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Determination of Nicotine in Tobacco: 
Collaborative Study*
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Table 1. 
Characteristics of the 13 tobacco samples distributed to laboratories in the collaborative studya

Sample Description Category
%OV ~50 g 
sample size

%OV ~15 g 
sample size

Difference

1 Skoal Longcut Smokeless 53.89 53.41 0.48

2 Rooster Smokeless 54.99 54.69 0.30

3 Kodiak Smokeless 53.69 53.79 �0.10
4 Cigar Cigar 13.60 13.30 0.30
5 Redman loose leaf Smokeless 24.29 23.64 0.65

6 Timberwolf Smokeless 51.10 50.63 0.47

7 Marlboro Cigarette 13.31 13.22 0.10

8 Salem Cigarette 14.25 14.02 0.22

9 Burley leaf Leaf 11.92 11.84 0.08

10 Oriental Leaf 10.68 10.46 0.22

11 Bright leaf Leaf 11.82 11.65 0.17

12 Pipe tobacco Pipe 28.10 27.92 0.19

13 1R4F Cigarette 14.05 13.87 0.19

Average % difference 0.25

    aThe laboratory that distributed samples to the study participants determined the percent oven volatiles (%OV) content
of each sample. Most participants received approximately 50 g sample sizes in the initial distribution. The remaining
participants received approximately 15 g sample sizes in a later distribution.
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Table 3. 
Relative mean nicotine values (normalized to the mean of
the three capillary GC methods for each sample)

Relative mean nicotine (%, dry basis) for each method

Sample MTBE
Hexane-
capillary

Methanol/
ammonia CFA

Hexane-
packed

1 0.982 1.013 1.005 1.019 1.050

2 0.992 1.008 1.000 1.038 1.050

3 0.991 1.000 1.009 1.011 1.019

4 0.988 1.010 1.002 1.057 1.036

5 0.975 1.013 1.013 1.054 1.073

6 0.988 1.016 0.996 1.021 1.049

7 0.981 0.994 1.024 1.044 1.031

8 0.985 0.983 1.032 1.051 1.026

9 0.989 0.992 1.019 1.027 1.043

10 0.991 0.992 1.018 1.098 1.044

11 0.994 1.008 0.998 1.028 1.056

12 0.979 0.986 1.035 1.057 1.044

13 0.982 0.994 1.023 1.026 1.017

Table 2. 
Mean nicotine for each tobacco sample and each analytical
method, reported on a dry-weight basis (i.e., weight of
nicotine per weight of dried sample)

Mean nicotine (mg/g, dry basis) 

Sample MTBE
Hexane-
capillary

Methanol/
ammonia CFA

Hexane-
packed

1 28.4 29.3 29.1 29.5 30.4

2 25.9 26.4 26.1 27.1 27.5

3 22.9 23.1 23.3 23.4 23.6

4 13.3 13.6 13.5 14.3 14.0

5 8.5 8.8 8.8 9.2 9.3

6 30.7 31.5 30.9 31.7 32.6

7 18.8 19.0 19.6 20.0 19.7

8 18.6 18.5 19.4 19.8 19.3

9 41.2 41.3 42.4 42.8 43.5

10 12.7 12.7 13.1 14.1 13.4

11 35.2 35.7 35.3 36.4 37.4

12 14.1 14.2 14.9 15.2 15.0

13 20.0 20.2 20.8 20.9 20.7
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Figure 1.
Mean differences, repeatability, and reproducibility of nicotine methods; percent standard error on the relative mean (last row of values)

is calculated from  (mean % differences are relative to mean of the three capillary GC methods)V3� ��5	
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Table 4. 
Pair-wise group comparisons of mean nicotine values among all five analytical methods using simultaneous 
95% confidence intervals

Result First group Second group Lower bound Difference of means Upper bound

Hexane-capillary Methanol/ammonia �0.61 �0.23 0.16

CFA Hexane-packed �0.65 �0.16 0.34

�
a CFA Methanol/ammonia 0.13 0.53 0.92

� CFA Hexane-capillary 0.48 0.76 1.03

� CFA MTBE 0.79 1.08 1.36

� Hexane-capillary MTBE 0.05 0.32 0.59

� Hexane-capillary Hexane-packed �1.40 �0.91 �0.42

� Hexane-packed Methanol/ammonia 0.12 0.68 1.25

� Hexane-packed MTBE 0.73 1.23 1.73

� MTBE Methanol/ammonia �0.94 �0.55 �0.16

aAn asterisk (*) indicates statistically significant comparisons (i.e., zero not included in the range spanned 
by the lower and upper bound).

