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ABSTRACT : Semiquantitative analysis by ICP-MS has proven to be a powerful tool for fast
screening, in addition, it does not require the element of interest to be present in the

calibration standard, making

it especially useful for the analysis of unknown samples. In this

study, seven cigarette samples were analyzed by the rapid semi-quantitative analysis method
based on the ICP-MS. For each cigarette sample, cut tobacco, cigarette paper, filter (before and
after smoking), and smoke condensate were analyzed. The accuracy of the analysis technique
was evaluated by comparing results obtained from Calibration Check Standard(CCS) and

calibration method. Relative
CCS showed a

stable result of less than +20%.

Percentage Error(RPE) value of all elements measured for three
Compared to full quantitative analysis by

calibration method, the results for cigarette samples showed average error within +15%.

Key words: Semiquantitative analysis, cigarette, ICP-MS

Shall7} kel o] & oF 3004 E<k Bjo| =, A] sjet ARo g Hu¥rHDavis, 1999). Hul A&
7t 2l g3 helle ofdrtEs Sl FEA & < ok {713 R o] FolA glow Awke
SEloigkel e HTelle Bl A7) S 34 71 S50l AR Uukd Al s 7
AEEY FYs B8l Al L ke A FEAEY g Boks B fidEle ol v
T ATt 4 717 99 24 Sl tidk A& A g} ARE, skt AzAld AR Fdu A
o] Hizoll wheh gl Aol W3l Hile] nzww ek

itk AA7FA] ks R ghale] AELS eldhul A At Zefanl AR (Inductively Coupled

9] A% 3,0000] A& |2

AZIHEL 4 80003]

Plasma Mass Spectrometry, ICP-MS)< 19801 tH

*oA2HA K} 1 305-805 thAFIA)
*Corresponding author :

SAT AAE 302 WA, KT&G Sl 79

KT&G Central Research Institute, 302 Shinseong-dong, Yuseong-gu, Daejeon 305-805,

Korea (phone: 82-42-866-5389; fax: 82-42-866-5544; e-mail: jminlee@ktng.com)

- 905 -



z]& Aelg 717171 ke o] E FYPAE EA]
o EASE 4= gl AR uitoll thekal Hofoll A
+Eo] = st

ZyAl gelolAgch Teln 2
9 A 24 7% Aol glo] okl

45 wE A7l A = glo] m|AA g5 F
7w EE BAS wEA Hrlsledl AALEoR] 2
‘U]'(Wood 2004).

H7H(Q1Z7h)
7t ‘:’]5’-3}04 % %l’c’] sojub=s A%5E %E ek
Y 735 10% Helolw, wbd=k B4 A9 30~
50% 2 <eix dcHTayor, 1998 ). ey FHTE

A ekEL A o] Az Eo]e] wdwl mass rangeoll
w2 A EFEAY *PQ-(EE Al He] 2E&
NS AE, low mass, middle mass, high mass)
el WREEEEAY] S sl o Agert
&EA=] 9 tH( Amarasiriwardena. 2001). ‘?}7‘6“301: =4

RN |
o] 735 A i 949 old AARH SH A%
(response factor)S o]-83F ”‘h}/“«] AEs 53
ol count B FEE AR GElE o]FoR
ol A B AES BE 4&Ed g &

=
o uge
[IR=R=9

SR
=3

75
[e]

AS e dlole] wlo|xadlslar ~HAER] 74
F3ll ZH gk gkl %
MA=o A 3L 9t

Aof|A] mlEZ|~0 BAHI WREFE
5312 AEE ol B B85 Folem,
A gollA= 10% Wele HE8EE e
9rHD. Amarasiriwardena, 1997). WFA=F HA 3}
AeF A9 nlaoAe T 9 =olA 0.1~

100 pg/gel = WA A FA2 ulsl
U Y s ARES 1JrEMJMv‘r(L.aborda, 2001).

