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1. [ZL®IZ

AE PR ER 1LY K OEEH I TEP I E D BV TS E s Aal iR IR R L D H 5 R RE A
DIMEIITHWGI T2 e, BIZEIR E NSRBI R EERVIE SIS THHZ LD, ITE,
BT ND IS DHEE & IRV T EORESLIZ O W TEER TSN TWS. 2SO H L EERE 1K
METERLSY, VAV, FIRMETOER B OUKIETE D RS BURER I W B TEY, BRI 7o rkes
AW T EE R 28 L.

AlENE, FETEIEEFR DOIKEENED A (W-P20s) , KEEHEINE (W-K20)  OVKEME~ 77 (W-MnO) Z %4
LU CHREABEIREOMAE AW A RFILI=O T, 2O EARE T 5.

2. #HRUAE

1) SHEEHE
IONTHFEIE LT, WINLItiEL CTWDIREVAERIEEL, (LAAE, Bl A AE, fifg~o o met, RE
RN DS ER A I, HBIZ 500 pm O 52502 2B T HETHIELIZH D% AUz,

2) HE

(1) ZK: JISK 0557 IZHIETD A3 OKZEE L.

(2) HEf: JIS K 8180 |ZHLE T D3k,

(3) fililZ: JIS K 8541 |ZHIET D3,

(4) 7TrE=T7K: JISK 8085 (ZHLE T Hitdk.

(5) 7= /)—NTELAEERR: NS K 8799 ITHETHT = /) —NTH LA 1 g% JISK 8102 IZHLETH
% ) —/1(95) 100 mL (Z¥ED LT,

(6) DABEEENER (P2Os 10 mg/mL) : JIS K 9007 (ZHLE DV AME —KFEHUT L% 105 °CE2 °C TR 2
RERIINEAL , 7 o — 2 — TR LT, 19.17 g 20X &MU EoTz, D EDIKTHENL, RETT
A2 1000 mL (2B LA, fi5fE 2~3 mL /0%, FE#ECREMZ 7.

(7) DABBRAEAERR (P,0s 0.5 mg/mL) :  WABBIEHERR (P,Os 10 mg/mL) 50 mL #4258~ 7 A= 1000 mL (Z&0),
fil§l% 2 mL~3 mL Z 1%, £ERRECREMZ 72

(8) HVY LEAERK (K20 Img/mL) : H VY AMEAERK (K: 1000 mg/L) (BAHAL:;ICSS) A L 7.

(9) ~ T AFHERR MnO 1 mg/mL) : ~ > T AEHERR (Mn: 100 mg/L) (BT ;JCSS) i L 7-.

(10) FEEFIKENL: JIS K 8747 ITHET 2TV (V)BET =0 A 112 g Z/KITEEDL, g 250
mL 201271, JISK 8905 (ZHETHLEVT T VBN T o E= LUKFIY) 27 g ZKITIENLTNZ, B
(ZKZNZC 1000 mL &L7=.

UORSEATEC R N EMOKE B R a4 — 4R A — B E R H—
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(11)  TEmHANAR ONERER) : JIS K 8617 [IZHE T D/mEE N7 12.5 g &t —H—2000 mL |2
3L, bEOKEMNZ, HElE 105 mL 2Rk % 12N, DREINELL, fktntk, KEMZ T 1000 mL &L=,
O T HINHIFNAR I R O3 HT I VW=,

(12) THIHIFNAR (= AER) © JIS K 8132 IHE T2 b AN F 7 L5 K il 152.1 g &#E
—77—2000 mL (ZIIH0 &, D EDOKREINZ 214, HEEE 420 mL &4 2 \ZINZ T, BIZAKZIZ T 1000
mL L7z, ZOTFHMHIEEIRIE~ o T O vz,

3) BERUEE

(1) B|BFRKOQPA: sartorius CPA423S

(2) ETrEsEXEIREASRDIEEH: == 8EF RS-12

(3) BEAEEIREOM: ¥A47v7 SR2wW(TTAAMTH T2 —2HWRET7 722 250 mL % [EELT. )
(4) Fybh7L—b: LLHEFE NP-6

(5) sptBERr: RE/ERT UVmini-1240

(6) JRFWSC/HTEERE: BN ~AT7 /Yy —X 7-2310

4) HWAE

AEF2.5 g% 1 mg OHTETIINDED, £2ET7 T A2 250 mL I AL, KK 200 mL Z00%, TEEEEREEOM
THI 30 I EIRVIEE 7= K CERL, A 3 FlECAHIELUEHANRE LTz (Scheme 1). F7=, SFiEMERIZED
FLE ORI A L7k D b T s R SR IR % 7 i FIEY & Scheme 2 (278 L7z,

INHDOFEHANRIZ DN T, KEEMED AR (W-P20s) 133 REYT T U T B =0 LG EE T (Scheme
3), AKREEMINEL (W-Ko0) & OUKEEM -~ 72 (W-MnO) 1Z7 L — L5115 (Scheme 4 & O Scheme 5) D
FIEY CENENRIE L.

| 2.5 g analytical sample Weight to the order of 1 mg into a 250-mL volumetric flask
«—Water,about 200 mL

Vertical reciprocating shaker (300 revolutions/min,40mm) for
30 minutes

<—Water (up to marked line)

Shaking to mix

| Filtration | Type 3 filter paper
I

| Sample solution |

Scheme 1 The flow sheet of extraction procedure using vertical reciprocating shaker
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| 5 g analytical sample | Weight to the order of 1 mg into a 500-mL volumetric flask
—Water, about 400 mL

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

<—Water (up to marked line)

| Filtration | Type 3 filter paper
I

| Sample solution |

Scheme 2 The flow sheet of extraction procedure using rotary shaker that can

a 500-mL volumetric flask upside down

| Sample solution |

|
Aliquot
(predetermined volume)

100-mL tall beaker

< 4 mL of nitric acid (1+1)

| Healting | Boiling

| Standing cool |

| Transfer | 100-mL volumetric flask, water

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

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

< 20 mL of coloring reagent solution

< Water (up to the marked line)

| Leaving at rest | For about 30 minutes

| Measurement | Spectrophotomete (420 nm)

Scheme 3 The flow sheet for water-soluble phosphoric acid (W-P20s)

| Sample solution |

I
Aliquot
(predetermined volume)

100-mL volumetric flask

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

Measurement | Atomic absorption spectrometer

Scheme 4 The flow sheet for water-soluble potassium (W-KzO)
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| Sample solution |

I
Aliquot
(predetermined volume)

100-mL volumetric flask

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

Measurement | Atomic absorption spectrometer

Scheme 5 The flow sheet for water-soluble manganese (W-MnO)

3. # =R

1) AEMEEICLZEEOF M

IKEEHED Al (W-P20s) , KESHEINE (W-K20) & OUKEEME~ > 77 (W-MnO) IZDW T, 3812 82 VT,
MR RS IR IR A O 7o A AR IE L O JIEEOFH BN CNIARIED 95 % T [X [ 2 [
FRO JE PHIZHEE Fig. 1 ITRLTZ.

IRVEED AUEE (W-P20s) (y=-0.041+0.999x%, r=1.000) DEZD 95 %[FHHX[#IL 0.988~1.010, B1J7 P 95 %
(EHE X E13-0.227~0.144, KIEMINE (W-K20) (y=0.022+1.001x, r=1.000) DFHZD 95 %{EHEX [HiX 0.989
~1.013, B1F D 95 %fEH X MIIX-0.137~0.180, /K~ 77 (W-MnO) (y=-0.009+1.011%, r=1.000) OfEH
ZD 95 %IFFEXHIL 0.996~1.026, BIJT D 95 %(EHEX[H15-0.040~0.022 THY, I ih JLBHERERIEY
RSN TWDEE Tl OHESE RPN Th o7z,

W
(e
1
(%)
S
1

y=1.001x+ 0.022

3 y=0.999x - 0.041 S s | r=1.000
S3 40 r=1.000 S
< > X
= < N—
g % g 20
5 < 30 CE
i 2%
£ Z g 215
0 s = =
SE 2 8
g5 g 810
= ® =
g0 £
]
0 1 1 1 1 ) 0 2 1 1 1 1 1 J
0 10 20 30 40 50 0 5 10 15 20 25 30
Extraction method using an upside down Extraction method using an upside down
rotary shaker (%) rotary shaker (%)

1) W-P,Os 2) W-K»0
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y=1.011x- 0.009
r=1.000

w b IS
o n o
T

reciprocating shaker (%)

Extraction method using a vertical
"

0.0 1.5 3.0 4.5 6.0 7.5

Extraction method using an upside down
rotary shaker (%)

e
=

3) W-MnO

Fig. 1 Comparison of extraction method using an upside down rotary shaker and using a vertical
reciprocating shaker
Heavy line: Regression line
Dotted lines: Upper and Lower limit of 95 % prediction interval

Thin line: y=X

2) GHIRERUGHEBEDFH

DHTREEE e O\ RIS B A s 9~ 5720, (LR, IRA TR BRI K O E il & IR VLT, 23R 1E
DIREVED /U (W-P20s) , ZKIEMENNEL (W-K20) & OVKENE~ 77 (W-MnO) % 2 "M T CHAZ 2T 7 5]
B A L TES NS % Table 1 lRLT-. $72, ZOfE B b —oBLBE S ST 21T > TES - BT
FEE K OV RIS % Table 2 (2R U7z, ALERAEEID ZKIENED AU (W-P20s) D E-EIEILE #4575 1.19 % T, ff
ITFAIRI S HENR 2203 0.5 %, T RIASHEHEIRZE120.5 % Th-o7-. £z, FEERAIEEIO KEENED AUBE (W-P20s)
ONFEEMEITE R F13.77 % T, DA THAEHER 213 0.2 %, FRAHEHER 213 0.5 % Tdh o7, [LRRAEE
DIKIEMEN L (W-K20) O EEEITE B33 19.67 % T, D TAXEMER 21E 0.5 %, T RIFE cHE HE(R 221
0.7 % Th-o7o. £z, FRERAIEEIO KIENEN B (W-K20) O FHMEITE B33 6.50 % T, G THIXEHE(R
7213 1.1 %, PRAEMEERZEL 1.1 % Tholz. ALRNEEOKENME~ 2 7T (W-MnO) OB EITE &5 R
0.226 %, FHTHAMERERZZIT 1.0 %, TRFHEERZET 1.7 % Thorl. Fio, IRGMEERILEOK
Wi~ 77 (W-MnO) OV-MEITE 8533 3.57 % T, PHTHXMERERZEIL 0.7 %, H A cHE MR 7221
1.5 % ThHo7-.

ZOREEIZB T DT IO RHE YR 25 SEEHERBRE D IORSIV T D O TREEE (DR THE I HE (R 72)
e OV TS B (P AR R (R 22) O B Z AN Tho7e, ZOZEMND, KD AVEE (W-P20s) , KIEMEIH
(W-K20) }e QUK IR~ > 77 (W-MnO) DI HHZ SV T, b T Ral SR B a2 W TR E R E
REBBICI O TOH O E A AL TV D ZED RS L.
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Table 1 Individual result of repetition test of changing the date for the precision confirmation
(% (Mass fraction))

W-P20;s W-K.0
Test - - - -
day Compound fertilizer Spef?e lrt;}llhzel: 1rxed Compound fertilizer Spe;;fzﬁr;l;xed
1 1.18 1.19 13.73 13.64 19.52 19.62 6.49 6.56
2 1.19 1.19 13.74 13.76 19.42 19.49 6.48 6.60
3 1.19 1.20 13.73 13.75 19.88 19.61 6.63 6.42
4 1.19 1.21 13.73 13.75 19.72 19.83 6.48 6.54
5 1.20 1.18 13.78 13.83 19.67 19.75 6.46 6.46
6 1.20 1.19 13.77 13.81 19.83 19.80 6.53 6.51
7 1.20 1.20 13.89 13.84 19.65 19.53 6.43 6.44
Table 1 Continue
W-MnO
Test

Mixed trace element

da .
y Compound fertilizer fertilizer

1 0.220 0.228 3.53 3.50
2 0.224 0.223 3.58 3.51
3 0.222 0.223 3.50 3.50
4 0.225 0.225 3.60 3.59
5 0.232 0.232 3.65 3.61
6 0.228 0.227 3.58 3.61
7 0.231 0.227 3.59 3.61
Table 2  Statistical analysis of repetition test result for evaluating precision
Repeatability Intermediate precision
Sample Mean” 57 RO CRD: sip)) RDir) CRDiq)"
)" (%) (%) (%) %)” (%) (%)
W-P20s Compound fertilizer 1.19 0.01 0.5 2.0 0.01 0.5 3.5
Specified mixed fertilizer 13.77 0.03 0.2 1.5 0.06 0.5 2.5
W-Ko0 Compound fertilizer 19.67 0.09 0.5 1.5 0.15 0.7 2.5
Specified mixed fertilizer 6.50 0.07 1.1 2.0 0.07 1.1 3.5
W-MnO Compound fertilizer 0.226  0.002 1.0 3.0 0.004 1.7 4.5
Mixed micronutrients fertilizer — 3.57 0.03 0.7 2.0 0.05 1.5 3.5

a) Mean value (n = Sample number of parallel test (2) x Number of Test days (7))
b) Mass fraction
¢) Repeatability standard deviation
d) Repeatability relative standard deviation
e) Criteria of repeatability (repeatability relative standard deviation) shown in Testing Methods for Fertilizers
f) Intermediate standard deviation
g) Intermediate relative standard deviation
h) Criteria of intermediate precision (intermediate relative standard deviation)
shown in Testing Methods for Fertilizers
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4. F&&H

T2 AR D K EEPED AUBR, AR RN B R OVKIEME~ o AT DN T, TEAEREOHEE Wi 5
FEZOWTHRLIZED A, IROEFYE—BRE O S PR O 720 O i 3258 BAELN -,

(1) FKEEMED AR (W-P20s) , IKEEHEINE (W-K20) & OKEENE~ > 77 (W-MnO) (22U To BT FEEE 12
R RWT, b TEREKERIRVIE S Z Wi E L RIEOREMEA L L7224, KEMEY AR
(W-P,0s) D [al) 2 K OHBEIFRET y=-0.041+0.999x K T} r=1.000, /KIEHNNE (W-K20) 13 y=0.022+1.001x
T ¥ 1=1.000, K¥EME~2 772 (W-MnO) IF y=-0.009+1.011x, r=1.000 THY, Wb IEEHERER L IORE
NTWLEEFHOHESEFEPIN THho7-.

(2) ABRAEEE, 1R A o 23R B K OV E Bl A NEEHZ DU TRE D AR (W-P20s) , K EEMEIN B
(W-K20) K ORI~ 7 (W-MnO) % 2 ST CTHEZE T 7 BB E FREL =LA, {LRIEEO KR
PED AR (W-P20s) D FEIEITE 575 1.19 % T, FHTHMERER 21T 0.5 %, PRAHMREER 2L 0.5 % T
otz o, TR A IREIO KIEMED AR (W-P0s) O SEEMEITE B0 13.77 % T, O THIRHMEAER 21
0.2 %, TRIFARHEERZET 0.5 % Tho7o. (LRALEO/KEPENNE (W-K20) OSFEIEITE #5723 19.67 %
T, PMTHXHEERZEL 0.5 %, TRIFESHEERZIL 0.7 % Tholz. £z, FEERLE RO KM B
(W-K20) OSFEEEITE 8575 6.50 % C, PHTHRHMEERZET 1.1 %, THEEHEERZIL 1.1 % Th-o7z.
{ERNEEF DK EENE~ 2 7T (W-MnO) DO F-EIEITE 53R 0.226 % T, PHTHRERZE 1.0 %, THHE
EHENR L 1.7 % Tholz. Fio, BAMEERIEEIOKEME~ AT (W-MnO) O F-EIEITE &5 %
3.57 %C, PHTHRHENEMR 1T 0.7 %, FRFXHEMER 21E 1.5 % THY, WIFNbIERFSERBRIEV RS
TWVHRE BT O HELEHEFH N T o7z

X B
1) FSEATBOE N EMOKPEE B 22 2z 2 — (FAMIC) : RS ERE (2016)

<http://www.famic.go.jp/ffis/fert/obj/shikenho_2016.pdf>
2) JEMOKPER RZEBRBLBANIIFERT : I AT (1992 Ji) , ARKRRRE Hh 2, O (1992)
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Extraction method for the water-soluble principal ingredientsin the solid fertilizer
using a gener al-pur pose equipment

Shinji KAWAGUCHI!

"Food and Agricultural Materials Inspection Center, Nagoya Regional Center

(Now) Kobe Regional Center

The Japanese Official Methods of Analysis of Fertilizer provides several extraction methods using the upside
down rotary shaker for the determination of water-soluble and citrate soluble components in fertilizers. However,
these extraction methods are only used in the analytical methods for fertilizer. In addition, the upside down rotary
shaker is a custom order apparatus. Therefore it is needed not to use it in the extraction methods for those
components in fertilizer. This study describes development and validation of extraction method for the
water-soluble principal ingredients in the solid fertilizer using the vertical reciprocating shaker. The values of
W-P,0s5, W-KbO and W-MnO measured in 12 analytical samples by extraction method using a vertical
reciprocating shaker were compared with ones using an upside down rotary shaker. The former values were
achieved and correlated highly with the latter values (Line of regression and correlation coefficient; W-P,Os
(y=-0.041+0.999x, r=1.000), W-K,0 (y=0.022+1.001x%, r=1.000), W-MnO (y=0.009+1.011x, r=1.000)). W-P,Os,
W-K,0 and W-MnO were conducted a duplicate test per 7 test days using two analytical samples of solid
fertilizers respectively. As the result, total mean values (mass fraction) of W-P,Os were 1.19 % and 13.77 %, the
repeatability relative standard deviation (RSD;) were 0.5 % and 0.2 %, and intermediate relative standard
deviation (RDy) 0.5 % and 0.5 %, respectively. Total mean values (mass fraction) of W-K>O were 19.67 % and
6.50 %, RSD; were 0.5 % and 1.1 %, RSDy were 0.7 % and 1.1 %, respectively. Total mean values (mass fraction)
of W-MnO were 0.226 % and 3.57 %, RSD; 1.0 % and 0.7 %, RSy 1.7 % and 1.5 %, respectively. These results
were satisfied for the criteria shown in the Testing Methods for Fertilizers. This extraction method is valid for the

determination of the water-soluble principal ingredients in the solid fertilizer.

Key words  vertical reciprocating shaker, water-soluble principal ingredients, solid fertilizer, single-laboratory

method validation

(Research Report of Fertilizer, 10, 1~8, 2017)
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1. [XL®HIC

MSEATEOE N EEHOK EN B 22 T2 2 — (FAMIC) TIZBBHIRGEVIC S, BEAKEE KRR DR
(XD AR D A PE GG A~DONAREEIT> TS, WEBIEEHIAERE D ICB W CE RSN AE
FRAY DI R BN ED LN TEHY, BEBEL THMLNA70LL G A FRENEDLN TN,

BIE FAMIC Ci, HERMIHTE (1992 FERR) P LD FEAPEICELE L2 DT - 1S 2 A ME DS feRB S - kB ik
SEEWEIL, TIERERBRE VAR EL, R—L_X—UIB# L TW5. 70l OW T AR AV TERE
AT, R TS & Il E 32 7 AR HHE SIS QDAY 2014 AL AR KR RIS
YEMVE OEATT OO OILFRIRER A T L 7o 25, =M B E D IREERER LD B 222 Kig 8 2, H
ETERVRBRELSH ST ZDRKEL T, JEEHR OV ABED I EBIR DX MEZ m D772, B
LEETREENRRELRDIENEZ LN T, VABIZEDEMND, AW Hr i E OEHE
NSRS 3 B EEED LT WV S Ho 7o JER P HTIEITIZ m 2 HTIEL LT, TRV LD
ELIHESITODD, A@d 0 F T2 AMA BT L FIETHLEWV ST EDNH D Z D7D, 1
PBERT VA1) A F R OB IR R T IR T a2 sl L.

ABHRIRAR R 71 E LT, IERFERBRIE O O L OBERGTEREEF O/ 23R BRIEL L TERAZSN TV D
A — AR — SRR RIES 2R E L, 22T DR (R | SRS R S T2 IEEHZ 3 T 28
HEEMNE) KIS T DD DY R IEE T L. S BIECOW I E S Fe IR e x5l
T, S EATOMEE — Wil — B R RO RIEIC OV I S TR ORI O B 22 L JEEE S G b
LT, H—mBR=C BT D2 U MEMER A T o7 T, TOME L HE T 5.

2. MPRUVAHE

1) SHARMORR

M A TE B C /MDA FF A RIS E DAL T DA A & A THIROIEEL, 3 58 A% (AT i
DA 4 55, TGS\ ABRIEE 14, I 0 ABRIEE 4 £, IRADABIE 6 4, AR 5 4, Kk
BEATIERE 1, (LARIEEE 12 47, BLATEEL 6 &, Motk Akl 3 A, I IEIAE AR 1 41, SRS
RVETIEAL 6 4, BIES TR 5 5, IRAE HITEHL A, R OBEE v~ o EE 3 40) %308 & L CIUEL,
OB AR, & EAEE, <> T AEENT 212 um D550 %, OO EZAEEHT H BZ 500 um O
SHVEBIETHETENE RN T IR CAOBT A RRE L LT, 400 A R PR R O 48 5
BRI LR IR R LT

VRSIEATEOE NRMOKPEIH R it 2 — e e —
2 MSTATBOE NERMOKEW B 2 2Tt 2 — et 2 — B MF e 2 —
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2) EKERURER

(D FEFBEmHrEERE: AinAT7/mv—X Z-2310 Rt —~  J ot Rt
(2) Ayr7L—b: THeI{ERYER T APS-500

(3 Wik

3) AE

(1) /K: JSK 0557 ([ZHETH A3 DKk

(2) DAFE: ¥tk

(3) fHME, Wils, WM &K OMEEE: AFeENTH

(4) BRfEKFETE=U L M 98 %DFSE

(5) HilET =L A RIS H

(6) FUIHIANER: —hife Vo L (k) 100 g 7K IZ#7>LC 1000 mL &L7-.

(7) 7o fEReg: 7o MERERR (Cr:0.1 mg/mL, FISEHIZE T34 JCSS) XIdrm AMEHERL (Cr: 1 mg/mL, Fi
Dt T3 ; JCSS)

(8) WEMA/ 0L EUERT : 7oL EYERR (Cr 0.1 mg/mL) ZAEHEFIREL T ERE2 2B T T A3TLD,
110 FEOT-EIMFIHAETRZZ N ENINZ, YR (1+23) TAR UIREFE R BR LD 7 0 L3R BRI RE W T
L7-.

(9) Ea kv () : HiE 99 %rFA3E

4) BEBRARSE

(1) DARE—fHEE — Rl MaE (LT, TOAREIE LD, )

AEBF I ATEIC BN T, Z7abikBRyEE L CIE SV CWBEBEF O H ik, sRBERIE T A2 LU IR .

Strakkl 050 g~1.00g #1I00ED, h—/LE—H—200 mL~300 mL (Z AL, D EOKTHEEELZ
%, VAR 10mL K OMEERRK 10 mL Z20n%, BEHIL TV Ry N L — R USRI LT 3043 RnEL4,
Rist 2351, AT T 2E TMEL Tz, i, iHEEK) 10 mL 2558 W TNz, whis b CREMEH 23S
TOETIET H8MEE 2 [RIMEDIRL 72, Hinth, filak) 5 mL 288wz, b—A e —h—ZKEHILCHE
VN 300 °C LA B CTHEERD A A LTOIRBE TR 1 IRERDINENL 7=, Fmt%, KK 20 mL 20z, h—/Le—7
—ZWFEH ML CREWERDITINEAL TA LTz, i th, &7 722 100 mL IZBL, I ETKEMA 2%, 5
3R CTAHL, Z7uHllEHORENR R E L= (Scheme 1) .

(2) EARFELLT, TEKEIEND.)

JEBFERRBRIEIZ BT, DRIV LK O #W % G e IRk 0 7 a A EORBRIEICER A S TS 7k (K
EEEZ RS . BB EEE LU IR

IHTRREEB.00 g Z1EA0ED, h—/LE—%H—200 mL (2 A, D EOKTREEEL 7%, MERK 10 mL &
OMERER 30 mL 2Nz, REFHILCREV Ry b7 L —hUIHbE ETKI 30 /3 NEVERERHILZ 351, BRaldiA
AT, fath, HEE (145) K 25 mL ZFEEMITINZ, h— e — I —ZREEHILTEY, FnITmEL
TN, ntk, RE77223100mL (IZBL, IR ETKREMNZ 2%, A IFETAEL, 7aLfjEHo
FEHRR E L7 (Scheme 2) .
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0.50 g~1.00 g

: 200-300-mL tall beaker
analytical sample

<A small amount of water, moisten the anaytical sample
«About 10 mL of phosphoric acid

«—About 10 mL of nitric acid

Hesting | Cover with awatch glass, heat for about 30 minites

Heating | Slightly move the watch glass,and vaporise nitric acid

|<—About 10 mL of nitric acid (twice)

Heating | Slightly move the watch glass,and vaporise nitric acid

|<—About 5 mL of sulfuric acid

Heating | Cover with awatch glass, digest on a hot plate or sand bath at 300 °C for an hour
|<—About 20 mL of water
Hesting Cover with awatch glass, dissolve

Standing to cool Room temperature

Transfer | 100-mL volumetric flask, water
|HWater (up to the marked line)
Filtration | Type 3 filter paper
|
Sample solution |

Scheme 1 Method flow sheet of chromium in inorganic fertilizers
(Sample solution preparation by phosphoric acid method)

5.009g

andlytical sample 200-mL tall beaker

<A small amount of water, moisten the analytical sample
<About 10 mL of nitric acid

<About 30 mL of hydrochloric acid

Heating | Cover with awatch glass,digest on a hot plate or sand bath
I
Heating | Slightly move the watch glass,and vaporised acids
<About 25 mL of hydrochloric acid (1+25)
Heating | Cover with awatch glass, dissolve
|
Standing to cool | Room temperature
I
Transfer | 100-mL volumetric flask, water
|ewater (up to the marked line)
Filtration | Type 3 filter paper
|
Sample solution |

Scheme 2 Method flow sheet of chromium in inorganic fertilizers
(Sample solution preparation by agua regia method)
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(3) WK FET o E=r LFMRE (BAF, [ KZRfEE L. )

VMRS BB L D4y RTEE LTI IS D 1. SCHRD HIETIE, Srakel 2B by, N—F—
THEBENMEAT S HIETHLN, [HBRE |2 h—1t —h— |2, [N—F—EHEINE %350 °C Dk 7L
— R AIHEE | CINEA S D 7RI LTz, BRI E T 2 LU R IR,

SIBEREF1.00 g 2130 ED, b=l —H—100 mL (Z AN, FifR/KETET=U5109 ZM%, FEHILT
78\ 350 °C DAY 7L — IR = C LIRRIINEAL 72, Sk, Ml (1+45) %9 25 mL 27Tz, k
— VB —H—H BRI TR, FTIEL TAD LT, ik, 2R 7722100 mL ([ZBL, fElREThE
INZT=4%, AR 3FETAHEL, e LfiliE HORERR K E LT (Scheme 3) .

1.00g

andlytical sample 100-mL tall beaker

|<—4 g of ammonium hydrogen sulfate

| Heating | Cover with awatch glass, digest on a hot plate or sand bath at 350 °C for an hour
|<—About 25 mL of hydrochloric acid (1+25)

| Hesting | Cover with awatch glass, dissolve
I

| Standing to cool | Room temperature
|

| Transfer | 100-mL volumetric flask, water

|<—Wa¢er (up to the marked line)

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

Scheme 3 Method flow sheet of chromium in inorganic fertilizers
(Sample solution preparation by ammonium hydrogen sulfate method)

(4) FlE—Riths — W R IR il (LUF, T=IRESEI &), )

AERFERRBRIEIZ BT, O XUIBERIGIRAEE 07 v 55l BRiEE L CTRAS QD 5L, RBRERIES
BELLFIORT.

SotrakEl 1.00 g #1320 &0, h—/LE—H—200 mL~300 mL {Z A, D EOKTREZE L%, K
10 mL % ONRiBERD 5 mL 1%, BEFHIL TR, 170 °C~220 °C Dy h 7L —h b E TR0 304y
LA EN#Ed%, 300 °C LA ECHREAL, S8 AR AE L e b ETMEL T, i, i EEK 5mL &
Nz, WEFHIL TR, 300 °C LA 1 C 2~3 B IIEAL , SO ILAZ T HL TR ED 2 mL LA R IZ7e5 £ T
BL7-. sk, YRR (1+10) %9 5 mL J OVUK#D 20 mL 278Nz, =B —h—ZEEHILTE Y, 20
DT 10 47 REEE AL IR LTz, g, KE W CTE2ET T 22100 mL IZBL, M ETREMZ -,
AR 3T TAHIML, EHAIREL7= (Scheme4) . 7235, AWM Z G R WIERIZ R ET HIENE, BRI
D — R IEDEIEITAE M LT

(5) thRik

ARFHZBWT EIRESEA G B LT ik, —IREAE T2 T DAREHI RT3 5728, Z29pBh IEi3EE LT
WREE T > &= AOTNINE BN 5k, SRBRERE 752 UL IR

SYBTEREE 1.00 g 213700, b—/LE —H—300 mL IZ A, TR T v E= b dga iz, DREOKTHE
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ZHL7-1%, AR 10 mL, feleky 5mL K ONEEE R ER) 5 mL 2002, BaFIL T, 170 °C~220 °C D7k
7 L= X3 B TR0 LR LA EINBAL 7=%%, 30 43 BA BT TINENE E 24k 4 12 300 °C LAk
FT LT, 300°C LA T 2~3 FFHEPINZAL , SHITKRFTHILA T HL TR EDK) 3 mL 2720 TMEL 72, Hun
%, KEHWTEETZT7A2 100 ML (2L, SR ETKEMZI-1%, A/ 3 TAEL, S EHARELT
(Schemeb).

1.00g 1.00g
analytical e 200-300-mL tall beaker andlytical e 300-mL tall beaker
«—4 gof ammonium sulfate
<A small amount of water <A small amount of water
<—About 10 mL of nitric acid <—About 10 mL of nitric acid
<—About 5 mL of sulfuric acid <—About 5 mL of sulfuric acid
«—About 5 mL of perchloric acid
Cover with a watch glass, Cover with awatch glass,
. heat gently on a hotplate . heat gently on a hot plate
Heating or sand bath at 170 °C-220 °C Heating or sand bath at 170 °C-220 °C
for no less than 30 minutes for no less than an hour
I |
Heat on a hot plate or sand bath
. at no less than 300 °C, . Increase heat gradually at 300 °C
Heating until yellow-blown smork Heating for no less than 30 minutes
no longer evolves
<About 5 mL of perchloric acid
| Heating | Cover with awatch glass digest on a hot plate or sand bath at 300 °C for 2-3 hours
|
| Heating | Slightly move the watch glass,concentrate until it becomes no more than 2 mL or about 3 mL
<—About 5 mL of hydrochloric acid (1+10)
<—About 20 mL of water
| Heating | Cover with awatch glass, dissolve for 10 minites
|
| Standing to cool | Room termperature
[
| Trander | 100-mL volumetric flask, water
<—Water (up to the marked line)
| Filtration | Type 3 filter paper
[
| Sample solution |
Scheme 4 Method flow sheet of chromium in Scheme5 Method flow sheet of chromium in inorganic
inorganic fertilizers fertilizers
(Sample solution preparation by (Sample solution preparation by improved
3-mixed acid method) method )

5) HOL®DRIEA X
BRI DO —E®E (25 mL LLTF) 22877422 100 mL (280, FEnEIFIER 10 mL 2Nz, BICHER
FH 27 50 I e o b T B AN RV RR B DY BE L7 A O s (1+17) , Hfe (1423) I3k A2 Thnz (&



14 AERHFZE 8R4 Vol. 10 (2017)

HRA7 a0 S HERR 100 mL HICHEREK) 3.7 mL B AL TWL72D, sBHATR TF O IE IR B KX OV IS U T
HIE MR ORI FE S RIRRRE L2 D JOMBEL7), JRFBOEATISEIEAL, 70 LS5V Tl K 359.3
nm OWSEEEAIE LT, [RIRHAR HER A FERICHIE L TR i a W Toril el o 7 Ao T
ZRD Tz, B ENA KGR R LR U 7= 3R O I i€ 5154 Scheme 6 [Z/RLT-.

L Aqua regia method, and Three-mixed acids method, and
Phosphoric acid method . .
ammonium hydrogen sulfate method inproved method
[ Sanple souion |
I
Aliquot 100-mL volumetric Aliquot 100-mL volumetric Aliquot 100-mL volumetric
(upto20mL) | flask, water (upto25mL) flask, water (upto25mL) | flask, water
<—About 10 mL of interference <—About 10 mL of interference <—About 10 mL of interference
suppressor solution suppressor solution suppressor solution
<—About 67 mL of «—Hydrochloric acid (1+23) «—Hydrochloric acid (1+17)
hydrochloric acid (1+17) (up to the marked line) (up to the marked line)

—Water (up to the merked line) [ When chromium have high concertrtion

«—Aliquot up to 10 mL of sample solution

<—About 10 mL of interference suppressor
solution

«—About 67 mL of hydrochloric acid (1+17)

—Water (up to the merked line)

| Measuemert | Atomic absorption spectrometer (359.3 nm)

Scheme 6 Method flow sheet of chromium in inorganic fertilizers
(Measurement procedure by 5 methods respectively)

3 BRRUER

31 AMBRARGEDORE

1) SEAMBRARGZRICIDAEMELLE

BHA IR IEZIRIE T D720, AL LT 24) (D) WARRE, (2) EAKIE, (3)FiKZRRE, (4) =ik
Weika MO CRRL, & 571EICE D7 n AEM AL THHD ABRIEIC I DRIE L el LT R % Table
1 \RUTZ. R L7Z3BHE, ALRRIEEL, Bl A TR, SESWITWERE LR, BEVABRILE!, MERITWERY A
JE, JESW -~ TR & 1A 5F6 AL

ZORER, FIRIER ORUKZAHET, IREVARIEE, BRI ORRYAIE, SESW < T JERHT RN T,
DABRIEIZ RS T HRIEMDOEIE DY 21 %~82 WAREZ RLI. —J7, ZiRBRIAL, DABRIEICH 4 HHIEE
DEIE DY 94 %~103 %Ll ZE[FHEOREMEEZ R LT, ZORERND, —HOMBEINENIIL, VARBIER O =
IRIRIE TR TELD, EARIEM OBRZEIELE TIE0 M CEROWEEIE D 70 MEE MR E TV D
ZENFEZDBNI.
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Table1l Result of quantitative value of chromium in inorganic fertilizers digested by 4 methods respectively

Compound Mixed Silicate slag Phosphate Fused silicate Proc
. . I . . ferromanganese
fertilizer fertilizer fertilizer fertilizer mixture phosphate slag
Messured | Measured  , Measured  , Measured  Measured  Messured
Method value® Ratio aue’ Ratio aue’ Ratio vaue® Ratio aue® Ratio aue” Ratio

(mgkg) (%) (mgkg) (%) (mgkg) (%) (mgkg) (%) (mgkg) (%) (mgkg) (%)

Phosphoric oo 100 1633 100 303 100 4014 100 3122 100 3214 100
acid method
Aquaregia oo 195 q305 g5 333 110 2453 61 2372 76 676 21
method
Ammonium

hydrogen 524 104 1457 89 314 104 2774 69 2570 82 2155 67
sulfate method

3-mixed acids
method
an=1
b) The ratio of vaues when the result of phosphoric acid method taken as 100

517 103 1598 98 293 97 3998 100 3057 98 3017 94

2) BEHOL (1) ISk S FMEIGER KSR

EFE D OFE RS, KBRS IEO AN v ME A MO FREEN ZHER T DL LTz, VAR
15, FAKIE, iR ZRRE &K O =IREEIC XY, SR a M O—FECTh L7 A (1) (Cr03) ™ ¥
ZALAAEEHZ 0.010 g (Cr U CRUEHHIRE 6842 mglkg A2, R0 1) OGO H L 7- SRR K O 7 1 LR
FOHEIRE L72 D IR E) USINL 3 RO T ClRIUNGRER A SEii L 745 5% Table 2 IZ/R LTz,

B IFEOYEL IR, DARETEIX 98 %, FAKVEK O /KL AR 1 YA, —IRIEEIL 99 %Th-o
7o 20U, FKRER OBKZRRE T, B b a () ZZEAE 3R CERD-T2Dy, VABRTE K N =1k
FRIECIXIZEAE R CET T EB 2 BT, ZORKZEIRIEDFEFIZ OV T, filEKETE=T A
(R DRRECIEm by m s (M) IHFEAE B ETEIRNEVIHEY E—E T DR ThoT-.

UL EDZ e, ZIREEEIFBEFIE CHO AL E FIFEE O 43 iffe 1% A L QOB ATREM D ®Y, WA BEE
FERLZ2WHFEEL TR TELAIREMERHHEE 2, ZIRBBIEICIV L T ORGEEDHZEELT:.

728, A B0V AREEORMNEIGRER BRI, IR R OVPH TR ER 2 S B IC R AT Tho7z. milko
HFERBRCOABBIEORMHHEENR R Lo —REL T, VARRE G Tl E FARIR OIS E -T2
ENTINZ T, BRI HTHEDD AVBERIEDHLE TIEEIN T AR O &IZIE (5 mL~10 mL) 2360, INEE EE K& O
BRI TORNWe®, BBREICL > TRBREH N B> T2 b — R EZ X DN, ZDT2, Afk
FCIIAEE I HTEZHUE D SR OFEFAN T —E DRIFIC IR I L 7= (Scheme 1). F7z, ARO[
AR UL E IR T OV A D 5282 K0 E 2L B~ D E R R E D R EALS, £ i BollE L7255
AIEEE O BESEV PR ET2D, THUTRIRE D7 a L (8 50 mg/kg) & & Teal bl VW 2212 kY, SUBHAR
Doy EER 25 mL LT HMERHY, JIE R T O ABRIRE DS FVIREE TORBR Cholzizi, L
EBRboTcbDEZZ LN, — 7, ARFICIIHAEIRED /225 el 2R L2, fREE
ZE LIcZ I KWE AER R OO AR IE RS TH2ENTE, oL ik L CHIETHZ 1L
1207, VAR DOREEIZ LD IES > EOMBITRO bivieholz. Linl, MU ET 230k 3BV K
IR COMEN B2 Z L HIRBRICR R (2 B IR 222 L7228 (R CIE0 ABRIEIC KD 2833 550k
MRBDOITG AN, Z2005 1D TR B AU 5280, MMBVEE 2K TS, BRI CTnEd
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DEDRIEEATS1Z. ), WABBEHERT5ZL1280E — I — DA E R 12 L0 A<IG S e — 1 — D
FEIN RN LT, DABRIEDS R DLEM RO,

Table2 Recovery rate of chromium by respective methods for chromium oxide(l11)

Concentration Concentration of

of additional chromium naturally o RD, " Recovery
a) r c)
Sample Method chromium in fetirilizer value rate
(mg/kg) (mg/kg) (mgkg) (%) (%)
Phosphoric acid method 6842 54 6746 1.0 98
A ia method 6842 38 42 9.2 0.1
Compound A q.uarer?lzm © et
fertilizer ~ ATIMONIUM Nyrogen suifate 6842 38 78 46 06
method
3-mixed acids method 6842 60 6801 1.0 99

a) Mean vaue of pardle test (n=3)
b) Repeatability relative standard deviation
¢) ((Mean vdue-concentration of chromium naturaly in fetirilizer)/concentration of additional chromium)x100

32 ZREREANRIADRE

1) SRBERICHTEEBORKAFESE

SIRFIEICEY, KOG E S VIR R L2 A, HLEMEWEE 170 °C~300 °C TR 4 IZ5
IRL THIEAL 7 BRI —EBOIB AT W ERD AUNE, ABEAEEE, SRSV N WERE IR E TMULZEHL, ©—h—7b
T 256 R DT, 207, ZIRRIEIZLD R AR T 528 L0, 58 OB AL VN T2Eh
ORI A R LT R4 Table 3 1TRLT-.

58 s 14 JUITIEB VDT LW ZEIE A RS Sz, 22 SRR L WIEEL O B A A L 728 25, KA
RUER LT K0 AR PE ST JE SO SOME ) OINE K 2 M3 272 8 L TRl b b 37208, 2 k9 5729
FE LT AT AR L2D. ) VEJFRIE LT IEEHZ B W CTRAICZEI A R & 07 D o 7o 3, T B0 FE
L TOZRWIEEHZ W TH 2SR bz, ZOxEEL TEEHEA 1.00 g 7°5 050 g (2D &0,
INERE 2K T SRR R T 52 TRIBED IETED RIS o703, KILERY % JFE L TS AR
BHZOWTIE, ZNO0O8EAE TIRZEHARL LT 528N TERWEAbH 7.

IO, IRMEEA R LS E S L5720 OB EE BN AOREEITIZE L.
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Table 3 Status of bumping used 3 mixed acids method

Number of Number of
Sample Number_ of - Sample Number_ of o
anaysis  bumping anaysis  bumping
Fused silicate 4 2 Mixed fertilizer 6 1
phosphate
Processed siicate siag 1 0 Fluid mixed fertilizer 3 0
phosphate fertilizer
Processed phosphate Fused sluge mixed
e 4 1 . 1 1
fertilizer fertilizer
Phosphate fertilizer 6 1 Silicate slag fertilizer 6 3
mixture
Pottasium fetrilizer Byproduct magnesium
. 5 0 . 5 3
mixture fertilizer
Fused mixed fertilizer 1 1 Magnesium fertilizer 1 0
mixture
Compound fertilizer 12 1 Proc 3 0
ferromanganese slag
Totd 58 14

a) Fertilizer bumped vigorously and faled out of beaker

2) ZRHFHIEDT=8 DIHER-TRER 5 #2 O I BAEF R DR EF

ZIRBREDIMBIRAE WO F I 52 DR B2t U, ZIRFRIE T, MR/ iR DL
JSZE P95 BT T O SRR — BitBR o MR ZO A B & T 0 MR LT 1%, R NI 28 EL ST
WD, ZORYEE — WRER S RO AR 2 0~60 53 T4 2 CO MR AN S 3~ DR O B FE - e i L 7= il 1
% Table 4 \R U7z, A LIZaEHE, IR L 74 58 Ao Ik 3Bk L 7% 1 (Table 3) 2> Db 2Eih L0320
ST IKMALIR T IO A FE SHUT R BT O ERD AU BE B OIES U N W IR AERRS 1 e LTz,

ZORER, ZE LT INEMR LI, 4R — BRER MO BRI O3Rch BV 60 20 Theh 1< (220 °C), Al —
Wil 73 R AT 07273 T INENREE 0 43 Cliedy i (230 °C X1 240 °C) Thr o7z,

ZDTEND, ZIRFBIEOINBERIEE XORIE TN TH 22 UICWRIEIZS B 35720, iElE —ifRic
LD T R EA A WL, EEE, GilR, IR SR IR A INBABRAARIIC RIRFIRIN 35 51k 352 &L L7z (Scheme
S5DEEY. ). B, KRR ORGUIAHME S T WIEEIO T80, TH /3 R EE B IE L Chil i & i /o if
TOWMUNWEINMTAEL N EE 2 bz, ZOBEERITINA T, 2fHE)S 300 °C UL EE T2y 12 nEL
AREL7RD LD, BlEREE 2L I FIEIC O W TCORB AT 712,
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Table4 Effect of time length digested with nitric acid-sulfuric acid

Time length of nitric acid- Temperature of bumping digested with

Sample sulfuric acid digestion nitric acid-sulfuric acid-perchloric acid
(minutes) (°C)
0 230
Fused silicate phosphate 15 220
(quenching) 30 220
60 220
0 240
Silicate slag fertilizer 15 230
(quenching) 30 230
60 220

3) EHFLO-DHMEEMEDRE

SRS DB EIL 5 mL LS CVDAS, FhSN IR B O R ORI B A NS 52T
ZERBG LB RN R EHZENE 2 DIz, TDT, ZIRFEIEORBRISINEL HIZ 2mL~10 mL iBIIL7= 7
B0 = OF BA MR T 5L, fid% Table5 (2R L7z, ERHLZRENE, Eig 2) THEALZLOLH
USRI WD AR 1 R e LT,

ZORER, g% 8 mL DL EBIN (MBS A FHAINE 13 mL LI L) 9524, 300 °C LL_ETHIEAL TH 250
RIS ZENTET. ZHUL, WBRZBINLTZZ LR SRR OB RN EF-UTo7ow, 22U BhiIEShic &z
I,

LnL, BN & IS 250G, ZIRBRED A& T IRFIZ 3 iz 2 mL LA R ISINEEHE 3 28 1F
(2 LRFRIFRE A B DA o7, 2078, KR IZEERDS FIRE T 222 b 1L Z R0 & Do RN
FIZOWTHRFEATIZEE LT,

Table5 Influence of sulfuric acid amount for prevention of bumping

Amount of additional sulfuric acid e ee absence of bumping

Sample and temperature of bumping
(mL)
2 bumping at 230 °C
4 bumping at 230 °C
Fused silicate phosphate mqng
. 6 bumping at 270 °C
(quenching) _

8 no bumping(over 300 °C)
10 no bumping(over 300 °C)

4) THBRFILDT=H D FMAEDRES

GEWBBH LI R DB ZDNAUMRILEL T, MifEKE T E=U LK IR TV E=0 AR EL
7. TR, BBRKFET o E=U AT, BRE 3.1.1) ORETCTHWRK ZEEE IV TRk 2 Zeil B 23R L
THIEMRRD O o128, Fiz, BAMG BB L OIS HriEOfER S L TROVGILTERYY,
TV A& R EE S RN AT E COREIZB W TTHFSEOEEIT Db DEE 2 b
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ZEDPBEELTZ. AT, MilgAKET =0 LOFLRIETHY, JOMELDS S <2l T ik S i TV D
TS MIOWTHREE T,

SIRBREIZBWT, BRI B K E T =T L 59~8 g XIIHiEE T E=U A1 g~4 g&iRIIL,
LT O#E ZIRBEIEL FIERICITV, 20O A 2R LT Ak % Table 6 (RUT-. AL 7=30EHE, EiE
2) ORREHCHE A LI O L RITIERRITVOERD AE K OSESVNFO B AERRS 1 e L7z,

Z DGR, TR HITREN BN Z DB O MBGEE AN ERL, 223805 1L 2 E3780 bi,

MK FET B ATIE 7 g ULE, W7 =Y AT 3g L EFINT 52T, 300 °C LA THIEL Th

LR DI 0T, ZHUT, WS BRI ARMBRIC L DA ERORBIIINZ T, Eil 3) OMFTT
OREEZENE 8 mL L0 BOMEE & TH WP (L EAGRD LN TNDIEND, (T 5T E=T LA
A BMMDAFT L EAERTHZ LTI AE SR BRIV WL I RN AT LI ENE 2. 2, kid
3) DIRFI CRIEE IR o T3 fRAE T RO B 2 mL PA R IR 3 D8 EIC DRSSV T, ek &
TS AINEE T B =T AETINL T, BATO ZjREE L iU CRIFRE CTh -7z,

ZORERING, AL BT IR R AGRO DI REE T B =T A 4 g RIS HEAEE ZIRERTE
BN 22T, Fiz, HEE — FiER — R ER RN O IR & OWERIZ W CIE, =iREIE T
170 °C~220 °C C 30 43 fiI LA B ANEAL 724, 300 °C LA L ETOFIRITIEIZI OB LGS, thx [CREE
BB EERRESNTODIEND, 22380 1A LM 5720121170 °C~220 °C T 1 BRI EANEL 7=
#%, 30 ML DN TOMBEFE A4k % 12 300 °C LA L FC RIS, 300 °C LL_EC 2~3 REEINELY &35 kL
L7z (UAF, T RiE &), Schemes. ).

F72, EIEICEY BRE 1) ORGHCAE RO LR 14 5 (Table 3) X OVRIRE A IEEL 3 A& AT
AR L2 A, =PI IORDoT.
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Table 6 Influence of ammonium hydrogen sulfate or ammonium sulfate amount for prevention of bumping

Amount of ammonium  Amount of ammonium  Presence or absence of bumping

Sample hydrogen sulfate sulfate and temperature of bumping
©) )
. 5 — bumping at 230 °C
F:ﬁr::tzte 6 — bumping at 250 °C
(quenching) 7 — no bumping(over 300 °C)
8 — no bumping(over 300 °C)
Si o 5 — bumping at 230 °C
flg?[til?ze?g 6 — bumping at 270 °C
(quenching) 7 — no bumping(over 300 °C)
8 — no bumping(over 300 °C)
o — 1 bumping at 260 °C
F‘;i;']:tzte - 2 bumping at 270 °C
(quenching) — 3 no bumping(over 300 °C)
- 4 no bumping(over 300 °C)
Sii q — 1 bumping at 240 °C
f'gf‘ttn‘?zef‘g - 2 bumping at 280 °C
(quenching) — 3 no bumping(over 300 °C)
- 4 no bumping(over 300 °C)

5) WMBEICBITIHBTE=VLBMILEIAETFHORER

W EIEICBWTIRINT A2 L LRRIE T B =0 L3, 7 L E RN T % 0 8% KT T2
RUTe. ZasMERERZ T, S BRIBICEAUSINENGRERZ FE ML 7= /5 5% Table 7 [Z/RUL7z. RIS,
— XA L RBERE (2235, VARE, IOy EOEF 30 %) D7 bE A 712 &4 (Cr 15000 mg/kg 4
W) O D 1710 O E (Cr 1500 mg/kg FH 24 &) THEiL7-.

ZORER, FIEEIX 99.6 %~99.9 %& BAT/afE FL/oh, Wilg 7 =0 2T 52 LIS X DMIE T
FEAET2NEE Z BT,

Table 7 Recovery rate of chromium by Improved method for chromium standard solution

. Aliquot amount of Mean  Recovery p Criteriaof the
Concentration , a " b)
Sample sample solution value rate truness
(mg/kg) (mL) (mg/kg) (%) (%) (%)
chromium 15000 2.5 14938 99.6 0.5 96~104
standard 1500 25 1499 99.9 0.3 94~106

a) Mean vaue of parald test (n=3)
b) Criteria of trueness (recovery) shown in Testing Methods of Fertilizer

6) FEMHEKICKSEE D
W BIEDEERERDOT=0, 70k 29 L (LAALER 4 5, BCE MR 2 5, FARE G IERE 1 5, SRSV VRRE
NERE 3 1, IRE D AMRIEEL S5 AL, SRSV~ T IEEL 3 55, I T ABRALE 3 57, N LISV ARRATEL 1 47,
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FERUTOERYD AURE 4 5, FRBIGTRIRE A IR 1 5, IREINEEE 2 ) ZHWT, BEFAETHLY AL
BYEIZER D7 v ARE A RV BT R0 i L7z

0 ABREI TEABNZ RT3 e B YA E I o0 [R1R ELRR 2 OF 95 % Tl X [ % Fig. 11ZRLT=. F7z, 95 %fEHHIX
Mo (b), YA (a), X OMIFEREOHHEBIRE (r) % Table 8 IR L7Z.

e BRER L D2 2 MR 7 1R D FEHETIE, HX (b) D 95 %(E X MIC 1A3E Eh, YT (a) D 95 %lE 1
XIZ 0 23E F4, FHBIFREAS 0.99 LI EAHELEL Tsh, T HAEEHT-L T /-,

ZORERDE, S BIEIFBEFIE CTHOVABIELRSEOEELZH L CNDHEE 2 DI,

5000

3 =10.9977x - 6.8421
4000 =0.999

3000

2000

Improved method (Cr mg/kg)

1000

0 1000 2000 3000 4000 5000
Phosphoric acid method(Cr mg/kg)

Fig. 1 Comparison between Phosphoric acid method and Improved method
Dotted line: y=x, Solid lines: Upper and Lower limit of 95 % prediction intervals

Table8 The 95 % confidence interval and correlation coefficient of the regression line

) 95% confidence interva Correlation
Method of Benchmark Method of object .
Slope(b) Intercept(a) coefficient(r)
Phosphoric acid method  Improved method 0984 ~ 101 -32.4 ~ 187 0.999

7) GHTHRERUGHFBEOH

S RIEDODHTHREEE K O RS EE 2R 927280, MERUTWERD ANE, SRSV ERE AR K& O RIS
1REHAWT, 7al0iBiE 2 S0MTTHEZZEZ TS RSEML TELNfER%E Table 9 1Rz, F, 20
FERD D ITELE S T 24T > CTRLIZ O TRE S ) OV RS E % Table 10 (2R L7=.

TR ERY A B O SE-EIEITE B4y 5R T 4628 mg/kg C, BRI THISHEHER 7213 0.8 %, 1 FEAH 6 42 R
1% 3.8 % ThHo7o. FLIUWNTWOERE LA D EIEITE &7 58 C 319 mglkg T, PR TAERHE (R 213 1.2 %,
AR MR 2L 1.8 % Th o7z, Fio, ALANERIO FEIEITE £ 555 T 545 mglkg T, PHTAEXME (R 7
1% 1.1 %, PHEAAMEERAL L.3% Th o/,
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ZNHORFEIZBIT DT IO FHRHE HE R 22D AR FRER A I ORS IV T DM T EE (DT Rz e 22)
K OV REPRS B (PP AR SHE HER 72) O H 2N Th-o7228030, BIEII OB EZAL CWAZ LN RS
.

Table9 Individual result of repetition test of changing the date for the precision confirmation

(mg/kg)
Test days Fused silicate phosphate Silicate slag fertilizer Compound fertilizer
1 4628 4695 309 319 538 548
2 4311 4351 323 324 554 545
3 4781 4745 313 312 539 548
4 4754 4717 324 318 550 556
5 4615 4686 324 321 535 541
Table 10 Statistical analysis of repetition test result for evaluation precision
Repeatability precision I ntermediate precision
Sample Meanvaue® s” RDP CRDS s’ RDim CRDim?
(mg/kg) — (mglkg) (%) (%) (mgkg)  (%)” (%)
Fused silicate phosphate 4628 37 0.8 3 175 3.8 4.5
Silicate slag fertilizer 319 3.8 12 4 5.7 18 6.5
Compound fertilizer 545 5.9 11 4 7.3 13 6.5

a) Totd mean (Number of test days (5) xSample number of paralel test (2))

b) Repeatability standard deviation

¢) Repeatability relative standard deviation

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

€) Intermediate standard deviation

f) Intermediate relative standard deviation

g) Criteria of Intermediate precision (intermediate relative standard deviation)
shown in Testing Method for Fertilizer

8) EETRFORER

WRIEDE & FIREMER T 5720, {LAIEE L OSLS W T WERE IR Z W Coa boilbize 7 G807 T
FEHa L 7= 55 BA Table 111073 U7z, ALRAEEE K O SV TR R AR 1 1 B 22 2 43.7 mglkg K
Y 3L5 mglkg THY, TOEHERZE1TEEH 0.57 mg/kg & O 0.31 mglkg Th-o7z. 728, & FIRITEHE
f75x10, F T PRISAEHE(R 75X 2xt (n-1,0.05) Z W TR IV LIZ L 25, S BIEOE & FIRIX 6 mg/kg 2,
i H T RRIE 3 molkg FR T SHEES U=

EEHAE IR B A i/ NE A FFA RITF FER 25 FE A IEED 100 mglkg THY, HEE L E &
TBRAE (6 mg/kg) 1XZ D/ NEHFRED US UL R Thotz, ZOZEND, B IEITERSESRBRIESRL T
HIE B FIROHESEELNEL 7= L TV AT LA LTz,
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Table 11 Calculated LOQ and LOD values of chromium

(mg/kg)
Sample Mean -~ LOO? )
value? Q LoD
Compound fertilizer 437 0.57 5.7 2.2
Silicate slag fetrilizer 315 0.31 31 12
a n=7

b) Standard deviation
c) Standard deviation x10
d) Standard deviation x2xt(n-1,0.05)

33 SEMEICKSVDLEBROE —RRERZ LM

M EEEROIEROY S, ZIREBIEICEVZETE IR TR TR BRI B 2 <3 b
(Table 3). IEEIAEHUE Tr/RLG AR EDPHESINVTWOHEEYZ S Eo 0 BRI OFESE 22 fiEDY D,
OFEOGATARBELHESITODILEIOREIL 13 L Z<HD. —REIEICIV a0 BRI FEETH
UL, OFE7ab%lm—i AR CHIE TEH72DRBRORE L, 2L EXAHZENTED. ZDOIEND,
22 LW R R AW C, ZIRERIED BB T - Y MR A L L 7-.

1) AEMEEIZESREEDH

Bk 27 i (B RRIEEE 4 55, BOAIERE 2 58, SESWTWERENEEL 3 5, IREVABENEEL 5 i, SV~
IR 3 AL, LY ABRIERE 3 A%, I LIRSV ABRIEEL 1 A%, FEpT O ERD AN 3 AL, MG IRIREL A LR 1
A IEAIMENEE 2 1) Z W, BEFETHDHY ARtk e ZIRFRIEICID 7 n AE EZ s LTz

V) AT TE BT 562 = TR TE T TE B oD [ LR X OF 95 % -1l X & Fig. 2 1R LT=. F7z, 95 %fE 4
XHOBE (), YA (@), K OBEYFESROFHAR RS (r) 2 Table 12 (2R LT-.

e A5 RAIR A D 2 2 PERERR 7 15 D JEHETIE, B (b) D 95 WIEFIX HIZ 123E £, Bl 5 (a) D 95 WfE#H
I 0 23& E41, FHBIFRELAS 0.99 DL EZHELREL TV, T HHEA-L Tz,

ZORERNG, FBPFHLIRVIERHT I W T ZRIRE TN EILE THOVAMIELREFEDEEZHL TNHEE X
b,



24 AERHFZE 8R4 Vol. 10 (2017)

5000

y=0.9935x - 0.405
r=0.999

4000

o
(=}

3000
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mixed acid method(Cr mg/kg)
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|

1000

0 1000 2000 3000 4000 5000
Phosphoric acid method (Cr mg/kg)

Fig. 2 Comparison between Phosphoric acid method and 3-mixed acid method
Dotted line: y=x, Solid lines: Upper and Lower limit of 95 % prediction intervals

Table12 The 95 % confidence interval and correlation coefficient of the regression line

) 95 % confidence interval Correlation
Method of Benchmark Method of object .
Slope(b) Intercept(a) coefficient(r)
Phosphoric acid method  3-mixed acids method 0.971 ~ 1.02 -34.6 ~ 33.8 0.999

2) BHTRERUGHBEDFH

ZIREEVEOOHMTIEEE K OV S 2 WesR 95720, SRSV W IR IEEL, (LRAEE K ONRE S0 AU B IEE 2
RAWT, 7o a0ilig 2 ST THAZZEZ TS5 RIFERL THELIRE R A Table 13 12 LTc. £z, ZOREHR
SR E S BT AAT > TR DAV DM TRE EE B OV [EFS % Table 14 (TR LT-.

PEEUMFERE B SR B3 B4y 5T 288 mglkg T, AT HH AT HE(R 513 2.4 %, T I FH RH A e 55
12 4.4 % TH 7= AL EAMEITE £y 3 C 542 mg/lkg ©, DF THRIMEHERR 2213 1.1 %, F [HH o i
R721% 1.6 % Th-o7z. Fio, IRGVAMICEI O FIIEITE #4533 T 3966 mglkg T, D TR HER 221X
2.4%, THMAMEREFEZZL 2.7 % ThH 7.

ZNHOREIZB T DT IO FH R HE(R 225 LB SRBRIE I RSV TOD O TREEE (DR THH R AR e (R 22)
B O RS B (TSR MR 22) O B 2N Th-o1-280h, ZIRMIBIZ 72 E 2 A L TWAIEN
I
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Table 13 Individual result of repetition test of changing the date for the precision confirmation

(mg/kg)
Test days Silicate slag fertilizer Compound fertilizer Phosphate fertilizer mixture
1 272 269 530 548 3911 3764
2 287 299 540 544 4052 3925
3 277 293 541 537 3991 3946
4 287 295 550 547 3856 4084
5 305 301 541 541 4084 4049
Table 14 Statistical analysis of repetition test result for evaluation precision
Repeatability I ntermediate precision
Sample Mean vaue® s RD.? CRD.” S|(ne) RSD |(nf) CRSD I(T)g)
(mg/kg)  (mgkg) (%) (%) (mgkg)  (%)” (%)
Silicate slag fertilizer 288 7.0 24 4 13 4.4 6.5
Compound fertilizer 542 6.1 11 4 8.6 16 6.5
Phosphate fertilizer mixture 3966 96 24 3 107 2.7 45

a) Total mean (Number of test days(5) xSample number of paralle test(2))

b) Repeatability standard deviation

¢) Repeatability relative standard deviation

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

€) Intermediate standard deviation

f) Intermediate relative standard deviation

g) Criteriaof Intermediate precision (intermediate relative standard deviation)
shown in Testing Method for Fertilizer

3) EETRENER

ZIRMIEOE & T IREMEER T 5720, ALEEE L OEIE S LR Z AW Tr/eboilliig 7 50MTCE
L7cfE % Table 15 2R U7z, ALEAERE B OV 7 LRI V-3 8 EAB X224 40.7 mglkg &Y 1.71
mg/kg THY, T DOIEHERZEITZ NI 0.55 mglkg M Y 0.21 mglkg Th-7-. 72385, EE T BRITAE (R #£x10,
B R R e 72 x2xt (n-1,0.05) &2 AW TR L7b 24, ZIRFRIEDE & FHRIT 6 mg/kg 2, Ml T
FRI% 3 mg/kg FEEE EHEE STz,

REBFA TE MRS B2 LD e/ N E A FFAS BT S B B 25 FIAE A IR 100 mglkg THY, HEE LT iE &
THRAE (6 mg/kg) 1ZZDF/INEAFFARED U5 LT ThoTz. ZOZEND, ZIREEIEL, IEEERBEIRL
TWDE R FROHELEILAEZ 2L CODI ARl LT,
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Table 15 Calculated LOQ and LOD values of chromium

(mg/kg)
Sample Mean " LOQ® ?
value? Q LoD
Compound fertilizer 40.7 0.55 55 2.1
Byproduct magnesium fertilizer 171 021 21 0.8

a n=7

b) Standard deviation

c) Standard deviation x10

d) Standard deviation x2xt(n-1,0.05)

4. F&OH

A Z G FIROEEL P O 7 AORIEEITOWT, DAERE AR W EUEHE IR OIS 2t , BH—
R ERICBI DR Y MEMERREBR A L7225, IROFERE5T-.

41 RRZDHRFRUVE—FHREZ LR

(1) BBHREARL T IEOREZATV, IEEHERERTE O O XAIHER G IR IEE T 027 m 3Bk ik & L TR
FZIVTODHEEE — fitlk — ¥R o ik (LUF, T=ZRERE L)L) 2 E L. BIS, ZIRERE T
TORE B PSS A JFEE 3D IREHT R W TR T 25 8 0%\ 358D BV 72 2291 1E U7 1k
ERRFIL, ZIRERIEOBRIEIZZEWEL ILRIEE L CHIE T B =0 AOIRINEBINT 5 ika s E LT (BL T,
Mg REIEWVD. ).

(2) HiElE 7 T =0 AR L BB E T 2R T 57280, 70 LMERERR (— 7L IRt D7 a 284
TR BT EZED V10 IREFEY) 2 W CRIGRERZ 3 ST TITo 72/ SR, [EIHEI 99.6 %~99.9 %&HY
B EAEsn-.

(3) EERMERRDIZ, 0 M (BEAFIE) LS BIRICKY, FiminE st 29 862 0L, [BlRHTIc kD ik
WA = L=, [BRERROBIX L 95 WIEHEX I 1 25& £, Y17 0 95 %S HEX ] IC 0 28 £, fHRE
22003 0.99 LL ETHY, JEEFERBRIEIREIN TS EEOHELE I B A= L Q.

(4) DHTIRSEE R O\ RS BE A T3R8 2 7=, 3TREOBEEIZ AW, 2 ST THAEZ 2 TS EIRBREZT-7-
R, DHTHIHMERER 7203 0.8 %~1.2 %, AR ER 2L 1.3 %~3.8 % Th 7. ZOifs FRITNEEEFR
BRIEI RSV CO DO TREFE K OV BTRE FE 0D B 22372 L T e,

(5) BXRIEDER TIRIZ 6 mg/kg FLEE, Wit FERIZ 3 mg/kg FRELHEESI, IERFAERMKIC T D710
DI/ NERFFRE TH2 100 mglkg D 15 LLFTHY, E & FEROHELEILAER =L Tz,

(6) LLEOFERN D, S BIEIZED7m B F GG % & e VBB ek 3528 LT,

42 ZRBEDE—HBREZ L1EHEER

S BIEORE L ZIRIRE (OFRBRICHV SN TS ) ICED = LRV IEERL 202 80s, 0L
1 7[Rl — B I CHIE P RE THIITRBROIE L, 2R A NDIENTED. 20728, ZHhLRVIE
B FHWT, ZIRMEO B —3BRE Co X Y M2 I ML 7.

(1) BEEMROD, DA (BEFE) & ZIRIBIEICLY, WEIEEE 27 82 00T, BlIRaircLs )
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IEM A FEM L7, [RIREAROMEIE 95 WEXHEIC 1 28& £, 17D 95 WEMXHIC 0 V& £,
FHBEERELAY 0.99 LL ETHY, IUEHERBRIEIORESN TODEEE OREREJ 2 MER - L Qe

(2) DHTHEE R O RS B 2245720, 3STEEOREE AV, 2 ST TH AL 2 TS5 RIRREZIT- -
FER, DMTHHMERER 2213 1.1 %~2.4 %, FEAEER 2L 1.6 %~4.4 % Th-o7-. ZOfE RITIEEEFR
BRIEI RSV CO DO TREE K O RS B 0 B A 7= LTy,

(3) ZIRFEIEDE R FRRIZ 6 mo/kg FEEE, #H TFERIZ 3 mg/kg R SHEE S, IEHAERSICH1T57
B LD E/INEG A PR R THD 100 mglkg O 1/5 LU FTHY, & & FIROHEEELUEL G- L Tz,

(4) L EOFERNG, ZIRMEICED 7 5 BR O I #FHIX A YA & E2VIEROS S, ZEH L2 E
BT HzlELT.
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Evaluation of Digest Method for Deter mination of Chromium in Inorganic Fertilizer by
Atomic Absor ption Spectrometry

Toshiaki HIROIY, Fumika TAKATSU?

