15 0.103 0.102

a) Addition for sodium chloride designed to contain the mass fraction of 9 % substantial

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

Repeatability Intermediate Precision
Sample name Mean" & RSD rd) CRD.” SI(T)f) RSD I(T)g) CRSD I(T)h)
(%)” (%)" (%) (%) (%)" (%) (%)
Fish meal’ 9.08 0.06 0.6 2 0.09 1.0 3.5
Compost 0.097 0.002 2.0 4 0.004 3.8 6.5

a) Total mean (Test dates (5) X2 Samples replicate analysis)
b) Mass fraction

c) Repeatabirity 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

i) Addition for sodium chloride designed to contain the mass fraction of 9 % substantial amount as
sodium

5) EETRFOESZ

ARIEDE & TIREfEET 5720, HERA AT N Y L% 7 80T TRlliRg FEMiL7-#5 R4 Table 7 1RL
7o EHEITENER, BESE 0.110 % THY, ZOEMERFZIT TN ENVE RS 0.001 % Tholz, B
TRRITEHE(R 25x10, 72, B FERIE R 22x2xt(n-1,0.05) EL RSN O DT, RIEOFR T LD TE
B TRITE &5 0.02 %, MR TIRIZE R 0.005 %fRECHEEI-.

Table 7 Performance of the lower limit of quantification in theconfirmation test (% (Mass fraction))

Sample name Mean ® Standard deviation Estimatbe)d Estimatce)d
Sr LOQ LOD
Compost 0.110 0.0014 0.014 0.005
a) The average value of the parallel test (N=7)
b) Standard deviation X 10
¢) Standard deviationx2xt(n-1,0.05)
4. £

AHENE O F R AR IE OB EE TR 7L 25, IROFSRE1-.

(1) BUEERIC TR A N2 520 R B~ T,

(2) MEMRIT 0.5 ng/mL~30 pg/mL O JE FPH TR T Z L B D EMRMEE R LT,

(3) JKALEREIZIZOT WIS T ARID h— e — D —Z VT, R 2O I DHEE~DO 2T
RDLIRNHT.

(4) BEAERT D20, 5 BEONEBE VT 3 SOMT CRBE EMLI-E25, IRINME NV &5y R
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1 %~10 %DOFH T, FHEULFET 97 %~103 % THY, W NOREILES Z O FEFRLFIZ BT D IR
BRIEDRLUCODEEE ([EIX=R) O BEELAN Th -7z
(5) DM R OV RS EE 2R 35720, BT IR L OHEIRA W, 2 ST THAZZ X TS [
RERA R 72225, T RIT LD FHMEITE & 533 T 9.08 %MK TV 0.097 % C, I THXHERENR 21 0.6 % &
2.0 %, FREFEHE AR 1.0 %X V3.8 % Th-o72. ZOEEZIIT DT IO R S HE(R 224 IR Bk
ABREI RSV T DI TR EE (DFTFRR AR HE(R 72) S OV RDRS BE (Hh R AR SeHE MR 72) O B Z N Thho Tz,
(6) AEOGE & TRRL O H T IRITE 8575 0.02 % & U 0.005 %l HEE <47z,

X B

1) MK PEA R EBRBEEANT SR T IR AT s (1992 5200, B ARNERE 2, B (1992)

2) REPIEFS 5 CUGTREMALE TS, BEE, HU(1988)

3) WENTEN BA T3  HEIR A B 75 HTE (2010 421D , p.65~67 (2013)

4) FEENENBARTAGE RS TRKIGIRHT 715 (2007 i) , p.121~122 (2007)

5) FEFEN BARTAGE HE : TRRER L T4 (1997 F£hR), p.292~294 (1997)

6) FEIRKPE T LT Z — (FAMIC) : il B3 HTi5 - fifii, p.76~77 (2009)

7) JISR3503:1994, b5 AT A% B )

8) EMOKPEME L EHMT'L ¥ — (FAMIC) : fREERRERTE(2015)
<http://www.famic.go.jp/ffis/fert/obj/shikenho 2015.pdf>

9) Codex: “Guideline on Analytical Terminology”, CAC/GL 72-2009 (2009)
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M ethod Validation for Deter mination of Sodium in Fertilizer
by Atomic Absorption Spectrometry

Kimie KATO', Masaki CHIDA' and Toshifumi FUJITA!

' Food and Agricultural Materials Inspection Center, Sapporo Regional Center

A method validation for determination of sodium in organic fertilizer by atomic absorption spectrometry was
performed. After carbonization and incineration the sodium in organic fertilizer, and extracted with hydrochloric
acid by heating and was diluted with distilled water to a final volume of 250 mL ~ 500 mL. The resulting solution
was filtered and was measured by atomic absorption spectrometry. In considering the condition for measurement,
the sodium elution from a borosilicate glass tall-form beakers could not had an effect on the measured results and
the advantage adding interference suppressor solutions to the sample solutions could not be found. The calibration
curve encompassed the concentration range 1 % ~10 % as a mass fraction crossed through the vicinity of origin
and the plots showed linearity. In order to confirm trueness, 3 replicate analysis in 5 fertilizer samples (fish meal,
processed fish scrap, rapeseed meal, composted sludge fertilizer and compost) added sodium chloride at 1 % ~
10 % of substantial amount of sodium as a mass fraction were examined. As a result of examination, the average
recoveries were 97 % ~ 103 % and were proper for the trueness (recovery) shown in the criteria of the Testing
Methods for Fertilizers. For the sake of the evaluation for the intermediate precision and the repeatability, 2
replicate analyses were conducted with the fish meal added sodium chloride at 9 % of substantial amount of
sodium as a mass fraction and the compost. As a result of 5 tests on different days, the average concentrations
were 9.08 % and 0.097 % as a mass fraction, repeatability as repeatability relative standard deviation were 0.6 %
and 2.0 %, intermediate precision as intermediate relative standard deviation were 1.0 % and 3.8 %, respectively.
The results in these concentrations fell within the repeatability relative standard deviation and the intermediate
relative standard deviation shown in the criteria of the Testing Methods for Fertilizers. On the basis of 7 replicate
measurements, the LOQ and LOD value were estimated at 0.02 % and 0.005 % as a mass fraction, respectively. It

is recommended that this method could be applied to determine sodium in organic fertilizers.

Keywords  sodium, organic fertilizer, compost, atomic absorption spectrometry

(Research Report of Fertilizer, 8, 61~69, 2015)
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8 BRBHARIOTNITFT(HPLC)ZKIZLHBEH PO EBEERTV

FAOT BT oE=VLRERIEY) ORIE
— SRR —

FER)INIERE!, AFHEER 2
X —U—FK  E\HEEKIa<sN T 70—, EBRY, AT U, N

1. [XC®IZ

HAEE L O F R LI 2 BICE G T DL AL FETHIENOLHBIREI O A TR IRV CE R LT
SNDIRRENBESNLTWD. LB O AEEE & O H BIL O3 riEe LT, mEiRikrn~hr77
(HPLC) iSSP RS2 I Lo C, BB, DHMTHISEE, & & FIRFOMFNThh, ZORSE, H—BR
FERNCBIT DRI IED Z U VED TR ST,

4 [El, HPLC A LD MR O H AR K OVt B BR AL O U E OPERERFAT D 728D, Headaltha F T, 3R
EROBFBUEEZHEL-OT, 2OMEZHET .

2. MHERUAE

1) HREBRBRAFRMBRE
JISK 8019 IZHET AHMEET U 7 AL NIISK 9000 ICHET A TF AL 7 VT v E= L& N
CHLANER M O & B b D BINER IR 2 L L 7=,

2) HFEFABRARH

JE[RIRRER R A MR, MDA LT L 7L 25, 3B O MY EE & O 5 B b1 — &R ik
BT HERENME T T 2ZEDN RSN, TDT0, AR SMERER =B\ CHSEE & O & Y
ZUSINUCH AR A FEfi T 22L& LTz,

7T 7R EHI AN ER M ORI b % & £ 2 LR L8 L QO DAL AR AEEL & ONEAR O 5 RE R
ZHEANERIE U, ALAIEENE B BIZ 500 pm D550 A @i+ 2 EThfL7-. 2EFEFBRAFENIN 15 g
DALRNERIZRVARIZ, £ 1.6 g DFEEMRE=HEGIEEE 2 mL A7 VI AN ETL TENZ T 50 82 75
L7z, TV RRBI R A3 5720, JLERUER 0B K OV NEE & O & i b — & |IR A LT iINES
RICELE AL, MBI EAT L.

3) EBERUSEE
FZABRBICHBEL CWAE RO~ 57, 38 L5y BERE e ONEBGE Oy BERS 2 LT

UINIATBOE N EMOKEE B e 22—t P 22— (BL) IRfEFLE SR
2 OMSIATEOE NRMOKPEH B Z e 2 — M F e o —
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4) BHBERURTRICYORIE

(1) AbRAEECOHH

IYMTRRAEL 1.00 g 21320 ey, Hke =475 22 200 mL I AN, FRINETRE N 18 REf =R CTHlEL, K
100 mL Z/z, ~7 3F w7 AX—F—% FHWTH 10 &8, e OrbEE 50 mL 1280, 2000xg
TR S oy Doy BEL, R ARE TR E LT,

(2) FpEREZ=HEA IR COH
ISHTRREL 1.00 g 21323080, 87T 22100 mL (2 A L, IR, &F 50 mL 20z, 2877220
ZE2UTC, IRVIBETHEDL, BERETKEMA THiMKRE L.

(3) HE

BHHZ 1.5 mL OHARE LR 1280, 8000xg THI 5 43 [iE Oy BEL 7= LB AR E-1%, #kME
PTFE AL 7T 7 4 —%& W T AIB LT IRIE A HPLC IE FVERATE L7= (Sheme 1) . ZOiENA T Z
EHIE AR 72~ T 71EL, Table 1 ORESRMETREL, B —2 EAEDHRBHANK O HAEEE K OV 5 18
b D EZERD, SHEEIFROREZREH L. WEICY 2o T, FBREO&ERIRI o~ 77 O
VEFIEIZHEST=.

1.00 lytical 1
§ anaiyreal sample 200-mL ground-in stopper Erlenmeyer flask

(powdery)
|
| Addition | Addition figiud 1 mL
|
| Leaving | 18 hours

|H100 mL of water

| Extraction | Stir to mix, 10 minites

|
| Centrifugal separation | Ground-in stopper centrifugal precipitate tube,
| 2000 xg , 5 minutes

|1.00 g analytical sample (ﬂuid)l 100-mL volumetric flask
|HSO mL~70 mL of water

| Addition | Addition ligiud 1 mL
[

| Extraction | Shake to mix

<—Water (up to the marked line)

Centrifugal separation Ground-in stopper centrifugal precipitate tube,
8000 xg , 5 minutes

Measurement

Scheme 1 Flow sheet for nitrous acid and ammonium thiocyanate in fertilizers
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Table 1 HPLC condition

Column

Guard column

Column temperatures
Mobile phase
Injection volume
Flow rate

Detector system

Shodex Asahipak NH2P-50 4E
(4.6 mm i.d.x250 mm, 5 pm particle size) or
SHISEIDO corporation CAPCELL PAK NH2 UG80
(4.6 mm i.d.x250 mm, 5 um particle size)
Shodex Asahipak NH2P-50G 4A
(4.6 mm i.d.x10 mm, 5 um particle size) or
SHISEIDO corporation CAPCELL NH2 UC80
(4.0 mm i.d.x10 mm)
40 C+1C
phosphate buffer
10 uL
1.0 mL/min
UV detector at a wavelength of 210 nm

5) HREFHEBRARHDHYEMHER
[UPAC/ISO/AOAC D REBR T b=/ OB EMERER IHEV, 6 FRIED e [FEER H IS IE N HZ N E
10 5B TR E R, KEHZ D& 2 SO T T 4) IiE>THMTLT=.

6) HRIEIER

HWEIZSILE 11 BBRELFEHALZESERREI o~ F71ZLL TOEBYTHY, FNENORBR=EIZE
WTCRERTLTE 12 BEHZ W T IS TORT L.

-« RS R E L ERT (R S/ERT Prominence)

- ONERMETEN AARNERERE = (BERYERT LC-20AD, SPD-20A, CTO-20A)
- BFnEE Tkt (R HESERT Nexera X2)

- U Y A DU AFR S (P — T A=A GLT7700)

© MSIATENE NEMWKEE B L 2R 2 —fh Pt % — (Waters 2695 Series)

« MNAATBOE NEMOKEEE Z 2 2 —FfLig 2 — (Agilent technologies 1100 Series)

© RSTATBUE NEMOKEEHE Z 2T #—(liH ' % — (Agilent technologies 1100 Series)

« INIATEUE NEMOKPEEE Z 2 ie 2 — 4 &R 2 — (Waters 2487 T =27 /L 1)

« RSTATBUE NEMOKEEH B Z 2T 2 —E 4% — (Agilent technologies 1100 Series)

« IRNIATBOE NEMOKPEE B L 22 — Bk 2 AR (B 8/ERT Prominence Series)

« HARDp—%— X8k &4 (Waters Alliance €2695 E/3L—3 gy 22— /1)

(50 HIIE)

3. BHERUEER

1) HRFHEBRARM O E R

BVEMRBRORBRAAR IOV T, Cochran #EIZKDAMUVIEA RN, — JCBLE S BT DIFH T

<
i
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Al &% Table 2-1 X O 2-2 (R LTz, WTHOBIEIRIZIBW TS, FH TR R 22 (RID,) & O TR L%
B TRk A o HE {22 (RDper) 1A BFERRERTEY D2 Y PERERED FIEICRL COD KR E DL ~ILZE
T DREEE (B THE IR 22 K OV RIFESEHE MR 22) O B 20 1.5 [ LANTHY, FAEA F BRAEZ FlEl-~72
ZEDD, HEKUEE 5 %ICBWGREHIICAH BRI Do 72 . b0 Zens, IINERIEHE[FH
AREBRICHNWDZEN TEDEMZA L WL xR LT,

Table 2-1 Homogeneity test results of nitrous acid

Addition 2) Mean®’ & RD,’ Sop” so+  RDp+” CRD, k)
liquid ~ Sample 9 9 o 9 9 . ) I

q (%) (%) (%) (%) (%) (%) (%)

1 10 (0)  0.0501  0.0002 0.5 0 0.0002 0.5 4 0.18

2 10 (0)  0.0252  0.0003 1.0 0 0.0003 1.0 4 0.19

3 10 (0)  0.151  0.0006 0.4 0.0002  0.0006 0.4 4 1.22

4 9 (1) 0.201  0.0003 0.2 0.0002  0.0004 0.2 4 1.46

5 10 (0)  0.301  0.003 1.1 0 0.003 1.1 4 0.65

6 10 (0)  0.0501  0.0003 0.5 0 0.0003 0.5 4 0.34

a) The number of samples used for analysis; ( ): The number of outliners
b) Grand mean value (N=The number of samples used for analysis xThe numberof times of recetition(2))
¢) Mass fraction
d) Standard deviation of repeatability
e) Relative standard deviation of repeatability
f) Standard deviation of sample to sample
g) Standard deviation of sample to sample include repeatability Sb+r = VS bb” + 5
h) Relative Standard deviation of sample to sample include repeatability
1) The aim of Relative standard deviation of repeatability for Testing Methods For Fertilizers
J) F value calculated based on analysis of variance (ANOVA)
k) F critical value;F (9,10:0.05)=3.02
F critical value;F (8,9:0.05)=3.23

Table 2-2 Homogeneity test results of ammonium thiocyanate

Addition o Mean” &Y  RDS s’ RDpw” CRD, o
liquid Sample ) 0/3) 0 0/13) o) 0 o F Value
(%) (%) (%) (%) (%) (%) (%)
1 10 (0)  0.00604  0.0004 6.9 0 0.0004 6.9 6 0.12
2 10 (0)  0.0107  0.0007 6.4 0 0.0007 6.4 6 0.06
3 10 (0)  0.0487  0.0011 2.2 0 0.0011 2.2 4 0.39
4 10 (0)  0.0980 0.0014 1.4 0.0006  0.0015 1.5 4 1.40
5 10(0)  0.200  0.004 1.9 0.0009  0.004 2.0 4 1.11
6 10 (0)  0.0110  0.0002 1.9 0.00005 0.0002 1.9 6 1.11

a)~k) Refer to the footnote of Table 2-1

2) HFEREBREERUNINIERTE
B R ENOWIE SN L FEIRBR G Z Table 3-1 KON 3-2 1R L72. KR8 O Mtk 4 TUPAC
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O [FFREBR 7 m bV O\ fE > TREFHLEE L 7=, SRBRAAE DA AU Z #3572 12 Cochran D E M Y
Grubbs DR EZ LM L7z, ZORER, 11 FEREOREREHE DB HAHEE I OV TIE 5 OB T 1 35k
=, MERIEIZOWTE 2 BEEOREN T 1 3B E L O3 FIEOREN T4 2 B =EN/ I UVEL L CHIES
niz.

Table 3-1 Individual results of nitrous acid (%(mass fraction))
Lab ID” Compound fertilizer 1 Compound fertilizer 2 Compound fertilizer 3
A 0.197 0.197 0.293 0.293 0.0515 0.0497
B 0.200 0.200 0.290 0.293 0.0493 0.0500
C 0.205 0.200 0.292 0.284 0.0505 0.0492
D 0229”  0.202"” 0273 02689 0.0470 0.0489
E 0.202 0.204 0.298 0.288 0.0506 0.0507
F 0.215 0.203 0.293 0.302 0.0510 0.0506
G 0.198 0.198 0.290 0.294 0.0494  0.0494
H 0.200 0.205 0.287 0.289 0.0495 0.0503
I 0.207 0.198 0.293 0.294 0.0489 " 0.0798 "
J 0.202 0.200 0.283 0.283 0.0492 0.0492
K 0.207 0.204 0.288 0.286 0.0504  0.0499
Lab [D®  Home garden-use mixed Home garden-use mixed Home garden-use mixed
fertilizer 1 fertilizer 2 fertilizer 3
A 0.0492 0.0503 0.0280 0.0256 0.155 0.146
B 0.0483 0.0501 0.0252 0.0249 0.0747”  0.137"”
C 0.0487 0.0494 0.0259 0.0243 0.149 0.136
D 0.0512 0.0512 0.0259 0.0258 0.154 0.153
E 0.0509 0.0502 0.0258 0.0256 0.154 0.153
F 0.0512 0.0510 0.0254  0.0257 0.153 0.152
G 0.0502 0.0509 0.0250 0.0252 0.151 0.153
H 0.0506 0.0505 0.0255 0.0251 0.151 0.161
I 0.0501 7 0.0448 0.0243 0.0235 0.146 0.151
J 0.0503 0.0505 0.0256 0.0263 0.151 0.151
K 0.0495 0.0493 0.0264  0.0260 0.144 0.143

a) Laboratory identification
b) Outlier of Cochran test
¢) Outlier of Grubbs test
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Table 3-2 Individual results of ammonium thiocyanate (%(mass fraction))

Lab ID”

Compound fertilizer | Compound fertilizer 2 Compound fertilizer 3
A 0.0985 0.0987 0.201 0.201 0.00984 0.0109
B 0.0995 0.0988 0.197 0.197 0.00965 0.00990
C 0.0990 0.103 0.197 0.191 0.00918 0.00896
D 0.119 " 0.100 " 0.202 0.199 0.00961 0.0100
E 0.100 0.101 0.211 0.202 0.00968 0.00952
F 0.106 0.0992 0.209 0.222 0.0104 0.00959
G 0.106 0.105 0.216 0.204 0.0114"  0.0151"
H 0.101 0.0978 0.195 0.210 0.00901 0.00953
| 0.102 0.0969 0.201 0.202 0.0101”  0.0164"”
J 0.101 0.103 0.205 0.209 0.00989 0.0103
K 0.0992 0.100 0.211 0.211 0.0111 0.0110
Lab D  Home garden-use mixed Home garden-use mixed Home garden-use mixed
fertilizer 1 fertilizer 2 fertilizer 3
A 0.00503 0.00508 0.0114"”  0.00981 " 0.0517 0.0483
B 0.00482 0.00503 0.00977 0.00953 0.0240”  0.0453 "
C 0.00396 0.00431 0.00946 0.00892 0.0497 0.0448
D 0.00504 0.00529 0.0106 0.0104 0.0506 0.0511
E 0.00330 0.00364 0.00909 0.00928 0.0507 0.0488
F 0.00566 0.00561 0.00963 0.0103 0.0499 0.0518
G 0.00476 0.00494 0.00948 0.00965 0.0521 0.0490
H 0.00492 0.00487 0.00970 0.00983 0.0573°  0.0610
| 0.00487 0.00450 0.0100 0.00962 0.0533 0.0551
J 0.00513 " 0.200 " 0.00994 " 0.209 " 0.0501  0.0496
K 0.00450 0.00498 0.0105 0.0100 0.0514 0.0523

a) Laboratory identification
b) Outlier of Cochran test
¢) Outlier of Grubbs test

3) BHTRERUVEMBIREE
A Z RN LTSRS L0 B © LIS, DM TAR YR 72 (s) & OV AR S HEE e (R 22 (RSD,) 1,
A ONZ =2 [H PR BUAR ME R 22 (se) Mo OVEE W] P BUAH R (R 72 (RSDr) 4 Table 4-1 e TN 4-2 (ZRLTz.

F LR 22 A IR #RSER O I 0.0255 % (B &573) ~0.150 % (&5 3%) THY, 20 s 1%
0005 % (EH535R) ~0.004 % (&5 F), RD, 1% 1.1 %~2.9 %, sk i% 0.0009 % (& E4y5) ~0.005 % (&
33), RDRIF 1.7 %~3.6 % ThH-o7=. ALERIEED HASEE O F-EIMEIX 0.0498 % (B &5y R) ~0.291 % (&
) THY, D s1F 0.0007 % (B =57 3H) ~0.004 % (EE/33H), RDIE 1.3 %~1.9 %, s1% 0.0010 %
B 5r3) ~0.005 % (EH &%), RDrIE 1.7 %~2.0 % Th-o7-.

FIE R 2 FE A IR O B S R L D FIEIE 0.00476 % (B E473R) ~0.0506 % (E&53H) THY, D
s 1 0.00019 % (B H535R) ~0.0019 % (B &), RD; 1% 3.7 %~4.1 %, s 1% 0.0005 % (Z&E/yH) ~
0.0022 % (&3 3), RDr 1L 4.3 %~12.7 % TH-o7-. ALRIEEIORFER L O FEEIEIE 0.00989 % (& &

LI

~~
3
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43ER) ~0.204 % (EE5HR) THY, ZD 51T 0.00037% (EH E453F) ~0.006 % (HE45ER), RD 1% 2.3 %~

3.8 %, Sk IZ 0.0006 % ( 'H &7 E) ~0.008 % (H&773#), RDRIE 2.6 %~6.5 % Th-o7z.

W IO GF TR R HE(R 22 M OV ] PR BUAH A R IR 5 B AL RR R IEY O 2 M R O FIHIR LT
HEIREDL BT DN (131‘*171‘8%1‘“%%%&0\%F‘ﬁﬁfﬁﬁxﬂﬁﬁ{ﬁ%) DRLZD 1.5 fELNTHS

Zenh, KIEDOKEEEILRIFBRIEOYERER I MED ER FIHI @ & L TWDZ LA fERE LT,

Table 4-1  Statistical analysis of collaborative study results for nitrous acid

Sample No.oflabs Mean” s~  RSD:. CRD. s RDr” CRDr’
p@’ ) T % R (R (%)

Compound fertilizer 1 10(1) 0202 0.004 1.9 4 0.004 2.2 8
Compound fertilizer 2 10(1) 0291  0.004 1.3 4 0.005 1.7 8
Compound fertilizer 3 10(1)  0.0498  0.0007 1.4 4 0.0010 2.0 8

Home garden-use

o Fertiber 1 10(1)  0.0502  0.0005 1.1 4 0.0009 1.7 8

Home garden-use

e Fertiber 2 11(0)  0.0255  0.0007 2.6 4 0.0009 3.5 8

Home garden-use 10(1) 0150  0.004 2.9 4 0.005 3.6 8

mixed fertilizer 3

a) Number of labratories, where p=number of laboratories retained after outlier nad (q)=number of outliers.

b) Grand mean value (n=The number of participating testing laboratoried(p)*The numberof times of recetition(2))

¢) Mass fraction

d) Standard deviation of repeatability

e) Relative standard deviation of repeatability

f) The aim of Relative standard deviation of repeatability for Testing Methods For Fertilizers
g) Standard deviation of reproducibility

h) Relative standard deviation of reproducibility

i) The aim of Relative standard deviation of reproducibility for Testing Methods For Fertilizers

Table 4-2  Statistical analysis of collaborative study results for ammonium thiocyanate

Sample No.oflabs Mean" Srd) RSD re) CRSD rﬂ SRg) RSD Rh) CRSD Ri)
p@’ T ) ) (W)
Compound fertilizer 1 10(1)  0.101  0.002 2.3 4 0.003 2.6 8
Compound fertilizer 2 11(0)  0.204  0.006 2.7 4 0.008 3.7 8
Compound fertilizer 3 9(2)  0.00989 0.00037 3.8 6 0.0006 6.5 11
Home garden-use
e fortiliver | 10(1)  0.00476 0.00019 4.1 6 0.0006 127 11
Home garden-use
e fertiliner 2 9(2)  0.00976 0.00029 2.9 6 0.0005 4.7 11
H den-
omme garden-use 92)  0.0506 0.0019 3.7 4 0.0022 4.3 8

mixed fertilizer 3

a)~1) Refer to the footnote of Table 4-1
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4. FEOH

11 FBREITINT 6 FEEH (12 57) DFER = HE S IR OMEAAE B TR RIRBR 2 £ L, &l
R a~h7Z7 (HPLC) {EIZ LA AR o> B AR K O & B L Wi E DRl &4 T o 72, 2 OfER, HaHmk
DEJfE 0.0255 % (E &3 5R) ~0.291 % (B &5 3) O T OEMHFEFE (RDr) 1L 1.7 %~3.6 % ThH
D, WREBRIEDOTEIME 0.00476 % (B E/3HE) ~0.204 % (L 85y 3R) OFPH T ORMH IS E (RDR) 1%
2.6 %~12.7 % Th-o7o. ZOREITIBIT DT IO FERHE (R =S REHERBRIE I RSN TOA M TR K&
ORMHHREE DB LD 1.5 fFLANTHY, IEEFERBRIEOER T DL ISHEG L CWODIEE MR L.

X B

1) BMOKFEE SR IEEHRHE IR DS EALE O A E R A T D DF O IEFI 61 42 A 22 H EHK
PEQ SR 284 B e lCIEE R 27 4F 1 A 9 H, BKEE ERE 525 (2015)
2) OHEEEE, AARTEERE, BRAIIER, ARG @ik s v~ b7 7 7 G2 W TZIEE D O AR S
JOF AT RO RRER, BATRIEEAHEE (RfT)
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) MSEATEOE NEMOKEE F 22 iz o2 — (FAMIC) : IR RER L (2015)
< http://www.famic.go.jp/ffis/fert/obj/shikenho 2015.pdf >
5) Horwitz, W., : Protocol for the Design, Conduct and Interpretation of Method-Performance Studies, Pure &
Appl. Chem., 67 (2), 331~343 (1995)
6) AOAC OFFICIAL METHODS OF ANALYSIS Appendix D: Guidelines for Collaborative Study Procedures
To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL (2005)



78 AEBHFZE s Vol. 8 (2015)

Determination of NitrousAcid and Ammonium Thiocyanate in Fertilizer by High
Performance Liquid Chromatography (HPLC): A Collaborative Study

Masanori HASEGAWA'! and Yasuharu KIMURA?

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

2 Food and Agricultural Materials Inspection Center, Kobe Regional Center

A collaborative study was conducted to evaluate high performance liquid chromatography (HPLC) for
determination of nitrous acid and ammonium thiocyanate in fertilizers. The nitrous acid and ammonium
thiocyanate were extracted with water. The extract was centrifuged. The nitrous acid and ammonium thiocyanate
were analyzed by HPLC on amino-modified silica gel column or amino-modified polyvinyl alcohol gel column
with UV detection at 210 nm. We sent eleven collaborators 6 blank materials and additional liquids 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 nitrous acid were reported 0.0255 % ~
0.291 % as a mass fraction and 1.7 % ~ 3.6 %, respectively. Those of determination of ammonium thiocyanate
were reported 0.00476 % ~ 0.204 % as a mass fraction and 2.6 % ~ 12.7 %, respectively. These results indicated
that this method has acceptable precision for determination of nitrous acid and thiocyanate in these concentration

ranges.
Keywords  nitrous acid, ammonium thiocyanate, high performance liquid chromatography (HPLC)

(Research Report of Fertilizer, 8, 70~78, 2015)
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9 ARFSHLOLEZBERUCEMRINZETSHFRBHERADEE (HR)
—2013 H4AE-2014 4FZA{E—

BOERIBTY, T —2, SnRIpth®, AR LS, MPRRER®, BIERSGE, s —2
F—T—F  GURAEL, EARER, IRV

1. [XC®IZ

MR D A TERURS ) CILTBIRIERH R D& A 2R SND DRIV AORKIR LT, [EHFAMEILND. ) 1%
0.0005 %EEDLIVTEY, HIRIEEHIZOFAMNIZ W TR, fEHII 0D, —2F, {HIRIEEIOfiE 1
FOEEICAR SN ESRAEREL, LRI HEORF HhaEx TRIEM~BAITL, N&IZ
HERBEYNEEINDZENER I TNA. 2009 4 3 ICEMKEENBIRFIN-TIEIRIEEIOHLH
DB BT HBHEEWEEI2ITBOT, 13 1PREET 5 LA BERTADIAE LU T, DRI LG
A EOB AR RAERE T 2720, THIRIEEIO B I L@ 5 IS RIT LD EFEINEA TS T
SR IL, BT LRI LRV IR & Bt L, R~ I OAT 8, FRHE 2 5 0 B 582 LT
WS, ZOZEDD, RO A IER O ORI B2 T AR JE L LT, I5IRIEE o
FRE B A L, R L0 H-HE~ DR S O RO B iR 5.

2009 4R EAEDD 2013 4R EARICHNT T, TGIRIEEMZ R L7 X R O L Cu VR W XD 2 BRERIX A 3% T,
SUVL, IRV, RV, FU AL, BT, RV, =Dy, RV, = DV DIET
BAEL, HHF 0T R0 LB DI OVERIRD A R BRI A RERRLT=. O R BE I IR 5
W 6 52 KOV T BV Tl Lz, 2013 FAER O 2014 B ARICB W UIENEIETL LYY, =0
Z WA L 7-D TEORE RA2 ST 5.

2. MHERUAE

1) 2013 EX{EDERAFER (2013 %F 11 A5H~20144% 3 A 11 H)

(1) FRBRIE M OV 15

AR Y By — AW (55 ERSW-EH) CEELZ. 3B, GBI O 8 R’ 5 115
(BUERERE H X) &t B R 70w 58 (BEVELX) Z-fital Ll L, 2 SR IX 2 KB L L. B ofE, M,
AIYEBR IO pH, EC, AZIMEVAEE, £ZE R, 2RFE KON 0.1 mol/L g rlvAH NIV A (LT, 0.1 mol/L HCI-
Cd) KLY, B35\ 2012 FEEAEDOVERHT AT L3OV BN UUR IR, A4 2525 8% Table 1 (257

(2) MRS
D75 IR AT UIRIGIEIEE 2 A L7z, URTGTRAEEHZ, LR & QTR MEDEK 2 LR B K UMk

UOMNEATEOE NEMOKPEE B2 SR 2 — IR SRER BDlet'r2—
2 PSTATERE NEMWOKEE B R 22— AR SRR (B (&2 —
S IRNAATBOE N EMOKEETN B it 7 — AR 2 i A
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EoRa AT AUTIV PR LTI A LTIGIR & & 50 - BER A2 IV TR, BNz L 72 R,
KA 3 mm DT ARIEENCo . LIRTGIENEEI DR 73 53 AT o Table 2 (2R L7z, IR AR FEIT 3.6 mg/kg
(Bi#) THY (Table 2), EDORMIEFEIIIEEHATE RO EHTFAMEAHL (K 5 mgkg) Tho. ER4E (B
WIE) BBy 3R 3.3 % M OVE H LR 30 % (30 °C, 28 HFEEE) THY, BHELE L OEMCRIT K
172 UIRTGIEREEID I CIIARD Th D728, R E oK & FH L7235 G b 1EW ~ D A B A IR BLLAC
<L, IRIY LA A S LIRS D DR E HER D PR ik B 2 His.

HEJERIE U TR IR DORER T o E=0 A, Vi KFET =0 DR O 2R L. 15
AECE K OVl E AR D45 5553 D 43 T KRR R BRIED 12 Ko 72 (R E AR % 43 B2l d Table 3 1R LTZ).

7235, GIRIERH D 0.1 mol/L HCI-Cd #2 1%, {5IEAERL 1 g% 0.1 mol/L 3% 50 mL T 1 IRefE#REH L THh
HUTZARIT 2% 7L — AR -6 T i 8 (2-2310: H SiNAT 27 /ay—X) TRIELT-. GIRIEEH O 1
mol/L FERET > =7 LIRHE (pH 7.0) AI¥E ARV A (LUF, 1 mol/L HEZZ (pH 7.0) -Cd) #EE 1%, V5IRAEEH ¢
% 1 mol /L FEEET > &= VAR (pH 7.0)50 mL T 1 FEFIREO U CHIH L= IR A% ICP B B/ iriEE
(ICPM-8500: & BU/ER) THIEL7-.

Table 1 Characteristics of soil for using in winter 2013 crop

Unit Year  AP"-1  AP"”-2  sp?-1  spP2
pH (H0)” 2009” 6.1 6.1 6.2 6.2
2013Y 6.1 6.2 6.0 6.1
Ec? mS/m 2009 10.0 10.3 14.0 11.6
2013 15.1 16.8 16.3 16.7
Phosphate absorption coefficient” mg/100 g 2012”2370 2380 2360 2420
CEC” cmol/kg  2012”  37.8 38.8 37.7 38.4
Available phosphate >’ mg/100 g 2009 5.8 6.1 7.7 6.9
2013 5.4 5.5 8.1 7.8
Total nitrogen % © 2013 0.44 0.43 0.42 0.41
Total carbon % © 2013 5.8 5.7 5.5 5.6
0.1 mol/L HCl-Cd ”/ mg/kg 2009 0.18 0.19 0.18 0.21
2013 0.20 0.20 0.15 0.17
Kind of soil Andosol Andosol
Soil texture Light clay Light clay

1) Sludge-fertilizer-application plot
2) Standard plot

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

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

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

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

8) The year when this study was conducted
9) The year when the study was conducted in summer 2012 crop
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Table 2 Properties of sludge fertilizer

Item Unit  Content Item Unit Content
Total nitrogen 0" 3.3 Total copper mg /kg 546
Total phosphorusz) %1) 5.2 Total zinc mg /kg 1760
Total potassium3) o,V 0.4 Carbon to nitrogen ratio - 7.1
Total calcium”’ %" 2.1 Total cadmium”’ mg /kg 3.6"
Organic carbon %" 23.6 Ac id-solubi]ity-cadmium” mg /kg 3.2
Moisture %" 26.1 Exchangeable-cadmium”’ mg /kg 032

1) Mass fraction

2) Content as P20s

3) Content as KO

4) Content as CaO

5) Content of cadmium dissolved with aqua regia

6) 4.9 mg/kg in the dry matter

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

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

Table 3 Properties of the reagent

ltem Unit Ammonium 5) Ammonium Potassium
sulfate” Urea dihydrogenphosphate chloride
Total nitrogen o, ! 21.1 46.2 12.0 -
Total phosphorusz) %" - - 61.5 -

3)

Total potassium %" - - - 63.1

1) Mass fraction

2) Content as P20s

3) Content as K2O

4) Ammonium sulfate was used in winter 2013 crop

5) Urea was used in summer 2014 crop

(3) HBRX O

THVENEEHIE A X M OEHER S, 1 3 BRIX O mifEE 4 m? (2 mX A2 m) LU, KiBRIX 2 IKIE DR 4 38R
X% Fig.] DERBVECE L. MR35 EROFRTL 0l iR EEHES 2 F i IEs% a7

IHIENEBOE A &I, BMKEEL DT 7 —rgiaR R TIE LES720 2 110 a FRE S L WD REBAF
T2, i, 500 kg/10 a FREENEL R TH-72" . BIBIEICE> T, 1BIRIEE T OELZO
H~OERZ T D720 (i H LR D H 222~ CTERY, 4/ 500 kg/10 a~1000 kg/10 a LTV D FH4]
NHDEI0 . F i By T REER A UIIEIRAER 2 L2354, 13 pH MK T 3751 ZEp3 ST
%, @RI E D B A~ O BELZEL, 22T, 1 EYS 7200 &1% 500 kg/10 a (Bi9) L L
7-.