= B AlEE whE Akl
ZLg.J-].o:] Aeksto 22 u|A|A|
J] 7k Well sheped
3] =AA 4l

n:h

oo X0 [ myi

ol oo o 1o rfo
s

=3
=

, ®ellels], Hele AHf=
ot A @d7] ol siA ol tiRk o
TAE o)A ok & H”O]D} g

Jo

5
>
f

=2
)
N
Pe

AA—""1y

7|7] U A2k

B Aol A4 HE 2487 S8l A
3 FolAxel SM 450 E®(cerulean, USA)S A
Eslen Q7] SEHES B4 A BA
7] EAAX](Borgwaldt, Hamburg, Germany)”’} %
%=l Borgwaldt 20-port AF&g-<174-%](RM-20H)-<

’6‘

IE
=
|=R=

A-gsteich BE w3 AlEE EAE] S
& AHg¥ ICP-MSE  Agilent  7500c(Agilent
Technologies, Tokyo, Japan)& AR&3}lo

ICP-MS9] M g 24 =72 Fig. 13} Table
1ol vepbidct.

il el AlESe] RelE Sl AR A

W whelaEs Fells AHgskalen, A8
A= CEMAS] MARS X Eig o] gslgla

o] Faljz7] Table 20 YR & 439

; i n 12 13
L. #* N il et /.
v /. —_— — —
il A -
A e | =
1 Vel 'Y O 4
- ] - \ B
3 5 )
| |
. l 1 [
Rotary Turbomokeculir Turbomokscula
o Purmp

Fig. 1. Schematic diagram of the ICP-MS with

octopole reaction cell. 1, Plasma torch; 2,
grounded thin metal; 3, induction coil; 4,
sampler; 5, skimmer; 6, ion lens; 7, triple
cylinder Einzel lens; 8, reaction cell chamber; 9,
octopole; 10, ion lens; 11, pre-filter; 12,
analyzing quadrupole; 13, detector; 14 and 15,

mass flow controllers.



Table 1. Optimum operating conditions

Operation parameters
ICP-MS

RF power (W)
Nebulizer

Spray chamber
Sample uptake rate
Torch

Plasma gas
Auxiliary gas
Carrier gas
Sampling depth

Interface

Agilent 7500c
1300~1500
Concentric type
Quartz, 2T

0.4 mL/min
Quartz

Ar 15 L/min
Ar 1 L/min

Ar 1.2 L/min

7 mm

Ni type

Collision/reaction cell parameters

He gas flow
Octopole bias
Quadrupole bias

Data acquisition
Acquisition mode

Integration time (s)

Peak pattern (SemiQ)
Peak Pattern (FullQ)

Repetition

3.5 mL/min
-13to -12 V
-12to -11V

Peak hopping
0.1-0.3/point
6 points/peak
3 points/peak
3 (SemiQ), 3 (FullQ)

¥+ 10 mg/L
standard solution)S A&}
£ 72 3149 1000 mg/Le] FFENE 3]4]s}o]
Agelgon 48 A el ALE

specific re51stance7} 18.2 MQ/cm 0]*04
Mill-Q system<

Haitoz AgEl AL of|F2] A X AHKorea) <]
ultra-pure gradeE AHg3llown] whkgE EAS

o3t Ak FELMC

ALl o o

7t g o]less

AccuStandard bl A A5
FEo Z3l3 8o (Multielement
3 R EFEARd Y

= Agelgieh

=z A
O T«

Millipore

g oEH AF Fle AT 4

Table 2. Program of the microwave digestion
system.

First digestion program

Temp. Power Ramp Dwell
Step  Type (C) (%) (min) (min)

1 Time to temp 140 60 10 10
2 Time to temp 180 60 10 10
3 Cooling -—= == -== 30

Secondary digestion program

Temp. Power Ramp Dwell
Step - Tyve ) 9) (min)  (min)

1 Time to temp 140 60 10 10
2 Time to temp 180 60 10 10
3 Time to temp 200 60 10 20
4 Cooling -——= == - 30
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Table 3& Aol Ag¥ g2 e E5g

Uehige.