! Food and Agricultural Materials Inspection Center, Sendai Regional Center
2 Food and Agricultural Materials Inspection Center, Sendai Regional Center
(Now) Kobe Regional Center

An atomic absorption spectrometry was developed and valid for the determination of chromium in inorganic
fertilizer. The sample was digested with nitric acid, sulfuric acid and perchloric acid (3-mixed acids method).
When the sample bumped vigorously, added ammonium sulfate too (Improving method). The results showed that
samples were appropriately digested for the analysis of chromium by 3-mixed acids method or Improving method.
Ammonium sulfate could prevent bumping samples and didn’t interfere chromium determination. Twenty-nine
samples were compared in measurement values with existing method (phosphoric acid method) and improving
method. Chromium was within the recommended range of trueness evaluation criteria (95 % confidence interval
of slope: 0.984 ~ 1.01, 95 % confidence interval of intercept: -32.4 ~ 18.7) defined in The Testing Methods for
Fertilizers provided by the Food and Agricultural Materials Inspection Center. In addition, 27 samples were
compared in measurement values with existing method (Phosphoric acid method) and 3-mixed acids method.
Chromium was within the recommended range of trueness evaluation criteria (95 % confidence interval of slope:
0.971 ~ 1.02, 95 % confidence interval of intercept: -34.6 ~ 33.8) defined in The Testing Methods for Fertilizers.
In the train of duplicate test per 5 tests on different days using three analytical samples and digested by the
improved method, repeatability relative standard deviation (RSD;) were ranged from 0.8 % to 1.2 %, and
intermediate relative standard deviation (RSD\m)) were ranged from 1.3 % to 3.8 %, respectively. In the train of
same test using three analytical samples and digested by 3-mixed acids method, RSD, were ranged from 1.1 % to
2.4%, and RSD,(m) were ranged from 1.6 % to 4.4 %, respectively. On the basis of 7 replicate analysis of chromium
using Improved method, the limit of quantitative value (LOQ) was estimated at 6 mg/kg. The result of same
analysis using 3-mixed acids method, LOQ was estimated at 6 mg/kg. These results were satisfied for the criteria
shown in the Testing Methods for Fertilizers. These results indicated that Improved method was valid for the
determination of chromium in inorganic fertilizer when there were vigorous bumping, and 3-mixed acids method
valid for the determination of chromium in inorganic fertilizer when there were not bumping.

Keywords  chromium, inorganic fertilizer, atomic absorption spectrometry, perchloric acid

(Research Report of Fertilizer, 10, 9~28, 2017)
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HILEN L
F—0—K T BADRRE, RRE, FiERKFET o E=0 A, ICP R ATk

1. [ZL®IZ

ECBEOD 28 T BUAS TIALRAEEL, 1RA D ABRIEE, SESVNTOERE IR OIRE S IR IS\ T, AF
ROy ELTTH U (T OE AR EDESIN TS, EEFR O Ti O5347T1%, EEF T (1992 42 1)) Y12k
SEIFEE T 0T L — DR AR B E S QD DS, IS FETE CII R R I B 2 B A 2 LBk
ESZHERTDIENEELV. o, 70— AT POGEIZRB W T, —Bb 2R —T8FL 7L —A G5
B —2) B EET D0, ZLOSHHEBI TIXILA CENLL EOVEREERH T2 ICP R e/ irds &
(ICP-OES) ICE & Hab > T D, o, WO DHHEICE O THREIO DR E CHEY TH L7 bk FE R
EERT 2D, ST RCBREA~DEEND, AL WENEELL.

ARRFTIL ICP-OES & AV e KO EA Sy R IE ARG D28 L, ARIV AR URED /34T 2 THOLSIL
%z KAk (Dry ashing method) & ONOE O 254712 TRV SIS T R0 fif 1 (Wet digestion method) (224
THELT-. TOREE, A IIED TN BIFTH-T-. LL, SRSV BRE BB 45 i+ BRI L
WZEBASEZY, SRR R AR OIMIIEE T DZENDH D20, S3HTHE & OFEE DK FOEKN L7025, 22T,
FLSWDNTWDERE AREHZ DWW T, R fRiE LSO 3 fRIEIZ DN TH R LTz,

FRfb T2 F ORI A B L O M, WREEKSET =7 ARlRE (NHsHSO, fusion method) 731
HPOFNRIETHHEREY D EI D, BRI HTIE (1992 4EhR) Tl HRER VD LA ffiRis S L
TWHD, Ha5 0 F 2 W THEKIZEDMEBVLIRA{TIZ LS TWD. — T, K ET o E=U L%l
ToRMIELX, TR — T —Z W8T 52 8137e<, £z, BlfEA & U TR S MR T2 D Ry 7 L —h
(LD IMBVLER AN AT E 27200, IO/ T THD. EOIT, FLSWITWVERE IR DR DB D22 H 380
DR, FLEWT W ALEHIOWTIE, flEK R T =0 SElfEE O A i L.

2. MERUVAE

1) SERE

L CTWODIESUWT W ERE AEEL, 1REVABEIEEL, ({LEAEEL, BLEInE, Sian~ T inkl, EkE S
fEE, BERIEa 7Y — N R IEEL, (B AHEIRE SRR, TR A IR & OVF REE 2= A E S IRk 2 =,
R A IEEHE RS EIEEHZ DWW T, HBIE 500 uym OAZY— 2 Zi@ili 3 5 F T2 D& /i L
7=,

2) RESOHRR

(1) Ti#ZUERE (Ti Amg/mL) : T AEUERL (Ti: 1000 pg/mL) (FrEiizk T.34 ; JICSS)

(2) FRERRAEYE . T2 R (Ti 1 mg/mL) ZHEEE (1+23) THINL, M ERAR S EER AL
7=,

VRSIATBUE NRMOK PEIS Y L il e 2 — ke e 2 —
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(3) ZK: JSK 0211 (ZHilE 2K (FLikFifi 18MQem L 1)
(4) MEWE: REESHTH

(5) fHlE: k% HTH

(6) Hilk: k%4 H

(7) EYEHERE: KT

(8) HiME/KFTE=U L Rk (WiE 98%LL L)

3) EERURER

(1) ICP F&Jtsy ot diiE (ICP-OES) : EHESERT 1CPS-8100 (B 7 M@l 5, v —r v vV IE sy
)

(2) K RLELEE . Millipore Elix UV5

(3) Fyh7L—h: SIBATANP-6 & U7 WL BAERT AHS-500

(4) HEXHF: Yamato FO 610

(5) wAZ7ut’~Xvhk: Eppendorf

(6) &FET7TIA

(7) 2EE~uh

(8) A 3 fif

4) WA E

HLBJRAYE, s, MERKFET =0 AR OW TG L. 7ok, IERRERER LIRS
TV WIERIEE T 7 ALK FEIEE O TR R TOZLESITNDIEND, BRI FRIEDENCE
% Ti OSHHED RSV A TR T DT80, 7 ALK ERESRIEIC LA LT~

(1) IR

SHTEEE 5.00 g Zh—/LE—%—200 mL (2 A, BRI ICAILTERRONTMEL TRILSE 7214, 450 °C
TIRALSE T, fumtk, D EOKTEREWZRL, i 10 mL &K OMER: 30 mL #1272, h—/Lbe — — % K
FHILCE, B8 ECMBGfELT-. BREHILZ T 5L, MEE G CHERI ETRMm L. mk, ik
(1+5) 25mL ZANZ Ch—/v B —H—ZRFEHIL TRV, MBVAMELT-. nt, K TaRE7 723100 mL 12/
L, HERETKEMZ, A 3FETAHEL, ERAKE L. SUEHAR O E SR BEMROHPAZ B2 05 A1,
i (1+23) THARL7-.

(2) 1By iRk

S HTEEE 1.00 g 2 h—/LE— 4 —300 mL (2 A, A2 10 mL & OVl 5 mL 0% CTHRFEHILTEYY, —
BB LT, i ECEFRRICY FHE ) O AN ELETMEL, untk, EIEHERE 5 mL 2Nz T
DT 2 REFEMBA R LT, BERHILZ 351, MNEVERE T CHREDS 2 mL LU FIZ72b EClME L7z, untt, 16
iz (1+10) %9 5 mL K UVKE 20 mL &Nz CHREGHILCRm W, IBWAMREL 7=, fintk, K TRE7 722 100
mL IZREL, i ETREMZ, A 3T TABL, —EREHERE (1+23) THIRLT-.

(3) HiBA/KFET o E=1 LR
yHTREF 1.00 g 2 200 ML h—/LE—H—IZ AL, BT E= 4 10 g £IN27-F%, Hvh7L—hT
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350 °C LI ETIEAL ChiilR /KB 7 =0 LA AR S E R E IR A LI=14, 60 2y BIINEAL 7=, e té,
% (145) 25 mL Z 002 CTHO MEBVUIAfRL7-. 100 mL 2877222, K T100mL IZEAR L%, A
L7z. A 10 mL 230> 100 mL 2877 A2 A, HEg (1+23) TERLiEHAIR ELT=.

(4) 7oA F oL

SR .00 g 2 100 ML 77 E— I —IC AFURREE (1+1) 2D &0 %, SHIZ7 v{b/kFEFE 15 mL 20
WG TN, MZERT ECIMEL-. HHEE 10 mL 20 CTINBNAEMEL, iintk, K TEBE7722 100
mL IZBL, IR ETKEMZ, A 3T TAIL, EHAIKRE LT, Ak 10 mL 230> 100 mL 2 &7 7 A=
ICAI, HiFR (1+23) TERLREHARKE L.

(1) ~ (4) TR -3 BRI % ICP-OES T/, Ti IBE A E&LI-.
BB ED 7 a——hK I Schemel DEHY.

(3) NHsHSO4 fusion

(1) Dry ashing method (2) Wet digestion method (4) HF digestion method

method

| 5gandytica sample | [ 1gandytical sample | | 1gandyticd sample | | 1 ganalytical sample |
| | | |

| Ashing (450°C) | HNO310 mL | NHHSO.10g | | PHFE-besker |
| H2S045 mL | |

HNOs 10 mL | | Heating | | HeSOs (1+1) alittle
HCI 30 mL | Heating | | HF 15 mL

| | | HCl (1+5)25mL | |

| Hesting (acid removal) | | HCIO4s 5 mL | | | Hesting (acid removal) |
[ 100-mL constant-volume | |

[ HO (1+5)25mL | [ Hesting (acid removal) | | | HCI 10 mL |
| Filtration | |

[ 100-mL constant-volume| [ HCI (1+5)25 mL | | | Heating |
| | CP-OES | |

| Filtration | | 100-mL constant-volume | [ 100-mL constant-volume |

| ICP—|OES | | Filtr!e\tion | | FiItrLtion |

| ICP—|OES | | ICP—|OES |

Schemel Flow of the Ti analysis method examined in this examination

3 HRRUER

1) BREROERMYE
Ti ¥R 0mg/L, 0.1 mg/L, 0.5mg/L, 1 mg/L, 5 mg/L, 10 mg/L K O} 20 mg/L DAE ik % |CP-OES Cilll &
L, Mok SRR EIC IR B A VERLT-E2A, Fig. 1 DL BVEME (r°=0.999 LL k) Z/RLT-.
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120
y=5.098x+ 0.150

100 | 72 =0.9999 2
i /
Z 80 |
3
= 60 |
£ 40 |

20 |

0

0 5 10 15 20
Ti(mg/L)

Fig. 1 Cadlibration curves of Ti

2) MBKRFUEZILOFME
WA K ET = AL BT AFRIEKE T B AOTRIMEIZ OV TR E L. FL3 TV ERE R
BE1gIZXILTC, FifgkFE T E=U L% 19, 29, 59 XDV 10g WAL, 350 °C T 10 3 FUMEA Y fEL7-1%, Ti
ZEREL. fERIE Tablel DE30. FilE/KET VBT LORMEE 19 K29 LLT-841% 20 HFEED
IIEVCREZE L CTLEW, 2L BRI ERD -T2, 5g TN 10 g ELT=BADSHHEIEFE S TH 723, 4y
fifg R OFLE RS IEA H AL L CisINE% 10g LLT-.

Table1l Additive amount of NH4HSO4

Sample NHsHSOs (@)  Measured value(%)?” RSD (%) °
1 0.264 17
Sag silicate fertilizer 2 0.277 2.6
5 0.285 13
10 0.290 14

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

3) HBKRTUE=VLIZKDSREM

KR T =y MCLD R A MRFIL 7. 3B 1 g IR FET - E=U 4 10 g 2L,
350 °C T 10 473, 30 47, 60 57 K Of 120 4343 iR L7-. A 33 Fig 2 D30, 306 113 10 53 LA D43 RT3
WHEAZET 505, U 2 13 60 29 LA EDO SR MNETH 7=, SEHIW TN B SLSWT W ERE IEEFTHH 3,
B 1 OFBHIRSEILS W DK IR 7 % N TWBDITH L, 3L 213K AT 7 LRI A5 7 DIR A TH
o7

FLSUVNTWIRE IEBHZ W T, B ORRA R R T2 ENRL, irE T 28RO A R 5
ZEMMRNEE R Z LB A R 60 S & LTz,
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0.6

04

0'3 | N

02 | —>¢Sample 1
—©—Sample 2

Ti (%(mass fraction))

0.1

0 30 60 90 120
Time (min)

Fig. 2 Determination of the melting time with NHsHSO, in 350 °C

4) HBAKRTUVE=VLDHE

il 9 2R KR T V=T AOMEIZ DWW TRFILZ. TTIREN TV DRREEKET BT LD S, fli
FEAN 98.0 %L E K& T 99.9 %L EDE DA AV THLS Y VTV ERE BN 7 ST LT-. i i3 Fig. 3D &0,
DN RIS L THIGDOHD tREERAT 12825, THOME N DRI KET =0 L& HLTh,
Ti DOHHEIZIBWTH BKUE 5% CH BERZITED LN oTo. Lo, RIETHEMHTHMEEKFE T
T= LOREIT 98.0%LL XL,

&
(=)]
1

3 =0.9879x - 0.0013
i r=0.998

S
th

i
'
T

o
(B8]
T

A purity of 99.9 % or more
<o
a2

(=3
—
T

1 1 1 1 1 J

00 01 02 03 04 05 06
A purity of 98% or more

=
o

Fig. 3 The comparison of Ti values by the difference
of the NH4HSOa4 purity  ( %:Mass fraction)
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5) SHHTIEDRE
AVAERIEEL (5 2, SESWTWERE IR (4 52, {ERAEE (3 5, BRI 7Y — M AR IE (2 45)
B QRS T HEEE(2 55) &2 VT, SiriEomsta1To72.

F7, HRIRMIELIR R RIEIZZ D008 (3 BT o O2)E) 2 Figd \oR$ . —FOFLIU N R
AR BRI fRIE D 508 LA 15 ~8.9 5= W T E NG DI, B fED N BAF CTho7-. Ln
L, SISV W IRBHZ I W T, B R E O i TUTIL W IS8 BT, S8 K200 ik
DB DI EOIE T OER LD, 2T, FLEWITOEREIEEHZ DWW TR K E T =0 AR RED
W AEZRR L. SESWDT OB IEEH(7 ) 2 WTC, 2B fRE & QiR K FE T =7 Lt
FEIZX3HT LT, #ERIE Fig. 5 0ERY, 2 HFIEMIZB W TRSEO S HTHES 5T,

Lo T, BEEWTF O BB BRAEEHZ W TR U0 iR, SRSV WERE IEEHZ W TR Rk 35
TSy MRREAEA T AZEE LT

1.6

14 ® Dry ashing method

m Wet digestion method

1.0

0.8 !
0.6 |
04

gt

.I J ‘ .| . I

12

Ti (%(mass fraction))

(5]

1~5:Mixed phospate fertilizer, 6~9: Slag silicate fertilizer, 10~12: Chemical fertilizer, 13~14:

Lightweight aerated concrete fertilizer, 15~16: Slag manganese fertilizer

Fig. 4 Ti analysis values of the Dry ashing method and Wet digestion method (n=3)
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0.6

3=0.9503x+0.017
»=0.996

0.5

04

NH4HSO, fusion method

regression line
------- 95 % prediction interval

0 02 0.4 0.6
Wet digestion method

Fig.5 The comparison of Ti values by NH4HSO4 fusion method and Wet eigestion method

6) BHAIELORFEORER

A FEZ DN TIL, SESWVITWVEREICE (7 57, IREVABRILE (5 &), (LRAEEL (3 ), &K=
YU — MR (2 1) L OGESW -~ TR (2 1), BiEEKFET VB =0 ARFEEIZ DWW TIFES VTN
PE AR (7 ) 2 W TARIEE AR S ATIE TED HILTWD T ALK B FE 3 L L D[RS DR ZA T o 72
fE, WM IEIZOWTIL Fg. 6, FtRKET =0 ARFEIEIC OV T Fig. 70280 THY, W
DB BN TS 7 ALK BRI L LR S Th DT LA R TET.

16 0.60

14 ¥y=0.9816x-0.001
r=0.992

y=10.9802x- 0.0208
0.50 ¥=10.983

< 12 2
g 2 040
208 Z 030
S 2
< 0.6 3
it £ 020
= 04 iz
on T 0.10 O
02 regression line ~____ regression line
, 95 % prediction interval ~ e 95 % prediction interval
0 B 0.00 -
0 02 04 06 08 1 12 14 16 0.00 0.20 0.40 0.60
HF digestion method HF digestion method

Fig. 6 The comparison of Ti values by Wet digestion Fig. 7 The comparison of Ti values by NH4HSO4
method and HF digestion method fusion method and HF digestion method

7) FHMEMNEERIC &5 EE DT
PLSWIT OB IER, BRI 7 — M RIEEL, IRE D ABRILEL, (LRRIEE, SESV -~ T ER, Bk
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TEAEA MR, WA IR, BAHEIEGE A IR K OB & IERHZE 857 5% 0.01 %~B 857 % 0.5 %fH 4 &0
Ti FEAER A WRINU =302 IO T, SRS WO R IR bR AEEH I 2Oy A1, SRS W IR AR EH A
BRIKFRT =0 MRERE ToHT L.

fE 1T Table 2 DRV, BRI RIEICEDEIRIE, 92.9 %~99.5 % THY, Wilk/KFET T =r7 LEhfEE
([ZEDEIFEIT 95.1 %~98.2 % ThH o7z, W ILORERS, IEEHEREREY CEDZEE (BIILE) O HEED
FEHNTH-oT-.

Table2 Addition recovery tests

. b o Criteria of
Sample Method Splke Izvel Recovery”  RSD" the trueness”
(%) (%) (%)
(%)

Lightweight aerated concrete fertilizer 0.5 98.4 31 94~106
Mixed phospate fertilizer 0.1 9.1 0.6 94~106
Chemical fertilizer 0.1 9.9 0.8 94~106
Slag manganese fertilizer Wet digestion 0.2 9.5 1.0 A~106
Formed fertilizer method 0.02 96.2 0.8 92~108
Liquid fertilizer 0.01 92.9 18 92~108
Mixed compost fertilizer 0.01 97.3 21 92~108
Mixed fertilizer 0.01 93.2 4.3 92~108
Slag silicate fertilizer NH4HSO4 0.1 5.1 0.2 94~106
Slag silicate fertilizer fusion method 0.2 98.2 0.8 M~106

a) Mass fraction

b) Mean value (n=3)

¢) Relative standard deviation

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

8) BHTHRE R U R E O

DHTHE B R O RS B 2 s 9~ 57200, R RE IR A Y A BR IR X QYRR IER}, FiEEKET v E=D
DR ITIESF OB IR 2 sA VT, Ti iR EE 2 SOMTCRZZX T 7 RIRERE FEhiL7-. Hoiz
i % Table 3 |\Z/RL7z. Fiz, ZORE RS — TR E 3 BT 21T > TIROIVEOHM TR E K O MR E %
Table 4 |Z/RLT-.

A EIZONWTIE, IREVABRIEE R OMERAEE D Ti B O FEITE &5 % 0.950 %KL O
0.130 %, P THXMEAENR Z21% 1.7 %M O 1.4 %, HAHSHEER 21T 4.3 %K% V3.2 % ThH 7.

TR K FE T V= DEARE IOV T, SESWTOBREIEE 1 KON 2 O Ti BEOVFHEITE &N R
0.525 %K T) 0.112 %, DFfTAERIME R 221 1.0 %% TN 1.6 %, FIRAHXIEEHE(R 7221% 1.0 %L 1 2.4 % Th-
7-.

ZOREICB T DN T IO SHE YR S R R E R BR LD LRSIV CO D B THE B (D THE A e M 22)
B OV RS B2 (Fh R FR SRR HE(R 722) 0 B Z2LIN T o7z,
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Table 3 Repeatability test results on different days (% (Mass fraction))

Test day (factor)

2 3 4 5 6 7
Wet digestion 0.933 0.936 0912 0931 1.01 0.945 0.941

method 0.944 0939 0958 0.943 1.02 0.940 0.942
Wet digestion 0.124 0.135 0.131 0.138 0.134 0.125 0.124

method 0.122 0.133 0.134 0.134 0.131 0.121 0.129
NHHSO, 0530 0535 0526 0521 0.524 0.522 0.530
fusion method 0.520 0.523 0.520 0.531 0.519 0.524 0.528
NHHSO, 0112 0.107 0.113 0.110 0.110 0.112 0.112
fusionmethod 0.111 0.109 0.118 0.113 0.112 0.116 0.112

Sample Method

Mixed phospate fertilizer

Chemical fertilizer

Slag silicate fertilizer

Slag silicate fertilizer

Table4 Repeatability and intermediate precision

Repeatability Intermediate precision
Sample Method WLO;:I@ Src) RSD rd) CRSD re) S|(r)f) RSD |(T)g) CRSD |(T)h)

)" () (%) (%) (%) (%) (%)
Mixed phospate fertilizer Wet digestion 0950 0.013 17 3 0031 43 45
Chemical fertilizer method 0130 0.002 14 3 0006 32 4.5
Slag silicate fertilizer NHsHSO4 0525 0005 10 3 0005 10 45
Slag silicate fertilizer fusion method 0112 0.002 16 3 0003 24 4.5
a) n=14 (duplication X7 days) e) Criteria of repeatahility relative standard deviation
b) Mass fraction f) Intermediate standard
) Repeatability standard deviation 0) Intermediate relative standard deviation

d) Repeatability relative standard deviation h) Criteria of intermediate relative standard deviation

9) EETREFOHER

1 2 R M ORBR K R T B =0 NEMRIE O TE & T IRG 2 MR T 5720, FIEREZHES IR O¥LS
WO ERE AERNE 7 S0 T TR A 2 L 75 % Table 51T R U7z, “EHMEITE £4) 38 0.00416 % &% OVE &
43 0.111% THY, T OIEHEFZEI1TE B4 2R 0.00033 %K% OVE &5 0.002 % Th-o7-. & FIRITIEER
#£X10, ¥£7=, B T RIZEAER 2 X 2Xt(n-1, 0.05) L TREND? O DT, B4 ffE & OFiBE K HE T
T AFMIEEIC LD E B T RITE &7 % 0.001 %k OVE #4575 0.02 %, 1 T ERITE &45 3 0.0005 %%
OV /)3 0.008 %FE e STz,

JEEFRIZIB W TERBIRW Ti OG5 AR EITE &S 0.004 %THY, WTNOSHHEICB W THEATRA

EICX L CTHaREE FIRE AL TV,
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Table5 Estimation of the lower limit of quantitation and lower limit of detection of Ti
(%(Mass fraction))

Sample Method Mean s? LoQ” Lop?
.  Wet digesti
Home garden-use mixed fertilizer e:rjti‘ij'on 000399 000014 0001  0.0005
. y NH.H
Slag silicate fertilizer IHAHS0, 0.111 0.002 0.020 0.008
fusion method

a) Repeatabillity standard deviation
b) Lower limit of quantitation (LOQ =s%10)
c¢) Lower limit of detection (LOD =s,x2xt(n-1,0.05))

4. F&&H

ICP-OES % W= EE 1 D Ti Dk D B— R 1261 2% Y EMGRE B L 7= 25, IROFERE
7-.

(1) HBEHIT 0.1 mg/L~20mg/L DR FEEHPH CIRLE T2 LB D EM ML R LT

(2) W RIED 7 3R RALIE L DS RV W E AR SIS, SRS B R AT} 2 168 M S 1 T NER
ST DR, LWL FRD BT,

(3) FEIWVTFWERE LD HTIZHOWTIL, BiEEKFET B =0 AL OM A ZRET L. SUBHR IR
1 gICHifE/AKFZE T E=U 510 g WAL, 350 °C LA EDIRE T 6045 MMLHL§ 52 LIk -+ fif T&T-.

(4) WilEKFE T E=T LOMEIT 98.0 %LL ETHIURE, RO EN/ELNT-.

(5) HAIRAIELR AN FRIEERFILIZE2A, WBADGAED TR E W HHER L. LoL, SLE0
TORREALEHZ IV T, MR R T I L ORI DSEED ST, fBR/KSET T =0 NElfiRIE AT I L
7z.

(6) WA RLE L OWRER K 38 T =0 IR IR T AREH S AT D43 fif 7 1 L [R5 O 3T E S DT

(7) BEEZHERTLORMENGRERZ ZiE L7, RO MREITERE 001 %(EE5%R) ~05 w(EE
Sy ER) AR B Ti ZRINU7-50k 8 SISk T LIz kG 3L, SERIENNERIT 92.9 %~99.5 % CTh-o7-. Hiilk
IKFET =T ARSI 0.1 % (B 845 3R) ~0.2 % (B 84y 3R) #1458 Ti ZRINL7-308E 2 STkl
THOMTLIZAE SR, SR ERIE 95.1 %~98.2 % Th-7-. W ORE BICEB W T IR RBRIE RSN T
WHHEELIN TH T,

(8) MG K O THE EE A e L7, 1B R A XIR G0 AR IR S OMERRIERHE VT 2 1T C
A& 2 C7EERBRZFIMLUT-. Ti OFHMHEIT 0.950 % (- F573%) &Y 0.130 % (E &505%), I T ZEYE
7L 1.7 % TN 1.4 %, FIEMMEER 2T 43 %M V3.2 % Th-o7-. HilE/KFET =0 NHREITILE
UVWTODERE IR 2 A AW T 2 AT CRHEEZ T 7 FERBRZFMLT-. MEEKET =0 L0 Ti DY)
fiEl%, 0.525 % (E #55R) L0 0.112 % (H 453 ), GHTAHHEER 1% 1.0 %K% T8 1.6 %, H[FAH AR HE R
Z21% 10 %MV 2.4 % ThHo7z. ZOREITHIT DT IO FRMEER 2 IS RBRIE RSV TO DT
FEEE (BT H AR 72) B OV [DRS E (b AR M (R 22) 0 B 2N T 7.

(9) BRI RE K ORilE KT =0 ARREO E & F I &5 3% 0.001 %& OVE #4738 0.02 %,
B T FRITE B4y 2R 0.0005 % OVE 84328 0.008 Yol HEE Sz, W ho kb EFFRE &I LT
RERTREAL TN,
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X m|

1) EMOKERS REBRBEEAN I E AT AR 4T 1% (1992)
2) FNEATEUE NERMOKEHE 7 2522 % — (FAMIC) : IR ER 1% (2016)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2016.pdf>

3) aAfd: MR E O RE, SAEE, 2, 60~66(2002)

4) A, b B3 WK T V=0 AR LD HEATER L2 A (IV) ORI R L 3T~ D
M, o#r b, 47, 491~495(1998)

5) AAARME, /NHFIGL 7B = SRR Z D BRI R E - N D SO S iR - ST, ST b, 50, 807
~811(2001)

6) AAAMHE, JhMEF ED I FEBEKIE T V= MRS LD EEIR I 2 7 AT A AW DRGSR LSBT ~D
IS, AT B, 46, 101~105(1997)

7) RaARfd: 7 =y MR RR L LD EREYE SRR b OGRS R, SAEE, 8, 653~657(1994)

8) Codex:“Guideline on Analytical Terminology”, CAC/GL 72-2009 (2009)
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Deter mination of Titanium in Fertilizer using Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES)

Keisuke AOYAMA'?

1Food and Agricultural Materials Inspection Center, Department

A single-laboratory validation study was conducted for the determination of titanium (Ti) in fertilizer products
by inductively coupled plasma-optical emission spectrometry (ICP-OES). The fertilizer without the dag silicate
fertilizer was heating and digested by HNOs and H>SO4, then was heating and digested by HCIO4. As aresult of 3
replicate analysis of 8 fertilizer samples spiked with Ti at 0.01 % ~ 0.5 % (mass fraction), the mean recoveries
were 92.9 % ~ 99.5 %. Repeatability of Ti were 1.4 % ~ 1.7 %, intermediate precision of there were 3.2 % ~
4.3 %. Minimum limit of quantification of there were estimated 0.001 % (mass fraction). The dag silicate
fertilizer was heated with melted NH4HSO4 over 350 °C. The slag silicate fertilizer was easy to bump when it was
heating and digested by HCIO4. But heating and digested by NH4HSO4 prevented sample bumping. As a result of
3 replicate analysis of 2 fertilizer samples spiked with Ti at 0.1 % ~ 0.2 % (mass fraction), the mean recoveries
were 95.1 % ~ 98.2 %. Repeatability of Ti was 1.0 % ~ 1.6 %, intermediate precision of there were 1.0 % ~ 2.4 %.
Minimum limit of quantification of there were estimated 0.02 % (mass fraction). Those results indicated that the
developed method was valid for the determination of Ti.

Key words  titanium, wet digestion method, fusion method, ammonium hydrogen sulfate, |ICP-OES

(Research Report of Fertilizer, 10, 29-40, 2017)



GC(-MSHEIZ LD HERE S5t O M 3 R R 3RO I E 41

4 HRHOOTNTS7(BEHHED (GC(-MS))EIZKHHBZESRD
IBRREZEDAE

S s
F—0—F ARESREIE, WAIu~brTT ok

1. [FC®IZ

(BRI RSN D BRI B DOE RIS L TR 58810, A TR ERORE 0L
ZEDD, R 1A RAOKFER A R Rl A CHEAR IS T 5 i B A TR 32 D DITIE F R B I R
HENRWZEDRHERSINTZLDOEHESIILTND CERR 14 44 H 10 BT 14 42556 185 SR MOKPES 4 E
JRRAEAE) . F7o, Rk 21 I L 7o BREEFEM OHEREALIZ I T D/ F R OB O A TIL 8 r HZITEH
WTHIRH L TWeZ L2 fERR L TS, AR 3 R R R0 £ 108 A, 2R, B A ST e 7 U BRER
FE&EE LTSI TW AL ZME CTHL. BN FETHY, BRAMERDHHLONRSH LT BIEITRE, f#
HIEOLOLEL, Fio, AHEFRRREO—FE THOIRY R EIERTVR OIS ERESLDZEn
RSN TV,

AR R IR AL LT, R HTED TIXTERER R R OB T IR RREDO T A a~~TT
TIZRDRMHI AL, TREDTAa< N T 7 G R&HTEHC LD —F oirik), THBEEFEREIEO T
I~ I LBLERE AL RS, Fiz, Bt AR EOREILEY LTI AIESR R RO T Ay
B~k T 7LD RIBEHTE DS, BIORAELEYELTIGC,/ MS ICLDEHED—Foirik], [BHC %
BRIz 173, Ot QUEChERS 15Y<0 STQ ¥E0®H 573, AR DA R IO S HHES ML S TR
N,

A lal, ZEtE) AR S OREILEEZZE1Z, A TRSN TV 7 FEEOEIKBHC, DDT, 7/VRUY, 7
SIVRYY, R, Z0L T e T 2 70V R O\ B 2O\ CHEER R O A R R 35 53 B SR oo & 1
ERFLI=OT, TOMEEZHRETS.

2. MERUAE

1) #EEM
JRFEHENE S OCRRDARLS T L I2b D2 LA BIE 1.0 mm O 55WITHEL, @i L7cb oz v,

2) BEZORE

(1) /K:JISK 0557 \ZHETD A3 /K
(2) TEh=RIIL FRHE ST

(3) HEAbLT NI A R ST A

VIRSEATBE N MO PETH B e Bl e o 7 — BB R AT T
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(4) ~FHo R RIS T

(5) Tru~FYo o mEiRIk e~ 77 M

(6) T&hy BRI

(7) YmFo—T )b FREE B HT H

(8) 224-RIAF A A EERIRIK 7 0~ 757 H

(9) AHEHEFHE R IEAEYETR (10 pg/mL) : 7 —L v A—h7 7 —BHR AU

(10) FrEAFRA R (5 ng/mL~200 ng/mL) : A HEHE R R IKIEAEEERR (10 pg/mL) % 2,2,4-RU 2
FN_H =T (4+1) TIERARL T, 5 ng/mL, 10 ng/mL, 20 ng/mL, 50 ng/mL, 100 ng/mL, 200
ng/mL O Ok @M IR A AR HER A R L 7=

3) ZERUSHE

(1) TAZa~rr77(GO) : HEHWENT GC-2010Plus

(2) HAZa~<rTT7E 8 MR (GC-MS) : BEEWEFT GCMS-QP2010Plus
(3) AT TPV v /aY— DB-1701

(4) MERPREOME: #1727 SR-2DW

(5) B—H)—x/NFRL—H—:E' 2wk R-200

(6) Aitds : Wil (LT il (L —F

4) HREME

(1)

INTERER 5.00 g Z2130Ey, fke =477 22200 mL (IZA, 7= L —7k (3+1)20 mL ZH1%, 10
SRIERE L. 20% 7 =RV 100 mL 2%, IR EOHET 30 45 280 111843 CIREOL, FEFEAHhH
L7z,

27T AA300 mL AW 51 A0 FIZES, fliRe &L AR (No.SB) THmLIZ#&, K& 7 =k
JL 50 mL CTHEEL, AllktbbtT-.

A 40 °C LU T ORI TIEE AL HL[E T 2 TRUERMEL, M k) Mo AaFKERK 20 mL 27012 T
A7 DRER T IS DRI E LT

(2) DTLME T

BRI Z Z AL A+ 57 2 (Agilent B Chem elut, 20 mL 75) (2 AL, 5 23 REHEL7=. 300 mL 07
T T TAE T L0 FICEE, BREHREDO Ao TR T 7 7 A% ~F42 20 mL 30T 3 [HIPE4FL,
PR NEIR 77 DA, RE T CTARNO ESRIETHETHR FL, E&THF5BIEAEHI 2. I,
AFH 60 mL AT LI TRARICTT N S, W H# % 40 °C LLFOKIR TIEE A EHL[E T 5 E TRILER
MLi=dbl, BRI AEESTHELZ. v 7a~FHr —T7®br (4+41) 10 mL & IEFEICINZ CREMATEL,
AT T TN — (FLE 0.5 mm LA F) THBL, VWi ra~ bty o7 o— i3 25EHa kR L L.

(3) TNREIAVNTTT 4—

AREHRIE 5.0 mL &7 Wi/ a~ ' F 7121 AL, Table 1 D5 CERT DK BINIA I 5754 100
mL D72 TIET7 TR EL, 40 °C LL FOKB TIEEA L TETHETRITRME L-bL, BRI AZEST
HZE L7z,

~FYY 2 mL IR CHEBMERL, 77 D N 55 EHAR S LT,
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Table 1 Analytical conditions for GPC

Column Showadenko Shodex CLNpak EV-2000 AC (20 mmx300 mm, 15 um)
Guard column Showadenko Shodex CLNpak EV-G AC (20 mmx100 mm, 15 um)
Mobile phase Cyclohexane - Acetone (4+1)

Flow rate 5 mL/min

Fraction 70 mL~120 mL

(4) 7 L4LE T

BT AT~ %20 L3I =77 2 (Waters  Sep-pak Florisil Plus Long) Z~F4> 5 mL CTyEL7=.

50 mL DORTITIATZI=NT LD FICESE, SEHRIREZI=0 7 MR, BEHAHRD A>T/ d
7T A% ~FH 2 mL 27C 2 BIFEL, WRENERI=I7 AN, WIRAFEEAO B ET5F
T FSET. ~F =Y =F L —7 /0 (9+1) 15 mL Z3I=A 7 AITINZ THERIELEHSE T2

WA 40 °C LL N ORI TIREA L HLE T 5 F CRUEIRME LI=1%, BRI A% K-> THIHE L.

224-NIAF N B =T (441) 1 mL ZIEMICINZ TEREMERNL, HAIa< N F7 40—k
Ll EHA &L 7= (Scheme 1) .

(5) W&

F R ERRTIRAEYERR 1 uL % GC IZIEAL, Table 2 O GC &fETHIEL, b7 — 7 HAE XIXESh
SRR VER LT, SUBHATE 1 uL % GC IZIEAL, B — 2 HiflE UL S0 DI BRI L0 BHA T T o4
KO EZRD, 5B R ORELF L.

F7z, [FRRICS R AIRATEYERR 1 uL % GC-MS (2 AL, Table 3 ® GC-MS &4 THIEL, HHhiz
B — 7 R UL E SOOI ERZERR LT, 3EHAR 1 uL & GC-MS ([ZIEAL, B —ZHfE T EShHH &
FRUIZEFUENATR h O BB O Ba R, iralkhh o LB L.

Table 2 Analytical conditions for GC

Detector Electron Capture Detector(ECD)

Column Agilent DB-1701 (0.25 mmx30 m, 0.25 um)

Carrier gas He (1.5 mL/min)

Makeup gas N2 (60 mL/min)

Injector Splitless (1 min)

Injector temp. 250 °C

Column Oven temp. Initial 60 °C(1 min) —20 °C /min—180 °C—2 °C /min

—260 °C—5 °C/min—275 °C (1 min)
Detector temp. 280 °C
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Table 3  Analytical conditions for GC/MS

Ionization mode EI

Electron energy 70 eV

Monitor ion Show table 4

Column Restek Rtx-5MS (0.25 mmx30 m, 0.25 pm)

Carrier gas He (1.0 mL/min)

Injector Splitless (1 min)

Injector temp. 250 °C

Column Oven temp. Initial 70 °C(1 min) —25 °C /min—150 °C—3 °C /min
—200 °C—8 °C/min—280 °C (10 min)

Interface temp. 230 °C

Detector temp. 250 °C

Table 4 Monitoring ion

Quantitation Confirmation Quantitation Confirmation
Compound name (m/z) (m/z) Compound name (m/z) (m/z)

a-BHC 181 219 trans -Chlordane 373 375
S-BHC 219 217 cis-Chlordane 373 375
y-BHC 219 217 trans -Nonachlor 406 408
0-BHC 217 219 cis-Nonachlor 406 408
HCB 284 286 Dieldrin 263 277
Heptachlor 272 237 Endrin 263 265
Ardrin 263 293 o,p'-DDE 246 318
Oxychlordane 387 389 p,p'-DDE 246 318
Heptachlor epoxide (1) 353 355 o.,p'-DDD 235 237
Heptachlor epoxide (2) 353 355 p,p'-DDD 235 237

o,p'-DDT 235 165

p,p'-DDT 235 237
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| Analytical sample 5.00 g |

Standing

Extraction

Suction

filtration

| Vacuum concentration |

Purific

ation 1

Vacuum concentration

Exsiccation

Filtration

Purific

ation 2

Vacuum concentration

Exsiccation

Purific

ation 3

Vacuum concentration

Exsiccation

Measurement

Scheme 1

ground-in stopper Erlenmeyer flask 200 mL

< add about 20 mL of acetonitrile - water (3+1)

10 minits

< add about 100 mL of acetonitrile

shake extraction 30 minutes by vertical shaker
filter(5B). recovery flask 300 mL (1)

40 C

< add saturated sodium chloride solution 20 mL

< load extraction liquid

macroporous diatomaceous earth cartridge column
extraction liquid, 5 minutes keeping

<—wash and elute about 20 mL x 3 times of hexane
[elution, recovery flask 300 mL(2)]

«—elute about 60 mL of hexane

40 C
nitrogen gas

«dissolve 10 mL of cyclohexane - acetone (4+1)

membrane filter (HLC-DISK 25 for organic solvent (0.45 pm))

Gel permeation Chromatograph(GPC)
Inject 5 mL

[ fractionate 70 mL~120 mL to recovery flask 100 mL]

40 C

nitrogen gas

«—dissolve about 2 mL of hexane

< load extraction liquid

synthetic magnesium silicate columun

[recovery flask 50 mL]
<—wash and elute with about 2 mL x 2 times of hexane

«—elute about 15 mL of hexane - diethyl ether (9+1)

40 °C
nitrogen gas

«dissolve 1 mL of 2,2,4-trimetylpentane - acetone (4+1)

GC(ECD) or GC-MS

Flow sheet for organochlorine pesticide
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1) REEHORE

AT FIRREE U TIRFEHENE K OB D AR FE AR > T &R 2072825, — D RIRIC OV TR

3. HMRRUER

HEE — 2 DSFRO BN, D RIKITIIRHEE — I Do 1o 2l b, Bata it 52887,

R R B AR YENR (100 ng/mL #HY4 &) O H A/ v~ 7T L% Fig. 1 IZRLT-.
5 ng/mL~200 ng/mL Ok &R GIEEREAERL, RIEICHE> TREREZER L

ng/mL~200 ng/mL OHiH THEFRIEDH DM EFR D FHI7- (Fig. 2) .
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500000 350000 A
=2001x+1 =
450000 y=2001x+16877 300000 - y=1352x+11953
400000 =0.996 =0.997
350000 250000 -
g 00000 3 200000 -
5 250000 5
D 500000 @ 150000 -
150000 100000 -
100000 50000
50000 1
0 T T T T 0 T T T T
50 100 150 200 0 50 100 150 200
Conc.(ng/mL) Conc.(ng/mL)
a-BHC B-BHC
400000 200000 -
350000 y=1621x+5562 180000 1  y=814x+2541
— 160000 - =
300000 7*=1.000 7=0.993
140000 -
250000 ]
= = 120000
'((755» 200000 0%; 100000 -
150000 80000 A
100000 60000 -
40000 -
50000 20000 -
0 T T T T 0 T T T T
50 100 150 200 0 50 100 150 200
Conc.(ng/mL) Conc.(ng/mL)
y-BHC 0-BHC
400000 350000 -
350000 y=1588x+3544 300000 - y=1332x+8102
1>=1.000 ’=0.999
300000 250000 -
250000
o ® 200000 -
S, 200000 &
(9] @ 150000 -
150000
100000 100000 -
50000 50000 -
0 T T T T 0 T T T T
50 100 150 200 0 50 100 150 200
Conc.(ng/mL) Conc.(ng/mL)
HCB Heptachlor

Fig. 2 Calibration curves of organic chloride pesticides (1)
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250000 - 300000 ~
y =872x+14936 y =1096x+12652
200000 | 2=0.999 2500001 5 995
200000 -
= 150000 - =
5 5 150000 -
P 100000 - a
100000 -
50000 - 50000 -
0 T T T T 0 T T T T
0 50 100 150 200 0 50 100 150 200
Conc.(ng/mL) Conc.(ng/mL)
Ardrin Oxychlordane
350000 - 350000 -
300000 - y=1270x+11974 300000 - y=1360x+12367
#=0.997 #=0.997
250000 - 250000 -
® 200000 - ® 200000 -
c c
(@] (@]
@ 150000 - @ 150000 -
100000 - 100000 -
50000 - 50000 -
0 T T T T 0 T T T T
0 50 100 150 200 0 50 100 150 200
Conc.(ng/mL) Conc.(ng/mL)
Heptachlor epoxide (1) Heptachlor epoxide (2)
250000 - 350000 -
y=1253x+11572 300000 | ¥ =1246x+12039
200000 7,20 997 7=0.997
250000 -
[y [y
2 k=2
D 100000 - @ 150000 -
100000 -
50000 -
50000 -
0 T T T T 0 T T T T
0 50 100 150 200 0 50 100 150 200

Conc.(ng/mL)

Conc.(ng/mL)

trans-Chlordane

cis-Chlordane

Fig. 2 Calibration curves of organic chloride pesticides (2)
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300000 350000 ~
250000 y=1171x+13592 300000 - y=1170x+13564
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o ® 200000 -
5, 150000 &
(0} @ 150000 -+
100000 100000 4
50000 50000 -
0 T T T T 0 T T T T
50 100 150 200 0 50 100 150 200
Conc.(ng/mL) Conc.(ng/mL)
trans-Nonachlor cis-Nonachlor
300000 300000 -
y=1074x+9714 y =1068x+9953
250000 250000 -
?=0.997 7?=0.997
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© ©
&, 150000 &, 150000 -
(%] (%3]
100000 100000 -
50000 50000 -
0 T T T T 0 T T T T
0 50 100 150 200 0 50 100 150 200
Conc.(ng/mL) Conc.(ng/mL)
Dieldrin Endrin
250000 300000 -
y =842x+8073 y=1135x+7685
200000 - 250000 -
=0.996 2=0.999
200000 -
= 150000 =
5 5 150000 -
P 100000 7
100000 -
50000 50000 -
0 T T T T 0 T T T T
0 50 100 150 200 0 50 100 150 200
Conc.(ng/mL) Conc.(ng/mL)
o,p’-DDE p.,p’-DDE

Fig. 2 Calibration curves of organic chloride pesticides (3)
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180000 - 250000 -
160000 |  y=674x+7531 y =842x+7490
140000 | 2=0.994 200000 12— 997
120000 -
150000 -
g 100000 - g
@ 80000 7 P 100000 -
60000 -
40000 - 50000 -
20000 -
0 T T T T 0 T T T T
0 50 100 150 200 0 50 100 150 200
Conc.(ng/mL) Conc.(ng/mL)
o,p’-DDD p.,p’-DDD
200000 - 200000 -
180000 1 y=796x+7310 180000 1y =812.476x+6867
160000 7 ;20,997 160000 7 ,2—0.997
140000 - 140000 -
= 120000 - = 120000 -
5 100000 - 5 100000 -
D 80000 - D 80000 -
60000 - 60000 -
40000 - 40000 -
20000 - 20000 -
0 T T T T 0 T T T T
0 50 100 150 200 0 50 100 150 200
Conc.(ng/mL) Conc.(ng/mL)
0,p’-DDT p,p’-DDT

Fig. 2 Calibration curves of organic chloride pesticides (4)

2) FEYEAER
PR FEHE D S ORADARIZZE A 20 ng/kg FHY &, F7-BIHEARIZ 50 pg/kg 6 &, FADARIZ 80 pg/kg FH24
BEWINL, 3 AOHT THINENGRERZ L 7=, 5 R4 Table 5 (Z/RL7z. BIUERIE 0 %~1660.4 % ThH-
72. GC-ECD T, i EE =7 ORI EENPR B L7201, HEARH D 20 pg/kg #H2% & §-BHC L A F 7
LT LA NARD AR F DT VRV J O 0,p°-DDE Th-o7-. Fiz, IOAKHF D 80 ng/kg AH4 EIRMIT 2K
ANAREI R Th o7, ZIBZFROTZHEIE O G HE I3 R RO RINERI 62.5 %~118 %, RSD 1% 7.7 %
PR, F2DARD 20 pg/kg #84 EOD%TH%W%%?J@%@IEIW#L $35.6 %~109 %, RSD 1% 16.1 %LL F Th-o7z.
723, GC-MS THIE LA FRIT, SEMIZEIIGRIZIED SE D H o7z,
ZDOZEMD, LLFOMEHE GC-ECD Z Wbz i, GC-MS 1%, Akt
THoT=N, BIRPEDMEN TWDO TH BN 35 2 IO FEDHERIC

g S8R SRR O E BAMEIT S DG R

AnapZeele.
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Table 5 Recovery and precision data (1)
GC-ECD GC-MS Target
range of
Pesticide Spiked level Mean™ RSD? Mean"" RSD®  rec overyd)
(ng/kg) (%0) (%) (%) (%) (%0)
Compost 20 63.4 6.6 2257 47.9 70~120
w-BHC 50 67.2 2.2 18.0 2.4 70~120
Pine 20 88.3 12.3 125.5 24.9 70~120
chips 80 40.8 8.7 8.9 1.9 70~120
Compost 20 83.8 1.1 98.9 8.0 70~120
f-BHC . 50 79.3 5.0 93.5 4.0 70~120
Pine 20 99.7 10.9 26.5 7.6 70~120
chips 80 41.9 9.0 38.6 11.9 70~120
Compost 20 82.1 4.1 138.3 13.6 70~120
) -BHC . 50 74.3 4.2 110.3 6.0 70~120
Pine 20 67.8 4.8 72.1 3.3 70~120
chips 80 28.2 6.2 25.4 6.6 70~120
Compost 20 244 .4 1.7 133.1 34.5 70~120
5-BHC . 50 115.9 5.4 101.9 3.3 70~120
Pine 20 35.6 4.1 384 12.5 70~120
chips 80 29.8 10.3 40.7 12.1 70~120
Compost 20 83.9 2.3 75.4 10.3 70~120
HCB . 50 66.9 3.6 67.1 7.7 70~120
Pine 20 60.7 8.7 28.6 4.4 70~120
chips 80 28.1 6.2 25.8 6.7 70~120
Compost 20 110.8 2.2 134.0 17.2 70~120
50 62.5 1.0 116.1 6.0 70~120
Heptachlor -
Pine 20 96.7 11.7 64.4 11.8 70~120
chips 80 39.4 8.7 40.8 10.9 70~120
Compost 20 86.2 2.4 98.4 5.0 70~120
. 50 120.2 8.9 76.5 5.4 70~120
Ardrin -
Pine 20 0.0 0.0 50.6 2.8 70~120
chips 80 56.5 6.3 52.3 16.3 70~120
Compost 20 185.6 9.0 155.0 12.1 70~120
50 115.4 6.8 114.3 9.3 70~120
Oxychlordane -
Pine 20 96.6 11.8 374 20.1 70~120
chips 80 41.3 9.0 315 10.1 70~120
Compost 20 117.3 3.2 156.9 13.7 70~120
Heptachlor 50 83.5 4.7 126.0 9.7 70~120
epoxide (1) Pine 20 97.2 12.0 63.2 0.5 70~120
chips 80 397 8.0 48.3 17.8 70~120

a) n=3

b) Results which were out of recovery target range were written cell of half-tone dot meshing.

¢) Relative standard deviation

d) Criteria of the trueness (recovery) required by Testing Methods for Fertilizer (2016)
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Table 5 Continue
GC-ECD GC-MS Target
range of
Pesticide Spiked level Mean™ ~ RSD® Mean”™  RSD?  recovery”
(ng/kg) (%) (%) (%) (%) (%)

Compost 20 118.3 1.8 119.6 13.2 70~120

Heptachlor 50 84.5 5.0 12271 13.5 70~120

epoxide (2) Pine 20 97.9 11.6 33.1 29.3 70~120

chips 80 38.0 7.8 377 11.9 70~120

Compost 20 113.1 0.9 149.1 10.3 70~120

50 81.5 4.4 134.5 11.5 70~120
trans -Chlordane -

Pine 20 95.9 11.1 69.2 34 70~120

chips 80 38.5 8.4 47.6 15.7 70~120

Compost 20 113.6 1.4 142.7 11.8 70~120

cis-Chlordane . 50 82.6 5.1 132.0 12.7 70~120

Pine 20 90.7 8.6 67.0 3.7 70~120

chips 80 34.7 6.1 50.4 16.8 70~120

Compost 20 108.6 1.1 198.8 20.4 70~120

50 74.3 5.4 76.7 10.3 70~120
trans -Nonachlor -

Pine 20 76.6 7.3 89.2 19.8 70~120

chips 80 37.0 7.2 71.4 18.2 70~120

Compost 20 116.5 4.4 178.6 12.0 70~120

. 50 78.2 4.7 80.4 7.7 70~120
cis-Nonachlor -

Pine 20 88.9 7.8 105.4 10.1 70~120

chips 80 37.8 7.8 86.3 27.3 70~120

Compost 20 110.4 1.3 148.9 6.5 70~120

. ) 50 80.4 4.4 133.6 12.0 70~120
Dierdrin -

Pine 20 99.9 10.1 55.9 3.6 70~120

chips 80 38.0 8.5 46.7 14.6 70~120

Compost 20 118.1 1.4 154.7 14.1 70~120

. 50 86.2 5.2 136.0 14.7 70~120
Endrin -

Pine 20 84.8 4.5 50.2 7.8 70~120

chips 80 36.4 6.7 50.0 8.8 70~120

Compost 20 113.2 2.3 182.4 6.2 70~120

0 p’-DDE ' 50 89.4 6.8 135.8 12.5 70~120

Pine 20 1660.4 85.3 90.0 5.0 70~120

chips 80 - - 69.2 18.2 70~120

Compost 20 110.4 4.0 153.7 3.9 70~120

».p’-DDE . 50 78.9 5.4 130.8 10.2 70~120

Pine 20 109.1 16.1 78.8 2.3 70~120

chips 80 41.7 8.2 63.4 17.3 70~120

Compost 20 118.1 1.2 174.0 11.2 70~120

0 p’-DDD . 50 87.4 3.8 144.1 13.8 70~120

Pine 20 90.9 5.9 94.0 4.4 70~120

chips 80 42.3 7.3 72.6 20.3 70~120
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Table 5 Continue

GC-ECD GC-MS Target
range of
Pesticide Spiked level Mean”  RSD® Mean””  RSD  rec overy”’
(ng/kg) (%) (%) (%) (%) (%)

Compost 20 106.1 3.4 183.4 11.3 70~120

».p’-DDD . 50 75.3 4.5 141.9 11.8 70~120
Pine 20 94.6 12.3 88.6 0.5 70~120

chips 80 38.8 7.5 62.5 17.5 70~120

Compost 20 115.8 2.0 248.4 18.9 70~120

0 p’-DDT . 50 81.6 5.4 173.8 16.6 70~120
Pmne 20 64.1 4.3 129.9 10.9 70~120

chips 80 853 7.9 100.3 29.9 70~120

Compost 20 104.1 2.1 176.2 8.5 70~120

»p’-DDT . 50 77.3 5.9 135.6 12.5 70~120
Pine 20 93.3 7.1 106.5 33 70~120

chips 80 43.8 10.3 73.5 26.7 70~120

3) GHTHREERUTMEFEEDFH

DR TREFE S NP RETRS JE 2 TR 957200, IRBEHEIE LA O AR FICH IR R R BN 20 ugkg H
YR LD IR A TINUIZ G W, 28 2 ST CHZZ 2T GC-ECD % VT 5 [lakBh % 5
i L CARD LTS B4 Table 6-1 } (X Table 6-2 [Z/R LTz, 72, ZHHOFERNE— TR E O/ BT &1T-C
BONTIHTREE e OV TG L% Table 7-1 & O Table 7-2 (7R L7z,

R IEHEAL D5 S ER O SEHIEIT 4.1 pg/kg~50 pg/kg THo72i3, £DHH, a-BHC, §-BHC K A F7mL
T U LSO, 12.8 ug/kg~18.7 pg/kg Th-oTo. Tz, TNHO EEO I TAAREER 1L 14.4 %L
T, FREFEHE YR 221 26.4 %LL FChoTo. o, MORTIET VRIL LIS O A R E SR oA H
D12 %~42 % THY, £i=, TRV DEILERN 157 % Tholz. £z, G TAMERER T 30 %Ll T,
A RHEHER 2213 26.4 %LL N Th-o7z.
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Table 6-1 Repeatability test results on different days (swine manure) (ng/kg)
.. Test day (factor)
Pesticide I 2 3 1 5
a-BHC 33 4.4 4.5 5.8 43
3.6 3.2 3.6 4.7 3.9
B-BHC 13.3 17.8 16.2 16.8 16.7
14.2 15.5 13.5 17.7 14.9
y-BHC 12.7 17.1 15.2 15.8 15.8
13.5 14.3 13.1 15.7 14.1
0-BHC 34.9 75.3 46.6 57.4 39.6
33.8 42.4 59.4 59.4 51.6
HCB 13.0 17.7 16.0 17.4 15.5
13.7 15.0 13.3 18.2 13.5
Heptachlor 13.9 18.2 17.6 18.9 17.8
15.1 16.6 15.0 19.4 16.4
Ardrin 10.7 15.6 14.2 15.0 10.0
11.7 13.0 13.4 15.7 9.0
Oxychlordane 29.8 31.4 36.3 34.3 333
32.6 30.0 28.9 37.1 30.3
Heptachlor epoxide (1) 15.3 18.7 20.2 18.8 19.1
17.0 16.4 15.3 19.9 16.9
Heptachlor epoxide (2) 15.5 18.8 19.9 19.7 19.1
17.1 16.8 15.3 20.0 17.1
trans -Chlordane 14.7 18.8 19.8 18.9 18.1
16.5 16.7 15.3 19.9 17.3
cis -Chlordane 14.8 19.3 19.0 18.7 18.9
16.3 17.7 15.9 19.9 17.8
trans -Nonachlor 13.1 17.7 16.4 16.7 16.2
15.9 16.2 13.7 17.0 15.8
cis -Nonachlor 14.1 17.5 17.7 18.4 16.8
16.3 16.0 14.3 19.8 15.9
Dieldrin 13.8 17.8 17.9 18.0 17.5
15.5 15.6 14.7 19.1 16.5
Endrin 16.4 18.3 19.1 19.2 18.2
17.2 16.2 15.7 20.5 17.1
o.,p'-DDE 16.0 19.5 25.0 20.3 17.9
17.9 16.3 17.5 19.9 16.3
p.p'-DDE 13.6 17.9 18.5 17.4 18.3
15.8 16.0 14.6 18.7 16.8
o.,p'-DDD 15.6 17.5 18.0 17.9 16.9
17.2 15.5 15.6 19.3 15.9
p.p'-DDD 13.4 16.8 18.2 17.8 17.1
16.2 15.3 14.1 18.7 15.4
o,p'-DDT 15.3 19.2 18.4 19.6 18.8
17.0 16.9 15.6 20.7 17.4
p.p'-DDT 13.8 17.0 18.2 18.0 17.6
15.4 15.3 15.2 19.6 16.3
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Table 6-2 Repeatability test results on different days (pine chips) (ng/kg)
.. Test day (factor)
Pesticide I 2 3 2 5

a-BHC 6.3 8.8 7.0 9.5 8.1
6.8 11.2 4.2 8.0 5.3
p-BHC 5.6 10.9 7.6 10.3 7.5
7.3 13.3 5.8 8.7 5.5
y-BHC 4.1 8.1 5.8 7.7 5.8
5.1 10.2 3.5 6.1 4.1
0-BHC 2.7 13.4 7.4 10.8 8.9
8.8 13.8 6.0 8.0 4.6
HCB 4.8 8.2 6.0 8.4 6.3
5.7 10.5 3.7 6.5 4.4
Heptachlor 4.7 10.0 7.3 10.1 7.4
7.3 12.0 5.0 8.1 5.0
Ardrin 21.1 40.2 38.0 35.8 29.8
29.9 51.6 18.3 34.1 15.6
Oxychlordane 4.1 8.7 7.0 8.7 7.2
4.0 9.9 7.1 7.1 4.9
Heptachlor epoxide (1) 5.0 7.9 6.4 9.2 6.6
5.9 10.8 6.2 6.6 4.1
Heptachlor epoxide (2) 44 7.8 6.1 8.8 6.8
5.6 10.5 6.1 6.8 4.2
trans -Chlordane 3.9 8.2 6.5 8.4 5.4
5.4 10.3 6.9 6.8 4.5
cis -Chlordane 34 8.0 5.5 7.4 4.8
4.2 9.2 6.0 6.0 3.4
trans -Nonachlor 3.0 7.8 4.7 7.0 4.1
3.9 9.0 6.4 5.6 3.7
cis -Nonachlor 34 7.7 6.2 7.4 4.5
5.8 9.7 7.5 5.4 2.8
Dieldrin 4.9 9.5 7.1 9.8 6.1
7.5 12.0 6.2 7.5 4.8
Endrin 33 7.8 52 7.0 5.7
5.8 8.9 5.3 5.5 3.4

o.p'-DDE Not quantitative for obstruction peak
p.p'-DDE 5.0 8.8 7.2 9.1 6.9
6.4 9.8 7.8 7.5 6.1
o.p'-DDD 5.0 8.3 6.9 9.3 6.7
8.1 10.6 8.1 7.1 4.8
p.p'-DDD 5.2 8.0 7.5 9.0 7.2
7.9 11.1 8.1 7.1 5.3
op'-DDT 3.4 6.8 6.4 8.3 5.7
4.8 9.0 6.1 6.0 2.9
p.p'-DDT 53 5.1 8.7 9.4 6.6
8.3 11.8 9.3 7.6 6.4
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Table 7-1 Repeatability and intermediate precision (swine manure) (ng/kg)
Repeatability Intermediate precision
Pesticide mean” s, RSD,” CrsD,” sin”  RSDin)  CRSDin®

(ng’kg)  (ng/kg) (%0) (%) (ng/kg) (%0) (%)
a-BHC 4.1 0.6 14.9 11 1.0 23.9 18
S -BHC 15.7 1.3 8.3 11 2.0 12.8 18
y-BHC 14.7 1.3 8.6 11 1.6 10.9 18
0-BHC 50 11.8 23.6 11 14.5 29.1 18
HCB 15.3 1.4 9.3 11 2.5 16 18
Heptachlor 16.9 1.1 6.7 11 2.4 14.3 18
Ardrin 12.8 1.0 7.8 11 3.4 26.4 18
Oxychlordane 32.4 2.8 8.7 11 2.8 8.6 18
Heptachlor epoxide (1) 17.8 2.0 11.1 11 1.6 9 18
Heptachlor epoxide (2) 17.9 1.8 10.1 11 1.8 10 18
trans -Chlordane 17.6 1.7 9.9 11 1.9 10.8 18
cis-Chlordane 17.8 1.3 7.2 11 2.0 11.3 18
trans -Nonachlor 15.9 1.3 8.3 11 1.5 9.6 18
cis-Nonachlor 16.7 1.5 8.8 11 2.1 12.4 18
Dieldrin 16.6 1.4 8.5 11 2.0 11.9 18
Endrin 17.8 1.4 7.9 11 1.7 9.5 18
o,p'-DDE 18.7 2.7 14.4 11 2.7 14.6 18
p.p'-DDE 16.8 1.6 9.8 11 1.8 10.9 18
0,p'-DDD 16.9 1.2 7.3 11 1.3 7.8 18
p.p'-DDD 16.3 1.7 10.7 11 1.8 10.9 18
o,p'-DDT 17.9 1.4 7.8 11 2.2 12 18
p.p'-DDT 16.6 1.4 8.1 11 2.2 13 18

a) n=14 (duplication X7 days)

b) Repeatability standard deviation

c¢) Repeatability relative standard daviation

d) Criteria of repeatability relative standard deviation required by Testing Methods for Fertilizer (2016)

e) Intermediate standard deviation

f) Intermediate relative standard deviation
g) Criteria of intermediate relative standard deviation required by Testing Methods for Fertilizer (2016)
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Table 7-2 Repeatability and intermediate precision (pine chips) (ng/kg)
Repeatability Intermediate precision
Pesticide mean” S, ® RSD, ©  CRSD B 9 SI(T)B) RSD Imﬂ CRSD I(T)g)
(nghkg)  (ugkg) (%) (%) (ng/kg) (%) (%)
a-BHC 7.5 1.5 20.5 11 2.6 34 18
S -BHC 8.2 1.4 16.5 11 3.5 42.8 18
y-BHC 6.1 1.3 20.7 11 2.8 46 18
0 -BHC 8.4 2.6 30.2 11 4.5 53.3 18
HCB 6.4 1.4 21.4 11 2.7 42.1 18
Heptachlor 7.7 1.6 20.7 11 3.2 41.6 18
Ardrin 31.4 9.0 28.5 11 13.1 41.7 18
Oxychlordane 6.9 1.0 14.2 11 2.8 40.6 18
Heptachlor epoxide (1) 6.9 1.5 21.4 11 2.5 35.7 18
Heptachlor epoxide (2) 6.7 1.4 21 11 2.5 36.6 18
trans -Chlordane 6.6 1.0 15.3 11 2.7 40.8 18
cis-Chlordane 5.8 0.8 13.8 11 2.8 48.4 18
trans -Nonachlor 5.5 0.8 15.1 11 2.8 51.3 18
cis-Nonachlor 6 1.4 22.4 11 2.8 46.6 18
Dieldrin 7.5 1.4 19 11 3.1 40.5 18
Endrin 5.8 1.2 21 11 2.3 38.8 18
o,p'-DDE Not quantitative for obstruction peak
p,.p'-DDE 7.5 0.8 10.9 11 2.8 51.3 18
o,p'-DDD 7.5 1.6 21 11 2.0 27.1 18
p,p'-DDD 7.6 1.6 20.4 11 1.9 24.4 18
o,p'-DDT 6 1.4 23.6 11 2.4 40.1 18
p.p'-DDT 7.9 2.4 30.4 11 1.6 20 18

a) ~ g) Refer of the footnote of Table 7-1

4) EETROMER

FRIEHEAD 1| FiRE A = A R 5 R 3K 0D GC-ECD IZ X5 7E B T IRMEREAS % Table 8 (/R L7, BRFEHE
NEICAH B SR R TENZE T 20 pg/kg FHYS EZ UL T GC-ECD & HWT 7 A0 TR Z FE L 7= &
ZA, RIEOE & FIRIE 10 pgkg~20 png/kg FRELHEESNIZ. o, RIEOK TR 3 ngke~7 ngkg &
HEES N7,
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Table 8 Calculated LOQ and LOD values

o Spiked level  mean” st L00° Lop?
Pesticide
(ng/kg) (ng/kg) (ng/kg) (ng/kg) (ng/kg)

a-BHC 20 11.7 1.0 10 4
S -BHC 20 13.7 0.8 3
y-BHC 20 11.9 0.8 8 3
0-BHC 20 38.0 1.4 14 6
HCB 20 15.2 0.9 9 3
Heptachlor 20 18.7 0.9 10 4
Ardrin 20 12.3 1.4 14 5
Oxychlordane 20 31.5 1.7 17 7
Heptachlor epoxide (1) 20 19.9 1.2 12 5
Heptachlor epoxide (2) 20 19.8 1.1 11 4
trans -Chlordane 20 19.0 0.8 8 3
cis-Chlordane 20 18.7 1.0 10 4
trans -Nonachlor 20 19.3 0.9 9 3
cis -Nonachlor 20 20.1 1.1 11 4
Dieldrin 20 19.8 1.1 11 4
Endrin 20 20.5 0.8 8 3
o,p'-DDE 20 20.2 1.1 11 4
p.p'-DDE 20 18.9 1.0 10 4
o,p'-DDD 20 20.2 0.8 8 3
p,p'-DDD 20 18.4 1.5 15 6
o,p'-DDT 20 20.5 0.8 8 3
p.p'-DDT 20 18.2 0.9 10 4
a)n=7

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

5) FEEEDSH

HERE 2 FlAH, GEELFEMS | R OMADARLS T 1 % GC-ECD ZHWCTHIEL, GC-MS Z W THERRL
7z. GC-ECD THHEL — 7 Z IV E BT B2 T 1ol 23R 9 IR LTz. GC-MS TRt S eh o7l sr D
95, GC-ECD TiX 6-BHC, AF> 77, 7ILRY KR 0,p’-DDE OMRFFREHFHTICE — 7 D3 S
7-.

