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ABSTRACT : A new procedure has been developed for the quantitation of aromatic amines
in mainstream cigarette smoke. Two solid-phase extraction (SPE) clean up steps, using a
different retention mechanisms, are required to process the samples. The first step used a
cation-exchange cartridge, followed by a second step that used a cartridge with a hydrophobic
retention character. The aromatic amines eluted from the second SPE cartridge are derivatized
with pentafluoropropionic anhydride. This new method have advantages over other reported
techniques, being sensitive, robust, and easily automated. The detection limits were ranged from
0.12 ng/mL for l-aminonaphthalene to 0.16 ng/mL for 3-aminobiphenyl and the recoveries were
from 97 to 106 %. Compared with other reports for analysis of 2R4F reference cigarette, this
method shows a close analytical data and good repeatability.

Key words : mainstream cigarette smoke, aromatic amine, SPE

gl A4S AXHA Al &
A B 9 ItEEdt 3, AR, 9
P4 Fog 4R ook APESS EAT
t}. o7l @2 £7F9] aromaic amineo] ¥
gElo] gloew o] = l-aminonaphthalene,
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A 1970doll Euledr] =2 aromatic amine
S B2Asle] Hyslg 2(Masuda and Hoffmann,
1969; Patrianakos and Hoffmann, 1979) o]
Follz olEe WHE w¥sle iy Fo
aromatic amine?] kg B4 Fdo] oy
H wrEdch(Pieraccini et al., 1992; Luceri
et al., 1993; Health Canada. 1999).

ae g} olEel E3oA  4slE  aromatic
amines] A4S B Pl SuldE A ¥
Z., Florisil columng o]£3} o}7le] 2| 28
3 oplre] fEASt T ol whAlY AxelHA
S ARk w2 o] W B4 ATte] wol
A9 3 xEFHo| Ho| £Rd Bt ol AF
3} w3t ofgle FARE JEAR ek B3 o
Al AR AAele XL Y€ SV
g 9lat, 71 Axe] Ao Q) ghulldr] Fell
sl kst el wAdE fdAdel stk

mebs B QdFe gwjadr] Fol EARLe
aromatic amine 3E-g E43l=d gloiA F
Ao} Sol2o wWelEAE AAsy A%
cation exchange mechanism¢] SPE cartridge
¢}, Ao g hydrophobicity7} 2H& g2
S AAst7] $3 hydophobic interaction
mechanisme] SPE cartridgeE A-83lo] 719
ST BAAZ] PSS, FUEe} o)
el ARe BAHE Adelad Sausich

ERARTE

Alet 2 M=

B AYollA] Ag3 EFER F 1-aminona-
phthalene, 2-aminonaphthalene, 4-aminobi-
phenyl& AldrichA} (Milwaukee, WI, USA)ei}
A Fedslgien]  3-aminobiphenyl2 TCIA
(Tokyo, Japan)oll4 +J3lict. HEZEFEEAR
A85  [2H;]2-aminonaphthalene, [*Hyl4-
aminobiphenyl-& CDN Iostopes Inc. (Quebec,
Canada) oll4q] 7¢slich. Solid-phase extraction
cartridgex= WatersA} (Milford, MA, USA)ei|4]
Tkl e, 2R4F gl Kentucky Tobacco
Research & Development Center (University

of Kentucky, Lexington, KY, USA)EX€] F
dstsich. o] 2ol AgE= A|ekEe AldrichA}b
Jda  Fheed, f7|8mle EF HPLC
gradeg A-8313lch

Bl &

el A7l F YALERLS 2R4AF ZTFEE
5MH)1E A=-FA#x  (Cerulean ASM 500,
UK) & o}$3led ISO TFFA=7 (puff volume :
35 mL, puff frequency : 60 2, puff duration
2%)slol| A e14Al# 44 mm Cambridge filter
padg olfstel Tasiglth EE guie F
Roll AEHE 60 £ 3 %9l &5 22 £ 1 C=
AR 2R 4847 o ZS} F 4
gstsick.

