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ABSTRACT : In this study, we investigated the existence of melamine and cyanuric acid in
cigarette smoke because leaf tobacco contains lots of nitrogen compounds and they are
capable of pyrolytic synthesis while smoking. The extraction and derivatization conditions of
two compounds were performed according to the procedure of U.S. Food and Drug
Administration(FDA). Ky3R4F as reference cigarette was smoked on ISO condition(Puff
volumne : 35 ml, duration : 60 sec, Interval : 2 sec). Compared with the results Ky3R4F and
standard solution, retention time of two compounds was not corresponded. As a result, we
concluded that melamine and cyanuric acid were not existed in cigarette smoke.
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EFE HE folse] Ao AAo Al % melamine-yanurate® 3433}, (Perdigio et al.,
Ayl Asto 7 Awsl= 97t i, o|ZEe] 7F 2006; He et al., 2008) ©] =37} AxfjollA] 2
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7¥el7] Hrkes A&l E2 melamines 3H7b
89332, melamineol] 2gF 3}

Fo] olHdt A FollA vIE= el vl 7]E
o] EAulur}l g3A9el melamine®} cyanuric
acidell 3k E4 o] F e3}A = cHWHO, 2009).
Melamine®} cyanuric acid®] EAPIHoZE=
GC-MSE o| &34 HYokley et al., 2000), TMS
trimethylsilyl group) F=A4|3+5 XA EAsl= vt
H(Agilent, 2008; FDA, 2009; Li et al., 2009) ==
© GC-MS/MSE ol&sh= Wile] Hausx gl
t}.(Agilent, 2009) ¥+ HPLC(Yokley et al., 2000;
Pukkila et al., 1987; Cantu et al., 2000; Ehling et
al., 2007), LC-MS(Johes and Patel, 2007) %
LC-MS/MS(Andersen et al., 2008; Filigenzi et
al., 2008) & o|-&3F 24 wWo] 9irk o] fo=

o] gdt EAW(Yan et al, 20092 ELISA
Enzyme-Linked Immunosorbent Assay)S ©]-&3%}
o BEAsl= WH(Garber, 2008)0] A=A}, o]
o} 2 ZAHE et melamine?} cyanuric
acid®] EA4-2 Eok(Yokley et al., 2000), S-A1&(Li
et al., 2009), &7|(Pukkila et al., 1987), <%
(Cantu et al., 2000), =-7(Ehling et al., 2007), o]
F(Johes and Patel, 2007), A& =2 (Filigenzi et
al., 2008) G chokgt HelollA] o]FolA $irh.
Melamine?  37FA19] & AFA|(urea,
dicyandiamide, hydrogen cyanide)2%€] A=}
o] FollA] ureaw ¥E whooll o3 Eal * wdd
kgl & 53 HH& AXA melamines 34
ghof, w3k o] IR FPH 2 melamine A
of o]gxa rHWHO, 2009). g+, gulelz]el
T 4,800 oJ7FA1e] Aol EAlslar, AL B
o] Wo| EAlgtty Hawlo] Qv urear Bl
o AR F 4F Atk Hawe] ot
(Dube and Green, 1982; Doull et. al., 1994). =z}
Al odebeie] ditalel AA 28 FollAl ureadt
22 AL 3HEe] ©wld’] 5 melamine®t

cyanuric acidZ o] 754l AL, o}7 F

J.HEF

AEol I A= unlslch webd B odtollA
= EFHE ISOZANA A4sla, GC/MSE
o]-g&lo] Duljed”] % melamnied} cyanuric acid2]

ZAlol ste] Aelgint.

T2 o e
Al 2 W=

Melamine, 2,6-diamino-4-chloro-pyrimidine,
pyridine 5 Aldrich(USA)ARS] AE& Ags13)
1, cyanuric acid® TCI America(Japan)A+e] A&
S A&t 1 % TMCS(trimethylchlorosilane)
2 % BSTFA(bistrifluoroacetamide)= Supelco(USA)
A AEL ALY, diethylamine<
Junsei(Japan)A} A%, acetonitrileS Merck(Germany)
o AEFE AgsIodch Adell AgE FFEE
(Ky3R4F)= Kentukyt¥HUSA) 2 58] 24
Yalod Aol Agsleirt.

ETHNKYSRAF)= Fd Aol BEE 60 +
3%, 25 22 + 1 Co zsHellA 48417t ol F
23 F ARgEIgaL, vl 7] ER

Cerulean(UK)AFe] 2F5-8A74-%(ASM 500, Liner
type)s AHg3te], EFE 5702 E I1SO EFEA
ZAFEA H9) : 35 ml, ¥ F7] : 60X, §4
AZE 2 22)0A Q&AL AVSEES M
mm Cambridge Filter Pad® ZAs}9t}.

AR FE

|89 FF34-2 |3 FDAY 24 (FDA,
2009) arsto] 2Pt al, Table 13+ vt ol
7] EAe] Bk Padell F=&w 20 ml(10:40:50/
diethylamine:water:acetonitrile)& *7}slo] 3027+
%23} #glgk oS 0.45um nylon filter discsoll
olFslict. ot Age BEAS f8l F=Alst
2 A7 A2 200 ule Hzjol, A& spaE
o] &3l A FFHS A7 ¥ 200 pl¢] Pyridines
bl + F, FEASE A% 1 % TMCSE =
BSTFAZS 200ul 27}slas, ISTD stock solution
(2,4-diamino-4-chloropyridine, 5 ug/ml in pyridine)

>
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Table 1. scheme of sample extraction process.