EFRIEDRITAMEE TOEERLDOEFTREDZENDS 10 %L THEL, RENZMEIEEClefLzZ. VA
i S ORI Z DUV TH AR BT IENE R O CTHfio 7o, BEEXIZ DUV T, fiEIRERE W CETEIREHiE
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FXERBEO RS 82725590 A L7- (Table 4). 735, RI{EECOBM LA SHTLI-L2A, HBRXKOH
ZHREV /U 5.4 mg/100 g 2 +~8.1 mg/100 g ¥ +CThY, MAHMEILATEE 2 2B AV AR DK
FHFE (10 mg/100 g #2 1) S ELE L TIRUMIE Tdho 72, 20728, MR ANE (KIEPED A 20 % & A) & 1 3R
X 24720 500 g fiti L 7= (Table 4) .

/|

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 2013

Amount of  The applied components  Amount of The applied components
application per 4 m application per 10 a
perdm’ N P K’ cd perl0a N ph & cd
(2) @ @ (@ m (kg) (g) (2) (2) (g)
<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 2000 66 104 7 7.3 500 16550 26100 1800 1.8
Ammonium sulfate 348 73 - - - 87 18345 - - -
Ammonium dihydrogenphosphate - - - - - - - - - -
Potassium chloride 103 - - 65 - 26 - — 16200 —
Fused magnesium phosphate 500 — 100 - - 250 — 25000 — -
Total 140 204 72 73 34895 51100 18000 1.8
<Standard plot (SP)>
Sludge fertilizer — — — — — — — — — —
Ammonium sulfate 283 60 - - - 71 14907 - - -
Ammonium dihydrogenphosphate 170 20 104 - - 42 5093 26100 — -
Potassium chloride 114 - - 72 - 29 - — 18000 —
Fused magnesium phosphate 500 — 100 - - 250 — 25000 — -
Total 80 204 72 0.0 20000 51100 18000 0.0

1) Content as P20s
2) Content as K2O
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(4) FehiI7ik

HERIEMITA TV YD (T4 B A—T4) &L, B ER OIS LI L. &K o E51
ERIZIIAT —R 7T LU TR E & 3R L.

FEAEIE 2013 4 11 A 1 BIZ, FRBRXOFEE 1/ 12 kg Z248I2HY, EEZ ATIRASL, KFilBXEEIC
PR\ THAT L, FHEM CHESH 15 em £ CHHELT-.

ARBRIXNIE 9 £5 (5189 20 cm) &L, #EFEIL 11 A 5 BHICY—F —T —7f 12k fTo7-.

FSIEIX 11 A 20 H XDV A 29 BIZATW, BEIEEARIEI N A O E BMFBRO IO FERERH A AT )
RLANZ AT LTz, HEELREBRIT FEREUC L B I ML 7.

UNHEI 2013 42 3 H 11 BIZATV, HIBRZ NI COIMTL CTH B2 I REL 7.

(5) VEMRDAIRIDT DT

INHEL 72T L YOI E GICRBR KSR E A HE L. A AR L TR 1 m? 534
Tk, KIEK, A4 ZHKONEIZHEE L, T A% T ARG %ISR EIC T 65 CTIRKE
L. EEAHEL%, HHE 500 um O 550\ & i@ 3 2% E T (ZM200: Retsch = —Z [EHiEE 6000
rpm) TRl o3 it FECkEEE L7z,

ARIVLEGH BT, oHalEE 0.5 g ICHER 5 mL K ONEBEE(EAKSEAK 2 mL &Nz ~A 2/ il &
(Multiwave 3000: Perkin Elmar) '® THfEL7-H D% 50 mL I ERLREHAIRE L=, HIEIT ICP B &4k
& (ICPM-8500: B HE S ERT) (L0172,

(6) Bk L-HEDyHT

I HERS DRI 381, cHARER TR IS I BRI L 72, & 3BR X O VER IR D ST F 3k 2 IUHE L 7= 35 &
[ CRBR X RS 1 m2 O PURE K O et 5 23T kD, £ 48 (AR 50 mm X £& 250 mm) & W TR ED D
#715 cm FCEREL, IRA L. B EEEREEICIY 35 CT Bz, HEE 2 mm OS5\ @il LIzbo &
UHEIZAESHTHELTHBZ 500 um D55\ & ilil 35 E T (ZM200:Retsch =—# A% 6000
rpm) TEIEL 72 D& T FFEHE LT=.

R LT HEO KGN, KGR (HGS3 : AR — R R)IZEDBIlEL7Z.

138 pH } OV EC [ 3Rz 138 112 LTtk 5 200z 1 BERIREH 1%, pH 13247 AR (F-23 : HORIBA)
\2&Y, EC (X AImE 5] (F-54 : HORIBA) I[Z XV HIEL7=.

TR DI RIVLGHTIZONTIE, TBEERIAIRIV L% 5T LT, LR AR ADORZEE (FIIRME) Bl FEAL
FEZOWTIE, BEOREHIC XD HE I/ ER ROV & OFBE 72 8 W26 T DT Ok 2 72 05 3 et
ENTWDLDOD, TREEIERD FIENRVIRIUCSH D, ZZ TR0 RELLT, Bia® TEdbLRE 0.1
mol/L HCI-Cd, K O ZHAMERGA A OREIZHV S TEY, 0.1 mol/L HCI-Cd & hig L Tl ZL D45 FEfE
WIHRD I R LR LFHBE D D LA S TS T IO R HRE I R A (1 mol/L HEZE (pH 7.0) -Cd) 23R L
7. Fo, 23 LU THEATGIRIEE I R IV AL L T BICE £N58 K O HLEh O HHEEE BRI Ak
D72, 1 mol/L HElET &= LEIR (pH 7.0) w8 K OVaign (LLF, 1 mol/L FF4 (pH 7.0) -Cu & T Zn)
[ZHOWTHRIEL.

+HEH ™ 0.1 mol/L HCI-Cd 1%, £3% 10 g (2L 0.1 mol/L ¥if2 50 mL Z Nz %9 30 ‘CITED 1 BEIEES
L CHIH L 721 RID 2% ICP & &5y HrdkiE (ICPM-8500 : B BERT) 12Xl E L 7=

15899 1 mol/L % (pH 7.0) -Cd, Cu & OV Zn %, 1582.5 glZ%fL 1 mol/L Fifig 7 > &= LYK (pH 7.0)
50 mL 2004 25 C~30 CIZfrbH 1 KR EO U THIMH L7e W Ry 2% ICP B & /0247 (ICPM-8500: 55
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FERERT ICKOE LT

2) 2014 EEEDERFRER (20146 A 19 B~2014E 9 A 19 8)

(1) FRBRES K& OV 15

AR 5 M OV E R L C 2.1) OFRBR OB IR AR EHiE FH X OMEYE X D 1% 5 | g i FH L 7=
TEoOME, 1, ROEIES O pH, EC, AV AEE (M A —71k) W, 2% F#H, 2REKRD 0.1
mol/L HCI-Cd £ % Table 5 (27”7

Table 5 Characteristics of soil for using in summer 2014 crop

Unit Year  AP"-1  APY2 spPP1 SpY-2
pH (H:0)” 2009” 6.1 6.1 6.2 6.2
2014 6.3 6.4 6.2 6.2
EC ¥ mS/m 2009 10.0 10.3 14.0 11.6
2014 19.3 19.8 17.3 17.3
Total nitrogen >’ % © 2014 0.42 0.41 0.39 0.39
Total carbon % 0 2014 5.8 5.8 5.6 5.6
Available phosphate mg/100 g 2009 5.8 6.1 7.7 6.9
2014 6.7 6.2 10.2 9.0
0.1 mol /L HCI-Cd ” mg/kg 2009 0.18 0.19 0.18 0.21
2014 0.22 0.21 0.16 0.16
Kind of soil Andosol Andosol
Soil texture Light clay Light clay

1) Sludge-fertilizer-application plot
2) Standard plot

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

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

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

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

8) The year when this study was conducted

(2) HERRAE Bk
HEER AR B O IEAREHT 2.1) Q) LREROBDE W=, 72721, fEEEIDY S, EHEIDEHIEE T o E
SO LTI RFBEAFE AL, ZiUuT H3ED EC EHG 1 K O AIREME D BB 3572 Th 5.

(3) FERXOHERL

RERX ORERIT 2.1) (3) LRERICALE L. Ml 8138 ERO =0 DU il UES) 2 JE T3 3L 7=, 75T
BEoofi &1L, AifERIEE 500 kg/10 a (Bid), EHEILNHEE 50 %LU TRHAEL, RESE M EREChi L7,
0 AR ONNEBIZ DWW TH AR R A EAEERE W Tl o 7. BEHERKIZ DWW T, fiERERE W CETEIR
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Bt H X L [k Doy Bl 272 D80 L7 (Table 6) .

E£77, BIVE (2013 4EAAME) ETOBMM LA 5T LIZE 25, 23R BRIX DA LNHED A BRI I5 TEAEEHiE FH X 6.2
mg/100 g .1, FEHEX 10.2 mg/100 g o 1-THY, HiF B EEATES 2 2B DA MEV AV O S E HEZ (10
mg/100g #7 ) (2R TR UL Rl Tdho T2, 207280, EDHNREY AFRDOHERE 22, A2 Db
AERELT, IO ANE (KESMED AL 20 % A) Z G IR IE R X3 1162 g, FEHEXIE 133 g fa L 7-.

Table 6 The fertilization design of the test plots where carrot was cultivated in summer 2014

Amount of  The applied components ~ Amount of ~ The applied components
application per 4 m’ application per 10 a
perdm’ ~ N p) g2 cd Pperlda Ty P & d
(2) @ ® (@ m (kg) (g) (2) (2) (8)
<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 2000 66 104 7 7.3 500 16550 26100 1800 1.8
Urea 93 43 — — — 23 10725  — — —
Ammonium dihydrogenphosphate - - - - - - - - - -
Potassium chloride 90 - - 57 - 23 - — 14200 —
Fused magnesium phosphate 1162 — 232 - - 291 — 58100 — -
Total 109 337 64 73 27275 84200 16000 1.8
<Standard plot (SP)>
Sludge fertilizer - - - - - - - - - -
Urea 120 56 — — — 30 13907  — — —
Ammonium dihydrogenphosphate 170 20 104 - - 42 5093 26100 — -
Potassium chloride 101 - - 64 - 25 - — 16000 —
Fused magnesium phosphate 133 - 27 - - 33 — 6640 - -
Total 76 131 64 0.0 19000 32740 16000 0.0

1) Content as P20s
2) Content as K2O

(4) FeH5J7ik

HEREMIE =0 P (4 AT 2A) &L, HBRX O JEINTIHT — N7 T LU TR E 2 Bk
L7-.

FEARIX 2014 4F 6 A 16 BT To7z. KRB OFEE 15 12 kg Z4THY, EEE ATURAL, &ilBrX
RGP FITHAGL , B CIRSAY 15 em £ THHELT-.

ARBR XL 9 55 (SRR 20 cm) &L, #&FEIZ 6 A 19 HICY—F —F7 —T7Fi & W fTo7z.

MolEIE7 A 22 LD 7 A 30 BIZATV, INERFORRMI A 8 em 725912 T-.

SEREAR 13T Y DD E BBABROT, FiERHZ L AT RiEE B U=, MERE RSB TR LD
S HE L7 B AGEAKIZE DA K ETTST.

INFEIE 2014 42 9 H 19 BITATV, BEEREARERAINFEL T2,

(5) TEMRD A RID LG5 HT
INHELTe =2 P ATKE AR R, BRI RIS R E R HEL. o R GRBR K oD 1 m?
S ETERELIETBIZGI 3, AN EBEZRE L7, REBIA AL AZHK T IE, B RGLHRL T
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G103 T 7 4%, @EFZIREIZ Y 65 CT 24 RFMERAITOEHEEZIE L. BEEITENERORWIDITIA
F, BHAREZIERL, 2%, BEGEREICIY 65 CCT 24 FRHIEATITV, ERAZME L. R LARE KO
HEIIE, ZRENHBEE 1| mm KO 500 pm D550 E@IE S5 ETH 4 (ZM200: Retsch 71— 4 [A]#5 %
6000 rpm) THILTZ.

TR LNERBEOIHNIL, 2.1).5) R T 7.

(6) it DT

IR O T, 2.1).0)EFRICEREBUL ORI L=, F7o, IRV LOEBE M EHET D20, RENDH
15 em FTHRILZBEORIT DD, B 125 (N 30 mm X £X 100 cm) 2 FHVWTHI 15 cm 225 25 em T
D AU FERICHRRL-.

TEEOAHTIE, 2.1.(6) DHEBITMA TEARIVA (S Cd) 5 HT L.

TEEFR D4 Cd i, HrElEr 0.5 g 12, fEEEKY 10 mL, @ER{L/KFEAK 3 mL, KO ALKFEEK 5 mL %
Mz, ~A27af sy fiEdEE (Multiwave 3000: Perkin Elmar) (25053 i LA E L=, JIEL ICP & & 54T
218 (ICPM-8500 : 5 U ERT) IC LT -7z

3. # B

1) 2013 EX{EEAHER (ZEHRILUY:20134 11 A5 B~201443 A 11 H)

(1) 1EMIEROILE K ORI AR &

FEFE DI FE L TORETHIMNITA 5 7 H THY, ZORIZ R F e RE T EI -7,

RV YOI E, TIRIT LR K ORI &4 Table 7 (2R U=, JGVRAEAEHE A X M OMEHE X DI Bl
AERESEEETEILEI 16.65 kg & 17.90 kg THY, FEHEX OILEZ 100 &L75TEAEEHE H X O U 54
% 93 Thotz. IRIVARE (F2) IZOW T, GTEIREHEH KILFMET 0.45 mg/ke, XX 0.30
mg/kg THY, IBIRIEEHH XA B IZE -7 (p<0.05) 28, ZOHMYHE L Codex FEUEME (0.2 mg/kg) D
14 il Coho7o. IRIV AL EIZOUW T, BTRAREHE FH KIZ FEHIEC 0.73 me/alBRIX, MEYEX I 0.53
mg/FER X CTHY, (GIEILEHEH X 23 A B m) 72 (p<0.05) .

(2) BRI LPRE

Bt 18 0.1 mol/L HCI-Cd ##%, 1 mol/L FE%Z (pH 7.0)-Cd #2%, pH & Y EC % Table 8 (Z/RL7=. 0.1
mol/L HCI-Cd #2113, M T TRAEEHE A IX1% 0.22 mg/kg, FEHEX T 0.16 mg/kg THY, 1HIEAEEHGE H X
N B E 172 (p<0.05) . 1 mol/L fEZZ (pH 7.0) -Cd &2 FE1E, EIME TG TR AERHIE X1 0.041 mg/kg, 12
HEIX 1T 0.029 mg/kg ToHY, {HIRALEHEH XA B m ) -7 (p<0.05)
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Table 7 Cadmium uptake and yield of spinach (edible portion) in the test

Yield  Significance

Unit Test plot-1 Test plot-2 Average ndex” test
<Sludge-fertilizer-application plot (AP)>
Fresh weight kg 17.50 15.80 16.65 93 -
Dry weight kg 1.66 1.54 1.60 90 -
Cadmium concentration"’ mgkg 046 047 042 0.46 0.45 - significance
Cadmium concentration’ mg/kg 0.044 0.045 0.041 0.045  0.044 - -
Quantity of cadmium uptake3) mg/plot  0.77 0.78 0.65 0.71 0.73 - significance
<Standard plot (SP)>
Fresh weight kg 18.45 17.35 17.90 100 -
Dry weight kg 1.85 1.72 1.78 100 -
Cadmium concentration"’ mgkg 032 032 028 027  0.30 - -
Cadmium concentration”’ mg/kg 0.032 0.032 0.028 0.027  0.030 - -

Quantity of cadmium uptake’’ mg/plot  0.59  0.59 048 047  0.53 - -

1) Content in the dry matter

2) Content in the fresh matter

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

5) It is significantly different for Standard plot (two-way ANOVA, 5 % of both sides levels of significance,
n =4 (2x2) (repetition x number of samples))

Table 8 Characteristics of cultivated soil in winter 2013

Unit Test plot-1 Test plot-2  Average significance test
< Sludge-fertilizer-application plot (AP) >
0.1 mol /L HCl-Cd " mgkg 022 022 022 021 0.22 significance
Exchangeable-Cd”’ mg/kg 0.038  0.039 0.046 0.040  0.041 significance
pH (120)” 6.3 6.4
Ec? mS/m 19.3 19.8
< Standard plot (SP) >
0.1 mol /L HCI-Cd mg/kg 0.16 0.16 0.17 0.16  0.16
Exchangeable-Cd”’ mg/kg  0.028 0.027 0.031 0.031  0.029
pH (H:0)” 6.2 6.2
BC? mS/m 17.3 17.3

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

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

4) Soil electrical conductivity determined on 1 : 5 ( soil : water ) suspensions with an electrical

conductivity meter, n=2

5) It is significantly different for standard plot (two-way factorial ANOVA, 5 % of both sides
levels of significance, N =4 (2x2) (repetition X number of samples))
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Table 9 Cadmium uptake and yield of carrot in the test

Part Unit Test plot-1 Test plot-2  Average Yield Signi&z:mce
< Sludge-fertilizer-application plot (AP) >
Fresh weight Root kg 9.15 8.65 8.90 100 -
Leaf kg 6.45 5.65 6.05 98 -
Total kg 15.60 14.30 14.95 99 -
Dry weight Root kg 1.01 0.94 0.97 98 -
Leaf kg 0.88 0.88 0.88 101 -
Total kg 1.89 1.82 1.85 99 -
Cadmium concentration'’ Root mgkg 0.17 0.17 0.15 0.17 0.17 - Significanc e
Leaf mgkg 025 025 026 025 025 - Pending”’
Cadmium concentration” Root mgkg 0.019 0.019 0.017 0.018 0.018 - -
Leaf mgkg 0.034 0.034 0.040 0.039 0.037 - -
Quantity of cadmium uptake’ Root mg/plot 0.17 0.18 0.14 0.16  0.16 - Significance
Leaf mg/plot 0.22 0.22 0.23 0.22 0.22 - Pending
Total mg/plot 0.39 040 0.37 0.38 0.38 - Pending
< Standard plot (SP) >
Fresh weight Root kg 9.00 8.85 8.93
Leaf kg 6.80 5.60 6.20
Total kg 15.80 14.45 15.13
Dry weight Root kg 0.98 1.01 0.99
Leaf kg 0.96 0.79 0.87
Total kg 1.94 1.79 1.87
Cadmium concentration Root mgkg 0.13 0.14 0.12 0.12  0.13
Leaf mgkg 020 0.20 0.17 0.17 0.18
Cadmium concentration” Root mgkg 0.015 0.015 0.013 0.013 0.014
Leaf mgkg 0.029 0.028 0.024 0.023  0.026
Quantity of cadmium uptake’  Root mg/plot 0.13  0.14 0.12 0.12  0.13
Leaf mg/plot 0.19 0.19 0.13 0.13 0.16
Total mg/plot 0.33 033 0.25 0.25 0.29

1) Content in the dry matter
2) Content in the fresh matter

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

4) Yield of Standard plot was indexed as 100

5) It is significantly different for Standard plot (two-way ANOVA, 5 % of both sides levels of significance,
n =4 (2x2) (repetition X number of samples))

6) It was pending decision to be significantly different for Standard plot and 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) 2014 EERERRR (B2 201456 A 19 H~2014 59 A 19 A)

(1) 1EMIERDOIE K ORI AR &

FERL)DINHE ETOREEHIMITA 3 7 A THY, IEERTTIE, —EOZEIT EAKRE DL h
WCEAEDORENRDLN. o, IEORBAER LU TRIICTEN KL THER R ZIERD RO
NI EBIRL 227228, F LD Bg 2R T 8RS e Tz,

=2V DI, TIRIT LR N ORI E% Table 9 (SR U7z, VHIRIEEHE X M OEHEX DI &I, 4
RHEIIETIRER S 4L 8.90 kg & 8.93 kg, FEEINTNLH 6.05 kg & 6.20 kg THY, FEHEX DILEZ
100 EL7={5 TR AEREHIE FH X O S FEEUTAREAY 100, FELR 98 TIZIEFRICINE ThH -7z,

TG VRREAEE F X K OEHEX D AR KR (F2) (DWW, SEBMETREAZEH 0.18 mg/kg &
0.15 mg/kg, ZEHAZNLH 0.33 mg/kg & 0.28 mg/kg THY, HREBIZOWTITIHTRAEEHE FH X3 H B E
72 (p<0.01) 723, ZDOHWPEEIL Codex FEYEMED 1/4 LL R ThH-o72. 15 IEEEHiE X K& OEHEX D akBR X
BI-DDHRIT LR ENZDOWTHE, EE TIREZ 240 0.17 mg & 0.13 mg, FERRZNZE1 0.25 mg
& 0.18 mg THY, REBIZHOWTIIH IR AR H X23G B2 m -7z (p<0.01) . A EIR SR ORERIX Y720
DI LR E D F-LEETIHIENEEHE H X T 0.38 mg, FEHEX T 0.29 mg Tho7z.

(2) BRI AR LPRE

Bt D4 Cd I (E 8 (D5 0 em -15 cm) L OO FJE (15 cm -25 cm) ), 0.1 mol/L HCI-Cd
TR, 1 mol/L fEZ (pH 7.0)-Cd #2JE, pH & N EC % Table 10 (Z/RL7z. fEHEO4 Cd AL, 5 TE00E i
AL 0.57 mg/kg, EYHEXIL 0.47 mgkg C, GIRAEEHIEH XA BICE -7 (p<0.01) . T8 (FEHoH
15-25 cm) D4 Cd JE I, 15VRIEEHH X1% 0.46 mg/ke, FEYEX [T 0.44 mg/kg C, shBR X CH B 230
P CEZRD 72, 0.1 mol/L HCI-CA i EE 1, 15U AEEH A X1% 0.20 mg/kg, ARYEXIZ0.15 mg/kg T, HIEAE
it F X 23 BT (p<0.01) . 1 mol/L FEZ2 (pH 7.0) -Cd 2 FE 1%, 75 IRAEEHE I X1% 0.038 mg/kg, 11
X1 0.026 mg/kg T, GIEAEHEH X3 B2 Eh -7 (p<0.01).
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Table 10 Characteristics of ¢

ultivated soil in summer 2014

Unit Test plot-1 Test plot-2  Average Significance test
< Sludge-fertilizer-application plot (AP) >
Total-Cd U,upper layer soil”’ mg/kg 0.54  0.54 0.61  0.59 0.57 Significance ®
Total-Cd U,lower layer soil” mg/kg  0.48  0.48 0.44 043 0.46 Pendingg)
0.1 mol /L HCl-Cd” mg/kg 0.19  0.20 021 0.21  0.20 Significance
Exchangeable-Cd”’ 0.038 0.038  0.038 0.039 0.038 Significance
pH (F20)* 6.9 6.8
EC” mS/m 16.9 17.7
< Standard plot (SP) >
Total-Cd ",upper layer soil’ ~ mg/kg 043  0.47 0.48 0.50  0.47
Total-Cd " lower layer soil’ ~ mg/kg  0.44  0.45 0.43 043 044
0.1 mol /L HCl-Cd " mg/kg 0.14  0.15 0.15 0.16 0.15
Exchangeable-Cd”’ 0.025 0.024  0.026 0.027 0.026
pH (F20)* 6.8 6.8
EC” mS/m 15.4 16.9

1) Content in the dry matter
2) 0 cm - 15 cm depth
3) 15 cm - 25 cm depth

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

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

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

7) Soil electrical conductivity determined on 1 : 5 ( soil : water ) suspensions with an electrical

conductivity meter, n=2

8) It is significantly different for standard plot (two-

way factorial ANOVA, 5 % of both sides levels

of significance, N =4 (2x2) (repetition X number of samples))

9) It was pending decision to be significantly differe
ANOVA, 5 % of both sides levels of significance,

4, &

1) 2009 &EAREREAIBFE NS DHERIZDINT
2009 FFEDOFRERBALRID, ZHVET 6 41, 4 2 1E,
T FRHRDOLBVTHT-.

(1) Jfe g g
ZNFETORERIZI T Dl CE % Table 11 (ZRL7=.

nt for Standard plot and for interaction (two-way
n =4 (2x2) (repetition x number of samples))

=®

At 1L EORBRZAT o7, S BRiAE R FEOHER T oW
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Table 11 The fertilizer application log of the test plots

Year

<Sludge-fertilizer-application plot (AP)>

<Standard plot (SP)>

Amount of

The applied components

Amount of

The applied components

Fertilizers anplicati per 10 a licati per 10 a
Season pplication == p" k) cd apphieation =g p" K cd
Test crops (kg/10 a) (kg/10 a) (@108  (kg/10 a) (kg/10 a) (g/10 a)
2009 Sludge fertilizer 332 11 17 1 1.2 —
Summer Ammonium sulfate 52 11 104 22
Carrot  Potassium dihydrogen phosphate 3 2 1 36 19 12
Potassium chloride 28 18 12 8
Total 22 19 20 1.2 22 19 20 0
2009 Sludge fertilizer 302 10 16 1 1.1 —
Winter ~ Ammonium sulfate 47 10 95 20
Spinach  Potassium dihydrogen phosphate — 30 16 10
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
Carrot  Potassium dihydrogen phosphate — 23 12 8
Potassium chloride 15 9 3 2
Total 15 12 10 0.8 15 12 10 0
2010 Sludge fertilizer 181 6 9 1 07 —
Winter ~ Ammonium sulfate 28 6 0 0 57 12
Qing geng Potassium dihydrogen phosphate 5 3 2 23 12 8
cai Potassium chloride 15 0 0 10 6 4
Total 12 12 12 0.7 12 12 12 0
2011 Sludge fertilizer 227 8 12 1 0.8 —
Summer Ammonium sulfate 33 7 57 12
Turnip  Ammonium dihydrogenphosphate 6 1 3 24 3 15
Potassium chloride 22 14 24 15
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 — — —
Spinach  Potassium dihydrogen phosphate 1 — 1 1 — 50 — 26 17 —
Potassium chloride 25 — — 16 — 1 — — 1 —
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 — — —
Carrot ~ Ammoniumdihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 29 — — 18 — 32 — — 20 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 — —
Total 30 36 20 1.8 22 36 20 0
2012 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Winter ~ Ammonium sulfate 71 15 — — — 71 15 — — —
Spinach ~ Ammonium dihydrogenphosphate — — — — — 42 5 26 — —
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 — — —
Carrot ~ Ammoniumdihydrogenphosphate — — — — — 42 5 26 — —
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 — — —
Spinach  Ammonium dihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 26 — — 16 29 — — 18 —
Fused magnesium phosphate 250 — 25 — — 250 — 25 — —
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 — — —
Carrot ~ Ammoniumdihydrogenphosphate - — — — — 42 5 26 — —
Potassium chloride 23 — — 14 — 25 — — 16 —
Fused magnesium phosphate 2901 — 58 — — 33 — 7 — —
Total 27 84 16 1.8 19 33 16 0

1) Content as P20s
2) Content as K2O
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(2) 1E RO &

TEM RO & (ERE) OHEREIL Table 12 DEFVTHS. ZNETORBROIET, 2572 A IR HEE
Y FEH I QD BN E L RS ETHY, —EOIWEE R TETNWDEZ XN, FEHEX IR
BIGVEAREHE F X A R B ME B L, SRBRBALA) S FICESEIZ BT, GIRAEEHE A X OIS 8 H
FREECHER L=, ZAUZ, 15 TRIEEHE FH X O MR EH I T, TBIRIRE O L 55 V2 ZE LT, %
FIEN=E 100 % U THEL TR, HA 6 fEH D 2011 AELAERTL YT B TH I EAMEAE X x5t
LC8EIRE CThH-oT-. ZORKREL T, FRERBEOLA DI =000 (2009 4B AE) TIEm sl X[ T
DN EDBFIFREE Th 72280, HIRIEEOEZ N RIFIFEEX ORIEIVH RN ENZE R bND. £ZT,
B0b THERAE KL T2 LIRTG TR IR0 %8 3R M L= A R 35720, MEHLABR (TEIRAE 30 “CT 240 HIH
BEgR) A EME L2 A, R I 90 B ETITMMEEE 30 %l7eh, TORITIE—E THER LT-. 2O RS,
2012 FAAERTL Y XGIRIEEI O E TN E 30 %LU THEL/-EZA, R OAEREEL 100 £L7-
T VBRI X O AR EFEEIT 85 L7no7z. KITHIEIME =0, MELARBROIEE 30 CL bl L TRk
ERIMEL A2 TNDBEEZBND. 2013 FEEAE= D ANTTBIRIEEI O HE B % 30 %l L THiiEL7-E 25,
FEHEX DR EZ 100 EUT-THTRAEEHIG X O AR EFREUX 118 leoTz. Zhud, RifETHLLMED KM
HHZEMEZLND. L EDOZEND, HERIEEIEL COLURIGIRIEEHZ DWW T, ERIERE EE=0
YT 50 %, ZAERTVLUYTTIE 10 %E U TR G ZFE T2 @S LB 2 b5, ERIEFEE
10 %&UTHifE L7z 2013 4EAAEART L VT T, BEHEXZ 100 E L7215 IR IR H X O AR EfR UL 93 &
720, IGIRIEEHE X O AR BRI LIZb 00, A OINE LT b -7, BIERBR T D 2014 -4
TEFRT L 73 8RBT, EIGIRIERI DO R BN HEE 0 %L L THEAEL T\ 5.

F72, 2014 HAE=U DA RB W TR EOREBRFE R L T FEN LT HER R ZAER DS FHIRD
BV ELK o7, Zhud, MEIERRFHIRBW TS B L U B IR AE L EDS AR F 1 ST S (2 3
i (BGETHT) 22 kg/10a (BETH4) 19 kg/10a) , #hE L7 D AR S HELES L T Db 00720, GETE T
iR FEAEIZ e R B OFRBR L Il U CRE R &5 D 7eH LI ENRBLI-EE LN, @, =0
AT EREEAREEYE TITHEIRIZ LD 25<0EIT W, IROIERZ(EE T D726 FAL TR IR L, N
ZTCBIEZITHZEESNTNDY . LovL, ARRBR CIXHERIZ LD +-3<0, SEWEIER O F J ONB REAS A
727D IO HOREIE ST HEEL TS, FERD A T—E DU EZ IR T D723 2 F i &I, MRy
D19 kg/10a LVH <L 2013 4FBAELLRTE[F & (22 kg/10a) FREEL T AN E N HHEE 2 HILD.

(3) Bt OB LM EOHER

(3.1) Brit4Eo pH

i 145 pH OHERE 1T Fig.2 DEEBVTHS. pH 6.0~pH 6.9 DFFAN TRER XML /NS<HEB L Ta.
FIK GBI E FEHEIB TR 28 i L7235 A 18 pH ME T 22803 F5TWA N 2, AskER
TIX pH 6.0 % FRISZRNED, WH, AIKEMICED pH OHIEEIT>TCD. £, A HHENERRS £ ThD
ZER0, Er UREAE A L7 LRTG TR IERO M B3B3 2 < vicd, R XD pH OZH)
IXHERH DN b D 7R s TNBEE ZBNS. 138 pH OEENE, HETARIY LADIEMIE~D A A1
B RAFE T ZENMBILTND20 2V AR ER T, VHIRARENE A XX O P+ pH IXIZIFRIFLE T
HRBL TN D, HRBTOHRITV LABREDMMBRFE 221 T3 pH (FEAEHEL TWRNEDEE XD
n5.
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Table 12 The yield of each crop body of 2009 to 2014 (fresh weight)

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

pH
7.5

7.0
6.5
6.0
55

5.0

1) Sludge-fertilizer-application plot

2) Standard plot

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

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

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

=& Sludge-fertilizer-application plot(AP)

0O Standard plot (SP)

v/lﬁ\\m W/QW/G

— | Carrot ‘ Spinach | Spinach binggengcai| Turnip ‘ Spinach | Carrot ‘ Spinach | Carrot ‘ Spinach ‘ Carrot ‘

After summer|
cultivation

After winter
cultivation

After summer|
cultivation

After winter
cultivation

After summer|
cultivation

After winter
cultivation

After summer|
cultivation

After winter
cultivation

After summer|
cultivation

After winter
cultivation

After summer|
cultivation

Examination|
start

2009 | 2010 | 2011 | 2012 | 2013 ‘ 2014

Fig. 2 Changes in the pH of soil after harvest
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EC(mS/m)
30
—&— Sludge-fertilizer-application plot (AP)
25
O Standard plot (SP)
20
15 T
O O
10 &
5
— Carrot Spinach Spinach |Qinggengcai| Turnip Spinach Carrot Spinach Carrot Spinach Carrot
Examination |After summer After winter |After summer After winter |After summer After winter |After summer| After winter |After summer After winter |After summer
start cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation
2009 2010 2011 2012 2013 2014
Fig. 3 Changes in the EC of soil after harvest
TN(Mass fraction %) TC (Mass fraction %)
0.60 6.0
—o—TN-Sludge-fertilizer-application plot (AP) TN-Standard plot (SP)
0.50 5.0
—=TC-Sludge-fertilizer-application plot (AP) =3¥=TC-Standard plot (SP)
0.45 4.5
0.40 4.0
1
0.35 3.5
Carrot Spinach Spinach | Qing geng Turmip Spinach Carrot Spinach Carrot Spinach Carrot
cai
After After winter After After winter After After winter After After winter After After winter After
summer | cultivation | summer | cultivation | summer | cultivation | summer | cultivation | summer | cultivation | summer
cultivation cultivation cultivation cultivation cultivation cultivation
2009 2010 2011 2012 2013 2014

Fig. 4 Changes in the total nitrogen (TN) and total carbon (TC) of soil after harvest

(The error bar indicating the standard deviation)
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mg/100g
12
10 ——Sludge-fertilizer-application plot (AP) ~[-Standard plot (SP) T
8 & @ 574—
i i S
—-
4
2
0
- ‘ Carrot | Spinach | Spinach | Qing geng cai | Turnip | Spinach | Carrot ‘ Spinach | Carrot | Spinach | Carrot |
Examination | Aftersummer | Afterwinter | Aftersummer | Afterwinter | Aftersummer | Afterwinter | Aftersummer | Afterwinter | Aftersummer | Afterwinter | Aftersummer
start cultivation cultivation cultivation cultivation cultivation cultivation cultivation cultivation cultivation cultivation cultivation
2009 | 2010 | 2011 | 2012 2013 | 2014 |

Fig. 5 Changes in the available phosphate of soil after harvest (The error bar indicating the standard deviation)

(3.2) Bt EC

Bt 158 EC OHEREIL Fig.3 OLB0THD. RBRBIIALINE, 4F 4 ERMEN SR> TS, Ziud, JREHE K
DD TEPISERHL TOD0 B 2 65, A HEIZ3) T EC 23 AT mAHY, 2
BEXOL AR BN DN EN—RHELTEZLNS. AR 2128105 EC(BRMEEE) Dk
e HIET A7 4G 30 mS/m L FESI TV, 1EMORREIC KV EC 15725703, 5%, EC 28 524t
TG, (EAER I EE RE T REEL D70, HBZHRTO2LENDHD. 2014 FHIE= T i B
TlX, EC LFBG IR OB RRIMED IR e 95720, TN ETHEAL O H A MEE T T =7 A
MBRFBICET L7225, EC O _EF T D727,

(3.3) Bt HEEDREE SR (TN) L OVE R (TC)

B 300 222 35 (TN) K OV 3 (TC) OHERSIL Figd DLV THS. RBRBIME S IEL TN KON TC 125
WTERBRIX R CIRIFRIZE TH-T228, 2011 FERAERTL LUK, BTG IRIEEHE X 0 5 3 i@ < #HEB L C
WD ZAUE, THTRAREE F X315 TR AR Sk O A7 B4 AN BT FH AU TND 28, FEYE XA B8 o Ji FH 23
PRUIREETEAIEL T D72, TR OEHEMIRE D T5BMICHHEE 2 DD, P ROARIT A
X HEEP O ERES LA THRB(E T 22803 mB TRV, GHWIREOEN TR O I RIT AOH)
RECVEM ~D ARG TR BT D ATREME NS D 720, HEB 2 MR T DN DD,

(3.4) Bt HEEO A ZNEED Ak

Bt HEOF hIED ABEOHER I Fig.s D&Y THD. ARERBAME Y W DIHIEALEHE FH X & ik Ui vE
EKNELSHERL L TWD. B HENBEARY 07O BB G Y W0 DA ZhIED AN LGRS, 202k
DMEW AT DRIREIRDATREVEN E 2 HND. Z DT, 2012 4B VERBR) S H /e FEAFG 11 otk B
EECTH% 10 mg/100g % HEEIZFRBRE(CIARD A MBI L7 5L, 2014 4F E /BRI 5812 30\ v CREE XX
10 mg/100g LA B&7p o728, 1GIEAERHE A IFHEHE X L el U TR RV AR D | F7- B3R o7, 2
TGUEAEE R R DV A EE N EREAEEL B R DY o F b LLEG L CIEZh R MENZ &, £, GIEIEEHI & £ HkEE
KIFELFE S LVABED AR AHRIEEL TODZENZ ZHNAH. 1O pH S MEIZT5<E, THEOBIRIV AT
DABEA T LA L TKICIEIFIZUVMBRIZEEDO S DM T 5 ZE RN HHNTNA2Y | 5 3%1%, WARED Jifi
MEF% 2 REL, mRBRIX DA ZNEEY AMEE 10 mg/100g F2E IR D, DRIV LD EHEABIELT AN HD



96 NERMIFZEH A Vol. 8 (2015)

EEZBND.