5-BHC K OAF 7V ATHERED I E B 5y % G DIZA L TOD DY, £ DD 3K GC-ECD Tt
SN E1E GC-MS THER T H&EE 2 5.
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Table 9 Pesticide affected by quantification due to contaminating peak

Sample Pesticide”
Compost 1 0 -BHC, Oxychlordane
Compost 2 0-BHC
Construction waste  Ardrin, 6 -BHC
Pine chips Ardrin, o,p’-DDE

a) Peak was detected near by srandard retention time by GC-ECD,
but no detected by GC-MS.

4. FEOH

GC-ECD % WV THERE K OMA DAL T R O B 2 R I ORBIEORFIZ B 28072225, IROLFY
DRAEEFT=.

(1) BRI 10 ng/mL~200 ng/mL O#iFH CEMRMEARL, WERBIL 7=0.99 L ETH-o7z.

(2) HERE K ORI AR 3R R LI LT 20 pg/kg A&, HEALIZ 50 pg/kg A2 &AF ONTAL T 80
ng/kg Y EARINL 3 SOMTOMTEEMUT-. SEREIGRIT O RIEARE, IKEHERH T 62.5 %~
118 %, RSD 1% 7.7 %LL T, #ADARD 20 pg/kg #824 & TIEZEIL 35.6 %~109 %, RSD X 16.1 %LL F TH-7-.
RFHEAL CIL, A EIRET T oo A B R K 22 DS D, o-BHC, 6-BHC K UOAF T /m/L7 %R
&, ERFERBRIE I RSV CODEE ([ENER) O HIEA B Tetalii /=L Tz, 72385, filifzL TWVRno 7ol
I, ~THIEL(62.5 %) L OVHCB(66.9 %) Thotz. FaDARS T TIE, IEEHERBRIEI RSN QD EE
(AU ER) O BHE & 7= e N TEIR -T2,

(3) FRIEHEE K ORI R R B EL T 20 ugkg Y BELRDISCENTIRINL 2 SAHTT
AaZ2 T 5 ARMBERAZERML, FHEEE &K OO TREE OB EIT 7. IKFEHEIE T, «-BHC, §-BHC &
OA X7V T o UANO P THXHE R 2213 14.4 %L T, WA SHEER 2213 26.4 %LL T THY, JERHE
REBRIEIORENTODREE D B L2720 Tz, ORI, BUERMEL, £/, ST xHE R,
Hh PR R HE AR 72 S IR R AR BRI R N R S CQOBREFE D B 2Tl - L Qe o7z,

(4) AREOTE & FIRIF 10 pg/kg~20 pgkg FRELHEES V. F7o, RIEORH TIRIL 3 ngke~7 ngkg &
HEES NI

LU EDFEREIY, GC-ECD & AV VZiBRIEIL, 4 RIREIE1T o To A R R RHE 22 FiE 055, o-BHC,
0-BHC K OAF 2 7V 7 L LS Doy OHENE T OEH B2 WE S D720 o 7aMEREE2 AL TV D2 &%
FBUZ. o, ROARSTITHONWTE, ZOBRIED #EH TERWI SR L.

X ®

1) SR EEE CER 20 45 4 A 1 AANT 19 THEH 14729 7% RRMOKPERTHEL - L 2Rl a)

2) ELEMWRIEEEORATE CEAC2149 A 1 BANT 21 HES 1764 5 () BRMOKPETH B 22 R EL Al
trs—)

3) RIS T ORI, RN SUIEW HES S O THOOMEORBRIE  CFRL174F 1 H 24 H
R R FET 0124001 5 JEAT5 ) PR3 R dn R & bl 22 A A i )

4) Pesticide Residues in Foods by Acetonitrile Extraction and Partitioning with Magnesium Sulfate, AOAC
Official Method 2007.01
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Deter mination of Organic Chloride Pesticidesin Composts using Gas
Chromatography-Electron Capture Detector (GC-ECD)

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

A GC-ECD method for determination of organic chloride pesticides in compost was developed and validated as
a single-laboratory validation. The pesticides were extracted from analytical sample with acetonitrile. The extract
was purified by Gel Permeation Chromatography and solid phase extraction, and diluted with acetone. The
organic chloride pesticides was analysis by GC-ECD on (14%-Cyanopropylphenyl)-Methylpolysiloxane column.
As a result of 3 replicate analysis of 2 samples spiked with organic chloride pesticides at 20 pg/kg, 50 ng/kg and
80 ng/kg, the mean recovery of pesticides were 62.5 % ~ 118 % (compost) and 35.6 % ~ 109 % (pine chips,
spiked level 20 pg/kg). In the train of duplicate analysis per 5 days, the repeatability and intermediate precision of
organic chloride pesticides were under 14.4 % and under 26.4 % without a-BHC, §-BHC and oxy-Chlordane case
compost. Case pine chips, low recovery. On the basis of 7 replicate measurements of organic chloride pesticide
added to samples, the LOQ value were 10 pg/kg ~ 20 pg/kg. These results demonstrated that this method was
validated for the determination of organic chloride pesticides without a-BHC, 0-BHC and oxy-Chlordane in

compost.

Key words ~ Organic chloride pesticides, GC-ECD

(Research Report of Fertilizer, 10, 41-60, 2017)
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5 ®AIOTNIST720TLBEEESHE (LC-MS/MS)LICKSHERY
FHRERBEHGSOIOESYRRUVZOEEMEDAE
I
INGREEL KBES L BAREL mALE 7L ARG

F—0—k  IuvIUR, TIVETUR, ©ruTh, HEE, (GIEREREILEL,
Rk a~ 757507 DAV 5T, e EER

1. [XL®HIC

IaeZUR, TIETUR KO 70T AIONVRF UV EE T THE VD RDEIKTHS. Z0HrH a7
RiZ, 2B s HIEEE2FI AL 54, MREICIVAEBRESENBITLIZENMONTHDHY . —
7, sEAMENCRB W THEIE R 7 EZUR B ESN, ZHUcE2b bbb s A B REREGY 185 D7
E, 7ae VR PO E R TRV R BREAI THLTI/E TR RO 70T AiFZ7a’ 7R EfH
FROBEFEA R ESHEDLAIREMENHD. ZOZen s, HEE LK OVGIEREEILE R O/7aeZUR, 78 TUR LK
v a7 AOGHTEELT, Rk~ o7 407 DAVE BT (LC-MSIMS) IED RS L, B—BR= I
BUIHLELE, TR, & FNIREL R 25 FEICHALPRFLIZEDA, B—RBRENICIT 257
HEOZY MRS

AEl, Z0 LC-MSIMS {EIZEZDHEE K OYGIRFEEEILE R O /ae 7R, 7 /e ZUR LU 7aZ AOHIE
OYEREFHM D=8, @ik z W CRERER OB EAMREL -0 T, ZOMELRET5.

0¥, 7ueZUR, TV TR KO a7 AO#IERE Figl IR,

NHE MNH-
_[x;:;;I,.,C' S Cl__ ,,J;:;ﬂ_ _ClI
I )|
c N kTr_DH - | N_,_,. T’OH Cljlx N .HT{__DH
O 0O o
Clopyralid Aminopyralid Picloram
CASNo: 1702-17-6 CAS No: 150114-71-9 CASNo: 1918-02-1

Fig.1 Chemical structural formulas of clopyralid, aminopyralid and picloram

VIRSEATBOE N EMOK PEH B 2 Bl v 2 — R B A
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2. MHERUAZE

1) #REBRAEM

MRS AL TN D 2 FFHOHENE K OF 3 FEHADIHIEFEEENLEL (B35 A) 4 40 CT—BEEL-1%, HBEHE

500 um DAZY—> Z @il 5 F THEL, L<EAL CEFRRBAGREIELZ. 20O L FEEOHEIRIZY
B ZURDOEANROLN, TI/ETIR LR 70T AOEFPBDOLIRVGETHY, oMt 4 FXEOR
BHIR SRR D DO EA DFBOLNRVRENCh-o72. TDw, HFERBRBINRBREICB W TEA LRV S
ROy A IRINL CHE AR A St 9~ 52 &L LTz

LA BHIA 9 g ARV =F L AR AN EIL CTENEHL B WAL=, — XD T F AR5k}
IR D720, TN OERBAREORIIIT U Z D F AL, SIERBRE AT L.

2) FMAZER

RSN TWD7ue 7R, TI/E VR RO 7aT 5% 7 B = N/WEf LT SR EIR O Z T —E
BAHIRAL, 7 EM=RL AL T 5 FAORE ORI AEERE AR L.

ISIMAREAERR 13K 1.5 mL &2 H T A AT AN, —RE DT T4 REE AR 572, 1) 5 FEO I
AR B Bl LT3 52 A T LIS L, B0 BR =B LT,

3) EBERUSRE
HBREICHEL TS LC-MSIMS, REOHE, 3.0y BiErE, s OB, n—&)— T/ \RL — 4 —
KO~ =RV REFE L.

4) YOEZYFEDRIE

(D Hh

S3HTRCEL 5.00 g 2130 - THAR =475 23 200 mL (AL, AKEE(LT R 278 (40 g/L) 1 mL L A%
J—L99mL ANz, 30 3 MHRVIER =, 2D, Hiem LD 50 mL ICNZREE L, 1700xg(3000 rpm)
T 54y RE O BEL T LB A AT R LT

(2 ¥ %=1

H—N P NT L TOA% /—/L 5 mL L OVK 5 mL T/ Liz. 723772250 mL 25 —hRJv
CATLOTFICEE, 5 mL 24— oY hT7 MIIEMIZINZ, eI AT TAAID EiiicEd
HECHIS T, SHIKRALT MY AT (04 glL) — A% /=L (1+1) B mL & 2[E I —R BT A,
[FRRIZ I S 7.

Q) K M2

2 —N o7 8% THT7E=FN/L 5 mL K UOWERE (1+120)5 mL TElCNZHEE L. iz
40 °C L F ORI T 5mL LA FETRIERMEL721%, Wi (1+11) 3mL 20X 7. 20, MLt ka7
—No T NTAARTSHE, HOPNTIRE DT TAAID EEGICET HE TR S, Fava ik (1+120)5
mL C 2 [AEE L, YERENER D —N) 2Nz, WICHEEE (1+120) — 72 h=RJ/L (9+1)5 mL & UVK 5 mL
ZNER S — R TN 2 TR Sz, 2B 7T 5 mL 27 —KNy U BT L0 FIZEE, TVE=
T (0.0025 wivo) — 7 ER=RIL (9+1)4 mL 7 —hK)o T BT MIIEMIZINAZ, 7ae’ZUR, 7/ TUR
KO 7T 2 iE NI S 7. & (1+1000) TER LI, 7 I7AF v/ iha OInEE 1.5 mL 1AL,
8000xg(10000 rpm)C 5 4y [#lizt Lo BEL , By Ak & slEHA IR & LTz,
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(4) Ik a~ T T7 5207 WAV B OHFHI I DIE

FRBEHATE K O AR E A IR A Y 2 LC-MSIMSIZIEAL, BIREUGHH (SRM) 78~ 7T L& 1572,
BT SRM 7 N T B H A il 5y DY — 7 TR @ 3% 3R D T i A ER L, SRUBHAIR D& B4y
BE2RD, SHTEH T 0o YR, TETIR KO/ uT A0 BEE L. 7228, MEICHT-->TIL,
AR RER % (2016) 8.2,a HA S L T BRE D LC-MIMS #AE T IEICHEST-.

728, TEEIEOME A Scheme 1 1 Z/R L7z,

| Sample 5.00 g |  Erlenmeyer flask (with stopper) 200 mL

< Sodium hydroxide (40 g/L) 1 mL
< Methanol 99 mL

| Shaking | 30min
I

| Centrifugal separation | Centrifuge tube 50 mL, 1700xg, 5min
I

| Refining 1 | Oasis HLB column

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

Evaporation |  Remove methanol

< Hydrochloric acid (1+11) 3 mL

Refining 2 |  Oasis HLB column

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

< Wash 2 times with hydrochloric acid (1+120) 5mL with washed the container beforeh
< Wash hydrochloric acid (1+120) - acetonitrile (9+1) 5mL

< Wash with water 5 mL

< Eluate with ammonia solution (0.0025 w/v%) - acetonitrile (1+1) 4 mL

< Formic acid (1+1000)

| Fixed volume |  Measuring flask 5 mL

| Urtracentrifugal separation | 8000%xg, 5min

N LC-MSMS |

Schemel Analytical procedure for clopyralid, aminopyralid and picloram
in compost and composted sludge fertilizer
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5 HEHRAAMOHEMRER

IUPAC/ISO/AOAC DHREFER Y mha LY OBJEMERRBRICIE Y, 7 ZUROEH AR b L FRER
HRERD 10 SR Z RS, AT OE 2 ROHMTT I THMTLIZ. 72k, =A7IA=UTITIA
Do HTREHT 4009 ELT-.

6) FHFRIEFER

AERIZS LT 9 MBR= L L7Z LC-MSIMS IZLEL T DD THY, TNE N OER= TV TIER LI
10 FEHZ DWW T ) ITHE-THHT L=,

2B, FRBRE Tl AL LC-MSIMS OFERESE% Table 1 12/~ L7=.

o RV N B AR ST B 2 — S BT ST T e R A R BRI

o RV RN B AR ST B H — 2 BERF SR T R R R e R

» VT YA T AR AR A BN AT A~ — PR — N F— AT L R

© BARU 4 —F—AAST 7 /Y — a2 —

« MSEATBUE NBMOKEE T 2 it 2 —m Pt 2 —

-« MSEATEOE NBMOKEE T 2 il 2 — it 5 —

- MSIATBUE N EMOKEEB 2Bt 2 —4 B2 —

© MSEATEOE NEMOKER T 2 it 2 — el e 7 —

- IMSTATECE N BEAROKPETY B 22 3T v & — IR A i A 55—

« MNEATEOE N MK ETE B R 22 2 — IR R 22 A I i i

(50 &IH)
Tablel Instruments used in the collaborative study
LC-MSMS . LC column .
(i.d.xlength, particle size)

LC: Nexera X2, Shimadzu ZORBAX Eclipse XDB-C18, Agilent Technologies
MSMS: LCM S-8050, Shimadzu (2.1 mmx100 mm, 1.8 um)
LC: Nexera X2, Shimadzu InertSustain C18, GL Sciences
MS/MS: Triple Quad API 6500, AB SCIEX (2.2 mmx100 mm, 2.0 um)
LC: LC800 System, GL Sciences InertSustain AQ-C18, GL Sciences
MSMS: API 4000 Q TRAP, AB SCIEX (2.2 mmx50 mm, 1.9 ym)
LC: ACQUITY UPLC H-Class, Waters ACQUITY UPLC HSS T3, Waters
MSMS: Xevo TQ-S micro, Waters (2.1 mmx100 mm, 1.8 um)
LC: ACQUITY UPLC, Waters ACQUITY UPLC HSS C18, Waters
MSMS: TQD, Waters (2.2 mmx100 mm, 1.8 um)
LC: ACQUITY UPLC, Waters ACQUITY UPLC HSS C18, Waters
MSMS: Quatro Premier XE, Waters (2.1 mmx100 mm, 1.8 um)
LC: ACQUITY UPLC, Waters ACQUITY UPLC HSS C18, Waters
MSMS: TQD, Waters (2.1 mmx100 mm, 1.8 um)
LC: ACQUITY UPLC, Waters ACQUITY UPLC HSS C18, Waters

MSMS: TQD, Waters (2.1 mmx100 mm, 1.8 pm)
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Tablel Continue

LC-MSMS ~ LCcoumn
(i.d.xlength, particle size)
LC: ACQUITY UPLC, Waters ACQUITY UPLC HSS C18, Waters
MSMS: TQD, Waters (2.2 mmx100 mm, 1.8 um)
LC: ACQUITY UPLC, Waters ACQUITY UPLC HSS C18, Waters
MSMS: Quatro Premier XE, Waters (2.1 mmx100 mm, 1.8 um)

3. HMRRUER

1) #EHBRAFEMOHE R

PPENERBR OFERAE IOV T, Cochran OAMUIEREIZLHEIEL 1%, — TR E B sEsn
TR EE Table 2 1Z/R LT, ZOfER, FAEAYF(9,10; 0.05) BEfUEE Flal~>7-2805, A H/KHES %lZku
TREHICH B2 ZITRRObN T, HFEFRBRICHWAZEN T EMEF L QWD AR LT,

Table2  Homogeneity test result of clopyralid

No. of P crc) rd) <o < +rf) +rg) i
Sample ) Mean < RSOD Sbb Sb RSODb F vaud
sample”  (ug/kg)  (Hg/kg) (%) (Morkg)  (Hg/kg) (%)
Compost 1 10 (0) 114 8 7.4 0 8 7.4 0.68

a) Number of the samples used for anaysis; (): Number of outliers

b) Grand mean value (n=20=10xnumber of repetiton (2))

c) Standard deviation of repeatability

d) Reative standard deviation of repeatability

€) Standard deviation of sample-to-sample

f) Standard deviation of sample-to-sample including repeatability — Spir =V Spp?2 + 5p-2
g) Relative standard deviation of sample-to-sample including repeatability

h) F vaue caculated based on analysis of variance (ANOVA)

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

2) HRIRBRAEBERUNNIERTE

KRR DA ST 2 R BR kA A Table 3-1~Table 3-3 (/R L7z, &R 5N OFEIORE R4 IUPAC O
HFEFRBR 7 bV o TRREFHAELL 72, 7235, MEMOFFAZ TlElo TS Tlbbo03, Zhb
DI T AR ERESN TG RO R EBRODTHREHLEEZ L. SBREGE O/ N EE R E T 572012
Cochran & J O Grubbs &% S hE L7z, T OF5E R, 10 REREORBEEDOHIH/a 7RI OV L 1
FOBEICLIRBRED, TI/ETURICOW T LAHOREC LR = & O 3HEOFEC& 2B =D,
B0 ACOWTIHE 2 FEORE T LS & O 2 FRE OB 2 B E DM UES L CHIES L.
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Table 3-1 Individual result of clopyralid (Lg/kg)
Lab ID? Compost 1 Compost 2
A 140 153 883 890
B 131 128 805 812
C 94.8 113 676 692
D 91.2 93.3 1070 977
E 151 155 846 906
F 125 126 797 855
G 149 142 759 845
H 120 121 789 722
I 112 114 740 804
J 148 149 895 941
a Composted sludge Composted sludge Composted sludge
Lab 1D fertilizer 1 fertilizer 2 fertilizer 3
A 21.0 17.2 95.9 77.9 357 360
B 21.3 17.4 105 97.2 321 318
C 4189 6.83 ° 99.9 75.3 361 275
D 312 9 4.67 99 88.6 74.3 343 365
E 13.4 15.8 102 103 377 360
F 16.0 16.0 84.3 80.1 329 375
G 24.4 22.0 71.5 96.8 312 343
H 13.8 11.6 86.2 87.1 325 316
I 17.7 17.4 81.9 82.9 302 355
J 17.7 18.0 101 102 337 348
a) Laboratory identification
b) No detect
¢) The vaue which was lower than the range of cdibration curve
d) Outlier of Cochran test
€) Outlier of Grubbs
Table 3-2 Individual result of aminopyralid (Lg/kg)
Lab ID? Compost 1 Compost 2
A 76.4 ° 80.9 © 9.78 © 26.7
B 278 274 18.5 21.8
C 8.0 ¥ 229 9 15.1 7.30 ©
D 390 365 319 9 69.3 9
E 337 353 24.5 27.2
F 355 339 26.9 27.4
G 355 344 163 9 497 9
H 259 302 23.0 20.1
I 314 329 15.7 23.3
J 296 286 24.6 27.4

a)~¢€) Refer to the footnote of Table 3-1
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Table3-2 Continue (Lg/kg)
a Composted sludge Composted sludge Composted sludge
Lao D fertilizer 1 fertilizer 2 fertilizer 3
A 3529 1.66 © 200 133 22.4 427
B 145 9 451 99 682 546 66.8 44.2
C N.D. © N.D. © 630 595 52.5 36.2
D 6.349 9.74 9 1300 809 86.0 76.3
E 3329 4519 845 812 83.2 76.0
F 5.819 8.68 9 824 783 63.7 63.7
G 24.4 ° 23.3 © 745 419 219 9 139 ¢
H 4839 3129 707 770 65.9 61.7
| 6.39 9 6.49 9 733 799 57.0 54.9
J 5.78 9 5.26 9 880 805 54.4 62.5
Table 3-3 Individua result of picloram (Lo/kg)
Lab ID? Compost 1 Compost 2
A 876 930 31.4 42.7
B 737 685 34.4 34.0
C 1310 1150 9.2 9 107 °
D 667 655 52.8 51.5
E 819 811 21.0 17.8
F 836 735 43.8 37.1
G 850 781 43.1 40.5
H 652 694 31.6 27.2
| 791 821 34.6 35.7
J 1010 990 47.8 51.2
Lab 1D? Composted sludge Composted sludge Composted sludge
fertilizer 1 fertilizer 2 fertilizer 3
A 71.8 68.9 330 328 161 167
B 102 67.7 325 307 152 150
C 412 9 284 9 724 9 752 ® 761 9 467 @
D 73.0 88.3 319 267 143 133
E 105 95.8 288 291 162 159
F 80.7 95.3 355 329 165 193
G 143 158 785 9 467 9 432 9 308 9
H 50.9 37.9 287 310 157 155
| 81.7 83.4 395 354 188 204
J 105 116 490 488 286 338

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

3) HHTRERVERBRREE
ARBREGRE KO R I U7 M, DM TREYER 22 (s) M OVIFATAE R HEMR 22 (RSDy) fiE 17 ONZ 2 [#] 75 B ME (R
72 () S OV=2 [l FF BUAH 6 HEfR 72 (RSDR) % Table 4-1~4-3 [Z/RLT-.
7at’ZYRONEEI 16.2 pg/kg~835 pglkg THY, FOOHTEEEMRZEX.1.7 pglkg~41 pg/kg, P74
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KHTEHENF 21T 4.5 %~12.6 %, FEMFHHAEER 1T 5.2 pg/kg~100 pg/kg K OV B AH e HE (R 721 X
8.3%~31.8 % Th~7-.

T/EZURONHEIL 5.39 pg/kg~701 uglkg THY, FOOHTIEAER 21T 1.41 pg/kg~146 ug/kg, OFHT
FHXHZE (R 7213 4.5 %~26.2 %, =5 [ FF BUSE (R 2213 2.22 pg/kg~263 pg/kg K OVEE [ AR BURE AR R 221 X
12.0 %~41.2 % ThH-7-.

v ruZ AONHEIEIL 37.7 ug/kg~840 puglkg THY, FOPHTIEUER 721X 3.5 ug/kg~50 pg/kg, JF1THExE
FEAEMR #21E 5.6 %~12.3 %, EFFHIEHERZT 10.3 ug/kg~175 pg/kg(f OV [ BUAH 1% MR 221X
19.8 %~33.5 % ThH-7-.

I ZYR &K 707 MMIOW T, A EIEAT U7 3R RER R (R EEREEH) C, OF 1 THE e e R 22 K
OV ] P AR G R 228, IR BRTE O 238 1T B3 BRIE D 2 Y PEREGR O FIEIC R L COD KR EL

CRBIDEED HEZD 15 IR E-Cz, AL, 1 FEOTGIREBIEE R O 70T A TR HH
FEHR MR 2223 33.5 %C, ZOFEED H 22D 1.5 1% 33 % 72 B[Rl Tz,

TI/ETURIZOWTIE, 1 FEOHEIR K O 1 FEOGTERBEREC, DT SHE HE(R 72 & OV B
SHEAENR 72278, AERHEBRIEIC BT DR BRIE O Z Y MEMERE O PRI R L TOAKIREEL ~ VBT DR E
DHZD L5 EFUNIZH -T2, LinL, 1 FEOHEIL COMTHXHMERERZENZOREDO B ZD 15552, 2
FEFE D5 VRS B R COM TR e R IR 72 S OVEE T A BUAH XHEHE IR 22 ZORG BE D H 42D 1.5 fi5 A2 T
7-.

Table4-1 Statistica analysis of collaborative study results for clopyralid

Sample Labs’ Mean” &7  RD® CRD? = RD:’ CRDR"

p(@)? (Mgkg) (Hgkg) (%) (%) (Mgkg) (%) (%)

Compost 1 10(0) 128 6 45 1 21 16.4 22

Compost 2 10(0) 835 41 4.9 1 100 11.9 22

Composted sludge ¢y 465 17 106 1 52 318 22
fertilizer 1

Compostedsludge 100, g9 113 126 1 13 126 22
fertilizer 2

Composted sludge 1 ) 359 28 83 1 28 8.3 22
fertilizer 3

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

b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier removed (n=pxnumber of samples (2))

c) Standard deviation of repeatability

d) Reative standard deviation of repeatability

€) Rough standard of relative standard deviation of repeatability in Testing Methods for Fertilizers 2016

f) Standard deviation of reproducibility

0) Relative standard deviation of reproducibility

h) Rough standard of relative standard deviation of reproducibility in Testing Methods for Fertilizers 2016
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Table 4-2 Statistical anaysis of collaborative study results for aminopyralid

Sample Labs’ Mean” & RD® CRD? =’ RD:’ CRDR"

p(q)?  (Mg/kg) (Hg/ko) (%) (%) (Mg/ka) (%) (%)

Compost 1 82 324 15 4.5 1 39 12.0 22

Compost 2 82 212 52 247 1 64 303 22

Composted sludge 7, 539 141  26.2 1 222 412 22
fertilizer 1

Composted sludge 16 709 146 20.8 11 263 37.6 22
fertilizer 2

Composted sludge ¢4y 595 89 150 1 166 280 22
fertilizer 3

a)~h) refer to the footnotes of Table 4-1

Table4-3 Statistical analysis of collaborative study results for picloram

Sample Labs®  Mean” &° RDY CRD? =’ RD? CRDR’

p(q)? (Mgkg)  (Hg/k) (%) (%) (Hg/kg) (%) (%)

Compost 1 10(0) 840 50 5.9 11 175 20.8 22

Compost 2 o1 377 35 9.4 11 103 27.3 22

Compostedsludge g1y g9, 117 123 11 303 335 22
fertilizer 1

Composted sludge g, 349 19 5.6 11 67 19.8 22
fertilizer 2

Composted sludge g, 105 16 8.6 11 56 31.0 22
fertilizer 3

a)~h) refer to the footnotes of Table 4-1

4) BERERERDEL

A Elo I [FEFERIE, e FE BB FERHC RN AR R A2 N2 CHEM L7z, ISR I = v %
WRIEE L CTH T ANAT IV AN TEIMERBR RSB AT L7z, BfT L7z ST O RN AAEHERR I B W TH Ay ©
BbIENEEE L, 7uE SRR OT I ETIR2R 0.1 pugiml, EZ05 47802 pg/ml Téhot. 22T, 7rh=h
UVETRELE L CTH S 0.2 pg/mL R UTIR BRI A T T ANAT WA AN — R R B %, SR
(1+1000) T 2 ng/mL ARL T LC-MSIMS [ZHEALS R A RDTo. ZOEE DK 5 DRIEMEE 2
ng/mL (232 E 43 3RIZLT Table 5 1R L7z, ZORER, FHICT I/ ETURDEIZKERFD BB DO LI

THLTZEDD, ﬁﬂﬁbf_{ﬁﬂﬂﬁﬁﬁfﬁ{ﬁz‘( THMEIRE DT ETUNREIZECR T2, bW T 1/
EZVR & OFEHCIL AT R AR MR 75 K& O == [ BUAH R R 22 28 IR R R BRIE R L T DK E O H
B RESBRIZZENEZ LI
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Table5 Recoveries of standard solution in glass vid

Pesticide Recoverya)
(%)
Clopyralid 20
Aminopyralid 62
Picloram 74

a) Recovery for the concentration of preparation
solution (N=3)

4. FEH

10 #BR 212350 T S (10 A7) OHERE K ONG IR R BRI RN T [FEBRZ F L, LC-MSIMSTEIZE
DHHEAE S OB IR FEBEAEL 1 D7 e Z VR K OV O B E ORI E DOFH 21T > 7. ZOFER, 7ae 7RO
LA 17.5 pglkg~826 pglkg (ZFW T M HEUG EE (R R 72) 13 8.3 %~21.1 %, 7/ Z7URDE-)
i 5.37 uglkg~685 pg/kg (2 35\ T = [ BURS BE (PR HE(R 72) 13 12.0 %~45.1 %, £’/ a7 LD -14){E 36.2
HO/kg~T771 pg/kg lZF3 W T R AR BIUG EE (R R MR 72) 13.10.6 %~35.6 % Tdho7z. kBR =M D iz L%
ARRBRIEOERMFBUEE 1T, 70 TUR T, £ CoHmEaRER R oo i B &P IR R BRiE IR LT
WOKEEED B 2D L5 fELINICHY, [RIFRBIEOMERRILEIZE AL QWAL RSN, Fo, BRI AT
b, A TCOHMRP AT OR E P CIERHERBUEI R TCOWAREDO B Z D 1.5 FIT#allEsTwn
= — 05, TIJETURTIE, 1 EEOHENR K O 1 FE O 5 R REEELE CARBHE BRI R L CWB RO B
270D L5 EUNICH-T203, 1 EFAOHEE K O 2 TR OIG IR B AR CIREHERBRIE IR L QWD R E D B
LD 15 5% ERloTRY LT O E AR CE o7,

X |

1) Sk R OHEE 7R 8E 3 D BR LA O ] 5 HIBTE L BRI SR~ = =27 v, SUEHIRIG @ —e 2t
Z—lEkE

2) Hedth and Safety Executive: Aminopyraid - Results of Analysis of Contaminated Manure, Soil, and
Damaged Crops
<http://www.pesti cides.gov.uk/gui dance/industri es/pesti ci des/topi cs/using-pesticides/General /

aminopyralid-results-of -analysi s-of -contami nated-manure-soil -and-damaged-crops>

3) HEARAM, \RFG, BARRE, AHBIG RIKI e~ 57807 DRVE &3 HTEFHLC-MSIMS) 1T
FOHENE K OB IRIER T D 7ae TR, 7/ ZUR KO 7aT A0 R1E, IEEHITFEHE, 7, 1~9 (2014)

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

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

6) MNZATEUE NEMOKPEH B 22 il 2 —(FAMIC) : JERHERABR %
< http://www.famic.go.jp/ffis/fert/obj/shikenho_2016.pdf >
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Deter mination of Clopyralid, Aminopyralid and Picloram in Compost and Composted Sludge
Fertilizer by Liquid Chromatography-Tandem Mass Spectrometry (LC-M S/MS):
A Collaborative Study

Kenji KOZUKA?, Mayu OSHIMA?, Yoshimi HASHIMOTO?, Naoko TAMARU?, and Yuji SHIRAI*
! Food and Agricultural Materials Inspection Center, Fertilizer and Feed | nspection Department

A collaborative study was conducted to evaluate liquid chromatography-tandem mass spectrometry
(LC-MS/MS) for determination of clopyralid, aminopyralid and picloram in compost and composted sludge
fertilizer. Clopyralid, aminopyralid and picloram was extracted and with methanol under alkaline condition. The
extract was refined with a cleanup cartridge by taking advantage of characteristics that the behavior of elution
varies between acidity and alkaline. The clopyralid, aminopyralid and picloram were anayzed by LC-MS/MS.
Five samples, respectively, were sent to 10 collaborators. These samples were analyzed as blind duplicates. The
mean values and the reproducibility relative standard deviation (RSDr) for clopyraid were 17.5 pg/kg ~ 826
po/kg and 8.3 % ~ 21.1 %, respectively. Those for aminopyralid were 5.37 pg/kg ~ 685 pg/kg and 12.0 % ~
45.1 %, respectively. Those of picloram were 36.2 ug/kg ~ 771 pug/kg and 10.6 % ~ 35.6 %, respectively. These
results indicated that this method has an acceptable precision for determination of clopyralid, but an unacceptable
precision for determination of aminopyralid in these concentration ranges.

Keywords  clopyralid, aminopyralid, picloram, compost, composted, sludge fertilizer, LC-MS/MS,
collaborative study

(Research Report of Fertilizer, 10, 61-71, 2017)
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6-1 BEEBEEIOTITST(HPLC)EIZKIBEEDOREMER,
EoLybMEERZDAIE

— BRI D T MR —
EEEZ |, AR BRI

F—J—F RIEMEFR, CULOMEER, DVTUUTINMER, ST =V ER,
TT =)VIREME TR

1. [XL®HIC

TR, HEEVEEA TR B R A OB DR A AARELS E B STy, L0k i%ﬁ%ﬁe
BIAME SN T, SR ZEIEEO FFE O —>Th AR #EIL, TSR EIR T ORI L TR% T
ULy NEAERKL, HEE AR ENECDBNBHHZENED D | ANERKIZEBNT, aﬁ%ﬁénéﬁ
ER OB KENRESNTCND. F7o, IRBMIEER, VU T VU TINERER QT T =V MR R, 5B
PEREITR B AT T 2800, AILKAEREICEB T, G EMHIBRIE H L TRESIL TV,

FRAEBE, MR A— A — B B 25 O, e i s sk Hivd— 5, FEMRIEEL > T IE SR> 91250
S TODRERIET, ATHEEICERAEEL, ZOME M, RElESESEI DB 215, T4, IRk

SIFTIZRWT, Bk v~h757 (HPLC) Ik DE AL TR, SRR A4 258 7 2 FIVWH 2
LT, By MEZE R (B-N), REMEHE (UN), DTV T7IRMZEFE (DA-N), 77 =V % # (Gd-N),
BT T = VIR FEMEEFR (GUN) O—F ST N ATRELHERIS L7z, £ 2°C, HPLCYEIZED 5 Aoy — A ik
ELTT, KRSy OFRIE, R EMRO B, WEOREE, E& TR OFRHEY O FEBIERREORF 21T
T=DOTHEEA ST 5.

2. MHRUAZE

1) gtEEs

RIVLT VTR INT R FBHEEL 4 45, JRFE 3 &, AT n— VIRFBEAIE 2 &, FilES 7 =/VIRFE 2 &, A
TFNTIVTERMEGIRFE 2 K, TR VT ERHEEIRE 1 S QNI IR FE IV LT VT ERIN LR 3
REBRE 2 o AERE (LA AR 11 A5, WK BAEL 8 /1, FIER = A IEEL 7 5, #E R 0EE 3 R & O
AR 1 ) DA 44 H%:ﬁinitﬂﬂﬂé:uz it @t@tﬂ@a%lﬁ;@%@ X, 500 pm DAY — ZHEE T 1E
DA TR LT,

2) ARFORH

VIRSTATBUE NEMOKPE B 2 ettt — o2 —  (BL) IEEREHZ 2k A
2 PRSIATBEE N MK PEH R Z il b 2 — A e 7 —
SPMSATBOE N MK ETH B 2 i 2 — IEAE 22 e A
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(1) H5HK: HPLC OB EIH M OFEAERR O FH 52 1T DirectQ 3UV (MILLIPORE) CTHRUEL 728K, sk
OO RTALFEHEIZIE RFD240NA (ADVANTEC) THLE L 72 2K Bk & V=,

(2) VAPRERRE R (FBEAE) © RO AEE ZKFE YD A (KHPOs, Wako) 19.60 g & OVRRRRY AU FE
(H3PO4, Wako) 0.584 g Z Bl /KIZIEA LT 500 mL &L, { FARHIERMK T 10 52 ARl L.

(3) RFMEEFE, bV MEER, DT UUTINWER, ST =V ER RO T VIR FEMEE R
iR JRFE (CO(NH2)2, Wako) 0.2145 g, E VL ((CO-NH,)NH, HU{bik) 02454 g, Frfhs v 7
7R ((CN+*NH2)2) 0.1502 g, 7' 7 =V Hilgth (CoHioNg* HoSO4) 02574 g M O/ 7 =)V IR FE iR TR
(C4H12N3O2'HaS04) 0.2699 g #ZAVEFVEBHIKIZEED L 100 mL EL72 (ks D% FH (N) EL T, Wihh
1.0 g/L [2HEY).

(4) BB HRAEER (B2 ONELT1 mg/L~200 mg/L) : JRAVEEFIFER, ULy MEER
TEAER, VT U TINMEERIERER, 7T =V R RIEER L O T =V IR FEEE RIEER O — &
ZIRAL, KTHERARL, £A5r0 N LT 1 mg/L~200 mg/L DO S R SR Uk 2T L7z

3) WERUVEE

Table 1 (Z/RU722E @& M OVAIE S 1280 HPLC liEZAT 72, 728, AV LT VT ENIN LR F L Z 5 T
REBHZ DWW, ZDRS RO — 2% 45 BiE+%7-% HAMILTON PRP-X200 98FEVERSA A A5 Hi T 5 2
(HAMILTON PRP-X200) % F\>, Z3LLIFME Asahipak ES-502C 7C 35ERVERGA A 22 #4517 2\ (Asahipak
ES-502C 7C) & M\ =, AiiiLBRIZ 8Lk PTFE (Polytetrafluoroetyhlene) A2 7 L7 L2 — (FLFE 0.45 um,
ADVANTEC), 7 %F w7 2% —7—(OCUTOPUS CS-1), iz [y Bk 6800 (KUBOTA) K& UNE Ly i
%58 ZM-200 (Retsch) 2 fV 7=,

Table 1 HPLC Conditions

HPLC Waters 2695 Separation module
Detector system 2996 photo diode array detecter
Wavelength 190 nm

Column (1) Asahipak ES-502C 7C

(100 mm Lx7.5 mm I.D. 9 um particle size)
(2) HAMILTON PRP-X200
(150 mm Lx4.1 mm [.D. 10 pm particle size)
Column temperature 40 °C

Mobile phase Phosphate buffer (KH>PO4 28.81 mmol/L, H3PO4 1.19 mmol/L)
Flow rate 0.6 mL/min
Injection volume 10 pL

Measurement time 20 min

4) FHERRMF

AEBIOFRHRUZ DU T Scheme 1 1Z/RL7Z. EZFREHT, 1.00 g% 200 mL O fF& = A7 T7 22230 e,
100 mL OZEEKEMZ, ~7 3 F w7 AL —F—%FHWTH 10 &R, ZhamikE 2B LT 8000
X g TR 5 oy DL 72 BB ZRE R E LT, FORBHRE A Table 1 OWE LM THRIEL, 550
T — PO BRI IR EHR R DR FBEER, B ULy MERER, VU TV UTINEER, FT =Y
UHERROT T = NVIRFEEEROE B&ZRD, sl ORELZFE H L.
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TR D HTEEHE, 2150k 1.00 g 2 100 mL O E 7T A2ZINVEY, £ 50 mL OREKENZ THE
ZLUTIRVIRE 2%, 100 mL LL7-. ZHAELE 2B LT 8000 X g TR 5 4 Mim Doy B L 7= b P Zr il 20 E
RELTZ. BT E AR R U EZ 1 T o7,

1.00 g analytical sample

200-mL -1 Erl flask
(powdery) 00-mL ground-in stopper Erlenmeyer flas

< 100 mL of water

| Extraction | Stir to mix, 10 minites

1.00 g analytical sample
(fluid)

< 50 mL~70 mL of water

100-ml volumetric llask

Extraction | Shake to mix

< water (up to the marked line)

Ground-in stopper centrifugal precipitate tube,
8000 X g , 5 minutes

Centrifugal separation

| Measurement |

Scheme 1 Method flow sheet for Urea nitrogen (U-N), Biuret nitrogen (B-N), Dicyandiamide nitrogen
(Dd-N), Guanidine nitrogen (Gd-N) and Guanylurea nitrate (GU-N) in fertilizers

3. BRRUER

1) RIEFHOZE

BEhEIE, VAl KTV 2 (KHoPO,) B O AUl (KH2PO4) DFRERE L, 20 180 O BE L2 TR &
ZVERR L Tl e B B/ 25t L7=. Asahipak ES-502C 7C & AW CIRAHEHER (10 mg/L) ZHIELT-&
25, DABBKEBRR O AL T T = R R O T =)V IR B E R ORI A, K&EEH)
TAHMMDFEOON (Fig. 1). JRFEWESR, BV MEER, DTV TINEESR, V7=V MER, 7
T = VPRBMER B DOIRIZ 5 iy nssriEsiu (Fig. 2-1), BEIFHIEE T KHPOs 28.81 mmol/L, H3PO4 1.19
mmol/L 73w &I L7~

IRE, RV LT IVTER I TR FEAEHZ W T, ATEICEOFRBRLL 7-5UEHA A Asahipak ES-502-C 7 % F\»
TR N TR LTcEZ A, IRBWEEREKMER O — 73 EH 72 -7 (Fig. 2-2). £D72®),
HAMILTON PRP-X200 7 2% VT, FERICTHRL 73 UBHAIRIC O W CRICHIE & Corr~ N F 2%
RULT=EZ A, MR oy &y BE LT IR B E R O — I 5T (Fig. 2-3). ZOZEND, VAT LT ERN
TIRFREL S N NE S TR O JRFEMEEFE ORI EIZIZ HAMILTON PRP-X200 H72%HWWHZEEL
7z.



HPLCIAIZ I DR T DR A VEZEFR, B ULy MEERFEOHE — B BR=E D2 4 MRS — 75

AU

RT (Minute)

30

15

10

—+—UN —3-B-N —-Dd-N —-=-Gd-N —<GU-N

2939 29.10 28.81 28,51 28.22 27.92 27.63 27.34 27.04 26.75 26.45 23.52 20.58 17.64 14.70 11.76 8.82 588 294 0  KH,PO,
0 060 119 179 238 2098 3.58 4.17 477 536 596 11.92 17.88 23.84 29.80 35.76 41.72 47.68 53.64 59.60 H,PO,
Buffer Conc. (mmol/L)

Fig. 1 Retention time of any peak at different concentration of the buffer

2.00 400 6.00 800 10.00 12.00

Fig. 2-1 HPLC chromatogram of mixed standard solution Fig. 2-2 HPLC chromatogram sample

using Asahipak ES-502-C 7 solution of urea form using Asahipak
(Peak 1:U-N, Peak 2:B-N, Peak 3:Dd-N, ES-502-C 7

Peak 4:Gd-N, Peak 5: GU-N) (Peak 1:U-N)
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el

e FrrrrrsrerseerererTas o
B da w» Eo T

S s S

7.

B @ i P TR LD M@ KD 3% el

Fig. 2-3 HPLC chromatogram of HAMILTON PRP-X200

2) REROKRE

(Peak 1:U-N)

EAIR AL 9 25 (557D N LLTC 1.0 mg/L, 2.5 mg/L, 5.0 mg/L, 10 mg/L, 20 mg/L, 50 mg/L,

100 mg/L, 160 mg/L % T} 200 mg/L) K& OV 1 5% 2 s T CHIEL, ©— 7 mfE) O stz /ERR L.
Asahipak ES-502C 7C #2354, ULy MEZEFED 1 mg/L~50 mg/L O#iPH CHEARMEEZRL, JRFEME
WH, UVTUUTINMESR, FT =V EEEN 1 mg/L~200 mg/L DOFIPHT, VT =V IRFBEEEREN 1
mg/L~100 mg/L O#iPHCTEMRMEEZ/RL, WERE () IZW9 b 09997 LLETH-7-. £, HAMILTON
PRP-X200 Z V2354, JREMZEFEN 1 mg/L~160 mg/L OFPH CHEMIEEZRL, REFHEE () 1% 0.9998

Td-7= (Fig. 3-1, Fig. 3-2).

8000000

S

7]

6000000

4000000 |

Peak Area p

2000000

0 50

100 150 200

Nitrogen Concentration (mg/L)

© : Asahipak ES-502C 7C

y=233879x + 26304
12=0.9997

¢ : HAMILTON PRP-X200 = 31872y + 14297

72=10.9998

800000

600000

400000

Peak Area p-s

200000

0 5 10 15 20
Nitrogen Concentration (mg/L)
¢ Asahipak ES-502C 7C y=35207x+ 1620.8

‘ 2= 0.9985
e }éj]gOAMILTON PRP- ) = 34025x- 10711
2 2= 0.9984

Fig. 3-1 Calibration curves of U-N using Asahipak ES-502C 7C and HAMILTON PRP-X200

The figure on the right: All concentration range (1 ~ 200 mg/L)

The figure on the left: Low concentration range (1 ~ 20 mg/L)
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40000000 8000000
% 30000000 % 6000000
2 2
< 20000000 | < 4000000 -
=t -
10000000 | 2000000 |
0 50 100 150 200 0 5 10 15 20
Nitrogen Concentration (mg/L) Nitrogen Concentration (mg/L)
o :B-N ¥ =360038x + 107790 O :B-N y=374698x - 24547
C 2=0.9997 72 =1.0000
s :DAN  ¥=253842x+ 69861 A :DdN  y=261168x+ 38130
72 =0.9998 2=0.9999
- Gds y=141413x + 96244 o :GdN y=145245x + 22833
OGN 09997 2=0.9999
X GUN  ¥=90417x+ 33533 % 3 GON  p=02954c- 19401
) 2 =0.9998 12 =0.9998

Fig. 3-2 Calibration curves of B-N, Dd-N, Gd-N and GU-N using Asahipak ES-502C 7C
The figure on the right: All concentration range (1 ~200 mg/L)
The figure on the left: Low concentration range (1 ~ 20 mg/L)

3) MHFHO®RE

{EERBERL & O 7 =)V IR S8 AR SRS L CRWT, Sl SR F (KR Mt L7z, SRUBHCZR R K& Nz ¢
NERETICE I O BEL 2R, ~7 R F v 7 2AL2—F—T 5 55 ~30 e e X7/
HRIZDOWT 5 iz E LT (Fig. 4-1, Fig. 4-2) . JRF|MEZEFRIT 17.6 mg/L~18.1 mg/L, VL MEZE AT
7.21 mg/L~7.53 mg/L, 7T IREEFRIT 128 mg/L~132 mg/L, 77 =V M2 F1E 1.40 mg/L~1.51
mg/L, 77 =/VIRFVEZE T 17.3 mg/L~18.5 mg/L &— EHPHN THERE L=, dRYEE K O B2 b Ol

EIEDIZB T AR SR — 0 10 4323 5w & W L7~
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20 200
‘L‘{‘bd\ a 4
160 e ————————"
R e
1200 Frrrmmneemmnemneemmemne——m—————
R S ————————
2 p—>a = = a Z L
5 ___________________________________________________
T
(c o & o
0 1 1 1 1 1 T 0 1 1 1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (Minute) Time (Minute)
Fig.4-1 Effect of extraction time on Fig.4-2 Effect of extraction time on
extraction efficiency of each component extraction efficiency of Dd-N
——U-N —8-B-N ——Gd-N —<—GU-N ——Dd-N

4) FMEULFRERIC &S EE DT

TR AT ERMEE IR, ALRIEEE, B IR, R A IEE K O = E A Lk 5 FEO Tl
JEELE, g7 7 = VIR FRIEILT T = Ui R AR I A N U TSR AR (BRER 7T = VIR SEAEHEAEARL)
7t 6 BB W TEE ORGRA ML 7=

5 FEOTINEEHS, RFEMEFR, EOLyMEBR ROV T U U TINMER LY, GATR R, BHTR
BO 02 ML OEAHRED 2 {50 3 BMETIRINL, ARYEIZL72A357T Asahipak ES-502C 7C VT 3 AL
BT THOMTLIZ (Table 2-1). 72238, /L AT LT BRI TR FBIEEZ G T LRIEEHZ WIS, JREEEHZEE
GHVEAE, GATRED 02 5 OEHTFEED 2 50 3 B CIRINL, AIEICL7253> T HAMILTON
PRP-X200 % AT 3 mfFATHOMTLIZ (Table 2-2). FHIENLERIL 87.0 %~105.6 %, P THERIRE (R 22
(RD)I1E 0.1 %~3.7 % THY, W IERFERBRIED I ORS COSIRIREEICRB I 2B (BIIXER) O H
ELLNTHY, Tl 72 g oz,
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Table 2-1 Results of recovery test ( Asahipak ES-502C 7C)

Acetaldehyde Home garden-

. Compound Mixed Fluid mixed . Criteria of
condensation . . . use mixed
Sample Content fertilizer fertilizer fertilizer . the
Urea fertilizer 9
S S S S o trueness
Rec” RD? Rec” RD? Rec” RD? Rec” RD? Rec” RD?

)" (%) (%) (%) (%) (%) (%) (%)) (%) (%) (%) (%)

6.0 98.5 0.8 983 1.9 1004 2.0 102.0 0.5 1029 0.7 85~110
U-N 3.0 989 0.5 99.6 1.9 105.2 1.1 103.6 0.6 1026 0.6 85~110
0.6 923 1.9 99.1 0.7 98.8 0.1 99.9 1.0 96.9 2.0 85~110

0.2 87.0 09 94.0 09 915 0.7 95.1 0.8 91.7 13 85~110
B-N 0.1 914 0.7 949 0.8 101.1 0.2 9719 04 90.6 06 8 ~110
0.02 1055 1.6 105.0 1.4 912 0.3 1053 1.3 91.5 3.7 85~110

3.0 972 0.5 96.3 1.8 97.4 1.0 96.4 0.8 96.8 05 8 ~110
Dd-N 1.5 96.2 0.2 96.4 0.5 99.7 0.5 945 0.2 95.0 12 85~110
0.3 99.2 1.3 96.1 0.9 100.6 0.3 90.2 0.5 889 0.6 85~110

a) Mass fraction

b) Mean recovery (n=3)

¢) Repeatability relative standerd deviation

d) Criteria of trueness (recovery) show in Testing Methods for Fertilizers (2016)

Table 2-1 Continue

Mock fertilizer Criteria of
Sample Content of guanylurea the

4
b) o trueness

Rec RSD

)" (%)" (%) (%)

37 912 1.3 85~110

GN 1.9 940 08 85~110
04 1000 0.8 85~110

367  103.8 0.5 90~108

GUN 352 1046 0.8 90~108
334 1056 1.0 90~108

Table 2-2 Result of recovery test
( HAMILTON PRP-X200 )

Acetaldehyde

condensation

Sample Content Urea the

d
T b .o trueness )
Rec D

%)"  (%)” (%) (%)

6.0 101.0 1.9 85~110
U-N 3.0 103.1 0.6  85~110

0.6 86.8 0.5 85~110
a)~d) refer to the footnotes of Table 2-1

Criteria of
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5) BHTRERUTMHEE

DHTHSEE R O\ RS R 2 iR 327200, IRFBHERR, EULyMERBER OV T VO TINEEREZE R
PR BRI LR D LML T AL AR, Bl & IER & OF 2R 2= HE A IR, ilitr 7 = /LR FE RIS
T =V U R A RN LT RiiR 7T = VIR B AEEOFE 4 BRI, IS, AV LAT VTR
TIRFNEZ S AT RN EHR B E R 2B A TFA BRI ERDIOWMU TR 2Lz, b0
B VT 2 BT CHAZZ TS BIRBRL7-A5 54 Table 3-1 1R ULTz. E72, ZORE RO —ILhLE 77K
IRTEAT > THEO NI TRE L K O RS S % Table 3-2 (/RL7z. 7235, A OFRELOHIEIZIL Asahipak
ES-502C 7C %, %7z, $# OFELORIE 21X HAMILTON PRP-X200 % W CHIELT-.

ZORER, BB ITDERO IS LT, FHTHMERREZZE 0.5 %~1.1 % THY, FHAHE
MR Z21E 0.8 %~2.3 % Tholz. WIIOFH IR 26 JEEFERBRIED ORI T DI TREEE (DH T4
SRR 72) Je OV RS BE (Fh RIFRSHEEYE R 22) O B AN Th 722800, + 37k EEZ AL TNDHIEN
ez,

Table 3-1 Individual result of repetition test of changing the date for the precision confirmation
(% (Mass fraction))

U-N Gd-N GU-N
Test H -
d . o Compound ome ge'lrden Compound Compound Specify mixed
ay  Mixed fertilizer . use mixed 2 » .
fertilizer . fertilizer fertilizer fertilize
fertilizer
1 6.27 6.30 3.07 3.03 0.31 0.31 3.07 3.06 1.84 1.85 37.31 36.88
2 6.21 6.16 295 297 0.30 0.31 3.02 3.03 1.83 1.85 37.34 37.32
3 6.27 6.21 2.99 3.04 0.32 0.32 3.14 3.14 1.77 1.80 37.09 36.90
4 6.27 6.28 2.99 3.06 0.32 0.32 3.10 3.12 1.82 1.81 37.18 36.74
5 6.20 6.26 2.98 3.03 0.32  0.32 3.13  3.18 1.77 1.76 36.46 37.03

a) Measurment using HAMILTON PRP-X200 as HPLC column

Table 3-1 Continue

B-N Dd-N
Test Home garden- Home garden-
day  Mixed fertilizer ComP9und use mixed Mixed fertilizer Comeund use mixed
fertilizer . fertilizer .
fertilizer fertilizer

0.20 0.20 0.098 0.098 0.010 0.010 3.03 3.04 1.47 1.46 0.144 0.143
0.21 0.21 0.095 0.095 0.010 0.010 3.04 3.01 1.41  1.41 0.139 0.143
0.20 0.20 0.098 0.099 0.010 0.010 3.03  3.00 1.45 1.47 0.143 0.143
0.20 0.20 0.096 0.097 0.010 0.010 3.04 3.03 1.44 1.47 0.149 0.149
0.20 0.20 0.096 0.097 0.010 0.011 3.02 3.04 1.44  1.46 0.146 0.147

[, TR SO U'C I NS B
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Table 3 Statistical analysis of repetition test result for evaluating precision

Repeatability Intermediate precision

Ingredient Sample Mean” s” RD.” CRD:” sin’ RDin® CRD "
%)” (%) %) (%) (W) (%) (%)
U-N  Mixed fertilizer 6.24  0.03 0.5 4 0.05 0.8 6.5
Compound fertilizer 3.01 0.0345 1.1 4 0.0407 1.4 6.5
Home garden-use mixed fertilizer 0.315  0.003 1.0 4 0.005 1.7 6.5
Compound fertilizer” 3.10 0.0168 0.5 4 0.0558 1.8 6.5
B-N  Mixed fertilizer 0.204 0.001 0.3 4 0.002 0.9 6.5
Compound fertilizer 0.097 0.001 0.7 4 0.002 1.6 6.5
Home garden-use mixed fertilizer 0.0103 0.0001 0.9 4 0.0001 0.9 6.5
Dd-N  Mixed fertilizer 3.03  0.02 0.5 4 0.02 0.5 6.5
Compound fertilizer 1.45  0.01 0.9 4 0.02 1.6 6.5
Home garden-use mixed fertilizer 0.145 0.001 0.9 4 0.003 2.3 6.5
Gd-N  Mock fertilizer of guanylurea 1.81 0.01 0.8 4 0.04 2.0 6.5
GU-N  Mock fertilizer of guanylurea 37.0 0.3 0.7 4 0.3 0.8 6.5

a) N=10 (5 test days x duplicate measurment)

b) Mass fraction

¢) Repeatability standard deviation

d) Repeatability relative standard deviation

¢) 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) Measurment using HAMILTON PRP-X200 as HPLC column

6) RHETRRUEETROMER
mé\ﬁﬁ@«& (B DON ELTH 1 mg/L) %{E'J/EL“C Bonr-ra<v I 5 o SN XD, %145 5 a5y
B NRE O FREHEE L. 5 5 plira & A LaWRIRO F EER = A G IEEHS, ?’Eﬁzﬁz%T B
/};%f“ FES 2N TR TR, 3 [ AT LTS f‘ozht/ SINTEDEENE LD EN R A R DT, RKIEDE
FRIZE Lo MEZESR 0.005 % (B &573R), IRFEMZEF 0.03 % (B ESF), DV T U TIRMER 0.01 % (*f*f
BOR), F 7= EEF0.02 % (B EDR), MO T =V RFEMELE S 0.006 % (B By 3R) L L el S
7o, 2B, ThoDE s FIRITE AR EOMRIC o7 E m#fiHE A L.
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Table 4 Quantification lower limit and detection lower limit of each target component

Estimated value from . . .
Confirmation by recovery test ~ Criteria of
chromatogram

Sample 2 9 Content of ~Mean Mean the ¢)

LOQ LOD material Valued) recovery trueness
@)” (%" ORI v M o) M O

(Asahipak ES-502C 7C)

Urea nitrogen 0.026 0.0078 0.026 0.0266 102 80 ~ 115

Biuret nitrogen 0.005 0.0014 0.005 0.0046 98 70 ~ 120

Dicyandiamide nitrogen  0.009 0.0028 0.009 0.0087 94 70 ~ 120

Guanidine nitrogen 0.023 0.0069 0.023 0.0257 112 80 ~ 115

Guanylurea nitrate 0.006 0.0017 0.006 0.0061 107 70 ~ 120

(HAMILTON PRP-X200)

Urea nitrogen 0.019 0.0057 0.019 0.0188 99 80 ~ 115

a) Lower limited of guantitation d) n=3

b) Mass fraction e) Criteria of trueness (recovery) show

¢) Lower limited of detection in Testing Methods for Fertilizers

7) FBEEEOBE

AIENHE - TR OFE AL 44 55 (FAEHE L C 94 FiSEA M) ZHE L, SMEMIC I D15, R—2T74(
COEMLDEEELFA L. Asahipak ES-502C 7C %@ﬁﬁu‘_@—m, EULyMEESR, VT VTR
PWER, /T =V BRI TNV RBHEERICONWTUL, EEEIE TR — 7SOk
REN otz (Fig. 5-1). RFEMEEHEIT, T/vzﬁ’/th%7JuIJT&%EEH&U%M%@H&@“&KWEH%
[ZDWT, M — 7 I EDIE TE A o724, HAMILTON PRP-X200 % FAVW5Z & CHIlE TE AL LA MR
L 7= (Fig. 5-2).

ZDZEND, HEEEE R O LR FE IR T = VIR FEOE A ORI NN ERE I ED
DA FS K OHIBRFIHOMERR/RE, FEERO ARG I3 32 5B BRI QN B & M ORI 242
MCELIHETHDHEEZ DI

s 1) (1)

010

h [T T T T T YT T M T MY T " I T N T 200 400 800 800
Fig.5-2 HPLC chromatogram of chemical
Fig.5-1 HPLC chromatogram of Conpound fertilizer fertilizer containing urea formaldehyde
using Asahipak ES-502C 7C using HAMILTON PRP-X200

(Peakl:U-N, Peak2:B-N, Peak3:Dd-N) (Peakl:U-N)
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4. FLoH

HPLCIEIZE DR PO T Ly MESESR, IRBVEER, VTV UTINEESR, V7=V MER KT T
ZIVIRFMEE R DRIFESHTIEIZ DWW THREILIZEZA, IROLBYDFER NGO,

(1) HPLC 57 2EL T Asahipak ES-502C 7C % V>, BEIFRILY ABRTEER (KH,PO4 28.81 mol/L, H3PO:4
1.19 mo/L) T/r~h T LE(ERRLIZEZA, JRFEMZEF (UN), BV MEZESE (BN), VT VT IR
## (DA-N), 77 =V % FE (Gd-N), 77 =/VIRFEMHEFH (GU-N) DIE T S — 7 %215 7.
72¥, BVLT VT ERIN TR BIEEZ & T BB O R FAMEZE R, FoDNT L TIIRMEE —2 L3 BETE
o7c12%, HPLC 77240 THAMILTON PRP-X200 Z W CRIBENH Cra~ T L& BB LT 25, +43
IS N — 7 215 T,

(2) Asahipak ES-502C 7C & H\\\ =3B O ERR T, B VLo MEZEFES 1 mg/L~50 mg/L £TOHREHIPE,
JRFBEEESR, DTV UTINMEER, 7T =V SR 1 mg/L~200 mg/L ORERIPE, 7T =V IR FEMEE
#7231 mg/L~100 mg/L £ TOHIFA CEMRIELZ R LT, 72, HAMILTON PRP-X200 % F\ /=354 O BRI,
JRFEVEZEFA 1 mg/L~160 mg/L £ TOWEFTH CHEMIEZ R L.

(3) WINEMGRERAATo7e A, IRBVEEFR, B ULy MEEFR, DV T VU TINERR, V7=V EE
B, 7T =VIRFPEEFZOBIULET, 86 %~105 %, 87 %~105 %, 88 %~100 %, 91 %~100 %% X 103 %
~105 % THY, W I IEEHEREBRIEI ORI CODTIMR 31T A ([B)IXER) O BEELIN ThH 7.

(4) ARIEOOHATHEEE K O F RS E 2B L7225, IEFERBRIEI RSV T DO TR EE (DFTHH RHZ
(R 72) K OVR ARG BE (HP TR HE YR 22) D H ZNTh 7.

(5) R TIREDHEREATOTRER, RIEICHBITDIRFIER, EULyMERHR, DV T VT INEER,
TT = MWER, 7T =V IRFMEEROE R TIRIL, 0.03 %, 0.005 %, 0.009 %, 0.02 % &% T} 0.006 Y%fz & &
HesnT-. £, FREHEE OE B FIRA Y 28U 3N X RINEIGREBR 21T - 72825, IRFEIEE
#, LT MEER, DU T U TINMER, STV M BER R OT T SV RBEEZROEINERL, Fh
ZH102 %, 98 %, 94 %, 112 %% N 107 % THY, LI Fud JEHEERER VL RSN A TR FE 12351 B BT
([N =) O H 1§ Ch o7z,

(6) AIEIHE-THBALEL 44 RARELT=LZA, KHE Y RO EE — 27 KON —RT A OB
OB ST

UL EDZENS, RIEFTE DLy MEESR, IRBIEER, VLTV OTINEER, VT =V MERK T T
ZIVIRFMEER O —FOWELLT, TO7RMEREEZA L TODT LD RS,

S5 XM

1) ZHER, BUIFIESS  BREEOR LB LR AT, 28B4, HnT (2001)

2) FERAR - IERLOREIIRE T B2 W AR - IERt ORI, sHA TS, B (2002)

3) Ao MEEIER 20152016 4F, BEMAFRHE, p.137, HAL (2017)

4) EEMOKPER SR IERHRRE IS S W ARE O A E RS A E O DO, BF1 6142 H 22 H, Bk
IKPER TR 284 5, FefECIE LR 27 4 1 A 9 H, BEMKER LR 52 5 (2015)

5) RMOKEER BRI EATAT JE T R AT (1992 4Eh) , H ARREKRARE W2, B (1992)

6) BREFIEFS: 5 CGETREMRILE AT, p.87~93, ZE L, HAT (1988)
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7) FERET, AR, RRNIER, BHRE: iRk v~ 7152 TR O fil gl L O
FA LT BRI DRI E

8) MNTATEE N EMOKEE B 2 2t % — (FAMIC) : IR GERIE (2015)
<http://www.famic.go.jp/ffis/fert/obj/shikenho _2015.pdf>
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Deter mination of Urea Nitrogen, Biuret Nitrogen, Dicyandiamide Nitrogen, Guanidine
Nitrogen and Guanyl urea Nitrogen in Fertilizer by High Performance Liquid
Chromatography: A Single-L aboratory Validation

Masahiro ECHI', Yasuharu KIMURA? and Yuji SHIRAI®

! 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

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

A HPLC method for simultaneous determination of urea nitrogen (U-N), biuret nitrogen (B-N), dicyandiamide
nitrogen (Dd-N), guanidine nitrogen (G-N) and guanyl urea nitrogen (GU-N) in fertilizer was developed and
validated as a single-laboratory validation. Samples were extracted by shaking and diluted with water. After
centrifugation, sample solution was analyzed by HPLC, on cation exchanged column with UV detection at 190
nm. As a result of 3 replicate analysis of 6 fertilizer samples spiked with U-N, B-N, Dd-N, Gd-N and GU-N each,
the mean recoveries were 86 % ~ 105 %, 87 % ~ 105 %, 88 % ~ 100 %, 91 % ~ 100 % and 103 % ~ 105 %,
respectively. Repeatability standard deviation of U-N, B-N, Dd-N, Gd-N and GU-N were 0.5 % ~ 1.1 %, 0.3 % ~
0.9 %, 0.5 % ~ 0.9 %, 0.8 % and 0.7 % respectively. Intermediate relative standard deviations of there were 0.8 %
~1.8%,0.9% ~ 1.6 %, 0.5 % ~ 2.3 %, 2.0 % and 0.8 %, respectively. The limits of quantification of there were
0.026 %, 0.005 %, 0.009 %, 0.023 %, 0.006 %, respectively. Those results indicated that the developed method
was valid for the determination of U-N, Bd-N, Dd-N, G-N and GU-N in a fertilizer.