Extract filter pad with 20ml extraction solvent
(10:40:50/DEA:D.W:ACN).

|

Sonicate for 30 minutes.

|

Transfer 200ul to a GC vial.

|

Evaporate to dryness(nitrogen).

l

Add 200ul pyridine, 200ul BSTFA and 100ul
ISTD.

l

Incubate at 70C for 45 minutes.

< 100 ul Z@7Fgke}h 01714 ISTDE HEsEw 1
ng/mle] E=% sigleh. 9 IS v v 70

CollA 4587k WFSAIA BN EZ Agsigint,

7271 & 2M =A

Melamine¥} cyanuric acid 2412 Agilent 6390
GC/5975 MSD  system(USA)S  A-gstgict.
Column< DB-5ms(30 m x 0.25 mm ID, 0.25 pm
firm thickness, J&W, USA)E o|83}lal, MSHE
42 Electron Impact Ionization(El) o2 H4
skl ko] GCF MSz7ZAL 7]E AgilentAt
o] EMzA(Agilent, 2008)5 FAslo] A3+
3, I =712 Table 23 7t}

Z2E A"

Melamine?} cyanuric acid®] Az-S 93k =4S
A7) 98, 4o ZEFA|S  diethylamine/
water(20:80) £-<Yoll 0.05, 0.1, 0.2, 0.4 pg/ml <]

Table 2. GC/MS conditions of melamine and cyanuric acid.

GC parameter

Column

Injection mode

Temperature 280C
Volume 1ul
Carrier Gas

Oven parameter

Transfer line temp. 290 C

DB-5ms(30 m x 0.25 mm ID, 0.25 ym film thickness)
Pulsed splitless(25 ml/min at 0.5min)

He, constant flow, 1.3 ml/min

75 C(1 min) — 30 C/min — 300 ‘C(2 min)

MS condition(MS-EI-Sim)

Acquistion parameters
230 C, 150 T
70 eV

Source/Quadrupole temp.

Electron energy

Selected ion monitering

Sim mode ion(m/z)

Melamine
Cyanuric acid

DACP(ISTD)

99, 171, 327+(target ion), 342 m/z
188, 330, 345+ m/z
99, 237, 273+, 288 m/z
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B2 34dsol, Axe AL AN T BA
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g AR FEell E

T8N 3uhAl
TER ALy, FEX3 S AX 3% 6
sto] EA )9
Za 3 o
Melamine®} cyanuric acid EF&H(0.5 ~ 4.0

ug/ml)& GC/MS 43 Z= Fig. 1ol vrebdll
of. AAFRYS Fel  melamined  0.998,
cyanuric acide 0.9992 =2 FAAL Y
I, ¥ AE9] chromatogram®| area he F %ol
e} Aol vlEg A vERAY A=t A
A4S % s Al oigk A3= Table 3
ol Yelliglch MelamineS s=HE  96.77 % ~
100.13 %, cyanuric acid= 72.71 % ~ 91.83 %]
385 UehA . Cyanuric acid= melamine2]

cyanuric acid
Response Ratio
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20000 =

15000 — |

|
10000 —
-

5000 f

Time-> 628 6.40

oo,
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3)Fgoll Hlel 57t FEYFE uay g 3
TEE UepHSAR F AR 5 fEA% 34
= AR F GC/MS A48 el Agste A

ol A7} Slcka Ars ik

Melamine®} cyanuric acid®] A chromatogram
5% Fig. 2ol YebHdch Fig. 29 A+ Ky3R4F
EF9, Fig. 29] B Ky3R4Fe] FE8vllo] %
&N A/ 7, Fig. 29 Cv I8¢
chromatograms Zt7} JEM3L, Fig. 29 D&
Z47+e] chromatograms+ §/dste] vERHACH A
¢} B9] chromatogram< vk 7%}, melamine®}
cyanuric acid®] peak T3t retention time®] ¥UX]
5 HolA kvl ¥t Ky3R4AF EFE F
melamine?} cyanuric acid®] Z=7g #elstr] ¢

3, Ky3R4F IEFEMe] FEo EFEY
(melamine : 0.1 pg/ml, cyanuric acid : 0.1 pg/ml)
= 7R Azl Z4 A= 0.093 pg/ml,

cyanuric acide 0.068 ng/mlE 27 Ve

melamine
Response Ratio

‘I_
1] . . . T ; . v T

0 2 4

Amount Ratio

Ahundance lon 527,00 (327,00 1o 52700} 5§ Dhdsta ms
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0 r - : . -
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Fig 1. Calibration curves with ion chromatogram of melamine and cyanuric acid.
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Fig 2. GC/MS chromatograms of melamine and cyanuric acid.
(A : Ky3R4F, B : Standard, C : Ky3R4F with Standard, D : Combination of A, B and C)

o AT, FEgl wlal F AR Fog

Table 3. Recovery rate of melamine and = Woln ek AS Holsllrh,

cyanuric acid.

- Fig. 32 melamine¥} cyanuric acid®] ZH2] o]
Spiked level Recovery

Compound (ng/ml) %) & chromatogram< YERNSITE Ky3R4F F7gl
o] AlgellA] - Adell gk o] o] AEHA k%
0.08 99.46+3.47" o o] AT}SE Pule] AT = A
Melamine 0.10 96.77+1.12 urea®} ¢17]45-9l hydrogen cyanide®} 72 A4
0.30 100.13:5.96 Sl w7k & Al desht Rees s
o] melamine?} cyanuric acid7} @AEo] A7|E
008 72T ofYslA) ek vEhi: Asteln feksielet.
Cyanuric acid 0.10 86.40+0.82
0.30 91.83+3.74 2 B
" Standard deviation £ QT R AAULE A it
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Fig 3. Ion chromatograms of Melamine and Cyanuric acid from Ky3R4F.
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