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4 BEBHRIOTNTST(HPLC)EICLHEREREET
FNEESTERHEPDOASIODAIE
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1. [XL®HIC

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

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

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

2. MBPRUAE

1) #HEEN

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

2) ARFORH

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

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

(3) AFJ—)v: ik,

(4) PTF T FERGRIK.

(5) Ml AEeREEHRE.

(6) AZVAME: FefkatdE.

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

(8) FEF: Hpihitdk.

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

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

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

3) BMERUEE

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

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

(5) =L rBfERE: KUBOTA 8410

(6) rRHE L HfERE: HITACHI CTISE

4) HERIRME

(1) i

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

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

| Extraction | Extract by ultrasonic wave for 10 minutes
|

| Centrifugation | 2000xg, 10 minutes
I

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

I

| Centrifugation | 8000xg, 5 minutes
|

| Measurement | HPLC

Scheme 1 Method flow sheet of melamine in organic fertilizer

and fertilizer containig organic matter
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(2) HE

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

Table 1 HPLC conditions

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

1) BIEFHORE

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

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

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

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

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

Table 2 Comparison of extraction solvent

. pHof  Content  Measured Recovery
Extraction solvent

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

a) n=1

3) HHBFREORE

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

B AR BR 157 (U D HPLC (2 XD B O AT B E O JIE 7 1k (EHE 28 £ WIEED Tig,
ATV, T AV, T AR RO T SOVERD 4 fl 4y A Cai RIS B 5720102, fhH R % 30 47 &
ESRELTWD. ST 0Nk G- IS AT O B0 T, HERRZFME T 22 LB ATRERET LT, AF
E02 WIRE G A T A IKEFRATEAVCEIEE L Q7272 2l I AT IR ENVE 8573 0.1 %2725
FOREHE A RN L T=50k 2 VY, 7K 100 mL 2%, 0, 5, 10, 20, 30 38t a21T o7, fER, K=
FABEACARAEEH TR EME2VE B0 0.18 %~0.20 %D FiFH THEB L, 5 2y AT H R IC LD 2513538
HEINIRS T, 72T TIEH EMEAVE 53 5 0.068 %~0.092 %, [BILERDN 67.7 %~92.5 %D#i[H T
BL, 10 5 LI I R LA ZEITERO Lo 7=, UL EOFEFR XY, FHFFZ 10 09528807,
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Mesured value (%) Mesured value (%)
0.25 r 0.10 r
o o
0.20 ./.’-@ —— ° 0.08 F
0.15 0.06
0.10 0.04 +
0.05 r 0.02 |
0.00 : L ) 0.00 L L ;
0 10 20 30 0 10 20 30
Time (min) Time (min)
Sample : Compound fertilizer containing calcium Sample : Rape or colza seed meal

cyanamide and organic matter

Fig.3 Comparison of extraction time

(%): Mass fraction

4) HHAD pH ITEDASIVDREMADEEDRE

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

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

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

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

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

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

Table 4 Result of recovery test for melamine

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

a) Mass fraction

b) n=3

¢) Relative standard deviation

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

requires

6) PHTIEER U HREREE O

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

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

Compound fertilizer containing
organic material

Soybean meal

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

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

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

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

1) Compound fertilizer containing organic material

7) EETEROHEER

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

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

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

8) FUEMEHDDH

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

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

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

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

4, F&O

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

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

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

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

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



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

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

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

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

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

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

Etsuko FUNAMIZU'

! Food and Agricultural Materials Inspection Center, Sapporo Regional Center

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

containing organic matter with the exception of fish meal.

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

(Research Report of Fertilizer, 9, 33-42, 2016)