AR FE

@l Faolo] B3 ¥ ErlolA Cambridge
filter pad (CFP)E& 7Wo] &8 7o Ja
EEFEHNE Y2 oh3 5 % HCl 20 mLE ¥
3 3087 & E5o] &5 &9l Waters
Oasis MCX cartridge (6 mL, 150 mg)E 4 mL
o] kg2 AHslal F/T 4 mLE o] g3l
HY3AZ thg o7l FEAE 5 mLE 713t
% 1 % HCl &4 9 #gg 4 mLE o] &3}
o] AHsidch. 4 mL 5 % NH,OH/MeOH &4
£ olgzlo] ARE £elAA 15 mL |A4EeH
o] W& )& 0.05 N NaOH 48 8 mLE 7}
slo] 3 Astgd). thA] Waters Oasis HLB
cartridge (6 mL, 150 mg)E 4 mLe| wet& =z
AFslal F5 4 mLE 7hsle] HEHJAT &
MCX cartridgeollx] &89 A 2% 2% 71l
of7loll 4 mL2] 0.05 N NaOH 5893 30 %
HighS gl s vlsled ARG o2 &5 5 mLE
71sled A|8E S AH ). o 7]dl] sodium sulfate
& Agek slelod £EE AASM F oF 1 mLE
autosampler vial2 &7 o} 10 yL&] trime-
thylamine (TMA) -3} 4 uL pentafluoro-
propionic anhydride (PFPA)E 7}elgic}.
Dry-bathg o]-§3le] 80 Toll4] 307 HH-g-A]
# aromatic amineg §E=A43 A7 & GC/MS
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Oasis MCX Cartridge Oasis HLB Cartridge
Condition : 4 mL Methanol Condition : 4 mL Methanol
v v
Equilibrate : 4 mL Water Equilibrate : 4mL 0.05 NaOH Solution
v v
Load sample : 5mL Load sample
v v
Wash : 4 mL 1 % HCI Wash : 4 mL 0.05N NaOH solution
v v
Wash : 4 mL Methanol Wash : 4 mL 30 % MeOH
v v
Elute : 4 mL 5 % NH,OH Dry

v

)

Add : 8 mL 0.05 N NaOH solution

|

Elute : 5 mL Toluene

Fig. 1. Schematic flow chart of the SPE clean up procedure.

% olgslol ¥Agch SPEE o] §% clean

up #A-L Fig. 1o Jehligich.

NERCT

Fulg K59 BAox Agilent 6890/5973
GC/MS system2 o]83}¢iaL B4 #HAzlL 30 m
x 0.25 mm I.D., 0.25 ym¢] film thickness
22 HP-5MS capillary columng- o}-&s}3]
th, 282 80 oA 187 "3 % 5 T/min
9 £52 200 C 74A 71det b ohA] 20 T/
ming &£%2 280 T7HA 7Fgdslgict. Injector
L£%+= 250 C, split ratiox= 20 ¢ 1, §42 1 mL/
mine] Ao g BEAsigict. A=EEAlL- electron
impact ionization (EI) ®lHo & single ion
monitoring (SIM) modeZ o] &3}l A ekr 4
o] A48 PFPA fx=x2 A= Table 1o 1}
el A9 B4 WREIFEATN B4E
7] peak area H]E o]&3lo] JRAFHE o
B3lo] A eksladct.

Table 1. Ions from the PFPA derivatives
used in the SIM mass spectra acquisition
in the EI mode

Aromatic amine Q_uant1at10n Remark
ion (m/z)

[2H;]2- Aminonaphthalene 296 Slggégirl(li
1-Aminonaphthalene 289 Analyte
2-Aminonaphthalene 289 Analyte
[2Hy)4-Aminobiphenyl 3p4  [nternal

3-Aminobiphenyl 315 Analyte
4-Aminobiphenyl 315 Analyte

HANEZ 224 U = dE
B T4 &'l aromatic amined] |84
%]2]+= cation exchange mechanismg o] &3}
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o] Az FA WEAS AASE @A,
d7]14  z7Ad|A  hydrophobic interaction
mechanism< ©]-§3% hydrophobicity7} 2
lEde Al whAl zela PFPAE o] 83t
amine?] §=A3 5 39AIZ g 4 Uk A
<& ¥ wtA19] SPE clean up ¥4 3§ Al¥
< B3] HAe TEAHE dolEgtew PFPA
FEAZNE 2HSAIZl wE A REeAINE ¢
o} K okct.

