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Determination of heavy metals in mainstream smoke by ORS-ICP-MS
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ABSTRACT : In this study, we compared three different pretreatment methods, such
as block digestion, microwave digestion and solvent injection, coupled with Octopole
Reaction System(ORS)-ICP-MS was used for the quantification of heavy metals in
mainstream smoke of 2R4F reference cigarette, and then evaluated those efficiencies in
the recovery, repeatability and reproducibility. In all methods, volatile heavy metals, As,
showed the highest CV value, and Cd showed the lowest one. However, the solvent
injection method showed the most stable recovery rate and CV value of 236 %. This
method showed also advantages in time-consuming and compatibility with ICP-MS
system. This results demonstrate that sclvent injection method can be recommended as a
superior pretreatment procedure to be able to reduce contaminants and spectral
interference as well as loss of the elements interested.
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ORS-ICP-MSE o] &3 gl 719 54 % &4
7500c(Agilent Technologies, Tokyo, Japan)E A 255 o]83t Ee&| AxT  DigiPREP(SCP
fslgon| B Aulel TF JFAL oA w3 SCIENCE, France)s A83tiz Zbzhe] Bl =

# =l #alsl JehdglrHLeonhard et al., 71e Table 37} 4ol VJEMNY]
2002). ICP-MS9] Alg FRI%= 558 £77|9 B oA Eelstes 4&5} A ollstel A
W7k ol BRARLE FAEC glew Ay F 3<V}(I&0rea) ) ultra-pure grade® A-g3slglon,

 SEE AF BEE Aol 01 miming  AATH AL 08 FEEAS Spexitel Bt
sFa, Y7 sampler?t skimmer cones *}%6“} BEAL g3 | me/Lg 34ste] Agslglm

ek Cell 7hA8E 09.9999 %9 T9% F4(l)

o W (He) 43‘6}@ om, FdE AL o Table 2. Collection efficiency for mainstream
3te] 24U A4 B 909dL x| smoke of ky2R4AF reference cigarette using
A 29 e;}/\ B Agstednd. ICP-MSQ) electrostatic precipitation

Ad =743 TPMY ZA XSS 27 Table 13}
2o el

B Pl A= DLHH FERA F 2IE YR Smoking condition ISO (Mean * stdev)
of Axel W
|

Parameters

A} A Zhr] e A e Ax el wy Number of cigarette 2
& Hgsdon 7 AxNel el 4w gu)  Smoked $5040.00

- ) U0,
= wlolzEsl Haaxel S5S o|gd Ho Puff count (n =5, CV(%) = 1.06)
A Block digestion) & A-geileh. whola &3k 1pM delivery 9.49+0.12
AT CEMAS] MARS X& AHgslylon {mg/cig) (n = 5, CV(%) = 1.26)

Table 1. Optimum instrumental conditions for ORC-ICP-MS operation

Plama parameters

Rf power 1500 W

Plasma gas flow rate 15 L/min

Auxiliary gas flow rate 1 L/min

Carrier gas flow rate 1 L/min

Sampler and skimmer Nickel, 1 and 0.4 mm id

Optimised for best sensitivity of 10ug/L

lon lens setting Li, Co, Y and Tl 19%(v/v) HNO; solution

Reactional/collision cell parameters

I, gas flow rate 4 ml./min
Octapole bias -13V
Q, bias -115 Vv

Data acquisition parameters

Points per peak 3
Integration time {per point} 03 s
Replicates 3
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Table 3. Program of the microwave digestion system

First digestion program

Step Type Temp. (C) Power (%) Ramp (min) Dwell {min)
1 Time to temp 140 60 10 16
2 Time to temp 180 60 10 10
3 Cooling - e e 30
Secondary digestion program
Step Type Temp. (C) Power (%) Ramp (min) Dwell (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
Table 4. Program of the Block digestion system
First digestion program
Step Type Temp. (T) Ramp {min) Dwell {(min)
1 Time to temp 80 30 186
3 Cooling -—- -—— 30
Secondary digestion program
Step Type Temp. (T) Ramp {min) Dwell {(min)
1 Time to temp 80 30 30
2 Time to temp 100 30 120
3 Time to temp 130 30 120
4 Cooling -—- -— 30
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Fig. 1. Pretreatment procedure of block
digestion, microwave digestion and solvent
injection.

Table 5. Polyatomic ion interference derived

from the complicated matrix

Isotope Principal interfering species
“Cr *Ar'0, “Ar"C, “CioH
“Cr *Ar°0H, “Ar"c, Tc10, *cio
*Ni “Ar’0
PAs “ArSCl
"Se “Ar®Ar, *Ar"Ca
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Fig. 2. Comparison of Cr calibration curve : He
and normal mode.
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Table 6. Comparison of analytical data of kyZ2R4AF reference cigarette as a function of
pretreatment techniques

Cr Ni As Se Cd Pb
Mean 2.36 - 0.84 - 33.65 12.40
Block digestion

CV (%) 23.03 - 16.53 - 4.18 10.84
Microwave Mean 4.04 - 2.06 - 41.94 22.18
digestion CV (%) 19.14 - 4.40 - 2.54 .27
Solvent Mean - - 3.67 - 40.36 10.40

- injection CV (%) - - 4.82 - 2.36 7.59
Other Mean - - 3.52 - 45.11 12.33

lab. CV (%) - - 5.50 - 7.72 6.97

- ¢ Limit of Detection, 0.05 ng/cig
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2 HolE 3 AHE BEst chEdl 2gel AEEA gkt
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Table 7. Recovery test of ky2R4F reference cigarette as a function of pretreatment techniques

Cd Pb
Original Mean Recovery Original Mean Recovery
Conc.(ng/ml) value(ng/mL)} (%) Conc.{ng/ml) value(ng/mL) (%)

ek 6.73 891 8650 248 491 76.90
gestion

I‘g‘fr"w.a"e 8.39 11.03 93.17 443 7.98 120.94
gestion

Solvent 1354 16.10 96.75 347 6.35 96.54
injeciton
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