Keywords urea nitrogen, biuret nitrogen, dicyandiamide nitrogen, guanidine nitrogen, guanyl urea nitrogen

(Research Report of Fertilizer, 10, 72~85, 2017)
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6-2 BEBEEIOTNST(HPLC)EIZKBIEHEPDOREMES,
EoLyMERRZDRIE
— S [ BB —
ARSI, AR

F—I—F ESERIKIa~v N TT7 00—, JREVEER, EULMEER, DU T UV TINMEER,
TT =M wE R, VT =V RFEVEE SR

1. [FC®HIZ

EULy MR FENEE F IR TSR R0 L TR CAERSNANY, JE AR E 23 AE USR8
Ho720? | EEHEFFEOAERED ICB T, EVLyMEERLL TEA SN KEDSHESN T
. Tz, RBMEERE, VLT U OTINEESE, KOS T =R EHRITHOWTY, IEEBGRHIEO AT ¥
IZBWT, B BRETFSNOIBREDHESILTND.

JEELRORFIEESR, CULyMERER, DTV TINMER, I =V MEEL O T VR EE
FUTFIETL Yy MEERE L), ) O3 HTELL T, @mliRA7r~ 757 (HPLC) IED R HIZ L > Tl
FrSR, B, DMTRE, & FTIREORMEIT oo, B BRENICRIT 2R 7 IEOZ Y 0 R
Y.

4 [al, HPLC {EIZELDIER T D Ly MEZRE R EORIEDOMEREFET D728, dalpta VT, R
DHBEEZFTEL-OT, ZOMBEARETS.

2. MHERUAZE

1) HERBRAHEH

By MEEREL S ERWZ AR LU ERE B BRE 500 pm D 550\ Al 35 E TH#L72b O
2, JRFEE ULy, DUTUUTIR, T =V RO T 2 VIRFEOFKRIEE 4 BOOLLETRA, 55 Cil
JRFR R O 528 T, BV Ly MERREL T A T 24 FE O ALEUE 2R U 72, Hil&, JRFE KD
BTN, IT7 =V RO T 2NV RBEENENIHSATIRSG T22ET, IRFBIEEE L N T =L RFEE
Bl AL 7. 2 b0 FEIRER AREIZK 1.3 ¢ T o7 I TIx—MUTERL T, ThEh 75 %
LT, TIARRE IR T 2720, LR AREHIEL A ML, 2InaBR=sIClil A L7z,

2) XBRUSRER
FRBRE ICRE L CWD BRI a~ 7, 5ty Bl K& Ovendie O o B 2 L7z,

3) EYLYMEEREFDRE

VARSTATBOE NRMOKPEH B 2 e fidir e 2 — P e 2 —
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(1) fhit

IINTRRER 1.00 g 21300 &0, ke =75 22200 mL (2 A, K 100 mL 21X, ~7 2 F VI AR —TF—%
FIWTH 10 20 RIEIRE, fhike L7z,

(2) HIE

ZHhHEAE 1.5 mL OMFRE OIEBAE 128D, 8000xg THI 5 4y OB L7 BV IE E7-1%, Bk
PTFE AL 750 7 ANH—% T AU IR Z HPLC & A REHATR S L7- (Scheme 1) . ZDilEHAR %
EIRIA < N7 I1TfEL, Table 1 ORESRMGTHEL, B —7SShb AR O Ly MEZEFRE
DEERD, SRR OREZF L. JEITY 72> UE, FRBEOEER K70~ T77 ORElES

HEIHEST.

1.00 g analytical sample

200 mL ground-in stopper Erlenmeyer flask

(powdery)
|H 100 mL water
| Extraction | Stir to mix, 10 minutes
|
| Leaving |

Centrifugal separation

Ground-in stopper centrifugal precipitate tube,
8000 x g, 5 minutes

Measurement HPLC

Scheme 1 Flow sheet for urea nitrogen, biuret nitrogen, dicyandiamide nitrogen,

guanidine nitrogen and guanyl urea nitrogen in fertilizers

Table 1  HPLC Conditions

HPLC

Detector system
Wavelength
Column

Column temperature
Mobile phase

Flow rate

Injection volume
Measurement time

Waters 2695 Separation module
2996 photo diode array detecter
190 nm
(1) Asahipak ES-502C 7C
(100 mm Lx7.5 mm I.D. 9 pm particle size)
(2) HAMILTON PRP-X200
(150 mm Lx4.1 mm I.D. 10 um particle size)
40 °C
Phosphate buffer (KH2PO4 28.81 mmol/L, H;POy4 1.19 mmol/L)
0.6 mL/min
10 pL
20 min

4) HEIRKEBRARKHOHYEMRER
[IUPAC/ISO/AOAC DERERBR 7 b= OB M RERICHE, & RH D[RR BN OEN T
20 REHEHRERWY, 2 BT OZBRALZLO (10 3B 2, 221 2 SO T T 3)ITHt->THtrL7=.
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5) HRIFER
REIZSMNLTE 12 BBREBLERA LS EREZa~N 713 TOLERBYTHY, ZNEFNORER=EIZE
WTREAFLTZ 12 3 EHZ DWW T, 3) IZ8E>TolT Lz,

« TAY— T —T Al RESE Wb E T (B A UV-2075, PU-2080, CO-2060)

s TAY— T =T 4 LEREEOIER R X — (BEERERT LC-10AD VP, SPD-10A, CTO-10A
VP)

- MRS SR ERT (BEESYERT Prominence)

- IEFnE TRt (B EEERT Prominence-i)

« —RMEEN B AR T2 2 — B ET (REERT LD-20AD, SPD-20AD)

- S EE N B AR E e (R EERT LC-20AD, SPD-20A, CTO-20A)

o BRNTATEE N EAROKEE B 22 el e 2 —Hh P2 L 2 — (Waters 2695 Series)

-« MSTATBUE N RMOKEEH B L 2t 2 — Lo 2 — (BHESYERT LC-10AD VP, SPD-10AV VP,
CTO-10A VP)

o« SRNTATEOE N EAMOKEEHE 2 2fiire 2 —lH B2 — (HAS Y ChromNAV Series)

© MSZATBUE NRMOKEEH T L 2t 2 —4 Bt % — (Waters 1515 Isocratic HPLC Pump, 2487
Duel 1)

« JRSEATBOE NRMOKEEH B 22 a4t 2 —fal 2% — (Agilent technologies 1100 Series)

« JRSTATEOE N EMOKEEE Z2F ' 2 — A5 (Waters €2695 Series)

(50 & NE)

3. HMRRUER

1) #EFHBRAFEMOMHE R

B MERBR OB KA IZ DU T, Cochran BUEICE DM VEE BRI, — TCECE S BT BFH 74
FFi% Table 2 [TRL7. WTFHROREHZIIBW TS, O TH AT HE(R 22 (RSDy) M O T RS FE 45 Lo 3BT FH
S HE(R 75 (RDpsr) 1 FALEHEFERTEY O Z Y RO FINEIZ R L TOSEIRE DL~V D RS EE (UHT
FHRIAEAE(R 72 &% OV A SRR 22) O B Z D 1.5 [FLINTHY, F A F IRAUEE FEl-7-28030, HE
IKHE 5 %ICB W TEREICA BERZEITRDO LIRS ZbDZEnD, KikBHILFRRERICH WD E
INTELLEMEEFL QDI A flEB LT,
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Table 2-1 Homogeneity test results of urea nitrogen

No.of Mean” s° RD:L  sw’  sou® RDpw CRD, F

e sample” 90”07 %) ) " (0 () Vel
Compound fertilizer 1 10(0) 0.320  0.003 0.9 0 0.003 0.9 4 0.89
Compound fertilizer 2 9(1) 0.614 0.017 2.8 0.010  0.020 3.2 4 1.63
Compound fertilizer 3~ 10(0) 3.37 0.02 0.7 0 0.02 0.7 4 0.62
Compound fertilizer 4 10(0) 6.48 0.06 1.0 0.06 0.09 1.4 4 2.65

Urea fertilizer 10(0) 48.6 0.8 1.7 0 0.8 1.7 4 0.50

a) The Number of samples used for analysis; ( ): The number of outliners

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

e) Mass fraction

d) Standard deviation of repeatability

e) Relative standard deviation of repeatability

f) Standard deviation of sample-to-sample

g) Standard devitation of sample-to-sample include repeatability sy, = v/ Spp2 + Sp2

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

i) The aim of Relative standard deviation of repeatability for Testing Methods For FertilizersF value calculated

based on analysis of variance (ANOVA)

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 biuret nitrogen

b d h i
No. of Mean” s RDS  sw’  son® RDpw CRD, F
j)k)

Sample 1 a) 0/ 0/\%) ° 0 0/\3) 0 0 Val
sample” (%) (%) (%) (%) (%) (%) (%) aue

Compound fertilizer I ~ 10(0) 0.00959 0.00023 2.4 0 0.00023 2.4 6 0.52

Compound fertilizer 2 9(1) 0.0198 0.0006 2.9  0.0003 0.0007 3.4 4 1.73
Compound fertilizer 3 9(1) 0.102  0.005 4.9 0.003  0.006 6.0 4 1.95
Compound fertilizer 4  10(0)  0.207  0.010 5.1 0 0.010 5.1 4 0.80

Urea fertilizer 9(1) 0.853  0.028 3.3 0.023  0.036 4.2 4 2.33

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

Table 2-3 Homogeneity test results of dicyandiamide nitrogen

b d o h i
No. of Mean” s RD. s’ Son® RDouw” CRD, F
j)k)

Sample ]a) 0,1\ 0,1\ 0 0 0/ () 0 Val
sample (%) (%) (%) (o) (%) (%) (%) Value

Compound fertilizer 1 ~ 10(0) 0.00959 0.00023 2.4 0 0.00023 2.4 6 0.52

Compound fertilizer 2 9(1) 0.0198 0.0006 2.9  0.0003 0.0007 3.4 4 1.73
Compound fertilizer 3 (1) 0.102  0.005 4.9 0.003  0.006 6.0 4 1.95
Compound fertilizer 4  10(0)  0.207  0.010 5.1 0 0.010 5.1 4 0.80

Urea fertilizer 9(1) 0.853  0.028 3.3 0.023  0.036 4.2 4 2.33

a) ~ k) Refer to the footnote of Table 2-1
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Table 2-4 Homogeneity test results of guanidine nitrogen
No. of Mean” s RD.”  sw’ s RDbe CRD. F
a) ¢ ¢ k)
sample”  (%)”  ()” () (%) (W)Y (%) (%) Value
Compound fertilizer 1 10(0) 4.98 0.04 0.9 0.02 0.05 1.0 4 1.61

Sample

Compound fertilizer 2 10(0) 3.76 0.22 5.8 0.06 0.23 6.0 4 1.13
Compound fertilizer 3  10(0) 3.08 0.06 2.0 0.02 0.06 2.1 4 1.20
Compound fertilizer 4  10(0) 2.06 0.01 0.7 0 0.01 0.7 4 2.03
Guanyl urea fertilizer 10(0) 5.12 0.13 2.6 0.13 0.19 3.7 4 2.90

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

Table 2-5 Homogeneity test results of guanyl urea nitrogen

No.of Mean” s” RD sw s’ RDs CRD, F
sample” ) ) o0 ) 0 ) () Vald”
Compound fertilizer 1 10(0) 2.13 0.02 0.9 0.01 0.02 1.0 4 1.59

Sample

Compound fertilizer 2 9(1) 3.97 0.16 4.0 0.09 0.18 4.6 4 1.65
Compound fertilizer 3 10(0) 5.82 0.06 1.1 0.04 0.07 1.2 4 1.66
Compound fertilizer 4  10(0) 7.56 0.06 0.8 0 0.06 0.8 4 0.83
Guanyl urea fertilizer 10(0) 32.0 0.7 2.2 0.2 0.7 2.3 4 1.15

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

2) HFRREBRAERUIINIERE

BB E D DA SHU T S RIRBR A A Table 3 1R UTZ. & R8O kDR 5% TUPAC 0 36 [F SR
FahaL Nt TREFHLER LT, AN, AR &S SRR & RN L Thnb, 780 O3B ki
DA NEE R T 57212 Cochran DR E M Y Grubbs DR EZ FEHE L72. T DFER, 12 ABRE OB kA&
DL, JRFVEZFIZOWTL S FEHOREIOIG, | FFEHORET 4 3BE L O 4 FEORET% 2 3
FOREMN, By MEERICOWTT s FBEOREIOY D, 1 FEOBEC 3 HBR=, 1 BEORE T2
B E N O 1 FEEORENT 1 BBEOWEGEN, DTV TIRMERICOWVTT 4 FEORED D, 2
FERFHDOFRFT 2 BMBREOWREEDR, 77 =V MERIZOWTUL 5 FEOREIDI S, 3 FEORET 1 &
BREDOWEMD, 77 =/VIRFBHER IOV T SFEEORE OIS, 2 FEOFUENC 2 SRBR=E O WA,
TNENABCEDBRIME E 7213 VE S 72 o7z
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Table 3-1 Individual result of urea nitrogen

(% (mass fraction))

Lab ID? Compound fertilizer 1 Compound fertilizer 2 Compound fertilizer 3

A ND. Y 02519 0.606 0.583 3.18 3.22

B 0.290 0.299 0.591 0.589 3.05 3.07

C 0.296 0.295 0.589 0.592 2.99 3.00

D 0.303 0.301 0.557 0.620 3.10 3.06

E 0.129”  0.0369” 02519 03537 3.11 3.09

F 0.308 0.311 0.610 0.611 3.05 3.09

G 0.295 0.296 0.590 0.588 3.03 3.00

H 0315”  0.0683 " 0.611 0.619 3.11 3.07

I 0.307 0.276 0.541 0.534 2.81° 2.80 ¢

J 0.291 0.263 0638”7  0.495" 2.51° 2.57°

K ND. 0.298 ¥ 0.575 0.575 3.08 2.98

L 0.298 0.300 0.596 0.598 3.07 3.15
Lab ID”  Compound fertilizer 4 Urea fertilizer

A 6.43 6.37 47.5 46.0

B 5.61 5.90 46.0 46.1

C 6.07 6.00 45.0 45.0

D 5.84 6.12 46.7 455

E 552 468" 46.8 46.8

F 6.02 6.21 44.2 46.1

G 6.03 6.02 45.4 45.6

H 6.21 6.29 48.5 48.5

I 5.83 5.83 48.1 49.0

J 4.84° 4.37° 475" 34.1"

K 5.93 6.02 40.7"> 49.6 "

L 5.91 5.91 46.2 46.4

a) Laboratory identification
b) Outlier of Cochran test
c¢) Outlier of Grubbs test
d) Outlier of No detection
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Table 3-2 Individual result of biuret nitrogen

(% (mass fraction))

Lab ID” Compound fertilizer 1 Compound fertilizer 2 Compound fertilizer 3

A 0217%  0.00689"  0.0189 0.0190 0.115 0.0944
B 0.00931  0.00979 0.0202 0.0201 0.104 0.109
C 0.00961  0.00973 0.0201 0.0205 0.0916 0.0979
D 0.00915  0.00952 0.0202 0.0203 0.114 0.125
E 0.00976 0.00980  0.0200 0.0203 0.109 0.108
F 0.00923  0.00933 0.0190 0.0190 0.118 0.157
G 0.00960 0.0100 0.0202 0.0202 0.120 0.122
H 0.00978  0.00991 0.0203 0.0216 0.107 0.109
I 0.0178”  0.0187”  0.0592° 0.0336”  0.137 0.144
J 0.0102 0.00918  0.0192”  0.0163>  0.0767 0.110
K 0.0216Y ~ND.?¢ 0.0206 0.0206 0.117 0.114
L 0.00981  0.00970 0.0204 0.0204 0.101 0.132
Lab ID” Compound fertilizer 4 Urea fertilizer
A 0.233 0.192 0.765 0.802
B 0.167 0.201 0.832 0.846
C 0.180 0.192 0.879 0.896
D 0.347 " 0.215" 0.910 0.949
E 0.219 0.218 0.805 0.794
F 0.245 0.199 0.863 0.918
G 0.216 0.222 0.897 0.962
H 0.208 0.204 0.899 0.842
I 0.143 0.222 0.392 0.402
J 0.146 0.170 0.748 0.536
K 0.208 0.199 0.956 0.841
L 0.222 0.223 0.516 0.614

a)~d) Refer to the footnote of Table 3-1
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Table 3-3 Individual result of dicyandiamide nitrogen

(% (mass fraction))

Lab ID” Compound fertilizer 1 Compound fertilizer 2 Compound fertilizer 3

A 0.0315 0.0296 0.224 0.217 1.83 1.82
B 0.0342 0.0386 0.177 0.184 1.56 1.59
C 0.0379 0.0393 0.186 0.180 1.63 1.61
D 0.0489 0.0498 0.221 0.220 1.72 1.74
E 0.0266 0.0262 0.142 0.165 1.53 1.50
F 0.0580 0.0560 0.227 0.231 1.77 1.77
G 0.0332 0.0372 0.182 0.180 1.69 1.63
H 0.0641 0.0649 0.241 0.255 1.80 1.79
I 0.0302 >  0.0148 0.190 0.167 1.57 1.71
J 0.0662 0.0587 0.221 0.186 1.55 1.55
K 0.0203”  0.0590 " 0.227 0.232 1.75 1.72
L 0.0650 0.0629 0.246 0.246 1.94 1.78

Lab ID” Compound fertilizer 4
A 2.93 2.99
B 2.25"” 2.76 "

C 2.68 2.72
D 2.68 2.77
E 2.59 2.64
F 2.73 2.72
G 2.56 2.68
H 2.81 2.76
I 2.68 2.84
J 2.32° 2.07°
K 2.93 2.77
L 2.95 2.82

a)~d) Refer to the footnote of Table 3-1
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Table 3-4 Individual result of guanidine nitrogen

(% (mass fraction))

Lab ID” Compound fertilizer 1 Compound fertilizer 2 Compound fertilizer 3

A 5.24 5.25 4.09 4.00 3.31 3.29
B 4.72 4.86 3.96 3.94 3.05 2.99
C 4.87 4.86 3.90 3.95 2.95 2.97
D 5.65 5.16 4.17 4.35 3.14 3.27
E 491 4.76 3.88 3.82 2.94 2.97
F 4.98 5.02 4.01 3.99 2.97 3.05
G 4.84 4.85 3.90 3.92 3.04 3.03
H 4.95 4.99 3.94 3.94 3.04 2.96
I 5.28 4.83 3.92 3.92 3.11 3.07
J 4.15 4.68 3.63 3.14 2.45° 2.47°
K 4.67 4.66 3.66 3.76 3.12 2.95
L 4.85 4.92 4.05 4.64 3.09 2.95
Lab ID” Compound fertilizer 4 Guanyl urea fertilizer

A 2.18 2.16 5.45 5.03

B 1.81 2.00 5.16 4.86

C 2.02 2.02 5.11 5.21

D 2.20 2.15 5.22 5.15

E 1.99 1.98 4.83 5.05

F 2.06 2.08 5.47 5.11

G 2.01 2.02 5.40 4.82

H 2.02 2.04 5.05 4.96

I 2.05 1.98 5.27 5.21

J 1.62° 1.41°9 4329 4.529

K 2.08 1.99 5.19 4.89

L 2.03 2.12 5.06 5.28

a)~d) Refer to the footnote of Table 3-1
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Table 3-5 Individual result of guanyl urea nitrogen

(% (mass fraction))
Lab ID” Compound fertilizer 1 Compound fertilizer 2 Compound fertilizer 3

A 2.56 2.35 4.46 4.39 6.36 6.19
B 1.97 2.21 4.37 4.21 5.96 5.92
C 2.17 2.18 4.30 4.34 5.68 5.77
D 2.48 2.45 4.68 4.88 6.75 6.59
E 2.23 2.20 4.41 4.45 6.14 6.02
F 2.20 2.26 4.53 4.48 513" 5.93"
G 2.19 2.20 4.31 4.32 5.94 5.90
H 2.14 2.15 4.30 4.26 5.71 5.78
I 2.41 2.21 4.42 4.41 6.14 6.08
J 1.82 2.06 3.95" 3.43" 4.64 4.74
K 2.01 2.02 3.97 4.08 5.73 5.55
L 2.17 2.20 4.34 4.41 5.28 5.44
Lab ID” Compound fertilizer 4 Guanyl urea fertilizer

A 8.13 8.15 32.4 32.3

B 6.11 7.61 30.8 31.3

C 7.57 7.43 30.0 29.8

D 8.61 8.49 29.3 28.7

E 7.75 7.75 30.3 30.1

F 6.37 7.59 29.8 29.4

G 7.67 7.61 30.3 30.6

H 7.64 7.61 30.2 29.4

I 7.84 7.77 31.3 30.1

J 6.04 5.29 29.4 28.4

K 7.45 7.37 30.4 29.6

L 7.24 7.31 31.8 31.7

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

3) PHTRERUVEMBIREE

R OF —%, W TN Cochran ORI E & Y Grubbs ORI EIC LAV AR U T- 3Rl L B H L7
I, BT ER 22 () K O TR HE MR 25 (RSD,) , 36 ONC S M FFHAE e (R 72 (so) K OV ) 7 BUAE 6
HEYE(R 72 (RSDR) & Table 4 [Z/RLT-.

4 FFHOALREREUEHZ 31 DR F M2 FE O FEIEIL 0.296 % (B &5 3) ~6.03 % (H &%) THY, &
D s150.011 % (B E/73) ~0.11 % (EE533#), RDF 1.1 %~3.6 %, Sk1£0.012 % (E&E533%) ~0.20 % (&
BE), RDRIE 2.0 %~4.1 % Th-oT-. JRBICEHEEHI IS DR FIEE RO FHIHEIL 46.5 % (B E5H)
THY, D s150.6 % (EEDH), RD:1E 1.4 %, seliF 1.3 % (E &%), RDrIL 2.8 % Tho7e.

4 TR DAV BN EEEHZ BT 2E T Ly MEZE RO EIEITE 0.00963 % (H #573) ~0.212 % (H &5 R) T
oY, D 513 0.00030 % (E E553) ~0.017 % (EH &%), R 1L 1.6 %~11.7 %, s 1% 0.00029 % (E &5y
) ~0.026 % (EE/7=), RDr1E 3.1 %~153 % Th-oto. JREMEREHI BT HE T L MEZE RO F-EIfHE
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13.0.832 % (H&53H) THY, €D 513 0.050% (HE53HK), RD, 13 6.0 %, sx 1% 0.086 % (H &5 K), RDr
1% 10.3 % ThH-7-.

4 FREEDCRRNEBEREHC BT 20 v T o DT INME R OFEfEIT 0.0464 % (B &5 3R) ~2.76 % (E &5y
) THY, €D 5130.0023 % (H&E57=) ~0.07 % (HE573), RD: 2.6 %~5.1 %, el 0.0148 % (EH &
43EHR) ~0.12 % (B4 3), RDr 1% 4.4 %~31.9 % ThH-7=.

4 FEFAOALANERIRENZ 1T 27 T =D U R OFLIEIX 2.05 % (BHE55) ~4.91 % (H&55F) T
v, D s1%0.05 % (EESER) ~0.18 % (E &/ H), RD1E2.0 %~4.2 %, i 0.09 %~0.29 % (L &/HF),
RSDg 1% 4.0 %~6.8 % Cdro7c. 77 =/VIRFZNERHEEHZ 31T 5 EIEIL 5.13 % (H =553 3R) THY, £0 s 1%
0.21 % (B &%), RD, 1% 4.0 %, s £ 0.19 % (E 57 ), RDr 1L 3.6 % TH-o7-.

4 FEFAOALANERIEHZ 31T 277 = VRSB VEE R OLIEIL 2.20 % (&7 5) ~7.43 % (H &5
DY, TD 513 0.07 % (B ESH)~0.43 % (E&EDHR), RDIE 1.4 %~57 %, sel& 0.17 % (HEH
0.78 % (E &%), RDrIE 4.3 %~10.5 % Th-ol=. 77 =/VIRFIEEHCEHI 1T 5 F4ET 30.3 % (E &
ST THY, TD s1% 04 % EEDHR), RD L 1.5 %, siE 1.1 % (EE5r3%), RDr (T 3.6 % ThH-o7-.

RBMESR, /T =V BRI T2V RBEEERICONVTL, AREAA L2 TOREHZB T,
DFATAE R YR 722 K OVEE [ P BUAE T HE R 22 S IR BHEBRBR . © OB PERERR O FIEITR L TWD &R
DLV BITDIEED B LD 1.5 5% FEl>7-.

B Ly MEZEZRIZOWTIE, 2 FEOCAAEEEEE CEAIE 0.114 % (B &5 3) ~0.212 % (H &5 53) ) 12
BT, D THE eHEEE (R 22 B OVER ) A oA Y 22708, IERHSE3RBRIE © O 2 S MR O FIEIRL T
DHEBEDOL VBT DEEDOR LD 1.5 5% LRl-7=. 23, ho 2 FEO bk IR G4 iE
0.00963 % (EH &7 3) ~0.0201 % (H w57 R) ) K ORF ML CEME 0.832 % (H&5r3H) ) 128\ TiE, B%L
D 1.5 5% FEl>7-.

DT VT INRERIZOWTE, 2 FEHOLANEERECE CEIIME 0.0464 % (B &5 R) ~0.206 % (H &
STE) BT, D TARHE IR 2273, IERFERERIE © 02 U MR O FIEIRL TODERE DL~ LT
BUIFORED B LD 1.5 (5% Tlalo728, M FBAHEERZICOWTE, BZD 1.5 5% Elalor-. 72k,
ft o> 2 FEFA DAL EAEAEREE CEEIE 1.69 % (B &5 5) ~2.76 % (E 853 3) ) IZ DWW T, O TR HE (R 2=
e OV B SHERER 22 LB, BRO 1.5 5% Flalo7-.

LU EDZEND, RIEOREITRBIEERE RO T =D MR HFITHOWT, [FRRBRTE DM GETA L 1 2
RFENTHEAL TWAIEZMIR L. o, ULy MEZER, DV T OTINEER KO T =V JRFBMEE
FNTHOWTIE, —EBOR P CRBBRIE ORI B EO ER FHIZH AL QWD LA R LT

S

~
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Table 4-1 Statistical analysis of Collaborative study results for urea nitrogen
Sample Labs Mean” s’ RD.’ CRD. s RD:” CRDR’
p@” W T ) % %) %) (W)

Compound fertilizer 1 8(2) 0.296 0.011 3.6 4 0.012 4.1 8
Compound fertilizer 2 10(2) 0.589 0.015 2.6 4 0.024 4.1 8
Compound fertilizer 3 10(2) 3.08 0.04 1.1 4 0.06 2.0 8
Compound fertilizer 4 10(2) 6.03 0.11 1.7 4 0.20 3.4 8
Urea fertilizer 10(2) 46.5 0.6 1.4 4 1.3 2.8 8

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

(g)=number of outliers

b) Grand mean value of the results of duplicate sample which were reported from laboratories retained

after outlier removed (N = The number of laboratories (p) X The number of repetition (2))

e) Mass fraction

d) Standard deviation of repeatability

e) Relative standard deviation of repeatability

f) Rough standard of relative standard deviation of repeatability in Testing Methods for Fertilizers 2016

g) Standard deviation of reproducibility

h) Relative standard deviation of reproducibility

1) Rough standard of rerative deviation of reproducibility in Testing Methods for Fertilizers 2016

Table 4-2 Statistical analysis of Collaborative study results for biuret nitrogen

Sample Labs | Mear:?) s;"c) RD.” CRD.’ ng; RD:” CRDR’
p(q) (%) (%) (%) () (%) (%) (%)
Compound fertilizer 1 9(2)  0.00963 0.00030 3.1 6 0.00029 3.1 11
Compound fertilizer 2 10(2)  0.0201 0.0003 1.6 4 0.0007 34 8
Compound fertilizer 3 12(0) 0.114 0.013 11.7 4 0.017 15.3 8
Compound fertilizer 4 11(1) 0.212 0.017 7.8 4 0.026 12.4 8
Urea fertilizer 12(0) 0.832 0.050 6.0 4 0.086 10.3 8
a) ~ 1) Refer to the footnote of Table 4-1
Table 4-3 Statistical analysis of Collaborative study results for dicyandiamido nitrogen
Sample Labsa1 ) Meali) Srd)c) RD.” CRD. SRgi) RDr’ CRDr’
p(Q) (%) (%0) (%) () (%) (%) (%)
Compound fertilizer 1 10(2) 0.0464  0.0023 5.0 4 0.0148 31.9 8
Compound fertilizer 2 12(0) 0.206 0.011 5.1 4 0.031 15.2 8
Compound fertilizer 3 12(0) 1.69 0.05 2.8 4 0.12 7.0 8
Compound fertilizer 4 10(2) 2.76 0.07 2.6 4 0.12 4.4 8

a) ~ 1) Refer to the footnote of Table 4-1
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Table 4-4 Statistical analysis of Collaborative study results for guanidine nitrogen
Labs  Mean” s~  RD: CRD. s RDr’ CRDr’

Sample 2 o 0 o
p(q) (%) (%) (%0) (%) (%) (%) (%)
Compound fertilizer 1 12(0) 4.91 0.18 3.7 4 0.29 5.8 8
Compound fertilizer 2 12(0) 3.94 0.16 4.2 4 0.27 6.8 8
Compound fertilizer 3 11(1) 3.03 0.06 2.0 4 0.12 4.0 8
Compound fertilizer 4 11(1) 2.05 0.05 2.6 4 0.09 4.2 8
Guanyl urea fertilizer 11(1) 5.13 0.21 4.0 4 0.19 3.6 8
a) ~ 1) Refer to the footnote of Table 4-1
Table 4-5 Statistical analysis of Collaborative study results for guanyl urea nitrogen
Saraple Labs  Mean’ s  RD:” CRD. s RDr’ CRDr’
1D ) M ) M /) N 1) N /) M ) M 1)
Compound fertilizer 1 12(0) 2.20 0.09 4.2 4 0.17 7.7 8
Compound fertilizer 2 11(1) 4.38 0.07 1.5 4 0.19 4.3 8
Compound fertilizer 3 11(1) 5.83 0.08 1.4 4 0.52 8.9 8
Compound fertilizer 4 12(0) 7.43 0.43 5.7 4 0.78 10.5 8
Guanyl urea fertilizer 12(0) 30.3 0.4 1.5 4 1.1 3.6 8

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

4. FEOH

12 FBRE 23T 6 FlAA (12 520 DAL RAEEUEY, R BN & O 7 =V R FEIEEE T THE R FER
ZFEML, EREE7a~ 77 (HPLO) EIZKDER R Oy Ly MEZEFRERE DM EZIT 72425, K
DG FAETT-.

(1) RFIEZEFITTHIME 0.296 % (EEIF) ~46.5 % (YR OFMHICBWT, TORMEIEE
(RSDR) 1% 2.0 %~4.1 % T 7=,

(2) EULyMEZEIRITFIIME 0.00963 % (B E573R) ~0.0201 % (B &3 2R) O#PH & O 0.832 % (E &5y
F)NZIBNT, ZOEFFBUEE (RSDr) 13 3.1 %~10.3 % Th-o7-.

(3) TV TINMEERIT M 1.69 % (HE53H) ~2.76 % (H&=5r3F) OFPHICIWT, £O=EMEF
B (RSDR) 1L 4.4 %~7.0 % CTH-7=.

(4) 7T =V MEERITVIE 2.05 % (EH &5 3) ~5.13 % (E &5 %) OFEIZIW T, 2O =M B
J£ (RSDR) 1% 3.6 %~6.8 % THo7=.

(5) 77 =)VIRFEMEEFIT I 2.20 % (HF573) ~30.3 % (HE5 ) OFIFHIZIBNT, ZO=E M FFEL
FEE (RDR) 13 3.6 %~10.5 % ThH-7-.

(6) BEULyMEZEFRES L, ERE (1) ~ G ITRLRERFICE W T, WIhoO =M EHFED
NEBERBRIE RSN TOD I TR EE R OV ER BB E O B 2D 1.5 i LAINTHY, RIEDIEEHERBRIED
ORI HREEICE G L WA LR LTz,

(7) By MEZERITTIIM0.114 % (EE72) ~0.212 % (E E5rH) OFHIZHB W T, ZO=EM B
FE (RSDR) 13 12.4 %~15.8 % Th-7=.
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0

(). T T VT INMEEFITTEIE 0.0464 % (EHES3R) ~0.206 % (H&E5rHR) OFHPIZEBWNT, £D=
MBS B (RSDR) 1% 15.2~31.9 % THh -7

(9) EYLyMEER KO T U TINEERIT, TR () ~ @) IRLERERMICH VT, Wit
D BURE EE D LB SBIE RSN TSI TR B R OB EO B Z 0 1.5 5% EEY, B
BHERBIEO B R T DG A Lish ol

KFERBRICTH TS ELL, =AY —- T 7 =T abBR AR WbE Ty, Rt oIERRE 7 —, &K
AR RERT, BIAE TSt R ETEN BAR GO 7 — L BEMZERT, A MHIEN B
ANEREARE 2= DAL B AR LET

X |
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Deter mination of Urea Nitrogen, Biuret Nitrogen, Dicyandiamide Nitrogen, Guanidine
Nitrogen and Guanyl urea Nitrogen in Fertilizer by High Performance Liquid
Chromatography (HPLC): A Collaborative Study

Norio FUNAKI' and Yasuharu KIMURA'
! Food and Agricultural Materials Inspection Center, Kobe Regional Center

A collaborative study was conducted to evaluate high performance liquid chromatography (HPLC) for
determination of urea nitrogen, biuret nitrogen, dicyandiamide nitrogen, guanidine nitrogen and guanyl urea
nitrogen in fertilizers. The urea nitrogen, biuret nitrogen, dicyandiamide nitrogen, guanidine nitrogen and guanyl
urea nitrogen were extracted with water. The extract was centrifuged. The urea nitrogen, biuret nitrogen,
dicyandiamide nitrogen, guanidine nitrogen and guanyl urea nitrogen were analyzed by HPLC on cation
exchanged column with UV detection at 190 nm. We sent twelve collaborators 6 materials 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 urea nitrogen were reported 0.296 % ~ 46.5 % as a mass
fraction and 2.0 % ~ 4.1 %, respectively. Those of determination of biuret nitrogen were reported 0.00963 % ~
0.201 % and 0.832 % as a mass fraction and 3.1 % ~ 10.3 %, respectively. Those of determination of
dicyandiamide nitrogen were reported 1.69 % ~ 2.76 % as a mass fraction and 4.4 % ~ 7.0 %, respectively. Those
of determination of guanidine nitrogen were reported 2.05 % ~ 5.13 % as a mass fraction and 3.6 % ~ 6.8 %,
respectively. Those of determination of guanyl urea nitrogen were reported 2.20 % ~ 30.3 % as a mass fraction
and 3.6 % ~ 10.5 %, respectively. These results indicated that this method has acceptable precision for
determination of urea nitrogen, biuret nitrogen, dicyandiamide nitrogen, guanidine nitrogen and guanyl urea
nitrogen in these concentration ranges. The mean values and the reproducibility relative standard deviation (RSDr)
of determination of biuret nitrogen were reported 0.114 % ~ 0.212 % as a mass fraction and 12.4 % ~ 15.3 %,
respectively. Those of determination of dicyandiamide nitrogen were reported 0.00464 % ~ 0.206 % as a mass
fraction and 15.2 % ~ 31.9 %, respectively. These results indicated that this method has unacceptable precision for

determination of biuret nitrogen and dicyandiamide nitrogen in these concentration ranges.
Keywords  urea nitrogen, biuret nitrogen, dicyandiamide nitrogen, guanidine nitrogen, guanyl urea nitrogen

(Research Report of Fertilizer, 10, 86~100, 2017)
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7 AFSOLOIESERCEVRINZEITSFREBHERADEE (KR)
—2015 FEAAE2016 FE{E—

JURFFR Y, SRR 2, I APRER !, PSCys !, MEARRSE !, HOLE T !, BT
F—T—F  IGIRIEEE, SRR, TRV A

1. [XC®HIZ

AEEFD A TE RS Y CIIBIRIEEH T OB A EFFSNDIRIV LD K& (LUT, [EHTFRME] v, )
1% 0.0005 %EEDHLIVTEY, HIRIEEHIZOFEFANIZIB W TR, S Tng. —J7, HIRIEEOfiEH
[CXY BEIC AR SN BB AEEL, BRI T 58 ORI 284 TEIEM ~BITL, A&
A EIREEMNEPESNDZ ENBR ST, 2009 4F 3 HICEMOKPEGNBIEFR SN TEIRIEEIOH
Hl OB T HIBHEAWE ) 2ITBNTC, 13 R FEMT DN NERF RN IRE LT, ARV
LEAHTRNEORER I A AERET 5720, WEIEIREOERIC K@ E I AR IRIY AOEFERHEA TV
HTEEATERL, ARV LEWILRLTWERIEMEBREL, W ~OWINOH B, FREAFILMLERHL &
LS. ZOZENG, B O AR V2 R ORI LRSI T 2R AL LT, 15 TRIEED
A R A R L, I RIY LD THEA~OERE K OCVEMIR DWW &4 8T 5.

2009 FEEAEDD 2015 FEAECHNT CTUE, THIRAREE i FH L72 X & N F L TV W XD 2 3RER K 2 3% T,
ZUVU ROV RV F U A, BT RV, Ptk =r U, AR L YT DR LD
ECHEEL, TR OHRIY NREDOEAL & OVEWIRD IR ZR U &5 R LTZ. 2 OE RIXBE IRk
ot 8 HY R N9 5V THAE LIz, 2015 FEAAE KR TN 2016 4FEAFICHB W CH AR B A E i L
D TEDRE R 2R E T 5.

2. MERUAE

1) 2015 FXEDEAKER (20155 11 A9 H~2016 £ 3 A 15 H)

(1) FRBR IS K OMIEEK 1

AR Y oy — AW (B ERSW-EH) TEELZ. R8BI, IGIRIER OGBS H 5 115
(VB IR AR FH X)) &t B FEE 23 7y 58 (FEVE ) A el Rl L, 2 SRIX 2 B E L7, TR, LM,
AIYEWRHID pH, EC (ERIBER), ARhREV ik, 2R, 2RFK O 0.1 mol/L MEEEAIVAI NIV A (LLT,
0.1 mol/L HCI-Cd) % Table 1 |Z/~L7~.

(2) fERIEEE
9 D15 IR AEEHI LR TG IR AR 2 FI L7, LIRTGTRIEEHT, LR K OVETEHEPE K 2 VLR S5 Bl & O efih
(TR A G AU IV PR LBEL TR LGRS E 0 FREERZIRINL, Bk, INBGIgL Iz BaE,

U OMSIATEGE N RMOK PETH B 2 e 2 — IR et A
? PSEATBUE NRMOKPEH B2 25t 2 — EEEN L A E G RMOKESHE - Z 2R
3OMNTATEOE N MoK EM & 22 2Bt 2 — Rkl 22 i B lekrr2—
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KIPER) 3 mm O TR TS, LIRIGIEIEEID RSy 73 BTk A Table 2 (2R L7z, ARV AR EEIL 3.6 mg/kg
(BiW) THY, Z ORI FEIIAEBHAE R OB A AR (K 5 mg/kg) Thod. 54w (BiiE) & &
O33R 3.3 %MK OVEFR ML 30 % (30 C, 28 A MIEE) THY, EHR 4w M OERILRIT—MKA7R, LR
IBIRIEEID T KD ThAH T8, FHIHE K& A L2 5 A EY ~O AR E LS TR BILIZL, AR
IV LA A E LR D OO R HE BN ATRE R LR B 2 Hivs.

FEMEE U CRRERIED IR TR, VB — T B =0 AR O VY 25 L7z, BIRIRE & O EAE
BRSO AT AR BRVED 12 K~ 7 (R IEAER O A4y Bl Table 3 ITRLTZ).

7285, {GUEAEEEF @ 0.1 mol/L HC1-Cd i EE1E, VG UEAEEE 1 g% 0.1 mol/L i 50 mL T 1 IefElfiRED LTl
HUTEARIY 2% 7L — DR AT 5 E (Z2-2310: A SiNA T2 /ay—X) THIE L. {GIRIEEH D 1
mol/L FEFET - E=0 LR (pH7.0) FIEAEARIV A (LU, 1 mol/L FEZ (pH7.0) -Cd) LIS, 15URIEEL 1 ¢
% 1 mol /L FEEET =" LR (pH7.0) 50 mL C 1 FFRRED L T L7Z IRV A% ICP B By i@
(ICPM-8500: S S ERT) THIELT-.

Table 1  Characteristics of soil for using in winter 2015 crop

Unit Year  AP’-1  APY-2 sP”-1  sp”2

pH (H:0)° 2009 6.1 6.1 6.2 6.2

2015" 6.8 6.9 6.9 6.8
EC? mS/m 2009 10.0 10.3 14.0 11.6

2015 12.0 10.8 9.6 10.4
Phosphate absorption mg/100 g 2009 5.8 6.1 7.7 6.9
coefficient” 2015 6.5 6.4 7.2 6.2
Total nitrogen” o) 2015 0.37 0.37 0.34 0.33
Total carbon® o) 2015 5.1 5.1 4.8 4.9
0.1 mol/L HCl-Cd® mg/kg 2009 0.18 0.19 0.18 0.21

2015 0.14 0.15 0.11 0.11
Kind of soil Andosol
Soil texture Light clay

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

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

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

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

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

Item Unit Content Item Unit Content
Total nitrogen % 33 Total copper mg /kg 546
Total phosphrus” %" 5.2 Total Zinc mg /kg 1760
Total potassiumc) 0, 0.4 Carbon to nitrogen ratio - 7.1
Total calcium” %" 2.1 Total cadmium” mg /kg 3.6"
Organic carbon %" 23.6 Ac id—solubility—cadmiumg) mg /kg 3.2
Moisture 0, 26.1 Excangeable-c admium”’ mg /kg 0.32

a) Mass fraction

b) Content as P20s

¢) Content as K2O

d) Content as CaO

e) Content of cadmium dissolved with aqua regia

f) 4.9 mg /kg in the dry matter

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

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

Table 3 Properties of reagent

Item Unit Urea Ammonium Potassium
dihydrogen phosphate chloride
Total nitrogen %" 46.2 12.0 —
Total phosphorusb) %" - 61.5 —
Total potassiumc) %" — - 63.1

a) Mass fraction
b) Content as P20s
c¢) Content as K20

(3) FREBRIXOHERL

THVEAEEHE X R O HEX T, 1| 3BRIX O i Z 4 m? (FE2 m XA 2 m) &L, F£BRIX 2 [KIE DR 4 Bk
X% Fig.1 DEFVELE L. &I EROKRTL o i B UES 2 JL 2l iR s 5+ L 7-.

THIENERIO N B, EMOKEEL DT 7 — AR T L ES720 2 ¢v10a FRERAL TODREBAF
TET 58, i &L, 500 kg/10a FLE b — XA TH-727. BIRRICE-> T, (5IRIERF OREA RO
&m@ﬁfﬂ%ﬂnﬁ% T 5O FIRED B 222~ TEHY, 4] 500~1000 kg/10a &L TWHEHEFIAHHE™
W0 F 7, @y FEEER A U IBIRIRE A L2854, 15 pH ME T35V 2 msi 0. #A
i FZ L5 HEBY L~ DB A ZE L, 22T, 1 1ES 720 o H £1% 500 kg/10a (i) L L7-.

1HIRIERI DO ZE F NP RITRIEE COEMEX LD AEBFTRDEND 10 % U TEHEL, &0 & EIEE Clti
MU=, VAR K O DWW TH AR R 3 EAREE AW Tl o 72 BEYEXIZ DWW T, fliEARRE VT
TEVRAEEHE FH X & [FRE D4y Bl 2225 Lo M A L 7= (Table 4) . W ABENE FHIZ DUV TIE 2012 45 B ELAME KA D
MBEFERL QO ARHNETE LA KIEIC EF- U272, JifHEFIEL, 2014 FELENSEHA SN TNDY
VT o=y LERALE. 728, BIEOBML A ST L7c e 2 A, 1GIRAEEHE X O F N iR R
6.4 mg/100 g ¥z 1, MEHEX DA LNREY L HRIE, 6.7 mg/100 g {2 -1-Er7p i g AT EH 2 IR 5 A %hhE
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CEEOUGE HAE T IRE (10 mg/100g #z2 1) IZifi7=/eu 7o, A RhRRY ol HAR FRREIC SR E T 2150
NEAL A B[R % B0V ARENE T 24T 7= (Table 4) .

I'm
H N
i
H N
Cim

1m| 2m I 1m| 2m I I'm

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 witer 2015
Amount of The applied components  Amount of The applied components
application per4m’ application per 10 a
per 4 m2 N Pa) Kb) cd per 10 a N Pa) Kb) cd
€] (@ (@ (@ mg (kg (kg kg (kg) (9
<Sludge-fertilizer-application plot (AP)>

Shudge fertilizer 2000 66 104 7 7.3 500 16.6 26.1 1.8 1.8
Urea 84 39 — — — 21 9.7 — — —
Ammonium dihydrogen phosphate 288 35 176 — — 72 8.7 440 — —
Potassium chloride 103 — — 65 — 26 — - 162 —
Total 140 280 72 7.3 349 70.1 18.0 1.8
<Standard plot (SP)>

Urea 59 27 — — — 15 6.8 — — —
Ammonium dihydrogen phosphate 437 53 267 — — 109 13.2 66.8 — —
Potassium chloride 114 — - 72 — 29 — — 180 —
Total 80 267 72 @ — 20.0 66.8 18.0 —

a) Content as P20s
b) Content as K2O

(4) FEsHiE
HEEW IRV Yy (4 =2—T ) R4) LU, B ERONEAEFEEE LIS L. £ X D)
WENAIH — R TV U TSR EY A s LT
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FEARIE 2015 4= 11 A 6 BT, KB X OFEE 15 12 kg Z48I2HW, IEEZ ARAL, FlBRIX £ E I
BT L, B CIRSH 15 em ETHHELT-.

BRI IT 9 45 (S:RK 20 cm) &L, #EFEIZ 11 H 9 HICy—F —TF — 7 FI2L0iT-o7-.

FISIZIE 11 A 27 B2 12 A 10 BIZATY, BRIEHURIXI MY AV HEOE MBEBROT-OIFRHI L AT /)
LN BT Uz, MEREBABRIZ T BRI R B R M L7z

INFEIL 2016 4F- 3 A 15 BIZATVY, HUERZ NI CHIBTL Tl B A IEL 72,

(5) 1EIRDIRIT BHr

INHEL 7o Ry L o YT E ISR KIS AR E e E L. oA B L GRS oD 1 m? 4342
T, KIEK, AF L ZHKDNEIHEE L, T AT B IR T4 Sl R ERIC T 65 CT— B
L7-. EEAZRAEL-, BBE 500 um 5250\ %@ 35 E TH#% (ZM200:Retsch 72— % —[A 5%k
6000 rpm) T3 o3AT A akErE LT,

ARITLEREIX, oMl 0.5 g 128 5 mL R ONEER{E/KFEK 2 mL Nz ~A7al o fif s
(Multiwave 3000:Perkin Elmar) ¥ Ty fEL7=H D% 50 mLIZER LiREHAIK S L=, I EIXICPE B rikE
(ICPM-8500 : & BT 12 k0T~ 7.

(6) B L-EED /34T

IR OB 58T, ehARER LIRSV BRI L TZ. 3B X OVEM R O /bt F ek Bk 2 I L 7= 355 7l &
[FICEERX S 1 m? OPURE K O RO 5 23T kD, £ 8% (AR 50 mm X £X 250 mm) 2 W TERED D
915 em FTERAL, RA L. BREFZEEERIZEY 35 CT—Hizg%, BBEX 2 mm 0550\ a2 EiEL7-b 0%
SRR L.

JERE LTz DK, ~ar KGR (HG53: AR — U R) IZED I ELT-.

48 pH K OV EC 1 ZJREE 38 1 1TRLTK 5 Z200% 1 BERREH ., pH 134T AE M (F-23:HORIBA) |2
XV, EC 1 3E XU E R (F-54:HORIBA) (LI ELT-.

THEFDOHRIVLGHTIZONTIE, BRI NIV L% 58T L. HHER IRIT ADOHEE (R[EME) B FEA
EIZOWTE, HEORRIC LD HE RV EM R ORI E DR BIZ2 8Tk i3 D72 Ok & 22 5 15D et
ENTVDLOD, FTREEFEARD FIENRIRILIZH S, T2 TH IR RELLT, AP TEDLRE 0.1
mol/L HCI-Cd, J OSHERSA A DORIE VB TED®, 0.1 mol/L HCI-Cd & i L THY ZL D& FlAE
WHRDAIRID LR EE LA BN 8D L SV TND T I8 25 BE I R X7 A (1 mol/L FEZZE (pH 7.0) -Cd) 38R L
7-.

4 0.1 mol/L HCI-Cd 1%, £3% 10 g (ZxFL 0.1 mol/L /& 50 mL 2Nz %9 30 ‘CIZED 1 BEfHIRED
LTI L 72 1Ry 2% 1CP B &5 T2 i (ICPM-8500: /5 i BT I LVl E L7,

THEF D 1 mol/L BF% (pH 7.0) -Cd, Cu e O Zn 1%, 1:582.5 g lZ%FL 1 mol/L FEfEY & =" LZ¥HK (pH 7.0)
50 mL 20080 30 CITffH 1 RSO LTI L 72 0 R 37 2% ICP B &3 & (ICPM-8500: & L)
IZEDPELTZ.

2) 2016 FE/EDEARER (2016 F 6 § 22 H~2016 £ 10 8 7 A)

(1) FRBRIES K OG-

AR 5 M OMiEER 8L U C 2.1) OFRBROIBIRAEiE A X J OMEHE X DR 4 5 | Sfge i L 72
oM, LM, AiER O pH, BC, ARhEEV B (MyA—2 k) W, 2% %, 2FE KD 0.1 mol/L
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HCI-Cd #2 £ % Table 5 (T~

Table 5 Characteristics of soil for using in summer 2016 crop

Unit Year  APY-1  APY-2 sp”-1  sp’2
pH (F20)” 20099 6.1 6.1 6.2 6.2
2016" 6.3 6.4 6.4 6.3
EC? mS/m 2009 10.0 10.3 14.0 11.6
2016 10.1 9.0 7.0 7.2
Available phosphate” mg/100 g 2009 5.8 6.1 7.7 6.9
2016 12.5 9.1 16.6 12.5
Total nitrogen” %" 2016 0.37 0.37 0.33 0.33
Total carbon” o) 2016 5.4 5.3 5.0 5.0
0.1 mol/L HCl-Cd® mg/kg 2009 0.18 0.19 0.18 0.21
2016 0.16 0.15 0.11 0.11
Kind of soil Andosol
Soil texture Light clay

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

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

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

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

h) The year when the study was conducted

(2) BERRAE LS
BEBRAEER R O IEIEERE 2.1) (2) LREDL D% -,

(3) FRERXDOHERL

ARERXORERIE 2.1) (3) LRBRICELE LT, MifE &3 ERO= DU iR HE Y 2 J kLT, T5IRIE
BB &1, 500 kg/10 a(Bi), EFRIFHFEE 50 %LU CTHEL, REoEMIEIRE ClRALE. VAR K
OUMERIZ DWW TH A S3EAE AR -V CHlio 72, BEHERIZ DWW T, flEARERE B CUE TR REBHIE A X
ERBED Ry B2 D X0 L7 (Table 6). BIfEECTOBIM A S LIS, KRR DA RNEEY R
XTGP AEENE X 10.8 mg/100 g #2 1, FEHEIX 14.5 mg/100 g 51 CTHY, M/t EATREH 2 1B 5 H %
RRU P oehE HAE FRRAE (10 mg/100g # 12) 1T TRIEFRE X ImVMETH o7z, LinLRAs, 2015 4
HE=0 Dy OIENSE LT B IR SRS Q0D BAEI ISR 77 o 722D, #ii%
FF D7, SHITARIRRY AT R, IGIRNEEE T X DA RRY ISR REX LFED 14
mg/100g %z B D IO A E A5 8000 ARG %1T-7- (Table 6) .
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Table 6  The fertilization design of the test plots where carrot was cultivated in summer 2016
Amount of The applied components Amount of The applied components
application per 4 m’ application per 10 a
perdm’ N pY k» cd perl0a N po gb g
(€3] @ (@ (@ mg (kg (kg (kg (kg) (g
<Sludge-fertilizer-application plot (AP)>

Sludge fertilizer 2000 66 104 7 7.3 500 16.6 26.1 1.8 1.8
Urea — — — — — — — — — —
Ammonium dihydrogen phosphate 356 43 217 — — 89 11 54 - —
Potassium chloride 90 57 — 23 — — 142 —
Total 109 322 64 73 27.3 80.4 16.0 1.8
<Standard plot (SP)>

Urea 120 55 = — — 30 13.9 — — —
Ammonium dihydrogen phosphate 170 20 104 — - 42 5.1 261 — —
Potassium chloride 101 — - 64 - 25 — — 16.0 —
Total 76 104 64 — 19.0 26.1 16.0 —

a) Content as P20s
b) Content as KO

(4) FEEHE

HEIEMIT =0 (fi4 AT 2A) LT, BB O EOEICIIT — R 7T LU T 235k
L7-.

FEAEIE 2016 4F- 6 H 2 BT To7-. BRBRIXORE 1/ 12 kg Z4RITHY, B2 ATVEREL, &alRX R
JENZ) B L, BHeECIREA 15 om ETHHRLZ.

ARBRXNIT 9 45 (55 20 ecm) LU, #EFfIZ 6 A 22 BV —F —7 —7H &2 H 77

51X 7 A 20 A5 8 A 5 BIZATW, INHERF DR SK) 8 em L7251 91Z LTz,

AR XTI N A FOE REBROT-80, MEAERFZE AT ) R Z AR LT, MEERLRRIZ TRREIZLY
1 E S L7 3 EAGE KL DA K EI T

ILHEIX 2016 4E 10 H 7 BITITV, ZEEBEAR A UL HEL 7=

(5) VEHIRDAIRIT B3HT

INHEL 7o = DA KTE AR B 1%, SRR XIS R E B A HIE L. AT BB L CRIBRIX P oD 1 m?
Oy B TCEARIEBEER I 43T, EALBINCEEZRIE L. MEIIA AL K T +&, AREHEL THL
B0 53 17 1%, EEEERICEY 65 CT 24 RFEZBEAIT VW ERZNE L. FHIXENESRWISITA
F, BEARECIRL, T 0%, BEFRERICEY 65 CT 24 FALEATTV, EEAZHIEL-. SR UIARE L O
BEY, TNV EBE 1 mm K500 um D500 & i@ $ 5 F T (ZM200:Retsch 72— —[A]#5 %L
6000 rpm) THEL 7.

BRIV LERBEOHHIL, 2.1) G)RIRIAT 7.

(6) Bt t-HEDI3HT
INFER D 1381, 2.1) (O)EFIERICERIUL OFRELL , 2 RIT 2000 FR0EHZ, ABAZ 500 um D550\ %
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W5 ETHE (ZM200:Retsch 72— & —[Al#i55 6000 rpm) TR FHHLZ L 7=

F72, DRIV LOKFEF A ZTET D720, Fig.l wlERESGELE X TR G IE e ek H X (AP-2) SA%
HEX (SP-2) DH G AN L7 R A BT, ZRE OB R AL SRRER X 07 [H~ 0.3 m \TAL & L7 fE AT
(B XEES-0.3 m) & 0.9 m IS L7 @A GRUBRIXEEFL-0.9 m) , SR X AMAI~ 0.3 m (I & L 7= & G5k
XBER+0.3 m) & 0.9 m (A E L7 & AT GRER X B2 7+0.9m) ZFH 4 s s U CEL)E (BEMD 0-15 em) O 3%
51 REBHRL A RIY 250 VR Rk IS 72

TEEDHTIE, 2.1) (6) OIEB A TEARIY LESHT L.

TEEHRORIRIT A, AR 0.5 g2, fEERK) 10 mL, @ER{L/KFEAKK 3 mL, L7 bLKZEEEK 5
mL ZN%, ~A 743 fRdEE (Multiwave 3000:Perkin Elmar) (2043 L aBHARR S L7-. HIEIT ICP B &
Sy AT EEiE (ICPM-8500 : & BLYERT) 12 L0 T -7z,

3. R

1) 2015 F&4EERRER (Z4ERILVY:2015F 11 A9 H~2016 43 A 150)

(1) TEMERDIE K O R AW &

R DIUE L TORIEHMITA 4 7 H THY, TORICEFEERITE SRS -7

RV O E, BRI LR E K OGB4 Table 7 (2R U7, 1HTRNEEHE F X M OFEAEX DU &I,
ARETHETENE I 21.13 kg & 19.40 kg THY, FEEX DI EA 100 & U775 IE LR X O E 54
1% 109 Toh-o7c. IRIVLREE F24) ([ZOWTE, (HIelEHE H XIZFAE T 0.35 mg/ke, HEAEXIE 0.30
mg/kg THY, IBIIEEHE F X3 H B2 Em D72 (p<0.05) 73, TOBIMIEFE L Codex FEUEMEY (0.2 mg/kg)
Kiili T o7z, IRIV LRI R HOUNTE, IGIEMEEH A IR T 0.71 mg/rlBRIX, HEAEX]E 0.59 mg/
RER X THY, HIRIEEH A XA B Eh 272 (p<0.05) .
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Table 7 Cadmium uptake and yield of spinach (edible portion) in the test

Unit

Yield  gignificance

Test plot-1 Test plot-2  Average index’ test
<Sludge-fertilizer-application plot (AP)>
Fresh weight kg 22.40 19.85 21.13 109 -
Dry weight kg 2.09 1.95 2.02 103 -
Cadmium concentration” mg/kg 036 0.35 035 034 035 - Signiﬁcancee)
Cadmium concentration” mg/kg  0.034 0.032  0.034 0.034 0034 - -
Quantity of cadmium uptake” mg/plot  0.75  0.73 0.68 0.67 0.71 - Significance’
<Standard plot(SP)>
Fresh weight kg 19.30 19.50 19.40 100 -
Dry weight kg 1.96 1.95 1.95 100 -
Cadmium concentration” mg/kg 0.34 031 0.28 0.28  0.30 - -
Cadmium concentration” mg/kg  0.034 0.031  0.028 0.028 0.030 - -
Quantity of cadmium uptakec) mg/plot  0.67  0.60 0.54 0.56 0.59 - -

a) Content in the dry matter

b) Content in the fresh matter

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

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

(2) Bt HEEDOHRIY LRE
Wit 580> 0.1 mol/L HCI-Cd J#2 £, 1 mol/L fF% (pH 7.0)-Cd 2/, pH K& ) EC % Table 8 {Z/RL7-. 0.1
mol/L HCI-Cd ¥ 1%, M TIH TR BRI FH IX13 0.16 mg/kg, FEHEX T 0.11mg/kg THY, THIRAEKEHE X
MEVMEIANZ S 72, 1 mol/L FEZZ (pH 7.0) -Cd #R LI, “FEIME TIHTRAEEHE H XI% 0.034 mg/kg, HEHEXIT
0.021 mg/kg THY, GUENEEHEH XA m L MEIANZH o7z
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Table 8  Characteristics of cultivated soil in winter 2015

Unit Test prot-1 Test prot-2 ~ Average Significance test
<Sludge-fertilizer-application plot (AP)>
0.1 mol /L HCl-Cd” mgkg  0.16  0.16 0.15 0.15  0.16 Pending”
Exchangeable-Cd” mg/kg  0.034  0.034 0.033 0.033  0.034 Pending”
pH (H:0)” 6.3 6.4
Ec” mS/m 10.1 9.0
<Standard plot(SP)>
0.1 mol /L HCI-Cd” mg/kg  0.11  0.11 0.11 0.11  0.11
Exchangeable-Cd” mg/kg  0.020 0.020 0.021 0.021  0.021
pH (H:0)° 6.4 6.3
Ec” mS/m 7.0 7.2

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

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

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

2) 2016 EEFERRER (EE=P2:2016456 A 22 H~2016 510 A 7 H)

(1) VEMIROILE: S ORI AR &

FEFENDULHE £ TORIEIIRITN 3 7 A ThY, BIFHIR ORI, BEIERITHEGRI RT3,
IHERS B ATIZEEE N E RIS RSN B o 7.

=2V OILER, BRIV LR K O E% Table 9 (S/RU7Z. (GURAEEHGE A X % OREREX DI &1, 4
REEEIETRER DS ELE 4L 8.63 kg & 8.05 kg, LEHIASZNZ 1 4.98 kg & 3.83 kg THY, IEEX DI EE
100 &L 775U AEEMiE I X DI B FEBUIARFT AN 107, FEEEAS 130 TH -7z,

TG VRNEAH i FF X M OMEHE X D A I W (F24) I HOWW T, B TR 2N 2 2 0.16 mgkg &
0.16 mg/kg, HEFNZIE I 0.28 mg/kg & 0.21 mg/kg THY, FEHIZOWTIIIB TR X 03 v ME A 12
HoT=)s, TOHEMEEEE X Codex FEHEMEY (0.2 mg/kg) ATl CTdho7=. IGIRAEKEHIE A X % OFEAEX DR ER X
BIODTIRIT DRI ENZ DWW TR, FEE TIREAZ L4 0.14 mg/iBRIX LS 0.14 mg/ﬁit%ﬁlz TEERNE
ALE AL 0.09 mg/mlER X & 0.06 mg/mER X THY, HEFFIZ-DOVNTIFG TR ALEHE H X A3 B2 72 (p<0.05) .
VEM R AIROFERIX 2720 O F7 R I ZR T S0 - BB XI5 e EEHiE F X C 0.23 mg/nit%ﬁz FRHEX T 0.19
mg/FER X THY, HIENEEHE T XA Bl mn-7z (p<0.05) .
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Table 9 Cadmium uptake and yield of carrot in the test

Yield  Significance

Part Unit Test plot-1 Test plot-2  Average dex? test
<Sludge-fertilizer-application plot (AP)>
Fresh weight Root kg 8.20 9.05 8.63 107 -
Leaf kg 4.80 5.2 498 130 -
Total kg 13.00 14.20 13.60 115 -
Dry weight Root kg 0.76 0.99 0.87 104 -
Leaf kg 0.40 0.29 0.34 130 -
Total kg 1.15 1.28 1.21 110 -
Cadmium concentration”  Root mgkg 0.21 0.19  0.14 0.12 0.16 N.S.¢
Leaf mgkg 0.27 0.28 0.27 0.28 0.28 pendingt)
Cadmium concentrationb) Root mg/kg 0.020 0.017 0.015 0.013 0.016 -
Leaf mgkg 0.019 0.019 0.011 0.011 0.015 -
Quantity of cadmiumuptake” Root mg/plot 0.16  0.14 0.14 0.11 0.14 N.S.
Leaf mgplot 0.11 0.11  0.08 0.8 0.09 Significance®
Total mg/plot 0.27 0.25 0.21 0.19 0.23 Significance
<Standard plot(SP)>
Fresh weight Root kg 7.40 8.70 8.05
Leaf kg 3.75 3.90 3.83
Total kg 11.15 12.60 11.88
Dry weight Root kg 0.77 0.92 0.84
Leaf kg 0.29 0.23 0.26
Total kg 1.06 1.15 1.11
Cadmium concentration” Root mg/kg 0.21 0.19 0.13 0.12 0.16
Leaf mgkg 0.23 0.22 0.20 0.19 0.21
Cadmium concentration” Root mg/kg 0.022 0.020 0.014 0.013 0.017
Leaf mgkg 0.014 0.013 0.008 0.008 0.011
Quantity of cadmiumuptake” Root mg/plot 0.16 0.14 ~ 0.12 0.11  0.14
Leaf mg/plot 0.07 0.06 0.05 0.04 0.06
Total mg/plot 0.23  0.21 0.17 0.16 0.19

a) Content in the dry matter
b) Content in the fresh matter

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

d) Yield of Standard plot was indexed as 100
e) It was not significantly different for processing examination section
(two-way ANOVA 5 % of both sides levels of significance, N=4 (2x2) (repetition x number of samples))
f) 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))

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

B+ 5004 Cd #2FE, 0.1 mol/L HCI-Cd #2 8, 1 mol/L |42 (pH 7.0) -Cd #2, pH & IXNEC % Table 10 (Z
AUTZ. 4 Cd IREEIR, TGURREE X 1X 0.54 mg/kg, FEVEXIT 0.45 mg/kg C, {GIEAEEHEH X3 B IZH
7272 (p<0.05). 0.1 mol/L HCI-Cd 2 FE 1%, “FHIME T VEAEEHE A X1 0.19 mg/kg, FEHEXIF0.12 mg/kg T
HY, HIENEHEH X203 m ME 272, 1 mol/L FEZE (pH 7.0) -Cd R EE 1, 15 IEEHiE 1 X% 0.040 mg/kg,
FEHEX 1T 0.024 mg/kg T, {GIEAEEHEH X203 @ ME a2 dh o7z,

Table 10-1 Characteristics of cultivated soil in summer 2016

Unit Test prot-1 Test prot-2 Average Significance test
<Sludge-fertilizer-application plot (AP)>
Total-Cd” mgkg 0.55  0.54 0.54 054  0.54 Significance’
0.1 mol /L HCl-Cd” mgkg 020  0.21 0.18 0.17  0.19 Pending”’
Exchangeable-CdC) mg/kg 0.042  0.042 0.037  0.037  0.040 Pending
pH (H:0)” 6.3 6.5
EC” mS/m 10.2 10.7
<Standard plot(SP)>
Total-Cd” mg/kg  0.42 0.45 0.44 0.48 0.45
0.1 mol /L HCI-Cd” mg/kg  0.12 0.11 0.13 0.12 0.12
Exchangeable—Cdc) mg/kg  0.024  0.024 0.024 0.024 0.024
pH (H:0)” 6.4 6.5
EC® mS/m 8.2 9.1

a) Content in the dry matter

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

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

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

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

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

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

Table 10-2  Characteristics of cultivated soil in summer 2016 (horizontal distribution of total-Cd cocentration)

Test area boundary Test area boundary Test area boundary Test area boundary
Unit -0.9 m -0.3m +0.3m +0.9 m
<Sludge-fertilizer-application plot (AP)>
Total-Cd” mgkg  0.53 0.56 0.49 0.54 0.46 0.48 0.41 0.42
<Standard plot(SP)>
Total-Cd” mgkg 044 0.48 0.42 0.44 0.40 0.43 0.39 0.45

a) Content in the dry matter
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4. E =®

1) 2009 & AKERBAIARADO DRI DA S 2015 FEXER Y 2016 FEEDFHIEIZDOLNT
2009 FEDFRBREAIEI NG, TN ETTEY:, F21E, 3 1S 1EORBREIT 7=, £ B REOHB DB 2
BAVA 2015 FELAEKL TN 2016 FFBAEDMEMIZHOWTIL FED LB Tho1-.

