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1. [XC®IC

ATIATED L FREED RN T VUV BRERFORREREW T, RIFEZFEEL TRIESND. AT
VRO R HEPIZI W TR LW ) UTES, AMERROLNTEL T, B ARENTIIEEEL
THRIAL TWRV. Fe, B R CIEAERBHERE A IC B SSATEHIE ISV TATIUV T T2 R EE S 172
Ay

Ak, AIREHR (IE- RE) OB AR %%ﬁ:b&uu IREMA TERILIZRLR - IZDOWT, AT 0 F
AEPEWVRELNHDZENHERINTY . ATIATEMIC LS UIRINLERE T2 EnH0?Y, AT30L20
BHEME CTHDHY T RVER DRI IS A RN ;Hy%i\izhé O EA B XTI ML TS,
IO, NEHIEIZBITOATIVICETHEER EEDORF LTI L LT,

AEEFR D ATZIAZRE T B IEMER EEORFEITIICH T, ATV R OZOREWE ChHT A, T
AR RO T 2VEE (DL TATIZE 1) (Fig) . ) DT HIEZ LT 2R DD . BB OATI

DRBRIELL L, WAZu< b T 7GRS E (LT TGC-MS] &), )if“&zﬁ.%‘i%fﬁmwﬂvw?ﬂu
TTHPLC &V ) IEY RHESILTDDS, GC-MS {EITHRIENMEMECTHY, F72, FHEMARL% OREHER
DRFFAIED GC-MS DOFEHEIRE NI A A AERIZE A=V % 5.2 5. HPLC {EILFHE MR L EL 2
LU CILAMEOHLRERIETH LD, AIRERFOATIARELIZ W ITETHY, T AU,
T AR KOS T XVERE TE BT DITITERAMRE DL E THD.

48], BEFFD HPLC {E2 5512, AIREHZ T OATIV LD R EEE ML, AIREZLSOIEEHT
R FTREDR R L= DT, MBS,

R1 Substancen name Ri R> R;3 MW N-Content (%)
)\ Melamine NH: NH. NH:  126.12 67
N™ N Ammeline OH NH: NH 127.10 55
)|\ /)\ Ammelide OH OH NH 128.09 44
Ry N Rj Cyanuric acid OH OH OH 129.07 33

Fig.1 Chemical structural formula of melamine and its related substances
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2. MMRUAE

1) SHAEMOHAR

FIRER TR, AIREFR 2 LB 4 M, AIKEFR 2 A AVLRRIEE | 7, AIKER%
BERVEEAEE 5 FEEE, BCA AR | FEEE, MiERT E=7 | MK OYRFE | A ZNELEBZ 0.5 mm
DSDHWNTIEL, @l L7zb D% e L7z, ot HREHIE =— 4RI A K, EiR CRFLE.

2) BREFOFR

(1) 7Kk: JISK 0557 \ZHLETD A3 DK,

(2) 7ER=RIL: JISK 8032 IZHLE T 2HmfkitZE. 7035, HPLC OBRERITIE HPLC HaRFEA .

(3) VFATI KRR,

(4) . AEeRREHRE.

(5) DABEHTARMENR: JIS K 9020 (ZHET DV AMEKSE —F R A 0.237 g KOS K 9009 (ZHET DY
AR ZIKFT R L KT 0.520 g Z/KIZEAEDNL T 1,000 mL &L7=. HPLC OAEBERICHE R 455 813,
BUKME PTFE DA TV o7 402 — (FLIR 0.5 um LLF) TAIBLTZ.

(6) ATIVFEREUENR (0.5 mg/mL) : AT [C3HgNg], 72 AV [C3sHsNsOJ, 7 AUR[C3HN,O,] KT
T FZNEELC3H3N;03159 0.05 g #F NN O LI EILIZEY, ZOEE% 0.1 mg DHFETIIn -7, D EDH
g (1+15) THEMPL, ThENEETT722 100 mL (2B L AN, EfE CRIARZINZT-.

(7) IREHIEUETR (50 pg/mL) : FATIVHFEHER (0.5 mg/mL) 5 mL 22877223 50 mL (280, FERET
7B =RIL— 0 A RRIEAR R (4+1) 2N A 7.

