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1. INTRODUCTION 

The Working Group 17 (WG 17) has been created within the International Organization for 

Standardization (ISO) Technical Committee for Tobacco and Tobacco Products TC 126 with 

the task to revise the present ISO standard for the determination of water in cigarette 

mainstream smoke condensates (ISO 10362-1:1999), using ISO smoking regime (ISO 3308). 

The main reason for the revision need is that only packed gas chromatography (GC) columns 

are mentioned in the present ISO 10362-1 standard, even though some laboratories have 

capillary GC columns in use, which from a technical point of view is also valid. 

During the first ISO/TC 126/WG 17 meeting which took place in April 2017, the need to have 

a comparison of results obtained with packed and capillary GC columns was identified. It was 

also agreed that sufficient collaborative studies have been performed by different entities and 

that there was no need to organize a specific test. The permission to use data from EUCS 

(European Collaborative Study), ACS (Asia Collaborative Study) and CORESTA annual 

collaborative study for monitor test piece was obtained from those organizations.  

The present report provides the statistical analysis of the results obtained by Routine 

Analytical Chemistry (RAC) Sub-Group in the frame of the CORESTA CM8 collaborative 

study 2017 (as already reported in the technical report “2017 Collaborative Study of 

CORESTA Monitor 8 (CM8) for the Determination of Test Piece Weight, TPM, Water, 

Nicotine, NFDPM, Carbon Monoxide and Puff Count Obtained under Mainstream ‘ISO’ and 

‘Intense’ Smoking Regimes”, published in November 2017), with a comparison of the results 

obtained with capillary and packed GC columns. The results were presented during the 

CORESTA RAC meeting in October 2017 and at the second ISO/TC 126/ WG 17 meeting in 

November 2017. 

2. RESULTS 

According to the equipment details provided by the participants to the CORESTA CM8 

collaborative study 2017, there were: 

• 17 data sets obtained with capillary GC columns 

• 23 data sets obtained with GC packed columns 

In some cases, the description of the equipment details was not complete or was ambiguous. 

This is the reason why five data sets from the CORESTA CM8 collaborative study 2017 

could not be taken into account in the present study. 

To examine whether the results obtained with both types of columns are comparable, different 

tests were performed. 
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2.1 Mean results (all smoking machines types) 

First the mean values of 5 replicates for CM8 monitor test pieces obtained with packed versus 

capillary GC columns were compared. 

Figure 1. Boxplots of results obtained with capillary and packed columns (water in mg/cigarette) 

 

 

Table 1. Statistics 

Statistics capillary packed 

N 17 23 

Mean 1.814 1.794 

Median 1.854 1.786 

Standard Deviation 0.247 0.475 

Coefficient of Variation (%) 13.609 26.490 

Minimum 1.3 1.17 

Maximum 2.170 2.526 

 

A 2-Sample t-test performed (statistical test typically used to determine whether two values 

are statistically different) on the mean results for CM8 monitor test piece obtained with 

capillary and packed columns concludes that there is no statistical difference between 

capillary and packed columns. 

A larger variability of the mean values is observed with packed columns. 
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2.2 Mean values (by machine type) 

An analysis of the results obtained with both types of GC columns was also performed with a 

separation per machine type (linear or rotary). 

Figure 2. Boxplots of results per machine type (water in mg/cigarette) 

 

Where L and R stand for linear and rotary smoking machines respectively 

A Tukey pairwise comparison (a classical method to check for differences in datasets on a 

pairwise manner) was performed, as detailed below: 

Table 2. Tukey pairwise comparison 

Group Number of datasets 
Mean value 

(mg/cigarette) 
Grouping 

Rotary-packed 12 2.163 A 

Rotary-capillary 10 1.991 A 

Linear-capillary 7 1.561 B 

Linear-packed 11 1.393 B 

Where rotary and linear stand for rotary and linear analytical smoking machines and packed 

and capillary stand for packed and capillary GC columns. 

It means that while the results for water obtained from smoking the CM8 monitor test piece 

obtained with linear and rotary analytical smoking machines are statistically different, as 

demonstrated by the Tukey pairwise comparison with the different groupings obtained with 

both machine types, there is no statistical difference due to the type of column, when results 

obtained by machine type are considered. 
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2.3 Repeatability and reproducibility data 

Finally, repeatability and reproducibility data for CM8 are provided in Table 3. The results 

were calculated on the basis of the individual replicates. 

Table 3. CM8 water content 

Column Number of datasets Mean (mg/cigarette) r CVr (%) R CVR(%) 

A-capillary 17 1.814 0.450 24.78 0.806 44.42 

L-capillary 7 1.561 0.484 31.02 0.587 37.63 

R-capillary 10 1.991 0.483 21.27 0.480 24.09 

A-packed 22 1.822 0.363 19.90 1.360 74.65 

L-packed 10 1.413 0.363 25.66 0.704 49.81 

R-packed 12 2.163 0.362 16.76 0.943 43.60 

Where A, R and L stand for all, rotary and linear analytical smoking machines respectively 

The values obtained with capillary columns and packed columns are comparable, with a 

tendency for packed columns to be less reproducible. 

Note:  For the calculation of repeatability and reproducibility, one dataset was suppressed 

after outlier assessment (Cochrane). The number of datasets for packed columns is reduced to 

22 and does not correspond to the number of datasets provided under Figure 1 for which no 

outlier test was performed (23 datasets for packed columns). The value of the mean water 

content in Table 3 is also different from the mean values provided in Figure 1 (mean for 

packed columns) and Table 2 (mean for linear machines-packed columns) for the same 

reason. 

3. CONCLUSION 

On the basis of the data for CM8, the results obtained with capillary columns for the 

determination of water in cigarettes smoke condensates are not statistically different from the 

results obtained with packed columns, using the conditions provided in ISO 10362-1:1999. 

Note:  According to the presentations given during the second ISO/TC 126/WG 17 meeting in 

November 2017, the same conclusion was reached with the results obtained in the frame of 

the EUCS and ACS with cigarettes covering a tar range from 1 to 14 mg. 
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