(1) e e g s

ZNFETORBRIZI T OMEIEEEZ Table 11 (Z/RU7z. ARERBHAE M 9, {GIENEEHEH X OfE AR EHZ B
T, HIRIERIOEIC L5 V&S B L T, ERIEDHHEE 100 %LU TEHEL T2, 1GTRAREHE H X
DU EDHEHERK N AR TRWME AN H D Z 205, HERIEENCH S LRI IR D 28 35 M LR IoW\ T
2012 FIed THER LR (IR 30 °CC 240 HMER) 29 ML 7-L25, K5I 90 B Tl L
30 %L, TORITE —E THERB LI-ZE0D, 2012 FEAVELIRE, THIRIERIOZEFILHE 30 %L T
RifELT=. ZD%, RBRIXHE TOIEZE M VRIRICEDEEILROEWEZE B UG TRIEE O ZE F IR %5
LU THIAEZAT > TETZ. 2015 FEAAERTL Y TRBRIZIB W TR, HIRIEBIOEFILEE 10 %, 2016 F
BE=o 2B 0T, (HIRIEEIOZE RN #EE 50 %l L TRz T -7,
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Table 11  The fertilizer application log of the test plots
Year <Sludge-fertilizer-application plot (AP)> <Standard plot(SP)>
Season Amount of The applied components Amount of The applied components
Fertilizer application per 10 a application per 10 a

Test perl0a N p¥ g” cd perlla N pY g” cd
crops kg) (kg) (kg) (kg) (2 kg (kg) (kg) (kg) (2
2009  Sludge fertilizer 332 11 17 1 12 — — — - -
Summer Ammonium sulfate 52 11 — — — 104 22 — — —
Potassium dihydrogen phosphate 3 - 2 1 — 36 19 12 -
Carrot 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 — — —
Potassium dihydrogen phosphate — — — — — 30 — 16 10 —
Spinach Potassium chloride 27 - — 17 — 12 - — 8 —
Total 20 16 18 1.1 20 16 18 0
2010  Sludge fertilizer 227 8 12 1 038 — — — — —
Summer Ammonium sulfate 36 8 — — — 71 15 — — —
Potassium dihydrogen phosphate — — — — — 23 — 12 —
Spinach  Potassium chloride 15 — — 9 — 3 — — —
Total 15 12 10 0.8 15 12 10 0
2010  Sludge fertilizer 181 6 9 1 0.7 — — — - -
Winter ~Ammonium sulfate 28 6 — — — 57 12 — — —
Potassium dihydrogen phosphate 5 — 3 2 — 23 — 12 8 —
Qing Potassium chloride 15 — — 10 — 6 — — —
geng cai  Total 12 12 12 0.7 12 12 12 0
2011  Sludge fertilizer 227 8 12 1 038 — — — — —
Summer Ammonium sulfate 33 — — — 57 12 — — —
Potassium dihydrogen phosphate 6 1 3 — — 24 3 15 — —
Turnip  Potassium chloride 22 — — 14 — 24 — — 15 —
Magnesia lime” - - - = = 35 - - - -

Total 15 15 15 0.8 15 15 15 0
2011  Sludge fertilizer 483 16 25 2 1.8 — — — — —
Winter  Urea 22 10 — — — 43 20 — — —
Potassium dihydrogen phosphate 1 - 1 1 — 50 - 26 17 -
Spinach  Potassium chloride 25 — — 16 — 1 — — 1 —
Slaked lime” 176 - = = = 26— - = =

Total 26 26 18 1.8 20 26 18 0
2012 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Ammonium sulfate 65 14 — — — 80 17 — — —
Ammonium dihydorogen phosphate — — — — — 42 5 26 — —
Carrot  Potassium chloride 29 — — 18 — 32 — - 20 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 - -

Total 30 36 20 1.8 22 36 20 0
2012 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Winter ~Ammonium sulfate 71 15 — — — 71 15 — — —
Ammonium dihydorogen phosphate — — — — — 42 5 26 — —
Spinach  Potassium chloride 26 - — 16 — 29 - — 18 -
Fused magnesium phosphate 50 — 10 — — 50 — 10 - -

Total 32 36 18 1.8 20 36 18 0

a) Content as P20Os
b) Content as K20
c) It was used for pH adjustment

d) The average value of the two district for changing the amount used by each of the experimental plot
(SP-1:240 kg, SP-2:196 kg)
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Table 11  Continue
Year <Sludge-fertilizer-application plot (AP)> <Standard plot(SP)>
Season Amount of The applied components Amount of The applied components
Fertilizer application per 10 a application per 10 a
Test per 10 a N PY Kb) cd perlla N Pa) Kb) cd
crops kg) (kg) (kg) (kg) (9 kg) (kg) (kg) (kg) (2
2013  Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Ammonium sulfate 81 17 — — — 80 17 — — —
Ammonium dihydorogen phosphate — — - - — 42 5 26 — -
Carrot  Potassium chloride 29 - — 18 — 32 — — 20 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 — —
Total 34 36 20 1.8 22 36 20 0
2013 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Winter ~Ammonium sulfate 87 18 — — — 71 15 - - —
Ammonium dihydorogen phosphate — - — — — 42 5 26 - —
Spinach  Potassium chloride 26 — — 16 — 29 — — 18 —
Fused magnesium phosphate 250 — 25 — — 250 — 25 — —
Slaked lime” 9% - - - - 28—~ = =
Total 35 51 18 1.8 20 51 18 0
2014 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Urea 23 11 — — — 30 14 — — -
Ammonium dihydorogen phosphate — — - - — 42 5 26 — -
Carrot  Potassium chloride 23 — — 14 — 25 — — 16 —
Fused magnesium phosphate 291 — 58 — — 33 — 7 — —
Slaked lime” - - - = = 9% - - — -
Total 27 84 16 1.8 19 33 16 0
2014  Sludge fertilizer 500 17 26 2 1.8 — — — — -
Winter  Urea 25 11 — — — 34 16 — - —
Ammonium dihydorogen phosphate 71 9 43 — — 36 4 22 — —
Spinach  Potassium chloride 26 — — 16 — 29 — — 18 —
Total 37 70 18 1.8 20 22 18 0
2015  Sludge fertilizer 500 17 26 2 1.8 — — — — -
Summer Urea 23 11 — — — 30 14 — - —
Ammonium dihydorogen phosphate — — — — — 42 5 26 — —
Carrot  Potassium chloride 23 — — 14 — 25 — — 16 —
Slaked lime” 9% - - = = - - = = =
Total 27 26 16 1.8 19 26 16 0
2015  Sludge fertilizer 500 17 26 2 1.8 — — — — —
Winter  Urea 21 10 — — — 15 7 — — —
Ammonium dihydorogen phosphate 72 9 44 - — 109 13 67 — -
Spinach Potassium chloride 26 — — 16 — 29 — — 18 —
Total 35 70 18 1.8 20 67 18 0
2016  Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Urea — — — — — 30 14 — — —
Ammonium dihydorogen phosphate 89 11 54 - — 42 5 26 — -
Carrot  Potassium chloride 23 — — 14 — 25 — — 16 —
Total 27 80 16 1.8 19 26 16 0

(2) YTEMIRDIL &
YEM IR DIR & (AR ) OHERE I Table 12 DBV THS.

INFETONEL, AUL YL IS B BB E IR EME IR H SN QWA BB B LR LL

ETHY, —EDONEZHR T TNDEBZLND.



116 AEEHFFE RS Vol. 10 (2017)

=2V UACBEU T 2012 FEEAELY A TR AE L HE IR S Q0D BAEILEE FEl->TWD. 2, i@
W, SV U UIRO R R AR T 5720 KRR MR R A L, 2 CGERZITHIZEESNTNDY R,
ARGl b, SR EIRE O R OSBRI T Z W ZEN—REZZLND. T, R
TIHVRNEEHE ] X DI AL -T2 DI, 2015 FEAAFRTL YT THIEEE O BRI 4E 10 %L Tk
0, BITEORNZEDZENAE U ATREMEDN B 2515,

Table 12 The yield of each crop body of 2009 to 2016 (fresh weight)

AP” sp” .. .o Freshweight
Year Season  Test Crops Part Fresh weight  Fresh weight Aim yield index
(kg/plot) (kg/plot)  (kg/plot) of AP”
2009 Summer Carrot Root 18.0 (0.1)5) 17.9 (1.0) 14 101
Leaf 10.5 (0.4) 9.6 (0.9) - 109
Total 28.5 (0.4) 27.6 (1.8) - 104
2009  Winter Spinach Edible portion  13.7 (0.8) 18.6 (1.0) 8 74
2010 Summer Spinach Edible portion 4.5 (0.1) 5.8 (0.6) 4 77
2010 Winter Qing geng cai Edible portion  22.4 (0.7) 26.9 (0.8) 12 83
2011 Summer Turnip Root 8.9 (0.6) 9.4 (0.9) 16 95
Leaf 8.7 (1.0) 10.0 (1.3) - 88
Total 17.6 (1.5) 19.3 (2.2) - 91
2011  Winter Spinach Edible portion 8.1 (0.0) 10.3 (0.5) 8 79
2012  Summer Carrot Root 12.3 (0.5) 12.1 (0.2) 14 101
Leaf 10.0 (0.6) 9.7 (0.8) - 103
Total 22.3 (0.1) 21.8 (0.5) - 102
2012 Winter Spinach Edible portion  11.3 (0.5) 13.3 (0.6) 8 85
2013 Summer Carrot Root 12.2 (0.9) 10.3 (1.4) 14 118
Leaf 5.4 (0.3) 4.6 (0.6) - 119
Total 17.6 (1.2) 14.9 (2.0) - 118
2013  Winter Spinach Edible portion  16.7 (1.2) 17.9 (0.8) 8 93
2014 Summer Carrot Root 8.9 (0.4) 8.9 (0.1) 14 100
Leaf 6.1 (0.6) 6.2 (0.8) - 98
Total 15.0 (0.9) 15.1 (1.0) - 99
2014  Winter Spinach Edible portion  14.8 (0.0) 13.6 (0.6) 8 109
2015 Summer Carrot Root 7.3 (0.0) 6.4 (0.7) 14 114
Leaf 8.8 (1.8) 7.3 (0.9) - 121
Total 16.1 (1.9) 13.6 (1.6) - 118
2015  Winter Spinach Edible portion  21.1 (1.8) 19.4 (0.1) 8 109
2016 Summer Carrot Root 8.6 (0.6) 8.1 (0.9) 14 107
Leaf 5.0 (0.2) 3.8 (0.1) - 130
Total 13.6 (0.8) 11.9 (1.0) - 115

a) Sludge-fertilizer-application plot

b) Standard plot

c¢) This value is shown in the recommending rate of fertilizer application (local government) exchanging
aim vyield (kg/10 a) to 4 m”

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

e) Standard deviation (N =2 (2 repetition))
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(3) Wi OIS OHER

(3.1) Bt 15 pH

B 58 pH OHERS 1 Fig.2 DBV THD. pH 6.0~6.9 OFFHN Tl X 725 /NE<HEB L T0D. AR
BRClEpH 6.0 % Fla159, A OB CENHRNELD, BH, AKEMIZLS pH O IEEZIT>T05. R
B TIL, TETRAREHE ] X LR AE X D B+ 58 pH 1K EIF RIFLE THER L COHZEND, KR TOHRIY
LENRED LRI 71 38 pH KT EA L EBL TN DEE ZBD.

8.0
—&—Sludge-fertilizer-application plot (AP)
7.5
Standard plot (SP)
7.0 " N
I ﬁ/\ ¥ —
e S ———— N e
. v
6.0 Lol =
5.5
5.0
- Carrot | Spinach | Spinach |Qing geng| Turnip | Spinach | Carrot | Spinach | Carrot | Spinach | Carrot | Spinach | Carrot | Spinach | Carrot
cai
Exami- after after after after after after after after after after after after after after after
nation | summer | winter | summer | winter | summer | winter | summer | winter | summer | winter | summer | winter | summer | winter | summer
start culti- culti- culti- culti- culti- culti- culti- culti- culti- culti- culti- culti- culti- culti- culti-
vation vation vation vation vation vation vation vation vation vation vation vation vation vation vation
2009 2010 2011 2012 2013 2014 2015 2016

Fig.2 Changes in the pH of soil after harvest

(3.2) Bt EC (BEXmER)

Bt 58 EC OHEREIT Fig.3 DLV THS. BRBRLALIE, 2013 FAMEI I E TITFE A~ EAEME/R->T
UNZAS, 2014 AE B EBRH AT T RE I 28 RbH7Z. 2T, EC BRI IE KR UL ORI & 13035750,
2014 FHEAENPOERIEEEZENETHEHL WY BV A0DRBICER IO EEZ LS.
2014 FFAEBM I CARR IS — E M T o7z

25
== Sludge-fertilizer-application plot (AP)
Standard plot (SP)
20 —
2 /‘/\
@ v
e 15
-
10
5
— Carrot | Spinach | Spinach | Qing | Turnip | Spinach | Carrot | Spinach | Carrot | Spinach | Carrot | Spinach | Carrot | Spinach | Carrot
geng cai
Exami- | after after after after after after after after after after after after after after after
nation | summer | winter | summer | winter |summer| winter | summer | winter | summer | winter | summer | winter | summer | winter | summer
start culti- culti- culti- culti- culti- culti- culti- culti- culti- culti- culti- culti- culti- culti- culti-
vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation
2009 | 2010 ‘ 2011 | 2012 | 2013 | 2014

2015 | 2016 |
Fig.3 Changes in the EC of soil after harvest
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(3.3) Bt HEED 2% (TN) L UV 3 (TC)

B D 2% (TN) B OV iR 3 (TC) OHERE I Fig.d D LBV THD. FRBREIAA S 11X TN L OV TC (27t
BRIXHTIZE AL N RO -T23, 2011 FEAAEBRHILARE, TN & ONTC 22y TR A 1 X005 )5 v
XA AR TEVMEIAIC S 72, ZhuE, ETRAREHGE H KIZIT7E TR AR Sk O G M A i S TOD08, R
YEXAZ W TR B Oft A3 72V IREE CEEEM T TV D70, EEYEX O AR EE S LTz Z &1
FBEEZBNA.

2015 FEAAERK N 2016 FEEEOHR M IOV TH RIBEO B 23 b 7.

B RO A RIY AT TR OHF I ERE S LR PG IBIL T 2280 MBI TRV, MR D7)
THEHDOIRIY AOBRECAEY) ~D AR BT D AT REMEN D D720, B2 T AL ERHD.
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Fig.4 Changes in the total nitrogen (TN) and total carbon (TC) of soil after harvest

(The error bar indicating the standard deviation)

(3.4) B LA ZhREY 1

Wi IO H HREY R OHERS T Fig.s L0 THS. sEREIA Y W12 515 TR AREHiE I X & bl Ui ue
RAE<HERLL TR, 2014 LB CITBIRIEEHX O A N BEY VB3 R N L 7=, 2, 2014
B AERFICIG VR IEEHIE F XA KR E KR L 7 fA R D A B DB LD O L HELE S V-, AifEICHEIRL 7245
D AMEIZ RO A ZNREY e BRI DI, AREXITIWTE 2014 4FZEBI M CHERE ST D,

F77, 2016 FEEAEIT M ARER X L AN IEY k4 H D B AR #1129 02k HEEN O 14 mg/100g #2112
2B IOMEIEEAT 70, BAEHM A fE5E -5 15 IR IR A K1% 15 mg/100g 5z 1+ #EHEX X 12 mg/100g Fz
T ThHo7-. HIRIEEHE A X O I TAERE XA LR TR WO AN HEY U IRIT Z<IHESNIZHDEE 2 DI
72A8, THURNEEHE A X DA ZhREY L BR DSMEHE XA FE TR 2 81, BTECHE A L7275 TR IR R oV 8 E I
HRELLT=Z L, ROV TG B REA FLAATHRBELIZVAEE— 7 =Y LD EDZEBENE 25
7-.
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Fig.5 Changes in the available phosphate of

soil after harvest

(The error bar indicating the standard deviation)

(3.5) BSOS BV ONE, &+, A1K)

Bl RO A b L OIN A, 354, 4K OHEREIX Fig.6 LBV THD.

AP L, 1 EIE — T THERB L Q-

RHMETE 1L, SRERBAAGREE 2011 AR A L 32000 LT, 201, 2012 FEAEDD,
BB OA NI e INS 52 L% HINEL TERRY AMEDEAZBAGL, 2013 FFAEETIXRTD
PRI XA R e D FE B AU B A it FH L T2, TG TR AR A BT 3ATE VE X & bl U TR 0 A BIE it R ek
HANME RO DR 72728, 2014 FEAE CTIIERERX LB IERD ABEMH &2 2 <ML, 2o
728, B L L UG TR ARG F X OBl T3 th D ZZ M T8 LAY @ RBEE 72 o TN D EB 2 HiLD.

M A KT, RERBETL, T, RBRX ] TRERZENRDST2HDD 2014 EAEHHICIIAZHEX
[ZBWTHIIME 2N b7z, ZauX 2014 F B AERHCEEERICO AEAIKE A L2 LIk ab D& 2 6
N5, iz, 2014 FEANEHHCIERBR X M O EEHERF L7 FE, 15T F XK OV YE X G/ i 18] 23 e
ARSIz, TV 2014 FEAAERHCEA K O HZAT 70> 12282850 DEE 2 bisd. 2015 FEAEICE
W CIRIB TR AR F XA 0D B3 A7 R % it F L 72 72 60 3R X ] C O 28 1 TR S 4L 2015 AEAVER TR 2016 4B

VEIIIE A IR & i FA L QN T2 T= OB 9 Cdh - 7.

ML DN, 1EIET KO RID DO EREIEE N H D5 % OWERS Z MR T DN BN HHEE

ABINS.
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Fig.6-1 Changes in the exchangeable-potassium of soil after harves
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Fig.6-2 Changes in the exchangeable-magnesium of soil after harvest
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Fig.6-3 Changes in the exchangeable-calcium of soil after harvest
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(4) Bt EHEOHRIT LZERFEOHER

(4.1) Brh 13 0.1 mol/L HCI-Cd J2 £

Bt 580> 0.1 mol/L HCI-Cd Ji# £ DHER X Table 13 X TN Fig.7 DEBVTHD.

TGV IR A X K% OFEAEX 0 0.1 mol/L HCI-Cd IR FE DHERIZ DWW T 244 3572, ThEidiL
HXIZERITD, HERBRLEREH DR H (S FBROMIRIL 6 7 H & L72) 1232 0.1 mol/L HCI-Cd i D
TEHENTR 24T 72 CRENREO 3BT R O p I IO FEAM, WA EAKYE S %) (Table 13). 2016 4 E
VEBRH T OB PRAENE F X OEUFE A E T72< (p=0.30) —E THER L CODEA Th-oT-. —JF, HEUEX

T, 2011 FAAERRMLARE, BURAAA B L7220 TR 235580 50 (p<0.05) , MRS X H DT REL<2D
M CTh o7z, Fiz, 2011 FAAELLE, 15IEAREHEH X.0> 0.1 mol/L HCI-Cd i FE DM EYEXIZ b T IS A
<720, DIZRREOFE R TUe. 2016 A EAVEBM CIIAZ AAER B ERSNZN, 5l Sk XI5 e EEHiE
XA EME AN o7z, ZHUE, AR RITAER R RO BRIV LA FTTR /RN, K RBRIZB W TERIED
INHEIZ LD BRI RID LD EIGINA~OFFS MLk S DT EEIZRY, Bl 15 0.1 mol/L HCI-Cd ¥
JENZOWTHIHAD T D Lo TNDEB 2 HILD.
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Table 13 Changes in the 0.1 mol/L HCI-Cd concentration” of soil after harvest

Ap” sp¥ Significance p -Vah'le of singl.e N
test regression analysis
Year  Season Test Crops (difference
(mg/kg) (mg/kg) between the AP sp?
processing)
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) Pendingg) — —
2010  Summer Spinach 0.19 (0.01) 0.17 (0.02) Pending — —
2010  Winter Qing geng cai  0.18 (0.02) 0.18 (0.01) N.S. 0.55 0.20
2011  Summer Turnip 0.19 (0.004) 0.18 (0.01) Pending 0.41 0.11
2011  Winter Spinach 0.20 (0.01)  0.17 (0.01)  Significance”  0.63 <0.05
2012  Summer Carrot 0.19 (0.005) 0.15 (0.01) Significance 0.41 <0.01
2012  Winter Spinach 0.21 (0.01) 0.17 (0.01) Significance 0.98 <0.01
2013  Summer Carrot 0.20 (0.004) 0.16 (0.01) Significance 0.89 <0.01
2013  Winter Spinach 0.22 (0.01) 0.16 (0.004) Significance 0.34 <0.01
2014  Summer Carrot 0.20 (0.01) 0.15 (0.005) Significance 0.30 <0.01
2014  Winter Spinach 0.21 (0.01) 0.15 (0.003) Pending 0.17 <0.01
2015  Summer Carrot 0.15 (0.01) 0.11 (0.005) Significance 0.80 <0.01
2015  Winter Spinach 0.16 (0.01) 0.11 (0.001) Pending 0.29 <0.01
2016  Summer Carrot 0.19 (0.02) 0.12 (0.005) Pending 0.30 <0.01

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

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

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

f) It was not significantly different for processing examination section

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

(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))

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

(42) Bt 1 mol/L HEZZ (pH 7.0)-Cd JEJE

Bt 580> 1 mol/L FEZ (pH 7.0)-Cd ¥ DOHER L Table 14 J WY Fig.8 DEBNTHS.

TG VEAREHiE F X & OMEHEX D 1 mol/L KEZE (pH 7.0)-Cd ¥ DHEB IS\ TR IAIZEIZ T 57280, T
FIOMBLXIZ I D, 2009 FAAENLORRE A (ZFHEROMIRIL 6 AL L) IZx3 % 1 mol/L EE4 (pH
7.0)-Cd REORIEHEENF T 21T o7z (AR RO GBI RO p EICEFEMN, mAEEKE 5 %)
(Table 14). 2016 4FEVEWRHECTOIHIRAEEH F X OEIFIFA E T/ (p=0.42), —E THBL QWD EHM
Thote. —J7, EHEXTIE, 2012 FEEBRHLIEE, [BUFH B L7220 TRAEM RO HIL (p<0.05), sk
BRIX W DT R EL IR DME I TH-T=. ZOMBANE 0.1 mol/L HCI-Cd #JE L [R4E T 7= (Table 13 K
Fig.7).

F72, THIRARERE X M OFEHE X OB 58D 1 mol/L FEZZ (pH 7.0)-Cd IBEEL, 1EMIH O Cd EFEEL1LL
(X Cd W EE ORISR AR L 72 (Fig.9 & O Fig.10) . VGVEAEARHi A X% i BIER AR BRI TR a3 i i

XL HFE FEDOMBANGRO BV, ZAUX, IGIEAEEHEH XITH IR IS AG I E & 7o, NERE (ko2
Z T HEF D 1 mol/L FEZ (pH 7.0) filltH Cd 2 UNIFHAT CETWRWZENB 2 DL, —F, FEEXIT
AW Z TIRITRAL TORWIEND, RNERBL OB 2GR R H X138 %2179 1 mol/L FEZ (pH 7.0)
(ZEDHH DI R TN T O TWDEB 2 B, ZORER, HBEMENTROONLHES BT,
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Table 14 Changes in the exchangeable-Cd concentration” of soil after harvest

. onifi p-value of single
ApY sp” Significance : T
test regression analysis
Year  Season Test Crops (difference
(mg/kg) (mg/kg) ~ betweenthe — 5p® sp”
processing)
2009  Winter Spinach 0.036 (0.002)6) 0.037 (0.002) NSt - -
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) Sjgnifjcanceg) — —

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
2014  Winter Spinach 0.039 (0.001) 0.026 (0.001) Significance 0.31 <0.01
2015  Summer Carrot 0.034 (0.002) 0.024 (0.001) Significance 0.80 <0.01
2015  Winter Spinach 0.034 (0.001) 0.021 (0.000) Pending 0.18 <0.01
2016  Summer Carrot 0.040 (0.003) 0.024 (0.000) Pending 0.42 <0.01

a) Content of cadmium dissolved with pH 7.0, 1 mol/L ammonium acetate solution in the drying soil
b) Sludge-fertilizer-application plot
¢) Standard plot

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

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

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

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

h) It was pending decision to be significantly different for 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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(4.3) Bt 158D 1 mol/L HEZ (pH 7.0)-Cu MUY Zn R

B +-5E0> 1 mol/L HEZZ (pH 7.0) -Cu M 8 Zn JEFE OHERS (2009 4R E~2016 £ B /EET) 1L Table 15 &
O Fig.11 OLBTHD. IGIRIEEHHFIZH NIV AL L T &ICE N CHFRIZOWVT, IRIT LD
THEEROSE LT OHRB AR LT

TS VB A X B OMEHE XD 1 mol/L fEZE (pH 7.0) -Cu S N Zn R FE DHERBIZ DWW T M 242 375729
FNENDLIRKIZIT D, 2009 FFAAENLORRE H (FRBROMMRIL 6 7 H LL7) 1IZx9 5 1 mol/L Ff%
(pH 7.0) -Cu K O Zn IR FE DRI B BT /34T 24T > 7o (BLENF RO 43 o Hr R O p I Z0FHE, wiflA &K
#59%). 1 mol/L HEZ (pH 7.0)-Cu (22U NTIX, {GVRIEEE H XIX 2015 FFAAEBR LIRS, [Bl)m 23 h B &7eh
(p<0.05) EAMEMAFRBD BT, FEEXOEFITIAE TR (p>0.05), —E THREL TWHIE I Th-o7z.

1 mol/L EEZ (pH 7.0)-Zn (ZDWNTI, {GIRILEHIEH X TiX, 2011 FEA/EBRILARE, [EIRAEE 720 (p
<0.05) EFREADFRD BT (72721, 2015 ZVEMABRL) . —J7, FEYERXIX 2015 4F B (ERR I LARE, B3
HELD (p<0.05) FREBEmARDHIT.

AR &R, & FEEAE R UG IEE ARy MRABRIZIB W T, HIROE I > ThEEHR O F]
VEPEDAIRIT &, §i K OHESROEENMNFRD B, FifRENZWNEE B EREITEL, S OV RIV LR E DR
DME XIS EE B Tl - T- ZEN SN TRV, ZoMELERIIFBFELRNEDOTH-T-.

Fie, HEREDOEVGIRIEEZE A L7ZRBR 2N T, A ENZWERERX (1 1E47-0 2 t/10a LT 6
t/10a) D 7 EH (m<Y7F) KOV 1ER (ah7) I2BW T HEED pH 6.0 Riifi &V )OS TR OWBEIER (/0
By AR OVEF D 2RO LTSNS HH?? . KRB CIT 18 pH % 6.0 LL EIZfR-> TV 2
(TN EEZDNDN, a2 ETTEIEIERZ 2 &ICEMEH 72561218, T8 pH o0& #hleb 2
FROMWMFPEIRICHONTHIEE T DM ENHLLEEZ BN,
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Table 15 Changes in the exchangeable-Cu and Zn concentration” of soil after harvest

Cu Zn
p-value of single p-value of single
Year  Season Test Crops AP SP . . b) AP SP . )
regression analysis regression analysis
(mg/kg) (mg/kg) AP sp (mg/kg) (mgkg) AP Ny
2009  Winter Spinach 0.40 (0,()7)c> 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 gengcai  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) 0.93 0.66 1.6 (0.2) 1.3 (0.3) <0.05 0.33
2012 Summer Carrot 0.40 (0.04) 0.37 (0.02) 0.75 0.83 1.6 (0.1) 1.1 (0.1) <0.01 0.99
2012  Winter Spinach 0.35 (0.02) 0.33 (0.03) 0.99 0.64 1.7 (0.1) 1.3 (0.1) <0.01 0.63
2013 Summer Carrot 0.33 (0.02) 0.31 (0.01) 0.70 0.35 1.9 (0.2) 1.2 (0.1) <0.01 0.75
2013  Winter Spinach 0.36 (0.13) 0.25 (0.05) 0.63 0.10 1.9 (0.1) 1.1 (0.1) <0.01 0.67
2014  Summer Carrot 0.41 (0.04) 0.34 (0.06) 0.99 0.16 2.2 (0.1) 1.0 (0.1) <0.01 0.26
2014  Winter Spinach 0.54 (0.04) 0.42 (0.10) 0.25 0.76 1.8 (0.1) 0.8 (0.1) <0.01 0.05
2015  Summer Carrot 0.50 (0.02) 0.37 (0.02) 0.09 0.98 1.4 (0.0) 0.7 (0.2) <0.05 <0.01
2015  Winter Spinach 0.58 (0.02) 0.40 (0.02) <0.05 0.64 1.6 (0.0) 0.6 (0.0 0.05 <0.01
2016  Summer Carrot 0.54 (0.03) 0.39 (0.03) <0.01 0.44 2.0 (0.1) 0.3 (0.1) <0.05 <0.01
a) Content of copper and zinc dissolved with pH 7.0, I mol/L ammonium acetate solution in the
drying soil

b) The p-value which calculated from dispersion analysis for linear regression by examination start of each
experimental plot
¢) Standard deviation (n =4 (2x2) (repetition x number of samples))
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Fig.11-1 Changes in the exchangeable-Cu concentration of soil after harvest

(The error bar indicating the standard deviation)
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Fig.11-2  Changes in the exchangeable-Zn concentration of soil after harvest

(The error bar indicating the standard deviation

(4.4) Wi O EHRIT LR

B O 2RI LR E OHERSIE Table 16 2 ) Fig.14 DBV THD.

TGV NEARHE ] X M OFRHE X DA RIY MR E DOHERIZ DWW THA AR T 2720, ZNE DA X
B35, 2009 FFEAENLORMEB A (BAENLAVEETOMIRIX 6 » A ELI) KT 28I RIT AR EORIE
HER AT 21T > 72 (RENF RO B BT R O p EIZKVEHG, miflA EK%E S %) (Table 16). 2016 4 HE F
W1 2T 5 R AR X3 BT (p<0.05) 2353860 b, FEHEK T4 TR (p<0.05) 235580 5
nrc.

IHUEAEEIE F X OREHEX DRI RIT AREA HH L7224, SiE LT 2009 4B AED BB VAR H
XAEHEX LA B @<l TR, TOZET 2012 FHAELIRE, B0 O L0 DL [RIERO#E FE AT
WD, 2R, ETRIEEH F KIZIE TR IR B SR O I R I A AR &S, (EMIROIHEIZ LD HEEF ARIT LD
B35S~ DFFH L EIVS LD, DRIV LRERET MM H 503, FEREXIIE R RO RIT A8
T2 2DEEZHND.
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Table 16 Changes in the total-Cd concentration” of soil after harvest

Significance p-value of single
AP” sp test regression analysisd)
Year  Season Test Crops (difference
(mg/kg) (mg/kg)  betweenthe — Ap® sp”
processing)
2009  Summer Carrot 0.51 (0.02)" 0.48 (0.03)  Significance’ — —
2010  Summer Spinach 0.52 (0.01) 0.49 (0.03) Significance — —
2011  Summer Turnip 0.51 (0.02) 0.48 (0.02) Significance — —
2012 Summer Carrot 0.52 (0.02) 0.46 (0.03) Significance — —
2013 Summer Carrot 0.53 (0.01) 0.46 (0.03) Significance — —
2014  Summer Carrot 0.57 (0.03) 0.47 (0.03) Significance p< (.05 g 0.16
2015  Summer Carrot 0.57 (0.01) 0.46 (0.01) Significance  p<0.01 0.06
2016  Summer Carrot 0.54 (0.00) 0.45 (0.02) Significance  p<0.05 p<0.05

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

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

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

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

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

(4.5) B HHED A RIT DR IE DK A

2016 FEENE=2 D0 OBt HEEICOWT, RARIVLAEBE DK ESMATHE L. ZORE, 15IRIEEH i
FH X OB X5 0.9 m EFRBRIXBEAR40.9 m ORIV AR ITA BEZAENHROLNZ (p<0.05) 23, THLL

SMIA B ZETRO N7 (p>0.05) . E/, EEXIZT N TOEPH CA B EITRD LN 7= (p>
0.05) (Table 17).

BEHS T A RIT LD EEBEIIFBO SN TR, F2, B XK LM I T R CEREX L[E USR5 T
MRS TEY, ARIY LOBEND N E T UG TEAR R H X EER XA LR XA TR RIY AR T
FNENERETHHEEBZLNDN, RERIXEER-0.9 m MORBRXEER4+0.3 m ETCOEIRITVAREITH
BEADPBOLNIRDST2 (p>0.05) . ZOZEND, FRERXS 0.3 m ETHRIVLOBE D H 7203530 X5 0.9
m FTIIRBEIL QRN EMRIBE LT,
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Table 17 Horizontal distribution of total-Cd cocentration” in soil after harvest
Test area boundary ~ Test area boundary ~ Test area boundary  Test area boundary

Year Season Test Crop Test area -0.9m -0.3m +0.3m +0.9m
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Sludge-fertilizer- B
- 055" (0.02) 9 0.5 (0.04) 047 (0.01) 042" (0.004)
application plot (AP)
2016 Summer Carrot
Standard plot(SP) 0.46°  (0.03) 0.43°  (0.01) 0.42°  (0.02) 042" (0.04)

a) Content in the dry matter

b) There is no significant difference between the same codes (Tukey test, significance level 5 %)

¢) Standard deviation (n = 2)

(5) VEDIRD IR L L K ORI &

2009 FEAENS 2016 FEHAFETORER TOEMIRD I RIT LR K ORI & OHERE A Table 18 XY
Fig.12 |{Z/RLT=.

2011 LA, ZAERTL YT OARIT AR, HIelEBHE X AREEXIZ R THRICE 72 (p<
0.05) . 24U, 1GIRIERHE FH X CIEART L oY o i3RI R RR7e T RB 0D A1 R X i BE DS HE X & FEi LTy
RAED 2011 FAAELIRERE N TODZENFR EB 2 HD. LU, 1EMIRTF OBRIT AR E X Codex H: e
I AN TIRWIRE THERB L T 5.
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Table 18  Absorption and the amount of cadmium concentration of each crops in 2009~2016

Cadmium Concentration” Quantity of cadmium uptake
Year Season O Part  Ap”  Sp” Significance Rae”  AP”  SP”  Significance Ratc”
Crops g g

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

2009 Summer Carrot .~ 0.12 0.1 NS 1033 0.21 0.20 N.S.  108.8
0.01)7 (0.02) (0.02)  (0.03)

Leap 024 022 N.S. 1092 032  0.31 N.S.  105.3
(0.02) (0.02) (0.02)  (0.01)

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

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

2010 Summer Spinach Edible 1.40  1.56 N.S.  89.7 0.72  0.96 N.S. 749
portion  (0.10) (0.07) (0.04)  (0.01)

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

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

Leap 016 017 NS. 966  0.10 0.1l  Ppending” 89.8
(0.01) (0.01) (0.01)  (0.01)

- - 0.15  0.16  Pending 92.4

Total

0.01)  (0.01)
2011 Winter Spinach Edible 0.53 036  Signifi- 150.0  0.68  0.58  Signifi- 117.7
portion (0.01) (0.02)  cance (0.02) (0.05)  cance

a) Content in the dry matter

b) Sludge-fertilizer-application plot

¢) Standard plot

d) AP/ SP

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

f) It was not significantly different for processing examination section

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

(two-way ANOVA 5 % of both sides levels of significance, N=4 (2x2) (repetition x number of samples))

h) It was pending decision to be significantly different for 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  Continue

Cadmium Concentration” Quantity of cadmium uptake

Year Season cTrz;ts Part  Ap”  Sp” Significance Rate” ~ AP”  SPY Significance Rate”
(mg/kg) (mg/kg) test (%)  (mg/plot) (mg/plot) test (%)
2012 Summer Carrot Root 0.24 0.23 Pending 106.3 0.32 0.30 Pending 106.5
(0.01) (0.01) (0.01) (0.02)
Leaf 0.31 0.29 Pending 107.5 0.41 0.38 Pending 107.3
(0.01) (0.02) (0.005) (0.04)
Total - - 0.73 0.68 Pending 106.9
(0.02)  (0.06)
2012 Winter Spinach Edible 0.56  0.47 Signifi- 119.2 0.75 0.75 N.S. 100.6
portion (0.02) (0.03)  cance (0.01)  (0.08)
2013 Summer Carrot Root 0.18  0.15 N.S. 117.4 0.22 0.17 Signifi- 134.3
(0.02) (0.02) (0.02) (0.004)  cance
Leaf 0.33 0.28 Signifi- 117.4 0.24 0.18 Pending 133.3
(0.02) (0.03)  cance (0.01) (0.01)
Total - - 0.46 0.34 Signifi- 133.8

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

portion (0.02) (0.03)  cance (0.06)  (0.07) cance
2014 Summer Carrot Root 0.17  0.13 Signifi-  129.6 0.16 0.13 Signifi- 127.4
(0.01) (0.01)  cance (0.01) (0.010)  cance
Leaf 0.25 0.18  Pending 137.3 0.22 0.16 Pending 137.3
(0.00) (0.02) (0.00)  (0.03)
Total - - 0.38 0.29 Pending 132.9

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

portion (0.02) (0.03) cance (0.02)  (0.06)
2015 Summer Carrot Root 0.19 0.15 Pending 128.0 0.14 0.10 Pending 139.5
(0.03) (0.02) (0.02) (0.004)
Leaf 0.23 0.19 Signifi- 124.0 0.22 0.15 Signifi- 143.9
(0.03) (0.02) cance (0.01) (0.01) cance

- - 036 026  Signifi 142.1
(0.03) (0.02)  cance
2015 Winter Spinach Edible 0.35 030  Signifi- 1162 071  0.59  Signifi 120.0

Total

portion (0.02) (0.03) cance (0.04) (0.06) cance
2016 Summer Carrot Root 0.16 0.16 N.S. 100.6 0.14 0.14 N.S. 102.9
00
(0.05) (0.04) (0.02) (0.022)
0.28 0.21 131.7 0.09 0.06 ignifi-  169.7
Leaf Pending Signifi
(0.00) (0.02) (0.02) (0.01) cance

- - 023 0.9  Signific 1222
(0.03) (0.03)  cance

Total

The sum total - - 8.49 7.81 Pending 108.7
(0.24) (0.39)
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Fig.12 Cadmium concentration and absorption amount of each crops in 2009~2016

(The error bar indicating the standard deviation)

(6) HRIVLAFTE, FrHLE &K VSRR

ERBRCOEEHE kDA RIV LAT &, EMIRICIDZIRIV AR HLE, HEA~OIRIVLAEEEL
OETERE OHER IS Table 19 OLBVTHS. MEHEEI ORIV LAEH &ICHH &EZFU T, THE~OHR
IVLANTEELZ. IRIVLRFHLER, INHELTAEIRDO I RIT 2RI EE LT, i EEHI LD Ry
AR EEEMIRICEDAIRIY AR L ED DRIV LAERMELLT. ARV LS EZRBRX Y7200
THEE (TELOWERE 15 em, THEORILE 1.0 &L, RBAX 4 m 47200 18 &% 600 kg £L7-) TRRLT,
TEAOHRIVLAERBEL L. ZiuE, HEOELOERS K OMRILENEIZ—E T, olERh Ko
ARV PR THELICERUEEL TR HL.

ARV LFFHLEICOW TS, ZRETEML 15 FORBROAFHE, HIRIEEHE A X T 8.49 mg/iER
X, BEHEX T 7.81 mg/ilR X ThH-o7-.

IGIEAREHE T XTI, BRIV T, IRV LA M EEHERL TR L &3V &ins HED IR
VLN KNT T AL DT80, IGIRIEEIOE I DRIV AARTFEOBINI > THEZER TRV
LINEEDMH THDHIENE ZDND. BHUEIZB O CTHOER 3O 2 RIw AR E OB AME R F80 5
TS (LFE(4.4)) . 8% 15 1EORBRIZIS T DGR AL H X OB RID LA fif &l 91.04 mg/aER X
(227 g/ha), BRI LERELEE (I RIY LSRR LA LR D E LB Lo HEh I RIT A0
) 13 0.138 mg/kg L72>7- (Table 19).

B ORIV LREEIZ-OVT, 2009 -2 AERR )50 FERIE L BREREOHER A Table 20 S Y
Fig.13 (/R U7=. 5 TRAEEH A X B OEHEX D40 R I AR E O FRFR 1L, 2009 42 EBRH -3 F2H|
iz L e LT, Table 20 THRHIHLZARNIV AEREREZ BRELUR U2, XTI ENE S HGREN 2T
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—E L THERB L U=, — 07, 15 TRAEEHIGE F XX, ERGRAE bl U CIEMAIME D J7 2MEL ME 17 THERB L T
72, ZhUE, LY R0 BEE (4.5) OFERE Es, RO DRIV LD KL A~DOBITRRD LN L
N, HHEICLD—ERDOBIRITLAMELITE 72N LIZ AL DEE 2 BT,

Table 19  Changes of the 2009~2016 year of the quantity of cadmium load by fertilizer, quantity
of peculating due to the crops body, and quantity of cadmium accumulation to the soil

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

Crops Load” Removal® ) Load” Removal®

)

. € . €
lation” accumulation lation® accumulation

(mgplot) (mgplot) (mgplot)  (mg/kg) (mglplot) (mgplot) (mgplot)  (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 Qinggengcai 2. 64 0.21 2.43 0.004 0 0.21 -0.21 -0.0003
2011 Summer Turnip 3.30 0.15 3.15 0.005 0 0.16 -0.16 -0.0003
2011 Winter Spinach 7.04 0.68 6.35 0.011 0 0.58 -0.58 -0.001
2012 Summer Carrot  7.28 0.73 6.55 0.011 0 0.68 -0.68 -0.001
2012 Winter Spinach 7.28 0.75 6.53 0.011 0 0.75 -0.75 -0.001
2013 Summer Carrot  7.28 0.46 6.82 0.011 0 0.34 -0.34 -0.001
2013 Winter Spinach 7.28 0.73 6.55 0.011 0 0.53 -0.53 -0.001
2014 Summer Carrot  7.28 0.38 6.90 0.011 0 0.29 -0.29 -0.0005
2014 Winter Spinach 7.28 0.65 6.63 0.011 0 0.42 -0.42 -0.001
2015 Summer Carrot  7.28 0.36 6.92 0.012 0 0.26 -0.26 -0.0004
2015 Winter Spinach 7.28 0.71 6.57 0.011 0 0.59 -0.59 -0.0010
2016 Summer Carrot  7.28 0.23 7.05 0.012 0 0.19 -0.19 -0.0003

Total 91.04 8.49 82.55 0.138 0.00 7.81 -7.81 -0.0130

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

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

e) Concentration of cadmium accumulation to the soil = 4) / Amount of test plot soil (600 kg)
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Table 20 Changes in the actual total-Cd concentration and the theoretical total-Cd

conc entrationa) of soil after harvest

Actual measurement Theoretical value

Year  Season Cl;zi)ts AP” sp? APYY gp®®

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

2009 Summer Carrot 0.51 (0_02)ﬁ 0.48 (0.03) 0.51 0.48
2010 Summer Spinach 0.52 (0.01) 0.49 (0.03) 0.52 0.47
2011 Summer Turnip 0.51 (0.02) 0.48 (0.02) 0.53 0.47
2012 Summer Carrot 0.52 (0.02) 0.46 (0.03) 0.55 0.47
2013 Summer Carrot 0.53 (0.01) 0.46 (0.03) 0.58 0.47
2014 Summer Carrot 0.57 (0.03) 0.47 (0.03) 0.60 0.47
2015 Summer Carrot 0.57 (0.01) 0.46 (0.01) 0.62 0.47
2016 Summer Carrot 0.54 (0.00) 0.45 (0.02) 0.64 0.47

a) Total-Cd concentration in the drying soil

b) Sludge-fertilizer-application plot

¢) Standard plot

d) This value is the theoretical total-cadmium concentration of soil when assuming

that there was accumulation of the whole quantity cadmium derived from fertilizer
to the surface soil of the test plots in a starting point in summer 2009

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

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

0.7
—@— Sludge-fertilizer-application plot (AP) ,Actual measurement =@l Standard plot (SP),Actual measurement
=== Sludge-fertilizer-application plot (AP) ,Theoretical value =G= Standard plot (SP),Theoretical Va;ge_ -==X
0.6 — -
D —_—— -
E — "_i__"
- 0.5
o === _ ___.Q____ - - +
= [ pp— -— - - - - -
T B r =
'_
0.4
0.3
Carrot Spinach Turnip Carrot Carrot Carrot Carrot Carrot
after after after after after after after after
summer summer summer summer summer summer summer summer
cultivation cultivation cultivation cultivation cultivation cultivation cultivation cultivation
2009 2010 2011 | 2012 | 2013 | 2014 | 2015 | 2016

Fig.13 Changes in the actual total-Cd concentration and the theoretical total-Cd concentration

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

VBRI F XD AR I 2 fif 8 Je OB R 13 0.1 mol/L HCI-Cd #2 FE DHERS % Fig.14 (R LT,
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+:3E510.1 mol/L HCI-Cd 2 FE 1 X5 BRBH AR FE A5 2016 E L AE £ C, 1 EIE —E THERB L TR0, 15 IRIER O
ML 26 B EH SUT N RNIEER D bt 7 (p>0.05).

fth DFRBR T oy F B AN A4 A L2 i5 VRIERE O 5 4R (5 18) L o BaR 7+ Bl 85 oo ik B A 52
fil, £HED pH % 6.0~7.0 IZHEFFL7IRIE TIEM A2 I 1A B S, 159 0.1 mol/L HCI-Cd EE DO HER
ERERLIZHA 1T RS 725720, FRLORBRE L TRAZ Rl _RTER OV 72 B AR O Bz
TP R BESEY) H HERE 2 I 5 42 5 1RO A RER A FEM L 7o fE R (WRIT AR AT &1E 91.1 g/ha, B
1580 pH 1 6.0~6.7 D THRE L TEY, ARBRIZTWEIFELR>TND), Bl 150> 0.1 mol/L HCI-Cd
TR 0.15 mg/kg 25 0.17 mg/kg (DT 2NTHNU 72 Z 8N ST 529,

F7-, MR TEIRALEN o H i FHRRER I\ T, 5 AT 10 FEREE s I L0 TB TR ARG X O 1
MR R LR FE A FRIXAZ S U TR IS iV MBI 2R L7 S TR CE 2RV ARRBR O B A0 R
NTWHEREL T, BEERTBIRIEIO I RIY AR DS A A BT L @S D2 I L FRE L7 AR HE X
S E S R ARSI Z SR L CDTmd 7254 R0 TWVEREFCThHIE, 1 3BRIX 4 m? Ll E &
DINSWEFE TH DT B — ol - e E BN ATRE T DT L, B ERIIZ ML O A AL HEIC
T —=RTZ Y RKEGFT TODIENLRRK D LHEEDO R IFYI DI &, (EMEDY TV 7%
BRIX D 1 m? 43y 2 TEMFHEA LA HEELEL 2 SO T THOIL CWB TP F U ZIckpiEb o
LB/ N SN &% RBRER N R LT > TOD HREMED B 2 HiLs.

VL EDZEND, AR THWZ 138, URIGIEANE X OEW 23817 23 A FIZ 38\ T, Bkl 148
D4 Cd OHNMEMAGFRDHILTIY, 4, B 580> 0.1 mol/L HCI-Cd i EE AN IME 171 &7 2 T REMED &
L1280, WHRBEZMER T HNERHLEE X LS.

— 7, BRSO AR I DA D2V MEHRERX 20T, F3EH 0.1 mol/L HCI-Cd 2 FE 23 UME ] (p<
0.05) L7 AZ LITEMINHE I C L AR N LIZE Db D EFE 2 BNA. £To, IRIV LA D HDHIGIRIEEHE H XD
1587 0.1 mol/L HCI-Cd R DS, 12X — & THERE (p>0.05) L TWAZ LI, TEMIEIZ LR L ofl, +
BHIZAM SN A RIT MK EBENCIVIELICE 52 0bORGHHL2020 0, HHECIEIRIEE O
AW S LSRG T H2L20125D 0.1 mol /L HEERIZIZ RIARIBREL L TIE L HPICEEL TV DI ENBE I DI
5.
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Fig.14 Changes of the 2009~2016 year of the quantity of cadmium load by fertilizer, the quantity
of cadmium accumulation to soil, and the 0.1 mol/L HCI-Cd concentration of soil after harvest

in sludge fertilizer application plot (AP) (The error bar indicating the standard deviation)
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Effect of Continuous Application of Sludge Fertilizer on Cadmium Absor ption of the
Crop and Accumulation of Cadmium in the Soil (Continued Report)
- Winter 2015 and Summer 2016 -

Toshiharu YAGI!, Tokiya SUZUKI?, Yudai TANAKA'!, Fumihiro ABE!, Yoshimi HASHIMOTO!,
Naoko TAMARU' and Shin ABE?,

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

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

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

(Now) Sendai Regional Center

The aim of this research is to monitor the change of cadmium dissolved with 0.1 mol/L hydrochloric acid
(acid-solubility-Cd) and pH 7.0, 1 mol/L ammonium acetate solution (exchangeable-Cd) in the soil. We have been
investing the cadmium absorption by crop since 2009. We have tested in the upland fields in which the soil is
composed of the Andosol. And we have used sludge fertilizer and chemical reagents. We cultivated spinach in
winter 2015 and carrot in summer 2016. Those crops were cultivated in the standard plot (SP) and the
sludge-fertilizer-application plot (AP). In the SP, we used only chemical reagents for the crops. In the AP, we used
500 kg/10 a (fresh weight) of the sludge fertilizer and chemical reagents for the crops. The amount of nitrogen,
phosphorus and potassium applied to each plot was designed on the basis of the fertilization standard shown on
the Saitama prefecture’s web site. The concentration of total cadmium in the crop, acid-solubility-Cd and
exchangeable-Cd in the soil after each of the harvests were measured by the inductivity coupled plasma mass
spectrometry (ICP-MS). As a result, the soil in the AP after the harvests has indicated a high concentration of the
acid-solubility-Cd and the exchangeable-Cd compared with the soil in the SP since winter 2011. The
concentration of total-Cd in the soil (from summer 2009 to summer 2016) showed significant increasing trend in
the AP. Although the concentration of the acid-solubility-Cd (from summer 2009 to summer 2016) and
exchangeable-Cd (from winter 2009 to summer 2016) in the soil showed significant decreasing trend in the SP, the
concentration of those Cd in the soil did not show significant fluctuations in the AP. The concentrations of
cadmium in each crop harvested (from summer 2009 to summer 2016) in the SP and AP were less than that of the
CODEX standard. We consider that it is necessary to be conducted further monitoring of the cadmium-transition

in the soil from now on.

Keywords  sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 10, 101~140, 2017)
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FEOHFIGIIVEFLLD 2 %~17 %, ik 26 FFEE3 0 %~17 % Th-o7-.

42) (3)~ () TROI-MEHELE 4 1TRLTZ. LD TEKD Mean 1% Median S1FIE B L7223, —
HC Mean & Median O ZENRKEIWGERERIE HH AL, FT2, 2RO s 13, n/3ANEIZL>TEL
72 NIQR LHB U CHEARIC R EREA R THEA D ADIL, ANEOEELZ T TWDLIENRE 2 L.
RSDyob 5 FRBR ISy DIRFEL ~IUIZEI1T 2 CRSDR 2 N CRSDR D 1.5 {5 DEEDBMRZK 1 1R LT, 22T,
MEEFERERIED CRSDR 1370~ T 71EEa~ NI I 7ELSND FH51EEZ 53T CGRRIESIVTERY, IRFEMER

DOFRBRAFI DN TEEBOLD HFIEBIRAEL TV, ZbE T CEHLL-. HPLC LSO 5L TRl
TESIIRFBIEEFRIZOWTO A CRSDr D 1.5 5584 TRY, BREROFEDITH D E D ) K &)
WZENHEZ ST, EOMOFRERAL 7 1E, RSDrop IFNEEFEFRERIE TRE L L THAIIV TS CRSDr D 1.5
fEORPHNTH-T-.

2006~2016 4E 12 50 L 72 3B/ 1E B  Median, NIOR, RSDrob» & U8 CRSDR Z5(22WTC, AL IEEHTF 5-1
2, FESWDIT W IREHTFR 52 (TRLTe. E7e, REE 7 BB BREDH 73 B 755D Median,
NIQR, RSDyo, }2 (X CRSDR %32 6 (/R LTz,
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#3 AT LB AE ORI
2N z|=2? 2<|z|<3 Y 3=|z]
FRERIE AL - ST T R EE
E:0:'¢ EL (%) L2 (%) EH (%)
(bR IEER)
Mois 118 110 93 4 3 3
T-N 117 107 91 3 3 6
A-N 114 101 89 8 7 4
C-P,0s 114 95 83 6 5 13 11
W-P,0;5 120 102 85 13 11 5 4
W-K,0 115 99 86 6 5 10 9
C-MgO 115 104 90 6 5 5 4
W-B,0; 91 81 89 6 7 4 4
T-As 45 38 84 5 11 2 4
U-N 52 50 96 2 4 0 0
(BESUNTOERE AEEL

S-Si0, 58 53 91 1 2 4 7
AL 66 55 83 7 11 4 6

S-CaO 52 43 83 5 10 4

S-MgO 52 44 85 1 2 7 13
C-MgO 73 57 78 6 8 10 14

a) zAITIZE BRI IE (2| =2) L7 T-iRBR = H N B2 DEE (%)
b) zAIATICLDEHIE DL (2 < |z|<3) L7257 BR =R H K FDEIE (%)

¢) zAATIZEDRHEAART R B =z)) Lo TBR == N DEIE (%)
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#4  HELFEFRBSTROMH &

— zt%ﬁ Mean”  Median”  Ugss,” s NIQR®  RSD.,’ CRSD:® 1.5XCRSDy"
I (v, mgke) (%% meke) (%, meke) (%, moke) (%, mgk’ (%) %) (%)
(bRefEk})
Mois 118 1.81 1.51 0.11 1.07 0.60 40.0 . D
T-N 117 14.87 14.90 0.03 0.23 0.15 1.0 3 4.5
AN 114 11.86 11.94 0.05 0.47 0.26 2.2 3 4.5
C-P,05 114 18.13 18.21 0.03 0.58 0.14 0.8 3 4.5
W-P,05 120 13.74 13.68 0.04 0.47 0.23 1.7 3 4.5
W-K,0 115  14.98 14.97 0.05 0.54 0.24 1.6 3 4.5
C-MgO 115 239 2.40 0.02 0.14 0.08 3.4 4
W-B,0; 91  0.163 0.162 0.002 0.013 0.007 4.6 6
T-As 45 9.38 9.68 0.30 1.34 0.99 10.3 16 24
U-N 52 2.48 2.54 0.10 0.36 0.37 14.7 -9 -9
(HPLCYE) 7 2.91 2.92 0.003 0.06 0.01 0.4 8 12
(HPLCIELIA D F71E) 45 2.42 2.46 0.085 0.35 0.31 12.9 4 6
(BRSO ERE AEEL
S-Si0, 58 34.46 34.62 0.14 0.96 0.54 1.6 2.5 3.8
AL 66  50.21 50.42 0.25 1.98 1.03 2.1 2.5 3.8
S-CaO 52 39.85 40.01 0.28 1.76 1.03 2.6 2.5 3.8
S-MgO 52 7.37 7.45 0.04 0.59 0.15 2.0 4 6
C-MgO 73 7.21 7.36 0.03 0.74 0.13 1.8 4 6
a) EERONVHIE g) NEEFEERERE TR EE O B 22 & U CTHESE S QWD ZE M B BUA M R 2=
b) EROH A h) AEBFERRBRVE CRIE L L CREARIIL TS 5 M B ST V(R 22
c) RO RAED NS ) T-AsiImg/kg, TOMDEIT L% (B &)
d) BIROIERERZ i) CRSDIFIKGTRIE D XS 22 R BRA S HTIE T S v v,
e) RN AMEAERE k) CRSDRIZ/m~NI o7 1kEEN SO FT B T TRESI TS, U-N
f) /S AMERHEER 2 OFEFHREIZE LHLORBRAIED B A CWDI i H T/,
25 —
£ 20 | $
D o5t
2 5
% 10 | o |
E ]
EEEELLNNIEEEEE:
il sl
0 S, O
"a) ") o 7] ~ o ]
csFoz EX o
Z =
- Z
Z
REry -

1 %%‘i%ﬁﬁk%ﬁa)CRSDR kRSDroba) Elg{;‘%
B1.5X CRSD-R OCRSD-R  ORSD-rob
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#5-1  EHEIEBHIIIT 52006~20164F 5 I [F 3Bk & OF T &

wHER RERIEH ICHskTD B Median®  NIOR™  RSD,,Y CRSDRY 1.5XCRSD
mp T s BREI (omgk” (%omgke)” (%) (%) (%)
Mois 2006 147 1.70 0.30 17.7 -9 -9
2007 146 4.99 0.35 7.0 _® e
2008 145 2.87 0.24 8.5 _® _®
2009 145 3.53 0.15 4.2 -9 -9
2010 143 1.58 0.41 26.0 -9 Y
2011 137 1.00 0.12 12.0 -9 e
2013 136 2.93 0.84 28.7 . _®
2014 133 1.78 0.16 8.7 _9 _®
2016 118 1.51 0.60 40.0 _9 _e
T-N 2006 R 158 14.60 0.13 0.9 3 4.5
2007 AHE AR 145 8.74 0.07 0.8 4 6
2010 R 140 14.11 0.11 0.8 3 4.5
2014 AHEENEE 126 9.13 0.11 1.2 4
2015 JRF*% 111 6.57 0.19 2.9 4
2016 JR#%E 117 14.90 0.15 1.0 3 4.5
AN 2006 @%z;%:f VABRT s 11.46 0.10 0.9 3 4.5
2007 FREETVE=T 143 6.20 0.09 1.4 4 6
2008 ffz;%:7 VABET 4 12.56 0.16 1.2 3 4.5
2009 Effj;;;éﬁﬁ;? 144 5.56 0.07 1.3 4 6
2010 ‘iﬁfz;%:7 VABET e 11.53 0.18 1.6 3 4.5
2011 fiﬁz;%:jy VABET 36 13.49 0.18 1.3 3 4.5
2012 130 2.39 0.04 1.9 4 6
2013 ﬁﬁfz;%:j OABET 56 9.92 0.74 7.5 4 6
2014 Jiﬁ;ﬁé‘z;%:T OAMBET 10y 799 0.12 15 4 6
2015 3/‘:’5%7;V%:7’ T 06 2.33 0.08 3.4 4 6
a) ko g f) T-As} OT-Cdidmg/kg, =DM 3% (& &5y =R)
b) PN AMERER £ g) CRSD RIF/KE D IS 72 RRBRAY /0 AT 15213 A &
c) B/ NAMHEX (R = FAWASAN
d) ERHERBRIECTRE DR 2L L THELE h) CRSDiFo/m~ I 7iEEZ N LIS D FIEIT5 7T T
SAVTUND = [H] AR BLAR R AT HE (R 72 FESILTVDD, U-NDOFEE &I E B HOGRBRAE
e) JERIERBECTHELL TIFESNLTWY B A TWDTZ M H TEZRU,

%5 [ P A e A M 22
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#5-1 (i)

S Bh . RERIEH ICHSkETD B Median®  NIOR®  RSD,,¢ CRSDRY 1.5XCRSD
A E7RFRA BREE (vomeke)? (%omgke)? (%) (%) (%)
WEe T =T, VAT
AN 2016 0 114 11.94 0.26 2.2 3 4.5
MR T =T, RYERT
N-N 2009 e L] 123 3.62 0.11 3.2 4 6
2012 115 2.17 0.10 4.8 4
2015 WHEET L E=T 92 1.29 0.07 5.5 4
T-P,Os 2007 HHEEIEE 140 10.35 0.10 0.9 3 4.5
C-P,Os 2007 VWAMRTE=7 143 9.81 0.13 1.3 4 6
2008 VAT E=T 146 15.82 0.13 0.8 3 4.5
2010 WARERT =T 141 14.59 0.18 1.2 3 4.5
e =
2013 g;%ﬁ%Y 7, @Y 129 20.60 0.20 1.0 3 45
v e '= \nV
2014 gg%@‘; 7, @Y 126 10.41 0.12 1.2 3 45
VAERT =7, EiRY
2016 BT IR 114 18.21 0.14 0.8 3 45
S-P,0s 2006 fgﬁ;ﬁﬁgm’ VIIRT = 144 10.88 0.11 1.0 3 4.5
2009 1Y AEEAIK 125 6.37 0.12 1.9 4 6
BT =T s
2011 ;;%ﬁf; 780 A 114 17.44 0.22 1.3 3 45
W-P,0s 2006 f?@ﬁgm’ VIIRT 157 9.02 0.12 1.3 4 6
2007 WARERT =T 143 7.02 0.23 3.2 4
2008 VAT E=T 149 9.16 0.24 2.7 4
2009 Y AFERAIK 144 4.57 0.08 1.8 4
2010 AT E=T 144 11.56 0.52 4.5 3 4.5
BT =T
2011 g;%ﬁ? 70 A 133 14.51 0.19 1.3 3 4.5
2012 131 2.86 0.06 2.1 4 6
RT V=T, B
2013 gﬁ%@g/ 7, @Y 134 12.09 0.38 3.1 3 4.5
RV =y
2014 g;%@g/ 7, @Y 132 5.34 0.12 2.2 4 6
2015 WARRT =T 126 6.15 0.07 1.1 4 6
VAERT L E=7, BV
2016 BT IR 120 13.68 0.23 1.7 3 4.5
C-K,O 2011 HREeINE 122 10.41 0.23 2.2 3 45
W-K,O 2006 HEAVONE 156 12.38 0.22 1.8 3 4.5
2007 mitEA N 145 8.43 0.15 1.8 4 6
2008 HEAVINE 147 11.39 0.15 1.3 3 4.5
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#£5-1 ()

Sk ER RERTEE ICHskETS 2 Median® NIOR®™  RSD,.,Y CRSDRY 1.5%CRSD;

HH Fhg TR BREEEL (o N o N (%) (%) (%)
; (Yomgkg)” (%o,mgke) 0 0 0
W-K,O 2009 A& N 145 8.35 0.13 1.5 4 6
2010 HEALINEL 142 14.72 0.17 1.2 3 5
2011 EABINE 132 10.17 0.17 1.7 3 4.5
2012 131 2.43 0.06 2.4 4 6
2013 HEALNEL, BREEANE T - 132 11.74 0.35 3.0 3 4.5

2014 FRESINE 130 8.80 0.16 1.8 4

2015 EAEINEL 124 6.27 0.10 1.7 4
2016 EALANE 115 14.97 0.24 1.6 3 4.5
C-MgO 2007 RiIpE ARk 137 3.41 0.07 2.2 4 6
2008  ZKERAL T AR 142 4.62 0.12 2.5 4 6
2010  @IEE AR 137 3.11 0.07 2.4 4 6
2011 ZKERfb s HAmE 128 2.48 0.07 2.8 4 6
2013 iﬂff_%ﬂﬂ*ﬁ“ BRI E 129 6.18 0.13 2.2 4 6
2014 EIPET ARk 122 3.37 0.08 2.4 4 6
2016  RIPESE AR 115 2.40 0.08 3.4 4 6
W-MgO 2011 ZKEg(b & ek} 119 1.94 0.09 4.6 4 6
2012 116 1.68 0.05 3.1 4 6
2013 FREEMEE 1 120 3.79 0.68 18.0 4 6
2014 RIPES TR 120 1.89 0.18 9.5 4 6
2015 Hifb~T R n 118 1.15 0.04 3.1 4 6
C-MnO 2009 JARISEZERZESIEE 126 0.54 0.02 3.6 6 9
2013 IAEEERE SR 115 0.51 0.01 2.8 6 9
W-MnO 2012 112 1.25 0.03 2.4 4 6
2015 fiifg~2 107 0.09 0.00 2.8 8 12
C-B,0; 2009 JMARfiEERESIEL 120 0.28 0.02 5.6 6 9
2013 IAEREERE SR 104 0.25 0.01 5.5 6 9
W-B,0; 2006 [F9EEHE AR 132 0.40 0.02 4.2 6 9
2008 1FOERHEAEE 119 0.26 0.01 2.9 6 9
2010 |FHERIE AR 116 0.29 0.01 3.4 6 9
2012 103 0.24 0.01 3.6 6 9
2015 I EHEEHE AL 97 0.126 0.004 3.5 6 9
2016 |FHEEMEACE} 91 0.162 0.007 4.6 6 9
W-Ca 2015 bl o 95 0.223 0.020 8.8 6 9
Fe 2012 86 0.240 0.013 5.4 6 9
Cu 2012 88 0.0545  0.0014 2.6 8 12
Zn 2012 87 0.0595  0.0029 4.8 8 12
Mo 2012 52 0.210 0.010 4.7 6 9
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#5-1 (i)

RHER RERTE B ICHkETs B Median® NIOR”  RSD,,Y CRSDR” 1.5XCRSD Y
mp 0T LR, BREE omoke)” (%omgke” (%) (%) (%)
T-As 2006 84 1.89 0.19 10.1 16 24
2007 68 3.84 0.38 9.8 16 24
2008 65 4.14 0.41 9.8 16 24
2009 59 4.31 0.60 13.9 16 24
2010 61 3.62 0.36 9.8 16 24
2011 52 4.74 0.61 12.9 16 24
2013 52 10.31 0.99 9.6 11 16.5
2014 47 2.64 0.32 12.2 16 24
2016 45 9.68 0.99 10.3 16 24
T-Cd 2006 95 1.26 0.11 9.1 16 24
2007 85 1.24 0.12 9.6 16 24
2008 86 2.60 0.15 5.9 16 24
2009 73 0.47 0.08 17.3 22 33
2010 79 1.22 0.08 6.7 16 24
2011 74 2.03 0.09 4.4 16 24
2013 65 3.02 0.24 8.1 16 24
2014 61 0.55 0.08 13.8 22 33
U-N 2016 JRF%E 52 2.54 0.37 14.7 - -

52 FESWTWERE BN T 52006~20164F F D[RR ER B OR B &

Y . a) b) ) ) o)
BRI AR 1 Median NIOR RSD.,, CRSDy 1.5X CRSDy

B =R (%)" (%)" (%) (%) (%)

S-Si0, 2006 66 33.92 0.60 1.8 2.5 3.8
2007 67 28.25 0.87 3.1 2.5 3.8

2008 68 33.35 0.49 1.5 2.5 3.8

2009 69 32.67 0.62 1.9 2.5 3.8

2010 67 33.52 0.57 1.7 2.5 3.8

2011 59 30.69 0.75 2.4 2.5 3.8

2012 67 36.15 0.48 1.3 2.5 3.8

2013 60 35.18 0.55 1.6 2.5 3.8

2014 63 34.10 0.36 1.1 2.5 3.8

2015 62 32.34 0.71 2.2 2.5 3.8

2016 58 34.62 0.54 1.6 2.5 3.8

a) BROF Rl d) JEEFERERTE TR O H 22 U THERES L CUVA S [ BB HZE VR 22

b) /N AMERE(RE e) MUBHERERIE THIE L L TIFAS I TS E M A AR R HE (R 22
¢) B AAMEXMEYERZE ) HESR
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#5-2  (fix)

= )] b) <) d) e)
BRI S ff AR m Median NIQOR RSD o1 CRSD R 1.5X CRSDy

AREBREE (%)" (%)" (%) (%) (%)
AL 2006 75 50.56 0.64 1.3 2.5 3.8
2007 83 48.70 0.76 1.6 2.5 3.8
2008 86 50.90 0.71 1.4 2.5 3.8
2009 85 39.03 0.92 2.4 2.5 3.8
2010 85 49.26 0.80 1.6 2.5 3.8
2011 76 49.48 0.68 1.4 2.5 3.8
2012 77 49.95 0.71 1.4 2.5 3.8
2013 78 36.79 0.95 2.6 2.5 3.8
2014 77 50.83 1.03 2.0 2.5 3.8
2015 77 50.43 0.76 1.5 2.5 3.8
2016 66 50.42 1.03 2.1 2.5 3.8
S-CaO 2009 58 32.68 0.90 2.8 2.5 3.8
2010 56 41.64 0.78 1.9 2.5 3.8
2011 55 40.78 0.23 0.6 2.5 3.8
2012 57 40.53 0.60 1.5 2.5 3.8
2013 61 30.09 0.70 2.3 2.5 3.8
2014 58 42.79 1.14 2.7 2.5 3.8
2015 57 41.02 1.02 2.5 2.5 3.8
2016 52 40.01 1.03 2.6 2.5 3.8
S-MgO 2009 58 4.48 0.10 2.3 4 6
2010 56 5.38 0.08 1.5 4 6
2011 55 6.24 0.12 1.9 4 6
2012 56 6.86 0.14 2.0 4 6
2013 61 4.62 0.16 3.4 4 6
2014 58 5.78 0.13 2.2 4 6
2015 58 6.60 0.16 2.4 4 6
2016 52 7.45 0.15 2.0 4 6
C-MgO 2006 78 6.18 0.13 2.0 4 6
2007 86 3.17 0.21 6.6 4 6
2008 89 5.80 0.14 2.4 4 6
2009 87 2.34 0.20 8.7 4 6
2010 88 5.42 0.11 2.1 4 6
2011 78 3.36 0.23 6.8 4 6
2012 81 6.77 0.19 2.8 4 6
2013 79 3.77 0.14 3.6 4 6
2014 79 5.71 0.17 3.1 4 6
2015 80 4.87 0.25 5.2 4 6
2016 73 7.36 0.13 1.8 4 6
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26  REAHIER ORI RBRRE O 5
Wi Median”  NIQR®  RSD..," CRSDRY 1.5xCRSD:°

PURIH PR LA %, mgke)? (%, mgkg)” (%) (%) (%)
(bRAEEr)
Mois HZ S | © D R v 116 1.51 0.57 38.0 4 6
T-N FNH— Lk 104 14.90 0.14 0.9 3 4.5
PRBETE 9 14.88 0.20 1.3 3 4.5
A-N RIVLT VT ERE 30 12.15 0.11 0.9 3 4.5
ARHEE 80 11.84 0.24 2.1 3 4.5
C-P,0; :%;;ggyﬁﬁ?y%:? 113 1821 0.14 0.8 3 45
W-P,0s ;%;Eig; BT E=Y 120 13.68 0.23 1.7 3 4.5
W-K;O0 7L — Aotk 86 15.00 0.28 1.8 3 4.5
T — DI 27 14.96 0.15 1.0 3 4.5
C-MgO 7L — AR iR 110 2.40 0.08 3.4 4
W-B,0; 7V AFUHIE 88 0.160  0.007 4.6 6
T-As KRBT A A WOTE 18 9.81 0.87 8.9 16 24
DIFNDF A HANIVERERE 21 9.37 1.35 14.4 16 24
U-N L7 — Pk 43 2.46 0.32 13.0 8 12
Rk~ T 71k 7 2.92 0.01 0.4 8 12
(BESWTFOERE IR ER)
S-Si0, S b hUT Ak 42 34.63 0.50 1.4 2.5 3.8
W SR REE 15 34.44 0.60 1.7 2.5 3.8
AL TF LTI EERR Y 14 50.96 0.98 1.9 2.5 3.8
7L — LR 49 50.36 0.81 1.6 2.5 3.8
S-CaO 7L —AJf WOtk 48 40.01 0.80 2.0 2.5 3.8
S-MgO 7L — ARtk 49 7.45 0.14 1.9 4 6
C-MgO 7L —AFF Utk 67 7.38 0.13 1.8 4 6
a) RO RfE d) JERMERERIE TR O B % & U THESES U T2 22 [ T3 BUFH SHE R 7=
b) T NAMEUE(RE e) JERMERBRE CTRE LU CIFESIVTW D E R - B R MR 2=

c) P/ NAMHEXHE R f) T-Asidmg/kg, DDA IF% (B E5F)

3) BEREEDER

[F] — DRIV Tl SN B DR ER D z 227 ORIREX 2-1~[¥] 2-6 [T LTz, BARIYIZIE,
[ — D [F] 3R BAEHZ W TR Ol H 5 15 C R e D 5y (ERUAEEHF D C-P,0s & C-MgO %), [Fl—d
SRR A FEH T DWW TR D0 )5 15 TRl — D sy BRIEEE D S-MgO & C-MgO %) , Z L CRERDHH
H 5 1E K ONRl— D 43 C 272 2 35 FIRRBR T R0RE (R ROEE X OESWITWERE IR > C-MgO %) DREI%
ZRL TN,

B, z AaT7 PRICHE L5 A EEEINZ 7. ZOBERTAT I MO 7wy MNEREO i 5 5 XX R —
DS DRNE FIEIZ BN TRBERI O BER PR DHDHEE 2 Hib.
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70k, 2) LY 3) 5B ITT4) psr B OFER BE ORI | TH Ry B OB EE A R A2 88T 5.