Table 3. List of Cigarette

Name Remarks
A C E 1 mg tar
B, D, F 6 mg tar
G
United States of America, ky3R4F 9 mg tar

(reference cigarettes)

A nE
Gafe] FATAL 1S09 A Agkel 22+1TC 9}
AFE 60+3%0114 48A17F =8¢k F SO &<

271(35 mL puff volume, 2 s puff duration, 60 s
interval) &2 gdsidet. Zxel Y] azlun #
AAL 7 ARl Lelsle] A S & 3

H veolazst RaHg ol 8viol

pallege
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Table 4. Accuracy (relative percentage error)
of semiquantitative analysis of three calibration
check standard

CCS 5 ng/ml CCS 15 ng/mL CCS 50 ng/mL

Element SemiQ RPE SemiQ RPE SemiQ RPE
Li 59 180 18 20.0 60 20.0
Be 58 16.0 15 0.0 61 220
Vv 53 60 16 67 56 120
Cr 53 60 16 67 55 100
Mn 55 100 15 0.0 52 4.0
Fe 52 40 16 67 47 -6.0
Co 54 80 16 67 54 80
Ni 52 40 15 00 54 8.0
Cu 54 80 15 00 52 4.0
Zn 53 60 15 00 50 0.0
As 47 -60 15 00 52 4.0
Se <99 - 6 67 52 4.0
Rb 52 40 15 00 51 2.0
Ag 56 120 17 133 58 16.0
Cd 48 -40 15 00 50 0.0
In 5 00 15 00 51 2.0
Cs 5 0.0 15 00 51 2.0
Ba 6.6 320 18 20.0 49 -2.0
Tl 51 20 15 00 53 6.0
Pb 53 60 15 00 52 4.0
Bi 52 40 15 00 52 4.0
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Table 5. Comparison on results of cut tabacco obtained from semi and full quantitative analysis

A B C

Element SemiQ FullQ SemiQ FullQ SemiQ FullQ
Li 10.42 8.29 11.02 8.24 12.27 8.03
Be <LOQ 0.07 <LOQ 0.07 <LOQ 0.09
\Y 0.53 0.47 0.51 0.44 0.90 0.83
Cr 1.22 1.02 1.00 0.92 1.87 1.58
Mn 214.12 214.35 194.12 189.03 116.28 121.71
Fe 23148 269.97 220.36 254.98 297.16 546.58
Co 0.64 0.61 0.58 0.55 0.65 0.67
Ni 1.62 1.56 1.68 1.54 2.65 2.64
Cu 8.10 7.41 8.39 7.63 14.21 11.69
Zn 38.19 38.91 32.00 32.52 29.72 29.06
As <LOQ 0.14 <LOQ 0.13 <LOQ 0.15
Se <LOQ 0.31 <LOQ 0.65 <LOQ 0.85
Rb 9.26 8.99 8.39 8.98 13.57 15.17
Ag 0.49 0.52 0.11 0.27 0.08 0.27
Cd 0.75 0.83 0.68 0.67 0.65 0.61
In <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Cs <LOQ <LOQ 0.05 <LOQ 0.08 <LOQ
Ba 46.30 46.98 41.45 42.95 60.72 64.17
Tl <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Pb 1.27 1.18 0.79 0.67 0.65 0.41
Bi <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Li 12.49 8.49 7.42 4.17 7.80 4.40
Be <LOQ 0.09 <LOQ 0.07 <LOQ 0.04
\Y 0.92 0.78 0.65 0.58 0.66 0.55
Cr 1.91 1.54 1.05 0.84 0.99 0.76
Mn 118.34 120.97 113.49 111.92 114.94 112.36
Fe 302.43 470.09 226.98 380.49 229.89 385.18
Co 0.66 0.60 0.70 0.57 0.70 0.56
Ni 2.70 2.34 2.40 1.94 2.01 1.48
Cu 14.46 13.10 10.91 9.27 10.67 8.49
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Table 5. continued
A B C
Element SemiQ FullQ SemiQ FullQ SemiQ FullQ

