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ABSTRACT : Hydrogen cyanide (HCN) is present in both the particulate and vapor phase of
cigarette mainstream smoke. It is one of the 44 harmful substances on Hoffmann’s list and is
known to be a major ciliatoxic agent in cigarette mainstream smoke. Typically the
determination of HCN in cigarette mainstream smoke has been done through colorimetric and
electrochemical techniques, such as UV-spectrophotometry (UV), continuous flow analyzer (CFA),
ion chromatography (IC) and capillary GC-ECD. In particular, CFA commonly has been using
analysis hydrogen cyanide in cigarette smoke and the basic principle is pyridine-pyrazolone
reaction.

In this study, the more optimized analytical method is suggested isonicotinic acid-pyrazolone
reaction method than previous pyridine-pyrazolone reaction method, a commonly used method for
the determination of cyanide in water and air, by CFA. Sample collection was optimized by
trapping particulate and vapor phase of smoke separately. The optimum NaOH concentration of
the trapping solution was shown to be 02 M. HCN was stable up to 6 hours in this
concentration but only 3 hours in 0.1 M solution. The sensitivity of this method was fairly good
and it might be used in analysis of HCN in cigarette mainstream smoke.

Key words : cigarette mainstream smoke, hydrogen cyanide, CFA

*AZI X} 1 305-805 THAFIA A4 A4E 302 WA, KT&G T4AT+Y
«Corresponding author : KT&G Central Research Institute, 302 Shinseong-dong, Yuseong-gu, Daejeon 305-805,
Korea (phone: 82-42-866-5654; fax: 82-42-866-5544; e-mail: naseungju@ktng.com)

- 39 -



e olgAl - 4=

Hydrogen cyanide(HCN)= %37 A|¥9 52
M= 4stE AAANT L, HlXe 3F FFE
wHHIAA @Y)F, T, g8l 2 BYE 55 f
dele 540 Wig 2 4= g9EAd do
(Drochioiu et. al., 2000).

Hoffmann(1993)-2 Eu8] €171 5 HCNe| d%
aao] ZAgg Wt Ho] JY BHl &

< Waste #Ho AHsE welsle E4

<

1o ook

]
i
al

f
ol
N

%
=R !
A7) F HCN Aol 8.1 e Fol
ZAsl= 9 A2 H 31 (Lorillard Research Center
Greensboro, 1990)€ v} 2lom, Tujd”] & HCN
e Azl st e Fo wAS A
A% dart o= FHTso, 1977)°] Al7]€n}
F=

G =74 T HCON9 E4¥HE
Flow Analyzer (CFA)E #&3 & =,
H(Ky2R4F) 27k 48 240 4 E4479
e AEALES v B
Moldoveanu, 2003)°l i3k 674
oA FHAY HCN 4& 98t AH&sid,
Health Canada, British American Tobacco
Research & Development 59 7]|#o|A% A&
FA EA ot

2 dAFdA= CFAE 283 2l /A &
HCNe| & EAWHS FH37] f8iA 712
(Collins et. al, 1970, 1973)¢] Al ek

540nm) WHS 7]

w0

(Pyridine-Pyrazolone,

(Isonicotinic acid- Pyrazolone, 630nm)
WS mastel HAe B4 24 ARt

sttt

Fo
=AW, 289 SENaOH ) @ %7 gl
Bold] me dvel ABYH FFYL HEst]
Ao TPEAL AWse] 712 WA Aopy
B}OFE FARANN AgEE BN A

2
A

Re o
A2k S A=
B AFdA]  AgS A]eFE<Q] potassium

cyanide(KCN), potassium phosphate monobasic,

sodium phosphate dibasic and chloramine T,
bis—pyrazolone @ DMF (N,N-dimethylformamide)
= Aldrich Chemical Co.(USA)A} AES AMESIY L,

3-methyl-1-phenyl-2-pyrazolin-5-one=  Fisher
Scientific(USA)A} A EE, sodium-4-
pyridinecarboxylic  acid  (isonicotinic  acid)<
Wako(Japan)A}  AFS  AMSSIATE. 2l
(Ky3R4F)= Kentucky Tobacco Research &
Development Center(University of Kentucky,

Lexington, KY, USA)Z #-¥ 943t ARt

SEESSEEUE S
RE 2] A8E F49 Ao AHEE 603 %
9 £ 22 £ 1 CTEA 3ol 48417 o] =3}

q

g & ARgstglen HAE AEEA
SM 450, UK)E ©]&3ld ISO EFHFAZ=7 (puff
volume : 35 mL, puff frequency : 60 =, puff
duration 2%) 3tellA 242} 3/MRIE FASIATH