30

20 T

-10 O 10

(2-1 fbp g o C-P,05—

W-P,0,0DzA37 D Bt

20

¢ [F—H BREIIKTDzA=2T7DOTmy b
------- B (22 27 HA Uil % 7~ 3 EAR)

30

W-K,0
S

210 0 10
W-P,0,

X2-3 ALRRALEF DOW-P,0;

W-K,00z 227 D%

20

o [FA—HBRRICETIBzxa2 70Ty b
------- BB (22 2 7 D8 F UAE 2 7~ 97

30

30

20

10

C-MgO

30

210 0 10 20 30
C-P,0,

X2-2 ALRIEEFH DC-P,05—
C-MgODzA=T DA%

¢ [F—RBR=EIZBIT5z2a707my b
------ B (22 2 7 23R AR A 7R3 AR

30

20

10

LWV ERE IR C-MgO
(e}

-30

20 -10 0 10 20 30

{ERAEEL C-MgO

[X2-4 ALEZAEER K& OFESUNT UV ERE

>

JEELF DC-MgODzAT T D REIfR
F—RBREICB T Hz2Aa 707 e v b

------- B (22 =27 28 A &7 )
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20

10 i /',r/
o % < /';
< ‘ 2 0 *
Q f < LI)
« oy
-10 1
-20
-20 -10 0 10 20 -20 -10 0 10 20
S-MgO S-MgO
[X]2-5  $EESUNFUOERE AR o [42-6 FLSUWNFWERE AR
S-MgO —S-CaODzA= T D EHf% S-MgO—C-MgODzAa 7 DR
o [H-RBEICBTFAZRAITOSa Y k ¢ [FA-WRRICKT DzA=2TOTE Y B
------- I (2% 27 WSIR) Ul 2 7~ 9 AR -mmmmm= B (22 2 T D3 (F) B A 7R AR

4) 53 Bl D EER LR O BT

(1) AbRAEE DK Sy (Mois)

SN 18 HREDID, 116 FRERE D F MR T LD R R, 2 BB AR5y FHC LD Sk A
7= RBRAE DR A2 X 3-1 1. ST 1.81 % (&%), Median 1% 1.51 % (B &433R), NIQR
1%0.60 % (& 843 3) THY, Ml ) LFHIS7-iRBRE 1T 2D 93 %E72% 110 RERE Th o7z, TR 2 &
FHM SRR I TR D 3 % Th D 4 RBREDGL Y L. Median 123 L T NIQR 73 KES, RSDrob 1% 40.0 %
EFHTHARDIZDDENRENVTER L2072, EE DA ICB N THE — 72 2 DSz, ZORREEL T,
HENRIR B K OV R 28 B 72 > QU FTRENE, DT 75°C4 IR DRI CIRE NN ER W E NS
FN TN EENB 2 OND. FERRAREIOATIEY 1L DL, JRFET 85CLL ECHMRICIE S LWBED
DHHNDIZ, 75°C4 FEF DS THARTHZLEESN TS, LnLARNS, g £ 95122 72> Tl B
S YR ECAT L7 S B O H RS2 100 “C3 REfE] R D3GR S TIY, BAMZIE EL-RRENH o7z
OO TN BT OFFNEEI T TR ENEE S 755 FEHEEORY N EL>EDO— R E
2o CWDATREMED B D, E7o, A EME A UICEREHE, FUBFE U TBEUIERI DOV A2 73 35 %Ll EIVWSA TS
JEEFCh o7, Vol 7 E=y AT 100°CLL FOIRE T — 7 B LT BT 0T 5729,
THEEGHETHIECIRHERT S OEREELEL CEOELEEY THHT o T=T ([THRE L TR
BEDHELGIKZELLTNEY . SRR OMIEIZL TR, 75C4 B OS5 TIRIER OB IIES
DENAELTAEEMDL B 2 DD, AKEOBIXE e FIER OGHEERIRT 52 LICERETOLERD
5.

Q) LA AER R D22 4 B (T-N)
SN 114 HEBREDH S, 104 RERE N7 V2 — L1k, 9 sREREAMREERS, 3 3BRE 2N B B prisE ., 1 35
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DI — 1R LK R s E AW, BBRAGE D BT 2 X 3-2 1R, FRIEI 14.87 % (H &),
Median /% 14.90 % (E 53 %) , NIOR 13 0.15 % (E &%) THY, z 2371280 i g | LS 7o sliR ==
BARD 91 %725 107 RRE Th o7z, TR | LAHMlE A7 EIL IR D 6 % ThD 7 BREAGL S L.
ZDHH 6 REREN TS — VL, 1 REREDRIEEE VT, L — U E K OYRBEIE D 43T &
DWW CEBED L DR EEAT 72825, TNENDO A EAKYE S % THERZITRO IR
7-.
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SRR
o mmmEED L R EE s BT m—EED L
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(3) AbREE O 7 E=T 2% (A-N)

2 114 REBREDID, 30 MR FR/VLT LT ERE, 80 SBR=EDN AL, 3 SHBR=ES B8, 1
ARERE VAR T = ) — W EL Wz, SRR D FEBU AT & 4 3-3 1R L7, FRIfEIE 11.86 % (H =453 5),
Median 13 11.94 % (& &E533), NIQR 1% 0.26 % THY, z Aa7 12X i & | LRS-k =13 R0
89 %&72% 101 RER=E CTho7-. [Ri e | LRS- BR=IL 2R D 4 % THD 5 S BR=EMNE ML, 2hb
IFFEENEE W RBRE ChoTz. ALV AT VT ERIE R OB EIC AW IS WO COEED I LS
REEATI2LZA, TNENDO A BEAKIE 1 % TEPRDDLI, FVLT VT ERIEO ST RENH
BTz, AV AT VT ERIEDIENEEE 72720, ZRBEOEIMEAEE /e~ T2h>, FI2IEW 7 OZER A
FRHOTECTWAAEREMDL 2 DND. RV LT LT ERIEIZOWTIL, VAL DA AU H7- 012
TR =0 DRI EO PN L D0 ABEIREBRIESC, VLT VT ERIRIRETRINT R0 pH FHHEEERIE, T
D& D FBABD ZEDE 2 Dy EE IEFRIATOZEICER TOMENSH D RRIEL, REBRIENICT
=T OWHBE BB R 72578, TAAVEIOUEINERIZZEE 7 T A% R R BB EBIZESETDHZ
ECINERE T OMERDHD.
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(4) AbRZAEEFFOEEMED AFE (C-P20s)

BN 114 RBREDOIS, 113 RBREN AT RRY T FUMT =0 NE, 1REREMN ICP 30 oiriks
Rz, BRBREAE D FEE AT 2 X 3-4 1”3, 1L 18.13 % (L &433) , Median 13 18.21 % (E &4 %),
NIOR 1£0.14 % (& B3 3) THY, Nk | LRl S - RABR =IT 2R D 83 %L725 95 B ThHh-o7-. [
B | LRSI ERBRE X R D 11 %lZH 72D 1I3HEBREN LY L, TROIEIANTREVT T VBT =0 AL
EHWERBRECTh otz IEMED ABEOREREIE, FUBHE R OMEER H O 2 A EE R —EL, F
%13 30~120 3 OITHE L T SELZEITEETLOLEDNDS.

40 50
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n 40
30 Iy
1y 35
Iy
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= 20 :
15 I
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]
[ \
o e W é'.
o (BT TR
8 8 % 8 &8
S 2 oz D D 9
L S S A A S
(% (B EHE)) (% (BEHE)
X3-3 {ERAERIFO 7T o THESE F3-4 ALEIERED CEHY ABRD
DT HHE ST HE
= R — DL : .
— ] —— R LT LT N iR m—iED L ==
- = R

(5) ALERAER O KEENED ABE (W-P20s)

20120 REREDHS, RTOREBREN AT REY T T UBT =0 AEAE W, SRBREGEO 5 Ah
%[ 3-5 1T EAIMENE 13.74 % (&7 3) , Median X 13.68 % (B 5535) , NIOR 1% 0.23 % (B &5y %)
THY, N | LIS BRE 1T 2R D 85 %L7ed 102 RRE Th o7z, TR E | LRl S 73R =X
BIRD 4 %2725 5 RBREN LY L.

(6) fLRRAERFH O T (W-K20)

ZIN115 REREDI D, 86 MBAENT L — LWL, 27 MBRENT L — L, 1 3BREEDY ICP %
A AW, 1 RERENT M7 2= /LRl N A A -, SREBRRRE DR i 2 X 3-6 1O
. FEIEIE 14.98 % (E &40 3R) , Median 1% 14.97 % (B &503) , NIOR 1% 0.24 % (B &4573) THY, Mitikd )
RSB I T 2R D 86 %b7eD 99 AR Th o7, TR IE | ERHMlSILZ BRI T 2R D 9 %ltdh
7210 R ENEY L, ZNSHIT7 L — AR EEEZ AW BRE Tho7. R EEL T L — 2
B I DR AR I Z DWW RO I LD R E R T o122 A, TNE O FEHMEICH BAKYE 5 % TR
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(7) AbRAERF O FEME 1= (C-MgO)

ZIN 115 BEREDHD, 110 ABREN T L — LR WOtE, 3 BUBR=ED ICP 3650 e ik, 2 ilBrED
EDTA 4 W e, BRBREGE O BRI A2 1K) 3-7 123, SEEIMEIE 2.39 % (B 5453 %) , Median 1% 2.40 % (&
F75), NIOR 13 0.08 % (B &5r=) THY, N & | LefiliSH /il =132 D 90 %L72% 104 B = ThH
Stz TR R ) RIS B BILRRD 4 %Il2H7-5 S RBREAFE ML, WaRITFR TG IED 4 3B =,
EDTA 1£2° | iRBrE CTh -7z,

(8) ALARIEEFDKEMEIFH FE (W-B203)

ZM 91 HREREDH G, 88 FEREENT Y AT H ik, 3 RERE DY ICP 0 e mhrika V-, sRBRpkAE D
FER A A (X 3-8 1R 7. SERIMEIL 0.163 % (B 57 %) , Median30.162 % (EH 5453 %) , NIOR1%0.007 % (&
FOYE) THY, THE | LREIS AR L RIRD 91 %75 81 RBE Th-or. R e | LAl /-
BREITEARD 4 %l 2HT-5 4 RERED LY L, ZNBIXT Y AT HiEEHWZREBREThH-7-.

(9) ALERAREFF OO A (T-As)

2NN 45 HEREDH S, 18 MBREDK TR AR FBROEIE, 21 SIBRENR =T VL TOTF ATV IR
1%, 4 FERED ICP RN HTIE, 2 HRERED ICP B &EoiTiEx iz, BRSO S i 3-9 12
59, SEHAMEE 9.38 mg/kg, Median 13 9.68 mg/kg, NIOR 1% 0.99 mg/kg THY, ik | LiHlS i B = 1T
BIRD 84 %L72% 38 FER=E Th o7, [ R | LRSI AR LR D 4 %2722 2 RERE L4 L,
KRB R A RINAEE D T N T A TSIV EEERIED 1 BEBRE T O Th otz KE(LH AR T
HER Y =F NN F A NS BEHIEIC L DR AR IO W COEED IO EER AT 72825, £
NENO MBI BEAKYE 5 % THERZEITRO LN -T-.

(10) AbpmEtf o JRFE M2 37 (U-N)

ZN 52 RBREDHG, 44 RERENUL T —BIE, 6 3 BREN HPLC 15, 2 BN AT LTI/ RURT
VT EREE AW, BRSO E A 2K 3-10 1R T. EEIMEIE 2.48 % (&4 =R), Median 1% 2.54 %
(E &%), NIOR 1% 0.37 % (B &5%) THY, Hii /& | LRSI 73 BRE|IL 2R D 96 %L722 50 RER=ET
otz TR | LMl S N3 BRI~ T2, TL T —BIRIC KD A & 2 D 2 J7 IS LA 00k
FRIZOWTEIED N EDREEAToTe L 2A B EKYE 1% TEBBDOOIL, UL T —BIEDO S HTRHEN
AEIMED ST, oL —RIEL, VLT —BICIVIRBEE DL, LT =T EREWETLHET
BT, UL T —ERGRAER T DEROIREE S pH FORMAEX DR NEEEEZ 2 HND. FHIUL T —
PIHRMATOFRIEL L TAF L LR & HWZ pH 3K ICOW T, IEFEISHE S (BER T pH6.0 FLE) & R
HILIZFEETHNENDD. £, UL T — B EZE BRI T LT RO R Z TR, A-N OH|
EEATHZEICEET 5.
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(11)  FESUVNFOERE B O I M EE (S-Si02)

ZINSSABREDHID, 42RBEN S (LYY Ak, 15RBREIBERERE, | BRI EReEZ V2.
R AE D FEB AT & X 4-1 1239, SERIMEIE 34.40 % (&5 3R), Median 1% 34.62 % (B &4y 5R), NIOR
1%0.54 % (B &7%) THY, Nid ) LIS 7ZRBREIX 2D 91 %L72% 53 = CTh-orz. [Rime &
S RBR R T 2R D T %2722 4 RBRETHY, SobHVT AIEN 3 RERE, HERIEN 1 RBR=ET
otz So b VY LE KR OB R EAEIZ LB AR IOV COEED LD EEAT 7L A, £
ZINONEEICH BAKUE 5 % CTHERZEITRO L) -7,

(12) FSWTWERE LB DT V71V 53 (AL)

20 66 HREREDHD, 14 FBERED EDTA V5, 49 SBREN 7L — AR IORIE, 2 BBRED ICP HE0
ORI, 1 BRBRE DS AR KA 7 L — AR A6 E CRIE U7 AR E A IR E EDTA 15 CRIE L 72 rI R
TR T2 EE AWz, SRBRAGE DU Z K 4-2 1R T. FHEIE 50.21 % (E &5 %), Median
1350.42 % (E &433#), NIOR X 1.03 % (B &E4r3) THY, Ml | EFHmS - R =1L 2R D 83 %b72% 55
RBRE Ch oo, [ ) LRI S AV BRERILRIRD 6 %2722 4 R AL 4 L, EDTA 1EAY | #BR=E,
T —LETRED 3 RERE Th ol EDTA EK O L — AR PRI LD 50T BRI DV R E
DENZEDREEATT2L A, TNENDFEEIA EIKIE 5 % THERZETRD N7z,

TNHIV G DI AR DS ITERL T, rIEEEA K & (S-Ca0) OV Al M 1 (S-MgO) 2l iE L T Vo ekl
FEDDITA R DO OV THIE 2321072, S-Ca0 1E 52 FBR=ENLHIERHY, 48 RSN 7L — L
SRS, 2 FABREE A ICP-OES 14, 1 sBR=E7Y EDTA 5. 1 sBR=E 2% EDTA EICEVHIE L=T v A o5k
AR T DR 32 5 1EE -, SRBRAGE D BRI A B 4-3 13, EHAEIE 39.85 % (B & H),
Median (340.01 % (B &5 3), NIOR131.03 % (E&533) THY, [N | LRHliS 7R =13 21K D 8 %
7% 4 RBR=E Tho7-. S-MgO 13 52 BBRENOHRE DDV | 49 SR EN 7L — LR ROGHE, 2 3B
23 ICP-OES 1 & O 1 @k =273 EDTA £ IV o, SRR O EE B 21X 4-4 1R, ML 7.37 % (&
HrE), Median 13 7.45 % (E &E4533%), NIOR1E0.15 % (B &573) THY, [Riifiid ) LRS- iBr=s1d 4
KD 13 %HT-5 7T R BRE ThH-7-.

TIFIVGyDHTE, PSR SR THRRR IC LD (M A1 TOBR, A alBhd e — 2 — D JEE I [ G
FTHEH AR5 LRVIRIED ER L0 572D, HETDUED DD,

(13) FLSWTWEE B O< BT 1 (C-MgO)

ZN 73 WREDID, 67 RRENT L — LJFEFWOLELZ AV, EDTA 15K OV ICP B0 itz 4 3
ARERED . BB D B A2 B 4-5 12T, EEIEIL 7.21 % (B &555%) , Median 1% 7.36 % (&
5 H), NIOR130.13 % (H &4572) THY, N /e | LM S aBR == ITRIRD 78 %722 57 B =E Th->
7o ARG ) SR S BR R 1T 2R D 14 %I2H 725 10 BB LY L, 71— LR FEED 8 iR =,
EDTA 1573 2 iBrE CTh -7z,
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WML 72825, T (|21 =2) | LRS- =R OEIA 1T 78 %~96 %, [ R (2= 3) | LaFisi
REREOEIAIT 0% ~13 % Tholz. HEORBRIEICILHE T 7 R BRELL EXARA LI FIEMIC OV TR
BMEDZEERELIZEZA, ToE=THEFR (AN) IZBWTRVAT LT ERIEEERIED HIEM THE R
FENERD LN (HBAKAEL %) . F-, REMEEFICOWTL, YL T —BEEENLSO FIEM T B
DBOONTZ (AEAKYEE 1 %). ZOEDFRICONTIIS BLMNNLELE 2 5N, BiE, 30k HBRiED
WA T DONS BIEEL QOB ERDD. £, NEGSEEEICBEDLHHE TIE, K 6 BB
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TWAHRBREL, FhEL TRV LI L T, z Ao 7LD R R OFli %52 1) 3B = 3D 72\ VE 1)
DLBIL, WS EE BLO B EMENI DN 2T,
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Result of Proficiency Testing for Determination of Major Components and Harmful Elements
in Ground Fertilizers Conducted in Fiscal Year 2016

Kohei ITO!, Toshifumi FUJITA?, Masaki CHIDA?, Koichiro SUZUKI3, Hisashi TSUTSUI*,
Shingo MATSUO?, Keiji YAGI®,Souichi IGARASHI’, Yuji SHIRAI' and Toshiaki IMAGAWA®

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
2 Food and Agricultural Materials Inspection Center, Sapporo Regional Center
3 Food and Agricultural Materials Inspection Center, Sendai Regional Center
4 Food and Agricultural Materials Inspection Center, Nagoya Regional Center
3 Food and Agricultural Materials Inspection Center, Kobe Regional Center
¢ Food and Agricultural Materials Inspection Center, Fukuoka Regional Center
7 Food and Agricultural Materials Inspection Center, Fukuoka Regional Center
(Now) Nagasaki Prefecture Kenhoku Development Bureau Agriculture & Forestry Department

8 Japan Fertilizer and Feed Inspection Association

A proficiency testing of analytical laboratories was conducted in fiscal year 2016, using reference materials of
ground compound fertilizer and silicate slag fertilizer based on ISO/IEC 17043, “Conformity assessment—
General requirements for proficiency testing”. Moisture (Mois), total nitrogen (T-N), ammonium nitrogen (A-N),
citric acid-soluble phosphorus (C-P20s), water-soluble phosphorus (W-P,0s), water-soluble potassium (W-K,0),
citric acid-soluble magnesium (C-MgO), water-soluble boron(W-B,0O3), total arsenic and urea nitrogen (U-N)
were analyzed using a compound fertilizer sample. Acid-soluble silicon (S-Si0O,), alkalinity (AL) and citric
acid-soluble magnesium (C-MgO) were analyzed using a silicate slag fertilizer sample. Two homogenized
samples were sent to the participants. From the 132 participants which received a liquid compound fertilizer
sample, 45~120 results were returned for each element. From the 75 participants which received a silicate slag
fertilizer sample, 58~73 results were returned for each element. Data analysis was conducted according to the
harmonized protocol for proficiency testing, revised cooperatively by the international standardizing organizations
IUPAC, ISO, and AOAC International (2006). The ratios of the number of z scores between -2 and +2 to that of all
scores were 78 %~96 % and the results from the satisfactory participants were almost normally distributed. The
mean and the median of all elements slightly differed from each other. Where more than 7 results were returned,
no significant distribution difference was observed between the different methods used except for 2 element (A-N

and U-N).
Keywords  proficiency testing, compound fertilizer, silicate slug fertilizer, ISO/IEC 17043, z score

(Research Report of Fertilizer, 10, 141~167, 2017)
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9 2016 FFE M EEIEEMBE DR

— B EALREE FAMIC-A-10, @ kA iEE FAMIC-B-10, (%/JE%%E%HEH FAMIC-C-12-2,
= EALRAEE FAMIC-A-13 J OV id b AR FAMIC-B-14 O K 8122 i MER AR —
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SEARAENZIB W TR E LB O FE Rl 5y 3 KOEF R O3 HTIEARAIR THY, £ OFRBRIEITITAE HEE
TERARDEN TS, RIS, IEEVEREFREGOWEEHE, AFEFRESO OO IKEEZ TR
HrABE, REARHR AR RS % OB IT ClL, SBRAGE DO E MR L OV HT AT D 18] D728 |25 B 30EE
(TR RRERE M VI KD N ER SR B S B B T TS, 4R [E B A0 A PERE AT O Bh & A3k
terr, FAEIZBWTE ISO/NEC 17025:2005 (IS Q 17025:2005) 2 D EK HIH A2 & (2 L 7= ik BR Al D15 18
PEREROE Z I PEERIN TS, ZOERFHITIL, [FEEEEYE O E 2R 1 2Ei+25280
HEEEN TN,

F7o, BUE FAMIC IZB WO, BB EWE A (B B LAEE FAMIC-A-10 & Of FAMIC-A-13), [A]
B (@ LA AEEE FAMIC-B-10 J Uf FAMIC-B-14) } ONE C (GRS EEAEEL FAMIC-C-12-2) (LR, 2 €
MEYEY)E A-10) EHEY)E A-13) THEEHEY)'E B-10) [MEYEYE B-14) [TEHEMEL C-12-21 L\ ). ) ZFHH~ D),
HRFEL TR (3% 1) (MEEYE A-10) R O TEEHEY'E B-10)1%, BEK 7. ), ZRHOFMEIZ W T E BT
A VEREIR D 7= 1S0 Guide 34:2009 (JIS Q 0034:2012) 8 O[5 i Je OVEFEIZBI 2 Bk FIH | 2 55 107
#F5HZLLl, 1SO Guide 35:2006(JIS Q 0035:2008) ¥ 4 2B | Zfif#T 44T -7= T 1SO Guide 31:2000(JIS Q
0031:2002) 0% £3E| \_nwﬁi&()ﬁf\/lﬂéfﬁﬁkb“@%& A Th%. 2016 FHEL, FEHEYE A-10, B-10,
C-12-2, A-13 K U B-14 D EMI L EMEICDOWT, TEEEHA -V GRREERR E R D OFRGER 57 DE=HV 7
%L~ T, %@*BEEH&%?ZD.

2. MPRUAHE

1) REEDE=SYLY

(1) FRBRE M

ISO Guide 35:2006(JS Q 0035:2008) ¥ i, iliiZHEME DIRE I, T=2V 7% FEHiL TR ENE
EHERTDZENEENTND. BEEDKRFHZOW T, #& TR CTOT — X &9 D AR E R 22 E
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LT RRREAR Y B D IR AF IR ORI 72 7 — S S sh B2 Z &M h, % FH DI e R EVEDE=4Y 7O
THEEUTEIR LTz, 2RI 22 @ MRz i3 5720, kD &) ~f) Z FAMIC #f 57 o 2 —TitlL7-.
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EH 725kt

b) FERRLSY - - RAESNIZ T RTOASY (R L BMR).

C) FRBR L RRAHE R E O [RGB T SRR BRIE Y (K 2A, % 2B &U“éﬁ 2C=Z).
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fER% E D728 D IL[RIFABR F i 14 |2 1) DRbaE R EF, 77 H 1%, 137/ ?"é lgffﬂ %, 257 H1&, 31 A&
K37 1% IRUEWE B-1413, nquH BEE DT80 O [FIRABR F i 2 23 U DRBREER E Iy, 47 H 1%, 10

rH%, 16 » A1 KO 22 » H1%.

e) BR=E- - H—BR= (FAMIC f#fi & 2—).

) ZEMEOFAL - - - 3T RFOFRAEL B SRkl R (H 20 & OV OJIE IR D 43 BT O SEREIZ DU T,
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B WARE, ToEST -
. . . TUoR=TER, AIEMEDARR, KR
i g o N — S ) )
FAMIC-B-10 E‘%ﬁiﬁk }@ﬁ%z é;[gé?’ BOMEE b poit, KEFENE, O3, HRI7 4, 25%'5;
X i KER, =o b, 88 (25 4)
EFEemE VAREE, HES, ﬁlﬂéég
HE?H B IR i?A, IKER, =L, Jal, ﬁ’ ( 1355Z 6K
53)

J:'7I‘\‘ )ILﬁﬁz?/{‘%T @/uﬁk :7&:»35 AEL e =
T ~ BEREE TUoE=THER, MDA
REELR o=y, SO, BIEE ™ veim <yt 1 <ty 2018

JEE R SRR R E AR 6H K
KL DEg, ey Hy, EMIEHIFE (RTRRS)

FAMIC-A-13

ToESTHER, AR ARR, KR 20194F

B bRk BREET L E=T, @A A o '
FAMIC-B-14 "~ " PED AR, KESPEINE, O, HRIVA,
ke K, HfbnE L TR 6H &




170 REEHIFZE RS Vol. 10 (2017)

(2) ®=XV T DIENE

FAMIC #f P& Z —(ZB W TIEHEWE A-10 M OMRHEME B-10 2 2010 42 7 H~9 H, 2011 4 7 H ~9
H, 201244 A~5H, 201247 4 ~9 A, 2012 4F 12 H ~20134E 1 A, 20134 4 H ~5 J, 20134 10 A
~11 H, 2014 4 4 H~5 H, 2014 4 10 A ~11 A (FEH¥EW'E A-10 #F#<), 20154 6 A ~7 A & 1* 2016 4
6 H~7 H Ot 11 5] FE¥EYE A-10 13 10 1)), £EHEYE C-12-24 201248 H ~10 H, 201344 H~5 A,
2013 4F 10 A ~11 H, 2014 4F 4 4 ~5 A, 2014 4% 10 H ~11 H, 2015 4F 4~5 A, 2015 4F 10~11 H, 2016
£ 4 H~5H KT 2016 £F 10 A ~11 A D5t 9 =], FEHEWE A-13 2 2013 42 9 1 ~11 H, 2014 4 4 ] ~5
H, 2014 4 10 A ~11 H, 2015 4 4~5 1, 2015 4F 10~11 I, 2016 4 4 7 ~5 J, 2016 4£ 10 H ~11 H D
517 (8], BEYEY)E B-14 % 2014 4F 12 A ~20154F 1 A, 20154 4 A ~5 A, 20154F 10 A ~11 A, 2016 4 4
H~5 1, 2016 4£ 10~11 H Ot 5 AR A Fhi L 7=.

KBRS R BB OREHEY T A-10, B-10, C-12-2, A-13 }x (X B-14 4 Ll VT, RBRA 018312 2 sifF
TR BREA T o7z,

WEMEOMEIT, EHEY'E A-10, B-10, A-13 K TY B-14 |25\ T, AE 4 (As, Cd, Hg, Ni, Pb),
C-MnO KUY C-B.0s OiBRAUGEITADELT 3 #7, THLIS ORI, IMEELLT 2 MLz, HEHEyE
C-12-2 {22\ T, T-Cu KU T-Zn OFBRAGEITEELL, LIS DRI OWTH RS 3L LTz, E7z,
AT, BUR ORI E [FARITK 3 HUR L7 W R EE (T RIRE) LT,

F2A EHEMIEA-10, A-13D3RER AR 5y I ORIk )7 1k

- . AR IE H SHERVE O
= LN
ABRA) w59 AR e H I

B 411a  IAE—)Vh iR —FRKEE D EvE
EF4E (T-N \
ERERTN) 411b  — JhiEE
e TEEE (AN)  412b M (1420) HL] fiseltisg R/
EMED AR (C-P20s) 423a <z A (20 mg/mL) ;;g F/-”; jz j; f‘;%ﬁ;?‘/ﬂa:%

" _ TV — AR AR
SRS EL (W-K20) 433a  KihiH WIF T — PR

<M+ (C-MgO) 46.2a <z A& (20 mg/mL) TL— LA
QYstE~oH o (C-MnO)  4.7.2a <z AW (20 mg/mL) filiH 71— NJE 0 e

ey N T AT UHE G
<¥EMEIEH 37 (C-B20s) 481la <z A (20 mg/mL) flit S
a) R BREORBRIE B &5
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1 R4 (T-Ca0) 45.1.a  FKRfiR R E D T — ARG
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O\ (As) 5.2.a iR — e — B E SRR iR KRB AR I GTE
BRI A (Cd) 5.3.a F K5y iR T — LR TR
7K $R (Hg) 5.1.a T EE — R SR ER o iR DI |9 L SR ES
=L (Ni) 5.4.a TEoK5 iR T — AR
s (Cr) 5.5.a TR T — LR
#h (Pb) 5.6.a TR iR 7L — LA RETE
IR T 3R 2A% 2 1,

3. R

1) REEDE=RIVT

(D) E=XV 7 HiH

FEHEY)'E A-10, B-10, C-12-2, A-13 } U B-14 OFRBR A5y D2 E M RBR AR A 7% SAD~2 3CITRLTz.
ISO/IEC 17025:2005(JIS Q 17025:2006) ' i, AEEMEREIEHEY) B 2 HIVCRERETO B & O NS E & EE X
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B OB g O B E RN A FEHEL TV D, FEERE A-10 M OEHEY)E B-10 OFRBRIIRI o 68 /- A
A ONZFEHEY) . C-12-2 OFRERIATE D 50 7 A #231F ONZAEHER . A-13 OB D 37 » H 4 30 ONTAEHEY)
'E B-14 OFBRIAE D 22 7 H % FTICFRE L7228t H K OV 3B A5y O FRBREAE O %2 X IADO~ X
1C 1Z/RL, B R K QYL E BR R 24 e, (BL, X 1C FEHEYE C-12-2 O/KER L Oh1E, 2016 4 1
A 29 HOFHFRFEICEY, REHERRE 44 /fﬂ’&@ﬁiﬁﬁﬁ&tﬁ@%@ﬁﬁ%ﬁﬁbt HREFH D 7= DR
YE(R 72, PR N QL E IR AT, PSSR BR OO 7202 M L 7= DT ek BR O 4R LK (n) 36 ONCFR AR
(W), BRI 2 (sw) K& OV B P BUE HE(R 22 (sg) %ﬁﬁwr(a)ﬁ (b) XKL (o) Kickvkwiz 2. 20
AR, EEVEMET A-10, B-10, C-12-2, A-13 K1) B-14 O EMRBRAAE O FEEIE, W oikBRak 5
R OHIPAN Th o7z,

2
HREREAM D 7= D IE (R 7 (o) = \/(SRZ — sw?) +S% --+ (a)
B RTT 2B BR = n+ 20 <+« (b)
MBI THALERSY = u+ 30 <o+ (0)
n: EHZERBROITRERE s HFEFER CIEON - =M B R 22
sw: ILFEIRER CHON I ENEEER = U FRREE
F23AQ) FRFEAZUEY)E A-10DZ ENET =X o 73 BR AR (E &% %)
i A EHRLE V= i STEMED AFR TR PN EL
e (T-N) &% (AN) (C-P20s) (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 14.77 1491 10.89 10.91 9.88 10.23 13.70 13.74
24 1450 1453 10.69 10.75 9.96 10.04 13.48 13.83
28 14.62 14.63 10.71 10.74 10.01 10.06 13.64 13.75
32 1455 14.56 10.72 10.75 10.07 10.07 13.45 13.56
38 14.69 14.70 10.71 10.73 9.99 10.04 13.36 13.48
44 1470 14.75 10.64 10.71 10.06 10.13 13.38 13.49
56 1457 14.62 10.68 10.74 10.04 10.04 13.41 13.49
68 1462 14.69 10.67 10.88 9.98 10.13 13.45 1350
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#3AD (k)

(HE0H %)

s AN+ M~ B KBHIEHFE
i ] (C-MgO) (C-MnO) (C-B20s)
0 320 344 0389 0414  0.204 0.210
12 329 335 0397 0.398  0.200 0.206
20 330 341 0388 0.388 0208 0.210
24 332 338 0397 0400 0211 0.217
28 333 336 0412 0420 0213 0.218
32 328 344 038 0.389  0.198 0.219
38 344 344 0397 0.406 0203 0.218
44 328 344 0398 0402  0.206 0.207
56 325 339 0391 0.397 0.205 0.209
68 335 336 0404 0405  0.209 0.210

F3AQ) FRAFEEEYEA- 13D ENEE =Y 7 R Bk E (EH &7 %)
s EREE TR T SEMED AR AREAEMEN
i ] (T-N) =% (A-N) (C-P20s) (W-K20)

0 1490 1494  10.58 10.60 10.74 10.77 13.00 13.12

7 14.80 14.82 10.22 10.54 10.68 10.81 13.04 13.14

13 14.80 14.83 10.44 10.49 10.85 10.87 12.87 12.89

19 14.87 14.93 10.72 10.77 10.72 10.76 13.02 13.11

25 14.74 15.06 10.39 10.70 10.67 10.80 13.12 13.27

31 14.65 14.75  10.53 10.58 10.66 10.70 12.93 13.01

37 14.70 14.79 10.51 10.52 10.80 10.89 12.90 12.92

#3AQ) (Fix) (EH 5577 %)
i A PR 1 M~ Hy  <WHFEHFE
(C-MgO) (C-MnO) (C-B20s)

0 318 3.29 0.359 0.381 0.214 0.214

7 316 3.27 0.357 0.368  0.194 0.208

13 326 3.35 0.348 0.370  0.196 0.204

19 317 3.2 0.363 0.363  0.201 0.203

25 311 319 0.345 0.367  0.207 0.214

31 323 3.26 0.371 0.388  0.192 0.202

37 312 317 0.329 0.347  0.199 0.206
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723BD) 1EUEY)EB-100 % iE M=V 7 i R Al

(BL8:5 5 %)

I=N=EAA)

. TUE=TME AR TED AR KM AT IR
FEEA g AN) (S-P20s) (W-P20s) (W-K20)

0 833 849 7909 803 688 694 859 875

12 827 830 811 811 70l 701 88l 884

20 824 831 808 809 699 700 865 870

24 817 818 809 817 695 698 002 904

28 832 833 814 817 694 696 896 9.05

32 821 822 816 817 694 698 864 868

38 836 839 802 808 700 701 871 879

44 818 823 803 809 694 697 863 866

50 827 828 811 813 696 7.02 866 868

56 820 846 808 811 697 700 871 873

68 837 845 818 819 705 706 882 886

#£3BD (Fix) (mg/kg)

B A 057 HRIT L Tk ER =vv &
R (As) (Cd) (Ho) (Ni) (Pb)

0 260 263 583 584 08381 0800 424 455 237 237
12 232 248 593 5095 0885 0889 473 473 258 26.9
20 225 225 58 589 085 0871 448 456 248 26.9
24 2338 239 599 601 0891 0892 451 465 257 263
28 227 232 58 599 0933 0945 468 469 215 22.9
32 228 234 58 58 0888 0916 436 448 246 256
38 234 242 576 585 0868 0873 461 461 216 259
44 221 228 573 576 0876 0906 444 447 248 254
50 2338 255 614 615 0858 0879 465 468 240 252
56 251 254 58 587 0784 0788 447 451 268 283
63 240 248 58 5092 0853 085 440 443 256 26.6

$3B0) B TB-LUOLENEE =) Rk (LAY %)
s TUE=TME BAMED AT IKEEIED AUl 7Y ey IREER
FEEA g (AN) (S-P20s) (W-P20s) (W-K20)

0 704 800 013 914 666 674 818 823

4 708 798 918 923 677 679 815 816

10 796 80l 912 913 665 667 828 829

16 80l 805 919 926 665 666 823 827

22 802 806 925 033 672 677 817 847
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£3BD () (mg/kg)
. OFH# HRIT L =
et :
it 1 (AS) (Cd) (Ni)
0 3.01 3.23 3.92 411 36.7 38.3
4 2.96 3.07 4.26 4.27 37.7 37.7

10 293 2.9 415 4.19 369 37.8
16 2.88 297 4.17 4.19 369 37.1
22 291 298 395 399 381 39.0

73C EHEYEC-12-20 2 EVEE =Y 7 A R Ak (EH &5 %)
3l BREE DA AR P IREERES = R4 AR R
(T-N) (T-P20s) (T-K20) (T-Ca0) (0-C)
0 477 4.79 864 864 0.607 0.619 599 6.03 20.4 20.6
8 457 4.75 8.46 849 0.553 0.561 576 5.82 20.0 20.1
14 471 4.78 852 853 0.560 0.564 6.03 6.08 20.1 20.9
20 467 4.72 859 859 0.538 0.541 584 6.17 20.7 20.8
26 467 4.69 856 861 0.572 0.573 6.20 6.30 20.2 20.3
32 479 4.80 862 8.63 0.583 0.588 562 5.66 20.1 20.3
38 480 481 872 876 0.610 0.614 590 5.95 20.2 204
44 462 4.69 853 857 0.524 0.532 542 5.44 20.4 20.9
50 463 4.66 873 876 0.611 0.623 578 5.78 19.0 19.2
#*3C (frx) (mg/kg)
o A i 4= B i ARE ey (057 FIRIT L
(T-Cu) (T-Zn) (As) (Cd)
0 583 587 963 991 22.1 225 1.81 184
8 575 591 991 992 19.2 20.3 1.83 1.85
14 567 586 1,015 1,015 20.7 211 1.79 182
20 582 582 982 988 21.8 221 1.78 1.78
26 545 547 991 996 229 231 1.84 1.90
32 561 575 1,000 1,004 224 229 1.82 182
38 570 571 985 996 227 229 177 1.79
44 567 569 981 992 21.7 219 1.83 1.83

50 571 579 1001 1003 19.8 20.0 182 188
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#3C (firx) (mg/kg)
P TKER % A=W g
i A (Hy) (Ni) (cn) (Pb)
0 0464 0470 733 743 786 812 36.4 365
8 0.448 0478 742 746 80.5 80.5 351 351
14 0443 0473 783 787 754 79.4 36.1 369
20 0511 0514 727 743 818 829 353 353
26 0501 0503 733 73.4 86.6 885 354 359
) 0462 0479 773 774 804 812 36.0 36.0
38 0506 0514 747 749 791 794 353 358
44 0488 0509 716 726 795  80.2 353 357
50 0483 0520 759 763 831 84.0 355 360
15,5 11.5
= y =-0.0032x + 14.792 =2 y = 0.00008x + 10.739
=2 =X
¥ 150 F v
R %
%
I i
i =
o 145 =
’-TT—C\? Ly
14.0 - - - 10.0 - - -
0 20 40 60 0 20 40 60
#awmA (H) A ()
1 FEYEMEAL0 (B HEAE) 2. M EAL0(T =T MEEH)
11.0 145
< y =-0.0008x + 10.086 = y =-0.002x + 13.604
8 105 F ¥ 140 F
% /R
N \
mEH ________________________ - mﬂ]ﬂ
SO - =
@ 100 T @
e I
B B
95 - - - 13.0 - - -
0 20 40 60 0 20 40 60
#awmA (H) ramH ()
3. FEHEYEE AL0 (I AUBR) 4. R AL0 KR ME N EL)

1IAQD EYEYE AL0 DE=FY 7B A

O EEE
FEik: b ALE RS

LT == JEME DN

T - [ E AR

— IRBHHR B R R AR
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11.3
= y = 0.00006x + 10.763 ~ y =-0.0022x + 13.064
N 3 135
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% %
N - N
S 108 e geg A |
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i~ y =-0.0021x + 3.2523 o~
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5 ¥ 040 F
R
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y=-0.0075x +35.942 —

SEEE (mg/kg)

0O 10 20 30 40 50
wamA ()
13. FEHEY)E C12-2 (81)

1C (feX)

2) [EHZEREDEORMRE M

FEVEME A-10 K OEYEY)E B-10 ORBGEERRERE (07 H), 12 7 A#, 20 » A 14, 24 » H1%, 28 A #%,
32, A%, 38, A%, 44 A1, 50 » A 1% (FEHEMEL B-10 D7), 56 # H 1% K 1Y 68 7 H 1%, HEUEW'E C-12-2
DFHERER (07 H), 8- A%, 147 A%, 20 H 1%, 26 » H 1%, 32 » H 1%, 38 r H 1%, 44 /r H % KX 1* 50
A%, BEYEYE A-13 OFRREERRER (0 #H), 7 » A1, 13 » A%, 19 » H1#, 25 » A%, 31 » H#E KDY
37 i AR ONCEE Y E B-14 ORBGHERR ERE (0 7 A), 4 1%, 10 » A4, 16 » HE KN 22 » A4 £ T
DOFEE A M QN A [EI O TE O FEIEN OV 22 E R OGS KA R 4-1 K OFK 4-2 [ TRLT. BEMED
SR, FRE A ORI LA [l ORI E O SEEZ VT 1SO Guide 35:2006 (JIS Q 0035:2008) %2 & (2R D
FIETITo72. FF, (d) XL O (e) Akb, &l H K O A O RYFEAR O E (by) K O (by) 23Rk
2. Wiz, () AR O (g) ALY, TRIOEAERRFE (s) o QAR ELAR O E OFEUERRFE (s, ) KD 7. [ E
MROBE DIEHERRFE (55, ) & t 1 (tg 05 7— ) Z TR CTAELAFZ OREKHE (| by |) A LB LT

ZORER, EEME A-10, B-10, C-12-2, A-13 KT B-14 O TOFEIE T IZB T, |by| < sp, X
toosT—2 78V, HEIIH BELITEROOLIRD -T2, ZIUCKVEEHEYE A-10, B-10, C-12-2, A-13 }x U B-14 D
RRER AT, TRV TR RGN D 548 H, 5484, 44E 251, 34141, 1410 » AL E

Th-oi-.

T T
b, = ;(xi -0y — )_’)/;(xi -x)? e (d)

b0=)7—b1f "'(9)

T T
1 1
s = —§ Gi=9)? = |7— E (i = by — byx;)? wee (f)
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£A4-1 ARG DR EIEDT =2 7 B Ol R

b 9 B )i Sy AT s R I E
U g Y by D by® s sp, ¥ e o
(mon) (%) ( % )D LR L < % >” < % )”
mon. mon. mon.

(FEHEY)E A-10)

EHEeE (T-N) 322 1469 -0.0032 14.79 0.11 0.002 0.004 O
TUoE=THEZESE (A-N) 322 10.74 0.0001  10.74 0.09 0.001 0.003 O
IAMEVAURE (C-P20s) 322  10.06 -0.0008 10.09 0.04 0.001 0.002 O
RIAVENNE (W-K20) 32.2 1354 -0.0020 13.60 0.13 0.002 0.005 O
<EEMEFE 1 (C-MgO) 322 335 0.0006 334 0.04 0.0006  0.0013 O
WM~ (C-MnO) 322 0399 3.196-05 0.398  0.009 0.0001  0.0003 O
IAPEIZHFE (C-BOs) 322 0.209 1.79E-05 0.208  0.004  0.0001  0.0001 O
(FEHEY)E A-13)

EHEemE (T-N) 189 14.827 -0.0040 1490 0.074  0.0023  0.0059 O
TUE=THEZ%E (A-N) 189 10542 0.0011 10521  0.123  0.0038  0.0098 O
ERMEVANE (C-P,0s) 189 10.764 0.0001 10.763 0.070  0.0022  0.0056 O
KEEHINER (W-K20) 189 13.023 -0.0022 13.064 0.117 0.0036  0.0093 O
<ML (C-MgO) 189 3213 -0.0021 3252 0.052 0.0016  0.0041 O
WM~ H (C-MnO) 189  0.361 -0.00039 0.368  0.013  0.0004  0.0010 O
IRMEIFHFE (C-B0s) 189 0.204 -0.0002 0.208 0.006 0.0002  0.0005 O
(FEYEY)'E B-10)

ToE=THZESE (ACN) 338 830  0.0004 829 0.08 0.001 0.003 O
AAMED AUBE (S P20s) 338 811  0.0012  8.07 0.05 0.001 0.002 O
KM AR (W-P20s)  33.8 698 0.0011  6.94 0.03 0.0005  0.0012 O
KM (W-K20) 338 877 -0.0004 878 0.15 0.002 0.005 O

a) FEAEYEA-108 OEHEY) B B-101 3 i 1% O BR =M H 7Sk % L T
68y Hit =X
HE UM C-12- 213 i 4% OFRBR M H /B F L C50, A ETe=4) 7
FEYEMVE A-L3IX AR ORBR NG H /S REL C37Tr A% Te=4Ur 7
FEUE) ' B- 141 TR S% O BR it H DR L 22y A TE=XU T

b) FHRLE IR OFERFENE B 5T =4V 7 FEifi B £ CTORGEBIFROF4E ()

C) FEUEM)E A-100D 5Bk FlAE O I (77— & 4% = 3Bk FhE 0145 (10) x OF1 TakBRER (2))
FEAEN)E B- 100D 3R BR Al Ak DR EHIE (77— & 4% = 3B FEhE [0 5k (11) x GF1 TikBa%k (2))
FEAEY)E C-12- 20 7R BR AR DR M (57— 2% = SRR LM 15 (9) x HF1T3BR %Kk (2))
TEAEN)E A- 130D 3R ER kAR DO T (57— 2 % = sBR M A1 %5 (7) x GFTakBR %%k (2))
FEAEY)E B- 14D FRBR AR DR T IE (77— 4% = 5B I hE [R5k (5) x R T7RBR % (2))

d) [EFERROMEE

e [EREROYH

f) FRIOEAERRE

0) [EREMROMEEOFEYERAE

h)  sp, X toosT-2

D OIE%AICHEA L THEHXIIABELITROLNT, L8l L7 5y

|b1]| < sp, X toosT-2
) EFORTEESHR
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K41 (FiZ)

oo I T s
SRR 5 * Y byD  by®  sD % gru” g
(mon) (o) ( i )D ORI OOR ( % )D ( % )D
mon. mon. mon.
(FEHEY)'E B-14)
TroEe=T%E%E (ANN) 104 801 00019  7.99 0.02 0.001 0.004 O
AEAPEY AR (S-P20s) 104 919  0.0059  9.13 0.05 0.003 0.009 O
KIEMED AR (W-P20s) 104 671 -0.0008  6.72 0.06 0.004 0.011 O
KEAPENE (W-K20) 104 824 0.0059 8.18 0.04 0.002 0.008 O
(I E C-12-2)
ZEHLE (T-N) 258 472 -0.0010 4.74 0.07 0.001 0.003 O
VAR (T-P20s) 258 861 00029 853 0.08 0.002 0.004 O
SR 4 & (T-K20) 258 058 0.0002 0.57 0.04 0.001 0.002 O
Tk 48 (T-Ca0) 258 588 -0.0071 6.06 0.23 0.005 0.011 O
Ak (O-C) 258 20.26 -0.0121 2057 0.47 0.010 0.024 O
%42 [EHEME O EMOE=Z) L 7Bk OIS R
Ty o0 [ 53 A E
B y X Y by by ® sD Sp, ® " g
mg/kg mg/kg mg/kg
(mon.) (mg/kg) <mon_ ) (mg/kg) (mg/kg) (mon.) (mon_>
(B2 B-10)
0V (As) 33.8 239 -0.0002 240 0.12 0.002 0.004 O
BRI L (Cd) 338 589 00003 5.88 0.11 0.002 0.004 O
k4R (Hg) 338 088 -00009 0091 0.03 0.001 0.001 O
=L (Ni) 33.8 454 -0.0099 458 1.24 0.02 0.04 O
& (Pb) 338 251 00231 243 1.51 0.02 0.05 O
(FEHEY) & B-14)
0V (As) 10.4 2.99 -0.0076  3.07 0.05 0.003 0.01 O
HRIY L (Cd) 10.4 412 -0.0038 4.16 0.14 0.01 0.02 O
=41 (Ni) 104 376 00261 374 0.61 0.03 0.11 O
(FEHEN)'E C-12-2)
$A4E (T-Cu) 258 572 -03127 581 11.5 0.24 0.57 O
HEn 4 & (T-Zn) 258 994 01567 989 11.6 0.24 0.58 O
0% (As) 258 217 00025 216 1.29 0.03 0.06 O
HRIT A (Cd) 258 182 00001 1.82 0.03 0.001 0.002 O
4R (Hg) 258 049 00008  0.47 0.02 0.0004  0.001 O
=4 L (Ni) 258 749 -0.0032 750 2.21 0.05 0.11 O
v 25 (Cr) 258 812 00406 80.2 3.06 0.06 0.15 O
& (Pb) 258 357 -0.0075 359 0.50 0.01 0.02 O

I3+ 4-14 5 1R
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3) IENZEMEEVMREOAMHREE RN

R ZENT=2) 0 TRBREAT TR, BLBRE CIREME A-10 K OMEYEYE B-10 [3REREIERREN D
54 6 7 H i, IRHEME C-12-2 | 3R8REER EDN D 34 11 » A [, FEEMHE A-13 13GBREEREN D 2R 7
HH, B-14 [FF8RHERREND LA 7 7 A O EMES MBS L7z

4) ERM Application Note 1 [CLKR REEE (%)

FRREREHES) T O E I ERRREIE & L 95 7R E L C, TNLDOEEZTNLD A NS Z AWV CHET 257
%75 ERM Application Note 13 ZHEAESAL TS, ORI 7 138 LV NRIE 7 0D 22 5 VEHEZR D T- 80 |2 HB

MENTWDD, BEDTD, 4 EIOEHEYE A-10, B-10, C-12-2, A-13 & 1 B-14 O #1722 & MR BR kA~
D AR T

7, R EMERBRAE O TEIE Fneas) K OFRREE (1) EZ DD ZEDMETHE (4,,) ((h) =) IO
(1) REVFREEAEAEY) B OAFEEARHED X (ucpym) K& OV () NIV EEMEDIFEER D E (Upeas) 7 5 ITRLTZ.
OV Umeas B T ucrm & HNT(K) D Ay OB BAFERIEDS (uc,,) FH ML, FIZOE R (k =
2) 2 AN TO) ALVIEEATENS Uga,y) EEHLTERBITRL, Ay & U,y ZHELTZ (M) . ZOFEE,
IEHEYE A-10(7 FR5Y) , AR HEWE B-10(9 [isy) , IEYEME C-12-2(13 4y , AR YEME A-13(7 1i57) B O
WEWE B-14(7 FR53)D 43 FRGrDHH 39 BRATE, Ay 23 Ugqa, ) X TUVRWI LMD, HIEE O T-EE
(Vmeas) X OFRFHE (1) DRICH BEITRO LN -T2, HEENBDOLNTZ 4 K505, HEHEYE A-10
DOLIEME LD Ay (EE45y5 0.07 %) , PRI (B )R 3.28 %) IS LT 2% THY, ILERHENSEDS
72 0.01 BHEZ TUVWRLE CTh-oT-. FEUEWE B-10 DHRIT LD Ay, CE 8455 0.15mg/kg) 13, PR (&
535 6.04 mglkg) XL T 2 % THY, JLIERHEISZDT ) 0.03 mg/kg B2 TW-FEE Tho7=. FEHEYH
A-LB3DOT =T HEFRD Ay, (B 573 0.18 %) X, 7BFHE (E &453 % 10.36 %) IZX LT 2% THY, JLEER
NS 2T 0.02 %A TV Th oz, IREWE B-14 D7 =T WEHFOD Ay, (B &5 0.05 %)
1%, FRREE (E &5 % 8.06 %) IZKIL T 1% CTHY, JLIRAHMENSZ 107 7> 0.005 %t 2 TR Th o7z,

F72, 2015 FEITAEMEME A-10 O<EMETE L, BEYEME B-10 DARIV L, T =THRER, BEDYE
A-LB3 D7 =T HER, <BPEIZHFE, 2014 FEITEEEYE A-10 O<EEMEE -, FE¥EYE B-10 DRIy
L, ToE=TIEEES, KR, 2013 AL ITEEHEMET A-10 OLKIEMET -, FEHEMET B-10 O BRI ACHIEE
DRI Peas) M OFRIHE (1) DRICA B AENBOONTND. FAEE THEAEDPRO ST EEYE
A-10 DLIANETE 1%, HREARHED &%) 0.01 %~0.02 %, HEHEW'E B-10 DRIV LT, JEEAHENSE
02 0.01 %~0.03 mg/kg B2 TWDFLE Th-o7-. ZHHDOIZET, [FFHE 515N R 122 E R BREGE O
RO RN S Z M/ NEIL TWHZEB ENEE 2 b, [FFELIEEYE A-10, B-10, C-12-2, A-13 KT
B-14 O E & @B AR ~ Ol 7 ik LT T2 0IXRE#E ThHEB 2 b,

— % .
B = [Fopeas —#| o) Uopy = 2 e i)
s+
Umeas = [~ 7 () Uc(am) = V Umeas® + Ucrm? <ee (k)
UC(Am) = ZuC(Am) e (l) Am = UC(Am) s (m)

Vmeas: I ZEMERBRAGE DK T ME JTR T )
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A STHIE LERAENE D SEOMERHE

Ucrm:  FOREIEOERAERES Ugsg,: mRaEEDYEIRAHENS (L EHRE k=2)

Umeas: TIE DEEAER DS

sery: H R HE(RZE T: BRI (A-10(10), A-13(7), B-10(11),
B-14(5), C-12-2(9))

e PHMTIE R 22 n: DHTREE(2)

Uy Am DB RIFERTE)S Ucay): Am PILIRAHES (A ELRE k= 2)

2%5 Eﬂﬁ uft%ﬁﬁkﬁa®r%$i@f mquf @tt}i)(

gﬁ%ﬁkﬁ\ QEJTJ: ymeas 3l umeasb) ,uc) UcrRM D Ame) UC(Am)f)
(FRYEMHA-10)
EHReE (T-N) (%) 14.69 0.04 14.71 0.04 0.02 0.11
TUoE=TEZE S (AN) (%) 10.74 0.03 10.66 0.05 0.08 0.11
IRMED AU (C-P20s) (%) 10.06 0.02 10.05 0.04 0.01 0.08
IKERPENN R (W-K20) (%) 13.54 0.04 13.59 0.04 0.05 0.12
<ERME A (C-MgO) (%) 3.35 0.02 3.28 0.02 0.07 0.06
¥R~ 77 (C-MnO) (%)® 0399 0003 0403 0003 0.000E+00 0.008
<EMEIED 3 (C-B20s) (%) 0.209 0.001  0.209 0.002  0.000E+00 0.004
(FEYUEME A-13)
EHERE (T-N) (%)?  14.83 0.03  14.83 0.05  0.00E+00  0.11
T =TS (AN) (%) 10.54 0.04 10.36 0.07 0.18 0.16
SEEMED AUl (C-P20s) (%) 10.76 0.02 10.79 0.02 0.03 0.06
IKVEMENN L (W-K20) (%)? 13.02 0.04 13.07 0.04 0.05 0.12
<EEMEE 1 (C-MgO) (%)? 3.21 0.02 3.18 0.04 0.03 0.09
B rivﬂa/(c MnO) %)?  0.361 0005 0356  0.005 0.000E+00 0.013
IRMEVEH T (C-B20s) (%)% 0204 0002 0203 0003 0.000E+00 0.007

a V\?ﬁfﬁtﬁlﬁ PREABR AR (BEYEM B A-10) OFRSERSME (77— &% = 3R [E1 % (10) x #uk L%k (2))
0 i B BRI B (RE Y B-10) OFRSEE (77— &4 = BlR[E1 5k (11) x #ukLEk (2))
i PR R R (FE Y L C-12-2) OFR -l (77— 2% = SBR[ S (9) x MK L% (2))
: %é%ﬂuﬁﬁﬁiﬁé (FEAEW) B A-13) DR TIHME (77— 485 = ARBR A5 (7) x Mok L$(2))
o B8 BRSO (FEYEY) L B-14) OIRSESME (77— &% = 3UBRAIEL (5) X #RL3(2))
b) K FEEIEDOEEEAffEN S

) WRREHE

d) FRREME OFEHE A e &

e VHIMELFRFEE D ZED R kHE

) EHEEFRAHED Z DA AR MENS (AR5 k=2)

g) E‘ /\}:
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#*5 (HiZ)

Eﬁ%ﬁﬁzﬁj\ %‘ﬁz ymeasa) umeasb) ,uC) uCRMd) Ame) UC(Am)f)
(R 4EY)E B-10)
T THEZESE (A-N) (%) 8.30 0.02 8.38 0.03 0.08 0.09
AEAPED A% (S-P20s) (%) 8.11 0.02 8.10 0.01 0.01 0.04
IREEMED U (W-P20s) (%) 6.98 0.01 7.00 0.02 0.02 0.05
RIEMENNE (W-K20) (%)% 8.77 0.04 8.85 0.04 0.08 0.11
V3% (As) (mg/kg)  2.39 0.03 2.36 0.05 0.03 0.12
JIRI 4 (Cd) (mg/kg)  5.89 0.03 6.04 0.05 0.15 0.12
7k R (Hg) (mg/kg)  0.88 0.01 0.86 0.01 0.02 0.03
=71 (Ni) (mg/kg)  45.4 0.4 45.3 0.6 0.1 1.4
£ (Pb) (mg/kg)  25.1 0.5 26.2 0.7 1.1 1.7
(BEVEY)'EB-14)
T TPEZEFE (A-N) (%) 8.01 0.02 8.06 0.02 0.050 0.045
AIYEMED AR (S-P20s) (%) 9.19 0.03 9.18 0.02 0.01 0.07
IRIEMED AU (W-P20s) (%) 6.71 0.02 6.70 0.02 0.01 0.06
JRERMENN B (W-K20) (%) 8.24 0.03 8.32 0.03 0.08 0.09
V% (As) (mg/kg)  2.99 0.04 2.87 0.06 0.12 0.13
JRI7 2 (Cd) (mgkg)  4.12 0.06 4.23 0.07 0.11 0.18
=L (N (mg/kg)  37.6 0.3 37.9 0.9 0.3 1.8
(HEHEY'E C-12-2)
EHLE (T-N) (%)” 4.72 0.02 4.70 0.02 0.02 0.06
04 R (T-P20s) (%)” 8.61 0.03 8.62 0.02 0.01 0.08
N4 (T-K20) (%) 0.58 0.01 0.58 0.01 0.00E+00  0.03
fIR 45 (T-Ca0) (%) 5.88 0.08 5.82 0.08 0.06 0.23
HHRE (O-C) (%)% 20.3 0.2 20.2 0.1 0.1 0.4
$i4f (T-Cu) (mglkg) 572 4 583 6 11 15
ffign 45 (T-Zn) (mg/kg) 994 4 992 9 2 19
V% (As) (mglkg) 217 0.4 21.4 0.4 0.3 1.2
JIRI 4 (Cd) (mg/kg)  1.82 0.01 1.81 0.03 0.01 0.06
KR (Hg) (mg/kg)  0.49 0.01 0.49 0.01 0.003 0.02
=L (Ni) (mg/kg) 75 1 73 1 2 3
sa s (Cr) (mg/kg) 81 1 82 2 1 5
£ (Pb) (mg/kg) 36 0.2 36 1 0.3 1
4. FEH

FAMICIZ, IEBEREAREEYE & U CEEEWE A (5 B L RRIEE FAMIC-A-10) , YW B (i b s et
FAMIC-B-10), HE#EM)'ET C (5 IR BEALE FAMIC-C-12-2) , #=H#EM T A (155 EEAL AR IEE FAMIC-A-13) K OV
HEWE B (FE LA IEE FAMIC-B-14) DA W IRA MR T 57 DIZE =2V I L R M2 e Ml 52
fEL7=. ZORER, HEHEY)E A-10, B-10, C-12-2, A-13 & O B-14 O &35k A 8O AE O EIE, Wi
MO NI E B BB R R A2 52 L1377z, -, BRAfE% 1SO Guide 35:2006(JS Q
0035:2008) ¥ &2 B (ZHEFHRITL, Z2EMERIELTZE25, FEHEYE A-10, B-10, C-12-2, A-13 L (' B-14 1
DWCHRHER E%, £45F 6,7, 56, AM, 3F 1A, 2F7,-AM, 1 7»AMDOETD
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FORIERL Sy D2 TE D R S Tz

NEBLFRREAR EM B DFRAER > DR Z EMEZ MR T 52803, FIMEOFIEM: M EIZFHET260EE 2
s, —J7, BBt OBAMEEDE L, EWIZITMIC/ERL THL601E7220. I, ES TR TODIE
BIERFEAE YEY B XIS E O R A DIEEHE 4 e OV DRBR T IENRS N TRELT, 72, FaE T O
B ED EH M ERLE I TR, ZO L7 BLNG, ZOREYEYE OF) RN, AR 4T OAF FE i i
RICEIRTHEZAIIRENE D LHRFS LS.