(3.5) Wil EEDOAZHMEIE I O, 35 4, £)K)

Bk HEO A B L N, 5 1, A JK) OHEREIX Fig.6 DLV THS.

AV PR R OV BRI EIE — B THERB L QU 7z,

MM 0T, BBRBAAAIES 2011 ARAAEBR M A Ll 3 2 LS00 L CnTe. 20 2012 FEEAED
VERHT B, 2R BR X OF BHED A BRZ B IS5 2 8% HIE L TR AIED Nt A A BAG L7-. 2013 454
TEETIEATORBRIKIC R EOWERDANEERE AL T, EE0(3.4) LY, IGIRIEE X 3 e X
&L TR D AN Bl et 3 2 SN RB D AUBR D FE N AR 20, 2014 A A TIIAEHEX IV IE Y
AN BeA 2 <ME LT, D728, FEYERX L g U CYB IR R X oo ik b 438 o D 22 e 35 - 2 o
WHELZR > TCNDEE R DIND. AZHMEIEIEDIE DS, (M AEE R ORIV AOEBREIZ BN D54 HhOHE
Bae T o nERHHEEZ LS.

Ex-potassium mmm Exchangeable-potassium-Sludge-fertilizer-application plot(AP)

Ex-magnesium Ex-calcium
mg/100g Exchangeable-potassium-Standard plot (SP) mg/100g
100 Exchangeable-magnesium-Slud ge-fertilizer-applieati - 1000
90 [ r 900
80 - —@~FExchangeable-calcium-Sludge-fertilizer-application—plot (AP) /( 300
70 % 700
60 — @ 600
50 O+ 500
40 A - 400
30 — = i B 300
20 200
- Carrot Spinach Spinach ing geng cai|  Turnij Spinach Carrot Spinach Carrot Spinach Carrot
| | P | P |Q g geng | p | p | P | | P |

Examination |Aftersummer| Afterwinter Aftersummer| Afterwinter |Aftersummer| Afterwinter |Aftersummer| Afterwinter |Aftersummer| Afterwinter |Aftersummer
start cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation
2009 | 2010 | 2011 | 2012 | 2013 | 2014

Fig. 6 Changes in the exchangeable base of soil after harvest

(4) Wit HIEOARIT ZEREOHER

(4.1) B +$E0 0.1 mol/L HCI-Cd 2 &

Bt 580D 0.1 mol/L HCI-Cd #i2 E DHEFRL I Table 13 N Fig.7 DBV THD.

THIENEBHE H X M OFEHEX 0 0.1 mol/L HCI-Cd I DHERLZ DWW THM AR T-5720, £ E DL
PIXIZ317%, HERBAIER OO A (& BRO ML 6 7 A LL72) 1295 0.1 mol/L HCI-Cd i £ DR
TG T 24T o7 (REYR D 55 H R O plEICZVEHE, MR EKAES %) (Table 13). 2014 2
VEWRH ECOIBIRAEEHIE F KO EUF T A B T2< (p=0.30) — & THERE L QWD ThoT-. — 5, HEUEX
TUX, 2011 FAVERRHICIRE, [BlR3F B 720 FRE 28D 5 (p<0.05), MR X MO 2T KREL/D
R CThoTe. £z, 2011 FLAELLRE, 15 IEAEEHEH X 0.1 mol/L HCI-Cd 2 FE A HE X Z b THEICE
<70, LI [RRRORE BN CD. 2, EEHER ITARE Sk DA R AEA G228, 3 BRIZR
THEMIRDOIHEZ LD LR T RIT LD GIN~OFFH H UK S NS Z LT, Bt 13800 0.1 mol/L
HCI-Cd &L IOV THIED T 5[ Ll > TVDHEZE R B,



AR LD FHEEFE N OVER MU 3617 215 Ve AL EE F 00 52 %8

(forR) — 2013454 1E- 20144 B /E—

97

Table 13 Changes in the 0.1 mol/L HCI-Cd concentration'’ of soil after harvest

2)

3)

Significance test

p-value of single

AP SP (difference  regression analysis4)
Year Season  Test Crops between the

(mg/kg) (mg/kg) processing)  AP” sp”
2009  Start — 0.19 (0.01)> 0.20 (0.02) N.S.% — —
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) N.S. 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 (0.00) Significance 0.34 <0.01
2014  Summer Carrot 0.20 (0.006) 0.15 (0.00) Significance 0.30 <0.01

1) Content in the drying soil

2) Sludge-fertilizer-application plot

3) Standard plot

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

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

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

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

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

9) It show that regression is significant in p < 0.05 (5 % of both sides levels of significance).

(4.2) B+ 1 mol/L FEZZ (pH 7.0) -Cd T2

Bt 580> 1 mol/L FEZE (pH 7.0) -Cd ¥ £ DOHERS (2009 FF41E~2014 - EAEET) 1T Table 14 & T Fig.8
DEBVTHS.

TG IRAREHE X % OMEYEX D 1 mol/L HEZ (pH 7.0)-Cd i OHERIZ SV T ZE T 5720, Zh
TNDIBXIZI1T 5, 2009 FLAENLOFKE A (KaBROMIRIL 6 7+ HEL7) x5 1 mol/L EEZ (pH
7.0)-Cd YR DBIE RT3 24T > 72 (REVR RO BT RO p EIZKOFEHAME, mifl
(Table 14). 2014 4 EAEBIH ETOHIRALEE H X DEYFEA E Te< (p>0.05), — & THEEL TWDfETm
Thole. —J, BEHEXTIE, 2012 FEEBHILIRE, BR2AEL20 (p<0.05) FREEMFEO B, Mk
BRIX W D 2T KR ELRDMEIA TH-T=. ZOMEANIE 0.1 mol/L HCI-Cd 2 L[AIkE CTH 7= (Table 13 KO

Fig.7).

EKUE 5 %)
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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)

Table 14 Changes in the exchangeable-Cd concentration’ of soil after harvest

2) 3 Significance test ~ P-value of single
AP SP (difference i Iysis”
Year Season  Test Crops fegression analysis
between the . 5
(mg/kg) (mg/kg) processing) AP SP
2009  Winter Spinach ~ 0.036 (0.002) 0.037 (0.002) N.S.Y - -
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) Sienificance’’ — —

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 0.93 <0.05"
2012  Winter Spinach 0.038 (0.001) 0.032 (0.003) Significance 0.93 <0.01

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 0.34 <0.01

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

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

2) Sludge-fertilizer-application plot

3) Standard plot

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

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

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

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

8) It was pending decision to be significantly different for Standard plot and for interaction (two-way
ANOVA, 5 % of both sides levels of significance, the cadmium concentration is N =4 (2x2)
(repetition x number of samples))

9) It show that regression is significant in p < 0.05 (5 % of both sides levels of significance).
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! | 1 - I
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0.03 : i 5
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i
Standard plot (SP)
0.02
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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) Bt +580 1 mol/L FEZ (pH 7.0)-Cu M OF Zn i

Bt 580> 1 mol/L HEZ (pH 7.0) -Cu K OF Zn I DOHERE (2009 4F4AE~2014 F-EAEET) 1% Table 15 K&
O Fig9 0L THD. (FIRIEEIHIZ I RIT AL L TL B E D8I K OHERNZ OV T, IRIT LD
THERBOS B LT 0HB LR L.

15 TR NIEAHE FH X K OFEHEX D 1 mol/L FEZE (pH 7.0) -Cu & OY Zn i FE DHERE I Z DWW Z R 5720,
TNENOLBLXIZIIT D, 2009 FA4ENLORE A (FBROBIREIL 6 - H L) IZ2x3 5 1 mol/L HF%
(pH 7.0) -Cu K& O Zn i OFIE H B /047 21T 72 (FIENF RO 53 3T R O p IS LR, mifilA &K
%5 9%). 1 mol/L EEZZ (pH 7.0)-Cu (22 Tid, 2014 4= B VEBR = COETRAEEHiE FH X K OFEUEX o a7
ITAEE TR (p>0.05), —ETHERL QDA TH-o7-. 1 mol/L EEZE (pH 7.0)-Zn (2O T, 15TRAE
Bt XU, 2011 AEAVER LIRS, BEURAA B L7720 (p<0.05) EFHAmAROLNTZ. — 5, MEHERIT—E
THRBLTIY (p>0.05), MiakER X O 2T K& D m Tho7-.

BART LER, @5y TEEAE F UTiB e E AR > MRBRIZ B8 W T, TBIEOEH IZ > ChgEH oAl
EPEDTIRIT A, 8 K HEER DI FRO B, ML ENZWNEEEEREILEL, #i ORI AREE O
DB A X BN E E B Tl o 7o ZE DN SN TRYYY, ZOMELA BIOERITF ELRWLD Tho
7-.

TR LAY ICE SR ITIWAE SNETE T 5. T OWAE OMSITIEIEE KUK T RERs %
WZIE TIE pH 5 DA T8 > High > TRIT L | &7 > TA2Y | 1 mol/L FEZE (pH 7.0) -Cu 3 — & THERS L
TWAHHEEH LT, A S ~OW 5 ) LELFIBR =50, BUIR O AT & Tl Al b 3282388 <
RWZENEZBND. — 77, 1 mol/L FEZ (pH 7.0)-Zn 75 LS8 THHBH L, HEE7G Ve IR oo § e
FE73 1760 mg/kg (Table 2) LHICH NI AL HEE L CIEFITES, SRS HEEP TEE T W oDITIGVEALE}
OMEREACEY RS> TCNDEEBZ DR D, HRIVAIOWTE, i L OSSRl GERIZED
AR EITDRNEOO, HEL0E HEF TEELTWVIEND, (HIRIEEZ R #2540 K& 1
KA &R U561, HEnE R EMICRI AT REZR I R AR EAS B SE M &72 5 PR E 2
bib.



100 REEHFZEH S Vol. 8 (2015)

F7-, HENEEE D & EIRIEEE HEH L7 T, ARTENZWVERBRIX (1 /470 2 t/10a KT 6
t/10a) D 71ER (m~YF) K9 VEH (2h 7)) I2BW T HEED pH 6.0 Aifi &) S TR OB RIELR (71
By AR OB BSOSO MENH D2 . ARBRCIE 13 pH % 6.0 LLEICR> TV DT 8
TN EB 2 HNLD, HiEha Z<ETIHIEIRE A 2 & ICRME N 3 256120%, 18 pH O£ #E L EH(1THE
FROMMEPERIZAONWTHIERE T ANERHLEBZ DR,

Table 15 Changes in the exchangeable-Cu and Zn concentration'’ of soil after harvest

Cu Zn

Year Season  Test Crops AP sp AP sp

(mg/kg) (mg/kg) (mg/kg) (mg/kg)
2009  Winter Spinach 0.40 (0_07)4) 0.40 (0.03) 1.3 (0.1) 1.2 (0.2)
2010  Summer Spinach 0.37 (0.02) 0.36 (0.04) 1.3 (0.04) 1.2 (0.2)
2010  Winter Qing geng cai  0.35 (0.004)  0.33 (0.004) 1.3 (0.1) 1.1 (0.1)
2011  Summer Turnip 0.29 (0.002) 0.28 (0.01) 1.5 (0.1) 1.3 (0.3)
2011  Winter Spinach 0.46 (0.01) 0.39 (0.02) 1.6 (0.2) 1.3 (0.3)
2012 Summer Carrot 0.40 (0.04) 0.37 (0.02) 1.6 (0.1) 1.1 (0.1)
2012 Winter Spinach 0.35 (0.02) 0.33 (0.03) 1.7 (0.1) 1.3 (0.1)
2013  Summer Carrot 0.33 (0.02) 0.31 (0.01) 1.9 (0.2) 1.2 (0.1)
2013  Winter Spinach 0.36 (0.13) 0.25 (0.05) 1.9 (0.1) 1.1 (0.1)
2014 Summer Carrot 0.41 (0.04) 0.34 (0.06) 2.2 (0.1) 1.0 (0.1)

1) Content of copper and zinc dissolved with pH 7.0, 1 mol/L ammonium acetate solution in the
drying soil

2) Sludge-fertilizer-application plot

3) Standard plot

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

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

Zn(Standard plot (SP)) /§

20 == Cu(Sludge-fertilizer-application plot (AP)) L

== Cu(Standard plot (SP))

15 T
" — | I : : i

Exchangeable-Cu and Zn (mg/kg)

1.0 I I i f i - it i
0.5 7 F i
0.0
Spinach | Spinach |Qinggengcai| Turnip | Spinach | Carrot | Spinach | Carrot | Spinach | Carrot |

After summe
cultivation

After winter
cultivation

After summer| After winter |After summer
cultivation | cultivation | cultivation

After winter

cultivation | cultivation | cultivation | cultivation | cultivation

After summer‘ After winter

After summer‘ After winter

2009 2010 | 2011 2012 | 2013 | 2014

Fig .9 Changes in the exchangeable-Cu and Zn density of soil after harvest

(The error bar indicating the standard deviation)
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(4.4) Bith+HEDOA CdIRE

B 3004 Cd I OHERE I Table 16 & Y Fig.10 DLV THS.

T VR EBHAE FF X R OV HE X 0D 4 Cd 2 B DHERB I Z SO W TR &R 5720, TN ENOFLXIZIB1T 5,
2009 EEAENLORGE A EVENSAANEETORIMEL 6 # H LU Ik 54 Cd I ORI IR 54
117z (BREYFRO BT RO p EICLVFHE, Ml E KR S %) (Table 16) . 2014 4 ZAEHHE TOVE
Je AEAERAE A X% b B (p<0.05) 23FR O B AL, FEHEX OREIFIL—E THBL TV D Th o7 (p>
0.05).

T VR AEHAE ] X R QR HEX 0O 4 Cd B % el LT= &2 %, FH4EL7Z 2009 4F =2 VR SHIGIEAEEHiE F X 25
EX IV EICELR-TERY, 07T 2012 FZELIRE, BEERL O L0 DI FIFEORE RO TND. 2
AU, TG TR I3V VEAREL RO AR I LART &S, (EMIROINHEIC LD TR AR L0 BS54
~OFFL LRIV SN, IRIVANERTTHMHMICH DAY, FEAERITAEEH RO A RIT DA 720
T EBZBNA.

(4.5) Wit 4 Cd OB 34T

HHFERBALEG 6 4 H 11 fEH ThD 2014 FFEEAF=0 T OBl HEIZ-DOUW T, 4 Cd IR E DT E /A
AT D70, fELE (EEND 0 cm -15 cm) KOO FJE (15 em -25 cm) D4 Cd L E W LI R4
Table 16 K Of Fig.10 (2o~ U7z, G IRAEEHE H XAE g D4 Cd IR EE X, 15IRIREHE X T g, B XAE )=
T OEHE X T |8 S U CH IS @272 (p<0.05) . G IR AEEHIE A X T 8 & OREHEX fE -8, Figon4Cd
REICHE 22D 272 (p>0.05) . ZOFERNG, Bk, 4 Cd &L TOFA TIXMRBRX ES I RIT LD T E
SNOBATIRZEALERNEB Z DD, AT LOYE, IERHHSRO DRIV MIFEAEBMELIEIZE XD, T
JBITIXFEAETEH LN ZENRESNTEY?Y, ZHEFBLRWER ThHo72. R (4.1) RN (4.2) IZB W
THEHEX D +-3H 0.1 mol/L HCI-Cd #2 } 08 1 mol/L FE%2 (pH 7.0) -Cd #2 5 238 E 18] (p<0.05) £72~>C
WHERERIE, TEA~OBITLVL, (EWIHEICEDRF LR OISR O G ELE A T528221280
0.1 mol /L Y& X% 1 mol/L EEZ (pH 7.0) IZIFNARIEREL L THE L FRICETEL TV D2 ENE X bS.
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Table 16 Changes in the total-Cd concentration” of soil after harvest
Upper layer soil of 0 cm - 15 cm depth Lower layer soil of 15 cm - 25 cm depth
Year Season Test AP sp” Significance re];;::::ni;;‘lyiliz‘t) AP” sp? Significance
Crops test 5 5 test
(mg/kg) (mg/kg) AP” sp” (mg/kg) (mg/kg)
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 (3" 0.16 0.46 (0.03) 0.44 (0.01) Pendingg)

1) Content in the drying soil

2) Sludge-fertilizer-application plot

3) Standard plot

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

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

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

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

8) It was pending decision to be significantly different for Standard plot and for interaction (two-way ANOVA, 5 % of both sides levels of

significance, n = 4 (2x2) (repetition x number of samples))

0.65
mmm Sludge-fertilizer-application plot(AP) ,Lower layer soil mmm Standard plot (SP),Lower layer soil
0.60
== Sludge-fertilizer-application plot(AP) ,Upper layer soil 8- Standard plot (SP),Upper layersoil A
%" 0.55 T
S ‘V
E —k——
< 0.50
U *
E L
0.40
0.35
Carrot | Spinach | Turnip | Carrot | Carrot | Carrot
Aftersummer Aftersummer Aftersummer Aftersummer Aftersummer Aftersummer
cultivation cultivation cultivation cultivation cultivation cultivation
2009 | 2010 | 2011 | 2012 | 2013 2014 |

Fig. 10 Changes in the total-Cd concentration of soil after harvest

(The error bar indicating the standard deviation)

(5) TEMED AR LR K ORI &

2009 FEHAE~2014 FHAEETOERER COEWIED I RIT LR FE K O EOHERE % Table 17 KO
Fig 11 {ZRLTz. =0 DU ROVRTL Y DIZOWTE, 2 huask 4 fERONRE 5 fEO SRR OHER %

Fig.11 TEIZRLT-.

2010 FEEAETF 7 o ADIRIY LB, TG TRIEEHEH XAMEHE X~ TH EIZ )72 (p<0.01)
P, FRIT AT L AR X CRRE CTho72 (p>0.05) . ZAuUE, {GTRIEEHG A XIZ b~ CHEHEX 0D

U &8 2 BIFREE 7~ 7= (Table 12) 720 B 2 BN,
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2011 AEAANERTL YR T, RER B AE DA B TEALEHE FH X 0MERE X T RIT AR FE &
ORI ED ] 5 THBEIZE D72 (p<0.01) . ZOZEE, Bt 150> 0.1 mol/L HCI-Cd J& E 2BV THRH S
ATV (Table 13), AUV YIIE LEPOLZHAED HRIY L& FARIZWIN L, BEEFE S REDRI Y Ll
IZRED I RIT LEWINL, RTL YT DHRILRINLE 580 0.1 mol/L HCI-Cd i IZFHRA HH LD
WL —H T HER ThoT-.

ZDORIZERMLTZ 2012 FZE=02 0 Th, Bt 1580 0.1 mol/L HCI-Cd ¥ B2 135 | e & 75 YR LA A X
WAEBIZE2T2 (p<0.01) 23, 1EMIRD T NI LR FE K OWIN B3R X[ TR EEIT IR E Lo
STz, ZHUE, =P DRI LN E H35E0 0.1 mol/L HCI-Cd 2 L DA BAIZFRO BN G 28 b
— T DHERTHT-.

2011 FFLARE, ZAERTL YDA RIY APREETE, HTRAEERE FH X AEER I AR TR EICE -T2 (p<
0.05) . ZiuZ, HIRNERHEH X TIEaR T L oY O D3RI ATREZR T RE OO T X7 A FE SR YE X S ER L Ty
RAEDS 2011 AR LARLIBEREN TV D ZENRR EB 2 HLD. LU, (EBETF O BRIT AR EE T Codex e
I TIRWRE THERR L TV 2.

(6) = U ROFRTL YO FERT RIT LR EOHER,

WE 4 BO= P BB K ONEE 5 [BOFRTL Y TERERIZONWT, ZOMFERNEMIR A RIT ARED
HER%% Table 18 (Z/RL7= (Fig.11 F Fig B MR) . =0 VU fiifliiZ_—&—VvF % 2009 4, 2012 45 K% T 2013 4
HAED 3EABRLT2L24, 1GTRIEEO S &0m I B 5T, BBRAAT ST R I s TEM IR I RID
DPRFEITZEE L Tz, 3 AEORE R TIE, Rl H B RVNEE, IRV NREDN S ELME M BT, 2014 4
BAETIE, =2V il R A NCE B LR ZITo7-. ZOMMIE, X—%—UyF 0L HRIT AN
BEVRLTNESNTREYY, EORIEICHEABMOERESL TRELZ. LvL, IRIVAREIL 2012 K&
V2013 FFHAEDR—H =V F LOBIRNFE R L7, MFEO BT HIIRE Lieh o7z,

RV YT R ITY T AN 2009 FEAAE, 2010 4EEAE KON 2011 AEAAED 3 /ERBRLIZEZA, THIRIEE
O B H B DOL T, RBRAIT ST ERCTHIC LS TEMRO I RIY AR ITEEL Tz, 2
U, FEEHIRE R ORBK BERRIRSEO KRS DEBL TNHEBZ DL, 2012 FLIETIE, AyLry
U fEA [ A —T A NZEB LR A T o7, ZiUE, oAb RIV ARENE EVLTVESITEDY
S A DOIRIRICHE A RO SRS L GRELZ. LL, IRITAREIL 2009 FELIEOH L FARINHIRL,
s FED B IFRO BT,

FRERBH A (2009 4= EAE) 255 2014 AFEAEETOMEMIROIRIT AR IL, 72 Codex FEUEME? > 1/4
LIFTHER L TS, LL, 2010 AEEANERTL YT DOHRIY LPERELE, THIRIEEHE X K OVE HE X L4 (2
Codex FEVEMED 2/3 FEEELBHZ IR WRIE Thoto. ZAMERTL YL CTRAIERTL VYT OAIRIT A
BEXEEICTWIERALNTEY, EOEIREOKGEMENEEL TWDHEEZ LN,
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T
L6 = Quantity of cadmium uptake(Slud ge-fertilizer-application plot (AP)) 1.6

1 Quantity of cadmium uptake(Standard plot (SP))
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Fig. 11 Absorption and the amount of cadmium concentration of each crops in 2009~2014
(The upper graph shows the all crops. The left lower graph shows the carrot. And the right lower graph shows the

spinach. These error bars indicate the standard deviation.)
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Table 17 Absorption and the amount of cadmium concentration of each crops in 2009~2014

ion. Quantity of cadmium uptake

Year Season Test Crops Part AP? gp?  Significance AP? gp?  Significance
(mg/kg) (mg/kg) test (mg/plot) (mg/plot) test
2009 Summer Carrot Root 0.12 0.11 N.S.” 0.21 0.20 N.S.
0.0 (0.02) (0.02)  (0.03)
Leaf 0.24 0.22 N.S. 0.32 0.31 N.S.
(0.02) (0.02) (0.02) (0.01)
Total - - - 0.54 0.50 N.S.
(0.03) (0.04)
2009 Winter Spinach Edible portion  0.62 0.61 N.S. 1.18 1.34 N.S.
(0.01) (0.02) (0.004)  (0.02)
2010 Summer Spinach Edible portion 1.40 1.56 N.S. 0.72 0.96 N.S.
(0.10) (0.07) (0.04) (0.01)
2010 Winter Qing geng Edible portion  0.20 0.17 Signifi- 0.21 0.21 N.S.
cai (0.01) (0.01) cance” (0.01) (0.01)
2011 Summer Turnip Root 0.08 0.08 N.S. 0.04 0.04 N.S.
(0.01)  (0.002) (0.003)  (0.003)
Leaf 0.16 0.17 N.S. 0.10 0.11 Pending”
(0.01) (0.01) (0.01) (0.01)
Total - - - 0.15 0.16 Pending
(0.01) (0.01)
2011 Winter Spinach Edible portion  0.53 0.36 Signifi- 0.68 0.58 Signifi-
(0.01) (0.02) cance (0.02) (0.05) cance
2012 Summer Carrot Root 0.24 0.23 Pending 0.32 0.30 Pending
(0.01) (0.01) (0.01) (0.02)
Leaf 0.31 0.29 Pending 0.41 0.38 Pending
(0.01) (0.02) (0.005)  (0.04)
Total - - - 0.73 0.68 Pending
(0.02) (0.06)
2012 Winter Spinach Edible portion  0.56 0.47 Signifi- 0.75 0.75 N.S.
(0.02) (0.03) cance (0.01) (0.08)
2013 Summer Carrot Root 0.18 0.15 N.S. 0.22 0.17 Signifi-
(0.02) (0.02) (0.02)  (0.004) cance
Leaf 0.33 0.28 Signifi- 0.24 0.18 Pending
(0.02) (0.03) cance (0.01) (0.01)
Total - - - 0.46 0.34 Signifi-
(0.03) (0.01) cance
2013 Winter Spinach Edible portion  0.45 0.30 Signifi- 0.73 0.53 Signifi-
(0.02) (0.03) cance (0.06) (0.07) cance
2014 Summer Carrot Root 0.17 0.13 Signifi- 0.16 0.13 Signifi-
(0.01) (0.01) cance (0.01) (0.01) cance
Leaf 0.25 0.18 Pending 0.22 0.16 Pending
(0.003)  (0.02) (0.003)  (0.03)
Total - - - 0.38 0.29 Pending
(0.01) (0.04)
The sum total - - - 6.54 6.35 Signifi-

(0.13) (0.20) cance

1) Content in the dry matter

2) Sludge-fertilizer-application plot

3) Standard plot

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

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

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

7) It was pending decision to be significantly different for Standard plot and 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 18 The cadmium concentration of carrot and spinach in 2009~2014

Cadmium Concentration" CODEX
svati 2) 3) Cadmium
Test Variety  Year Season Cultivation Part 4)AP ) 4)SP 5 5)
Crops Days Dry”  Fresh Dry”  Fresh Standard
(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
Carrot
Root 0.18 0.02 0.15 0.02 0.1
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

koigokoro 2014 Summer 92
Leaf 0.25 0.04 0.18 0.03 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 .56 0.17
2011 Winter 99 Edible portion 0.53  0.08 0.36  0.05

Orai 2012 Winter 131 Edible portion 0.56  0.07 0.47  0.06

Kyouryoku
Orai
1) n =4 (2x2) (repetition X number of samples)

Spinach 0.2

2013 Winter 126 Edible portion 0.45  0.04 0.30  0.03

2) Sludge-fertilizer-application plot
3) Standard plot

4) Content in the dry matter

5) Content in the fresh matter

(7) ARIVLARTE, FFHLER VSR E

BB COEEE RO RIV LA &, (EMIRICED NIV AR LE, THEAODRIVLAEFEL D
LHREOHERIT Table 19 OLBVTHS. MHIEEOIRIVLAEGH RICHHEZFL T, THE~OIRIY
LEMEELTC. IRIVLFFHUEIL, ELTAEMIRD I Ry 2RI &L LT, e HIREHCE AT RIT LA
P EEEMRICE DRIV AR H L ED EEZ I RIV LAEFEEE L. IRV LS ELHABR X Y7o T E
(MBS 15 em, HHEOHLE 1.0 LU, RERX 4 m? 47200 +H58% 600 kg L L7-) THRL T, HEE~DD
NIV LAERREEL L. Ziud, TEOELORS K ORILEDNFIC—E T, 22 OIEEHH RO I RIT A534
TERICEB U E LA L.

ARIVLFHHLEITOWTE, ZRETEMLZ 1 AEOREROAFHE, 1GIEIEEHEH X T 6.54 mg/alER X,
FEYEX T 6.35 mg/ikBR X L[RIFEECTHY, HREZITFBD DI -7 (p>0.05) (B E ZEMREM 1L, Table 17
FRIT LRI B OFEHE B IR) .

HIRNEEH A X T, £ BRICEBNT, IRIVLARTELIIRL TRIHLEDNDRNZEND HHRD IR
U LN SN T T ALIL DT80, {HIENEEOH LD A IV AT & O > CHEERE T 5 IRIV LN
BELH M THHIENEZ LS. RRNEIZB W ChE 304 Cd B EOIMME M 23RO LTS (k-
R0 (4.4)). B E 11 EORBRIZE T DIGIRALENE I XD A Ry A A 8lT 62 me/ikBRIX (155 g/ha), HRIV
LEFHRE (IRIV LE R ELHBRX LI E ORI U285 Lo HEFARIV L0 EFIRE) 13 0.092
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mg/kg L7827 (Table 19) .

Bl HI DR H IV LPREEIZOUVNT, 2009 4F B AR D O ERE L BLEREOHERL Z Table 20 K Y
Fig. 12 (TR LTz, THVRAEARHIE A X OEHE X D 4 R 208 FE O BRERMEIE, 2009 45 5 VR Hh 380> S fif
ZHRELT, Table 19 THRIULZA NI LSRR E L RREUR MU, EEERIISERAE S BRI AN 2 IE — K
L CHERSL U2, — 7, (G TR BRI A X 13 32 B S BRRR ES B S8 CTHHZLIZRIC THHS, BFRiEs
PEE U CEEHME D 5 DMK ME R THERE LTV e, 2, BFE A5 1B W T FEA~OBITIXIZEEAE NG
EZONDLTEND, HHFEEICLDACEBINCIVE RICRE EHRW I RIT AR L0 B 2 HND2Y.

Table 19 Changes of the 2009~2014 year of the quantity of cadmium load by fertilizer, quantity of
peculating due to the crops body, and quantity of cadmium accumulation to the soil

Sludge-fertilizer-application plot (AP) Standard plot (SP)
Quantity of cadmium”’  Concentration Quantity of cadmium”  Concentration
Year Season Test crops " 5, Accumu- of cadmium " 5, Accumu- of cadmium
Load™ Removal lation” accumulation® Load” Removal lation™ accunulation”’
(mg/plot) (mg/plot) (mg/plot)  (mg/kg)  (mg/plot) (mg/plot) (mg/plot)  (mg/kg)
2009 Summer  Carrot 4.84 0.54 4.30 0.007 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 Qing gengcai 2.64 0.21 2.43 0.004 0 0.21 -0.21 0.000
2011 Summer  Turnip 3.30 0.15 3.15 0.005 0 0.16 -0.16 0.000
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
Total 61.92 6.54 55.38 0.092 0.00 6.35 -6.35 -0.011

1) It show every test plot 4 m’

2) Quantity of cadmium load by fertilizer = Total cadmium concentration of the fertirizer x Amount of the fertirizer
3) Quantity of peculating due to the crops body = Yield (dry weight) x Cadmium concentration (dry matter)

4) Quantity of cadmium accumulation to the soil=2) — 3)

5) Concentration of cadmium accumulation to the soil = 4) ,/ Amount of test plot soil (600 kg)



108 REEHFZEH S Vol. 8 (2015)

Table 20 Changes in the actual total-Cd concentration and the theoretical total-Cd conc entration’
of soil after harvest

Actual measurement Theoretical value’
Year Season Test AP sp AP sp*”
Crops (mg/kg) (mg/kg) (mg/kg) (mg/kg)
2009  Summer Carrot 0.51 (0.02)” 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

1) Total-Cd concentration in the drying soil

2) Sludge-fertilizer-application plot

3) Standard plot

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

5) 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

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

==3¢= Sludge-fertilizer-application plot (AP),Actual measurement 8 Standard plot (SP),Actual measurement

== %= Sludge-fertilizer-application plot (AP),Theoretical value O~ Standard plot (SP),Theoretical value
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Fig. 12 Changes in the actual total-Cd concentration and the theoretical total-Cd concentration

of soil after harvest

{HIENEBHE X O RID LA fif & o OF RS HH T 0.1 mol/L HCI-Cd #iREDHER 4 Fig.13 [TRLTC.
T3 0.1 mol/L HCI-Cd i B 1 X 3RBR B 4a FRE 0D 2009 4F B 1EA 5 2014 FEEAEE T, 12T —E THERL THY,
THIENEEL O E 2 L5 B B UL FREREMIEERO e 72 (p>0.05). LocL, ARIV LA
BN EY72Y 5 mg/aRBRIX (12 g/ha) LA T Tdh-72 2009 45 E ENS 2011 4E E {EE T (Table 13) DHER & HRIE
[ERSHTLIZE 2D, [ERBSAE LD (p<0.05), TRAREAGBO S (Fig.7). 2011 FEXAVELIEICARIY
LA EZ 1EYS720 7 mg/alBR X (18 g/ha) UL EEL7-#1E, #RIEIENG T (M EOKHE S %) CIXAETIE
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72, FREBIMITRO bR (p>0.05) —E THBL Q. 4%, 7 —2BE L THEB AR TS
MENDHHEZZ HIND.