(8) MEMHIRAIEMEIR (1ng/mL~5 pg/mL) : FHRFIRAEEUER (50 ng/mL) D 1~5 mL #28&77
A3 50 mL (2B &Y, MR ETTT =RV — 0 A BRIERR R (44+1) N2 7.

(9) MEMHIRGEEHER (0.05ug/mL~0.5 pg/mL) : ff FHRFZ R St IR SRR (1 pg/mL) 0 2.5~25
mL &2 877 A2 50 mL (ZEFERIICED, FERRECTT B =NV — 0 A FERHEFR R (4+1) Z N2 7=

3) BWERUVEE

(1) EdEik7e~h7Z7 (HPLC) . BESWERT LC-VP U —X

(2) b7 L: HY— TSKgel Amide-80 (N 4.6 mm, £ 250 mm, Kifk 5 um)
(3) WA —KAZ7L: HY— TSKgel guardgel Amide-80 (FN£E 3.2 mm, £ 15 mm)
(4) HFWIAEZ: YAMATO 8510J-MT

(5) =LSrBERE: =79 H-26F

(6) i LB : AS ONE MCD-2000

4) HBRIRME

(1) b

IHTRREL 0.50 g 213230 &V, Hte = A7 523 200 mL (2 A7z, fH AR 100 mL Nz, B8R4
2T 30 B AR AT o7, §iE%, REARE 50 mL A O L4855 LI E 1I2LD, 2,000 X g THY
545 E OABEEL, BB AR ET RS L. RO —E 8% 50 mL BOEBETIAIITEY, EHRETT &
F=RUL — 0 A REIEAR TR (4+1) ZINZ CTARRL7-. A% 1.5mL & O 3t DIk EAE 128D, 8,000 X g T
95 4y RE Dy BEL, B A A HPLC )& AR EHA R LT (Fig.2) .
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| Sample 0.50 g | Erlenmeyer flask with stopper 200 mL
|<— Hydrochloric acid - water (1+15) 100 mL
| Extraction | Extract by ultrasonic wave for 30 minutes
| Centrifugation | 2,000%xg, 5 minutes
S Dilute aliquots of extraction liquid with
Dilution acetonitrile - phosphate buffer (4+1)
| Centrifugation | 8,000xg, 5 minutes
| Measurement | HPLC

Fig.2  Method flow sheet of melamine and its related substances in fertilizer

(2) HE

Zip B HIRAEYERR 10 uL % HPLC (ZHE AL, Table 1 ® HPLC §&ETHRIEL, SbN-E— 7 EED
W ERATER LT, BUBHANE 10 uL 2 HPLC IZ1EAL, B — 27D BRI LR EHATR T DOATI %D
BEBERD, HEREROREEFE L

Table 1 HPLC conditions

HPLC system Shimadzu corporation LC-VP series

Column TOSOH corporation TSKgel Amide-80 (4.6 mmx=250 mm, 5 pm particle size)
Guard column TOSOH corporation TSKgel guardgel Amide-80 (3.2 mmx15 mm)

Column temperatures 40 °C

Mobile phase Acetonitrile - phosphate buffer (4+1)

Flow rate 1.0 mL/min

Detector system UV detector at a wavelangth of 214 nm

3. BRRUEE

1) AIEEH

ATV R B RIR A EYER (4 1 ng/mL fBX4 &) O HPLC 7~ K/ 4% Fig3 \ORLTZ. B —#HAS
DT LDT = NAT A —a %532 HPLC o (Table 1) Zf% ELT2E A, AT DK —
TTAR K O3 B EE 1 305 & 2D D TH 72, 0.05 pg/mL~5 pg/mL 1Y SO &t IR SR ERAZRRL,
ARIEHE > THREBIEIER LTZ. ZTOREE, 0.05 pg/mL~5 ug/mL Y4 EOHFHFHE CERMEOH DM BRI S
b7z (Fig4d).
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Fig.3 HPLC chromatogram of melamine and its related substances standards

Substance name (1) Cyanuric acid (2) Ammelide (3) Melamine (4) Ammeline

Cyanuric acid

; - Ammelide
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Fig. 4 Callibration curve for melamine and its related substances