5 wiAle] SPE clean up 34 &elHe]
o] #Fgoll M Fa3 Qe vl wEhA
Z+ A9l g2l¥e) 5 % NH,OH/MeOHz}
toluene®] g =A 7iv A9 =& &4
siich AY Az 7 Al clean up FE =
5 2 mLe] gelNolmd AHaFslrlol FEI I
£ BEYs & F Aok a2y Eo Z¥3
Ag-g 9sled 4 mLe] EelHE HH =7o=
galslodeh. Al kARl PFPA f=AI3k= &
EAE A7t wE F5gE 2AB] HHAZL
< gasiginl. PFPAS] HhS- %91 80 TollA
S5EHE] 15482, 304, 60 2 9089 oyl =4
oz wheAIZ ¥ 3egg sk GC/MS
BA Azl 15% o]FHE|: aromatic amine<)
peak areav} F7}shA| kgtow], webA 15&e]
v aromatic aminee] FE3] Hk3HE &4 )
Ak zeiv Bk AlEA gle AdE Slste] 3
A wESAI7ke 30202 ARt

Ag A g9 soe-& A9 Az Table 24
vebiiglch 3982 AR AEASY 4
HA U3 FAHow Ay &, 5 %
HCl Z#%89%0] 1-aminonaphthalene 2 2 4]

A7) & Aromatic Amine?] HX

100 ng ol #Fsl= 4o EFEHS 7l8lr A
HEFEAE A/ F 3089 FEH8E AH
t}. o]% F el SPEZ Ax PFPA §=A4|3
2 A7 e GC/MSE ol gsto] 2Ajslalet.

7} e AE Kol 3-aminobiphenyl-2
97.0 %2] 358-& ¥glow, 2-aminonaphthalene
o] 7 =2 105.6 %9 3-&S Eh ol
3 At duljeldr]e] EA4)3} aromatic amine$)
ol G Feg K ol o9 £L 3ol
t}. o)== [*H;]2-aminonaphthalenes} [*Hgl4-
aminobiphenylo] ¥ ZTHFEAZA of$- & &
Hog Agsdon], Axel B A5 &
Aol H-5& UehliE)

HESH 3 M AE

AEA 9 Aol /3 A= Table 3ol
vhebgich. aromatic amine 3hAdo] Hof
gas chromatography #.£-& e F=x43}
7} Basieh. 2 AgedAde fEA S3FER
PFPAE A&3lglon, o/ Wiy FHE
(Pieraccini et al., 1992; Luceri et al.,
1993; Health Canada, 1999) ¥t} = #A&
=3 st9ick. |23 PFPA §-=A43t vh3-9] A
237 A% 3A|S aromatic amines] FTFEH
£ Alzsto] GC/MSEAE B3l dolrgdr). 4%
9] aromatic amine?] XFE9E 0.5 ~ 30
ng/mLe] 58 A=slo] PFPA $EA3E A
71 & GC/MSE EAs9c). GC/MS Aol el
G NEEFEAY EFEAY peak area H| &
olgute] AFAL AT A% ARAFRYE

Table 3. Limit of detection (LOD), limit

Table 2. Percent recovery for the of quantitation (LOQ) and linearity for
aromatic amines using the SPE method each aromatic amines

Aromatic amine Rec(;}v)ery RSD (%) Aromatic amine (nEgl?IIIl)L) (nIé?H?L) R2
1-Aminonaphthalene 974 6.0 1-Aminonaphthalene 0.12 0.35 0.999
2-Aminonaphthalene 105.6 3.4 2-Aminonaphthalene 0.12 0.36  0.999
3-Amincbipheny! 97.0 4.6 3-Aminobiphenyl 0.16 0.48 0.999
4-Amincbiphenyl 99.6 54 4-Aminobiphenyl 0.16 0.47 0.998
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0.998 ofde] =& AHAAAE vehglen o549
A% AR 0.12 ~ 0.16 ng/mLZ Ags]e
e Holoh eldy] Fell EdEe] gle
aromatic amine®] <k = ng/cig. ol E
29 A&l duidrlel £3EEIE B4E
A& Aslrlol FE3 3re] B AoF kst