ARG R LI C @ oy 1R A A L7 B e IR O 5 4R (5 0E) BL o BR 7 L3 coi lakBR %
FEhiL, L8O pH % 6.0~7.0 [IZHERFLIIRIETTIEM 2 IEF 124 B S, L3HEH 0.1 mol/L HCI-Cd Ji# £ D #E
BafesS LS I RS 70700, OB E L TRR Y LI X TEMO D72 B B Lo B5IcE
UNTIKPE R BEIEY) B SR HEAEZ FV 5 4R 5 MR a2 S0 L 720G 3 (I R A A 213 91.1 g/ha, B
B pH 1T 6.0~6.7 O THER L CTEY, KRBRITIEWEMER->TD), Wit 50 0.1 mol/L
HCI-Cd 1% 0.15 mg/kg 7°5 0.17 mg/kg (2O TN U2 LR EIESH TN

F7-, B TEIRAREN O H A IE FHFRBRIC BT, 5 AU 10 PR oM 2 Z0i5 TR ARG A X D/
WA R R FE SRR XAZ KT U TR BAZ @V ME A 2R LI S (MR TER0 . ARRBR T B 2D i
ITWDERELT, fEGIRIERI O I RIT AREN G AR BT EFmWSDOEM L, xHRELTARREX
VAR F S R AR NI Z L L CWOD 72 2EE BT WEFTHHIE, 1 RBRIX 4 m? Ll
FO/NSWTHFE CHDH T Y — It - BB E BN ATRE CThHI L, HHelEE I ML O L2 LT
\ZH—RTZ Y REFRIT TNDTENLRRER XA D 1L DR SHYL N DI e, fEMROY TV 7%
RERXOF I 1 m? 53 B2 CTEMPHES LT HEUEIEL 2 ST TOTL QB2 7V 712k 5135
NI SN L, RBRER G N BN LA > TV D ATREMEL B 2 HLD.

UL EDZEDD, RFERTHWE T8, LRIGTRIEE K OEM B D A2V, 1 1E4720
7 mg/mlR X (-] 14 mg/5lBR X (36 g/ha) ) KO RIV LA M 2 < LTc A1, B R4 Cd O INE
MARHHTIY, 4%, Bt 150 0.1 mol/L HCI-Cd Ji& 3 IE M &7 5 RTREME b D728, HEB & e
THOMENRDDHEEZBND. —J7, IEEHHR R DI RIT DA 3720 EERX K OYG IR IEE RO AR A8
TN 1 VE4720 5 mg/akBR X LA FOEAIZ, 130 0.1 mol/L HCI-Cd 72 238 M) (p<0.05) &7 HFE F
LT, EDIHEIZ L DR L O, B3PI ARSI RIY MK P ENCEVERICE 520 H 00
BHHIEITIIL, LEOIGIRIEE R O G R ELAE AT D2 E2IZED 0.1 mol /L HERIZIZRIAR T REE LT
EEHICERL TWDIENEZLND.
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5. F&oH

NEED A 20 Je OVEE A D REAR I LT3R B 3~ B AR 22 L U C, VB IRNEEr o fitg I 5RBR 2 2009 47
FOBI &R EAT> TR, IGIRAEEE FH X K% OVE Je LRI i FH OFEHEX 00 2 3R X2, 2013 FEAAELL TRy
LV %, 2014 EEFLL T=0 P 2835 L, TR ORIV NREOZEAL K OVEIHE~D I RIT LRI
BAMERLZ. TORE, B HE D4 Cd RE, EMIROWIREMEEAH LB LSO HIED 0.1
mol/L HCI-Cd £ &% O 1 mol/L FEZE (pH 7.0) -Cd i FE 1375 YR AEVEHii F X 2SR HE X I e~ O S i o 72
(p<0.05). {EMIRD AR PR EE Je ORI BT 2013 EZAERT L YT RN 2014 AE B E=0 V2B 0
T, {GIRAEEHIE F K AMEAE X Z L R TH B E D72 (p<0.05) . {EMIIAD A RIT AR EIL Codex & YEE
D 1/4 LLFCTHHoT-.

FRERBALARED 2009 FEAEDD 52 11 EO B HEE D Cd R K OEMIR Cd IR EE, W EDOHERIZ
DOWTHEEPL 7=, Bt 04 Cd BEVE, 1GIRIEEHGE A X T LS gBobi, BEEXClT— & T
BLTWAZEND, {BIRIEEIOIEAICLV I RIV AR LEEEL Wb EEZILND. — 5T, it LB
Cd I BEV TG VR AR FH X R HE X CAEAN 2RV VR BB ASEV N T3, 2011 AEAPE ST 2012 4R ZAELLRE
1%, V5 VR ARG F X AR HE X LR TR I @720 72 (p<0.05) . ARTL VDO Cd IREEICOUVWTS, 2011
FAAELARRIGVRNLERE H X 23 IS @< > TR, 11 Cd JREZLRBROB L > TS, B 5o
0.1 mol/L HCI-Cd &% U} 1 mol/L BE%< (pH 7.0) -Cd i £ DHERS 1, FRHERC CTIIA T7e TR A 25580 Btz
(p<0.05) 2375 VR AL F PIZIZIE —3E THER L TRV (p>0.05), {HIRALEOE A i IZ & D4 & b
A XL TR IERO bR ot UL, (GIRIEEHEH X OARIV LA R & 1 /F4S720 5 mg/aERX
VLR Cdhorz 2011 A ECIIBR L 380D 0.1 mol/L HCI-Cd #E 1 O A 7 TR 238 HAL Tz (p<
0.05) 73, HRIT AR EE 1 1E4720 7 mg/ikBRIX (18 g/ha) FEHEE LT 2011 AEAANELARRIE, T FRAETE A37860
BIRLI2 o TNDIEMD, T — A BEHCL AR OMB AR T OLENDLHEE 2 HIVD. F, 1GIEiRE
HDOPFEDHHLA R, IRITV LD [ERICHE THDOMERIT OV T, HIRILEEH KIZIWT 2011 FAAE
LIKE, B +-580> 1 mol/L fEZZ (pH 7.0) -Zn @ _EFMH[7 235388 537~ (p<0.05) .

HHFEBRBHLED 5 FEH 1 1EH Th2 2014 FFEAF=0 P OBt HI IO T, HEFRARIV ADTEE
AT TRA T 2780, 1E 1 (RKEHDH 0 cm-15 cm) X O O FJE (15 cm -25 cm) D4 Cd REEZ AT LTAS
R, DRIV LD T E~OBATITRRO BN TZ.

BIRIEEI OB RIY MGG ARMEMT (T EEE 4.9 mg/kg, BLWIEE 3.6 mg/kg) OURIGIREEE,
2009 FHEAE~2011 FFEAAEETD 6 EIL 1 TEYT-VONEH & 181 kg/10 a (i) ~483 kg/10 a (Biy) A fiiH,
2012 FEEAE~2014 FEEAEETO 5 713 500 kg/10a (BiWn) ZHi AL, 4 2 fEORERZ 5434, 111 To7. 2
WETDEZA, FHIEEHE L CUVRUWMEEX OFE R ED EL G, (GIRIEEHH RO AR IT AIELHIC
HHEL, IS TS EEZ BN, TEMIREFAB N D EEND THEF O 0.1 mol/L HCI-Cd
FER Y 1 mol/L EFZ (pH 7.0)-Cd JRFEEIZIFIE —E CTHBL TRY, IEMERTOIRITAREIZONTS
Codex HEYEEIZEE R TIRWVRE THERB L TV D RRBRERIICB W THRIV LA EFRH 6 mg/4 m*~
10 mg/4 m? (15 g/ha~26 g/ha) TD 344 K ORIV LA G &K 15 mg/4 m? (36 g/ha) TD 3 D5
JeEkRE M CThiuiX, I R I U LAOEDIE~OWRIERIE KT D REMETIRVWEE LS. LL,
FICEMICHE A Z2 kR L7560, GIRIEEHE H &4 MINSE 786 XTI EBR 7 Lk CH#EY &
BEO VIR HEOG AT DIETRIEE H RO A RIV LD L~ ZEFE K OVED KD R ITIZ D0
TITHRZERE T AV ENDLHEE LS.



HRIT LD HHEEFE K OVEW R 331 DVGTEARERE FH O 28 (o) — 2013442014 E{E— 111

X B

1) EMKEE SR IEREEHEICE S T mAEEI O N E IS Z EOLEOM:, BF6l 422 A 22 H, B4k
IKPER GG 284 &, QOB 27 45 1 A 9 H, BARE ERE 52 5 (2015)
2) JEMOKPEER WE - 2R JRpE 2 22 PR L BB B BE 5 IR BB O K OB 7 I B 3R S el &
Rk 21 453 H, (2009)
< http://www.maff.go.jp/j/syouan/nouan/kome/k _hiryo/odei_hiryo/pdf/honnbun.pdf >
3) BRI, BEIEZ, ILWVEIERE, BRSO XY A0 R M OWE I 315 D75 U IEARE
D (fet) , IEEHFFEHRE, 6, 43~60, (2013)
4) BEFRI, IA-ade—, BREIER, BARRE, BRSO : 7RI 40 HHEE R M OCEM U B 515
JENEEhE H DR B (i), EEHIFZEHE, 7, 43~66, (2014)
5) MNIATBUE NRMOKETEE L2z 2— (FAMIC) : JIERFEER % (2015)
< http://www.famic.go.jp/ffis/fert/obj/shikenho 2015.pdf >
6) W ERA— L= R EYMLIEYE Pk 25 4F 3 A
< http://www.pref.saitama.lg.jp/page/sehikijun.html >
7) EMOKPER EE - 24 R R PE 4 48 BRER T B B BE 15 Je AR B Of AR D FEE S REH 2B 957
r—ME R $EFY) , (2008)
< http://www.maff.go.jp/j/syouan/nouan/kome/k_hiryo/odei_hiryo/pdf/03 datal.pdf >
8) TIEW RMOKPERAHEE 23R MR 2  IEBHERS = S A L PR - M AT IE LR EE BT 2Rk 20
9 f, 20, (2008)
< http://www.pref.chiba.lg.jp/ninaite/network/h2 1-fukyuu/documents/kakakukoutou.pdf >
9) WAL ERAE M IR ELE — BREZ LTI LTz 150 FiERLE O F & SERL 18 45 1 A, 110, (2006)
< http://www.pref.tochigi.lg.jp/g04/work/nougyouw/keiei-gijyutsu/sehikijun.html >
10) HERS IR AR EE e O L2 W BL 1 s CWIERE RO HE R
< http://www.aic.pref.gunma.jp/agricultural/management/technology/soil/01/index.html >
11) AEEMETGIRD Rk AT 2 B 2 ARG IE DR HA I, 183, TACHE, B (1991)
12) JEMOKPER : B RASR S, ¥Rk 20 45 10 A 16 H
< http://www.maff.go.jp/j/seisan/kankyo/hozen_type/h dozyo/pdf/chi4.pdf >
13) Perkin Elmer tt:: ~ A 70l oy i (& Bl an 3, oAV o RER, LYy
14) MHITENBAR RS A5, KE M ORI AL, H 0 (2001)
15) BAREAE S R HRIE R R U O FE & EAH RO A NIV AD BDOWIED Fikz EDHE 7, 1
146 £F 6 J1 24 HRMETHS 47 75, B UUERL 24 48 8 11 6 HERBEA TR 22 5 (2012)
16) HALBICEZAREE  HHERESITE, p.215~219, A, H(1997)

17) 7 Efoks, SHEMES, TR, §AfME, —H &R :Bland-Altman 53 #71252% 1258 pH 25 & L7- %732
AIRERARIT LRE T RIOTZ0 O L EEORGE, HAR LHRIDEEMES, 83 (5), 564~573, (2012)
18) EMIKPERN SR IR  BMOKER TR0 Y = MEE - it - I L LRI DRI 72 f6 3 FEA

DFFPERFIA LD A7 ARIBAT OBAZE, HAfriEHE, 47, 2013)
19) ANV ORI & B & A TEIEIGIEOREHAIL, p.106, AL, HUR (1991)
20) JRAMOKEER, MSIATEOE NRSEBRBEEINMIIEAT : 4 A X DA R0 LRI O 726D D F AT~ = =



112 REEHFZEH S Vol. 8 (2015)

TV, ER 19 44 A, pa4, (1991)

21) ARG IR ORK A Z B2 A IEIGTEORREHIFIE, p.119, FACH:, FHT(1991)

22) RNTATECE N SEBRBE A SEAT A E TR DA NI MO SR B4R, SRk 23453 A, p.49, (2011)

23) WEEFEVA, 1 HE, AR IBIR D B i ~OF T4 %E 5T (5I8E 2 13- B
T3 5028, S IR B s, 22, 49~58, (1982)

24) EMOKPEBAN SR AT TE OB R MR & OVRME~OF BT 50158, BFFERE,
231, (1989)

25) PHERER, AR, ARG URQIGIROE A PMEY B L ORI RIT T8, BRERRE,
25, 83~100, (1991)

26) XA, ISR, ILRIE, KIS, SFEFFRE  TAKIGIRa L ARANO RIS D Ea R o 1
~DOFEREAE T ~OBAT, HARTEIDEEHEES, 73 (4), 391~396, (2002)

27) W [E, fiE—t, 2R, IREFEE AT T DA R AU O R &G B I A oo B
3, I B RN 2 —F R, 8, 26~33, (2008)

28) J\HE H A INAICLD THO BRIV LG BETFEO DRIV ARINEOREMR, B A LEREE R
2 54E, 55,283, (2009)

29) GrAgEflE, SHIE, MARE A : =2V BX OV X ZRAEO SRR R 2R FE O R P FIHEE, ook
SRR RS, 18, 15~35, (2013)

30) VEBFE A AN — « FARTRIR AT L T ORI AWINEEIZBE 5 L R R 25 B OIF BT T D IRGE
(2), BHHEEO DRIV NCEDEAEMIG YY) A7 T R O BR 58 ([ B 3~ A JE i R 4R (H17.12)
84~87, (2005)

31) rEEMAE, 250 B, MEEE A RU L YOO AR AR B DS AR ZE O E B SR LD A E)
L FUTTESWINAR L DA Y P FIOHEE, TR 22, 14, 1~15, (2010)

32) BMAKEAR—LR—T a—TF v AR BRNRE U E R EE
< http://www.maff.go.jp/j/syouan/nouan/kome/k cd/kizyunti/ >

33) BEMOKPERINS B HER  BHKEARRICBIIDH ELEWE OO EHEE OB %, HFFERE,
471, 210~216, (2009)

34) AHEMEGIEORK AN Z B2 ARG IE ORI, 124~127, FEACH:, B (1991)

35) [AA fr: FARBIRO RZFEMM EORE R, AR, 34 (127), 74~81, (2010)



FRIT LD HHEEFE K OVEW R 31 DTG TEARERE H O 2E (i) — 201344 4E- 20142 /E— 113

Effect of Continuous Application of Sludge Fertilizer on Cadmium Absorption of the
Crop and Accumulation of Cadmium in the Soil (Continued Report)
- Winter 2013 and Summer 2014 -

Toshiaki HIROI!, Souichi IGARASHI?, Tokiya SUZUKI?, Yoshimi HASHIMOTO?, Yudai TANAKA?,
Fumihiro ABE? and Shinichi KASHIMA?

' 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
(Now) Fukuoka Regional Center

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

This research is monitoring the change of the cadmium which was dissolved with 0.1 mol/L hydrochloric acid
(acid-solubility-Cd) and pH 7.0, 1 mol/L ammonium acetate solution (exchangeable-Cd) from the soil. We are
investigating the cadmium absorption by the crop since 2009. The test field is the upland fields derived from
Andosol. And the used fertilizer is sludge fertilizer and chemical reagent. We cultivated the spinach in winter 2013
and carrot in summer 2014. Those crops were cultivated in the standard plot (SP) and the
sludge-fertilizer-application plot (AP). The SP used only reagents. The AP used the sludge fertilizer of 500 kg/10a
(fresh weight). Other ingredients used reagents. The amount of nitrogen, phosphorus and potassium applied to
each plot was designed on the basis of fertilization standard showed by Saitama prefecture web site. Total
cadmium concentration of the crop, acid-solubility-Cd and exchangeable-Cd of soil after harvest were measured
by the inductively coupled plasma mass spectrometry (ICP-MS). As a result, the soil in the AP after harvest was
indicated a significant high acid-solubility-Cd and exchangeable-Cd concentration compared with the soil in the
SP after the winter 2011. Total-Cd concentration of soil from summer 2009 to summer 2014 showed significant
increasing trend in the AP. Although acid-solubility-Cd and exchangeable-Cd concentration of soil from summer
2009 to summer 2014 showed significant decreasing trend in the SP, those Cd concentration of soil did not show
significant fluctuations in the AP by the continuous application of sludge fertilizer. The cadmium concentration of
crops harvested from summer 2009 to summer 2014 in the SP and AP was less than the CODEX standard. It is

considered that it is necessary to check future transition.

Key words sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 8, 79~113, 2015)
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10 2014 5 F NEBEETHO-OHOELERHERAW-
AR oD 3 [F] S BR R AE D R AT

RIS L, TR 2, ek 2, SEERR IS 3, A E] 4,
HMEES BB AmIEY SIERT
F——F SRR ER, ALEIERE, SESUVTUWVERE IEEL, 1SO/EC 17043, ISO/IEC 17025, z A=)

1. [XL®HIC

[E B 7056 A PERTEM O Bh & 23 ETe 7, FSEICER VT ISO/IEC 17025(JIS Q 17025) V D Bk FIHA 5%
LT3R ARAE OIS FEERE LR IZ DV TOB X BRI TNVD, ZOERFIEITIE, MR LR pof
DFEAPERERR K OV RIC L 23 BR B O A5 FEME DR R AN UIE L 72> TRY, BT I ma kN L 55
BR[O L [FIERBRIC SN COMIRE 8 BRA S 5%, SRBROEHEMEMIRIZED TS,

REBHAEPE F 350 B A BRE, IOEHR A ORBRTEIC BV T, MBRAGE DO BMHER OV bree
o) 7 B HFR SUT IR R AR MW B 2 |2 LA NERRS B BEAY H IR0 2 2d 5. MNIAT
BB N MK PEE B 22 2 i 2 7 — (FAMIC) 128U Th 3 AR A CUNZE L2 5055 M OV ERL Sy
DFIESHTIEAR K THY, ZOFBPIEIIIEEME ORI RO DS,

THETHEREEEHELEL CoHmEH LD IRE O I FRRER 1T, 2F 6 2 FTO e 2 g
18 2 (CRURHR B K O 24T > C& Tz, LinL, skBREGE AN N3 22 & TR BE D ) AN D 28
5, 2006 A Z0 EEH B R A i S ORBRTZ OIS 2 E SRR OB - R [RERERE SR L TS,
BV MR R K O [RRRBR A 1 22V Cid ISONIEC 17043 (JISQ 17043) ¥ 2235 (TfRHT L, 2014 4 13 bk
AEE & OE ST W IEEHZ DWW T E @R 2 R L, IEFRBRE L 7=DO T2 OB RE R E T
5.

2. #RRUAHE
1) HARIAERAFEN RS

{EARAEEHZ, Byl € H BHE 500 um O SH W A2 2lSt, SWEOLZTEEXHT-0K) 3 7 A Mw I CHRE
L7z, 2D, EELIRAL, OULBRIRICHLS TEMPRIZ 9451, 1~9 DX GEK 5E2 L TEZRICB L.

LIRSEATBOE N EMOKETH B 2 B 2 — IR R e A

2 MNTATBUE NEMOKPETN B 2 8l 2o 2 — Lt e 27—

$MSTATEIE NRMOKEE B 2 il b 2 — a7 —

PMSIATBOE N RMOKPEH R 2 et 2 — Al B 7 —

S MSIATBUE N RMOKPEH B 2 il e 7 — P e 2 —

O PSTATBUE N MKW B 2 it 2 —fahir 2 —  (Bl) RS A
TNEEMETE N B AR E =
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ZOFDBR LORARIERORA A ARSEIL, ERALEZOS 455 L CEDRIITRLTE,
ZOB TR, 1~9 0% KAy DB Bb—TE R SBIRL, LORALEH, 14847:049200g
ADDEL 220 HZFREL, RV =T L RUETHEL TR R R CHRAIRBRE LTC.

SRR, BT IS 212 im O 551 & RIS ET0b, BEHEECRAL, OLIRKIC
JEFTHERRIZ 9 5L, 1~9 ORGP EFEM L TEBICBLIZ. ZOHFNHHR 1 ORAGEEROMHAERIC
e 4 KAZHIHL, LRALEZOD 455 L THORBIE L. ZOREE 7 HIKLI-#%, 1~9 D%
KAy OB BN BT ORIRL, ERALEE, 149257049 180 g ADOREF 160 A4 ALL, A =F1
TR B L TR CRARIRE L.

*1 ROBIER

RAREL 1 2 3 4 5 6 7
1 8 2 4 9 1 5
3 7 9 7 4 2 8

X325

S
6 5 8 2 3 9 1

2) HEMRERRER

IUPAC/ISO/AOAC D5 RERER 7 1 b L DR EVERRBRICHE Y, 2.1) TRRBLL 72 3L [A)78R FHaE S 1058
BE o B0 B B R R A RB S LT (LR IEEHZ DD TEEEMED VR (C-P0s) K DN EE M +
(C-MgO), FESWFWERE IEEHZ DWW TIESEEMETE 1 (C-MQO) & ¥ B MEMER AREHZ o 2 mifffT ok
B CHE MRS BR O R L LT,

3) Eft
B 52 AT LToalt, SR B R K OV AT i 5 5 2 SRR R IS LTz, 2014 422, (LA ITEH
140 BB, JLSWNT O BEILEHT 81 RABRE SN

3. #FEHBRFADHAREB RUSRAE

1) HBERIEH

{EERIEEHZ DWW T, K% (Mois), R 2R (T-N), 7 E=TME%EFR (AN), <EHEVARE (C-P0s), 7K
ENED /U (W-P20s) , KBS (W-K20), <EEMETE 1 (C-MgO) , KM 1 (W-MgO), U4 (T-As)
F OHRIT L4 E (T-Cd) © 10 HEAZRBREH L. £, LS80 OBRE RN Wi, FIEdET O BE
(SS02), 7V AV 55 (AL) e UK ¥+ (C-MgO) D 3 TH H 23 BRIH B S LT,

2) HBRAE
AR HTIE (1992 ) P 2R D EBVFIR LT, 7235, ZDMOFRER T LA B Lo BREIL, 201k
DD W EZRDT-.

(1 K5y (Mais) i, BT 3L1OINAR L) .C.O ICKDER. (BL, #EMOMIEII TH2R.
(2) =FEE (TN, BB ITE 4111 (RilEE) .C IS IRlEa Rz i, [FZH.D XV ER.
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(3 TrE=THERAN)IL, IEEIIE 41215 DICKVER. VBTV E=U AT FUY
DDER DR ARSI T D sRBHA T XL L7220,

(4) <EEMED AR (C-P0s) 13, IR HTE 4.2.1.C.AIC KR EHAIR Z R, 423N REVTF T E
=A%) EclZhER.

(5) KIEMED AT (W-PoOs) 1, BT 4.2.1.Cb 12KV EHAK AT, 423(FREVTFUBET
F= L) EallkE .

(6) KIEPENE (W-K20) 13, JEEFIHTE 4.3.1.C0.2) I LVilERATKZ TR, 433(7L — 2N EEIX
R SERETE) B0 E .

(7) <EEMEE A (C-MgO) 1, BB #TE 4.2.1.C.AIC L EHA KR A HHL, 4.6.1(EDTA %) .D.bICkVE&.
XU, [ERRD 7L CRBNAIRE T, 4.6.2 JRTWOERDEE) EICXEE.

(8) AK¥EME 1 (W-MgO) IZ, NERMI BT 4.6.1.C.h ICLVEEHAIK AR, 4.6.2 5 7RO E 1ok
VIE .

(9) OFEAR(T-AS T, IEESHTE 5.241(0 = F LI F 4 NI FREREE) D.al) Ik kAT A
B, [FIEEICEYER. )L, RO HIETHRENA R A TR, 5.24.2 (R FIOERDEE) E IR0 ER.

(10) ARIV L4 (T-Cd L, BB HTE 5.6.1URFIOEHDEEE) D.al) (FEARDR) IZ R RURHA R 2
B, [FIH EallkvE &, U, [AERO L CRBHATRA T, 5.19.1.E. (B HVE) IR E &

(11) TAMETVER (S-S0 1, BT 4.4.1B.bIc L0l ElaZ S, 44.3(7 bV L3E) DI
FViE&E.

(12) 7H055 (AL, JEEHIATE 4.5.1.1.Co ICLElERRIRA RS, 452 2(=F L o7 I TFEEHE
% (LR TEDTA 3£180)) D ICED E &.

X%, [FARD I CRBHAR ZF 8, EMEA K (SCa0) (IEE 3 Hrik 45.1.2.E) K OVAIEEM T -
(SMgO) (BEEHIHTIE 4.6.2.E) ZH5E, BRI HTE 4523 (R T-WSEHIEEE) E ISR, 7ok, Mtk
(X~ TG/ L TN,

(13) <M1 (C-MgO) I, MBI HrE 4.2.1.C.dIC kv EHAK AR, 4.6.1(EDTA ) DKV ER.
XU, [FERD 715 CRBNAIRE THHL, 4.6.2 JRTWOERDEE) EICKEE.

4. FERIT A ERURBREEDSEM A L
1) &GS i-HAEREEDSEM
(1) mRANEIZLD z 2AaT7 ORD 7
F9, DEROMEO FIE (Median) 2k 7-. RIZ, EIUSAEER VT Ui kD, (a) ickviusfhr
#iPH (JOR) ZH H LT-.
IOR= T ¥k — ik ---(a)
FEYE LS 7= U AL BE (NIOR) % (b) IV E H LT, IR OEA, NIOR SFEHER 2T — T 5.

NIOR= IQRX0.7413 -+ (b)

z 237 (2) % (o) RUTKVHE LT, z 2= 71, FRBREORBRAGHT (x) © Median 225D [R7ZVEG VAR
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THIETHS.
z= (x;/—Median) /NIOR +++(c)
(2) zAa7|\ZX B¢

F— A O FEL LT, ISOIEC 17043 (JIS Q 17043) ¥ &\, FikBR=E ORBRAGED z 237 L0k D
FONFHIAE T 7.

k=2 e Rl E
2<E|<3  eee BEDLWD
k=3 e R

2) REBRMEEHEET HHEE
o DS SHICRBR A B A R 5720, IROFEHEZ RO

(1) SIRBR=R (T —2ECN).

(2) zAa7ZX LM =23 2) , 2<pl<3 (B L) K UEI=3 (it ) L2 o ToilBR =8 % U DF|
& (%).

() SMUEEFEAIL 22T —Z DI E (Mean) .

(4) EEROEDF RAE (Median) .

(5) NIQOR %z MR AL H 72 LT Median DYLIRAFENS (Uosy) (T BRIk =2) 2 (d) ULV H.

Uss=2XNIQR/N  +++(d)

(6) 2T —HDIEHENR (s) .

(7) R bS5 LEEPR (NIQR) % (b) ULV R U=, B O%E, NIOR 1 s &—87%.

(8) Horwitz fEIER® ((e) ~ (g) ) £V, F-HIH)7e % R A HIAE #E(R 2= (Horwitz' s: HSD) ZHH L7, 72
B, CIIERDOEEEOEE T L%DHATT 0.01 LV EIZ/D.

HSD=0.01X (% (0.138<C) ERN(:)
HSD = 0.02X %% (1.2X107=C=0.138) cee (f)
HSD=0.22XC (C<1.2x107) )

(9) RSDrop L, B/ NANENSRD AR MR A DR B THY, (h) RUIVEHLZ.
RSDrob = NIQR/MaZ“an b (h)
(10) HorRatiop 1%, B/ XANENGK DT~ HorRat [EDOERHLTHY, (i) kB H L7-. HorRat 1%, t[F

B TSI S M B R VER 723, 825 D BRI EE-S < M FF B 6 MR 722 0 FRMEIC R T
DFRENZHERTHFETHhDH. AOAC DHARTAL P TlE, 0.5<HorRat i <2 ZEFAHPHEL TS,
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HorRatiob = NIOR /HSD 0]
5 FRRUER
1) ERSBRARHOYEMERESE
i’ﬂ’?’*' 2B D A K O L 2 [8] X 10 3B — TeECE I LA BT Db N - BEE2 S 2 1Rl
L BEMEO¥EI, IUPAC/ISO/AOAC DL RERER m]\:l/l/fﬂ‘éﬂfb\'éuT DOHEREHNTI T 72,

b‘T%w)uiHUr BOTHHEAEG 2L T2 END, ST HEUEHIS E ThHZ Lo s LTz,

s%p = F1o%+ Fas% <ol CHERD)

# 2 WEPEMERERBROHE R

. . e THIEY s RSD®  su® ca s%®  Fioal + Fosi”
FERIOREE  HTRSY UK
s ) W)Y (%) (W)Y (%)Y
. . C-P.0Os 10 10.33 0.03 0.3 0 0.09 0 0.015
(LA
C-MgO 10 3.34 0.05 1.4 0.03 0.03 0.001 0.004
PRIV EREEE  C-MgO 10 5.88 0.01 0.3 0.01 0.05 0.003 0.006
a) TR BB GUEHEX 2 DT HT)
b) By
C) BT HEfR 35
d) DT HERHEE sl 3
e) LRI (R
f) ZRARE/ Y 7Y 7 33ED IR oa= 0.3HSD = 0.3 x 0.02 x (SE#{Ex0.01) ****°+ 0.01

9) HEALED
h) AR B m =10, fFT 8K n =20, F1=1.88, F2=1.01

2) HERHEDBRITHER

4.2) (1) ~ (2) DFRBREF KL O z 227 TIMlES 7SR EH K N OEIEEF 3 1TRLIE. £y o
BR SR C il 2 | L D FMi &2 2 7o R O RIS 1L, (LAAEEIF DK 537389 %l b i<, {LEAEELH o T-Cd
IR T2 %l ARWEIG AR LT, — 77, TR 2 | Laf iz 2 (7o i BR = 0BG, (LREECIZ T-Cd D 13 %,
FLEWTOERE EEF Tl S S0 17 TNk bm W iE R TH -7z,

4.2) (3) ~ (10) TR =Gt EAFE 4 1 TRLTZ. ZL<DOR TEIRD Mean 1% Median S1EE—E L7243, —
H#5C Mean & Median DZEN K EWGERIA H S 264, SMUBEDORELZ BT 2T TWHIENZ 2 LI, Fe,
EIROEEYERZ 1%, B/ SANEIZE>TESIZ NIOR LHHRL TRARICREMEZ RS2 RN, 4h
TUE DA Z T CNDIENREELS V2. ZDZEND, NIOR HFEHERZEA72 LT Median EORIREK 1
\Z7RL, Horwitz (8 1IERXSE57- HSD, HSD X 0.5 2 O HSD X 2 % [A][XIZ R /R LT=.