2) A ®RO®E
LIREZR | FEEOEEET =T 1| FEICATIVELL T4 % (B ESR)INL, MHEEEOBTZ1T
ST fER% Table 2 IZ7RLT=.
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HPLC ZRWAIREFRFDOATIVHEO G FELL T, 7TE=NAL — K=Y =F AT (5+4+1) &
FHIRREL THOW SRR FIENRESNTOSEA Y, AHIRE CIIEIKRERR O T VIITHR S
T, 7oA, TURAIRIZOW TS+ BUER B ELRN T, Fo, BT E=THOT A AAZD
WTh 2B ERAGE LR T TEtH?@‘{TQJ:LfTJz%:U/I/—ﬂ(—y:n%ﬂﬁ?\ > (5+4+1) DRBYVIC
HEE (1430) Z WA ZET, AIREZFOATIVFEDRINENZIE 90 %L /o723, w7 =7
DY T IR DWW TUL 2 RIEIER DGO NR) -T2, Shi _Lﬁﬁa%%bubf g (1+15) IR E L
THWLZA, AIKER, MEET o E=7 b+ BINERIELNIZOT, HEE (1+15) 2R e L T
HAWHZEELT.

Table 2 Comparison of extraction solvent

Recovery (%)

Content  pH of

Extraction solvent Sample 1
(%) extract

Cyanuric
acid

> 12 94.5 92.5 90.5 82.3

> 12 N.D. 85.3 96.0 94.4

0.6 64.4 86.0 96.4 85.5

0.7 95.7 96.7 97.9 88.7

0.3 107.9 105.3 111.0 108.5

0.3 96.4 100.6 102.7 101.2

Ammelide Melamine Ammeline

Acetonitril-water-diethylamine Ammonium sulfate
(5+4+1) Calcium cyanamide

Hydrochloric acid-water =~ Ammonium sulfate
(1+30) Calcium cyanamide

Hydrochloric acid-water =~ Ammonium sulfate

N N LR S

(1+15) Calcium cyanamide

1) Mass fraction

3) IR)VORDEE

RO AR E R4S 2 MR e 5 fidE, Bl e ieer 1 #E, ?%1@*”&&0@%@&7/%%71@%@!&
B THIELIZEZA, (LA IER, Bla Bk, fiBET =T IC WL EBE T E T 2K ML — 71378
DO T RFBITOWTUIT T VEED 0.05 % (H &0 F) BERHESN. 72k, AIKER TREL W
FAIREF 2T TALAIEEL 4 FEEIZOWTE, —#HOREITATIL, TV AR K ONT VAV AR S22,
BIE RS E AT IS E BA I E T D8 — 23O bivien o7, AIKEH G0 AMAVLRIER 1 F¥EIC

DN, HIESEME IS EREET I~ RROLNTZ0, AHEE S e IEEHIBIL Tl E
RIRNLERZEE LT,

4) AN INEIYREER
JRZEF 3 M, AIKERAVLAEE | FitE, AIREHEE 0 LRE 2 B, g7 t=7 1

%ﬁiﬁ&@ﬁx% 1 FEEEIC ATV L T4 % (B ESR) L0101 % (EEDR) 22N TEINL, 3 SHMTT
IANENNERER 2 E i L 785 54 Table 3 1R L7c. AIKER | MIFIZHBIT LV T XVEE 0.1 % (E &5 5) i
B ERER 2 BRE, [ERIE ST XVEET 90.5 %~103.3 %MK N 93.6 %~107.0 %, 7> AURT 97.7 %~
106.1 %M T 96.0 %~104.9%, A73T 96.1 %~102.8 %M 922 %~100.8 %, 7 AV T 94.7 %~
106.3 %K TN 95.3 %~106.7 %X FIT i B 7ofkE RGO, HXHEERZEIZOWTH, T XVEET 0.5 %~
4.7 %K TV0.5 %~3.3 %, T AURT 0.5 %~3.5 %N 0.3 %~2.3%, A7IT 0.7 %~4.5 %K 1.0 %~
42 %, TRV T 1.6 %~2.2 %K TN0.3 %~2.4 %Ll EIE i 72 B Eor.