@l FFA T YA 44 mm Cambridge
filter padE® AM3td EF3IoH J71dS
Lee(2007)7} 333} Impinger(Frit : 170~200 m)
£ AREste] EFsIAh Impinger®] 4= Chen
(2003) EaAo)A 7pd ol ARgd 3 fE A
gato] Ayt AA FRAS 2787 Hst
o] Impingere] 0.1 M NaOH € 60 mLE =)
4 TRARET A9 BYERAINE
Impingere] 0.1 M NaOH <& 30, 50 mL& =}
9 A3k, 0.2 M NaOH 58942 30, 50, 60

S Y AHEE Y. £FE Cambridge filter
pad(CFP)= EtloA 83t 100 mL A&
239 ¥E oy I8 ZRHEAY 2L TR
NaOH 40 mLE o] 30&3F I8 F=3hch
Al | 9 CFA =
Ao AREE CFA=
proportioning peristaltic pump, colorimeter, data
process system®.Z ©]Fo]Z  Bran Luebbe
Analyzer S A3 A8l FA1S Fig. 19
248 JEf A3, Rl A2 AlZE 3 5070 <]
AEE 2 19 HIEE AEFY A AlF A

e ol 243

HI

automated sampler,



Continuous Flow Analyzer(CFA)S o]&3F ©u] 59 £ Hydrogen Cyanide(HCN)9] & EA9 74
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Colorimeter ® o Y -
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(a) (b)

Fig. 1. CFA manifold for HCN in cigarette mainstream smoke.
(a) Pyridine-Pyrazolone Method (b) Isonicotinic acid-Pyrazolone Method
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Table 1. HCN levels of Ky3R4F according to NaOH concentrations(a) and
trapping methods(b) in Pyridine-Pyrazolone method.
0.1 M NaOH (a) 0.2 M NaOH (a)
Whole Smoke (b) Vapor+CFP (b) Whole Smoke (b) Vapor+CFP (b)
(ug/cig) (ug/cig) (pg/cig) (ug/cig)
1 99.8 102.8 90.6 102.7
2 87.8 100.6 102.1 102.1
3 91.9 105.6 106.3 108.5
4 94.5 106.5 91.8 102.2
5 100.6 109.3 102.0 -
Average 94.9 105.0 98.6 103.9
RSD (%) 5.65 3.19 7.05 3.00
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Fig. 2. The stability of HCN in trapping
solutions of different NaOH concentrations.
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Fig. 3. Vapor phase HCN concentration of
Ky3R4F smoke according to volumes of impinger
solution.
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Table 2. HCN concentration of Ky3R4F smoke in Pyridine-Pyrazolone method

Hrs 0.5 2.5 4.5 6.5 Average
. . . . . RSD (%
Rep. (g/cig) (pg/cig) (ug/cig) (ug/cig) (g/cig) %)
1 122.1 123.0 123.8 124.6 123.4 0.86
2 109.6 110.6 110.9 110.1 110.3 0.53
3 117.2 121.0 118.0 118.9 118.8 1.41
4 114.9 120.9 115.8 115.2 116.7 2.40
5 107.8 114.5 108.5 109.2 110.0 2.78
Average 114.3 118.0 115.4 115.6 115.8 1.34
RSD (%) 5.06 4.44 5.21 5.54 4,94 -
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Table 3. HCN concentration of Ky3R4F smoke in Isonicotinic acid-Pyrazolone method

Rep. (ﬂgo/fig) (ﬂgzjczsig) (ﬂ;‘;csig) (ugG/fig) Z(X:ge/?g RSD (%)
1 122.4 122.2 122.7 124.0 122.8 0.64
2 108.8 108.3 108.9 110.7 109.2 0.94
3 116.8 116.2 117.2 1184 117.1 0.79
4 114.2 113.5 114.5 115.3 114.4 0.62
b 106.9 106.2 107.2 108.2 107.1 0.79
Average 113.8 113.3 114.1 115.3 114.1 0.75
RSD (%) 548 0.64 9.01 541 5.51 -
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Table 4. Limit of detection (LOD), limit of
quantitation (LOQ) and recovery of each

method
Recovery LOD LOQ
Method
e (%)  (u/ml) (u/mL)
Pyrll)‘;lr';‘;lone 9%9 033 100

Isonicotinic acid-

Pyrazolone 98.3 0.02 0.06
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