2006~2014 4|2 F i L7-RABRE H » Median, NIOQR, RSDrop K U8 HorRatron 25122, fLAAERH T FR

Z, FREWTWERE IEEHEFR 5-2 1R UTe. E7o, AAERE 73 BRELL L 0dh 723 B 1ER D Median,
NIOR, RSDiob, HorRatiop X O HSD %3 6 |27k LTz,
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#3 zAa T\ LB A OFEAT

BN L|=2? 2<|z]<3"” 3=||°
HBRIE A [l A S o Hep HA Hep HIA
£ O L) =5 (%) = (%)
({LAAEE
Mois 133 118 89 8 6 7 5
T-N 126 111 88 7 6 6
A-N 122 107 88 8 7 7 6
C-P>0s 126 104 83 8 6 14 11
W-P.Os 132 116 88 3 2 13 10
W-K20 130 110 85 9 7 11 8
C-MgO 122 106 87 9 7 7 6
W-MgO 120 104 87 7 6 9 8
T-As 47 41 87 2 4 4 9
T-Cd 61" 44 72 4 7 8 13
(LSRR
S-S0z 63 50 79 2 3 11 17
AL 77 71 92 4 5 2 3
S-Ca0O 60 58 97 2 3 0 0
S-MgO 60 54 90 4 7 2 3
C-MgO 79 67 85 6 8 6 8

Q) zAIATIZEARHImN R (|2|=2) Eleo T2 R = O Z DEIA (%)

b) zZAATICLBFA LD L (2< 2|<3) Llp» T BRERFE L OF DEIE (%)
C) zAATIZLDAH AN I (3= |z|) L7~ 7= BR B H K O Z DENE (%)

d) SiBR=RITEE FIRARM CHo=/2dz AT DR HIT T TV 7
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F4 LFRBRGE O R

Mean®  Median”  Uosos s NIOR®  HSD"  RSDw? HorRatron”

RERTE H _ _ _ _ _ _
(%, mgka)” (%, mgkg” (%, mgkg)” (%, mgkg’ (%, mgkg’ (%, mgkg"’ (%)
({ERSAEAR)
Mois 1.79 1.78 0.03 0.28 0.16 0.07 8.7 2.38
T-N 9.13 9.13 0.02 0.27 0.11 0.26 1.2 0.42
A-N 7.98 7.99 0.02 0.26 0.12 0.23 1.5 0.52
C-P20s 10.43 10.41 0.02 0.51 0.12 0.29 1.2 0.42
W-P20s 5.40 534 0.02 0.51 0.12 0.17 2.2 0.71
W-K20 8.78 8.80 0.03 0.41 0.16 0.25 1.8 0.61
C-MgO 3.36 3.37 0.01 0.19 0.08 0.11 2.4 0.73
W-MgO 1.92 1.89 0.03 0.29 0.18 0.07 9.5 2.62
T-As 2.73 2.64 0.09 0.77 0.32 0.36 12.2 0.88
T-Cd 0.55 0.55 0.02 0.20 0.08 0.10 13.8 0.79
(BES VN OERE IR
S-SiO2 33.71 34.10 0.09 2.38 0.36 0.58 1.1 0.62
AL 50.81 50.83 0.23 1.36 1.03 0.71 2.0 1.45
S-Ca0 42.87 42.79 0.29 1.10 1.12 0.65 2.6 1.71
S-MgO 5.79 5.78 0.03 0.19 0.14 0.18 2.3 0.76
C-MgO 5.65 571 0.04 0.35 0.17 0.18 31 0.99
a BIROFLE f) Horwitzf&1E L0155 10 72 Tr8 i 70 55 ) i A Y
b) Ao JufE 9) P/ NAMHSHE AR 2
c) EROHIED R HENS h) /S AMEHE(R 275 >R ed 7= Hor Rat i
d) BROEAERZ=E i) T-AsKk UT-Cdizmg/kg, DA%y 13% (E 45y 2R)

€ T/ NAMEUE(RE
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1.0E-01
1.0E-02 |
1.0E-03 |
S 10E-04 |
%) .
T
PR
~ 10E-05 -
S
= 10E-06 |
1.0E-07 |
1.0E-08 |
1.0E-09
10E-08 1.0E-06 1.0E-04 1.0E-02 1.0E+00
Median
(1 3E[FIFRERONIOREHorwitzE AU LD HSDOBLR
X Mois ({bpkAEsEh o T-N ({bphesh
* AN (fLRRIER) oGP0 (fbpkhiitet)
" OMO UERIERD A WMGO (LI
= T-As (bAieeh) - T-Cd (fbphesh)

B SSIO, (RSWVFVEREIEE A AL (ESWFOEREIED
X  C-MgO (FLEWFWEAEALE) ——— HSD(Horwits & 1)

------ HSD(Horwits & 1E3 X 0.5) — - — HSD(Horwits (& 1EX X 2)
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#51 HANBHIIS T 52006~ 20144 i 0> H[RIZRBR LS O B 5
zﬁ%ﬁﬁ %f SR 1= s R4, ;j;:f Mediana)f) NIOR” . Rszme HorRatroo™  HSD® .
H AR (%,mglkg)’ (%,mg/kg) (%) (%,mg/kg)
Mois 2006 147 1.70 0.30 17.7 478 0.06
2007 146 499 0.35 70 2.21 0.16
2008 145 2.87 0.24 85 2.50 0.10
2009 145 353 0.15 42 127 012
2010 143 158 041 26.0 6.97 0.06
2011 137 1.00 012 120 3.00 0.04
2013 136 293 0.84 2.7 842 0.10
2014 133 178 0.16 8.7 2.38 0.07
T-N 2006 fR3 158 14.60 013 09 033 0.38
2007 AR ) 145 8.74 0.07 08 0.26 0.25
2010 IRES 140 1411 011 08 0.30 0.38
2014 AR ) 126 913 011 12 0.37 0.30
A-N 2006 FREET BT, WARET VE=T 150 11.46 0.10 09 033 032
2007 T o E=7 143 6.20 0.09 14 047 0.19
2008 HiREET L E=T, VAT =T 147 12.56 0.16 12 045 034
2009 gHEET L E=T, WEET L E=T AIRIEE 144 5.56 0.07 13 043 0.17
2010 WREET 'S, VABRT E=T 128 11.53 0.18 16 0.56 032
2011 WREET BT, VABRT E=T 133 13.49 0.18 13 049 0.36
2012 130 2.39 0.04 19 053 0.08
2013 RREET =T, VAT V=T 136 2.92 0.74 75 263 0.28
2014 WREET L E=T, VAT V=T 122 7.99 012 15 052 023
N-N 2009 @7 e=7, We7 s E=7 GIRIEE 123 362 011 32 0.96 012
2012 115 217 0.10 48 134 0.08
T-P20s 2007 B R 140 10.35 0.10 09 033 029
C-P0s 2007 DABET =T 143 981 013 13 047 0.28
2003 DABET =T 146 15.82 013 08 032 040
2010 DABET =T 141 14.59 0.18 12 047 038
2013 WAEET E=T, SEVAEELIR 129 20.60 0.20 10 0.44 045
2014 WARET E=T, EYAEELIR 126 10.41 0.12 12 0.38 032
SP:0s 2006 EROVAEERIK, VABRT L E=T 144 10.88 011 10 0.37 0.30
2009 W AR IR 125 6.37 0.12 19 0.62 0.19
2011 DAEET EST BB 114 17.44 0.22 13 053 042
W-P:0s 2006 EYABRGIR, WARRT »E=T 157 9.02 0.12 13 046 0.26
2007 DABET =T 143 702 0.23 32 1.08 021
2008 DAET BT 149 9.16 0.24 2.7 0.93 0.26
2009 AR IR 144 457 0.08 18 0.56 0.15
2010 VIBRT v E=T 144 11.56 0.52 45 1.63 032
2011 DAEET VEST BOABEIK 133 1451 0.19 13 0.50 0.38
2012 131 2.86 0.06 21 0.61 0.10
2013 WAEET E=T, VALK 134 12.09 0.33 31 114 033
2014 WARETE=T, VALK 132 5.34 0.12 22 071 0.17
CK20 2011 TBR N 122 10.41 0.23 22 0.79 0.29
W-K20 2006 HAIE 156 12.38 0.22 18 0.64 034
2007 fife e i B2 145 843 0.15 18 0.61 0.24
2008 HAI R 147 11.39 0.15 13 047 032
2009 fife e i E2 145 8.35 013 15 052 0.24
2010 KA R 142 14.72 0.17 12 0.44 038
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£51 (i)

zﬁ%ﬁﬁ %Eﬁ@ SR F 1= s R4, ;;;;T Mediana)f) NIOR" . Rszme HorRatros™  HSD® .
A ABREL (wmolkg)’ (%mglkg)’ (%) (%.mg/kg)
W-K20 2011 AN B 132 1017 0.17 17 0.59 0.29
2012 131 243 0.06 24 0.68 0.09
2013 AL NG, FREehn B 4 132 11.74 0.35 30 108 0.32
2014 Fi RN B 130 8.80 0.16 18 0.61 0.25
C-MgO 2007 Rl PE 4 ) 137 341 0.07 22 0.65 0.11
2008 AKERAL AR 142 462 0.12 25 0.80 0.15
2010 Bl PE - ) 137 311 0.07 24 0.71 0.10
2011 N (e By 128 248 0.07 28 0.81 0.09
2013 EIPEE R, R 129 6.18 0.13 22 0.71 0.19
2014 Rl PE - ) 122 337 0.08 24 0.73 011
W-MgO 2011 AKERAL 4 fE ) 119 194 0.09 46 128 0.07
2012 116 168 0.05 31 0.83 0.06
2013 T L 35 120 3.79 0.68 180 5.50 0.12
2014 Rl PE - ) 120 1.89 0.8 95 262 0.07
C-MnO 2009 Vs i B B R O D) 126 054 0.02 36 0.83 0.02
2013 Vs i B B R O D) 115 051 0.01 28 0.64 0.02
W-MnO 2012 112 1.25 0.03 24 0.61 0.05
CB20s 2009 Vs i B B R O ) 120 0.28 0.02 56 116 0.01
2013 Vs i B B R O ) 104 0.25 0.01 55 111 0.01
W-B203 2006 EST7 30 [ap s 132 0.40 0.02 42 0.91 0.02
2008 VEORR A} 119 0.26 0.01 29 058 0.01
2010 I ESE AR} 116 0.29 0.01 34 0.70 0.01
2012 103 0.240 0.009 36 0.72 0.012
Fe 2012 86 0.240 0.013 54 109 0.012
Cu 2012 83 0.0545 0.0014 26 0.42 0.0034
Zn 2012 87 0.05% 0.0029 48 0.78 0.0036
Mo 2012 52 0.210 0.010 a7 0.92 0.011
T-As 2006 84 1.89 0.19 101 0.70 0.27
2007 63 384 0.33 9.8 0.75 0.50
2008 65 414 0.41 9.8 0.76 053
2009 59 431 0.60 139 109 055
2010 61 362 0.36 9.8 0.75 048
2011 52 474 0.61 129 102 0.60
2013 52 10.31 0.9 96 0.85 116
2014 a7 264 0.32 122 0.83 0.36
T-Cd 2006 % 1.26 0.1 9.1 0.59 0.19
2007 85 124 0.12 96 0.62 0.19
2008 86 2.60 0.15 5.9 043 0.36
2009 73 047 0.08 17.3 0.97 0.08
2010 79 122 0.08 6.7 043 0.19
2011 74 203 0.09 44 0.31 0.29
2013 65 302 0.24 8.1 0.60 041
2014 61 055 0.08 138 0.79 0.10
a ot kg d) 7/ NAME (R 22753k 7= HorRat i
b) T NAMERERE e) Horwitzf& 1IE L0557 072 SR B B Wi 72

C) N AMER R E(R f) T-AsKk OT-Cdizmg/kg, ZDMDRLIIE% (E 557 H)
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F52 FLEWTOERERLEHZ 31T 52006~ 20144F 5 O H:[F 3 EBR A DR EF &

HE -, ; . ZM  Median®  NIOR®  RSDwb” HorRation”  HSD®
AR g PEHEERTOERRRE o MO (go " o 00
SSO2 2006 66 33.92 0.60 18 103 0.58
2007 67 2825 0.87 31 163 0.53
2008 68 3RB.35 0.49 15 0.85 0.58
2009 69 32.67 0.62 19 1.09 0.57
2010 67 3352 0.57 17 0.98 0.58
2011 59 30.69 0.75 24 135 0.55
2012 67 36.15 0.48 13 0.80 0.60
2013 60 3%.18 0.55 16 0.92 0.59
2014 63 34.10 0.36 11 0.62 0.58
AL 2006 5 50.56 0.64 13 0.91 0.71
2007 83 48.70 0.76 16 108 0.70
2008 86 50.90 0.71 14 0.9 0.71
2009 85 39.03 0.92 24 147 0.62
2010 85 49.26 0.80 16 114 0.70
2011 76 49.48 0.68 14 0.97 0.70
2012 77 49,95 0.71 14 1.00 0.71
2013 78 36.79 0.95 26 156 0.61
2014 77 50.83 103 20 145 0.71
C-MgO 2006 78 6.18 0.13 20 0.67 0.19
2007 86 317 0.21 6.6 195 011
2008 89 5.80 0.14 24 0.79 0.18
2009 87 234 0.20 8.7 248 0.08
2010 88 542 011 21 0.67 0.17
2011 78 3.36 0.23 6.8 205 011
2012 81 6.77 0.19 28 0.%4 0.20
2013 79 3.77 0.14 36 111 0.12
2014 79 571 0.17 31 0.9 0.18
a) kol d) e NAMEAE(R #2735 3R 7z HorRatfE
b) 1S MR €)  Horwitzifs TE 20 L0 7= 9 0 i ] S Yl o

0) TS MR e TR
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b=t

Aok 2 F TR oD H [F) B BR B AR O ARAT 125

76 R T AR OIL A BRI OFE B

SR s et Median® NIOR®  RSDron” HoRa” HSD®
IH RS ABREE 06mgkg” (%mgkg? (%) (%.mgkg)”
(L RRAEAER)
Mois HNER B 133 178 0.16 8.7 2.38 0.07
T-N WilkT: 113 913 0.11 12 042 0.26
EEIAY A s 8 9.16 0.06 06 0.22 0.26
A-N AREE 114 7.99 0.11 14 048 023
EEIAY A s 8 8.05 0.30 37 1.28 0.24
CP0s ANRFFEITFUMT E=ULE 123 1041 0.12 11 0.37 0.32
W-P:0s  RFREVTFUBT =L 129 534 0.12 22 0.71 0.17
W-K20 T — G 53 8.79 0.18 2.0 0.70 0.25
TG T 71 881 0.14 16 057 0.25
C-MgO JE T TR 113 337 0.07 22 0.66 0.11
W-MgO T TR 109 1.89 0.18 94 259 0.07
ICPIE N3 it o3 T i 7 178 021 119 324 0.07
T-As T NTF A NSRRI 25 242 044 18.1 1.29 034
B TE KSR 36 AE 25 1) 18 2.73 020 74 0.4 0.38
T-Cd JE W (PRI ) 10 0.57 0.05 88 0.50 0.10
SRSk (D24 1F) 23 054 0.05 96 0.55 0.09
Y (B —~ U A 1E) 21 0.54 0.07 13.0 0.74 0.09
(FESWITWVERE IEE
SSO2 SALBIT LE 45 34.06 0.30 09 051 0.58
i R 15 3421 046 13 0.79 0.58
AL EDTAM: 15 50.81 0.62 12 0.87 0.71
JEL T e v 58 50.79 118 23 1.65 0.71
SCa0 JE W, T 58 42.79 114 2.7 1.74 0.65
SMgO JEL -0 e v 58 578 013 22 0.73 0.18
C-MgO EDTAM: 7 5.77 0.33 57 1.84 0.18
JEL T e v 63 5.70 0.16 29 0.94 0.18
a) RO RAE d) P NAMEAER 253K 7 HorRat fi
b) N A M S (R e) Homwitzf& IE R KVFF5H 7 2 7 55 8 P BUAE Y (iR 75
C) TN AMHGHEAE(R A f) T-AsKk OT-CdiZmg/kg, & DDA 3% (E 557 5)

3) HERAEDIEM

[ — DR T BV Tl ST AR DB EE D z 27 OBREK 2-1~[¥ 2-7 |TR LTz, BARITIE,
[Fi] — > H A ERER A ABHZ DU CIRIBR O H 5 15 TR D5y (ERAEEF 0> C-P,0s & C-MgO %), [dl—D
Fe[RIFRERHFEHZ DT R AR DR 7 1A TRl — D sy (BEUEEF 0 C-P.0s & W-P.0s %) , £ L ClrlEkDHh
HH 5 185 M VRl — 0D 4y "C #7522 2L [RIRRBR T BURE (T AL B OMIES W T W ERE B > C-MgO %) Thb.

HIZ, z AT REUEED SR EEEINZ 2. ZOEMTTEAT I RO 7 vy NEREE O 55 LR —
DRELGY DRNE FFIEIZ BN CRFEINRRY DO BRI R HDHEE 2 Hivs.

723, 2) MO 3) &5 E(14) [yl O BRGE D AT | TR o DI FRBR G 27 T 2288772,
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30
20
10
Q 0
z S
O =
-10
-20
-30
30 20 -10 0 10 20 30 -30 -20 -10 0 10 20 30
C-P,0; W-P,05
[2-1 {LAAEEL T OC-MgO—C-P,0sMD 242-2 ALRAEREH DOW-K,0 —W-P,0s7
zZa7 O % AT DRER
¢ F-RREICBTFDSzAaT70Tmy R o FA—RBREZETLz:A2a2707 0y
------ 2 A= T R U A AR T B ASTRE LR TR
30 30 =
20 20 +
10 10 |
Lo o ’l/
o | | | |
D:_\I 0 Ezlj’ 0 T T 4 ’ T T
; O ’/’,
-10 -10 yd
-20 -20 //’
-30 230 ~
-0 -20 -0 0 10 20 30 30 20 -10 0 10 20 30
C-P,0Os W-MgO
[X2-3 (LA AEEH DOW-P,0s— C-P,057 X2-4 LAk >C-MgO—W-MgOD
AT D RR ZA3T O RR

¢ [F—RABREIcBIDzAaT7TDTaY b
------- z A7 M[E Ul % 253 e

¢ [f—BREICBTDzAa7o7my b
------- z 237 WA UfE % <9 E R
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20 . 20 ;
10 | 4 10 | I’,l,'
o)
/, c’ ’

Q | o = | . } |
g 0 T 8 (,b 0 ® | . T
d) ,’,l,’ ¢ /"/’

- 10 /"’I I = 10 ,/'l’ =

20 20 2

-20 -10 0 10 20 20 10 0 10 20

S-Ca0 C-MgO

[R12-5 SRSV EREIE o 126 §EEU TR ELIEE R o)

SMgO—S-CaODz A= T D B SMgO—C-MgODzA=T DR

o [H-RBEIIBITLzAITOT Y R o [H-HRBREIBITLzZRaT70Tay b
_______ 2 A a7 BE UAE & R mmmmmem z A2 T DNA] UAE A R HE AR

30 -
l_f_?\é 20 | ,,’,/r
&£
%‘é 10 -
*i: 0 | . 1
%} I’,” ’
= pid
E -10 //’ ®
o '/,
c’ 7’
S -20
O
30 ¥
-30 -20 -10 0 10 20 30
C-MgO [1EAAE#H]

[X]2-7 SLEWTFOERE IR K& UMbk
JEEFF DC-MgODz A= T D REf%

¢ [F—-REEIIBTIZzAaT707my b
------- z A7 M[E CAE % 253 e

4) 53R O ER AR DT

(1) AbRNERIF DK Sy (Mois)

2NN 133RBREDIL, 2 TORBREP BRI T L. SRR O BB i X 31 IR T
RIE 1.79 % (B &573) & Median 1.78 % (E & 57 3) 1 RTE— L, N2 ) il ilB sk o



128 JEEHIFFEHR % Vol. 8 (2015)

89 % Tdho>7=. NIQR 0.16 % (& £4338) (X, HSD 0.07 % (& £/73%) LV KEWETHY, [ | LEHIisi
ToRBREITERD 5% THD 7 RBRENGE Y L=, NIOR DR EL T BERELT, Sz b IEB o FURFCH
D0 ATEA RITINEN KRS0 B KA B A LY, INERERIL 3 IR S AL T D03
f I R O RAZECHIHE N DR E SR T o T2 e NI, IXEDENAEUIZIENEZ DD, W
NN BN L > TR EBEOIRE DR EIRE L B 52 LN D72, Fa g B 2 EIR R 2 8 52 808
ZELW. Eo, BAOKIRIZEDEIRSTRI T 520300 THEETLOMENBS.

(2) AbRRIEEF O %EHE 45 (T-N)

BN 126 REREDHD, 113 REREHRERTE, 5 BREMREEE, S BN HEINITEEE 2L HikE A
WL BRBRRRE O RO A X 3-2 1R T, EHIfES Median 13 9.13 % (B &5y 3R) &L TR, M L
RS- RBR I T 2R D 88 % THho7=. NIOR 0.11 % (& £:573) 1% HSD 0.26 % (& 85y R) K/haL, TR
e | ERE SRR R IT 2R D 6 B THD SFHBAEN LY L=, TDHh 7B ilelE, 13BREIR
Beiha LTV . TREBIEE, KB EORIHIC T BT OF N Z W=D, KRN 7 A5 TR,
M7 T A% R EEE 1A TAIOICHEBEIN- V. F, TEICHWAEHEKER LT R Y AR,
S E D EFRIENIVTEIC R B E 5.2 5728, TINFEEO G B IE R O E B EIX EMICITO LR E
WENHD.

35 30
30 - B
25 =
20 e
20 |
I — J 15
£ 15 — — £ |
10
10 |
5 PP e 5 - [
o L= 1 F 0 j h L
LHILRINESBIEIINSH LBS8SE8S2RL8BLYY
NRdddddddddaada X el el Mo e Mo le Moo Ne el NN
S S S O R G S SR SR G~ S I S S S G S G S G G G
— o\ (o'} o
(% (B4 ) (% (LAY 5))
131 (LB A5y DT e K32 LRIEF R OEREHD
M RRE

(3) fbEIEEf DT =T M2 (A-N)

BIN122RBREDOID, NAFRBRENRE L, STBR=EN H BV WIS EIC LD 07 1EE AW, SRBR G O
oAz 3-3 1R, I 7.98 % (B ) & Median 7.99 % (B &5y 5R) (XTE 8L, [ Lari
ST BRI T 2R D 88 % T -7-. NIOR 0.12 % (H &473) 1%, HSD 0.23 % (E &7 3) J0/NSWETH
oz TR ) SEHlS - BRI 2R D 6 % THD 7 BB Y LIz, TDHD 6 =N EHEE A
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DTz ZRRTEI, ERERELFERRKICREBIEHOT =T RHNISER T 2130, e & ekt
DAL, KK RIS 27 VIR E L OKBRET MY 21358, AYIEROEIRITIY
EEEIR DG BN DD, TNAAVFIDERITEZ 0 ERH5.

(4) AbpAEEH O EEMED AR (C-P20s)

BN 126 RBREDHID, 123BREN AT REV T F U T = Ak, 23 BRED ICP A s,
15BN B B AT S K D A Ve, SBREGR Dy iz (X 3-4 129, F2){E 10.43 % (B &5
) & Median 10.41 % (E & 552R) THY, N 2 ) SIS 7238 == 1T 2K 83 % Th 7. NIOR 0.12%
(B &%) 1L, HSD 0.29 % (E &533) L0/NSWMETHY, TR R | EFHI S 723 B E= 1L 2RO 11 %iih
725 14 RERENH YL, RTAFREIT FUBET =y MEICE DD Tho72. MY AR I EHHZ

1%, BUBHE T R ORI h O 2 vl sz Rl — L L, FE%13 30~120 0 DRICIE L TS DL E
éﬂtw.

30 45
] 40
25
35
20 - 30
- 25
A5 p’ _
i3 | i 20

10 15 o

5 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

o L = o [
LI CLYRISENIIIEY FEEIRARABINBERIEH
SIS L §98892998855938%
I O O G G O G G S G G G I N A R N A N A RN
~ (% (BT B3 32) ) o0 o (% (E&E0F)) g
X3-3 LRt T =T HEZEFED [X]3-4 fI:EiZHE*JrEPOX{EriWuE&@@

Sy HTHCE S M R
o i S e SO L 0 AR SR s . e D L o AR

(5) AbAAEENF D AKEEMED AR (W-P,0s)

B3R ARBREDID, 1298BREN AT REVT F U T = Lk, 23 BRED ICP A s,
1B B B OB S LD A W e, SRR O FE B iz 1K 3-5127R 7. FEJfE 5.40 % (E &5
) & Median 5.34 % (E &7 %) THY, N & | LRSIV =X KD 88 % Th-7=. NIOR 0.12 % (&
B H) X, HSD 0.17 % (B &4533) LW/ METHY, [ 2 | SRS A7 3B = 132K D 10 %ldhi=2
B3 RBR=ENGZ ML, BTN FT RV T T UBRT =y NEICKO T LT BRE Th 7=,

(6) ALEAEAE O AEE N L (W-K20)
2N 130 REREDHD, TLRBREDR FUOIE, SB3FBRE N 7L — Lo, 3FBR=E D ICP RO/ 5y
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WL, 2RBRENT N7 == VAR g Ry AR R, 1aBREDS 3 Bkl ’iéﬁ?ﬁ%ﬁﬁv\f:. AR
FRDFER A% 3-6 1T EH)E 8.78 % (‘E #433%) & Median 8.80 %(’%’*%éz%) TF B &
SN TZRBR R 12 42K 0D 85 % TH-7=. NIOR 0.16 % (L £533) 12 HSD 0.25 %( éfiéﬂi) FO/REVMET
otz TA R | LRI S V- RBR I T 2R D 8 %lidh7=5 1L FRBR=E 244 L, Waﬁ X7 — DR 73R
BREE, JRFIROEIED 3FBRE K OV ICP R/ o irildy LB CTho7z. JRFIOEIER 7L — At
B LD TR DV ORI L DR EEFT -T2 25, ZNENOEREICE B KUE 5 % TH B
ZTRBOLINILD Tz, TV — LICEEE K QR BOERDEE CRIGE 3 DB 3 B O EAREICHEL, T
LT HERIC DWW T, BRI ORI E EOITIRE LN EC D2 ERH LD TEMMICHI T 2L ERNH 5. £
7z, TE BT BHAIR OB SRR AT 572, JERFIZITFUBHE & OREAEIR DOIRE, Bt R O
JEZ[E T HIENEELY.

30 30
25 25 [ ]
20 - 20
15 - N
= 10 =
5 [ i
o L 22
“3SeNRIEYBIR L
AWWWWLWWWWLWLWw.WwWw
QI
< o) 5
(% (HE%)) (% (HE%))
3-5 ALAAEEF ORIENED AVl D X3-6 ALAACEF ORI R O
ST G ST R
\ \ N DL
o i - e RO L o AN A e R R —_—— T — A
= o= JF T

(7) AbEIEE O 1 (C-MgO)

N 122 WBRE DD, 113 BB NFEFWOLHE, 5 RBR=EAY ICP 3653 JeobTiE, 4 kB2 EDTA iﬁ
Z Wz, SRR AE D FE B A K 3-7 12T, SERIE 3.36 % (- &7 %) & Median 3.37 % (& &7 58) 1%
E— B UM ) LRS- BRI TR D 87 % Tdh-7-. NIOR 0.08 % (B &4y %) 1% HSD 0.11 %(’%’Eﬁa\
) LU/ NS MEE IR ST TR R ) SRS BR RIL IR D 6 %l 7-5 7 RERE ALY, NaRIX
JRAFWSEIEDS 6 3B, EDTA 57N 1 iBRE Th 7=

(8) (LAUKoA EE M £ (W-MgO)
ZIN 120 REREDS D, 109 FRERE DS F WOk, 7 3B ICP R bk, 4 ABREN EDTA i
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Z AV,

FRBRAAE D FEE AT A X 3-8 127", SEHIE 1.92 %(

HE45R) & Median 1.89 % (& 845 %) 1313

<)
E LS ) LRS- BRI L 2R D 87 % Tdh-7-. NIOR 0.18 % (B £453R) 1% HSD 0.07 % (Z &4y
H) LU REZVMEE 272, TR R | LRI S 7= BRI X 2D 8 %lhH 75 9FlrE Th-7-.

35 40
30 ] 35 —
25 - 30 ]
25
20
i I #8620
fE 15 £
15
10 —
10
5 B sl BEEERE ]
0 L * [ 0 i — ]
b= SYBIBEERY LRl RBRERBYRYLYRY
Yy SRR AN Reddddddad N NN &S
2 O N oI B R S R R B R N M R B
P o ‘\! ¥
(% (FLRET %)) - (% (BT HE5Y5)) N
XI3-7 fLEZAEEH OEEERE Lo [XI3-8 {LREAERL DKM LD
S M R S M R

= i . O L o AR SR

= i . e B L) A 2

(9) ABRRAIEEF D UFHE S (T-As)

SN 47 REREDH D, 19 RBRENFFWOEZ O TEY, 2055 18 BRSNS /KH bR A E %
Wik, 1 RBREN 7L — AL AR FbiEThoT2. £z, 25 MBRENY = F LI F 4 HL S FRERE, 3
AERE DY ICP I T T o7z, SBRAE D E R i A X 3-9 1R, V)l 2.73 mg/kg & Median
2.64 mg/kg THY, Nifi /& | ERHMS A7 3 BR=IL 2R 87 % Toh-7-. NIOR 0.32 mg/kg 1% HSD 0.36 mg/kg &
FE BT DEE T TR R ) ERHMES 2R EIT 2RO 9 %ich7=0 4 EBRENZYL, £ TV T
N F A NNV EERIEE I OTEREBRE ThoTe. YT NTF AU ANSIUERERE K UK R L3 44
B2 R OEIEIC R D T BRI DWW CEED I DM E 2 AT o722 25, TNE D FEEIA
EIKME 5 % THERZITRO LN -Te.

(10) fbpfEEtF ORI A4 E (T-Cd)

2N 61 FRERE DI, 56 sRERE R EiEE WV TERY, 2O bIRE LD 10 B, D2 #fi E15
N 23T, B—~ U AliEIED 203 R =, D2 i EIE & OB —~ Al EIEIC LA RE E O EO A 1
B, 7L — AL AR UEDN 1RBREDH 72, £72, 5RBRED ICP I/ Bz V=, BBk
D ERAAT 2 X 3-10 17T, ML Median 13 0.55 mg/kg T— 2L, N /& | LRS- s BR =1 TR0
72 % Cd->7=. NIOR 0.08 mg/kg I HSD 0.10 mg/kg J0/NSVME TH o7, TN S | LaHlis 7z s R =134
RD 13%IZ&H 75 8FRBREGL YL, WRRITALLH A 138k, D2 fiEiE 4 3 BhE, € —~AliiE
15D 25 BR=E, ICP RO W TiEDS 1B Tho7e.
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DL = i i — E DL
1 A 3 i /& seoxes BRI
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& (% (LR 5)) & < (% (LR 5)) &
X4-1 FLEVNFUVERE IR o X4-2 FESWT VB REE R o
ATV RO AT T LI5S W
o i — 5L E= — DL
) R —a— S LU A Lomma ke —S— EDTAL
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(1) FESVFWERE LR o At O R (S-SI02)

ZNN63BREDH D, 45 RBRENT AL AV LIE, 15 BRE )N ERYE, 2 i BRENERRE, 1:5R=
D NCPFEIE53 H iz vz, SRR DR A A X 4-11277 3. SF-2)fE 33.71 % (E & 57 5%) & Median
34.10 % (E &5 %) EO0MHEL, T2 | EEHI S -3 BRI X 2K D 79 % Th-7-. NIQR 0.36 % (& &45)
) 1%, HSD 0.58 % (& R) L0/ SUWMETHY, 2006~2013 4D NIOR 0.48 % (Z &y R) ~0.87 % (&
BOR) LT 58 NIOR 13/ SWVMETH o7, TR | LRl S ViR I LR D 17 %lZd 725 11 505k
FETHY, WiRIZ7 oAbV T LED 7 3R E, i FRRREN 2 3B E, HBIEE ICP IR atnEnEn
Zh1HBRETHoT-.

T ATV IR OB B EETE I LD T A O W TR D I LD E R AT 12825, TNEH
DEEITH BEIKYE 5% TH BRZITRRD BT,

14 12
12
10
8
4
2
0 B
2R oVQoNonL ooy LR BBRLIBIRSBY Y
3&88####@@33@@#3 AVWO WO W66 O 6O
-RRRRREERRRRRRS o R A A A A A A A A
® (% (FL R ) N 0 (% (BT 5y 5)) ©
[X4-3 FLSTORRELICE 0 R4-4 HLEVFOBEERHR 0
ATV A PR 0D 53 BT AR AYAME T D3 A
i DL o i . o L 0 A A

(12) FEEWFWVERE IEE o7 L4155 (AL)

SN TTRBREDOID, 58 BB N 7615, 15 3B EDTA 15, 4 R BR=EN ICP R0 5 Bﬂﬁ%:
FAWT, BRBRAAE O E B A2 X 4-2 1277, M 50.81 % (£ ) & Median 50.83 % (& &)%) 1
FE—8L, M Lil S - BR =T 2R D 92 % Tédh-7-. NIOR 1.03 % (E &4y=R) 1%, HSD 0.71 %(’?”f &

7r3) JOREL, 2006~2013 FF-HED NIQR 0.64 % (E &5r3) ~0.95 % (B &%) L L TH KEVWMETH
ofc. IR ) ERHl S -3 BR =R 1T 2R D 3%I2dh 722 2 3 BRE 7% 4 L, £ CEDTAEEZ AW -iBR= T
o7

W KON EDTA IEIC LD BT AR IZ W CRAMED I LD EE AT o722 A, ZIENDIY)
EIZH BEAKYEE 5% TH ERZITRO IR ST.

W% Iz B8 3R EE K OV ICP 360650 e o riEz iz 4 B BRE DS D 2 3B =, A5t 60 R
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E) D SCa0 K SMgO O HHED A2 1T 2. Z NSO RBRERE D X A% X 4-3 L O] 4-4 (2R
9. S-CaO |1 BN 42.87 % (L &4533K), Median 2% 42.79 % (Z £575R), NIOR 78 1.12 % (B &5y ) Th
0, IR | 72T BRI 72, — 7, SMgO O F-¥)E 5.79 % (E #45y3) & Median 5.78 % (& £/
F)LIE—EL, NIOR L 0.14 % (EH &) THY, 2RBRENTIATE I LWV IFER Th o7,

TGO 3HTIE, FBHE IR R R RR I LA AP R A TOBE, SoAralBl s e — i — o JEEZ [E5S
T HEMHAR 3 L VIRED ER L2 D70, TR T HLENRDD.

(13) FESWTWERE IR O <EE M 1 (C-MgO)

SN 79 RMERE DL, 68 RERZE NN FFWOLIE, 7 3BRED EDTA 15, 4 3BRE D ICP B b4
Tz BB O BB AT A X 4-5 1R T . SIMEDS 5.65 % (E 55 F) & Median 7% 5.71 % (E £47 )
ThY, i) LB SN BREI TR D 85 % Tdoo7=. NIOR 0.17 % (B £:47%) 13 HSD 0.18 % (& &5y 3)
LRFE BT, DR | ERG S - TR0 8 %2725 6 FRBRENRL Y L, WRRITIRTIOEED
3HBRE, EDTA IEDS 1RBRE, ICP L/ B HTiED 2 IR Th- 7. [T ROtk O EDTA #1252
SN DWW TEIED B LDMREEAT -T2 L 25, TNEND MBI FAKYE 5% TH HR TR
HHIRoT.

25

4-5 FLSWFWERE RO
EEMEE D53 Rl

= i . e O L = R R

5) YABRDAERRERUVBEROEMSIHESREOMER

AFE[FFRER CIE 2013 4R D, DABED 3HTICEB WV TS BIFEROIEELIT> TS, S, <IBEHVA
i S OVKIRTED AR Z T REV T T U T =0 ME TR UZRBRE S, O SO M e I o1
YR DPESE F OWMIEFEIT DWW TS A RO TIY, MY ABEIZOWTIE 110 BIBR =, KIEMEDARRIZ OV
TiX M3 HRB B LHRE D72,
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AR R DT, BB EZE & Tz, & 1E 420 nm, 415 nm, 410 nm, 400 nm & UM Ofitdd
W RACHHL, TNENOWH R Tz 2a7IZL0AN 2 EeHiS o RE I (k1= 3) L2 0E &, KU/
ik TR UM ERMEE O R IES NIOR %23 7R LT, ZORERIAMED AVBRIE, 420 nm & V7= 8k
FEHY 82 ilBREE (75 %), 400 nm, 410 nm & TN 415 nm 72 &, Z DO 4 V-5 BR =235 1T 28 7R
5 (25 %) THY, KEMEVAERIL, 420 nm A% 82 3BREE (73 %), T DM OB E 1% 30 3B = (27 %) TH-o7-.
EHLO RS THRFET DML RO 5T2.

B R CORERMEAXIE, 420 nm T 0.234 abs: 100 mL / P,Os-mg Ty, 400 nm T 0.374 abs: 100 mL /
P20s-mg Efie k&7, JIERE BV NELAR DIC DI UEE IR EL R DA A DA, ZAUTR R dhir 10
LT DA THY, FE TOMEDOIELS>EE7RT NIQR 1% 0.005 abs- 100 mL / P,Os-mg~0.017 abs-
100 mL / P,0s-mg L/NESUVME TH - 72, ZHH0HE F 1T 2013 4F £ DR O G B LR OME M 2R L Tz,

¥/, £ 8ICHRBRECTOREF 7L (BREMRIE)VREE) K OREREROFIRIT1E (0 AR (P.0s) 730 A
(P) Z/RUTz. <EMED AR T 77 SRBRE D R BARIE, 28 BRI R 2A7EE VY, 89 i BRZE1N) AfE (P,0s)
U TR AR, 21 SBR=E 30 A (P) & U TR L7 A MR A VN Q. FTe, KIEMED ABE T 84 3
BREDREARIE, 29 BB RZEEEZ Y, 87 REBRENY AR (P0s) &L TR 7-AE K, 26 FREREE N
Ao (P) LU TR L 7o AR M 2 FH O TUz, R R B M OB BT DWW TR B A LR 21 E O I
RAETRRD NI Do T. Fz, RO RIFIEOBE NI DN R OFEIGX, <P ARETY ARE (P.Os)
2 8%, DA (P) 23 19 %, KEEMED AR TY AL (P0s) 73 2 %, VA (P) A3 19 % Thho7=. 2013 F-fEDFHAIZ L
%E, DAEE (P0s) T 4 %IZxF L TYA (P) C 38 %L BAFE /272N ALOAL TV W, ARAE IR HER 2D A (P) &L
THRBL-RBREICAHEOE AN EWEA A OO0, VAR (P0s) THRL7-3EBR=E L OMIC
2013 AEFE D XH7R B2 75T RO DIV o T HIAIDORERDT=81Z 2015 A FEL 5 | &t A 2 T <.

KT WARORER R LR

= (CP) SUBR = B (WP) e

N | ==y \\‘ \\‘

‘E‘Jfﬁf)% A PRI @g@@) | EEE PR @;@\%@ fdfi?  NIOR
420 82 4 5 83 5 6 0.234 0.005
415 5 1 20 5 0 0 0.264 0.006
410 16 5 31 18 1 6 0.299 0.017
400 4 1 25 4 1 25 0.374 0.002

Z D 3 0 0 3 0 0 - -

a) H7: abs +100 mL/P.Os-mg

K8 VARRDRE 715 L FABRAGHE

R4y JRE 5 E 3 RERR I

” BEEOMISE T AR AR FEEOEE (%)
W BAE 77 10 13
. ) T 28 1 4
SERPED Al b0 o i :
p” 21 4 19
T R 84 6 7
. ) T 29 1 3
IKHEHED A S & ; 2
p 26 5 19

a) VAR (P,0s) &L THEHER 27 L
b) VA (P) &L CHE i
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6) NHGMEEELIHEEREDIER

ZOANIEEE BRI R L T B B LA SR DT EZ A, £ 9DLIY | 143 3R =E (KD 93 %)
DDIEE RS oT-. 93 FERE (KD 60 %) MNE N E EHA I ML TV, 50 #BRE (2R 32 %) 23
LQuVieinodz. Fiz, WEEWEEELOT- O OE BEEIE LT, 49 B (2KD 32 %) MR HEYE, 51
B E (22RD 33 %) 2% £ O s e Q2 (EERRIE ).