Table 3 DHEJKEHFE —3 IZOWTCIE, VT RVROE =2 ZBiET 50V 7o VT IROE — 758 k&< (Fig.5
Fe), AFIFEELT 0.1 % (BEESR) IMUZEIGABRIZ W T 7 VIR Z E BT D28 NEEThH- 7.
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VT UV TIRES T VBB OY — 7 & 3BT D12, HPLC FVEBER O 3% T £ b=k /L — ) A BRI % i
RT3 ICEB LTI EAT o728l Ah, V7 XVEEOE BN A RERRE I — /&2 BT 528N TET
(Fig.5 7). [EIXEHR K OFIHEHERZZIZ OV T, 94.1 %M V2.6 %b B RNELNTZ. 5B UL Ty
TIROERBENZ YT Va5 T BRI, IRREOS 7 VD E BA1TH5LE DA HPLC HEBER
DERET =RV — D ARREEIR (17+3) ICEE L Ttz To28L L.

Table 3 Accuracy result and repeatability precision

Content  Cyanuric acid Ammelide Melamine Ammeline
Sample (% )1) Mean” RSD’  Mean” RSD’  Mean~ RSD’ Mean” RSD’’
’ (%) (%) (%) (%) (%) (%) (%) (%)
. . 4 100.5 3.0 104.5 0.6 102.8 2.6 96.7 1.6
Calcium cyanamide-1
0.1 102.8 0.5 97.0 2.1 97.2 3.7 96.6 2.1
. . 4 99.9 2.5 106.1 3.5 99.1 1.5 103.3 2.2
Calcium cyanamide-2
0.1 99.4 3.2 98.9 1.5 98.6 2.9 106.7 1.9
. . 4 100.1 0.5 105.1 0.7 102.4 2.3 98.4 0.8
Calcium cyanamide-3
0.1 94.1 2.6 98.0 2.3 92.9 4.2 101.4 0.3
Compound fertilizer 4 90.5 3.5 103.5 3.0 100.4 3.4 100.4 1.6
containing Calcium
cyanamide 0.1 100.9 2.5 97.6 1.3 96.9 1.9 97.7 1.9
Compound fertilizer-1 4 103.3 0.9 102.0 2.3 96.1 0.7 94.7 1.0
0.1 101.1 3.3 96.0 1.2 90.8 1.0 96.6 1.2
Compound fertlizer-2 4 99.6 2.3 101.5 1.4 100.3 1.8 101.9 1.3
0.1 93.6 2.9 98.8 0.7 96.7 1.3 95.3 2.4
. 4 97.6 2.1 104.6 2.2 102.0 4.5 106.3 2.1
Ammonium sulfate
0.1 107.0 0.7 96.5 0.7 92.2 1.1 100.4 0.5
Urea 4 93.4 4.7 97.7 0.5 100.7 1.6 103.1 2.1
0.1 100.5 2.9 104.9 0.3 100.8 1.2 100.2 0.6

1) Mass fraction
2) n=3
3) Relative standard deviation

4) EETROER

FIRZEFR | FEEE AW AT F O E & TR OB 54 Table 4 (TRLTz. AFI0% 0.06 % (EH &
Gy R) FRE G Lo TR BHI Y 7 OVEE, T AR, T A G HEELT 0.04 % (BEDR) LERDITH
LT 7 mOMTREBRZEML /2L 25, RIEOE R FIRIZS T VEET 0.02 % (B &5F) FBE, 72 AURT
0.01 % (B &7 H) FREE, ATI-T0.02 % (&) RE, 7 AU T0.01 % (B E5H) BRELHESN:.
7o, REOR M T IRIZS T XVEET 0.007 % (E &5 3) BREE, 7 AURT 0.004 % (&7 5) R, AT
T 0.008 % (B4 R) R, 72 AU T 0.003 % (B4 R) FLELHEESNT-,

72, HPLC HVBERO A2 7 v =RV — ) UBRSERRETIR (1743) ICE B LIZBEO S T SOVERD E &
FRIE0.02 % (B & 55 3) FREE, M TRRIZ0.006 % (& &5y 3) fR B LHEE S, IS R A4S [ EE O E
B FRE UM FIRTH-o7- (Table 5).
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(1) (1)
mV mW
15+ 12.54
10.0+
el 751
(2)
] 5.0
5_.
28] (2)
0- 0.0
T . e L
0.0 25 5.0 0.0 25 50 75
time (min) time (min)
Mobile phase: Acetonitrile—phosphate buffer (4+1) Mobile phase: Acetonitrile —phosphate (17+3)