X ®

1) JRSATEOE NRMOKETE B 2 it 2 — (FAMIC) < IERH AT AR MERUEL OBl AT F FE Ffc &
<http://www.famic.go.j p/ffis/fert/sub6.html>

2) ISO/IEC 17025 (2005): “General requirements for the competence of testing and calibration laboratories’
(IS Q17025 :2006, BRI & UL IEABIDRE I BE 35—k BR 95T )

3) miteE T, BRI, JRFFG, HEERES, IV RS, BOcH ), BH#n, SR BN 2010 45
BB HEY) L D BR S — i (LRI EE FAMIC-A-10 & OV i LA Ik FAMIC-B-10—, fEEHIFZEH# S,
4,107~121, (2009)

4) FITHTY, BRI, JURFFE, BAASL, fHEE N, REE 7, SORNLF, HEERT, AHHE,

SRHBOAN 2012 4R FE EBLERAEYEY E O BASE — 15 IR BEICEL FAMIC-C-12—, EEHMFZE#4, 6, 84~100
(2013)

5) MEfE—, \KFE, BAAM, FOouH ), REE 1, AEH T, BARZE, BANY, BHthin,
JARH 1 2013 45 EEHM FEEM B OB — @ AL AR FAMIC-A-13—, JEEHFZEHA, 7, 95~
104(2014)

6) BeERE, RO HLY, WM, JURFRG, R, BAPRER, NS —, BEEHFIE, saRip, &
ICHRER, fEARRSE, BN 2014 S NERIREREAR MEY) E o0 B3¢ — M im b iEEE FAMIC-B-14 7l
fl— ) JEEMFSEER S, 8, 140~152 (2015)

7) BOTHLY, BEE, JUKRFR, BRANIER, AR, AHHiT6:2015 £ JLEREREEEY B OB
5 —1GIE TR R FAMIC-C-12 O RGE—, IEEHFZEH S, 9, 145~169 (2016)

8) 1SO Guide 34 (2009): “General requirements for the competence of reference material producers’ (JIS Q
0034: 2012, HEHEME APEHR DRENZPE 5 — X ERFHIH )

9) 1SO Guide 35 (2006): “Reference materials—General and statistical principles for certification” (JS Q
0035 : 2008, [{EHEY)E —FRRED T8 D— i) e Ot 272 5 Al )

10) 1SO Guide 31 (2000): “ Reference materials— Contents of certificates and labels’ (JIS Q 0031 : 2002, 1%
HEYE —BAEE L 0TV ONE )

11) IRSZATEOE NRMOKEN & % 22— (FAMIC) - JEHERER % (2014)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2014.pdf>

12) 1S0 5725-6 (1994): “Accuracy (trueness and precision) of measurement methods and results—Part 6: Usein
practice of accuracy values’ (JIS Z 8402-6: 1999, [HIE J715 K ONHIE RS SO kS S (L KOS ) —

6 AFHESIZ RS I DD A RYZ VN7 1)

13) Thomas Linsinger : “Comparison of a measurement result with the certified value”, European Reference

Materials application note 1, European Commission - Joint Research Centre Institute for Reference
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Meaterials and Measurements (IRMM) (2010)
<http://www.erm-crm.org/ERM _products/application_notes/application_note_1/Documents/erm_application_
note_1 english_rev3.pdf>
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L ong-term Stability Evaluation of Fertilizer Certified Reference Materialsfor Determination
of Major Components and Har mful Elements: High-Analysis Compound Fertilizer
(FAMIC-A-10) and Ordinary Compound Fertilizer (FAMIC-B-10) and Composted Sludge
Fertilizer (FAMIC-C-12-2) and High-Analysis Compound Fertilizer (FAMIC-A-13) and
Ordinary Compound Fertilizer (FAMIC-B-14)

Shigeyuki INABA?, Yasuharu KIMURAL, Jun ITOU?!, Shingo MATSUQ?,
Keisuke AOYAMA?Z, Norio FUNAKI! and Yuji SHIRAI®

! Food and Agricultural Materials Inspection Center, Kobe Regional Center
2 Food and Agricultural Materials Inspection Center, Kobe Regional Center
(Now) Fertilizer and Feed Inspection Department
3 Food and Agricultural Materials Inspection Center, Fertilizer and Feed | nspection Department

Food and Agricultural Materials Inspection Center (FAMIC) has performed long-term stability examinations to
confirm shelf life of fertilizer certified reference materials (CRMs), high-analysis compound fertilizer
(FAMIC-A-10 and FAMIC-A-13) , ordinary compound fertilizer (FAMIC-B-10 and FAMIC-B-14) and composted
sludge fertilizer (FAMIC-C-12-2) for analysis of mgor components and harmful elements. FAMIC-A-10 and
FAMIC-A-13 are certified for the contents of total nitrogen (T-N), ammonium nitrogen (A-N), citric acid-soluble
phosphorus (C-P.0Os), water-soluble potassium (W-K20), citric acid-soluble magnesium (C-MgO), citric
acid-soluble manganese (C-MnO) and citric acid-soluble boron (C-B203). FAMIC-B-10 and FAMIC-B-14 is
certified for the concentrations of ammonium nitrogen (A-N), citrate-soluble phosphoric acid (S-P.Os),
water-soluble phosphoric acid (W-P.Os), water-soluble potassium (W-K20), arsenic (As), cadmium (Cd), lead
(Pb) (only FAMIC-B-10), nickel (Ni) and mercury (Hg) (only FAMIC-B-10). FAMIC-C-12-2 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 analysisin reference to SO 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 al 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-12-2) and high-analysis compound fertilizer
(FAMIC-A-13) and ordinary compound fertilizer (FAMIC-B-14) were stable for each five years six months (66
months) after preparation and five years six months (66 months) after preparation and three years eleven months
(47 months) after preparation and two years seven months (31 months) after preparation and one year seven
months (19 months) after preparation. It was compared the certification level with the measurements of CRMs by
an introduced evaluation method in ERM Application Note 1 by reference. The CRMs were expected to be useful
for the quality assurance and the quality control in the analysis of major components and harmful elements in
compound fertilizers.
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Key words certified reference material (CRM), fertilizer, major component, harmful elements, 1SO Guide 35,
long-term stability

(Research Report of Fertilizer, 10, 168~194, 2017)
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10  REUERFEEE (VL7 —EE) DOERERE

RSS!, AR, T RSN, ARRTRERG®, OHEETs -2, BHIa®
F—U—F  RFMEER, VLT —Bik, BoRBRE O L PR

1. [XL®HIC

NTEBFE RN TT BN LT ERHE A TR B S OFREDEIEEL O HI R F IR FE OB K E A EBENBESH
TW5, F72, REWERITHDMER D THY, IBEEL TOMEEIASLNCT D ETIIE S IEEF O R FE
EHROERIIEECHLY. L3> T, AEHMITHIRFEDHE SN TRV IERIOIR FEHE RO E &
EHYERRR AN LIS TNDZEND, FiRRE7a~h7Z77 (HPLC) IEIC LD IER R D R FEPEZE F O M
EIED BRI LinLendD, HPLCERA L CWOZRWRBRELHHZEND, RO T —8EH Vo
WCRBRIEOMERERI A Z FEMEL 72, £z, UL 7 —BIETHOTOD SR IR R ZNE RO 38T R84 O
iR T D2 LD, HPLC JETHWTW ORISR (v 7 2 F v 7 A% —F—) O AR LTZD
T, TOMELHET 2.

2. MPRUAHE

1) AHORERUVRR

TIEEE DG, JRBE R NRFBLZZLEGIEEIE L CEF 16 AU (RFE 3 5, #EEFNEEE 3 8, [LaAEE 4
AR BAA IR 3 S R ERL A IEE 2 7)), IRFMEM R OIRF L EDZ G LESIEEL G108 (0T
R VTERFEE RS (LLF, TCDUJEW. )2 &, AV T FATIATEeRMEERFE LU, NIBIEWS. )1 4, &
VAT VTERIILIRFE (LT, TUFIEWD. ) 2 iR OMEREEL 5 A7) Z23lBRih L L CIEE L, N Z iUk
THBAX 500 pm O SHWE BT 5 F THREL TodT AFEHZFRRLL 72, IRINENNERER & OVE & N RO
MeRBIZ W= 1B O CDU 1, /oW HEEHD 10 g 222 dudn ey, a—h EARK (3 ) IZAdL, fhiHTE
BEDY AR A (3L) ZINZ THEE L, AR B> T- R A i L, Paifii & 1B K OS5 A CDU &
L.

2) FERUHRE

(1) [AEERVEEH: b T isfXemREy R

(2) ~7xFyrA%—7—: ASONE HS-6AN

(3) tHIE/KfE: THERMO F-0030

(4) EALAEFEIEE: ZHE T LH¥ AT-510

(5) EHkARr7a~r757 (HPLC) : Waters aliance >V —X

VRSATBOE NRMOK PEIH Y 2 el e 2 — ALl e e —
? PRSTATBUE NEMOKPEH B 22 i o 27 — NEETE 22 SR A T
S OMSIATEOE N MK EHE Rt —ME 2 —
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e

7z

(6) #1724 Asahipak ES-502C 7C: K= 100 mm L X N£E 7.5 mm 1.D., K% 9 um
NIV PRP-X200: X 150 mm L X NEE 4.1 mm 1.D., K% 10 pm

3) HE

(1) /k: JSK 0557 ([ZHET 5 A3 FHH DK

(2) VAREIERSR : JISK 9007 (ZHE T DV AME — KK AV 13,639 K TNISK 9020 (ZHE T D0 AMmEK
—F 25689 %K 1000 mL (T LT

(3) KEALFT RN 2K (5g/L) - JSK 8576 |[ZHLE T 2K TR A 5 g Z7KIZE2>L T 1000 mL &L

HFIIILI

(4) Hife: JSK 8180 |[ZHE T Dk
() AFNLyREERZ(0.19/100mL) : JISK 8896 ([ZHIE T HAF/LLv R 0.1g% JSK 8102 =% /— /L (95)

100 mL {2 LT

fi]

(6) Hilg: JSK 8951 (ZHEd Hakdk

(7) TLT7—¥: FEHMisE T3%

(8) B b~7 %7 JSK 8432 |ZHLE T Dk

(9) JRFE: JSK 8731 ITHIET DK

(10) 0.2 mol/L 7KE&{bTFRIw NEEIR . BEBAb - A Sy b R 2 iR
(11) 0.25 mol/L il : B8 HAb - % By Hr FH R B R

4) BHEBRRARAE

(1) EERRVIEEHA RS0 (LUF, TEERIRVIEEHIE L0, )

(1.1) RFERORFE T TEE IR

IMTaREE5.00 g 2130 &, 287722500 mL (2 A, KK 400 mL %Nz 30~40 a5 /4y THI 30 4y
RVIBET-RIERETKREMA T, AHE 3T TAHEL, HEHRIKELZ (K 1).

(1.2) RFLEM R NRFBCAEWE ST EAIEE
SIATEREE 1.00 g 2130 e, 2B 7T A2 250 mL I A, D AEEHEIARR 200 mL % 71% 30~40 [al#5,/ 7y

(25°C) THJ 30 2 MIRVIER 7= AT E TR EZMATZ. AR 3T TAHEL, SBHAKRELTZ (1K 2).

| obiE500g | ARTIR= 500 MLz,
—7K#J400 mL

| DA | EEE R (30~40[EE / 4) , 304
7Kk (R E )

| 7);‘@ | 2utsfE

| HhH i |

X1 (Al IR TR (R3%E R OIRF 28 TEA TR
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| Ok 1009 | AT TRa 250 mLICiE0ED.
<0 AUBREE Y200 mL

| RDIRE | R B (30~ 40z /43, 25 °C, 304
K (B ET)

| 5;‘@ | 2kt

| Hh |

X2 ARV IR ERIE ORFEEM L OCRA LW E TEA TR

(2) I XTI ARE—F7—" WL HECLT, [RZ—F—{E1Ln).)
MR 1.00 g Z 1320 D, e =475 22 200 mL (2 A4, /K 100 mL 201259 10 43 SR8,
AR ITETAHWL, AEHARELTZ (K 3).

| bR 1009 | SR =ATT23 200 mLISIEAED.
<7k 100 mL

| P |~/ RFosRE—T—, 304
[

| 2ifh | 2wt
[

| S |

X3 AH¥—F—k

5) BIEAE

(1) vL7r—iE( 4

(L.1) Jnoksfig

o —E & (U-N ELT 10 mg #4824 E, N &L T 10 mg~100 mg fH 24 &) 27K~ 7 A= 300 mL (&
AL, IKEMA TR EZK 50 mL &L7-. AT VL v R (0.1 g/100 mL) BEREN R, RO DD T VEIRE
(2722 £ CHEME (1+200) IR LT N D AR (5 glL) ZINZ 7=, fhHiE T O IR % 533 DT I +41 78
2029 OULT—EENMZ, HELTL0 COKBHTLRFFINELZ%, Bm L CGRENFIRE LTz, ik
22 RBREL T, BIOERE 7T A% AW CTUL T —BEINZ TICRBEOBIEE ML, R0 iRk BRisig 4 76 5
Lz, &, oL 7 —BZERBREL T, BIOKE 7 T A% FAWTHI IR Z KICE 2 ClRBROBEEZ FE ML, 22
AR IR A TR LT,

(1.2) 788

0.25 mol/L fiil% 10 mL Z52#5 1130 e, ZOZaez /KA KA 2L E TG LTz, SUBHA IR D A>T 7k
W7 7A@~ 7 XU L 29~3 g%z, ZOKE 7T AE KRR ISEIT#EE L. KEKEAHY
TIAINIIEY, ZEH T T AN OERRZ AL, 8 HE#E 5 mL/min~7 mL/min TZA® %17\, 120 mL~160
mL 3B ML 7= D78 A 116, SZan N OVEIR EBE LT K ZE KRR LB O oy 2D B DK TV, BeiRA B TR
LE DRI, ROIRABRESHE K O L7 — B 225 BRI 2 AR I T E L CAEa BRI IR D R4 i & 1572
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(1.3) {fE
BE IR 2 BT 25T B E A AV T 0.2 mol/L KR b7 R LRI GRS E L=, 0.25 mol/L fitlis 227k BR, R
I FRERERIR I B N L7 — B Ze S BRIs RS FIRE I CE E L.

| Hh i |
|
| SYER (— i i | g5 == 300 mL

—AF LR (0.1 g/100 mL) ik

< (1+200) LKL R 7 AEHE (5 g/L)
(BEEDYD T VAR BT/ D ET)

—L7—+ 029

| i | 40°C, LR
|
| Huhs |
|
| AL |
—p{b~r x> n29~3¢
e =55 300 mL
s A e o S
A W'l“ i 0.25 mol/Lfifi10mL
| IR IR | BEHEE © 5 mL/min~7 mL/min
|
| B 1L | i 120 mL~160 mL
K (B2 FRNDIEIR E B UT- 78 18 DT )y 2 i)
& 0.2 mol/L/KE&Ab. T N AFRIR, EAT 221 B 2 &

4 TR 53R 7500 B OV 7 R AR

(2) HPLC ik

IotrakEl 1.00 g Z1E e, ke =7 T2 200mL (2 A, /K 100mL ZINz, 7 % F v I AL —F—
ZHOTHR 10 BN EEET-. FEk, BERE e DIk EE 15 mL (28, =0 7) 8000X g~
10000< g T 5 i Lo BEL, R AR E SRR E LTz, ZOREHA TR Z HPLC IZXOJIEL- (X 5).

| ofrateiL00g | e =ga7 723 200 mL
«— 7Kk 100 mL
| i | xR, 105
[
| firie |
[
| 3L | St ph R . 8000%g ~10000xg, 543F
[
| I | itk rn~tr 57

X5 HPLCk
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3. MRRUEER

1) RERREDOREZE

(1) L7 —BICEBMKSS il Bt

UL T —BIINMK G fREEESR DO — D THY, JRFITKH LU CGRIRFIIERAL, L FIoR RISz kD =
BRACIRFE LT B =TI T 5. L2 C, IREBMEFROE BITHENAR P OIREE TR IRT DD
7oL T — B EIINT AU ERSHS.

CO(NH,)2+H,0=C0,+2NHs3

oL, O L T —BIKIGEHER—E TROBOBHY, RETIK TLoT W eI &EE, TR
FERET DI D7 BROUL T —E (8 0.29) 19, [EFE 40 °C SUGKER 1R 054 R FHEZE 5 50 mg~
60 mg Z /3 fE9 HICUL T —F 03 g N L Th-o7z. 17, 10.19g~0.591¥ Xix[0.5g LL FCIR#E 0.25 g &5%
B RT 2HD 12 VL ERNOREN TODITIRE T, T2 THRNCY L T —E OIH M TNk 55 fifhe
NEPETDLENHS.

ITAE, FOEHIEE T3 (BR) 23, HO0 Lo 7L 7 —EBOIEMEARFEL 727U 7 — B2 RBL THDIEND,
B DRBE RIS DL T —EBDO R/ NI EZ MR T 572012, VL7 —E (M 140 Unit) &
FNZEN01g, 02 g&N0.3 gz T, FERRVIEEHIEIZEY CDU Z AW THIELLEZA, LT —ED
INED 0.1g DEAITEE TE 7273, 0.29 &Y 0.3 g TIEHIEMMIC R E R ZEITRBO BTz
(D). 7, v 7 —BIFRE 0y "D LITIR AN B 28D, BAeDIHMHERM O SN THD. 20
728, IEMEAE 130 Unit~150 Unit 7L 77—V & HWTRBRICHIE LT- L2 A KSR ZEEITZRO b7
(#2).

%1 LT PR R #2 LT — PR R
BT — PRI izt 4 ML 7 — B yic 4
(9) (%)° (Unit) (%)°
0.1 N.D. 130 1.59
0.2 1.63 140 1.65
0.3 1.59 150 1.63
a) L 7 —BIEE(E 140 Unit a UL T —PiNE 029
b) 24T BRD T b) 25 BHT BRI fE
c) BRNR c) ER R

(2) HhitEET ik

UL T —RIEAIER 32 42 (1957 A7) A EEY GRERIE | (R 3)) IR S CLLR, BUBRAR O F kI
Fix DB RDPIMADIVTUN . TFEARAREL AL S GRERIE (3R 3)) TIEERA MO A DA TR S
NTEY, WTRORELAKTHREL TS, RSO GRBRIE 11(E 3) Y TiE, REEGH UIRFEL
B E T EE ORI O HITINAK 3 2B 13272012, 20 CIRPHA T T ALY A BRI IR
(PRHEMEHR) 2L T e, T35 G RFRATREH M) @ RERIE 11(3R 3)) TIIhh iR E% 25 CIZAHL
TS, F7z, TIEE L (1992 2R 1Y GRBRE IV (3R 3) ITIZIRFLEWM R IRFLEMEELEET
BrORIH HIEAIGERS TR, TIEEHE RS (2016) 12 0w L7 — €1k GRERIE V(3R 3)) TlEaliris
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N X OSRBREE IV 228 ICESEALNTIEPIES N TWD. LT —BIEORIH I IEIS, HRETDIE
BN E RS Z I (2072 - Ty, 2R E LU TR O /3 BT IR A 22 EHEIRVIB 2 VT g, &
DZEMND, LT —BIEIZBW TS NEEHEERTE (2016) | O @ik ik o~ 777 ik GRERIE VI (32 3) ) Ik
D E (hHERE =7 2 F o728 —F—, FHEEEE K, SR ==E) 20V 7 —BIE~E 4528
DI S Z RS T DLz,

#3 A RBRIEOHh HEIE

ORFEY st SR b FHHOREE Rl
HERIE A — K — —
B (AR R K — 3043
C — 7K — —
D I . . —
HEBRIEN A, B - - - =
C,D (AR PR O TR R 0 AR TR 20°C 3075
HERENN A — K — —
B (AR R & — 3045
C,D (a4 0 TR O P BRI 25°C 3045
REREIV A — K — —
B (AR R & — 3043
C, D — — — —
HERTEV A B (R R K — 30551
C, D [EIHRHR D A D ARSI — 3047 fi]
ABRIEVI A~D  =IRTFIIARI—T— K - 1045

a) BRIE]  FEMRAEEL AT 1L (196247)

AEREEI : FERhIEZE RO EICEE T D048 (B 1) IREMEHZ B IO

AAMEZE RO T BTV T (19654)

AEBRIEN ;35 G TRRARAEEN 3 Bk (19884F)

AERVEIV: BT (199242 hR)

ABREV: ERERERE (2016) 6.3.aVL 7 — Bk

AREREVI: JEEERBR L (2016) 6.3.b mdiiikrn~ 7T 7k
b) A: JR#E

B: IRFEE G LHEE R

C: IR#ELEW

D: REAME G LEAIEE

PR IR ERRIEIE, (A)JRFE K O(B) RFZ G LEAIEEHIOM HEEL L TOkE IVW=IE, £z, (C)
RACEW R TN(D) IRF AWM Z G TR NI KA L LT A lRIEYA R Z FVvy 25 CTIRVIRET:.
YT XTI AL =T —{EFIOTOREBRS I L U OKE W EIR TOZIRET. KRB IOV TRIERR
DIREREIEL A =T —IEDIEMD R K CZNBIEMEOXIEDH S t MUEIZEROT t fExHEza 4
(RUTC. TORER, A E/KYE 5 W THIHIE T IAMOREMICA R 22T e o1,
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#4 BB TR LB EEO

R IR 25 —5—

St (%)” (%)”
G el 38.63 38.66
T e 39.61 39.53
PR 43.23 43.78
&S 44.34 44.82
PRE 44.03 44.44
G EE s 35.44 35.01
EEIE 40.88 41.04
t 1.014
t g2 E 2,571

a) IR IR 2 VTl L7z e 18

b) B &5y

C) A —Z—%& FWWTHH L7z Il E 18

d) *ISDHLRNEMEDF-EEDAEDKEIZLYRDTZ t HEsHE
€) 5 %A E/KYE (W) O t BLAHE

RFVEEHREL THE R 10 %L TORFLE LEE IDERNE TR FED K IR FCEWE G T
BIEEHZ DO W T RIEEIRVIEEH#IE L AS —F —EOREMOBREX 6 (TRLiz. ZDREYi=o ElitREd
95 WIEHHX I 1 25 2, G195 W(EHE X [MIE O ) 28 A CUe. MBMREIX r=0.995 THY,
b LB ERBREOHE I VEA T 72 L Tz, F7e, BIEERVIEEHIEOH RO RIEEIZ 7 2y MO,
7, I AH@QOREMIT 70y MO ) TR 6-21R LT, A2 —F—{EORIEMI 5T AR R E
ORISR D3R EITZFRD Dot LRSI, 1B(1 A 2K T L IR FBIEEZ OREM
MBS IR CHI I L7 EME LS S5 o720 C, SR TR s a2 U7 /6 8, I IEDRRE
ZHZ TOWAEREL TS, IBIE, K~DEEMEFEA0.09 g/100 g /K (25 °C) 19TiHY, pH 4 LL T DR FEE I
PBWTRRITNK R E DY . LsLanh, (LRIREHE DK TOHIHIE, HYESEETHY, fl R 23
10 73 T L ELERHI N2 &30, TE BAE~D BT bl -7z,

ZDIEND, AF—T—{EEARIEEL T, LT O, FESEOMREFMZEiT o2l LT,
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10 ¢
g y =1052x- 0.11
@ g | r=0995
hm
,%_\ I
< 6
M
= 4|
h
1{1\ 2 - ”
2 Aol
x 0 [ z 1 1 1 1 ]
0 2 4 6 8 10

IR D TR I 72 U-NTRESE (%)

6 [EHRIRDIBETE K OAX —T —2 [ it 7150 U-N JITEM O Feig
O: RFEZGOEAITE
[EIHRHR Y IR (l BRI 7K) — A% —F — (Rl IE : 7K)
O: RFEMEY R OENE G TEE LE
(RO AT (R VA O ARRHR I IR) — A% — T — (Bl AE  7K)
K [EURERR, ot THIKR, ARt y=x

I
(%) B Tk Sy 3K

2) FHHAHICLIEEDEM

RIEOBEEZEGR T 2720, RBVEEHRLL TH S 40 %, 10 %, 3 %L N1 %Y EORFELRML
TR (e N o A, ALRRIEE), PEvEdE A 1B, UF ADEERIEEL 2 v 3 50T ClREMREHER
BRUT-fE a2 5IRLTC. 7288, UF AVLRNEEHIIR FEERDNE E/H 053 %E AL TV 2lind, £
DEEEAWCTREIEEZR L.

JRFEMZEFR T EBAEAVE B3R 1.58 %~39.96 % T, [HILR|E 98.7 %~103.7 % THY, W DAL

=

FHINO DR FEFFAIZ 3T D ILBHERBRIED R L CODEEE ([EINER) O HEELIN Th -7z,
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K5 BRBHPO IR RO LU RIS

B IS SRES enmd  E Akt [EEO
MR amg® aae?  EEW e A

e (%)b) (%)b) (%)b) (%) (%) (%)b)
it 85.7 40 39.96 99.9 1.4 98~102
bR e 21.4 10 9.95 99.5 2.8 97~103
Ve s 1B 6.4 3 2.96 98.7 2.2 97~103
UF AL R AL 2.1 1.529 1.58 103.7 1.9 96~104

a) HA LU TR LI IEEH AR R D IR B AR A LIZEIE
b) By

C) M- E P ORIFMERGHE

d) 3RHHTREBRODF2EE

6 NERHERBRIESESR 4D H B (BIR) O B EE

f) IRFEMEFRELL THESR0.53 %G

0) AMHRORFEMZE K OIRFHROIRFNEZOE

g

3) BHTHRERUSMFBEDH

ARIEDPHATHEE L O RS EE AR T 570, JRFE KO UR ADLEAEEE -V, JRFEE 2 5OMTTH
ZEZ TS ERBRL TELNIR BA2FE 6-1LITRLT-. £72, ZORENS— TR E SO 21T TELLTZ
DHTREEE R O RS EE 23R 6-2 1R LT, JRB DO FIMEITE &5 3R 4317 %C, HHTHRRTEHE(R 72213 0.8 %,
AR MR 721 E 1.0 % T o7z, E7z, UF AVBRIERIO 2 EITE #4537 2.39 % T, B TH SR HE (R
7E1% 2.9 %, HEFRMEMER 21X 5.2 % Th o7z,

PR3 DO THE R HE (R 72 K O R AR S HE R 51T, BERMERBRIEI RSN TV DO EREOREICE
FDOMTREEE (DFATAR MR HE(R 22) S OV FEIRSE BE (Hh I RR SRR 72) 00 B 2 AN OHESEHIPA CTdHY, UF AD
AERAEER D AT FR e HEff 75 K OV RFR S MR 221X RS EE D H 2D 1.5 5 LANOFFRELTH CTho7-Z b
D0, RIEF 07 EEA L QDI EN RS,

£6-1  HZEZEZ TOH IR MR el B E (% (&g &)
=ER H e UF A DAL R AR}
1 43.32 42.59 2.54 2.46
2 43.21 42.98 2.25 2.38
3 43.95 43.58 2.37 2.29
4 43.50 42.76 2.45 2.59
5 42.97 42.80 2.27 2.27
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FK6-2 PRI EE AR R BRAE OB HARHT RS SR

OHTREEE R R B
B S s RO CcrRD’ sm’ RDim? CRDim”
(%)"” )" (%) (%) )" (%) (%)
PR35 43.17 0.36 0.8 1 0.43 1.0 2
UF A/ A A} 2.39 0.07 2.9 2 0.12 5.2 35

a) i P fiE GAUBR A £k (5) 2770 4T)
b) B &y

¢) DHTHEHE(R 22

d) GHTHRHE R 2=

e PHMTREEE (DM THIRMEMRZ2) O B &

f) A e

0) AR R AR Y 2

h) SPETREEE (b AR AR YR 22) 0 B &

4) EETREOHER

RIEOE & FIREMGR T D780, Pt CDUICRFMEREL T 8B43R 0.28 %iH Y4 & O SR FEE IR
L7l W, 7 80T TRBRLICHE R 23R 7 IRUTC. JRBIEE RO E =il i’?”faéua 0.30 % T
HY, TOEREREITERESFR 004 % ThH-oT-. 728, &8 TIRITE YR #x10, R H T IRIZIEHE(RF 5 x2xt
(n-1,0.05) Z AW THEHPD U225, RIEOE & FIRITE &0 % 0.4 %R, Kt TERITE 8575 0.2 %z
FELHEE ST,

AEBFATEHMS 235155 CDU D2 OfMOHIRFHEICIFNJRFEHZEFRIL, 3.0 %Ll FCThHILE LFtilksi
THY, HEE LT E & FIRE (B #5304 %) IZZORIRFEHOFLIRD U5 LU N Thole. ZOZenh, Kik
1%, EEHERBRIEN R L CODIE & FIROHESE L HER - L QLD L2 B LT-.

%7 E%‘FBE&EDL ni%@ﬁkﬂ/ﬁ

?&ﬁ?ﬁg HEE R

Al e ORREEAE ;

i MRS ERET MR RERE e e
ORI WA /O NN 7 KA (1) R %

CDU 0.28 0.30 105.6 0.04 0.4 0.2

a) IRFMEEREL TOUIME
b) B

C) TR DM TERBR DL fE

d) fFE (R A% 10

6) = (R 75x2xt (n-1,0.05)

5) FEBHOD S

2.1) TUAE LTI AERHZ DWW T 3.1) (2) DET TARIEDRBRIEE~DE G 2R LI2LZA, ERaiE
TRHBLITROONIRD T, Fiz, ZNHOFRIEEZ T, HPLCIEEARIEDOREMEOFHBZ 7 12R1L
7=, Fiz, ThENOE EEOBROEIFZ KD, HBEREA R MU, £, IREFEEERITBITDOLARED
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95% T 1 IX.[H] & Bl ELAR OO J8 PRI HE V2. 2 OFER, TRIKEICE T OIRRAFERD B 00, [EF
DX (1.014) K O] A (0.10) D 95 %15 #H X [i]13 0.948~1.080 &% 1M-0.18~0.37 THY, kI BRIEDHELE
HiH ThoTc. ZOZENG, HPLC IELAIEDRIEMIIA R —EL , FROMEMEZRTHDTH 7.

ZDOZEMD, KIEITRFELZLEG IR CIRFCED T ORFEEFZRORBRICE A TELHHDTH-
7-.

10 ¢
S y = 1.014x+0.10
fm 8 r =0.992
o
’,Z\: /"
1 6 - I'
)
0 A
6 Jole P
Li ’/’ 7
q 4 '
)
=
o
T 2 L
0 ol 1 1 1 1 J
0 2 4 6 8 10

L7 —EIEIZLAU-NAESE (%)
7 ULT—EIEKLOHPLC A28 D U-N JIEEO s
O: RFEZGLEEGIE, RF|AEYM R OENZETEE LR
IR EIRERR,  ARR: TR, MER: y=x

(%) : B &Sy =

4. F&OH

JRFMEEHFZRBRE (VLT —BIE) 20T, EHRIRO T RT M2 T8 e OV ERZ8 B L CHERERR A5 2 i
LT=EZ A, RO FRA2157-.

(D) HHEEEOIMK IR ANDTL T — B O ML, UL 7 —EIEEE 130 Unit, 140 Unit & O 150
Unit 4 029 UL ETH-7=.

(2) FEHARFARTIEORFEATY, BAFOERRVIEEHA Ao 7k~ 3 F v 7 A% —F—%
DI IEL LB RT UG 5, 7o B E HE R CE O TIAMARE A B O s D~ 7 2 F v s 24 —
F—wRWLIEELT. 7235, BEAFOIFIETIL, VABRARMNR K O IR B SR 03 BUE ST Tany, KEH
WCEIRTHohH CEa AR Lz,

(3) FHREE A W TIEINGRERZ FE L 7o/ 2R, IRBMEE RO FEIEIVE #55 1.58 %~39.96 %D
FHCER RN R 98.7 %~103.7 % THY, IEEHERBRIED B D BIEAN 2L TV,

(4) DHTREEE R OV RS FE OMERRAAT ST /G R, DR TAIXHEMENR 7515 0.8 %~2.9 %, H[HIFH R AT YR 72
1% 1.0%~5.2%ThHY, IEFERBRIEI RSN TV A REEOFFAEFIH Th -7,

(5) EE FIREOHEREIT MR, NECHBITDER FIRITE /) F 0.4 Wil e sz,

(6) WEAEEHZ DWW TARIEORBIBEA~OM A 2GR LI2LZ A, ERAPLET2BI8UIRDLNh o
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2. F7z, HPLC iEEARIEDORIEMIIM R —B LTz, ZOZen b, RIETIRE, RELZEGEAIER K OYRHE
LB T OIRFVEEFZRORBRIE A TEob D TH -7,

X

1) JREMOKPER SR IEHEURHE S I D & Bl AR O A E SIS 2 B D D E Rk 28 42 12 A 19 H, &
MK PER & 7155 2535 4
2) BETEFR O UGTRERRILE AT, p.56~59(1988)
3) HEIEZ, KKHEE, AFMIR: MKk o~ 777 (HPLC) IEIC L DR D IR FEIEZE SR, B UL vh
PEERGEOUE — B —RBREO R YR —, IEEHFZEHA, 10, 72~85(2017)
4) EMOKPER BB RANAIZET  JREH AT (1992 4EAR) , p.22~23, A AIEMRER 2, B (1992)
5) IMNIATEUE NEMOKPEM B 22282 2 — (FAMIC) : JEEFEBR L (2016)
< http://www.famic.go.j p/ffis/fert/obj/shikenho_2016.pdf >
6) EME LG RIEEEHRA T EAREHRA L, p.73~74(1972)
7) KB E R ERIATIE, p.4d~4T7(1947)
8) HRNHEIEREAE  FEAEALEL 3 HTE, p.50-52(1962)
9) LIFRSCHE, 0 K FRPE R RO HTEICEE M98 (G 1 #) IRBMEERBL O IAIEESH
DEBNZDOWT, EEMIEEIR &L, 97, 1~32(1965)
10) EFIEA, AFEA, BB IES, ZFEZ, B, EANED, 5PIHEEE B o, p.136
(2006)
11) Ik —, A HIET 1B ERIO SHTEICOUWT, IEMIEIHR, 1964 4£45 3 75, 33~43(1964)
12) Codex:“Guideline on Analytical Terminology” , CAC/GL 72-2009(2009)
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Determination Method for Urea Nitrogen in Fertilizer by Urease
Toshifumi FUJITAL, Kimie KATO?!, Toyokazu NIIMI%, Yasuharu KIMURA3, Kohei ITO? and Yuji SHIRAI?

! Food and Agricultural Materials Inspection Center, Sapporo Regional Center
2 Food and Agricultural Materials Inspection Center, Fertilizer and Feed | nspection Department
3 Food and Agricultural Materials Inspection Center, Kobe Regional Center

An Urease method for determination of urea nitrogen in fertilizer containing urea and urea compounds was
validated as a single-laboratory validation. In the case of the activity for 130, 140 and 150 Unit of the urease, the
minimum additive amount for the hydrolysis of the sample solution was 0.2 g. There are two methods of
extraction process of the determination for urea nitrogen. One is using the upside down rotary shaker with
phosphate buffer under 25°C. The other is using magnetic starrer with water under normal temperature. The
comparison tests were conducted between two methods in extraction process. The extracting instrument could
substitute magnetic starrer for the upside down rotary shaker. In addition, the extracting solvent and atmosphere
could also substitute phosphate water under normal temperature for buffer solution under 25°C. As a result of 3
replicate analysis of 4 fertilizer samples spiked with urea nitrogen at the range from 1.58 % to 39.96% (mass
fraction), the mean recovery of urea nitrogen was 98.7 % ~ 103.7 %. In the train of duplicate analysis per 5 days,
the repeatability and intermediate precision of urea nitrogen were 0.8 % ~ 2.9 % and 1.0 % ~ 5.2 %, respectively.
On the basis of 7 replicate measurements of urea nitrogen added to samples, the LOQ value was estimated 0.4 %.
These results demonstrated that this method was valid for the determination of urea nitrogen in urea and, complex

fertilizer containing urea and urea compounds.
Keywords  ureanitrogen, urease method, single-laboratory validation

(Research Report of Fertilizer, 10, 195~207, 2017)
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11 aTYTNEEBEEE —Hih—

TR L EREE 2 IR 2 MR
*—U—F R, S, RSN, MR, FORS, TR, BV, SR

1. (LI

BB O F RS LD O F R O BeA ) E T 5 FE L LT, M35 FIC BT 2855
(LUF, THEEFRBR L)) O 5 ED MK PER B R 25 R R R AV ICLD ED BTV, J_HEHOD/AE%%
B2 ClE, FIEREBROVE TR AR RS CHUERBR O, HICEOROHLNRNIEAROHN TN, flE
BrCi, JRAIEL CEERIEW o~y T2 AV, TOAEB RO SIEEHR ORW A Ee ks (D?ﬁﬂﬂfzﬁ:#
T5. LinL, BB HPICHATHRETRICIE, AFMSOMICH, FiF R, WHERSOXRZ LT, £ &
FifESERR & 2 BRI 238 5. FAEUTERDS, A ERRIZEDH 00, OFERIZLDH O E {22 &ix
LW F iz, B35, VBRSO VARG DR Z ALBRNER 3 IR EABEEL VIR, v F 4 %)
LLUTABEEOFMA L LI SCHkIZ D 720,

Z T, MNIATBUE N MK PEE B 2 £ 2 — (FAMIC) Ci, fE eS8 A 3 D IE R & i e
(ZHET 2287 BEL T, BRMICa~Y T OABBEEZRASE T, TOMREBIEE - FLEk L& RO
AT TS, AT, A% FAMIC TERE T L CO DA E R BRIE O REI72 TNE K O B0 k7 —
5kbf§§f"ﬁé AENIREM T U CTHESR (LLF, TZn) &) oh Rz B B IERHT B LT i E 53K

(Z R D RIE R AERRABRZ L 72D T, TOREREWMET D, OFEY, Zn ZOLODOMBIERZ R ET D
DOTIEL, Zn MEOBEIE I L3~y F O BEER AR T A2 A HIE L.
7283, Zn MIEIO R ZIER I ERBR S T CIIBAETLAMREMENREDD TRWEE 2 LNLZE, K UE
FHR NN TH DI LT 7o H g R Z AR AR I T I L7

2. FHRUVAE

1) B BEIEKRERSER
(1) ek
ek 8K AR AR E LT RS 113 Zn 28 E T A I M oo T XY IR & B ThH
%2%7&57‘:&5 Fi AR AR R MR ARBR I L CD. B Zn <08 (LT, TCul &) OV fiE - FILFH EE 1%
(CRERBEZ T HZEN RIS TERY, Zn OIBRENEREZFEBSEHIME O pH 2k
pH 5.0~pH 6.5% L3 2UENHD. SHICHEIEYM D~V F DiE pH 1 5.5~6.5Y THY, fitit 1o pH
IZDERMENICH D, R HEOBLEMEEZE 1ITRLE.

LMSATEBOE NRMOKEEIH B Z it s —falii ko 2 —  (Bl) Rl IR LR BUR AR
2 PSIATBOE NRMOK PE B 22 il b 2 — @i e 27—
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#1 RO BT

pH b) 0) %jﬁ de) 99
28 JAN .
j;g;g) +opk K9 (HzO)a) EC A @*%d) S-Zn S-Cu
H (%) (dS/m)  (¢/500 mL) (%)  (mg/kg) (mg/kg)
ﬂigf i CL 8.5 6.44 0.09 529 59 7 10

a) 1 K5OI IE L A E

b) FELAE R, 111 KEORREIE A1 E
c) E\Hz - fE

d) ¥ 1A

€) 0.1 mol/L i ik 2 &

(2) PR

HEAL72 ZniThifeaign LR (LT, ThilRHdn | &V D) K OHRR TS /<K Fndy (LU, THEigaign | &u
2), Fiz, ESHIIC Cu 23 3 Dmiedd (11) ToKFaY (LU, TR | L)) K Ol (1) =/KFnd
(CAF, THHERS ) &) 24l L7z, fEEAKIC > T3k 2 1TRLTE.

MR B L TROEIEEHI A SR O H 5 TN b a2 E L.

2 PR

a4 b2 Hiks

T i eV N IL Y] ZnS0s4+ 7TH0 R,
]S VAV O] Zn(NOs)2-6H20 ek
files (1) FHAKF CuS04+5H:0 i
fElRER (1) —/KFnm Cu(NOs)2+3H0 R

(3) HLEAIEW
A=Y (il - EHEK)

(4) B
1/10000 & /A 3y /LRy by, 1 aBRIX 28l L7,

(5) FRERIX O AR S Uil FH &

Rk 92 A4 BRE T OIR R R MR ER ClT B O LRI FEOM, ERREF Oy —AF
(R DM E N AT DA RENE N EEZONDY . 207w, £ 2 [T IR ERI I Z— 14
WE—DH D (WA A e OHEEA A4 ) R E LT, Zn K N CuD AR X THEOR £ s, EFEF
OBFPER DB 2SN D LD Zn £721% Cu LT 100 mg/pot, 250 mg/pot, 400 mg/pot LL7=. ZHLiE4 ~ i+
2720 207 mg/kg , 516 mg/kg, 826 mg/kg (ZHH D AT LD,

7B, EARICEITS Zn O BT 124720 120 mg/kg® LA FEEH, Cu TIEE A (HICIRD) T
125 mg/kg Kiiti& T HMBENHDD ZEME, YR BRO AL Zn & O Cu I X5 IBRHERZ7E 545 7]
REMEZ A L CVA, 3 3ICEREBR X ORI O &2 W T EE DT~
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#3 WBR X O K

3t I A IR R Zn or Cu
sd) D) zZn Cu wEe?  myEe” iR  HkERE AfrmE
P Pk (mg/pot) (mg/pot) (mg/pot) (mg/pot)  (g/pot) (mg/pot) (mg/kg ¥z 1)
100 - 147 - 0.44 - 207
Wimedisn  (d) 250 - 367 - 1.10 - 516
400 - 588 - 1.76 - 826
- 100 151 - 0.39 - 207
T e @ - 250 378 - 0.98 - 516
- 400 605 - 1.57 - 826
100 - - 95 0.45 43 207
fefeEsy (D) 250 - - 237 1.14 107 516
400 - - 379 1.82 171 826
- 100 - 98 0.38 44 207
fi P (b) - 250 - 244 0.95 110 516
- 400 - 390 1.52 176 826

a) BERERXITITEEHE, VAME, IEAE-100 mg/poté7e b LAk 22, A, Y4 i
72721, HERRGRSEEE 3 i ok i 22 L T £ 35100 mg/pot| 2 7= 22 WG A S 2 & s N,
B2 DA T2 TN

b) 2. 1) (6) fufEFiEII R () HEEIREGTE, (b) KIEHKIREE

¢) Znb LLIECuLISh oAb F 7 v — 7 O &

(6) M5k

R FRER O IEV IR O IO BICTIEEHE, RBRAIRERO 1LY 12725 35 LR AL Tt
M35, JEREEESN TS, L Lenin, 2.1) (2) (ST DB Hign K& OVF R Sl iRk 2 A 3 W B R Rr i
WD, WO HEEAG PR THLE B D, ZOTDRMERTEN K ORI TR T () THEEA
15, THIRHSH K ORI (b) KIS HRIREIEDOIE £ LT= (K 1).

(a) THEERAE

O v=—n48, 1 (R L), Zn b LLE Cu 28 Tefalal 3 L OVEE (FRZ2, A, ) 2 A
5.

@ E=— UISEHEHLTUEL), HRASES.

@ HERA M BRI 2 i KK ED 60 WIZFEE T HDIZUEREDKE NI, EHIZ@% ANS.

ZOEREIEIZ LD IR SRR AR L.

(b) KESHRIZHEE

O v=—/ 48T, BEk g (R +) K OBERE (i, if, ) 2 Ans.

@ bv=— VSEEELTREY, +oiREeSE5.

@ TR E IR KK ED 60 %IZFEE T DDITMEREDKIZ Znb LI Cuz & T akil 3 A it s
H, MBRASRICAND.

@ B ZnH LI Cu 25 TSI Z ANTCRBRA S IZ Q% And.
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Z D i R KRR =GR LT,

55
eI
N g 858 -
tﬁiﬁa% t
8 LHIR AT b) kIR
S HIET L 7 1 PRI A F BB IE 57>

T FARIRE L C, Wil H s K Ol FH L HEREIR LU C, WM 2 T A HE N & O
7. EELER I EE H LT,

R MIKE AT, IEEHEHERFEIR AR AL+ RNy MIAKZE AL, R . PR AR
AL, AL A FEEL-.

1 REfEd7i%

(7) ks ik

BHFEMEZEA R 4 (R U7, $Bs I8 O R EBR O 7RI CHERLL € 21 AMELTZ. /AT =Ry h
IZ, AFEHE 529 g/500 mL (3% 1) O ARV MNESHK 5 om £ THREL, M EM Do~ )% 20 hifk
FEU7z. 3553, N TRGEEE (R TR o hhry GC-K3AH) N THEESK) 25000 1x, FRAFIERD 12
R, <URBRT 25 °C, &M 15 °C, W 70 %D —E L LT, HEKITRKAKED 60 %o H L ICE & TEHEE
L, (kB3 —7 =R 7R E B KEE (FL A= 28 RP-MRF) ICRDREKE LT, Fes Sk a ) —I2
T 572, NLRREENTORYhOFLE IR A ZFRE, 4 A BIEL I 7.

KA PR
- " FE IR
Jie AES T el SHH IR
V2849 16 A 9H16H 9H19H 9H23H 101 7H

(8) FHWAETEH
TR, BER, WHEMORERE & (ERE, WE), EIEROMR, B 150 pH, EC, 1TE#{ED Zn,
Cu, #(LLF, TFel L)) R OWA (LLF, TPIEVY)) G IOV TRAL.

(9) 1EMIRD A3 71k
INFERS, AREAZIEL-a~Y T2 ERi 2T 80 ‘CT 3 A MR-, e EAMEL, Buki
(KAl FRILY— LM-PLUS) THEL7-. BREHCEEE 5 mL K OYEE: 156 mL 23RN0, K
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170 ‘CTEKRSG R, BRI, Hg (1+5) 25 mL TIEfiE, &8 772250 mL [ZK TERLREHATKE
L7z, BBHER B D Zn, Cu, Fe & A F% 7 1-W L5y et 5 (SOLAAR M5 mk II :Thermo Fisher
SCIENRIFIC) C, P &4 AR5 a1 YE O EE 5 (UVmIni-1240: S BUERT) TH Y 2 SOMTICE D 00T
IR, 7B, SHriEEIL 05 gLl AFAROWD 0.5 g MR TCERWIXITEDO R EAEL, 1
R ELTz.

(10) Bk -ED /34T

#%ik4 5 3.2) (3) DILNBLIROENEAFE ML T-. (EMIRZINHER, RERE AR N OB +584 60°CTH) 2
ez L, SRBRA gD THEA R MU, TS SH 4 em o [EIRERY, ZhaFof2emD ez AT
B, FEEO TSI, ek, 1EMIROAE AR BIZE o THRIED 2355\ X1 Bh H + H8 255 A o
MOV HUTZES, MEMRDIANDS G D o712, J&O X BIOHRIA A # e HBRITERIL, MESRITXRIT
5% B R OT IS, R, 2 mm Off AL, 80 Zn 48, Cu £, pH, EC ZHllEL
7z.

Zn 28 KON Cu 4 BT, Bt 158 0.5 g [2ASlE 5 mL K ONEER bk 3K 2 mL 2002~ A 7 il sy fiftE
(Multiwave 3000:Perkin Elmar) T4y fEL7-H D& ERT 7 A2 50 mL (I ERURENRIKE LTz, HIEIX ICPE
AT (ICPM-8500 @ B ) I KD FE L 7=.

148 pH & OY EC 13 JR\RE 3% 10 g (2xF L CThliZk 50 mL 200z 1 FFREIRES %, pH 13407 A E izt (SevenEasy
pH:METTLER TOLEDO) |24V, EC (3K EFHFH (CM-11P Al B L3) IO HIEL .

2) BIEAEDEWNIZKL SRIERAR
%9532 (3) DIEMND, MMLITiEDENTEERIAHENECH ATREMEARIRS V720, 21) i
Frita R R AR BR | FE S\ T GRS A S e L 7.

(1) F B X DA Bl Mo O &

21) (6 MfEHIEITTRT (@) HEIEATE, (b) KIEIKIRZEED LB IHBRE IO R SE A4 2
LIPDINEETHD LWL 72728, HERASKICHIBR SN & OiBRE 2 2 E LTz, fi &3 2.1) (5) Ih oA
IREOHHEL, ZnHLLIE Cu &L T 250 mg/pot (516 mg/kg #z 1) LL7- (3£ 5). 7235, 1 3ABRIX 238 L7,

K5 HGRERER X OWEAL

o B & (i Znor Cu
(-2 /e
L N T o mme WAR e
' (mg/pot)  (mg/pot)  (mg/pot) (g/pot)  (mg/kg #z 1)
(@ 250 - 367 1.10 516
ey Y VAN
R 58 (b) 250 - 367 1.10 516
(@ - 250 378 0.98 516
s it o
IS (b) - 250 378 0.98 516
P - : - - :

a) FBRIXITITZE S, VAME, INEL2345-100 mg/poté 72 5 o2z, A, YNz b
b) 2. 1) (6) MR A IEITRT () HHIRATE, (b) KIEHKIZEE
¢) Znt LI CuISh oAb F 7 v — 7 i &



a2 OAERE — s — 213

(2) Bk 75 1%
2.1) (7)EFERELT-. BHERLZEIIER 6 DLBV THD.

76 FRAERAER O RN
£ B
i A R fed EE EE IS FE

Rk 284-11H 18 H 11418H 1174221 11428H 127 9H

(3) #HEHEH
AR, R WHEYOERE S (ERE, wWE), BEEROME, Wit %o pH, EC, {EMED
Zn,Cu, Fe X O'P A RITHOWTIHAL .

(4) 1EMIERD 3T 571
2.1) (9 &FERELT.

(5) Wi DT ik

FEEFRRIEIT 21) (10) L[RBRE LT, 4580 13T Zn O Cu ld B AOfE 5572 0.1 mol/L HEEgiE tHikic
FBIFEY T LTZ. 1510 g (2 0.1 moL/L #ifg% 50 mL #ANL, 930 ‘CT LKfRIRES 1%, AL, ikt
Wik Uiz, BRI o Zn, Cu & A R4 1 Wt 4y 6ot & (SOLAAR M5 mk II:Thermo Fisher
SCIENRIFIC) CllE, ZDft R4 SZn &N S-Cu L7z,

3. #&R

1) B EEER

T VEFER OIS, Zn [ IR ER I FSND. O Zn WIEREIL 2 fli A4 (Zn*) THY, il
RN DR ORER T T ET2D . 22 OIEBN TR TEAL, MR OERLIE TG E AT 26 D LTV D
O AERNIZEBIT D Zn OIEBYFLFHIZIAL, IHMERREZTEET DA/ S—FF R T ALK —E (SOD) LUK
D bk T a D IRFEKFBA A ANEWT D0 — R =077 R T —BIZ Zn B3 5L TkY, DNA R
UAZ—E R RNA RUAT—F L Zn 2 0B LT D2 ENBHIIESZUIE Zn DR AR EWVZ DY, @E D Zn W
PWIIHE DA B ZE LW, #ETUERICED Fe RZEFHHL, TEORWIER (Fmms R) A3 B F.OITH
Bl 22 EMHBITNDIY L Ei2, HIRHR O Zn &4 313 20 mg/kg FRETHY, dienERIRERIZAKFRIZH
NRLEEMETIRET DI EN SN EEND?.

2) ESmBRIEREREHR

(1) 1EWIRD Sy HT#E S

HR S R R R F AR SR DR IR DI - 3T AR 7 /MO 8ITR L. B ER O A | IR Y
X ED IR AN R R D3 o556, BFIERDVEHIMLIZ (£ 7).

Bl i 6y X, 8 6 X S OVRH RS X 1336 238 0% 95 %~100 %k RAF Ch-o7=DITxiL, HiilEéi 250
mg/pot (Cu 516 mg/kg &7z 1-) [X }% 1400 mg/pot (Cu 826 mg/kg &z 1) X Tld 15 %~75 %L~ Cu iz, T,
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BRI XA B AR RS CTHY, TR K O R EFEHUIM AR X & L L CIRfE7E 57z,

VEMR D TR HTRE RN IS T, Bl A g X K OV IR HE 0 it F XTI EMIA T o> Zn #2723 936 mg/kg
~3602 mg/kg D#iPH CTE RS, 1EMIROBEZE 72 Zn WIS Ro7Z. CubBHCIImiEASR X T Cu A 69
mg/kg~217 mg/kg DELFHTZ > 7= Z LKL, AEEREH XL 15 mg/lkg~40 mg/kg DR 722 L0 b F72 D )
DRELN-. £, Culdi@E /EM RIS 720 10 mglkg FRE S A T2 DEE 25N 0, Rk Tl
FEYEX C 75 molkg &V R EE SRS L.

TE RS D Fe & A 13 Zn b LLIE Cu DA B Tf > THitRRS X M OVEIE HREn X C i B 7 DA ) 23
FRBITZAY, WRlRHER X O ERER X ClrIZ O R ben-7=. EMIRF O P& A RIZHREEH X LIS
DT ZnH LLIE Cu AR RIS - TR EE L D A 28 Aoz,
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T AR S
par e PR BEE e igm wmE AR RO R
T Zn Cu o LEIR - 2FIA e pER® REIR
(mgpot) (mgpot) (%) (%) (cm)  (g/pot) (g/pot)
1 45 100 94 26 2.0 87 80
100 - 2 45 100 96 24 1.8 80 72 7L
T 45 100 10 25 1.9 83 76
1 20 100 19 12 029 4 12
gfﬁ @ % T 2 15 10 20 21 o2 7 1n A
. 18 100 20 17 028 6 1
1 10 100 12 13 o021 4 8
400 2 10 95 13 10 022 3 9 )
10 98 13 12 021 4 9
1 5 100 85 20 18 67 75
T 10 2 5 80 7.7 18 17 60 71 H
5 90 8.1 19 18 63 73
1 0 75 23 22 024 7 10
E’EEF @ 0 50 23 09 012 3 5 =
0 63 23 15 018 5 7
1 0 35 08 023 0041 08 2
) 400 2 0 15 05 012 0031 04 1 )
Ty 0 25 07 018 003% 1 1
1 30 95 9.8 31 26 103 107
100 - 2 20 100 90 32 26 107 107 AL
Ty 25 98 9.4 32 26 105 107
1 20 100 76 21 1.7 70 71
g?ﬁ ® ey 2 25 100 7.9 22 1.9 73 77 f
. Ty 23 100 78 22 1.8 72 74
1 5 100 7.2 18 14 60 59
400 - 2 0 100 75 16 1.3 53 54 H
o 3 100 74 17 14 57 56
1 40 100 97 31 28 103 116
- 10 2 25 100 96 32 29 107 118 AL
o 33 100 97 32 28 105 117
1 10 100 86 30 25 100 104
5252 ® sy 100 99 32 26 107 108 %L
s ¥ 5 100 93 31 26 103 106
1 25 100 97 36 26 120 106
. 400 2 15 100 107 33 24 110 101 AL
¥y 20 100 102 35 25 115 103
- 1 25 100 94 29 2.2 97 90
ﬁ‘f - - 2 30 100 88 31 27 103 110 AL
T 28 100 91 30 24 100 100

a) 2. 1) (6) MifES7iEITRd () BMIRAE, (b) KISKIRZEEL
b) F&HFARIE (FEF LI [ (3FE %L 20 %7) x100 Tk~ THEM

C) KR X2 D P {4 41008 L TH
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*8  EMIR TR R

et e AfTE Q G 1EH b et e
Sk S Zn Cu  7RvhNo. Zn Cu Fe P
(mg/pot) (mg/pot) (g/pot)  (mg/kg) (mg/kg) (mg/kg) (%)
1 2.0 1143 43 132 0.53
100 - 2 1.8 1353 36 171 0.57
STy 1.9 1248 40 152 0.55
1* 0.29 3149 29 96 0.28
Wilzdign () 250 - 2* 0.27 3197 32 140 0.28
Sy 0.28 3173 31 118 0.28
1* 0.21 3834 29 787 0.25
400 - 2 0.22 3370 53 213 0.22
S 0.21 3602 41 500 0.24
1 1.8 62 175 144 0.55
- 100 2 1.7 108 24 167 0.52
Sy 1.8 85 100 156 0.54
1* 0.24 51 70 221 0.23
it e 61 @ - 250 2* 0.12 69 68 214 0.29
Sy 0.18 60 69 218 0.26
1* 0.041 40 395 596 0.44
- 400 2 0.031 N.D. 39 903 0.68
S 0.036 40 217 750 0.56
1 2.6 924 27 129 0.51
100 - 2 2.6 948 57 104 0.49
Sy 2.6 936 42 117 0.50
1 1.7 2262 30 117 0.45
fHEeHiEn  (b) 250 - 2 1.9 1997 62 181 0.45
P14 1.8 2129 46 149 0.45
1 1.4 2120 105 174 0.37
400 - 2 1.3 1844 116 189 0.35
S 1.4 1982 110 181 0.36
1 2.8 58 50 103 0.42
- 100 2 2.9 48 29 78 0.43
Sy 2.8 53 40 90 0.42
1 25 31 16 127 0.30
fiE Pl (b) - 250 2 2.6 34 15 103 0.30
P14 2.6 32 15 115 0.30
1 2.6 34 18 83 0.28
- 400 2 2.4 34 16 94 0.27
Sy 25 34 17 89 0.27
1 2.2 59 84 195 0.60
FEVEX - - 2 2.7 53 67 171 0.55
Sy 2.4 56 75 183 0.58

a) 2. 1) (6) ML (8 HIRIRAE, (b) KIS %L
b) #z4fE n=2 (xZAF L7z KITAEBRREDO72Hn=1)

(2) Bt -HE D M R

B BT AR 9L LT, LT O Zn 2K O Cu 2B HEIRAIEOL G LT 5L, /KIEK
REEOSE T, FTETEIREICRDEMN b,

pH 1% 100 mg/pot (Zn 207 mg/kg &z 1) ZBRU N B dh g X OMEER HE R XA X C T gD G 23R <, Fitlg
il XK OV X Cl B8 oD 5 D3 i s RS DAL



a2 OAERE — s — 217

EC /% 100 mg/pot (Zn 207 mg/kg #2 1) ZFRU N2 AR SR X, 100 mg/pot (Cu 207 mglkg #z12) ZBR\u N7 fit
PR 6 XK OV i X C T8 D 5 3 @03, FEIRHEER X AZ 3V TIE @D 7 23 @ i i Th o 7-.

KO i HEHTRE R

) A Zn4g” cuz & pH (H.0)" Ec”

Pt IR~ Aol

g g D Q0 BE FE LB FE bE FE LE R

(mgpot) (mghpot) (mg/kg) (mg/kg) (mo/kg) (mo/kg) (dS/m) (dS/m)

1 313 303 67 67 588 563 013 057

100 - 2 285 283 68 68 583 563 024 0.58

¥ 299 203 67 68 586 563 019 057

o 1 627 550 68 67 548 564 090 0.62

Mm@ om0 - 2 623 626 68 71 563 572 096 076

g ¥ 625 588 68 69 556 568 093 0.69

1 923 871l 68 67 559 564 099 080

400 - 2 943 707 67 58 553  5.62 130 071

TH) 933 789 67 62 556  5.63 115 075

1 193 181 283 214 574 5712 0.07 043

- 100 2 130 111 284 280 565 568 011  0.38

TH 161 146 283 277 570 570 009 041

o 1 216 131 643 545 554 565 020 0.38

E’gﬁ‘ @ - 250 2 131 131 501 511 563 578 026 0.38

S vy 173 131 617 528 559 572 023 0.38

1 132 197 968 871 539 550 024 0.75

- 400 2 132 163 934 843 534 544 070 0.49

TH) 132 180 951 857 537  5.47 047 0.62

1 159 388 67 66 610 598 046 0.6l

100 - 2 161 459 72 68 621 58. 058 0.55

TH) 160 424 70 67 616 590 052 0.58

- 1 336 803 65 66 6.25 502 0.89  0.68

by om0 - 2 320 944 68 65 628  6.03 116 054

M wH) 328 873 66 65 6.27 598 102 061

1 488 1198 66 65 612 572 121 073

400 - 2 574 1229 67 66 597 575 122 0.80

¥y 531 1213 67 66 6.05 574 121 077

1 119 113 123 380 6.03 5.88 0.14 0.44

- 100 2 143 199 200 351 6.06 5.92 0.18 0.39

¥y 131 156 162 366 6.05 5.90 0.16 0.41

1 165 135 184 1053 6.54 5.83 0.19 0.25

fil ﬁﬂ (b) - 250 2 193 177 172 1095 6.48 5.86 0.24 0.20
Sy 179 156 178 1074 6.51 5.85 0.22 0.22

1 110 154 205 1373 6.63 5.74 0.32 0.27

- 400 2 109 106 196 1384 6.62 5.56 0.36 0.32
Sy 110 130 200 1379 6.63 5.65 0.34 0.29

e 1 99 92 67 65 5.68 5.56 0.13 0.67
/T[‘Z 2 96 98 66 69 5.80 5.50 0.12 0.57
DS ) 98 95 67 67 5.74 5.53 0.13 0.62

a) 2. 1) (6) MEMCTIEIC T (8) LR ATE, (b) KISIREL
b) s fE n=1

C) pH (H20) (3 481 : /K5 I it 2 T i

d) EC (BR5E )L 151 K5O IR E 12 1 &

(3) HEFIEIRDOMER
FEFR 7 HAZICHREEERIIX D LWV SR E SRS (FE 1), FF1Z 250 mg/pot [X. & TF 400 mg/pot [X. THiE



218 JEEHTFFE @S Vol. 10 (2017)

RN TH-oT-. BEER'YY Tl BilRdH% Cu &L C 1600 mg/pot FRINL 72X DFEIERIL 90 %d B iF Th-7=
2, BENEZD 6 53D LRRE DKM EIZHROL T, L 50 %~75 %Lk -7z, JLKFEH LR, +
HLAE ARG T BB O MEAE T OB CEIE R ICHEN A UD ATREME A SN -, 7005, BEHIL 2.0)
() R T KEEIRIZ L L LT3, A TRl e dl 60 X M OV RR S X 1T HHER AL L LoD e O R R (IT A
WAELHLDEEZ BN, ZOZENG, 22) IZ#IT HMFERRA I L, Sl FIEDEWIZED Zn OFEFERO
e aAT o7, ZOBR, Hlse IIZ Cu OFIERGEGR 22 LE LT, Fo, TED Zn KT Cu D/ fERE
T 57280, ERIDOSH B ETHLEH M LT-.