SEEMED AU K OVKEEMED AU D FRBR I BT 2N B E B O RAFR 10 (TR LIz, BEMEV BRI
V\Hsuﬁ‘u 5 A it L7 @Iiﬁﬁf&i&(lzlzsmo%@iu/—\m 9B L O 11 %Ik, FEML TV

AL 4 3B E KON 10 %L NS AR BEO FE S O I TEITRO bV oo, KM AFE T,
Eéfi%ﬂmbfoﬁ & DN R I K OZEDEIEH 6 aﬁ%ﬁ%)}ao 7%IZxtL, FEHEL TRV IEATE 6 iBR =
SN 14 %720, AN & DOFIE D3 EmVME IR A BT,

B, B2BELLTC, IBERGEEEYE (B (L EE FAMIC-A-10, FAMIC-A-13 K& OV i@ 1k e A st
FAMIC-B-10) D<¥EMED A BN ER o E AR AR Z 2 1LITR LTz, <EEPEDARRIZ DWW T 395kl =E D
5 32 B E OB AGE N E AR AN, 1R ORBR A ULE R AN THY, 6 B E OB AR L

ERRA X TV, KD AFRIZOWTIE 20 i BREDHH 27 ai%ﬁ%ﬁaiﬁ%ﬁkfaﬁ\@ﬂﬁuﬁ\??&@ 23k
BB OB AR DML E B2 B T, SR BRGSO #PH 2 B A T2 5 80T, £ o—d o
R ael, Hilipa a2 en2END . 40, IEHED ABE CAUERZEUZ 72 6 aﬁ%ﬁ%@o% 3BA
ERAHRE (E]23), 1 RRENED L (3>E2) OFFHliAHT T, PSS BB AR 2 i E 2 554t
RAR 2 e T D IRHI DR b B ChHHI LIRS,

K9 PHBAnEE HEEABRIRTL
PRI o A B R O A B ORE (R %K T)
M RIMEEDE  EEOILERE Mg OB EHEE

PR o A B R T e 93 49 51 13
PR S B R B R FE 50 . B
fLmps u

10 PR EE BERBOR DL LY A FROD SR pHE

PR DA 4 K O HERE(CP) AEREE(WP)
B AR O MIAK NAMER  FAHEOHEES (%) H&N% O NAmER  AmEOEA (%)
ﬁﬁﬁ 81 9 11 84 6 7
B AR Uy D 48 4 8 48 4 8
BB @R 42 7 17 45 4 9
M O BB 9 0 0 9 0 0
et g 41 4 10 43 6 14

a) BEEEFIZAEUTT
b) PR A A R S

F11  PEAE B ERBRR LS ABRORER AR

A PER=
FIAR RN WERLLN  AERAE DI
FRAFEEEYEAY (CP) 39 7) 1 6
= NHEEWEB@ (WP) 29 27 0 2

a EELAAEE FAMIC-A-10% 'FAMIC-A-13
b) BT E FAMIC-B-10
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6. & &

2014 4F FE SR FE A B oD 7200 D LRI BB, (L AR} 10 A3 12 140 3BR =R, SRSV TV ERE AREL 3 Bl Sy
2 BLRBRENSIMUT-. KRR EE 2 SANEIZED z 2272 W GHIIL 72225, U?EE(IZKZ)J(‘:EMﬁﬂ
SNTRBREOEIAITL 72 %~97 %, [~ {ﬁﬁ%(IZ|>3)JEnMﬁﬁ§ﬂ7’:aﬁ%ﬁ§@$’J 1% 0 %~17 % Th-o7=. 42
RELTEYfE Mean &9 fif Median 1 XIEIE L7223, —E# COoCaffiL 7= THE b AL, %ma*@ﬂﬂi%
ZUIFTNDLIENEZ L. %Eiﬁt@aitsﬁ/ﬁ ZELMETT 10 RBEL LA L FERICOW TR ED
EERRELTLEZA, BIEEITo T2 TO LR THERZITRDO ORI o7, TR R 1IN AT
BT RS R ANEZ T U D E LT T I LD E S TN D e M o Tz, HEERHT AT OBE IR S
DEMRMEICEETDHELEHIC, SEEROMREZITV, HENSOPESROEIIEBELZLONERDHS.
72, 6 BlORERE DM D OFEHEY) B 2 - N E B B AT D ZEn o7, L, IERERERE
UEWVE 2 = NSRS B B A T QDD BEMEW)E O3 E72 5 D372 SHL TR D ISR & D 7T
R A RS L QO DR E DN R ST, RS E & BB B 2 I 2 o T B A Rl 3 D IR A4
ZAHZECHETHLZEDIDZT.

NEBF T IR A BT D TR ER 2 <, BEEROBNWFEZZ O TH 2 MEOH EIZEOLLERHD. B
\ZSEAS S BT 235, PSS B BB ) AT U O B BRAATHZ LT, — @il BRE OfF Mk
IXRELEZEZDILD.

A

ZOIFRERE S HI2HT, B0 W R, WEMERBRES KARTHEBVEL, AETFyh
VotkA At (B F 8o —7 7 7 UK ) T35 L85 K OVE SR BURR U A B R ET 35 O B LR B IS
DR B F9.
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Result of Proficiency Testing for Deter mination of M ajor Components and Harmful Elements
in Ground Fertilizers Conducted in Fiscal Year 2014

Kohei ITOY, Masaki CHIDA?, Etsuko FUNAMIZU?, Toshio HIRABARA?Z,
Hisashi TSUTSUI* Masahiro ECHI®, Natsuki TOY ODOMES, Yuji SHIRAI* and Toshiaki IMAGAWA’

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
2 Food and Agricultural Material's Inspection Center, Sapporo Regional Center
8 Food and Agricultural Materials Inspection Center, Sendai Regional Center
4 Food and Agricultural Materials Inspection Center, Nagoya Regional Center
® Food and Agricultural Materials Inspection Center, K obe Regional Center
¢ Food and Agricultural Materials Inspection Center, Fukuoka Regional Center
(Now) Agricultural Chemicals Inspection Station
7 Japan Fertilizer and Feed Inspection Association

A proficiency testing of analytical laboratories was conducted in fiscal year 2014, using reference materials of
ground compound fertilizer and silicate slag fertilizer based on ISO/IEC 17043, “Conformity assessment -
General requirements for proficiency testing”. Moisture (Mais.), total nitrogen (T-N), ammonium nitrogen (A-N),
citric acid-soluble phosphorus (C-P.Os), water-soluble phosphorus (W-P.Os), water-soluble potassium (W-K20),
citric acid-soluble magnesium (C-MgO), water-soluble magnesium (W-MgO), total arsenic (T-As) and total
cadmium (T-Cd) were analyzed using a compound fertilizer sample. Acid-soluble silicon (S-SiO,), alkalinity (AL)
and citric acid-soluble magnesium (C-MgO) were analyzed using a silicate dag fertilizer sample. Two
homogenized samples were sent to the participants. From the 140 participants which received a compound
fertilizer sample, 47~133 results were returned for each element. From the 81 participants which received a
slicate dag fertilizer sample, 60~79 results were returned for each element. Data analysis was conducted
according to the harmonized protocol for proficiency testing, revised cooperatively by the international
standardizing organizations IUPAC, 1SO, and AOAC International (2006). The ratios of the number of z scores
between -2 and +2 to that of all scores were 72 %~97 % and the results from the satisfactory participants were
amost normally distributed. The mean and the median of al eements slightly differed from each other. The
median-NIQR plots were distributed near Horwitz curve for each element, and the HorRat values were less than
2.0 for al elements except for 2 elements. Where more than 10 results were returned, no significant distribution
difference was observed between the different methods.

Key words  proficiency testing, compound fertilizer, silicate slug fertilizer, harmful element, ISO/IEC 17043,
ISO/IEC 17025, z score

(Research Report of Fertilizer, 8, 114~139, 2015)
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11 2014 5 IBHZEEMEORR
— WE{LAUEE FAMIC-B-14 D8 —

PRt 1 KT Y SOFEE T URFEIR !, DU Y mRER
INEAE— 2, BEFHEFIBA 3, ShARRE |, EARIER |, IBARE !, BHRIRT
F—TJ—F  EEHEEWE, SR bREEr, ERkSy, ARy, ISO/IEC Guide 31,
ISO/IEC Guide 35, 3:[FIFBR

1. [XLE®HIC

MNTATBUE N RMOK PEH B 22 iz 4% — (FAMIC) Tl ”*éétcﬂﬁ*ﬂr@iﬁ VTR XE N AV )
MAREZ IR, TOBRINE LA O LG K OF TG DA EZ L THDs, Zhb D5y Tﬁ%
(Eplietioysl)) %ﬁ%’ﬁ?ﬁ@%ﬂ@@ﬁ@%rﬁx*@%nm\é TERTEY, HEHE%%%%@W’%?@E% EPEHE S E
DNDDIHTHAEZ ST T TSRS, IEEHR AR BE 25 D3R BR == T, RRBRARE D13 $EMEHERF M OV T Bl oo
7] b 7=, FEEE ST AERRREEAE Y B VI L DN ER S B E B H # A Tk, I Hmalkta H
WZBRBRE R O LRI SN OO S B A S ML TV D, A, ERRAZ2E S Rl o Bh X 23 Te
t, FAENCE VT ISO/MEC 17025:2005 (JIS Q17025:2005) 2 DR IEHA S B |2 L= ik BR A O 15 18
R DEZ TN EERSNTND. ZOERFIEIZBOCIRRREEAEY E O & e H ) & O 3RBRFTR O
e ST ERERBR 7 0 7T A~D SN BHELES TS,

BUTE, FAMIC [Z3B\W T, MERRREREYEME A (S B LRED , IEREEREEYEN E B (@ A iEEh) K
OERIERERE D C (B IRIEEEAEED 2705 - IRFEL TRV, ZHHDOFRBUZ SV TR EBRIEE S TERER D
728 I1SO Guide 34:2009 (JIS Q 0034:2012) Y D5 Hiffi k OVEPEICE 92 B R FIH | 2 28 (iRl L1,
ISO Guide 35:2006 (JIS Q 0035:2008) ¥ %% & |Zfi#hi 21 T-7- 1T ISO Guide 31:2000 (JIS Q 0031:2002) > %
SBNRREE L QT IV EERRL TV DEZATHS. 2014 HFEIIHT7- I IEEREREZE EY) . B (FAMIC-B-14)
ZIRBL, ZOFEERRTICONWT 16 RBR=E CTHFERBRZ FEML, RAHEOMETE2L7=DT, TOMEE
WET 5.

2. #RRUAE

1) EHto=EE

NEBERAFEUEYE B ORMEL T, W7 o E=7, 80 AR K K O I B2 5 ek e U ClbE S - i
RO R V2. J56 ORTEIZHT- > T, HiBAEE DA E SN ZHE ST DL RIEECH
ST, e AEELT, B3R, WVVBKVINBEZZNENVERESHRT BRRESATHILAMRLERELL.

VIRNTATBOE NRMOK PEI B 2 it 7 — R R A
2IMSTATBOE N EMOKEN B 2 ittty 2 — Rkl 2 (B) w2 —
SIMSTATBOE N EMOKEN &2 2ttty 7 — Bkl amAs B Ilaer2—
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2) R EMERFOFARN

AL IEEHE, FAMIC 3UEREE SISV Gl DI <, B BHE 500 pm O 5250\ A @il 35 E T
UT=. ottt RV T L U RICBE UM 2 |IE TR 3 » ARIRE L, B RERE Ay B RE<E
LWV WD A fER%, HIHE 500 um D550 L, SREG L THE LU IEEE R 150 g 37>t
TN T, BT

3) SEREE

NEBHGHA I ZE O E, BB O RFEREIZREH SN CTOWDIRAER D ThD, 7 E=THEER, iatA
R, KEPED Al K OUKERTEINE, A ONS, ALEEEIO 2 E RS TRFEIEEN E DO TWDHEFRK D O
b, RN E AL LICOSE, DRIV L, =yib, 7a bk OOFE 9 il a2 BREE L L7 (R 1). ?i?l,
BB LU TURBRBRE L LT

& 1 EEEREAEE E el B OBR Y e ORBR L

A BRI FRBRIE DO
FRBR A Sy %%fl) g S| v S 1] v AL YAl == 5y
2 BN R R T 5% HIE ik
K5y 3.1a — W PR | O LD R R
(H:0) 3.1.b — IRy FHC LD R B
TOTTEER L aina mmekw K
AR AUFR 4274 K, =T <LKz INFREYT T R
(S-P20s) o P YE v T U= B EE T
IKTEMED AR NFREYT 5
(W-P20s) 4248 Kb TR NI
TREAMENN T — MR U
(W-K0) 33a i I 3
52.a IKFAFE AR ARG A
V5% (As) sob Tl — AP — A SR TR 53 14 DEFNDF A TN SI
s ERWL Y B 1
HRI A (Cd) 53.a TR i T — LRSS
=/ (Ni) 5.4.a F K5 iR T — LR
e (Cr) 5.5b D AR — TS — i e 0 iR T — AR BE
#h (Pb) 5.6.a FoK 5y ik T — LR

1) ERHERER L (2014) ORERE H & 5

4) HERAE
ZARBRIE H ORBRIEL U COIREFERBRE (2014) 0 (£ 1) &2 HVW -,

5) HEMERHER
IUPAC D EREER 7 b1 ” ORI MERRBRIHE Y, SRR EM AN B (320 &) 3 H7 24 12 10 30k}
R E W T E MR B S L, 2NN OB A %2 2 ST TT & L2NE TRBR L TEE M
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e BRO AR LTz

6) HFRR

R OB DIRE D0, 16 RIREIT LD IR B M L. 4 BRI SRR A 2
AEATL, ZNZRORENTOWT HAZEA T 3 AT CRBEEIE L. SIS I, A HH5Y (0%, F13
b, =vlb, JanR O 1t mgkg TRL, HHEF 4 7 2B EALT 3 HET, HAERSLSOR
BRI 30 CETIR 2y 58) THL, /NI 3 R TR AL O/ 2 i £ TIc b B2 b L.

- SLFEEBR SRR = (5 E)
/NI TR e L
FREF v VAR Et SO S HFSEET
MRA SR B AR B A ZE A
NSMEEN  BARNERERSE e BIvE S5
NEEENEN  AAREERE RS A
a—7 ISt \F T
ER7 7Ve R ARA S B LY
MNIATBUEN BMOKEHE L2t 22— Rt 2—
MNIATBUEN BMOKPEHE Lt 22— Lkt 22—
MNIATBUEN BMOKPEHE L2t 22— itk 2—
MNIATBUEN BMOKPEHE L2t 24— A hEE 22—
MNIATBUEN BMOKPEHE Lt 22— it 52—
MNIATBUEN BMOKPEHE L2t 22— K
A7 — At WF5eB R
Y Y= = AR
NIV IEER S HR T

3. BRRUEE

1) ¥HEMRERHE

BVE MR BR O R & OV DFGE D — Tt B IZ LD BT S DIF D NG &% 3K 2-1 KO 2-2
\RUTZ. TR EEIZ DU T Cochran 1 EIZ RDAMUEIL T N TORZIZB W TRRO BV -T2, IRIZ, —
TEELENZE D BT O FIRE (A B KHE S %) LIRS R, T X TOMITIZ DV TREHICH B
FTRROLNIe o127 F, T HE AR 21X 0.6 %~4.6 % Th-o7-.
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#2-1 HEM ﬁﬁnbuﬁ%ﬁm%ﬂ:%(zﬁkﬁ%)
1) Iﬁf}j{ﬁ Sr3) RS:)r SbbS) Sb+r6) RS:) b+r7)

ABRY AEHK 01" (o) (%) 0" (o) (%) F "
4y (H20) 10 (0)  0.64 0.03 4.2 0.01 0.03 4.6 1.36
ToE=THZEFE(AN)  10(0)  7.98 0.11 1.4 0 0.11 1.4 0.75
ATYATED AR (S-P20s) 10(0)  9.12 0.06 0.6 0.01 0.06 0.6 1.13
IKEENED AUl (W-P20s) 10 (0)  6.83 0.05 0.7 0 0.05 0.7 0.65
REEMENNE (W-K20) 10 (0)  8.34 0.11 1.3 0 0.11 1.3 0.35
1) ShIERRAME DB, 6) DHTHEEEZ 5 o pUlt R YE (R 722
() OffE % Cochranff 1= KOS L7872 Bk Spar = VSpp? + 572
2) MFIEE SR VIEBRSME ORI 2RO T 8T) 7)) DHMTRE 2 & Loal B R AR % HE R 22
3) PHTEEE R 8) —JCELE I AT IC R R ST sy bt
4) GHTHE T YER 2 9) F 555Ul F (9,10:0.05)=3.02
5) wBH AR YR 72 10) B &4y
# 2-2 HYEVEMEREBRORS F (ﬁ FHRLST)

o oy EEY s RD: sw Shet RDbe -

BRI B (ko) (i) ) (moke) (mgke) (0 T
U (As) 10(0)  2.83 0.10 3.4 0.03 0.10 3.6 1.14
AN IN(e) 10 (0)  4.57 0.14 3.1 0 0.14 3.1 0.32
=771 (Ni) 10(0)  38.0 0.74 1.9 0.34 0.81 2.1 1.42
a2 (Cr) 10 (0)  54.2 1.45 2.7 0 1.45 2.7 0.90
£ (Pb) 10 (0)  4.66 0.21 4.6 0.12 0.25 5.3 1.64

ML 2-1 22

2) HFFHERME

KRB ED DA SN R Z 2R 3-1 KO 3-2 \ORLE. 7R A KOS RS & 3RBRE B ok
BREAE 12DV T ISO 5725-2:1994  (JIS Z 8402-2:1999)% 25 B (ZHEGHUEE 52 2L, RBRERE DO/ A
R 572812, Cochran 1 &} OY Grubbs fi E & FEHiL, A EIKAE 1 %D AU BRI LTZ. Cochran R E 12
FDAMVIED BN TR R 1 FBREE L L, Grubbs fE &G THMUEEL L CERAMN T 25 BR RIS, e BRaRED
RERE LD 2/9 LIN® 10 LTz, 7ods, FakBrEo Sl Shiz7a A0 EEIE 13.2 mg/kg~60.4 mg/kg, §h
OWEAEIEL N.D.~7.50 mg/kg RN EMLDBED LN LD, FMUERREE FEHEL 20> 7.
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7% 3-1 [ERBR AR

Lab." K5y (%) TUESTHEE (%)

A 0.72 0.78 0.65 0.75 0.77 0.76 8.12 8.10 8.15 8.11 8.14 8.12
B 0.77 0.76 0.75 0.84 0.83 0.81 8.14 8.17 8.11 8.08 &.10 8.08
C 0.87 0.87 0.85 0.85 0.86 0.87 7.97 7.84 7.93 7.97 8.00 7.92
D 0.76 0.75 0.72 0.76 0.74 0.75 8.07 8.09 8.09 8.10 8.13 8.06
E 0.72 0.81 0.76 0.80 0.74 0.75 8.12 &.11 8.09 8.21 8.18 8.17
F 0.63 0.60 0.60 0.62 0.64 0.60 8.10 8.11 8.11 8.10 &.10 8.10
G 0.70 0.71 0.71 0.69 0.72 0.67 7.93 795 7.93 7.93 799 7.99
H 0.68 0.70 0.69 0.66 0.66 0.66 8.04 7.98 8.00 7.94 798 8.00
1 0.68 0.69 0.69 0.83 0.83 0.83 ¥ 8.12 8.11 8.11 8.09 8.06 8.17
J 0.77 0.76 0.77 0.78 0.81 0.82 8.06 8.06 8.09 8.07 &.11 8.03
K 0.54 0.56 0.56 0.52 0.54 0.56 7.99 8.05 7.92 8.01 8.05 8.00
L 0.73 0.74 0.71 0.77 0.72 0.74 8.10 8.11 8.11 8.10 8.03 8.13
M 0.69 0.74 0.72 0.70 0.68 0.68 8.02 8.08 8.10 8.10 &.10 8.00
N 0.68 0.66 0.67 0.63 0.65 0.65 7.96 791 7.95 8.08 8.08 8.11
(@) 0.68 0.65 0.67 0.67 0.67 0.69 8.01 8.05 8.06 8.09 8.08 8.10
P 0.62 0.68 0.60 0.62 0.66 0.70 7.73 8.03 7.99 7.96 8.02 7.92 ¥
1) JEFEFBRICSMLT=RBR=E DR 5 (EARF)

2) HEHR

3) Cochran®# i€ (2L DA/ HUE

N
N—

Grubbs DR EIZL DA A

R VLSO ITE (T1—T 13— K GEE) TRlRA Elii L7 72 O ITIX Ve o T

AR AR

6) & 1LIANDF1E (ICPHE 4y Yk TRl A FE i L7728, fRHTIZIZ R Do 7o BRBR AR

7) & VLSO ST (BREE-FEEE 3 i) CRBRZ FEM L T=72, FENTIZIZ 2o T 3R BR AR

8) & 1L D1k (e (145) ISR DU AR E ) Tallra L 72720, T ITIT VR
o T 3B RS

9) £ 1LISNDTTE (RAL - JRALALER) TRlBRA SN L7272, AT ITIZ A Vied o 7o A BR Rl

10) & 1D DL (FAKR G iR) TRllid FERE L7278, fRNTIZIZ 27> 7o 3 BR AR

11) SIEREZ FEMi L 72 h -7 3B E H

12) & RBRE O E & T BRA O BRI

72
~—
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% 3-2 [ EABR i

Lab." WY (%) REMED Al (%)

A 9.21 9.23 9.20 9.20 9.18 9.25 6.68 6.76 6.72 6.68 6.73 6.64
B 9.25 9.33 9.36 9.35 9.36 9.34 6.74 6.72 6.71 6.75 6.78 6.76
C 9.20 9.25 9.25 9.32 9.34 938 6.60 6.61 6.66 6.64 6.68 6.61
D 9.02 9.05 8.93 898 8.90 9.04 6.64 6.70 6.57 6.70 6.71 6.70
E 9.21 9.27 9.24 9.22 9.24 9.25 6.69 6.68 6.71 6.66 6.70 6.71

F 9.15 9.13 9.16 9.14 9.17 9.15 6.68 6.66 6.65 6.67 6.67 6.69
G 9.21 9.23 922 9.18 9.20 9.17 6.70 6.71 6.69 6.70 6.71 6.70
H 9.25 9.18 9.20 9.28 9.21 9.31 6.73 6.66 6.69 6.57 6.55 6.49 ¥
1 9.06 9.08 9.07 9.06 8.77 9.04 ¥ 6.61 6.62 6.52 6.57 6.54 6.56

J 9.19 9.18 9.20 9.23 9.23 9.21 6.68 6.69 6.67 6.69 6.68 6.69
K 9.16 9.17 9.19 9.10 9.15 9.13 6.67 6.67 6.67 6.65 6.66 6.66
L 9.17 9.17 9.19 9.26 9.23 924 6.73 6.76 6.74 6.69 6.69 6.70
M 9.17 9.28 9.12 9.15 9.12 9.16 6.77 6.79 6.75 6.85 6.78 6.80
N 9.12 9.11 9.15 9.13 9.12 9.17 6.74 6.75 6.74 6.68 6.64 6.66
@] 9.09 9.09 9.07 9.07 9.09 9.07 6.83 6.80 6.80 6.68 6.71 6.73

P 9.11 9.17 09.11 9.19 9.15 9.19 6.80 6.80 6.79 6.76 6.77 6.75
Lab." IKIEHEIE (%) 0F% (mgkg)

A 8.38 8.40 8.48 8.44 8.40 8.35 3.16 3.11 2.97 3.25 3.08 2.50
B 8.46 8.45 8.46 823 8.33 8&.30 3.02 294 3.06 2.68 2.78 295 0
C 846 9.05 &.15 8.83 8.32 8.49 ¥ 2.73 290 2.89 2.60 2.57 2.77
D 837 8.35 &.34 8.38 8.35 8.33 2.85 3.02 2.75 2.75 271 2.73
E 829 8.31 &.32 841 8.38 &.39

F 826 8.27 8.25 825 8.27 8.24 2.81 2.87 2.81 3.14 2.78 2.98 7
G 8.55 8.52 8.49 8.55 8.58 R.61 291 287 295 296 296 2.96
H 820 8.25 8.22 825 8.20 &.15 2.68 261 298 2.57 257 2.53

1 7.03 7.06 7.02 7.15 7.19 7.17 K 3.02 299 297 2.80 286 2.83

J 8.57 8.45 8.53 8.58 8.55 8.53 3.09 295 3.14 293 296 2.99
K 8.16 8.14 &.15 822 8.17 8.12 2.34 2.19 2.16 249 254 2.56
L 826 8.13 &.17 836 8.42 8.38 297 290 2.62 3.36 321 3.12
M 8.18 8.16 &.12 823 8.26 8.25 3.05 3.02 3.02 296 294 295
N 8.18 8.19 &.16 828 8.17 8.23 3.32 3.10 3.29 3.11 3.02 3.04
O 833 8.27 8&.29 831 8.31 &.30 2.74 2.82 2.77 2.86 2.84 292

P 826 8.27 8.25 8.44 8.35 8.42 2.85 3.07 2.90 2.74 2.61 2.80

ML 3-1 22
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7% 3-3 S:[ARBR AR
Lab."” HRIT A (mg/kg) =)L (mg/kg)
A 422 432 413 426 4.14 431 392 384 378 397 383 375
B 448 444 440 452 440 472 403 424 40.6 409 40.1 424
C 444 443 442 424 423 425 403 40.1 409  40.6 389 40.1
D 435 432 438 434 437 4.32 40.0 403 39.8  40.1 402 40.0
E
F 510 561 558 545 550 560 ° 363 353 37.1 37.8 367 381
G 419 4.13 424 435 410 4.13 37.0 375 352 360 368 37.8
H 427 4.02 390 405 398 3.74 303 302 292 309 30.7 29.7
I 423 426 422 419 423 4.16 36.0 352 353 348 344 345
] 426 431 438 432 427 435
K 449 448 444 439 448 4.50 38.7 395 40.0 387 39.5 382
L 450 449 459 442 440 439 39.7 386 38.6 382 380 40.1
M 404 401 413 400 4.00 4.08 37.8 382 378 387 385 384
N 421 410 401 400 3.89 3.86 382 380 387 373 363 365
O 355 3.62 367 343 3.66 3.53 343 366 357 360 340 309 °
P 464 441 473 459 453 448 38.7 381 382 403 39.5 389
L 1) 1) A1)
ab. VAR UN (mg/kg) A (mg/kg)
A 341 306 337 311 302 343 249 244 247 281 245 2.63
B 419 406 380 388 382 394 2,12 240 2.60 2.64 264 3.16
C 561 560 556 521 522 517 ) ND. ND. ND. ND. ND ND 72
D 567 565 559 57.1 563 56.8 4.49 443 445 450 451 4.54
E
F 372 399 360 357 367 376 7
G 574 593 588 544 60.4 56.6 515 553 596  6.46 742 7.50
H 307 341 31.1 303 299 30.4 517 485 485 328 3.60 295
I 315 303 321 319 321 320 221 278 225 266 249 220
J
K 177 166 17.1 132 145 159 1.62 176 190 1.44 186 1.44
L 571 521 549 527 537 53.7 2.10 226 291 221 253 253
M 469 452 469 459 459 47.7 093 130 093 141 1.00 1.00
N 348 343 329 497 502 49.7 N.D. ND. ND. ND. ND. ND. ?
O 406 393 394 383 380 39.1 246 257 2.86 228 259 2.46
P 555 538 562 539 522 539 425 4.47 447 448 429 448

ML 3-1 22
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3) I mIEAER AR D FT A

SMAUEZ BRAN TR ASGE L 0 B LT M, SEPNARYE(R 72 sy 12 H RSO 72 0MIE A NREELL T
T—v), BB R (sg), ER B HERER 72 (RSDr) MK ONEBFERRER A2 351 228 F- BLFH X
FEAER 20 H %2 (CRDR) V% ER IOV TEE 4-1 12, AERDICOWTTE 4-2 ITRL7Z. RDr 1T,
K53 % BR<ERBR AT B OB BRI 23 1T D= FF BURE FE 0 H %2 (CRSDR) Y LAN TH o 7.

7 L OO S RIFRERAE RA4 & 5 1R Uz, 70L K O (N.D.OFRER G2 IR © RDRIF 30.6 %L Y
19.6 %& CRDr A A THRY, 455385k =E D ENAH AR ER 7213 0.7 %~20.8 %M 110.9 %~23.1 %L ikBrR==
Lo TRADMR N DT, ZhUE, 7r A DN TEIERIFER CTHML 73 BRIE DS A B 2L LB ICHE
R OREME DN @ SHE 2B IS KO EEICRESEN DL ZLE, MOV TUIE A ENE & TR (Img/kg) 12
<, MBREICE S TR NEE T ZERENRINEE 2 b, 207D, 7a bR UENI DWW TIE
PORHEZ R E T DL EEL IR, SRR ORI Z T 27O O LB ZAT 7R Tz

F 4-1 IL[RERER R O R (250 55)

NN it%ﬁl) ST sw sk RO’  CRDR”
=5 ®W”  w” W (%) (%)
K753 (H0) 14 (1) 0.69 0.03 0.08 11.7 6
7= TMZE S (AN) 15 (1) 8.06 0.04 0.07 0.9 4
AIYETED AV (S-P20s) 15 (1) 9.18 0.04 0.09 1.0 4
IKVENED AR (W-P20s) 15 (1) 6.70 0.03 0.06 1.0 4
KM (W-K20) 14 (2) 8.32 0.06 0.13 1.6 4
1) fRFTICAHWZRBR =, () OEIIAVEE 2> BREE 5) RS YR 2=
2) el GREBR == Ho O TaER % (3) X 3B A 40(2)) 6) AEEFERBRIEICRITD
3) AR E B R ER 2D B %
4) EH BT ERE 7) EESHE
# 4-2 JL[RIBBR R O TR B E Rk SY)
R ! H(mﬁa oo s RS?RS) CR?DR@
mg/kg)  (mgke)  (mg/ke) (%) (%)
% (As) 13 (0) 2.87 0.15 0.24 8.4 16
JIRI7 2 (Cd) 14 (0) 4.23 0.09 0.28 6.5 16
=71 (Ni) 12 (1) 37.9 0.8 3.0 7.9 11

ML 4-1 22
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# 5 7a b OShOIL[FRFER A

) HBRED . Y . o
e o Y N sw Sk RDr’ CRDrR
RB) R el
(mg/kg) (%) (mg/kg) (mg/kg) (%) (%)
2 (Cr) 12 42.6 0.7 ~ 20.8 2.9 13.0 30.6 11
£ (Pb)” 11 3.28 0.9 ~ 23.1 0.45 0.64 19.6 16

1) AT R BRE S

2) KERE GRER=EZo M TR S (3) X 3B A $(2))
3) ENIEERZE

4) S P BT UE(R 2=

5) 2 H P B e AT Y (R 2=

6) JEEHERER IR T D E M HA RN RO B %2
7) N.D. ZR<ERBR Rk A

4) FRIHERUTHEMS

ISO Guide 31:2000 (JIS Q 0031:2002) ° |23\ CHEEIRGEIE HEM B DRFEE DO MENAEL TERSN T
WDRRFEE K O D &% 3K 6-1 KT 6-2 (R L7z, £77, 1SO Guide 33:2000 (JIS Q 0033:2002) V{233 T
NEE B W E O FHICh TV BE 72 5557 — 2 GEFRFRBRIC T 2 B NIE (R 722, = M BUEHE(R
72 M OMRBTIC -3 BR 0 & [RIR IR LTZ.

(1) JERAFEN SO H 71k

FE[FIRRBR DR IME D FEHERFE S (u) 13 ISO/TS 21748:2004 (JIS Z 8404-1:2006) 2 12HEV S, FE[FFERD
R 2 (sw) , M BRI 2 (sg) , SRS (p =11~15) K O BRE TOMuK LB EL (n =6)
26, (a) RITKVRD T, FEHEDO RS, JLRERHENSEL, FEERHENS (W ICEEFHRE K ERELT
Kb (b)), HRVHEEF 2 HILANIZHDT. 7eds, WERREL (K I OWTITIER A OE K UER) 95 %24
Wg5H k=2 tL7=.

(sp? — sw?) +i
n

p

<+ (a)

FRERHEDS (W) =

BEEARHEDS (Uggoy) =k xu  +++(b)

Sg: FE[W FBUEER =

sw: ENEEERZE

n : ILFEFRBROENGOR LR = 6)
p o EFEFRBROER =L

k - ok = 2)
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(2) FEREMEORIE 71k

g K O a KON TIRBRE H TOREMITITES S E DR EFRRAEL BT DTN N EEL L7z
F2, KGOV TIZNE TR EMEDHR D TETCWVRNZENOIRREETIZS B HFIREL TRALL, ZOfh

DRIy (T =T VSR, RO ARR, KEEMED AVRR, KW, O, DRIV LA =y V) &
RRET DL, 7, RRREMEILILRIRRBROD P EIE AL IR A SOHTEUT LD T FRR LI,

% 6-1 FBREHICRLHT DA (EKT5F)

RET DI H BET—H
Ey A 1) 2) 3)
N 5 %) FOREE TLE%EIT@S?% Sw , SR . St
(%)” (%) (%) (%)
A4y (H0) 0.69 0.04 0.03 0.08 14
TrE=TMEEF (AN) 8.06 0.03 0.04 0.07 15
AIYATED A (S-P20s) 9.18 0.04 0.04 0.09 15
AEEVED A% (W-P20s) 6.70 0.03 0.03 0.06 15
REEMENNE (W-K20) 8.32 0.06 0.06 0.13 14
1) W (k=2) K 95 % DIE /K HEL 4) FRHTICH - 3B == 5K
b O EHEESILD X F D55 DIF Z 7”4 5) HESHE
2) ENEEERE 6) ZEMHHMEL TR
3) EHEHEIUE R
#* 6-2 RAEFIFELMTDHE (FEFRSY)
RRET DI H BET—H
=p ~ 1 2 3
ARBR A5y WY RS sw’ sk’ —
(mg/kg) (mg/kg) (mg/kg)  (mg/kg)
U (As) 2.87 0.11 0.15 0.24 13
FIRIT L (Cd) 4.23 0.14 0.09 0.28 14
=41 (Ni) 37.9 1.7 0.8 3.0 12

T 6-1 22

5) REMREMEOAHR

ATy b JEEFRREAE HEY'E. FAMIC-B-10 CE @ LR OF N IRRIE, K122 MO FEAT R Ot SR
ICHSE 2 6 »ADD 4 6 y AICIERSNIZY . AR EYE AT B SR EMES RS-
FAMIC-B-10 L& B L7356, B, &G T IENFRE ThHZLnh, ZEMEIZBEL TR S nsrz
D, RBFHEEDE A B OA RS 4 450 2019 4 6 H RIZHET 5.

T, SHBRBAEICZ BT =XV 7R BRE Ll , ZEMICRIERH -T2V, BREED D
BB T D7 EDIEEITHZEET D,
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4. FEDH

2014 R IAERERAEAR EM B & U Ol i bR IR B TR, 2 OFRAHED TR E D 7= O i [FFER A
71>, ISO Guide 35:2006 (JIS Q 0035:2008) ¥ % 2 &1 Zf#HTL, 1SO Guide 31:2000 (JIS Q 0031:2002) ¥ DE R
FHIFZHE SO THRAEE () K UOT L (R) 2ER LIz, ZNHDOZ 8z oW, IREFER TR TS IR
FEVEM BRI S OF A 2T, 2015 4 4 A JVIERRGEREYEYE FAMIC-B-14 LU CHlReZBRAAL7Z.