Zn 30.24 30.49 23.57 22.51 21.35 20.00
As <LOQ 0.14 0.08 <LOQ 0.10
Se <LOQ 0.56 <LOQ 0.69 <LOQ 0.88
Rb 13.81 15.54 12.89 11.49 12.26
Ag 0.09 0.24 <LOQ 0.14 <LOQ 0.12
Cd 0.66 0.70 0.62 0.86 0.76
In <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Cs 0.08 <LOQ <LOQ <LOQ <LOQ <LOQ
Ba 61.80 61.91 52.38 58.58 57.47 56.94
Tl <LOQ <LOQ <LOQ 0.04 <LOQ
Pb 0.66 0.51 0.36 0.74 0.51
Bi <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

unit : pg/g

LOQ : 0.05 pg/g

400 | ¥=0.9892x +0.0313
R? = 0.9942

Semiquantitative analysis

log Concentration measured in the
.n'>
=]
s

-2.00
log Concentration measured in the Quantitative analysis

Fig. 2. Regression line between log concentration
of Li, Be, Na, Mg, Al, K, Ca, V, Cr, Mn, Fe,
Co, Ni, Cu, Zn, As, Se, Rb, Ag, Cd, In, Cs, Ba,
TI, Pb, Bi obtained by semiquantitative and
quantitative analysis.
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Table 6. Comparison on results of cut tobacco obtained from semiquantitative analysis

Cigarette

type A B C D E F G
Li 10.4 11.0 12.3 12.5 74 7.8 6.2
Be <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
A% 0.5 0.5 0.9 0.9 0.7 0.7 0.4
Cr 1.2 1.0 1.9 1.9 1.0 1.0 1.1
Mn 214.1 194.1 116.3 118.3 113.5 114.9 143.4
Fe 231.5 220.4 297.2 3024 227.0 229.9 174.6
Co 0.6 0.6 0.6 0.7 0.7 0.7 0.4
Ni 1.6 1.7 2.6 2.7 24 2.0 1.7
Cu 8.1 84 14.2 14.5 10.9 10.7 6.9
Zn 38.2 32.0 29.7 30.2 23.6 21.3 29.9
As <LOQ <LOQ <LOQ <LOQ 0.2 <LOQ 0.2
Se <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Rb 9.3 84 13.6 13.8 11.8 11.5 424
Ag 0.5 0.1 0.1 0.1 <LOQ <LOQ 0.3
Cd 0.8 0.7 0.6 0.7 0.7 0.9 0.9
In <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Cs <LOQ 0.1 0.1 0.1 <LOQ <LOQ 0.1
Ba 46.3 414 60.7 61.8 52.4 57.5 51.1
Tl <LOQ <LOQ <LOQ <LOQ 0.1 <LOQ <LOQ
Pb 1.3 0.8 0.6 0.7 0.5 0.7 0.6
Bi <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

unit : ug/g

LOQ : 0.05 pg/g
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Table 7. Comparison on results of cigarette paper obtained from semiquantitative analysis

Cigarette

type A B C D E F G
Li <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.7
Be <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
v 3.8 3.5 0.6 1.6 0.4 0.4 1.7
Cr 4.6 <LOQ <LOQ 2.7 04 0.4 0.5
Mn 12.2 9.1 1.5 9.6 22.3 224 6.5
Fe 148.6 197.9 19.7 139.9 87.2 80.3 257.1
Co <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Ni 2.5 3.6 0.6 1.0 0.3 0.3 1.5
Cu 54 6.1 1.1 14 14 1.0 3.6
Zn 12.2 13.2 1.9 6.8 4.9 44 7.9
As <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Se <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Rb <LOQ <LOQ <LOQ 0.4 1.0 0.7 1.3
Ag <LOQ <LOQ <LOQ 0.6 0.2 0.1 <LOQ
Cd <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
In <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Cs <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Ba 3.8 <LOQ <LOQ 44 44 4.1 3.2
Tl <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Pb 8.7 9.9 1.0 1.7 1.2 1.3 1.5
Bi <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

unit : ug/g

LOQ : 0.05 pg/g
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Table 8. Comparison on results of filter before smoking obtained from semiquantitative analysis