Fig.5 HPLC chromatogram of dicyandiamide and cyanuric acid

Substance name (1) Dicyandiamide (2) Cyanuric acid

Table 4 Calculated LOQ and LOD values (Mobile phase: Acetonitrile - phosphate buffer (4+1))

Content Meanl ) SDZ) LOQ3) LOD4)

Substancen name 5) 5) 5) 5) 5)
(%) (%) (%) (%) (%)

Cyanuric acid 0.04 0.038 0.002 0.02 0.007

Ammelide 0.04 0.036 0.001 0.01 0.004

Melamine - 0.059 0.002 0.02 0.008

Ammeline 0.04 0.043 0.001 0.01 0.003

1) n=7

2) Standard deviation

3) Standard deviationx10

4) Standard deviationx2xt(z-1,0.05)
5) Mass fraction

Table 5 Calculated LOQ and LOD values (Mobile phase: Acetonitrile - phosphate buffer (17+3))
2) 3) +)

Content Mean" SD LOQ LOD

Substancen name 5) 5) 5) 5) 5)
(%) (%) (%) (%) (%)

Cyanuric acid 0.04 0.038 0.002 0.02 0.007

1) n=7

2) Standard deviation

3) Standard deviationx10

4) Standard deviationx2xt(z-1,0.05)
5) Mass fraction
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4. FEO

AR DAZIL K O O B EME OFRBRIE DR E1T 72825, IROEBVORGEE 5=

1) AR ORFEAT o7 /E R, e (1415) ZHAIREL THWDZ e L.

2) THRDOIEEHI DWW TATIV EDORE L ERLL TG R, JRFE T T XVEED 0.05 % (B &7 3) FRE R
HENTeZ LA BRE, ERBAIETLHME — VIRt Sh iz oTc. AIRER K OAIRERZ G T LAEE
[ZOWTIE, —HREFCATIY, TV AUR R OT AU BRSNS, IE S S (S B a1 E
HE—ZIIRBOONIRD ST, AIREREETAERAVEBIEEHZ DWW T, BEMRAEICE&REZYETD
E— RO ONTTD, AEEE S T IEEHIBEL CIXEX G bRz EELTE.

3) ATIVHOBHEDN4 % (B EDR) LT0.1 % (E&553H) 12720597 8 MED L VT
I ERIR 2 S0 L7 3, SEIIIEIIER T 90.5 %~106.3 %% 1Y 92.2 %~107.0 %, fHXHEERZ 0.5 %~4.7 %
Fe 0.3 %~4.2 %I EIETH 2R BIER L GHMTRE GO,

4) REOEETREOBE TIRIE, > 7 XVERT 0.02 % (B &5 3R) LT0.007 % (E 8y 3HR) BRE, 7
AURT0.01 % (E &5 3) K 1N0.004 % (B 5 3) R, AT7IC0.02 % (B &5 3) & 100.008 % (B &5 %)
FREE, 7 AURT 0.01 % (B &53) KT 0.003 % (B &5 3) fRE L HEESn.
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Validation of High Performance Liquid Chromatography (HPLC) for Determination of
Melamine and Its Related Substances in Fertilizer

Etsuko BANDO' and Yuji SHIRAI*

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

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

High Performance Liquid Chromatography (HPLC) method for determination of melamine and its related
substances, in fertilizer was validated. The melamine and its related substances were extracted with hydrochloric
acid-water (1+15). The extract was centrifuged, and a portion of the supernatant was diluted with mobile phase.
The melamine and its related substances were analyzed by HPLC on carbamoyl-modified silica gel column with
UV detection at 214 nm.

As a result of 3 replicate analysis of 8 fertilizer samples, the mean recoveries and the relative standard
deviations (RSD) were 90.5 % ~ 107.0 % and 0.3 % ~ 4.7 %, respectively. On the basis of 7 replicate
measurements of melamine and its related substances added samples the LOQ values were 0.01 % ~ 0.02 % for all
melamine and its related substances samples. The results demonstrated the validity of the HPLC method for
determination of melamine and its related substances in fertilizer. However, this method was not applicable to

fertilizer containing organic matter.
Key words ~ melamine, ammeline, ammelied, cyanuric acid, calcium cyanamid, fertilizer, HPLC

(Research Report of Fertilizer, 6, 27~35, 2013)