MO FRAAEEY B L, EPITIEMIZERL TOB B2, S5, [ESN TR S QOB IR R e
WIS E O R A OILEK ST J OF OFER T IENERESIL TR LT, £z, TS E M O R8I v

WEBIERS TR, ZOI7R 8L, ZOBEEME DN BT OIS FEPERERICHRT DL 2AITRE
WHO LR SND.

2

NEEHEREAEEM B O BHSICIWN T, ESLAFZERR JE 1A N 36 - B dn PESE BT & T 7EHEAE R dn i ST 78
FT e SEE L, PARAKL T 1, Ejﬁ%ﬁfﬂ%ﬁ?jﬁ}\’iz%jﬁ?ﬁ%@AH%@?%%E%T@i, AU HEANH
ALK E = ERIES R 2 ERER R GE A A mBHRE 2, THREWZZSEHEZL
£ F e, ERBRICT W AWM b TEER S, AR Ty o sAatt, S RE
T AERHAIZERT, A aM HEN B ARNERE 2 (B9 3G - AER) , 2 —7" 7 IR AL, R 7T 7 UE
UAARAZAL, B RET RS AL, Y —T RS R OB 7L U JERHR A S AR DAL 3
BaRRLET.
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Preparation of Certified Reference Material (CRM) for Deter mination of M agj or
Components and Harmful Elements. Ordinary Compound Fertilizer (FAMIC-B-14)

Shin ABE', Satono AKIMOTO!, Satoko SAKAIDA', Toshiharu YAGI', Kohei ITO',
Yudai TANAKA'!, Shinichi KASHIMAZ, Toshiaki HIROI®, Tokiya SUZUKI',
Kenta SAKUMA!, Yoshimi HASHIMOTO' and Yuji SHIRAI'

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

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

* 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): ordinary compound fertilizer (FAMIC-B-14), for analysis of major components and harmful elements.
FAMIC-B-14 was certified for the contents of ammonium nitrogen (A-N), soluble phosphorus (S-P,Os),
water-soluble phosphorus (W-P,Os), water-soluble potassium (W-K,O), arsenic (As), cadmium (Cd) and nickel
(Ni). The certified values were obtained from a statistical analysis of the results of a collaborative study on the
chemical analysis of the candidate for CRM. Sixteen laboratories participated in this study. In a statistical analysis
of data which were reported from participants, outliers were removed by Cochran test and Grubbs test, followed
by the usual statistical procedure. The CRMs were expected to be useful for the quality assurance and the quality

control in the analysis of major components and harmful elements in ordinary compound fertilizer.

Key words certified reference material (CRM), ordinary compound fertilizer, major component,
Harmful elements, ISO Guide 31, ISO Guide 35, collaborative study

(Research Report of Fertilizer, 8, 140~152, 2015)
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12 2014 £ /F AERZREIEEZEMBEORR

— & EALRIEE FAMIC-A-10, i@ kAL FAMIC-B-10,
1GIEFRBEINE FAMIC-C-12 & OVE BEAL AR IEEE FAMIC-A-13 O & 22 e M REA —

FRdE /e & ARRTRRIS &, O 8 L Em 5
FIES L EEER Y RAIER S ARG 2
F—U—F  GEREAEYEWE, (LRRNTEL, 15URFEREICE, RSy
HERSy, 1S0 Guide 35, RHIZEME, E=2U 7R

1. [XLE®HIC

g VAN |y o AR bl kg (L Ry e OY R 1 iﬁwfmﬁifdwﬁﬂ?‘%%zfééﬁz?ﬁt‘/&— (FAMIC) 2MT>T\%
SMARENCIB W TINELTZ BB O F o B EOH ERH T D HTHII AR R THY, ZORBIEITITE D
FEAEDSRO BTN, RERTD, JEEHEE RGO ME ﬁii% HEPE LIS TR 2 2 T T R 5
HridRs, AEEHRR AR B 2 OBBRFT T, SRBRAE O E MR K Ot Hfi o ) B 7= | ZE B BURE X
(T ERF R A HE L D 1 KA NER S BN H R ICA T o TG, A [ BRI 70 38 S MR AT 0D Bh & )3 1t
Ferf, FAEIZIHWTEH ISO/NIEC 17025:2005(JIS Q 17025:2005) 2) D PR HIHA £ B |2 LT- i BR AR D15 #H
PERIRDE 2 F N EEAIN TS, TOEREE L, [FEHEEYE O E A 1 2Eiid 5280
HERESN TN,

¥72, BUE FAMIC IZB W T, IRERRGHEEWE A (5 ELRADE FAMIC-A-10 & OF FAMIC-A-13), [F]

B (- iE LA AE FAMIC-B-10) & ONF C (G IR FEEEAEEL FAMIC-C-12) (LLF, ZaE L EEHEME A-10) THF:
HEY'E A-13) TEEYEY)E B-10) TEEHEM ETC-12) 20, ) 28> 49 BRFEL TV (3 1), ZhboFiidlic o
WCIEE BRI A PEREGR O 723D 1SO Guide 34:2009 (JIS Q 0034:2012) ¥ D5 Hiffi M OVEpEIC B3 2Bk
I8 | A5 E 952 L1, 1SO Guide 35:2006(JIS Q 0035:2008) " %25 | Zfifhr &1 T-7= T 1SO Guide
31:2000(JIS Q 0031:2002) ¥ %% E | ZFFEE K DTV AER L TWHEZATHS. 2014 £ 1T, HEYEYH
A-10, FEHEMET B-10, FEUEM)ET C-12 KON 2014 4 3 A ICRRREEATo T A= HEM T A-13 OB HiZeErElc oW
T, TR B VO GRAEER E R DO BRI 7 DE=FV 7 HF L T=D T, TOMEEWMET 2.

2. #RRUAHE

1) REEOE=SYLYT

(1) RBRE

ISO Guide 35:2006(JIS Q 0035:2008) ' Cl, WAHEHEY)E OERE I T, T=41 7% KL CLREME
EHERTHIENEEFN TS, BEEDORFHIOW T, & TR TOT — X% 2492 [A R E B 22w

LMSTATBOE N MO PEH B L it 2 — 1 F e 7 —
PIRSTATEOE N MK EE T B 22 A B o & — N Al 22 4 2T
S IMNIATBUE NRMOKEWE B Z 2B 2 — Pt 2 — (BL) IRfEFLE SR
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PR BRI OBRTF IR ST — 2 35D A RERTZ EVERER O — SO FEARIEER LN G D, [FRH TR
U7 il AR YE) ' ORI R OB 72 T — X B BEIR Z L, 3B O kR ZEEOT=4V 7D
FELLUGRIRLT-. Rtk 2 il g i 35720, IRD a) ~f) & FAMIC i =t 2 —CitlL7=.

a) o FRREL < HEHEYE A-10, B-10, C-12 L O A-13 DTEEMND, THENTH AT 1 Az k& -
=2k

b) FBRALSY -« - RRESIZ T RTORSY (R LB H).

C) FRBRIE - - - PR R E O I AR O F SRR R BRIEY (£ 2A, # 2B &U“i% 2CE=BH).

d) FRBREFH - - - AEHEY)E] A-10 KUY B-1013, FRAEEER E 0D 728 O Ie[FI 3R Fe itk |2 d 1T D AR GE R E I,
12 A %%, 20 » A %4, 24 » A 1%, 28 » A 14, 32 /fﬂﬁé 38 /fﬂﬁé 44 i A 1%} OV 50 - H ﬁé (A-10 BR<) . BRHE
WI'E C-12 1%, FRGEERR E D 7= D I [RIFER i # 1C mﬂﬁaﬁiﬂﬂ% Sffﬂ %, 147 A1, 20 - A4 K&
N 26 7 A t4. FEREMET A-13 13, FRGIEERY EO)U@@ Haﬁ%ﬁ?@ﬁﬁ?& CRITHRAHERR ERE, 7 7 A % KO
137 H#.

e AERE- - H—HAE (FAMIC P2 —).

f) LEMEDOF - « - S Hr RO FH L H 2Dt e ] (H 250 K& O ORIE R D 3 HrE O FEEIZ SN T,
JISQ 0035:2008 1+ J& & B.5 &5 & | ZfifthfT.

#* 1 ERREREEE B O
GakiA HEAH JEUBHH BR FARIER Y AR

PR3, MEET =7, DA | = N — ey ¥R
RTINS g S |EREE, TSI HER, BEMHEA
R\ 7T =7 SRAONIL, BT g T aepio i, <ot <tEs | e

AEEE AR AR EEREAIE 5 S 6H K
PEY e Ho, BPEIFEHFE (BT

FAMIC-A-10

Troe=TER, AR AR, KR

FAMIC--10 | FIBILH WAL Te €27 BUARRE iy e kisteine, 0%, ni<os, | 20 F
AR i K, =0, 6 (2oms)) S
S VLRI WS, W
FAMIC G 12 | PPIERRE | TAHIE, SR TRISIE, Bor |8 Sl AICE Ik RS, O, 21 | 20167
MR | EE o K S, s 8 Cota | oA
)

) g e
(A NN, R ERLE, TUoE=THEER, BEHOA
FAMICA-13 | EEIER 77 =, SRR, BB o™ el m cypbe 1 <repben | 2008

REAEE  RAEEE SR EEREAE 6H K
PEY S By, BHIEHFE (RTRRS)

(2) ®T=HV T DOE

FAMIC # Pt 2 —|ZHB W TR Y A-10 K OMEHEY)'E B-10 2 2010 42 7 A ~9 A, 2011 4 7 H~9
H, 201244 A~5H, 201247 A~9 A, 20124 12 A ~20134- 1 A, 20134 4 4 ~5 A, 20134 10 A
~11 H, 2014 4F 4 H~5 H K1 2014 4 10 H ~11 H (FEHEWE A-10 ZFR<) OFF 9 [0 GEHEYME A-101% 8
[A]), MY C-12 & 2012 4F 8 1 ~10 A, 20134 4 4 ~5 J, 20134F 10  ~11 H, 20144 4 H~5 A &
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N 2014 4 10 A ~11 A DFF 5 [A], HEYEYE A-13% 201349 A ~11 A, 2014 4 4  ~5 A K1Y 2014 4 10
H~11 A Ozt 3 [mlEERE EhiL7-.

kBRI S R BB OREVEM L A-10, HEYEY)E B-10, FEYEWE C-12 M OMEYEYE A-13 4% 1z VT,
B 2 ROHMTRBRAE T o 72,

WSO T, HEAEHE A-10, B-10 O A-13 1220\ T, A5 k4 (As, Cd, Hg, Ni, Pb), C-MnO &
O C-B203 DFRBREAR I TA 20ET 3 M1, LALLM D R, /ISR LT 2 Mre LTz, BREME C-12 12501 T
1%, T-Cu KO T-Zn OFRBRAAR IS, VDA DRI HOWTHEMITF 3 e Lz, £, MiEEIE, Bhk

DORBFEHEE RIS D BR LR R (BRI E) L LT,

FR2A FEHEY)EA-10, A-130EER L 4y K OV BR 5 1k

PR gﬁf\ s "
2295 4 B (T-N) jﬂz /z/w‘ — Vo — 2R ;Eﬁ@mﬁ
FLE=THEEAN) 4120 HEEE(1+20) fiiH ;%%;ﬁ?g R/
CHENEDJUBE (C-P:0s)  423a <A (20 mg/mL) i ;E:Q/‘Egjz ;7,; Eg ?;27‘/ T=UA

o _ TL— DR AW
KPR (W-K20) 433a  JkfihitH LT L — D

<M+ (C-MgO) 4.6.2.a <Z Al (20 mg/mL) fif T — KR T e
IRME~>H (C-MnO)  4.7.2.a <z AME (20 mg/mL) 4 H TL— AR

CHHHTOR (CBOs)  48la  <ZAME(20 mg/ml) fiih ;&?év;??;%é/

1) JERFEREREORBRIE A E 5

F2B AEUEY)EB- 1003 ER Al 4y M OSGABR 7 15

e AR H AR A O
NN AN
. wnd PR = H I
TUoE=THRE(ANN)  412a K R RN T
e, s K R=F N~ K2 NFREVTFUBRT =T A
AIYRMEY AFR (S-P20s) 422a e VAT e Fi e /W N
e . NFREVT T UEBRT =T L
IKEEMED /Ul (W-P20s)  4.2.4a  KHhiH F& bt /W N

7L — AR ROtIE

IKEEPEN B (W-K20) 433a Kb XE 7L — 2k

O\ % (As) 5.2.a Wil — A ME — SRR iR KSR AL IR 1Tk
BRI A (Cd) 5.3.a By 7 b — DR POt

7K $R (Hg) 5.1a M — B SR ) iR BT
=471 (Ni) 5.4.a TR iR 7L — LNJE WSk

#h (Pb) 5.6.a TR fi# 7L — LR ROEE

RIS FR2AZ S R
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#2C FEMEYE C- 120058 Bk pk oy M OABR J7 145

- . AERIE H RERTE O
St YAN
ABRASS w=n) SRR i
gedz A B (T 411a  TNAE =GR — K R A 1
ERER(TN) 411b  — PRIV
A (T TNE—NVREE R EK NFREVT T UMT BT L
D ABR4E (T-P20s) 4.2.1.a S5 %\é@/%ﬁﬁfﬁf}ﬁff
IR 4 5 (T-Ke0) 431a  EALR AN [
R4 5 (T-Ca0) 451.a  FKofiEHEFRAE 7 L— AR AW
HHgRE (O-C) 411.1.a U AfEEElb P b 35 T iE 15
il 4> (T-Cu) 4.10.1. T K5y AN B T
i 14> & (T-Zn) 49.1a  FKofR 7L — LR E
O\E (As) 5.2.a Wil — e — R SRR iR KSEE AT -Gk
HRI7 L (Cd) 5.3.a T Koy 7L — KR AW
7K $R (Hg) 5.1.a T A — i b 55 B8 ) fif &t RALR TR TE
=/ (Ni) 5.4.a T K4y iR T — MR GE
s (Cr) 5.5.a T KR T L— I JE AW
& (Pb) 5.6.a T Ko iR 7L — KR AW
IEIX R 2A% 2 R
3 HWRERUER

1) REMOE=SYLT

(1) =XV R

FEHEYE A-10, fEYEYE B-10, fEYEWE C-12 L ORI A-13 ORBR A5 D22 E MR 2 2 3A
(D~ 3C 12”7 ISO/IEC 17025:2005 (JIS Q 17025:2006) 2 T, IEEFRFEHEY'E % A\ CRBRFTO H
T O PNES I B TR T 3B 58 LT3R T IR D2 Y MR FE T D 2 EAMERES LTV D, FAMIC T©
(%, MEBIERREAEE L A O SR BRARE O BL LS SEME L CD. FEVEE A-10 K UMEHEY)E B-10 DK
BRIAR D 50 & H 1% (FEAEME A-10 1% 44 » H 1) W ONTHEYEME C-12 ORBRIA O 26 » H #4316 ONCHE
W'E A-13 OFERII D 13 7 A % FTIZFEML 72268 H K OV 3R Bk AL 53 O SRR A O )% B 1AD~
1CIT/RL, B BRI L OVILE FR R A HE =, 70k, WERSLE B BLO 7= I FE i L 7= G TaRBR O L
55 (n) M ONCFRFEE (W), SRR 72 (sy) e OV W A BUEYE(R 72 (sg) Z W C @ =X, (b) O () Rz
KD, BRERH D720 DFEHE(R 2, Ei RS R OWLE R 2 R0 7210 Z Db 5, WS A-10, fEYEYE
B-10 M OMEHEWM)'E C-12 K OMEYEME A-13 OZEEMRERBAE D ML, W I D FBR AL /b SR R
OFFANTH-T=.

2
HRERHm D 7= @@*}%@{E%(G) = \/(SRZ — SWZ) + S% -+ (a)
EEIEI T DERIRA = p+ 20 -ev (b)

BT DALERSY = p+ 30 «er (o)
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n: R EABRO O TR spe HIAFER TR A7 =) - B YR 2
sw: FEFEFER TN ENIEHER 2 u: RBRENE

#3A0 REIHENEM I A-100 % BT =4 ) 7 R BR kAl CETE/S 52 %)

EREE TUE=T M <TEMED AUl IREEME N
(T-N) 2ZF# (A-N) (C-P205) (W-K20)

0 14.83 14.95 10.59 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 1477 1491 10.89 10.91 9.88 10.23 13.70 13.74
24 1450 14583 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 1455 14.56 10.72 10.75 10.07 10.07 1345 13.56
38 1469 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

#3AD  (Fix) (E &7 %)
sz ¥+ Bt~y <EBEHIEHFE
& H

(C-MgO) (C-MnO) (C-B20s)
0 320 34 0.389 0.414 0.204 0.210

12 329 335 0.397 0.398 0.200 0.206
20 330 341 0.388 0.388 0.208 0.210
24 332 338 0.397 0.400 0.211 0.217
28 333 336 0.412 0.420 0.213 0.218
32 328 344 0.385 0.389 0.198 0.219
38 344 344 0.397 0.406 0.203 0.218
44 328 344 0.398 0.402 0.206 0.207

F3AQ FREMEYEMEA-13OREMET=) 7R RS (E &% %)
%38 A EBELE TR T SEEMED AUl TGN B
R (T-N) 2% (A-N) (C-P,0s) (W-K20)

0 1490 14.94 10.58 10.60 10.74 10.77 13.00 13.12
7 1480 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

#3AQ (Fix) (E &7 %)
i VAN L e~ By <EBMIHHE
(C-MgO) (C-MnO) (C-B203)
0 3.18 329 0.359 0.381 0.214 0.214
7 316 327 0.357 0.368 0.194 0.208

13 326 335 0.348 0.370 0.196 0.204
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3B AL EY EB-100 % EHEE =2 v 7 SRR Al (E &) 5 %)
i ] Zyg:?ﬁ AIVEPED AR IREEMHED Al IR T L
=% (A-N) (S-P20s) (W-P20s) (W-K20)
0 833 849 7.99 8.03 6.88 6.94 859 875

12 827 830 811 811 7.00 7.01 881 884
20 824 831 8.08 8.09 6.99 7.00 865 870
24 817 818 8.09 8.17 6.96 6.98 9.02 9.04
28 832 833 814 8.17 6.94 6.96 896 9.05
32 821 822 816 8.17 6.94 6.98 8.64 868
38 836 839 8.02 8.08 7.00 7.01 871 879
44 818 823 8.03 8.09 6.94 6.97 8.63 8.66
50 827 828 811 8.13 6.96 7.02 8.66 8.68

£3B (%) (mgkg)
— 0% AR KER Ny P
it 1 (As) (cd) (Hg) (Ni) (Pb)

0 260 263 583 584 0.881 0.890 42.4 455 237 237
12 232 248 593 5.95 0.885 0.889 473 473 25.8 26.9
20 225 225 586 5.89 0.856 0.871 44.8 456 248 26.9
24 238 239 599 6.01 0.891 0.892 451 465 257 263
28 227 232 587 599 0.933 0.945 46.8 46.9 215 229
32 228 234 582 5.82 0.888 0.916 43.6 448 246 256
38 234 242 576 5.85 0.868 0.873 46.1 46.1 216 259
4 221 228 573 576 0.876 0.906 44.4 447 248 254
50 238 255 6.14 6.15 0.858 0.879 46.5 46.8 240 252

R3C AL E C- 1207 T = 4 7 SRR (BT By 5 %)
P 0 /oW % ki AR AR EHRR
(T-N) (T-P20s) (T-K20) (T-Ca0) (0-C)
477 4.79 8.64 8.64 0.607 0.619 5.99 6.03 20.4 20.6
8 457 4.75 8.46 8.49 0.553 0.561 .76 5.82 20.0 201
14 471 4.78 8.52 8.53 0.560 0.564 6.03 6.08 20.1 20.9
20 467 4.72 8.59 8.59 0.538 0.541 5.84 6.17 20.7 20.8
26 467 4.69 8.56 8.61 0.572 0.573 6.20 6.30 20.2 20.3
£3C (%) (mg/kg)
i e T4 ht 0% BRI
el A (T-cu) (T-zr) (A9) (cd)
0 583 587 963 991 22.1 22.5 1.81 1.84
8 575 591 991 992 19.2 20.3 1.83 1.85
14 567 586 1,015 1,015 20.7 21.1 1.79 1.82
20 582 582 982 088 21.8 22.1 1.78 1.78

26 545 547 991 996 229 231 184 1.9
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#3C (fix) (mg/kg)
. KR = Z4= 0N #h
\X A, .
FEin] (Hg) (Ni) (cr) (Pb)
0 0464 0470 733 743 786 812 36.4 365
8 0448 0478 742 746 805 805 351 351
14 0443 0473 783 787 754 794 361 369
20 0511 0514 727 743 818 829 353 353
26 0501 0503 733 734 866 885 354 359
155 115
3 » =-0.0052x + 14.835 2 y =-0.0002x +10.745
> =
%150 [ #9110 |
p <
I 1=
£ i
145 o 105 T
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»A), 8 A%, 14 » A%, 20 » A% KON 26 » A th £ TORE A W ONZ B O E O S NS 22 E
REROFAM AL A2 4-1 RO 4-2 |\ ORUT. REMORHNIE, #%i A OSFEE L4 BRI E O F-E)E%
VT 1SO Guide 35:2006 (JIS Q 0035:2008) 2B ([ZIRDFIETITo72. £77, (d) O (e) kD), #als A K&
O HHEE DENRFEAROMEE (b)) L OWIF (by) Z3RD7=. iz, () RE () &b, FRIOIEAEGR (s) &
O EFROHE OFERERSE (s), ) Z23ReOT=. IR EMROBE DIFHERRZE (s, ) & 1 18 (.95 7—, ) &R UTAHE
fEZ OREHE (b |) 2 iz LTz

ZORER, FREWHE A-10, FEEWE B-10 KL OREEME C-12 O TORERERDIZIBNT, |by| < sp, X
toosr_z 7RV, HXIIAE LITROLNh o7, ZIUCKVEEEYE A-10, FEHEY)'E B-10 & OMEYEY'H
C-12 DRBFERTE, & 4 FRAEERR ER D 387 H, 4927 H, 24 2 r HMZE ChoTcEaHiLT-. %
72, AREBREHUT 3 EIED220 S, FEEME A-13 12 OWCRBEOFHZ FZfE L7225, WO BEX
ARELTREOLNRD T,

T

T
b= (= D0~ ) / Y- @
i=1

i=1

b0=}7—b1f "'(e)

T
1 A 1
ST T, § Wi—=3)% = mg Vi = by = byx;)? oo ()

- (g)

\:HJ/\EIE%ZE |b1| < Sb1 X t0.95,T—2 °° °ﬁ§—€f£b\(£f€)
|b1] = Sp, X to.957-2 CHETHD(RNEE)

T: REREhEE% (A-10(8 [1]), A-13(3[8]), B-10(9[=]), C-13(5[=]))
x;: HEZAIEIORERIENE H 2 BE=41 7 Eii H ETORmKER (H)
x: ox; OFEIE(H)

yio EBE=ZV 7 E i B OREEO ) E

vy OBRAAE ORI fE

by: [PURERROMBE

by: [EVFEAEOTIFr

st TRIOFEHERE (HEETRZE (y; — 9) OFEEERZE)
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Sp,© BUREMOBEE OFEERRE
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£4-1 [EHEWE DR ERDE=2Y L 7 i O i
_ 2 _ 3 (=i S0 AT s R ) E
AR * Y byY  be® 5O Sn,” mu® g
(ron) (4”2 )10) 0 o7 (2 )w) (= )
mon. mon. mon.

(FEHEY)'E A-10)

EHELE (T-N) 248 1471 -0.0052 14.84 0.12 0.003 0.008 O
TUoE=T M (A-N) 248 10.74 -0.0002 10.74 0.10 0.003 0.006 O
Q¥RMED AR (C-P20s) 248 10.06 -0.0015  10.10 0.04 0.001 0.003 @)
RIEVENE (W-K20) 248 1357 -0.0007 13.58 0.14 0.004 0.009 @)
<M (C-MgO) 248 336 0.0018 3.31 0.03 0.0008  0.0019 O
¥R~ Hr (C-MnO) 24.8 0.399 0.0000 0398 0.010 0.0003  0.0006 @)
YAPEIFHFE (C-B:0s) 248 0.209 0.0001 0.207 0.004 0.0001  0.0003 O
(FEHEY)'E A-13)

EHELE (T-N) 6.7 14.849 -0.0084 1491  0.044  0.0047  0.0601 O
TUoE=T %% (AAN) 6.7 10479 -0.0101 10546 0.116  0.0126  0.1605 @)
SEEMED Al (C-P20s) 6.7 10.785 0.0077 10.733  0.055 0.0059 0.0755 O
KEEMENE (W-K20) 6.7 13.008 -0.0137 13.100 0.102 0.0111 0.1409 O
<M A (C-MgO) 6.7 3251 0.0053 3216 0.043 0.0047  0.0600 O
IR~ H (C-MnO) 6.7 0.364 -0.0008 0369 0.001  0.0002  0.0020 @)
SEEMEIFEOFE (C-B0s) 6.7 0205 -0.0011 0212 0.005 0.0005  0.0062 O
(FEHEY)'E B-10)

TUoE= T (AAN) 276 828 -0.0020 8.34 0.08 0.002 0.004 O
AYRMED AR (S-P20s)  27.6 810  0.0010  8.07 0.05 0.001 0.003 @)
KIBHED S (W-P20s) 27.6 697  0.0007 6.95 0.03 0.001 0.002 @)
KIBEHENE (W-K20) 276 877 -0.0014 881 0.16 0.004 0.009 O
(FEHEY)'E C-12)

EHELE (T-N) 136 471 -0.0028 4.75 0.05 0.002 0.007 O
VR4 (T-P20s) 136 856 -0.0003 8.57 0.07 0.004 0.012 @)
N4 & (T-K20) 13.6 057 -0.0017 0.59 0.03 0.001 0.004 @)
£ KA (T-Ca0) 136 6.02 00101 5.88 0.15 0.01 0.02 O
A ikFE (00 13.6 20.41 0.0044 20.35 0.32 0.02 0.05 @)

1) FEEYEA-10K OEHEY) B B- 101 i 5% O3B 52l H /D R L T

2)
3)

5)
6)
7)
8)
9)

10)

50 H % (A-101344, H %) CE=XV 7

FEHEY) ' C-120 3 F 8% OFRBR MG H /D E L C26 Ak ETE=XV S
FEAEW) R A- 1313 FH B4 OFRBR MG H DR E L CT13y Atk TE=4) 7
FHELL R B DO FBER ENE H D E=F) 7 Efi B £ OB OFELE (H)
FEAESE A-100D R ER R AE DO THME (57— 2% = ARBR 3 15K (8) x HF TakBR%k (2))
FEAEN)E B-100D 3R BR AR AE O - HME (77— 2 4% = 3RBR S [0 5 (9) x PH T3R5 (2))
TEAE)E C- 1200 7R Bk i AE O M (57 — 2 % = SRBRIEHE 15K (5) x PR 7B %Kk (2))
TEAE)E A- 130D 7R BR AR DO M (57 — 2 % = FRBRIEME 15K (3) x HF1TitBR %k (2))
B )i AR O X
[ E AR O]
TR OFEHERR 5
[ )i AR O X D= HERA 7

Sp, X toosn—2
OIFRARUTHEA L THREIZAFELITROLN T, ZE L L7255y

|b1| < 'sp, X togsn—2

FHO%ITE &5y R
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£4-2 EHEME O ENEDT =2V 7 i O S 5
. SR BT R e
SR> * Y bD by 59 S u® g
/k /k /k
(mon.) (mg/kg) (mg g) (mgkg)  (mg/kg) (mg g) (mg g)

mon. mon. mon.

(FRHEY E B-10)
U6 (As) 276 237 -0.0033 246 0.11 0.003 0.006 O
FIRIY A (Cd) 276 590 0.0013 591 0.13 0.003 0.007 O
KR (Hg) 276 089 -0.0001 0.89 0.02 0.0005 0.0013 O
=7V (Ni) 276 456  0.0136 45.3 13 0.03 0.07 O
& (Pb) 276 247 -0.0084 25.0 14 0.03 0.08 O

(t%ﬁ%%fOlZ)
45 (T-Cu) 136 574 -1.21%4 591 12.5 0.6 2.0 O
ﬁf’ Y (T-Zn) 136 992 0.4489 986 153 0.8 24 O
% (As) 136 21.6  0.0491 20.9 14 0.1 0.2 O
FIRI 4 (Cd) 136 183  0.0006 1.82 0.04 0.002 0.006 O
KR (Hg) 136 048 0.0018 0.46 0.02 0.001 0.003 O
=%V (Ni) 136 747 -0.0213 75.0 25 0.1 0.4 O
a2 (Cr) 136 815  0.2567 78.0 3.2 0.2 0.5 O
& (Pb) 136 358 -0.0253 36.1 0.7 0.03 0.11 O

JEITRA1ES IR

3) BHZREMEOHADHR
FEE% A-10 X OEYEY'E B-10 DA 0IRIZ, 2012 4= 11 A 30 H O BB EE IR R IR RREARE Y
B A DO Z T, AR IRAE 2R L 20154E 6 H RICEE L/Z. £7-, [FE CTHEYEYE C-12
I 2016515 6 H RETOAMHIROBREZ Z T T2, £ D%, kL TR ZEMEE=2) 0 7 BRAIT o124 R,
FEAEME A-10 J OFEHEME B-10 IXF8FEMER% E D 4 4F 2 » A [ GRAEWE A-10 1% 34 8 » A 1), FauE
W'E C-12 [LFRFHERR BN D 2 47 2 4 A O R EVED RS T,

4) ERM Application Note 1 KA AIEELRILELDLLE (&)

FRRIAE HER) L O E B SRR Ll 32 HIEE L C, TNDHDZEEZNLD RN S% W CRHli§ 25
7Y ERM Application Note 1" IS TS, ZORFl 515138 O IE J71ED 2 4 MERERR O 723D (A

ITSIVTNDN, BEDTD, 4 BIOFEHEEL A-10, FEEREL B-10 & OREHEREE C-12 D & 122 78 ek Bk
EA~OEHERADIEELT-.

F7, BRI EMERBR AR DR FIIE (Vneas) K OFRREE (u) EENDHDZEDHMERHE (4,) ((h) ) 3 TNZ
(1) REVFBREAEEDE OIEERTHEDS (ucpy) K O () ALV FEINEDOIEERHEDNS (Ueas) BF 5 ITRLTE.
DI Umeas K D ucrm 2T (K) 2dD Ay, DB BEEERTHENS (uc, ) ZHRHL, TICUERE(k =
2) 2T 1) REVIERAFED S (Uga, ) ZFRHL TR BITRL, Ay & Ugq,) 2L (M) %@F%,
FEHEURE A-10(7 Bl S7) , BEHERURE B-10(9 Al 77) M OMEHERR} C-12 (13 B 4y) D 29 B oy 9% 25 [l 4y
P Uga,) AT RNZEDS, HIEEOWF-EIE (Fmeas) K& OFRREME (1) ORICH & =\&’)Eﬂ7‘£75:o
Tz, HEAENROONIZ ARSI DD, M 10 Ay, (E 5575 0.08 %) 14, mﬂ‘é(’%’*iﬁiszs %) L2 5%F
LT 2 %CTHY, JEERHENSEZDTH 0.02 BB CWZRRE ThoT. ToE=THEFED A, (HEEYHR
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0.10 %) 1%, FRAEE (E &5y 8.38 %) IZKL T 1 % THY, JLERHEINSEZ DT 0.01 B2 TV-FRE TH

ST ARIV LD Ay, CE &S5 0.14 mglkg) 1L, 78

B (E 5573 6.04 mg/kg) IZXL T 2 % THY, JLRAE

% T7) 0.01 mg/kg B R TWRRE Th-o72. /KEERD A, (0.03 mglkg) 1%, FEAEME (0.86 mg/kg) (2L T
3% THY, JLEAHENE%F 7> 0.001 mg/kg B2 CWRRE Th-7-. 7o, X () ICLDEMZe ek BRAk
FEDKTIE D AHENE (Upens) DHETE N EBROFEHER NS I/ NHlIL TOAEZELE SN,

Am = |ymeas_‘u| ...(h)

syt -
Umeas = Tn ”°(J)
Ucam) = 2Uceanm) e ()

Vmeas: W22 EMERBRAAE ORI fE
A VB EFRREIE D ZE D fE A
UM FORIEE DOFEHEARFle X
Umeas:  TIFE DIEHER RN S
say: A RITRE{R 2=
(5))
et DFTIRYE(R 72
Ucay): Am PEBARERHENS

Ugs op _
Ucrm = 925/ e (i)

Ucea) = v Umeas> + UcrRM> oo (k)
Am = UC(Am) °ce (m)

U POREAE
Ugs o, mOREMEDILSRAFENS (W E1REK k=2)

T: #EREH(A-10(8), A-12(3), B-10(9), C-13

n: DHTRERE(2)
Uctay: Am DIIERRENS (0 G474 k= 2)
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&5 RIZEVERBR AL DR VA fE & R AR O ik

Rk oy HAL Vmeas” Umeas” /13) Ucrm? An® Uc(am)”
(FRHEYE A-10)

EHAER (T-N) (%) 1471 0.05 1471 0.04 0.00 0.12
TE=TEESE (AN) (%)” 10.74 0.03 10.66 0.05 0.08 0.11
VEMED AFE (C-P20s) (%)” 10.06 0.02 10.05 0.04 0.01 0.09
IKEEPE N R (W-K20) (%)” 13.56 0.05 13.59 0.04 0.03 0.13
<¥EMEE 1 (C-MgO) (%)” 3.36 0.02 3.28 0.02 0.08 0.06
¥EME~ 77 (C-MnO) (%)” 0.399 0.003  0.403 0.003 0.004 0.009
<EMEIFH FE (C-B203) (%)” 0.209 0.002  0.209 0.002 0.000 0.005

(R 4EY)E B-10)
TE=THEZEFE (AN) (%)” 8.28 0.03 8.38 0.03 0.10 0.09
AIVEMED AR (S-P20s) (%)” 8.10 0.02 8.10 0.01 0.00 0.04
IREEMED AUEE (W-P20s) (%)” 6.97 0.01 7.00 0.02 0.03 0.05
KEEMINEL (W-K20) (%)” 8.77 0.05 8.85 0.04 0.08 0.12
U (As) (mglkg)  2.37 0.04 2.36 0.05 0.01 0.13
IR 2 (Cd) (mg/kg)  5.90 0.04 6.04 0.05 0.14 0.13
7K$R (Hg) (mg/kg)  0.89 0.01 0.86 0.01 0.03 0.03
=%V (Ni) (mg/kg) 456 0.4 45.3 0.6 0.3 15
i (Pb) (mglkg)  24.7 0.4 26.2 0.7 1.5 1.7

(FRHEME C-12)

EFRLE (T-N) (%)” 4,71 0.02 4.70 0.02 0.01 0.06
D AERA & (T-P20s) (%)” 8.56 0.03 8.62 0.05 0.06 0.11
A& (T-K20) (%)” 0.57 0.01 0.58 0.01 0.01 0.03
K4 (T-Ca0) (%)” 6.02 0.07 5.82 0.09 0.20 0.22
HHgRFE (0-C) (%)” 20.4 0.1 20.2 0.2 0.2 0.4
#il 4 (T-Cu) (mg/kg) 574 7 583 6 9 19
i $i 4> 7 (T-2Zn) (mg/kg) 992 6 992 9 0 21
Ok (As) (mg/kg) 216 0.6 21.4 0.5 0.2 15
FIRIY 2 (Cd) (mg/kg)  1.83 0.02 1.81 0.03 0.02 0.07
KR (Hg) (mg/kg)  0.480 0.011 0.481 0.005 0.001 0.024
=4 (Ni) (mg/kg) 75 1 73 2 2 4
27 (Cr) (mg/kg) 82 2 82 2 0 5
£ (Pb) (mg/kg) 358 0.3 35.4 0.2 0.4 0.7

1) W AR S PR R (FEVEY) EA-10) O IME (7 — 2%k = 3ABRE1 %L (8) x a1 %4 (2))
PR BT PREA R A (REYEW)E B-10) O EME (57— 2%k = RBR[E1H (9) x #k Lk (2))
PN A PR A (RE YEI RS C-12) ORI (7 — &%k = BRI % (5) x #R Lk (2))

2) KB DOFEYER S

3) R

2) BRALEOEHER A S

5) A LA DE DKk

6) FHIELFRANE DD B FRILIE RS (A & 174 k= 2)

7) HEIR

il
il
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4. FEDH

FAMIC %, BB EYE & U CTEEEWE A (5 B LAUIER FAMIC-A-10), EYEW'E B (st pi ikt
FAMIC-B-10), =M C(HIRRBEIEEL FAMIC-C-12) K OMEHEM . A (5 FEAL R IEEE FAMIC-A-13) DA
IR AfER T 27O E=X I L R R ERBR A EM L 7. ZORER, BEW'E A-10, IEEYE
B-10, HEHEW)E C-12 K OMEMEME A-13 D& ER H 5O RBREAE O FEIL, W IO N E
B R R A B 2 D L3720 o7, £, RBREEZ 1SO Guide 35:2006 (JIS Q 0035:2008) %% 235 | ,%E%Jr
fENTL, BEMATHI L7225, UEY)E A-10, Eﬂfﬁ% B-10 }z OMEAEME C-12(2 DV CREFEERR E 4,
K238 AM, 4 27 A, 24F 2 7 A O TORRER T DL EMED MRS

BB R REAE ) B O RRAERL 5y D R 12 Wfﬁﬁa L5280, FIHE OREER B 535085
bid. —05, IEEORFHEEYE IR, EWNIIIMISERL TOL61I372R0. FIZ, EYCRISiansiE
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Long-term Stability Evaluation of Fertilizer Certified Reference Materials for Deter mination
of Major Components and Harmful Elements. High-Analyss 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)

Shigeyuki INABA!, Yasuharu KIMURAZ, Jun ITO?Y, Taku FUJITA?Y,
Keisuke AOYAMA!, Masahiro ECHIY, Masanori HASEGAWAS? and Yuji SHIRAI?