Cigarette

type A B C D E F G
Li 0.6 <LOQ 2.1 2.6 <LOQ 3.8 <LOQ
Be <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
v 0.3 0.2 0.4 0.6 0.3 0.4 0.3
Cr 0.9 0.5 0.7 0.8 <LOQ <LOQ <LOQ
Mn 2.9 1.0 1.5 1.5 2.2 3.6 14
Fe 184.7 33.0 33.5 42.8 81.3 87.8 106.0
Co 0.1 <LOQ 0.0 0.1 0.1 <LOQ <LOQ
Ni 1.5 0.4 0.4 0.3 0.5 0.6 0.7
Cu 34 o.1 1.8 2.2 284.4 2154 2.1
Zn 18.5 44 1.6 4.3 32.5 28.7 3.1
As <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Se <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Rb 0.9 0.3 1.3 1.8 4.5 6.8 <LOQ
Ag <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Cd <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
In <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Cs <LOQ <LOQ 0.1 0.1 0.2 <LOQ <LOQ
Ba 1.9 1.7 1.6 1.2 1.2 1.5 <LOQ
Tl <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 3.7
Pb 1.3 1.6 0.9 2.1 1.6 2.3 <LOQ
Bi <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
unit : ug/g

LOQ : 0.05 pg/g
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Table 9. Comparison on results of filter after smoking obtained from semiquantitative analysis mode

Cigarette

type A B C D E F G
Li 134 97.7 79.2 92.7 <LOQ <LOQ <LOQ
Be <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
\Y 1.0 <LOQ 1.7 14 <LOQ <LOQ <LOQ
Cr 6.3 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Mn 7.9 144.2 10.4 6.9 3.4 4.0 12.6
Fe 385.1 172.1 137.1 121.8 130.0 107.7 179.4
Co 0.5 1.3 <LOQ <LOQ <LOQ <LOQ <LOQ
Ni 14.9 3.1 1.6 <LOQ <LOQ <LOQ <LOQ
Cu 14.1 22.8 9.8 10.2 447.0 390.9 6.1
Zn 125.7 34.0 8.2 6.9 44.7 35.5 <LOQ
As <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Se <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Rb 1.5 <LOQ 1.5 <LOQ 9.3 4.0 <LOQ
Ag <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Cd <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
In <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Cs <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Ba <LOQ 18.6 3.7 <LOQ <LOQ <LOQ <LOQ
Tl <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Pb 5.9 3.7 4.6 3.6 6.9 3.9 5.7
Bi <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
unit : ug/g

LOQ : 0.05 pg/g
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Table 10. Comparison on results of smoke condensate obtained from semiquantitative analysis mode

Cigarette

type A B C D E F G
Li <LOQ 0.004 <LOQ 0.004 <LOQ 0.004 0.008
Be <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
\% <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Cr 0.001 0.002 0.003 0.002 0.002 0.003 0.003
Mn 0.002 0.002 0.002 0.002 0.002 0.003 0.005
Fe 0.065 0.075 0.085 0.095 0.085 0.085 0.160
Co <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Ni 0.001 0.002 0.001 0.002 0.001 0.002 0.004
Cu 0.012 0.026 0.031 0.045 0.011 0.065 0.037
7n 0.014 0.050 0.016 0.045 0.020 0.060 0.100
As <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.003
Se <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Rb <LOQ 0.007 <LOQ 0.011 0.001 0.012 0.012
Ag 0.001 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Cd <LOQ 0.014 <LOQ 0.008 0.001 0.014 0.048
In <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Cs <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Ba 0.002 0.002 <LOQ 0.003 0.003 <LOQ 0.003
Tl <LOQ <LOQ <LOQ 0.001 <LOQ 0.001 0.001
Pb 0.001 0.013 0.001 0.011 0.002 0.018 0.020
Bi <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

unit : pg/cig

LOQ : 0.001 pg/cig
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