(5E 1)

FERE 7 HIZORRT. MBRHIX CHIFRE MRS
N - S KRS,

o5 R

FEANES 18 RRaign X, ZEMRIES 2 A1) f e i g X

FEANES 3 5] B AKX, ZEIEE 4 5] Rl X

- B¥:100 mg/pot (207 mg/kg #z1-)

i B : 250 mg/pot (516 mg/kg #z 1)

T EB% : 400 mg/pot (826 mg/kg #z+)

(5H 2)

R 14 B R OFRT-. iERHLEN X K O iR X CAH
RED RS, HEUEIENH A &5 250 mg/pot & TF
400 mg/pot THEARMHZE 7272

OO OO omm D R

(BE 3)
T 21 H RO T, #57E 14 A& ICHEERSNIZAER A
BUIRES fefd A £ TR L7 o7z,

ML wamm | g |

o

; “ [
 coemg ‘ﬂ FiEEiA250me

:




a2 OAERE — s — 219

(3.1) HiBAHEER I KD FEIREIR
RS LA EIER LT, (DEBFTAE, (2) FEOFHEMIER, (3) FHED TE, (4) KDL,

(5) FEEEDREMAL, (6) RIELEZGO IR OIERA MR I, 7 7 A REICIIMEEHERZ Zn 1L
7= Jiti F £ 250 mg/pot X% UF 400 mg/pot X CAEF R RV CTHo7- (FHE 14). 2Dk, £FFNEIETHZ
LIX7ehotc (GBE2,3). Fiz, #HE 7 HZEIC T EOE(WERDBIE S (BE 4,5), R TEN RO
72 (5HE6). AF T WERERE 12 0 %) IR EAREN B LERE L (BE 7), AEEFH “EOIERIC
Hole LR o7 (B E 8). INHER DEARELBIEE T 5L, FHEREOREC(N LN (FEHE 9). fE
EHER DS FIZBW THREE SN X DB FIER I F 722 TP ORI 7 R SR BT D2 L v b o7z,

(521 4)
FEHE 10 OB T FIFETSRO Zn LLCOTRME

2016/3/26 WDERBYTHD.
1088

By EUEX

FE¥/£: 100 mg/pot X (Zn 207 mg/kg #z+)
B¢ : 250 mg/pot X (Zn 516 mg/kg #z+)
T B4 :400 mg/pot [X (Zn 826 mg/kg 7 1)

2 .o o

35}! b
.)“‘\u i1y
h

S

e - i—
FriBEEESA 100me [ FiBEERSR 250me [l FRER TSR 400me

(5E5)
FEH 10 H R Ok~
£ : 400 mg/pot (Zn 826 mg/kg ¥z 1)
A AEELX

IEHEX L 2L FIEO HAWIEIR D R TED.

(5H 6)
400 mg/pot (Zn 826 mg/kg #z12) DFEFE 10 H % OEk

nic.
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(3.2) AHMRHEENIC ZDuE FIAEIR

(5E7)

400 mg/pot (Zn 826 mg/kg &z 1+) DFEFE 20 H % Ok
T ARZER BEIHAUER A FEHL TOD.

F, RBEF I EE T, MBI O ERS 7S
.

(5E 8

#&H# 20 H % ¢ 100 mg/pot (Zn 207 mg/kg #% 1) Dk
FTHD. AREE " HEOREZITH O LIRS RoH
7o

(5H9)
72 % 400 mg/pot (Zn 826 mg/kg #z2t), 2% 250
mg/pot (Zn 516 mg/kg #. 1) DEEKTHS.
FEDERDFFERIEZI ORI A LR R b7z,

PR SN T LD REIEIREL T, (WAEBARR, (2) FEOHELIEIR, (3) FIEREROELIER, (4) AE
DEAIER D RSN, F5FE 10 HREIT/e5 L, fffeligns Zn &L T 250 mg/pot, 400 mg/pot AL 72X
THEBARRPEON (BE 10,11), EERO—MIZAEBTMERL FENFHIER Lz 0D RS- (BB
12) . ZOSERITRRIR S L DIBBIE LRI EIL TV - (B 5) . 4578 19 H %I ICMBETEN4 Zn LLT 400
mg/pot FRINL7= X C 1 3EEZ O T LIRS b/ (B E 13). ABRMOFER 20 B %EIC/RDE, ALED
FALIEIR DS BBLLT- (BE 14). 7ok, Wit HEORIRABIE T 5L, e T8 o Fg IR RS
TWeZ BT, R HER X CIIARIRHIRIZ DAL T, TRICETRIEDIERL T e (B E 15) . iEEE SR
(ZRDIBFIRERI T IR D EE R B L OBEO AR IR B DL bn Tz,
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WEER 100me

HEE100mg

BARRE T 400mg

2016/9/26
1088

(5-H 10)

R 10 B Ok 1. MBRIX O EIZRDOLEBY
Thb.

B AR AR SR X, T B A R R X

BT EEEX

#241:100 mg/pot [X. (207 mg/kg ¥z 1)

H1%1: 250 mg/pot [X. (516 mg/kg #z 1)

47%1]: 400 mg/pot [X. (826 mg/kg #z 1)

THERER X & bl 3 2% L BRI En X O EH A B A
5.

(GE 11)

B 21 HERORRT. HERH S ORI EITE-
TABERRELSTND. RBREOEEITROLE
DNTH5.

B AR TEX

FE¥ /100 mg/pot X (Zn 207 mg/kg #z+)

T B+ :250 mg/pot X (Zn 516 mg/kg 7 1)

T B4 :400 mg/pot [X (Zn 826 mg/kg 7 1)

(5K 12)

F&FH 10 H #% OFk 1. 400 mg/pot X (Zn 826 mg/kg
Ho ) O—HERT, EBEBMEWL TEOHELIER D
b7z, il disn O EER T RO FEE7R T
EAEL TN

(55 13)
FERE 19 H % Ok
771400 mg/pot RN (Zn 826 mg/kg #z 1)
i FEHEX

TR LR X OO F-JEDR YE X L Ll 9% LB AN o1
{EIERZ B L TWDIEDDMND.
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(5E 14)
FEFE 20 H % Ok
#7250 mg/pot ¥RANX (Zn 516 mg/kg 72 1)
T AEEX

TSR HLEN X DO ARTE DR HEX LD L WIE R %
RELTWDIERDND. EALHETIERNBAZETZ 72

(G-H 15)
it HIEOBRE O, BLELZHEBRXITRDOLE
NTHb.
72 ¢ i e #E #1100 mg/pot X (Zn 207 mg/kg #21-)
o 2SR 100 mg/pot X (Cu 207 mg/kg #21)
o AR

s "

'ﬁmgméh f

mmse 100me| YRR

kB, GTEOLE LEARBRA SN RO
TR N T 5. fEiRHEEN PIE T IS E TR ML

_d.—-i“ KLU T~

(3.3) MR LD FSE LR

RS KoM BE IR I, (1) FHEE, (2) REOHIER, ) AERDOREAP RSN, R
PR IR, AR B ORETE 4 B R EIC)T CEEEIC BN (B E 16,17) . 2D, fitl##ia CullL T 250
mg/pot Jiti ] KICAIES —FEOSAIER R BIL 72 (B H 18). 72d5, HiiFR i K OH IR HiEN TR Th -
TeFEEDOFAVIER (B H 5,12) 1X RSN eh o7z, EFHM AREHE 17 ABLIE) ISR AT M T2
EfAS OIS, BRAFHT DI MIIARTES =, =T CGRHUERR Ao (BE19). 20k, #Hik
FEARITEEER 70 D EE SIS THATL TV e, INFERR OBEIR A fEFR T 5L, —EBIIRR AL B (5
B 20), ZOSERITFBEHE S OWRYENR (FH 9) LIHLIL Tz, BB I I DmRIERITZF LW EE L
AIEDEALIERI D DD EN D> To. ZNFPELOIRRITER ST H 2D, FHEELEROFEITR6N72
oz,
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(G5 16)

fiifs A% Cu LT 400 mg/pot (Cu 826 mg/kg #Z 1) #%
& 4 B LDk

FIEDN R T AR LT DEE RN O A B
7.

(5H 17)
% 10 H H O 1. HREBSHO MM EI > TR

2016/9/26 PEENPHE LD L3 DD, HilkdiZz Cu LLIzLED
1088 i EIZROEBVTHS.

B EAEX

B¢/ 1100 mg/pot X (Cu 207 mglkg #1-)

T B 250 mg/pot X (Cu 516 mglkg #1-)

T B : 400 mg/pot X (Cu 826 mglkg #1-)

(53 18)
250 mg/pot (Cu 516 mg/kg #z 1) #5FE 11 H % DER1-.
ARIEF — B LR D RS LTz

(55 19)
FETE 17 B2 OB T
FALIERIIARZES —END R L TNE, RIEF 3,
B HEALHEITL QD
728, TERITIER I DED ST THEITL T
HZEMHERI L.
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(‘G-E 20)

250 mg/pot (Cu 516 mg/kg ¥z 1) #&fE 21 H %, INFEL
TR DR T-.

BEEDIERITIR > TREEAILL TNDIENDDS.

(3.4) RS LD SR

P ERSRNC L 2 RIER I LR B R S NL7e 072 (BB 21) . L L7endD, Wi A5 32k, FH#M072
IR SNz, 37ebh, 2= FORITRBRA RN LEO LEICETLTRY, FRICIMREIINE
EAE BB -T2 (BE 22,23).

(5H 21)

B 2L HEZE DT CTh 5.

T ERERIC X D EMIR~D EIEIR ITHERR S g
Sl fEBEEZ Cu & LIz ZoHEIIROEE
DTH%.

B RREYEX

B2 :100 mg/pot X (Cu 207 mg/kg iz 1)

B : 250 mg/pot X (Cu 516 mg/kg iz 1)

FExA7:400 mg/pot X (Cu 826 mglkg # 1)

(55 22)

UL FERL, Wk - ORI A #1225 % &, 100 mg/pot

(Cu207 mg/kg ¥z 1) CEHEEFEIZRIED NZ LA
RO T,

B, BEICHDHLE ORI RBRARN TIX
THETEmE RS,
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(5H 23)

100 mg/pot (Cu 207 mg/kg #2 1) O3, =<
VFORED 8 EEIZET LTS,

7k, BHRIZHD G EEOmARBRAZRNTIX
THETEmE RS,

3) MRAZEDEWVCLDIRIAAR
(D) 1EWIRD S HTfE
R AE T IEDEE M ZDBGERBRIZ 31 DAEM R DA - Tt AR 10 M OSR 11 ITRLTZ.

BREE RS0 X M ORIEERA X &5 5 &b KIRIRIRIBIE DB AT AT HEIR GTE T A BT R B SR
A, 3.2) (1) TR R ER UM RS-, FilEHEH X CARIRIIRBIE DS A T R E RS RS
—J5iC, WREAHRIX DK IRIRIZ Tk CIERFIER PRI N WFE R E o7, ZoZehh, THIRAEICE
JDIEMNC R DB IR ER SR D 5 D3RR AR L0 K&, AKEIRIREIE O Y & (IR EE #6000 J7 D3 A 6
JOHRENZED b7,

VEM R3S (3% 10) Do D AEEE B8R KX CIIAEM IR T 0> Zn i B2 A3 13818 41 C 3090 mg/kg THHDIZkF
L, KIEHEEETIE 1630 mg/kg & REZRZER A Uz, BFRHHIX T FERIC IR AETIEWAT O Cu
TR LT 45 mg/kg THDHDITHIL, KIFIFIRBETIE 12 mglkg S BNAEC Tz, £, TEMIRT O Fe g
IIHRER L EA X D HHHR A TED AEHEX LK MES 22T, (EMIRTHR O PIIKIRIRIRBEOS S, HHRA
LR @R E LT D M 2 b
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#10  MRFERBRAA RS 5
gy e b
gk ol —a BT BEE el uen wmR AR MR s
I s e S S
(mgpot) (mg/pot) (%) (%)  (cm) (g/pot) (g/pot)
1 95 100 2.3 21 033 7 10
(@ 250 - 2 95 100 3.2 33 048 11 14 A
g Sty 95 100 2.8 27 041 9 12
i h 1 100 100 8.1 25 2.52 84 74
(b) 250 - 2 100 100 8.5 25 2.30 83 68 H
¥y 100 100 8.3 25 2.41 83 71
1 55 65 1.8 1.1 013 4 4
(3 - 250 2 30 60 2.7 1.8  0.34 6 10 H
e Sty 43 63 2.3 1.4 024 5 7
ki) 1 100 100 7.7 26 3.28 86 96
(b) - 250 2 100 100 7.7 25 2.99 84 88 7L
E¥) 100 100 7.7 25 3.13 85 92
= 1 100 100 9.2 30 337 100 99
Tz - - - 2 95 100 8.9 30 344 100 101 AL
Sty 98 100 9.0 30 340 100 100
a) 2. 1) (6) K iklcRTd (a) LEERAE, (b) KiAKRIREE
b) % 2EHRIT GEIELT-AIA [ 13FE%% 20 k1) x100 12k~ CHH
C) HEHEX 25 D P-4 A4 1008 L TR HY
11 MEEsEBRED IR 3T b
et o T e (EIED R
Sl jﬁfa) Zn Cu Zn Cu Fe P
(mg/pot) (mg/pot) (g/pot) (mg/kg) (mg/kg) (mgkg) (%)
1* 0.33 3252 16 81 0.27
€) 250 - 2* 0.48 2929 17 52 0.26
Fi ¥y 041 3090 17 66 0.26
£ 1 2.52 1577 9 137 0.43
(b) 250 - 2 2.30 1684 10 151 0.49
S 2.41 1630 10 144 0.46
1* 0.13 63 46 81 0.21
(3 - 250 2+ 0.34 29 43 164 0.18
o ¥ 024 46 45 122 0.20
S 1 3.28 51 12 99 0.34
(b) - 250 2 2.99 40 12 110 0.35
ity 3.13 45 12 104 0.34
1 3.37 40 13 128 0.33
TEAEX - - 2 3.44 29 8 77 0.28
¥y 3.40 35 10 103 0.30

a 2. 1) (6) MR TR (8 HHEIRATE, (b) KK %L
b) #z4fE n=2 (*ZAFL 72 KIZAEBFERROHN=1)
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(2) Bl 3D 3 Hr b R

B 5 15 D3E N XD RFERER I 51 D#ih O s R E K 12 1ITRLTZ.
KSR B EDHE, 3.2) (2) OfERLFEFEC 0.1 mol/L HEERhHIC LD S-Zn O S-CuldBit 10
JE AN B X0 R OfE RS-, HIEIRATEICBTS pH X FRBO T A&V MER 23 HY, EC 11ific
RO RENMES SN, KIEEREIEOY S, pH X EEOFREWERRHY, EC X TED )
EWEI RS0, THHRAEOSE LW OMnICH ST

12 HEERRBRIRH AT i

st e B Hork S-zn? s-cu™? pH (H:0)? EC?
S g Zn Cu No. LE  TE kg TE kB TE kg TE
(mgipot) (mgpot) (mglkg) (mg/kg) (mg/kg) (mglkg) (dSim)  (dS/m)
1 459 449 9 9 547 5.67 096 0.77
(@ 250 - 2 464 440 9 9 578  5.82 092 071
Tl SEHy 462 444 9 9 563 575 094 074
GiikA 1 229 619 10 9 561 5.16 036 0.82
(b) 250 - 2 172 635 10 9 557  5.37 035 0.79
Sy 201 627 10 9 559 527 035 081
1 7 8 524 429 534 555 113 058
(@ - 25 2 6 6 504 438 546 554 1.00 061
Tl Ty 7 7 514 433 540 555 1.06  0.60
i 1 6 6 154 647 533 512 050 0.82
(b) - 250 2 6 6 31 848 521 510 062 073
Ty 6 6 92 748 527 511 056 0.78
e 1 6 6 9 8 561 5.55 006 055
= - 2 6 6 9 8 6.00 5.47 006 052
Ty 6 6 9 8 581 551 006 054

a) 2.1) (6) Jft IR (a) THER AL, (b) KIFiiRE L
b) O. LT s ket HH e 2 2

c) #fE n=1

d) pH (H2O) 1% -3 1: /KBRS TR 21 7

€) EC(HE AR )13 51 RSOl 2

(3) EHFIEROMER

MEAE S HE DB LD FRERZ MR T D720 BRE ML 7-225, (D FHEE, (2 Bk, Q4EFLE
AR FED RSN (BE 24~26). ©FY, 2.1) (6) 1T HERATEIIKIERIRBIELHERLT,
TEMRIC B2 DD RENWZENDEFTER DI BUEZR L LT TNDLIEN DT,
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(5E 24)
T 6 AR OMF. BLELZHBRXITRO LY.

BT X

B FiERHEEN 250 mg/pot (Zn 516 mg/kg)

T B WiBASR 250 mg/pot (Cu 516 mg/kg)

FEE B ML TTE 2.0) (6) 1R T /KIRIRIR 3514
< TEBEOT I (1R) 3R]

TS A RN 1 2.0) () 1R T LR A

< TEFBEDTIU (R) LFR ]

HmEER (2) WEE R GR) 68HH

(5 & 25)
FETE 14 HZORRT-.
Bt e g (X D - B8R A TEITFEF LT iR I — D 2k
= BT LT, T OET AL —RITHEE N X 0O -5
) BEOLD LT HER) T,

B GE)

(5-H 26)

FEfE 21 A2 O BREEAESH X UMt FR R X D 7K
R BEITEBTPIEEX IR LDRETHHEIIT
Soi8/12/8 &7

REE (2) RS R m

(1) Wil REEN T LD FE LR

3.2) (3) (3.1) (T HIEIEAIEIT L DML High D T FIE IR A /R L T2 D T TIIKIEIRIR B IE I L DR R A
FOT. WRERHEENZE Zn L1 C 250 mg/pot (516 mg/kg #2 1) i H LXK CiE, (D ABARE, (2 AEOHE(LIEIR,
(3) FEEHERRO AR, (4) AZEEROFWIEIRD RSN, Y AT IIEEX EFSERE Tho7on
(‘GH 23), EEHH R 14 A %) 1270584 B DMEHEX S KIERIRIEEOSH O > HEEAEOL O
720, INFE A £ TICEOE TS ESN2 72 (G 2526). EBFFHNLE IS TRED FALIERH
FBIL, REO—HNE T 2ERPBEINT- (G 27). Fio, AFHRMIC T EERICHIUERD Ao
(BE 28), ZORERITHAL G IER R UREERE X CIIBlZShigin o7z, RIEDOTERICH LIRS b,
—EN AL COBIIIC A X T2 (B H 29).
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(55 27)
FEHE 17 A& Ok T
7£:250 mg/pot (Zn 516 mg/kg #21-)
i REEX

FEAEX L bl 35 EARBE N EIVIERZ R L TWVD I LR
DD, F2, RIEO—EMEHL THDIDICR 2.

(5 28)
R 21 HRRORRT-. TEEIEROFHImT 2T~
CTEALIEIR DS b7,

(B5.H 29)
M 17 B ORR . ARZEE " EOIERZ IO LIE
WS, —EiXAfbL D IoIc A5,

(3.2) WBEERIC LA FIE R

2.1) (6) | TR /KA 2% 1% CRilisS % Cu LT 250 mg/pot (516 mg/kg #2-1) i L 7= 85 &, AEHEX 2t
RTOREFENL - TN (FE 26) B3, FrBr O FE RIS Ve h o7z (B 30).

—J5, THERGIEICLAR TIL (G E 20) LRIBRO AR RO FRE AP HER I, TR RO
g X TILZOFERITMER I N e h -7 (GH 31).
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(‘5-5.30)

FERE 21 AR DR

VTR, FEXOEREEEL T, FrBd
FIERIZ RS2

HiAEYEX
7#£:250 mg/pot (Cu 516 mg/kg &z 1)

(55 31)
INHERZ DR D L.
A :Hiifg#R 250 mg/pot (Cu 516 mg/kg #z 1)
1 hiRER HELER 250 mg/pot (Zn 516 mg/kg #z +)

EHHEL HERGIEICIOLDOTHS.

4. BR

1) Es@RIEREERR
(1) 1EIEOF A - 53 B fb F
(1-1) AFLEEER
R TBT A KOG EEFFROBBEK R L (K2) . ZOfE, MR ICBI2HLNVERT AR
EFREFERDOIRE NI THY, K512 250 mg/pot [X, 400 mg/pot X THHET-~7-. it dEEN X DI 2EER]1T 100 %
LRI TH-T28, FiFEERIX & [FFEIZ 250 mg/pot X, 400 mg/pot KIZELWWEBRRN RSN, —J5, g
FERKITZAVE R T DS SIS, B AR R OFEEE T8RS, AEFEEH X AR HE X & i U ClRIZ DL Bk
BN LOIVTZ. i d S XK OV e Sl X & i 18 il 6 X e OV e il DX C at FIE bR L 2 22 B 03 A U7 B P (e A
TEOENILDEBRRENEMELZINIZ. S0, THEEAEOEGIIKERIZE R~ CTHERER%,
TJEBICHFAET 5 Zn b LI CUlREN @L< AZ N TRRENT-. WO &ETHE G RBICET 57 — 2 EH!
VzkdE, CuDFEERIZAEBINCE LW SN TRY, YIMIER BT EMIE~D Cu DR KEN
DEEDLND. ARBE RS HEIEAEOEA, ZniZB VT Cu b [FARRICHIH AT ICEERZ KIETHO
EEZLNTZ. ZDRE, 250 mg/pot (516 mg/kg) UL ETHAEBERBENBEE ICHNDLZENHELRIND. 723, ik
T R D DR S0 4§ 124720 150 mg/kg & O 300 mg/kg A7 B Ca~ Y e Lo miE Y
(1B, 150 mg/kg B K T EALFERIT R L2 AU BT F L, 300 mg/kg £ K Tl B b 5 5
L7292 UEDS Zn SERINX D 35 WK FLIZEH D, ZDZEnD, I~y ISk 3 DB SN O FIE R
5712247210 300 mg/kg LL LD & TELUWERFIER DS BE T HEHEESND.
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120

100

80

60

RFER (%)

40

EHE (gpot)

20

O B & 'f”Q SR S
F S E SIS T
F&FE T @»@ & &

B2 ek EMERCFEFR(TH B
—E -Ee-FIER

(1-2) Zn } O Cu DKUY

AFRBRCILY o T NP 7200, BREE TSN X K% O R TSR X OFEM IR D Zn i FE X, ZnBfir BT fE,
IR B AVRIEE NI (X 3) . — 7, HiBRSHX K O EEERIX Tl Cu A B i~ THEMR T O Cu 234
FLLREEDLZ LTI ST (K 4) . ZOZEnD, I~ IE Cullb~T Zn ZFEMAIR I35 ATREMEDN B 2.
Hib.

4000 - 250
£
© o
E‘" o E’zoo o eeeemene e
~ 3000 b
g g L
S R—.- R— T &
& 11 J S SR———————
S o s o
£ 1000 - R § 50 b
= o)
o o
0 : : 0 ‘ ‘ ‘ ‘
0 200 400 600 0 100 200 300 400
In Bi5E (mg/poo Cu BT (mg/po't)
B3 EATRRC &3 (EPIRZnilE B4 SHATFRC LB RO Cult
OFiEREE  OFHEREEIN O FiER SR OfiBeH

(1-3) 1EMiRT Zn X OF Cu D P DR

Zn 1% P LEEBUER DL L BN 1o, FilEHen X, MEEHN X, IEHEXIZHITL Zn & P UDFaQG?%nH
NI2EZA, ADMBENGELTZ (K 5) 23, ftBRHX, fEHRH X, FHEXIZIITS Cu L PIZRIBRO BRI
SN o72 (K 6) . BREEH X TIFELWAEFR ARN LN L, fEREH X CIIREH| Riz&->TCu 0)%21&
LT BN DTN D, fEMIRIZEITS Cu & P OFSHUEMZAMEIC T DITITAMIRELZ L E T 57E
BB CIBZE T DX BB DD E b,
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0.75 0.75
@.‘ —
0.60 | B I
ﬁ 1 X y=-1.01E-04x + 0.60] & 0 I X
s 72 =0.895 i
£ 045 X 045 |y
S L y=9.38E-04x + 0.356
-&( 030 et I 2 =0.238
i % 0.30 § >
(o
¥ 0.15 % 015
o S
= 0.00 L L L L 0.00 A X X .
0 1000 2000 3000 4000 0 50 100 150 200 250
E9{E Zn #EE  (mgkg) E#n{E Cu 8  (mgkge)
B5 {E¥{E In RO PHEED % X6 {Efn{k CuROPHED BE{%

(1-4) 1EMIRH Cu KON Fe O RER

BRI CIIMBEER, ABREH, EDTA SROMEEIIE Ik b~y T O RE R EHERL, ZhHO AR EOHY
INAENERIR T D Cu PR EETZ1T Tl Fe IREEIINT 5284 R LT, 1@%, Cu & Fe i3H5HUERI R HS
LINDHN, TERBROSME T T Cu MO A M BN EORRIBIR B DRI LY, THRL 72 AE S
Tz Fe SIS S, TR RIS ALz ATREME S R STz

RRERIZIBNTHE 81T 72Ky FOIEM R Cu B K O Fe il EEDBIMREZXIR LT (K 7).

ZORER, BRI LEIRRICEMIRR O Cu JEEE KON Fe I, 2ROV ORI BT 2BER NS
DOD-T=. FEERERIX LA Zn <2 Cu DA EH NI L, BT Fe R BN 2, ZhEibIZ CultEd
HR TV, SHITEEERXIE Fe JREESS Cu iR EEDN LAY M iR LR I S22 8IThN R, Fe IR EEITHRIS T 21F
WEH CuREZRL QU Vo, FEHEX]E Zn X° Cu ZA M L TN ENLIE R O Fe JRESC Cu REN
AR R SRR WG 2 F i L7228, JRINEF BT E D20 -7, R U CHEHE X i
FALTZRRZZ D NHSRHEN D K DMERL T ATREMECHER HHE O R DN L QOB ATREENR B 2615
DS, RERZR eI BIFAE AL B ChH D LSz, AEERBRAIE T C Fe L CuNEHIERZ27RET, i
WIS T L B R IR RS AL A o0 I R DA E IR Fe IREEDS R £ B MHER T DT ENNEZLEZ DD,
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500 150
Z £
% 400 |- a é’ 120 | A
0 # A
= 300 | # 90 | Y
2 3
£ 20 | £ g | ¥\
§ o S 5 o
ha f,' \\\ & 0
100 s 30 | OO MO é|>
0 \ "J“ <> O QD
. . : 0 . . . .
0 200 400 600 800 1000 0 50 100 150 200 250
it Fe ¢ E  (mgkg) ik Fe 8 E (mgkg)
OWBEEES  OWiEEER ATHESEE 80 OWiEEEH | OWiERE O THEREE
OTHEL IR X FRHEX OfiHELsH KX
7 AEWET FelRFEL CulRELDELR

CH M=K O IR At TIH A TEER 53 2 LR LIZH D)

(2) W th 1= 58 oD 53 47 5 B

Bl TR RT3 9 1R LTz, 2.0) (B) IR /KIRIRIZ B 15 & U T i e di 6 X &% MR B8 X XA fa L
72Zn kO Culd Bfgltbie 328, FRICEIREFEL TWDOIENbhoTe. —F, THRAEE Uil
Fn X R ORISR X CIEZ O L 72BN L R D 4172<, JEARFEOENT RO Zn KT Cu O3 AAICKER
ZRNECLHEE DN, TEOESRBAEFITET Zn X0 Cud TV ESi, Cud HEHRICEITA
L R O EHE ~DBATIET Zn IR TIR WS DEE 2 b9, ARBRIC BT DK EIEEL
TR T AN X OME RS X OBkl 58 FREI2351F5 Zn KON Cu 1L Cu D J5 4% Zn K0 R 12722 508
27207 B 2 HN5 (X 8% 9).

= 1500 1500
=4 o0
g’ 1200 | EJ 1200
@ 900 gy 900 f
= E
N 600 f 3 600
300 300 F
0 0
sgge8gseggsgeu SR§S83c2§233H
FEIEER S iEEEY FEsEEESEsERESR
el g R e
e SR R R B S BT T T R EEERSBCTES
£ e Tl i ¥ T
S8 500 Znife 59 8510 Culle
OLE BT OLF BTR
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(3) B i Rk DB 2R

(3-1) WA —AANL DR

Zn BPEHR O Cu ML i I K AR C D BEEIRI T AT LIZ Zn <0 Cu D52 87215 Tred, HatatElc
(RET DI B — A AL DELESIND. A RO TA B R BN T2 - T il e X K Ot 15 4
AT PERGRIE R OBEE (SO2) 23 A CTHY, ZOAMEIZFR 5 DLBVTHD. a3 EHmEL T
i e 1N ERL 2 28 3 e FE L7 0 FRL oD ZE PR S5 e 8 e BRS) G il FR & K0 &L C 100 mg/pot~2800 mg/pot it
FALTHY, 100 mg/pot~1200 mg/pot Dt E ChIUZEF X BRI CRFERIIMRS N2 EHE L
TWD. ZOZEND, KO LT 1200 mg/pot Otz in B (Fiig &L T 2.265 g/pot) | 2R3~ HHhils
(SO4%) 1% 1248 mg/pot &5 HiX, 1248 mg/pot BL T Ofiils (SO2) Th iU BRI AUV E DL ES
n5.

AGRBR TR E LTIt e Al $ S OV 2 8 o it FH B (A RE - 2612 1% 605 mg/pot LL R ChoZenn (3 3),
EIE R DO JFR 23R (S042) 128D ATREVEIZIR W E B oD, Hilig dign X K O Fedi (X CA U7 B w1
ARSI Zn KO Cu lZ LD EFEA R ER SR TUEIC L D5 53 3T ADELIDS Zn K TY Cu #EHD i 5
SERZF ST R RN e o T2 B 2 DiLD.

72E, MERTER X LA X DA B Z L+ 5L (B E 3), MR X OAF X Zn A IRV R R ER
B8, FHERRAIX TlIie LA Cu Bl &I o TAEB M RAFIZ o7z, DFEY, MERHEN X CTIXRIRED Zn 2RI
L, ABRBIZeoTc—J5, XL Cu ZAEMEX IV @R EWIN T 520372, B Z—AF 2 DhlE
(NO®) IIHfEREZ R L L CREICHESN b DL BN, Sblca~Y FITgmERIERE M I SN D10 2 &
EEET HEYLABRIC L DR (NO®) ORI R AR B L7 FTRENE IRV E B 2 s,

(3-2) HEPUEHICELDE

—REIZRAEN % Zn KON Cu ORI RITFEHUERIC LD Fe RZAEIR, I EATZED SALIEIR (7
By R) RNEFHLTY . ARRERCIIMEE M SR K & ORISR XA ZORER AL 7= (BE 7,19). LL72
D, EALEEDOFAVIEIR D FEBLLIAEMIA P D Fe iR 1T LAIRHEX LD &<, Zn KO Cu Zi@Flfi f L 722
LIZESTHALD Fe RZIEIRLISN ORI DFAET D AT HEMEDS R S L7z,

Y FITH T DY AEERO A B E R T IC LD L, WABRR ZIEIRE L THEEO SRR ARSI
TW5 (BHE 32). ZOIERITIEMIRF OV ABERRZ L, RAIEID =T —JHEL TR SN, B
BET R T =V AL TRZTHLT VN T =0 B AR L2 LIV AL D LS N TS, AlER
DORfifE ISR 400 mg/pot [X & OV g 250 mg/pot [X.C RO - HEEOFREK AILIZZOIER SFEEIL Tz,

Zn H LI Cu OFEFUERIZED P ORZIER D EEDINTZD, BEORMIAICIBIT T b T =0 DA R
[ZIFVABE R Z LIS, BRSO /R Z, BRI, 7o TR, IBEARN R, HESEOEMOER A E 54
HEEN, ZNHO A HEIERICE > TT U b T =0 A RAMEESNDYS . ZOZ LD E B 72 K O FF
ENXREETHDY, ARGRITIS T DRI HER X & O EREH X O FEE ORI AT, Zn HLLIE Cu DR
RIZ XD O A BINEIER MBI\ =2 e TT U T =0 NAERSNIZL D72 EE 2 HND.

(3-3) Wit H3EDEIER

5 -3 DR T RO AR ER IX ORI HI R (B8 23) 1, I KISIRIREIEL L2720 TS ERE
D Cu BFELTZE, IO AT T BIFCEATD, LB PETIC IR FIBANTICEL) DL i
FED Cu ZARZEHNL, LAY Cu AMEIREE Th 5 B IR ALK E I 25/ WKL Th 7oL TSNS T
& UL EOZEN TS Ao T, EEICEPLIIRREHEZIND.
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(5.H 32)
YIE > CHEREL L2725, HERETLELT
TN T AR IREE B~ DE AR H O,

gV OEFEE - AR — T DD P

2) BIRAEDEWNCLIRITRAR
(1) TEWIR D53 HT i R
(1-1) Zn XU Cu D%

VESIR D3 BTk FAZ LD LR TSR X CIIVEMIR TF D Zn IR EEDKIRIRIZ B LS e D& HHERATED
By, BEEMED ZnIRE NSV, ZOZENBHEAR T EDEWCE ST, AEIRT D Zn iR ER K EE
BRHTEN DT TIULTIREAIEDOL S, KERIRBIESIVS FBICEIRED Zn it hEE 260
5 (X 10) ZEnD, EBIMOIEWIR A~ T DB E RN ECT-ZEN R ERbD. SHICHEIREAE
DI PIKIRBILETOBEMIRT O Zn NERE Th 7228 (K1), X OAEFT AR OTZD AT FHIE)D
EBMMEML QNI LA B ETHEEEFUINCEIRED Zn 2N LT-b DO EHERZSND. fEMIEF O Znb L
<IX Cu BEE LT BEOBREND, MIEFIEOEWZEDAET A BROMEAIZERNBBNLI LS LN ST
(X 12) . feFR X CH R ST EOE N TREROMR (X 10, 11) 3d-o7=Zeh b, HEIRGELLIES S,
ABEVINCEHIBED Cu W LI-bDEE 2 LS.

L7z C, IR AEIIKIRIRIZ B EL L CHE O RES BIRE Y LR, ZnaMEwiR
H1D Zn KO CuiREED EAZRL, 1EMIRDOEBRBEZFERELIZLDLEEZLND.

[=23
(=]
o

(mg/kg)

B FJE TEES- L% e RIRE

; |
7 B B s BB ER
110 FERET5iED @ LS ph B R L WO TAEEROEZE
o(a) LHESE () KFRISEE
X RIATT LEO FHEE
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& 1000 T L0 0
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FRES-Zn (mg/kg) LES-Cu (mg/kg)
O(a) THESEE o (b) KiGiKiEHEE o(a) THEEFE o) KBK IS EE
11 i bJE HEE o a4 R TR E S EM IR TR R E L O Bt
(11 LR 12 |TRULTE Ry hOfEZE )
4.0 4.0
2 z
230 | 2 30 | %
T % il
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W i
10 1.0 +
Oo
0.0 1 L L 0‘0 1 1 1 |OO
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EIAZnieE  (mgke) EECuiE (mgke)

O(a) LEESEE o(b) KBEIZEE

o(a) X EEE o (b) KIBKIZEIE

12 {EMAT Y34 mIR LR E S O BIR
(3 11 L 12 ISR LIEE Ry OfEZE )

(1-2) RIE~DZE
il B0 X CARESIRIRIBIEE L2, TEIRT O Zn | AR EIX L T 2 280 45 fEOIRE AN b7z,
— 77, Wil X CRERO AL G IEL LIZGE G, BEEXEOETIZEAL Ab], 41) (3)ITRLIZERY,
EIREED Cu AT 5 NI AL R L > 7 2L AR HE HEh X L A8 X A2 35 1 H1EM IR @ Zn %
L% CulREDEMICENELTRKEB ZBND. ETDHE, FBICERED Zn B3MFELTREL R Th=
<V T ORIT EBICE ELT LS BICHRIATERL (BE 14), H3EH o Zn 2RI L= D LD
ns.
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(1-3) fEPERICL LB

TRERHE SR X D HHERAEDS &, (EMIRTT O Fe IREEDEMEX IR 7203, KESRIREIED S 51 3HE
HEX L SR E Tho722 800 Fe RZIERICEDIER EIFW E TE/en o7z,

B RRBE o7 TER A TR L DR HEH X K ORISR X CIIAEHEX & LB U CEMIR T o P MK 72
HESHUER O/ RSN, — 05, KSR EIFEIC S DR AN X IT Zn Z2 @& i BRI L7-78, AR YER L |
O PIREFSBEHEN TSI, VARERZIERO R FEIERbMEZR SN0 2T, ZOZENDIEERBREME T
TIEXXLT LY Zn & P OMEFUERICIZZR DN 2 EB AR R HE 2 b,

(2) Bff it 138 D 5 Hr i SR
(2-1) 0.1 mol/L HifeAhHic&d Zn LT Cu
0.1 mol/L ¥EfEfhHiZX 5 Zn J2 Y Cu(S-Zn K O S-Cu) 1 HEER AR R OKIRIRIR BIEOS S, TE

(EBEAFAEL (R 1), 4.1) (IR LTZ Zn 2R KON Cu & EERICEAIZH 7. SHIZ, KIEKIREED
BA, R X LRI O 525, EREE LT FE Tl iE L H i 2550< (X113, 14) , gl
AKX SZn ST HJE7)S 201 mglkg, FJEAY 627 mglkg TihY, WilEHNX D S-Cu HFE I EJEAY 92 mg/kg,
TIEN 748 mglkg D HTRER GO, T70bh, KIEKIZEIEIZB O CHBRHSA XD ERE T Zn I
TREO U3TRETHLN, MEEMXOLAIE, FEdh CulREIX THEO U8 FREELN/IAIL TWRNIEND
DyoTe. FREEHE F OREKICEDHBEZE T RETHH, THEFO Cu ik Zn (LT E5 AN K
THHIENHERS 2. 2T R O Zn 13X Cu K0b A A AU E LDz, EHEOESR RS
X CUDFBENEEZLNDO LD, Znk CulliiT D R ORI ERBECEB DS, Z0
728, AFREROKIFMIZEE BT HEM AT O Zn IS Cul LY Zn ARFEICHEVBEE ISR Eo72k
HeZZs b,

800

— 800
oh “oh
2 2
= 600 £ 600
! i
i
S 400 %400 -
2 Q
v
200 200
0 Y 0
& § O 9 &
& & & F A A
& % S S A § &
g\_\v}- {g\v}- Q\ ig \&? ‘g\@&' A\ 'i\
BI13 @HIDS-Znife 14 &30 S-Cuil &
OLE BTE Ot BTH

(2-2) FiPRAR D53 AT
pH X HEIRAIEDL S, BEID FENEWHANICHS —T7, KRR EE TSI N EIY EE2 Sy
i RLZpotz, EC IZ HBIRAEOSE, PRIV LENEL, KRR FELE TITHIC EEIY TSR
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FERNELNIZ. B TSRO R ER 0 K ORRERSRITAREEL , FREER (SO2) ZELDHEE X LS.
THII~ AT RTHEBEL TODBD, BAF TG AA U L5 BT TREILCT WL oL B, #
B P OEKICE > T T EA~BETAZENMEES . KIFIKIZ ST TIIRERR (SO2) A T ICH RS
NIZEFRENDZEDD, pH 2 EEIVLIEL, EC M@=t bhns.

—75, THREAEOLG ST TE T LV LA EEDO ST pH 2MEL72D, EC 2 &L EMREH
iz, ZOZEND FIELL I EEICHEER (SO2) BFIET Db DEBE 2 bz, $7ebh, FEFHIM T R
KIZEDREBRO T BB EDRESN OB G ESN G R L o7, HEF OB E N IE BN & o
EL Wb TEYZY ) HE 3 O Y DGR R 1T T TSRS R 2 R FF L QUL D ATREMEAVRIZ S U
%. OFY, JiiFIFIEOE TR O340 ICHAHIER AL Db O LTINS,

(3) HAFFEIR DM

THEER A EE LT AR B0 X K ORREESR X & el 35 &, FIFRIIHELHENT 100 %& RAF Tho7-nic
X UM Tl 63 %K<, B E D I THRERE X355 > T e, ZOZEND, a=Y Ik 5EHE)E
DFET CuD T Zn KL IR MEA THDHEE 2 DND. SHIT, FEFREE DR > T HRERH 6 L ChiER
HEERIEZE DRHED RS, 22 O ERAWIER DR BT DR b4, IR DA & ChIUIMHTIZ
LD EIER BN ATRE THDHEE 2 HND.

%72, BB ORIMC LS HEMAWTEEOIHI R 24 12k 5E, Cu, Zn T Mn DJIE
(2 A O IHIZD R B KEL, AEMOEBICKIETHE N ERICMHA THHESILTWDENRY, RRERD
2V FIZONTE CUD TR Zn FOBAEBBEWIER ThoT. A B R RIS LA MG O 8 EIX
[ZETBND. 2L, MERBROSM:E FClda~y o4 b, fiHLEZ Zn & O Cu R CHBE R I FHEA
HELDZEND, KIERIZEEDOSH AL Zn DS BEBRENFE R TH-T-.

YL EDZEND, MG IEDEW T Y T OEFTRRELT 2R EIERDREERLTEMHAL. &6
2, HEAOBFEIZIDZ DR EORBRREETRRLILDOLTRISNIZZEND, FEFERBRO 7 15
FEDFRENBLETHHEEBIT, BERIEE O IZ6 5 E 2 IEHHIE 35720 12335 M55 2381
DL D RO M IE 754+ BB LR T EORENEE THLEE 2 L.

5. £&H

FEERBRI I D~ F O BAE IR O E R B TN D FEHEE B A MR 35720, fIaEdRE L T
WAEEHZ A H IR DB D MilE Hh  ORHRE HEn A3 E L, Zn D R% B I HSNDIEEH Bt D=~
(2T DI EE R R AR A e L 7=, Zn BPEHIIN 2 CREICRRIE R 2 #eR8 L7- Cu MM RTIRIZL, Az
B X K OV RS X A 5% L. ek R oL, SRR SE O RRIR MEn, RFRIEEN, MilASH, fyme
A BB, N TRSREENT 21 H S Uz, fEE, R0 iIE )7 o @O Tl R EAE R I
FENEUD PR HERE SV, Zo7e®), RIS LS H1EE TR GE, MalREKE kL HET
JENS BT CRIBSE 55 EE KRR EIEE L, FERTEN & O ERERZ FV  CRRGE R R a e L 7=
LA, MR EOENTEIERITHENECHIENHII L. M ERBRICK T2 EIERE EMEICHETD
72O, HEERIERI FEEEO M TE DL/t ikl Snb 43 B IEL, MFHERER EOMifE 7 154 3% E
THMEENHDHEEHIC, HERRO TIEICHIE T EOIRENLETHHEE Z BN,

Zn BB R OF Cu M EHZ XD EHE R TR D LBV TH 72, Wb 250 mg/pot (516 mg/kg iz +) LA ED
it FH IR N PR Lo 7.
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TIREAEICEOMEBEHEN X TIX (D) AEBEARR, (2) FEOHEGER, (3) FHED T, (4) RKZEDHEIELR,
(5) FEEEDRE AL, (6) RIELEBZ OB LR OSEIR A H & 100 mg/pot (207 mg/kg #212), 250 mg/pot
(Zn 516 mg/kg #z1:) K TN 400 mg/pot (Zn 826 mg/kg #z 1) THRILL, KIFEHKIREECLLGEIX(DAEFTR
B, QAREOEAIER, (3) FHEREZOEAER, (4) RBEIEZ O EAAEROIERA R T 52 &% 5 &
250 mg/pot (Zn 516 mg/kg 1) THEFRL7=.
KRR B LD X CIX (D AEBRR, (2) FEOFIER, (3) FHEEGOHIIER, (4) A
D FABIE IR At H & 250 mg/pot (Zn 516 mg/kg #z 1) & TF 400 mg/pot (Zn 826 mg/kg #z 1) THERI ALz,
THUR BRI LRSI XX (1) FEHFEE, (2) REOEALIEIR, (3) REEEDIREKAH N H & 250
mg/pot (Cu 516 mg/kg &z 1) } OF 400 mg/pot (Cu 826 mg/kg #7 1) TIHLL 7=, KIFIKIR BIEIC LD RFRERHX
T, FRBERFERIIMRESN T, ZORKIZE M T3 OBLEIC W TRIHIIR 2N b 7228, BJEIctl
NTFEIZ Cu NEEERESNZIEND, 2~V FORS EEICEEY, Cu ICkELB CEI-/2HLE
2Bz,

ATBROERNHTY, AARRAEWGIER AR A LR 0 EEIR IS RAAEEEZ BV ELZ. 22
(CHOPDREHOF AL LET.
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Physiological disorder of Komatsuna
- Zinc -

Souichi IGARASHI', ErikaHIRATA?, Hideo SOETA? Shinichi KASHIMA?

! Food and Agricultural Materials Inspection Center, Fukuoka Regional Center
(Now) Nagasaki Prefecture Kenhoku Development Bureau Agriculture & Forestry Department
? Food and Agricultural Materials Inspection Center, Fukuoka Regional Center

This study was intended to accurately judge the symptoms that occur in the vegetation test on the harm against
plants. The physiological disorder confirmation test, in which it was occurred the materia containing zinc
excessive symptoms about Komatsuna (Brassica rapa var. perviridis) intentionally, was undertaken. Not only
two of the reagents containing zinc were chosen under this study, but also two of the reagents containing cooper
were chosen as a reference. Which these were zinc sulfate, zinc nitrate, cooper sulfate and cooper nitrate, and are
used generaly to raise fertilizer quality for aiming at the purpose of zinc's and copper’s physiological effects
against plants. As a result, it was found excessive symptoms about Komatsuna depends on the difference of the
fertilization methods. We verified two methods which the reagents containing zinc or cooper mix with the soil
total volume in the plastic bag (as the method named all layer fertilization), and the aqueous solutions dissolved
each reagents penetrates from under soil layer to upper soil layer in test container (as the method named
penetrating agueous solutions fertilization) . Excessive symptoms about Komatsuna occurred extremely by all
layer fertilization compared to penetrating aqueous solutions fertilization. It is necessary to specify the designation
of the fertilization method to the official regulation of vegetation test on the harm against plants. As excessive
symptoms confirmation examination using zinc sulfate by al layer fertilization, it was observed (1) the poor
growth of leaves, (2) cotyledon changed yellow color, (3) cotyledon sagging, (4) upper leaves changed yellow
color, (5) the backside of cotyledon changed in purple-red color, (6) edge of upper leaves changed yellow color
lightly. In the case of penetrating aqueous solutions fertilization, (1) the poor growth of leaves, (2) upper leaves
changed yellow color, (3) edges of cotyledon changed yellow color lightly, (4) upper leaves changed yellow color
were observed. The case using zinc nitrate by penetrating agueous solutions fertilization, it was observed (1) the
poor growth of leaves, (2) cotyledon changed yellow color, (3) edges of cotyledon changed yellow color lightly,
(4) upper leaves changed yellow color. The case using copper sulfate by all layer fertilization, it was observed (1)
germination failure, (2) upper leaves changed yellow color, (3) the backside of upper leaves changed in purple-red
color. In the case of penetrating aqueous solutions fertilization, it was not observed any symptoms. The case using
copper nitrate by penetrating agueous solutions fertilization, it was not observed any symptoms.

Key words  vegetation test on the harm against plants, komatsuna, zinc sulfate, zinc nitrate, copper sulfate,
copper nitrate, excessive symptoms, yellowing of leaves

(Research Report of Fertilizer, 10, 208~241, 2017)
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12 HEBRKICKIBEHBESDRE

TRRRIESC Y, IA-Jalfe — 2, AR Y AR L HALE T 1 SFHRHEE S,
IHSCHE S, ARt
F—TO—F  EMRER, EMERBRK, BB, T R R, MR ER, VAR, INE

1. [XC®HIC

PES, IMNTAT BUE N EMROK FETE B 22 2l % — (FAMIC) 28 325 L CX 72 IR B O E PEIEIE, AT
FEER O E L B2, #RER L OV Z DRI EE72D, Rk IR RS ThHD.

ZOZENG, Sl TIROT E=ULAT Y, BEEAAY, VABRAT Y ROV DAF AT 53
BRI OWT, T =T HER, HREER, VAR K OMBEOEEREBRELL TOFIHO R HIZO0N
THRFILTZ.

2. MPRUAE

1) feaElEs

FRIBL WA=l T R OENTEZHBE 1 mm D550 a4l 5F THELZH O QNI @
ek (3@ ek 12 $840, 15 TEIEEE 6 8640) 230 EH L TR W=, £, BINRBRICH W7 E=7,
AU K Ol B A KA DS A1 U™ A A R IBORE O 2 B3 14 D I IR O e a8 A BRI W B b 7 B =
T, BT =T, DA —T =T R OWARE 7 =T I2 oW T, REZIEEIORDYIZH N
7-.

72¥, BRI AT IRV RO T it AR BE F DRl S B BT R 1 LI,

2) AE
(1) /K: JSKO557 IZHLETH A3 DK
(2) <ZABEWWE: ¥k (B AL O ABE— /KT 20 g 2 /KIZEEH LT 1000 mL EL7=.

(3) HEEs: A EWE /A (Fne ik T.2)
(4) 28%7 =7 /K: Hrfk (B AL TR Ml T3%)
(5) s NI A PRy AR ER - PCB iR Bk H (B L)

3) BERULKE
(1) AR BRI OB, T OB RAA L RO ORI E R EFIHITIR 2 DLE0.

U OMSIAT B N R AR PEH B e il e 2 — R B A R A
2 PRSTATEOE N MK EEW B 2 it 2 —f@ it 2 —  (B) R R ALHR BLUR) 52 AR5
S MSIATBUE N FEMOKPETH B Z 25 v 7 — @i e 2 —
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(2) 100 mL =75 A=
(3) 10mL RV=FL Tl 7HL —RMlF o2 —F

K1 OB BT (H &+ %)

TR fHERYE O KEME KiEtE <@t <R ERE R MR

RO s wmk oAB ME OARE B MEOARE N
WY AR IR _3 — 12.3 — — — — —
S P o AUE - - - - 20.3 0.1 20.2 0.2
0 PUER N B A s — — — — 0.3 19.1 0.3 20.4
AL oY/ ND.”  N.D. 0.4 1.2 0.9 1.4 0.9 15
fand 0.2 N.D. 0.9 1.3 6.4 1.3 6.6 1.4
TREE A IR 6.5 N.D. 12.3 7.7 — — — —
e fRERLA IEEH 4.1 0.03 6.4 6.5 - — — —
JL—" ;
g {bA ekt 6.3 0.07 5.1 11.5 — — — —
Tt et N.D. N.D. N.D. 0.1 - — - —
FLSWFWEREEEE  N.D. N.D. N.D. 0.1 — — — —
B0 AR IEE — — — — 47 0.4 4.9 0.4
TI—T" FLEUNF VB IR — — — — 0.1 0.4 0.2 0.4
c? VR0 AR — - — - 20.2 0.2 20.3 0.2
B G IE — — — — 10.7 11.3 10.6 11.4
TG IRREENEELD N.D. N.D. 0.1 0.3 0.6 0.5 0.7 0.5
1B IRREENELD 0.4 N.D. 0.7 2.0 1.8 2.6 1.9 2.6
T—7  IBIRREEIEEE N.D. 0.27 0.5 1.6 3.0 1.9 31 1.8
D’ T B RAEED 0.2 N.D. 0.4 0.2 4.5 0.3 4.8 0.3
TEIBIRIEE® 0.5 N.D. 0.6 0.2 3.0 0.3 3.2 0.3
LRI TR 0.2 N.D. 0.6 0.3 1.3 0.4 1.3 0.4
a) Fws o F kit

b) & & FIRATH

c) W BR I A=k

d) i A RE (B AL OFRER OKIZE D) IS W30k

€) Jitim ek (i AEEh OBk (<2 ABETRIRIZ Z 28 H) IV 30k

f) VAR GG AERE) OFRER (K, < X ABRVEHR M O RE (1423) 12X DHHD) (2238t

2 SABRICIIVBRBRAK, £ O e G A S OV ORIE i FE D

BRI O TR R RAF T R Jh8 FEE s P (/L)
MQuantTM Ammonium Test TR AT 10 ~ 400
™ .
10 ~ 500
MQuant ®Nltr_aite T@ _ A
QUANTOFIX™ Nitrate/Nitrite 10 ~ 500
MQuant'" Phosphate Test D ABRAA 10 ~ 500
™ .
250 ~ 1500
MQuant chassmm Test B AT
QUANTOFIX™ Potassium 200 ~ 1500

4) RBAE
(1) Hh
(i) AickzHhH



244 AERHIFZE 845 Vol. 10 (2017)

7 REEE

g7 =7, HALMBE K RV AIKDH S 2 fi¥H % 2597 > &L, 100 mL =77 A2 A
A, KOG ICEVRERA L. SRIEOK 20 &0 KE % 30 B IRV IE SRR KR S L.

A LR LA

IIHTREL0.5~5 g &30 ED, 10 mL RV =F LT 7 XL — MiF 2 —7 3 100 mL =/ 77 A2a|2
A7z, FREEOK 20 5 EOKEMZ 30 B ERVIEEREHRKE LT, LEIIGUAELT.

(i) <ZABRVAIE K QMR (1+23) (2L D Hh

T AR

a7 =7, FHALMB R OEVABEAIK DY 2 Fi¥H4 259 T > &L, 100 mL = A 7T7 A3 A
A, ARETTANTIRVIE IR G Lz, BRIUE DK 20 5 B O< X ABRE IR X I3 HiE (1+23) 2N %, 30 B[4k
VIR IE 1 R[5 B AR IR R RHA R L LT,

A FREAEEF LA

IIHTEEE 0.5~5 g &30 En, 10mL RV =FL o TFL 7 XL —hMUF 2 —7 LT 100 mL =/ 7T 23|
AT, BB DK 20 fi5 B O 2 A BERYA R X ITHEE (1+23) 200 %, 30 # RV IR T 1 H 5 IR0 IR
WREHRIRE Lz, MBS TAELT.

(2) EMERUSHERAE K OVHE

() ToE=mAlAY

REHATH 5 mL %2 10 mL O 7 TAF w7 8lF 2 —T 12 AN, (T EORIK 10 fi2 Iz TRVIEYE, 5k
HED B8 53 2 Z ORISR I 3 AN, SBRMA I H L= B Rk 3 2 BrE, 10 B EE L.
RSB OICRALTSA, EHAKIZT V= A4V BEENTODLEHELT-.

(i) AHPERAA

FUBHR IR IR O SOS T 70 % LR IAAL, SRR A B L7 R ek o & brE, 14 fEEE L.
RO A LIZGE, SREHRIRICIEIE A4 N E ENTWDHEHE L.

(i) WABRAA

ABHA IR ISR O KR 0% 1 BN, REBRE B L7t Ry 72Kk zkE, fEoR¥E 1
A RBRRO RS IBIZE L L, 15 ERF o7, RORAKGERW%, 60 HFHEL, BB EE AT
LG, BEHNARICOABAA L N EEFN D EHEL.

(iv) BV LAH

7 MQuant™ Potassium Test

AREHRIR ICREBUR O SO 0% 1 R AN, RBRRA B U= B R 07K aaRE, (TRORIE 1
B OIS LT, BB I B LIS S, REHERICII Y AT R E E TS
EHELTZ.

4 QUANTOFIX® Potassium

AUBHAIR IR O SOS 73 % LRI, BB Z R L7t R 0 7e K 4 & B, 10 mL ARV =5
Lo T L7 H L —MUF 2 — T2 AT B ORI O SOGHZ 60 FP R ATz, BRI E G
LT E, BBHARICIV Y DA U R EENTOHEHE L.
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L BERRUEER

1) ZMFEBROER (KIZLSHHE)

RT- At AT R OGHEARENC, MR T =T, B AR, B0 AR A IR K ONEAL N B %,
0.5 %K 2.0 %(HESHE. LLTRUT. )Y EZRIMNL, 20 4) (1) () KICEDHHEZIT o 72 K IZ D0
T2D 4) (2 OEFFELEMUIAEREER 3 R VEFE 1~6 ITRLTZ.

ZINFAER TlZ MQuant™ & QUANTOFRIX® D & M il Bk — £ L7=.

e 7 & =7 & O EE A K DTRINFER TlX, 0.5 %, 2.0 b2 TV E=U LAY K OEEEA A D
EME &R LT, (B 1~3)

Y ABE K OEFINFRBRTIE, 0.5 %, 2.0 %EbITHABEAA L OEW G E R L. 72120, KIEMHD A
a2 <AL TIZTONTEL, BVAMRAIRZTRIMLURS TOOABEAF > OB IS E RN LTZT9,
WINDF B a TR Ko7, (BH 4)

HAL I ORGSR TiE, ABEMEINEZ 2<E /el 3 R O30, LB Z RN
L CO I DAA > D EVE S ZRR U728, RO B2 MR H T, KIEMEIN R 28 £ iR
FALEHZ B W T, HALMBEEZRINL e T AT AT O EMEOSZTRR LT T2, TN 5228 % fif
AR D o7, 72, IEEHZIINU =D LR B ORIEA KITINZ 727 70 73 BRIZIBVT, 0.5 %Y &
(AT —HE B E ot BT AT OUINX TIE, BT LAF L OEME G E RS2 Dol (BE 5 RO
6)

#3  IINEBROKE R OKIZE D40 H)

WISy wmmEE nizhi FHREEE  FRRUEEE R
e S G & AT 01e”) @1e™ @ia®
W7 'E=7 2.0 +9 + + N.E? + N.E.
(7oE=1I A 0.5 + + + N.E. + N.E.

AF) 0 — +— +— N.E. — N.E.

il A K 2.0 + + + N.E. + N.E.
(R R A A ) 0.5 + + + N.E. + N.E.

0 — — — N.E. — N.E.

WO A K 2.0 + + + N.E. N.E. +

(WABRAA) 0.5 + + + N.E. N.E. +
0 — + + N.E. N.E. —

HAE N 2.0 + + + + N.E. N.E.

(HU BAFY) 0.5 — + + + N.E. N.E.
0 - + + + N.E. N.E.
TRy

b) © #itke 7 E=7, @ @YAREAIK, @ WALIE, BE%E&131:1
c) +: EMERERIGYE, + — ErERERGYE (), —: ErEREREER M
d) ABR SN ET
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BE 1 BT BT ORIMNER

AR
MQuant™  Ammonium Test

BH 2 MERAK OGRS

AR
MQuant™ Nitrate Test

BH 3 MHERA K OUINGER A R

B
QUANTOFIX® Nitrate/Nitrite
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BH 4 @Y ABRAT IR OISR R

AR AT
MQuant™  Phosphate Test

FHE 5 HALINEO RGBSR

R AR
MQuant™ Potassium Test

BE 6 HALINE OGRS R

BRI
QUANTOFIX® Potassium




248 REEHIFZE RS Vol. 10 (2017)

2) FMBBROBRKAABBRICKSMHE)

7Rl RN, T R O RLEENS, R AE & N W ER I LR L2, 0.5 % TY 2.0 %ofH Y &4
WL, 2@ 4) (1) (i) <X VBB IRIC Z DM AT S T2 RIS DN T 2 O 4) (2) D 1EZ FEHE L7k 3
ER AR NGB T~121TR U7 R ABE K OO IN B AR AY 30 0 I &5 CLIva i Lieu il REdE %
EREL, LRFMFFEL, TOMMEEREZITH MM FIEED R EIT o7,

FONFER TlX MQuant™ & QUANTOFIX® o i MEfE g — L7z,

PR AR OISR TlX, 30 BHHRLY TOARA AL OEM RIS Z RS/ o7-038, 1 e iR &
ITIHVABBAZT L DEW G Z R THORH T, 728, SV ABREZE0ANTIZONTE, 30 B
fiRED, —FRFMEEREIDOWT G, VA IREZRIML 72 THIRSDABEA T O EMER IS MR L
7ol WINZ XD Z2E MR LR =T, (BE 7 KT 8)

BRI R RO BOMEER TIE, <EPEMRZZE DRzl R OENTIZONT, IFWERN
BRI Z TN T AV DA DO EM G ZIRR U228, IO FEZ MR T, F<Ehk
I AE 2O EEHI W T, T WER I B AR B A TN L7 < CTHERS I U D LA T D B G & 7~
L7, BSMO B LR M K20 o7, 7ok, IBEHTEINULIZO LRI ED R ZKIZINA T 7 T 73
BRIZHEWNT, 05 %Kk 2.0 %rHY & (A— —HESE I E 6 S HPH AN OIRINX TIE, BT LAF D
EMRIGE RS -T2, (BH 9~12)

F4  BIARBRORE R (K AMRBIEICE D5 )

Sl % mnEs Ty I iy EE@HE? a}%@ﬂefﬁ
(*ﬁtﬁfﬁ%%/fﬁ_‘/) (%)a) ) ) El (®+® ) (@"’@ )
30s” 1h° 30s 1h 30s 1h 30s 1h 30s 1h

. 2.0 49+ + 4+ +  + N.E? N.E -+
(fi’fggﬁ;ﬂ/) 0.5 - 4+ + 4+ + 4+ N.E. N.E - -
0 - - +  + + 4+ N.E. N.E - -

. 2.0 - - + 4+ + 4+ + o+ N.E. N.E.
gf;gf%@%‘ 0.5 S v+ o+ + + NE NE
0 - = + o+ + 4+ + o+ N.E. N.E.

b) © Wit E=7, @ WVAREAIK, @ HALME, IRAFIE&IXL:1
c) 30s: 30F[EIHRES, 1 h: LG ETIRED

d) +: EVRBREME, +— EVERERTE (3555), —: EHEREREE M
e) B Lt
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BE T B ASED ISR F

5%
SANEREHE 30 FOR#R &

BT
MQuant™  Phosphate Test

GE 8 MY ANEDTNNERER A R

5%
SAABBER 1 e[ HAR LD

AR AR
MQuant™ Phosphate Test

BE 9 FWERINEAEE o TN R
rER

Pl 75 1%
SANFREHE 30 FORHHR &9

TR AR
FERAL :MQuant™  Potassium Test
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BE 10 U ERANE O B ANEER
S

i 7515
SRABERVHR 1 R AR ED

B
MQuant™ Potassium Test

BE 11 FUVER IR R RO RN

75 i%
SAABREEHR 30 FY R &S

FRBR AL
QUANTOFIX® Potassium

T 12 BN R OB EER A R

75 i%
SRABEVSHR 1 IR FH B HARED

FRBR AL
QUANTOFIX® Potassium
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3) AV LAAVRARRBICHTIEEEOREDHESR

AN OISR K QN ORI B O FRINERBR IR T, KT B ONIA PRI B % & 70 i LR
BHZB W TH AV WA D EM G Z R LT END, FHRARE O JFEF U TR W2 AR A K K& OV
a7 E=U A ROAFT U BMEGEORIKEL Thbir.

ENENDAT U HETKERETHL, 20 4) (2) (iv) 7 OBEEZ FE R L7ofE 5, SBIE, 25 gik ©
W0 AR IRETRIT VD DAF L DEM SN E RS T, 25 giL DOREET E=7 MRIRITHV T BAF L D
ENERGE R LT, SSICHIET NY LEKE, 7Toe8=T KE2HWT20 4) (2) (iv) 7 OEREEFE i LT &
25, Bl hU LRI 25 g/l DIRFEETHIT AT DERRIGE RS T, T E=7 /KI% 0.60 %D
RETHIY DA DEMEKIGE R LZ. (B E 13 K1Y 14)

PLEDFE RN, (BEGYEDIRIRNLT VBT A A THHEEZEZDLNT T, TUVE=T 2587545
OIEE AL T =T, MBRT =T, VAR —T =T R OVARR — T F=7)% 1 glL~4 gL &
TIRIEEZNEIRELL, 2 D 4) (2) () TR OADOERIEEZERLT-E25, 3T 4 g/l L FORETY
VY AT DEW S Z R Uz, (G H 15~18)

B 13 7 =T KOG RER
URES

AT
MQuant™ Potassium Test

BE 14 TE=7 KOG MERR
HEES

B
QUANTOFIX® Potassium
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HE 15 LT Ew=T OEEME
ARG R

B
QUANTOFIX® Potassium

TH 16 WEET o E=7 OG5
ARBR T R
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The Qualitative Test by Means of Test Paper

Harufumi SAITO?!, Souichi IGARASHI?, Kenta SAKUMA?, Y oshimi HASHIMOTO?,
Naoko TAMARUZ?, Erika HIRATAS, Hideo SOETAS, Y uji SHIRAIZ,

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed | nspection Department
2 Food and Agricultural Materials Inspection Center, Fukuoka Regional Center

(Now) Nagasaki Prefecture Kenhoku Development Bureau Agriculture & Forestry Department
3 Food and Agricultural Materials Inspection Center, Fukuoka Regional Center

We investigated the qualitative test by means of test paper about ammonium-nitrogen (A-N), nitrate
nitrogen (N-N), phosphorus (as phosphorus oxide; P-Os), potassium using fertilizers. It is important to
simplify the previous fertilizers appraisal method due to fertilizers appraisal method needs empirical
techniques frequently. As results of the tests on rapeseed oil cake, fish cake and blended fertilizer spiked
with ammonium sulfate, lime nitrate, superphosphate, potassium chloride, molten phosphorus fertilizer and
potassium silicate fertilizer at 0.5 % and 2.0 %, we detected added ingredients in many combinations. As
results of the test of fertilizers, which distributed in the market, we could detect the ingredients. In the
potassium ion test paper, we observed fal se positives in the presence of ammonium ion and fal se negatives at
low pH. We considered applicable to usage such as specifying the raw materials contained in blended

fertilizer.

Key words  qualitative test, test paper, fertilizer, ammonium-nitrogen, nitrate nitrogen, phosphorus oxide,
potassium

(Research Report of Fertilizer, 10, 242~266, 2017)
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