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

(Now) 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 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.0s), water-soluble potassium (W-K20), citric acid-soluble magnesium (C-MgO), citric acid-soluble
manganese (C-MnO) and citric acid-soluble boron (C-B203). FAMIC-B-10 is certified for the concentrations of
ammonium nitrogen (A-N), soluble phosphoric acid (S-P.Os), water-soluble phosphoric acid (W-P.Os),
water-soluble potassium (W-K20), arsenic (As), cadmium (Cd), lead (Pb), nickel (Ni) and mercury (Hg).
FAMIC-C-12 is certified for the concentrations of total nitrogen (T-N), total phosphoric acid (T-P.Os), total
potassium (T-K20), 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 1SO 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) were stable for each
three years eight months after preparation and four years two months after preparation and two years two months
after preparation. In addition, high-analysis compound fertilizer (FAMIC-A-13) had little examination number of
times, but was the same. 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.

Key words  certified reference material (CRM), compound fertilizer, composted sludge fertilizer, major
component, harmful elements, 1SO Guide 35, long-term stability, monitoring examination
(Research Report of Fertilizer, 8, 153~173, 2015)
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| %E&(Lﬁ%) | ARYxF L Ale—7— 200 mL

—HE% #9110 mL
—5oALWI Y LR )15 mL

LA K92 g
| HH | <3053
[
| %ifl | HVzFL oy —F 5o0F, H6HE
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AELOFRBEUZ WO EE S VD AR & OV ORI AR O KA T O EE (W-SI02) O & &%
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Verification of Performance Characteristics of Testing M ethod for Water-soluble
SilicicAcid in Fertilizer by Potassium Fluoride M ethod

Shinji KAWAGUCHI*

'Food and Agricultural Materials Inspection Center, Nagoya Regional Center

A study was conducted to evaluate performance characteristic of testing method for water-soluble silicic acid
(W-SIO2) by potassium fluoride method described in Testing Method for Fertilizers. The accuracy of testing
method for W-SiO, was assured from 3 replicate determinations of 3 fertilizer samples containing 12 % ~ 30 %
W-SIO; which were prepared each test. As a result, the mean recoveries ranged from 99.5 % ~ 100.7 %. Two
samples of fertilizers replicate tested on different 7 days. As a result, total mean value 24.01 % and 16.07 %,
intermediate precision 0.4 % and 0.3 %, repeatability 0.3 % and 0.2 %. On the basis of 7 replicate measurements
of testing method, the limit of quantitative value was estimated at 0.2 %. These results indicated that this method
was validated for determination of W-SiO; in the fertilizer.

Keywords  criteria approach, water-soluble silicic acid, potassium fluoride method,
Testing Methods for Fertilizers

(Research Report of Fertilizer, 8, 174~181, 2015)
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(3) A 1EY
g~y (LA ERRR)

VORSIATBOE NRMOK PEIH Y L e 2 — i E e 2 —



(1) BBR X O Rl Je OV ] &

AR X O Rl M OV ] B2 5% 3 1SR LTz, ﬁtif%ﬁ%

Y 0 mg~100 mg £THAHLZEF 6 X, 4% 2 #D
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(4) BB A
1/10000 a //])/\'71/1/"1‘/]\75?)%1/\ Kirhﬁ%nuuﬁ:%ﬁ uih%ﬁliz ﬂ%lr'ﬁ(ﬁ%nuuﬁ:%ﬁi 1 uih%ﬁ[: 1
L.
#1 L o bR

+EEOREHE HARs+ HARs+
+iE L(#£ 1) L(# 1)
K5r (%) 32.52 29.69
pH(4:H.0=1:5) 5.89 5.74
BERASE S (mS/m) 4.7 23.8
H FL 18 75 B (meq/100 g #:1) ¥ 36.4 36.5
AP B (mg/100 g #1) ™

CaO 372 399

MgO 22 23

K20 6 39
Ve R p RN (%) 39.8 44.2
A E (g/500 mL A#7 1) 374 375
R RAKE (mL/100 g #7 1) 102 99

72 it \uitﬂeﬂ@ﬁlz/\ &=
5y B (% (EE0F))
W-KzO A-N S-P20s
nnﬁ&“bﬂi
AL
JILE&7/:E‘w7 21.20
Y AFEA K 18.66
2) ABRAE

BRI, E;ﬁﬁﬂui% K0 L T1 T/I\ét

T, VT LRZA _Jlék%‘zﬁgﬂér«bk%%\éibtﬁu, Enuﬁ&ﬂﬂi%KzO ELT25 mg&ttéi%ﬁiﬂ)?k
Vs U CHEZKIREL R L 72 (2 BREI#ET T K0 &L TR 50 mg) . i RIAERAERRFRER CIL, ftiainE s
K,0 £LT 1R R4720 100 mg~2800 mg £ Thiti H L7 13 K L O LN Z Ko0 EL T 1Ry 4720 100 mg

~800 mg FTHEML7= 8 KDFF 21 X, 4 1 HD

DFRBRX AT 7=, W

M ERER L O N B B LA OV TH, B

a7 E=7%2 N ELT1ARYRY720 100 mg & UMY ABEA K% P20s &L T 200 mg L7200 hi FHL7Z.

(2) et HiE

BRI A 22 4 (ORU7Z. MakBRED, BE I

B OREE

AEREFIC 21 RFELTZ. /AT LRy b

(2, MEE DM 2R Y MEADK) 5 em ETHRL, fEAEH O~ T % 20 K FE L7z, ks Sk
NLRGEEE (R THER a/Mhas KG50-HLA ) PN Tt &1 HU8 KD 310 pmol m? 57!, FABAIRAH] 12 FRF
W, SUEER 25 °C, &M 18 C, M 65 %D —EEL LTz, #EKITRKEKED 60 %% HZ2IEHL, n—7

— R 7 A BRI E (LY A = 28 RP-MRFS) 0 L7z, Bbs e —

(29570, N LK%



184 REEHFZEHR S Vol. 8 (2015)

PE N TOR Y hORLE IR B 2BRE, 5 H BEERITHA T

3 BUBRIX O A S O B

= it FH gk 4y & (mg/pot)
m R R oA (mg/pot)  W-KoO AN S-P.0s
R 0 mgX 0 0
Z Wi 10 mg[X. 19 10
SE R 25 mg[X 47 25
B 50 mg[x. 94 50
e ® 75 mg[X. 142 75
=8 100 mg[X. 189 100
100 mg[X. 189 100
200 mg[X. 378 200
300 mglX. 566 300
400 mg[X. 755 400
.. 500 mg[X 944 500
g’; 600 mg[X. 1133 600
gy 700 mgiX 1321 700
@ m 800mgK 1510 800
= 1200 mg[X. 2265 1200
i 1600 mg[X. 3020 1600
e 2000 mg[X. 3775 2000
e 2400 mg[X. 4530 2400
o 2800 mg[X. 5285 2800
e 100 mg[X. 158 100
200 mg[X. 317 200
300 mglx 475 300
. 400 mgX 633 400
500 mgX 791 500
B 600 mglX 950 600
700 mg|X. 1108 700
800 mg[X. 1266 800
WiEe 7 =7 (dH) 472 100
Y AFEA K (JLiE) 1072 200

X0 mgRAZOWTIE, RZIERMIAELTGE, MR IHEE N BRIk A
TN 2 [ FRER B BINCER T 72 (K20 & LT 25 mga2lelfiii HI).

4 B
R4 it JE &R S FEE
RZIERMERRE  FR264-3H31H 474H 45250
BEERMERRER  FR269-6H23H 6H27H 7H18H

3) AEBHRUWNEMDST AL

(1 %FJEIEE

FEIFR, TR, WHEMOERE & (IAE, iWE), REEROMR, Wit 0 pH, EC GERIE KM
RO, BEARDY Y, HUT I, T R T I, TV NG R G 24720) K OFERO BT LD S
R RBR (R Z SE R AR ER D 7)
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(2) ULHEW D53 4T 7

O FEEROAIT L, Vo, T 2T BRI T NEF (W4 7-0)Y

I HERS, AR EANE Lo~ Y2 CRGEEICTeS CT 1 BRE L. EEA2HTE L%, v
P—THEL, oirEkele Lz, BB 1 g 20 x 2 &I &Y, KFHT & 0 EREE &K Ok 2 31
TE L7z AKGHER OREE 2T h—/L E— 7 —100 mL (28 L EXUF TR RIE L%, 550 C
T4 REMEL ERAL LTz, Buith, b= —h—IZHEEEK) 10 mL K OVKH 20 mL 22 RFEHILCTE W, 5
IREERM L. mtk, 2R 7742 100 mL (B LIAAL, K CTERLIZEAEL, sERARE L. 5D
BN 2 287 T A= 50 mL~100 mL (257 ERUL721%, BV T AIZOWTITZ L — DR, VAT DN TIAN
FREVT T UWRT =y AT EYE, ~ 7 R DRIV MZDOW T L — AR EEIZED
HELZ (K 1).

[ oe1eg | oroED

[ CEemEE, AoBE | AoE

| B AT | ~r—rt—H—100mL
|
RAk e WIIE
JXAL 550 °C, 4EFRELL -
|
ety |

K 10 mL
—/K#) 20 mL

| gk | WEERILTE S, SR
| %ﬁ |
| BLiA | &8752%2100 mL
—/K (FEHRET)
| 5@ |
| ﬁﬂ%ﬁ |
| 4y B Gili ) | 48752350 mL~100 mL
I
KD H|E T — b EE
POH|E NFREY S FURET =17 DR s
Mg, CajliE T — LR AWk

M1 BERODVTL, Vo, TR T BRI T NEG R G YD) RE7n——h

@IERDHVY KO G H R ©

IHEROH 1 FEOEMRZ T D LEIC R T ITRS 2 mm FREICEEGIVEY, £ 100 mg 2§+
Motz ZHAERBEIC AR, K3 mL KROS5 % 7 h77 == /LRUEET N AR 0.15 mL 22 TR
L7k, TR 7 == ViU BRAIVY DOBRL I LD HIBO AW ZBIE LT (X 2) .
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) BIEOIEN A T _ L5z i~
BEIEYT) | ok mmBE s
| B #9 100 mg | RERE
—7K 3 mL
— 5% ThI7 =LA U R RO AERR 0.15 mL
| i |
[ mmEavors |

X2 BEARDOIV Y LOFE G iE R ERE 7 v ——h

3. HRRUEE

1) AUHLOEEERTY

H <O IERITER, VATXERE, DU LNIRIE | EE DN THDED, B3R &K OV BRI E O Ak
TR THLOIIHL, BITNIEMIRAN TIZEITAA L (KD) ORFETEIELTWDY . B YD AT
CIE, 100 mM F2HE O & CEIEL, BEON A EZ2 2 E L, BT T8 DA K
EHD. VT LCIOTEEALSNDRESR T 60 FELL LBV, B 2 IXERL K I T v 7 A iR 1T 1
75 50 mM~100 mM Oz i P The KEZRY, COy [HENRBAIIZIE R TS, 72, mIREDOHIVY A
(THIRE N O pH A8 SOGIZH T 5 7T~8 1L ETD. SHITIXREEWE)DHERF ICHE X, Al
EIERTH. WU LIEEE N T 100 mM F2 5 O & B THEMEL, ML RERE THOHRAIEM T
DIFEEE KL, ERFEERE CHOIRPOREE OV afEOBKAEEL TS, ZOXHTHIT A
T T UAFE R O afE ORI K ESE L TEY, THVYAIRIE | ORBUIHIFEEELNE
DG IND.

ZOMDOEELRDITLOAEBERALLT, VA — 2D K E 2L BTk X I8
B RO, BEPEAA L DR ELBITKR AL DI MR DR FE EEZRH T 52 LIk DK ALOBRE, 7
PO KM - S F O 5 E R E T oD,

2) EEEFOENR

(1) RZER

RZIERERRROMREAEE 5 IORLE. P ORKRHRAVT LR ZIERELT, FEORE R
E oD, DITLIEFR, VAUBEFERIEDERNEZFHIERLLT WO T, RIERIT TENLHAE
T2 9. 2070, ABFBAHICHENDLZEEZD 200 JERIZOREE DO ABEHHVIIE A OB S E24ET
HEAT, QEZGNPELT X7, QEIRMBPETIXATD 3 DICRpENDY .4 EORERT
1%, 0mg & 10mg XD FTEIZTQLEQDX AT NH LI, 7ok, 21 H O EFHRER TIL, INHERFDOZE
LR A~STRETHHOT, UHROBRICBWT, H2EETETE, HI3IEUBREIELTERL
7o RNCHLNT-DIZQDF AT T, FEE M EWICET TEO LM B RAL 2L (BEE 1).
Uth, EROBLDEITL, CHTHIELZ (BE 2~4). BN TEIRMMAB AL, o0 CTHi LT
HRDIAT NHLNIZ(BEES). FIZQOXATIIE 15, QIIFE 2ETHALNZ(EHE 6). FTEDH
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ERRBO BN REF I H (17 B B S 0 mg KISHE B I B ISk A T3 3+ 2 R1E R B 253 27z
(LA, HALIEERBRE VD). TOFEER, 20 H HEMOE 2B NE I, SRBR& TRQL B H)ET
XA OITEAL OEIT ALY, AFRU L PEAOLHELROONT(EE 7). FEOHINY
VI LR ZICEDBDEDDORER TIELLT, TEIEEOA N HEFETEZ. £72, 0 mg LT 10 mg X
DWW TEHALR DIV B, ZRLA DR IKIZOWTET X AZINEY ZRIRLT, BT A
O SRR ZER L7-. O/ F, 0 mg L VN10 mg XK IZHOWTIEABE RO LT, I E o fifi
BRI T DI >THBEOESWRE LI (BE 8). 1o, A MHERBRL I LR Z FERD
R FTIELLTHH THLIEN o7z,

AVTENEBYIMEOR Z T DHEEMMAUNEE, EFRRITRLY. 5 EOREB T, 0 mg, 10
mg K OTL—H D 25 mg K THFEELG H AN FIERIDy RITHMINE JER DAL (B E
9) . AIEAMRIE, LR EIT T HZERSRIE I3, 0 mg XTI 15 O 50 b (TAE R O BR 2358 2 8 R
MHHIT- (B HE 10).

VY DA R ORHE ~DEERREINZD, RZTHEEYOMETIMALIL, SHIZTELR
EOWMEBIR T 357, 4 EORE CIE, HFEEZLIOIMN BN &R ITHIEROEERR K
U%%EE@ﬁTm OB (BE 11, [’ 3). L, BROVABEMOLEMR S DORZ,
BERE, FEMRDICEIIETHLEBTARITEZL0, Wl T01 8L, 22T, BHFEBEEZICH
BV HEDSMA _%G“Jk%fm,ﬂ;ﬁ@ywWAK?@M%}:%K, Rz IR (11 B B) 226 0 mg XIZHT
B LS 2 3% i 2 Bl B A i 7z (LA, AR B EERBREV)). 205 R, 17 A HEM S
EERUDPEELSED, BRE TRECTICABTR L CECOLENRBDOLNT(FE 12). 1t-o
T, WIDLRZVEDNDEBTRBOMR T IELL T, TEMIEOA %N FEIETX/-.

AVT BIARA~O 2 OERRIZE 5 LTRY, RITHE R R ERE OO A O R Y ik
WARRWEA DA S TRERKTLIENTERN ., 5 EORBRTIE, 0 mg K THROMER R AA
Hiv7e. oL, 10 mg KT 100 mg K EHLTRORE 2000, 1FER Y IR 23RS TED, 25
mg X LABE CH IR Ofifi H &I Z RITETh o7 (G E 13). 11 B BH2DATEE N B K 2 i H L
A B RERBR X CIHREVO SR FERBO LN, 17 A B 250 F L7285 L B11E 5k X Tk 0 mg
K EDW 2R IT o2 (BE 14) BOEFREIX, HIVLTET TR, £F, VAR, 1ZH5F %
MR ZLTHRLNDIOZEND, HERBR CTROMERRENALNTSG S, TORRNENVTLRZ L
T HOITEHELNEE BT,

FVT BIRIE T HEF IR kA LD, i ORNENELRSY. 5B ORER TIX, 0 mg K0
BREEKDC 10mg KO—HT, FEICHYE T8 3 B =AROBREE DAL (FH 15).

1 O E R T, BEEXIZB WAL IR %2 K0 ELT 1Ry 4720 25 mg fifi FH 32 0 03 e/ M
HETHY, BRI OS 51T K0 LT 1A Y4720 100 mg (27272 X 121E 100 mg D &2/ 5 59
ZHEAL I B A i U, A AR AR R & OB TR IR O35 G i3 b i LA K0 LT 1 ARy 4720 25 mg &
WAL 7= E _HEH%J}MH@%. A R DOFRER CIIUL S L0 AZHAPE N R DD 20 138 E F 228, RZIEIR
ELTERFENROONTZOIEEIZ 0mg LT 10 mg KETTho72. - T, IKIKTH KO ELT1ARYRY72D
25 mg fiti F 9~ DA uit%ﬁf IV LR ZIERDFEIET HZ LT 7N B BT

— 7, BERY 00 A it T E R AR BR TAHAL I T B OB @ & UL FEAE IR T, JIE X O 3E
KOAIT LKk T 2V O b (P/K) BB E N2 e D, VAT LTV ABRF RHICAR 2 L2
EMRIKEHEZR LT 5 B ORER TCOIERDHI T L, U‘/”é.“ﬁ%(%(ﬁi%%f:@))&(}“ P/K Z[X 4 IZ/RL
Tz VD LEG RN B TELRDDIZHL, Vo EHRITERLARDBMICHY, 2w E RN AL
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720mg KO 10 mg XAHE TP/KIZBHFICHEVEE RS2, 65T, THEDOERFE DI LRZ DHD
BB T, YV O R BEBRNLATTWDATREEMEL B 2 b, 2, AUV LANEETH
STHANT T LRV T XY LN HIEPICL BIAAAET DDV LOWIDIHIS AL, RZPBIREENLZ
ERHDHY L LY, KO ELT 1 ARYR4720 25 mg LL EOSiH ThoTHIENE, ARSI E-o QxRS
FEAR DFAET DR RENEN D DT80, MERBRICEEL QIR HEF OV AL, 1V T DO~ T R
GHBELEETREEEILN.

75 RBE LT RS
BEE)__ BEem)  AFE  WhE _ BROBRcRAATCENYY)

=P O e
AR Ao T T B Wpo) (ot K p Mg o JemiEd
100 56 86 1625 14 026 0.59 025 145
omg 2 100 5.5 85 1596 140 025 0.55 024 141 #
T 100 56 86 1611 141 026 0.57 0.5 143
100 6.2 91 215 211 03 0.8 026 189
0mg 2 100 6.0 86 2192 207 035 0.42 0.25 1.84 #
100 6.1 89 M4 209 035 0.43 0.26 187
100 6.6 96 29 24 06 0.36 023 17
B 2%mg 2 100 63 86 20 24 06l 0.35 0.24 184 #
7 THO 100 6.5 91 48 24 08 0.36 0.24 178
i I 100 6.1 90 2329 218 103 031 020 161
B oSomg 2 100 6.5 93 2401 280 106 032 0.20 159 [
100 63 92 365 219 105 0.32 0.20 1.60
100 6.7 97 2508 292 155 032 0.19 146
TSmg 2 100 6.8 102 2481 283 153 0.34 0.19 158 [
100 6.8 100 2495 288 154 0.3 0.19 152
I 100 68 96 252 309 1R 031 0.18 141
100mg 2 100 6.7 97 2591 317 184 031 0.19 142 [
o100 6.8 97 2557 3B 183 031 0.19 142
£ 5 E K 100 58 103 2000 194 134 0.41 021 150 #
% v E & 100 53 90 1885 L6l 146 0.50 0.20 123 %
3.5
28 -
g 21 -
)
i
X
# 14 -
0.7 — -
0 1 1 1 1 1
0 10 25 50 75 100
i fii FH £:(mg/pot)

X3 RO E
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EAH (%)

2.00

1.60

1.20

0.80

0.40

0.00

0 10 25 50 75 100
B Jii FH #:(mg/pot)
C WY LEHE%) VoEHHEM ——P/K

X4 FERODIT L, V@A =S YR H720)) L UP/K

AR Rkt 2T HTENDbInEoT.

DIERRER A~ LIER DL D3> TET.

2.50

2.00

1.50

1.00

0.50

0.00

P/K

(BE2) #6517 HHED 0 mg XOREF-. N

L
RYA

H

(BE 1) #7114 %D 0 mg KO, 2 HE1b
THAAT DRZIERIE, $EE W% 2T BE i

L
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(BE3) £ 19 H%D 0 mg XOET-. BEGE
0% 2L TWDDONLELND.

(BE4) %21 HED0mg KO SHITIERD
HEATU T, fiZELI-REE. X AT ORERIZFICE 1
TN,

(BE5) %20 H%D 0mg KO-, TR A3
BT HXATIFEZROELLY 2 BIEEENTRIEL
72, ZOMERIZFICE 2 ETLHLLNT-.

(BHE 6) #fE21 H%D 10 mg XOBEF. 0 mg [KIFE
BB, BIETIZZARVS, 10 mg K THAUT AR ZIE
Wnmohiz. BETIE, 5§ 1 EREROHL, 52 5
NEERRM OB AR Z AL L TODONREL 00D,
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(GFL7) HEFE 21 B0 0 mg X (i) & #fbialt
B (A1) 086 -, B I B U 0D 1+ M I B
FELTC 3 H BENSHR & ISR, RBRKT
B CIOIEA LI E L DT 2 T, B RN
ROHEQOYHLROLNE.

(BER) WU LDH G B REBROMR . THEDOR
AR D HLNTZ 0 mg X V10 mg K TIET 7=
SR EAVT LOH ENFRO LT, IE O A
BEREINT D> THEBOE A WL,

=
i e

(BE9) 3 H%ED 0 mg KOMET. EHEHEIC
TN T IRITHMINE FEIR 1L 0 mg, 10 mg &
VT —H D 25 mg RNLLNFN, LLEiETFT5
ZEIF LR I Do Tz,

(BE 10) #%FE 10 H#£D 0 mg KOBEF. 10 mg KN
25 mg K TIEFIER 2 HIEE CTHEFEFRRIBIRITERE
S0, 0 mg XTI~ BE 0 50 i (\ZJE R BF 23 7% 2 8 (A
MHESNT-. BEAR OIE 5 72+ O AR & ik
ToL, ZOERERILI 05,
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K:0 75mg

(BHE11) 8 21 B %o, B O &35
DI DI T, EBIRDAFREBROLN. %
TRV A FEMONIER S DR Z, R E R
EHOAERSICLDETHEBTAREFEZSDT,
VT LR ZZRK ETDDEDLOHBNITEE L. &
CTHRFERICFEIMUNELTE 9 OFER 24
WAV LR Z O IELLT, REHM P HA1 B
H) 22O Bk 2 8 (2)E 354 F RE
B AR ATz,

(BH 12) #M 21 BH#% O 0mg X (M) LAEFRIE

FRBR X () OBk~ it B 0 BV IR o> - 8 it e &

BHEELT6 H HELOIEZ A B, RRE TR ET
WCAEB R L QNEAOHRENRBOLNT.

(BE 13) 0 mg X (Z]), 10 mg X (), 100
mg X (4 1) DR IEVDOEEF. 0 mg X TIZH NI
RO EARBENAZLNTZD, 10 mg XX 100 mg [X
CHELTRORE D00, [FIFR Y TR NE-
TRY, BFELETIIF AR -72. 25 mg KLET
BN ON B IZHEOR IR VIR D =R ITENTH

o7z,

(BHE 14) 0 mg X (L), B kEHEHER X (f
J), EFEERBRX (GM) OWREVOR . £F
B8 3R X CITIR RV O B N RO HALTZ DY, i AR
DB VOB AR [E R BR X CIE 0 mg K& D
W e 72 72 BT/ oo MOEFARRIE, VDL
JTR, BREFEMOMAEAK S BRZLTHEALI
HZEMD, VTR Z SRR DA 7> O] B XK
EEZLNT.
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XOHEFRFE KT 10 mg X O —F T, H#EICHH

‘- (‘GE 15) $EFE 20 0 %0 10 mg KO T. 0 mg
B LHE 3EIC=AROERETENALNT.

(2) e el R
ﬁ%ﬂﬂﬂ%m RERORE RER 6, KD IIT LEH R (%R HT20)) 2K 5 (TR, ZERDTY
LEAFRIT 3.34 %~10.28 % NS A RHF :4.02 %~12.39 %) OFIHICHY, I HEOHIMIRE-
T%O‘xéfﬁﬁ:rﬂzia@ot. TEMII IV DO AT+ 2N 355<, TEFICHNIZHDIEE ARG
WL, 3t JE RIXHIZNY L 2L 0B ECTEROI B E A R (%M 4 7-0) 25 2 %bb it
BN EA~DRBIIRNEEZLNDD, ZEMEICEST10 %EB25EHLHHY . 1>, 40

OB OAVY LEFG FIIAVY DI LBRIER ZFIET H2ROEE TRV EEZ X b,

HVT LTI EBE R CITABRELLTUIEAEFEELRWYY . LEPF TOBVTLIZORENSDO L
BRI P VT L, QRZBMERV T N, QFEZHNME VT D O@IY R VT M3 IS, 2095
@ AN A VT 2T HIBIE T B DTS BAEDER 53 D3 22 2T 2 I L TLDH8, 1EMIC
EoTHIAAMEEL TR CEBDOIXOQ LRI T + Q& Hilk Th D' . Fiz, HEEFERIIEE T oh
U LA ERE CIRZEAEFIEE T, IEEHE O KEE M AL SR P VD L, <EEPEIBIEAR
BAEDVT MUZIER ST DHEZ 2 HND. A B O BRIk, I e & O8NP CHE R ks
BLEZONDEFRDKRTREROAFTRL - RENALNZ (K 6, BE 16). TOMICHIEHIC
T HEBLSI DIV IR S AEBFOHNCNT T, IS0, T D% oM FEH I R
%75%&[52@7‘_(5? 17, 18) . WV LN HIKEL THEAEL TN EEF THIT A\ FENIFELT
WAIRAEE T, A RIOISICHEHRE LS WVIREETHLEF 2, o> THYY L0 FIAE R 23 H DRI
ws‘wuwwzu}zﬁéw% CHIFHRERENRIDEEB LN, ok, HEHE KR iiﬁﬂ‘tbﬂi
DI NP E THY, IO A B TRIE LA, 2R LY A4 D07 NI IRIE N E L, RIS
BMIRRBEEEmObEEZLN? .,

TN T BRI I T NI EEA~OWEFEBFENRENTZD, IV LREO ERHICk->THEEE
WHREMETFLTLE). 6o T, LEFICHITANBEUCFIETDE, (EMITHNL LT LRI X
VULRZIERERZFTERHHY . T A :tﬂf%ﬁiljﬂT“T“%é*‘/n?%%’“\"ﬁ?"‘/kﬁ/—\ﬁ‘é@
T, HEICEBELTHE~OBE N D20 XoT, DT AR ZIERITE T FENILREETD
N, A=Y TEHLEOABFTRHESN, FRAL, SN THIETLY. 4 BIOREBR TIEZD I8
EHOIERIZTEADNR ST, —F, SR TNIVAREEHIZ, TEMENOAL R OB AT
RTE~NHBHICBEN TS, LoT, v/ XV VARZIERITE T HENSHAEL, EFHHITITALN
RO gy TIX FTEOENRM AR~ KL T2, 5[ OB T, Fbs iM% 5 e
H.500 mg K& T 600 mg X O —FRIZ T HEDBENRM ML A& > TER T LR R H 7208, 13E 70 <FENR
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HEOTHIZELZ (BE 19, 20). RO T RVULE R F (%(HW M 720) 2% 7 2R Lz, fiEEhn
B 100 mg~1200 mg X & OMEALE 100 mg X TIEs A EOBRE DB DL, Zhbo
AR X E g U CHEE IR 500 mg & TY 600 mg KO~ XU AEHRILESVETIZHST-. Fiz,
KZIERERRBR COEROT XU LAEAFIL 0.18 %~0.26 %OFEFAIZH 703, HALME
500 mg } V600 mg X DZFU1E 0.25 % K 1V 0.26 % THY, #htaidienolz. (- TC, FALIME 500 mg
o V600 mg X THBLNE FEDIENRM LI~ 120 AR ZIER TIERWEE 2 L.

W RN B 1600 mg X LARE K O AL N B 200 mg X LK O fi & X ClE, fiil o FIEDORL Gz LS
ZROM, 1 ZIFFRUCHHICTEO - MHEEC T EOEMELALNZ (B E 21, 22). PHABREILT,
R ZJE R R AR F O AR 3 A B LIS AE N E A K0 ELT 1Ay RY720 100 mg fii H L T~
FERIELIZEZA, SRIORBREFEP LIER BN AL (B 23, 24). —J7, HiER N B %55 & i
L2 BR X CIXZ OB ZRIE IR N AL NI o 12728, PR B CALITAE R ITHE ALY A4 DK &
EZEz2bniz. £, a2 EMEL TR T =7 3T T =T M e L7 EE
RO PR E MR R CIX, ORI —F IR 200 BIC sl A<E L TRY, ZORRKIZS
WTGBRBOMBEMEEZ R R THDYY ., b0 EdD, AEORER THLIE T IS 15 0 BF E R
DIFRELTHEAL D AF > ETIIREEE A DB R L O AT REME S W &5 2 bz,

YL EXY, A EORBRTIX, HUTLAO@RGERITHELY, I E oW R B ICE R T~ %7 A
S DB RSy DR ZIEIR G- B 2B, B OB ERRICEBWNT, MBEEEEOSHE T
I3 B3 A R T K0 ELT 1 ARy RYS720 400 mg THAHA, AR CIXZEHZ LY ALV E Oy
BNZWE, ZEICINEA T3 RHS. L, ik HEICEZ BOWHBED VT LBNEFEETD
GAELEDT, EETARZIEEHRESMOERICEILIFEETHY, By 28 FIER S~ R
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Physiological disorder of Komatsuna
- Potassium -

Taku FUJITA'

' Food and Agricultural Materials Inspection Center, Kobe 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 potassium deficiency or
excessive symptoms about Komatsuna (Brassica rapa var. perviridis) intentionally, was undertaken. The
application amount of potassium fertilizer or the amount of exchangeable potassium in soil was managed as a
means. As the potassium deficiency symptoms, it was observed (1) the border part of lower leaves turned yellow
and the decoloration between veins of lower leaves, (2) the cotyledons wound on the outside, (3) the poor growth
of leaves, (4) the extension failure of root, (5) the third leaf became triangular. The methods were investigated to
confirm whether the yellowing of lower leaves and the poor growth of leaves were due to potassium deficiency.
As a result, the application of potassium sulfate solution to the soil and the simple potassium detection test by
sodium tetraphenylborate solution were effective. In the potassium excessive symptoms confirmation
examination, it was observed the decrease of germination rate, the slow and poor growth of leaves, etc. These
were regarded as the high salts obstacle with increasing application amount. On the other hand, in the later stage
of cultivation, it was observed the wilting and the partial peeling of lower leaves, etc. These were guessed to be
due to the excessive absorption of chloride or sulfate ion. However, it was considered the potassium excessive
symptoms did not occur. In addition, it was not observed the deficiency symptoms of the other essential

ingredients such as magnesium caused by the excessive application of potassium.

Keywords  vegetation test on the harm against plants, komatsuna, potassium, deficiency symptoms,

yellowing of lower leaves

(Research Report of Fertilizer, 8, 182~200, 2015)
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The Qualitative Test by M eans of Chemical Reaction
- Urea Nitrogen and Ammonium Nitrogen -

Souichi IGARASHI?, Keiji YAGI?, Hideo SOETA!, Natsuki TOY ODOME?,
Takako ARISUMI* and Kazuhiro ISHIZAKI!

! Food and Agricultural Materials I nspection Center, Fukuoka Regional Center
2 Food and Agricultural Materials Inspection Center, Fukuoka Regional Center
(Now) Agricultural chemicals inspection station

We investigated the qualitative test by means of chemical reaction about urea nitrogen (U-N) and
ammonium-nitrogen (A-N) using fertilizers. It is important to simplify the previous fertilizers appraisal method
due to fertilizers appraisal method needs empirical techniques frequently. Therefore, we had devel oped the simple
method which was excluded the progress of boiling and filtration from the previous fertilizers appraisal method.
Asaresult , the simple fertilizers appraisal method could detect urea nitrogen (U-N) and ammonia nitrogen (A-N)
in a certified reference material (CRM): high-analysis compound fertilizer (FAMIC-A-13), which contains urea
nitrogen (U-N) 4.6 % as a mass fraction and ammonium nitrogen (A-N) 9.5 % as a mass fraction. And we
investigated the limit of quantitative value (LOQ) of urea nitrogen (U-N) and ammonium nitrogen (A-N). We used
3 fertilizer samples which were rapeseed oil cake, fish meal and compound fertilizer (mixing calcium
superphosphate and potassium chloride). As a result, the limit of quantitative value (LOQ) of urea nitrogen (U-N)
and ammonium nitrogen (A-N) was estimated at 0.1 % ~ 2.0 % as a mass fraction. It had seemed that the
observing should be careful because of there were some difficult cases to observe due to the yellow aqueous
solution from the organic matter of the sampl e such as rapeseed meal and fish meal.

Keywords qualitative test, fertilizer

(Research Report of Fertilizer, 8, 201~206, 2015)
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