24 Fux HE

RS Ag Ane Table 4ol Yehigch. 2
AEe 2R4AF FFEME TY =7 slollA 53
WkE AJ¥sle] FLelegdew relative standard
deviation (RSD)ez % &Hs)lch. A" Axt
1-aminonaphthalene2] RSD+ 2.0 %9 &
Bolow sk =2 3-aminobiphenyl= 8.8 %<]
e VERNQL. ol8ldt A= ow] Eug F
#1(Chen et al., 2003)2] RSD 9 ~ 23 % X}
ol gHE golth. ol SPEE olgitewnA
A ZEA ol Folda A el A7t Fol&e]
Al g2] QHAA w3k Folxly] wliFolal AZE ).

Table 4. Method precision from five
replicates from 2R4F cigarette

Average SD RSD

Aromatic amine () (ng/cig) (%)

1-Aminonaphthalene 15.15 0.30 2.0
2-Aminonaphthalene 11.37 0.42 3.7
3-Aminobiphenyl 2.92 0.20 8.8
4-Aminobiphenyl 2.37 0.14 5.9

EFEHHIE 0|88 H&x Hlw

£ AqollA sgld EAHe AR ot
H7] glslo] 2RAF FFHulE EAjslol 1 ek
2 F3izkat vlawsle] Table 5ol velhiict.
2ol Chen et al. (2003) 5-& TEATLE =3}
ol 2R4F¢} 1R4F XFgwlf £9¢] aromatic
amine?] ¥rekg- 1.73 ~ 15.06 ng/cig.2} 1.94
~ 15.63 ng/cig.e® 7z}7} w513l v} glow,
Rodgman et al. (2003)-& E3 Q88 Xl
1R4F FFd) =9} aromatic amined] kg
A7z} wle} 4.00 ~ 10.9 ng/cig.® 2.15 ~
16.8 ng/cig.e.& Z+zt ¥ 338 v} i},

B dFdx 2R4F TFEGE EAslo] &
aromatic amine?] ¥ek2 4-aminobiphenylo]
2.37 ng/cig.e2 7} dgror, 1-aminona-
phthaleneo] 15.15 ng/cig.e & 7}a =& Z+&
tebigich. 2R4F FEHulE EAste] Hash
Fagsle] ghe] vk Heolzp Ve sk 47
A4 e AHAE Holn glon, E dFoA
43t aromatic amine?| ¥}t FAEE 733
€ VeSS & & Sk weEli B gl
5 oo dujedy] £e| aromatic amine
ol BAo] A4 e ARE AT + & A
o ghekslc)

E= =
2 dFellAs SPEE o]&ste] duljedr] Fell

L.
gex)o)gls 449 aromatic amine2] E4W-&

Yetgict. F 7HA o2 Yule] SPES A8Y

Table 5. Comparison of aromatic amine amounts in ng/cig. from 2R4F and 1R4F cigarette

Aromatic amine This work Chen et al. Chen et al. Rodgman et al.
2RAF 2R4F 1R4F 1R4F
1-Aminonaphthalene 15.15 15.06 15.63 16.8
2-Aminonaphthalene 11.37 10.32 10.40 11.1
3-Aminobiphenyl 2.92 2.97 3.20 3.2
4-Aminobiphenyl 2.37 1.73 1.94 2.2
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o 224 aromatic amine?] ¥WRIEAES Eels)
Q7, B3 A HAE B sl AF
A gyE BAWe 97 ~ 106 % 35En
0.12 ~ 0.16 ng/mL9| A=A, RSD 2.0 ~
8.8 %9 =2 HUEE Holow], 2R4F EFH
ME EAR A ol oln] WED B 44
g AgE vebigich. wiebd] 2 dTelld Sl
5 SPEZ olg® BAMe e 3
aromatic amine®] BEAJo]| A& o7 28H F
Us AoZ gkt
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