Figure 2. 
Relative nicotine by sample type (the average of the three capillary GC methods is defined as 100%)
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Figure 4.
Dependence of ����and ��� on mean nicotine (�

���
) for the hexane-capillary method using weighted least squares regression

Figure 3. 
Dependence of ����and ��� on mean nicotine (�

���
) for the MTBE method using weighted least squares regression
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Figure 5. 
Dependence of ����and ��� on mean nicotine (�

���
) for the methanol/ammonia method using weighted least squares regression

Figure 6. 
Dependence of ����and ��� on mean nicotine (�

���
) for the CFA method using weighted least squares regression
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Figure 7. 
Dependence of ����and ��� on mean nicotine (�

���
) for the hexane-packed method using weighted least squares regression
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Table 5.
Repeatability of nicotine determination (mg/g, dry basis) by
sample (���) for each methoda

Repeatability, 	��

Sample MTBE
Hexane-
capillary

Methanol/
ammonia CFA

Hexane-
packed

1 0.13 0.55 0.61 0.27 0.28

2 0.24 0.65 0.58 0.49 0.11

3 0.12 0.40 0.58 0.41 0.25

4 0.11 0.28 0.27 0.14 0.20

5 0.10 0.22 0.15 0.18 0.13

6 0.47 0.57 1.01 0.85 0.28

7 0.20 0.64 0.19 0.47 0.15

8 0.13 0.66 0.50 0.40 0.20

9 0.27 0.79 0.55 0.87 0.62

10 0.21 0.51 0.33 0.34 0.18

11 0.30 0.66 0.36 0.45 0.30

12 0.34 0.42 0.45 0.89 0.30

13 0.17 0.37 0.28 0.30 0.11

�� 0.21 0.52 0.45 0.47 0.24

%�� 0.96% 2.29% 1.96% 1.99% 1.01%

aThe
��
values represent the average of the 	��
values for each 
method over all samples. The %��
values are given by ��
divided
by the average nicotine of all samples for each method.

Table 6.
Reproducibility of nicotine determination (mg/g, dry basis) by
sample (���) for each methoda

Reproducibility, 	��

Sample MTBE
Hexane-
capillary

Methanol/
Ammonia

CFA
Hexane-
packed

1 0.91 1.26 1.37 0.57 2.28

2 0.84 1.01 1.00 0.82 1.61

3 0.75 1.05 1.42 0.69 1.94

4 0.46 0.56 0.61 0.79 1.09

5 0.31 0.46 0.64 0.55 0.64

6 1.98 1.45 1.45 1.34 2.21

7 0.56 0.83 0.70 0.99 1.38

8 0.51 0.77 0.74 0.96 1.62

9 1.12 2.28 2.11 2.17 2.35

10 0.39 0.76 0.44 0.95 1.11

11 0.86 1.88 0.66 1.58 1.96

12 0.43 0.64 0.59 1.24 1.04

13 0.52 0.93 0.85 0.66 1.23

�� 0.74 1.07 0.97 1.02 1.57

%�� 3.32% 4.72% 4.24% 4.37% 6.68%

% 2.54% 4.47% 3.73% 2.77% 5.77%��
52�

aThe
�� values represent the average of the 	��
values for each
method over all samples. The %��
values are given by �� divided
by the average nicotine of all samples for each method. The

values are given by the slope (as a percentage) of the> ��
52�

weighted least-squares line fit to the 	��
vs.
�
���

 data for each
nicotine method (see Figures 3�7).
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Table 7. 
Summary of results for the nicotine collaborative study

MTBE Hexane-capillary
Methanol/
ammonia

CFA Hexane-packed

Mean differencea,d
�0.31 (�1.40%) 0.01 (0.06%) 0.31 (1.34%) 0.96 (4.08%) 0.98 (4.14%)

	
�
 (Repeatability)a 0.21 (1.0%)b 0.52 (2.3%)b 0.45 (2.0%)b 0.47 (2.0%)b 0.24 (1.0%)b

	
�
 (Reproducibility)a 0.57 (2.5%)c 1.01 (4.5%)c 0.85 (3.7%)c 1.02 (4.4%)b 1.36 (5.8%)c

Ratiod 98.6% 100.1% 101.3% 104.1% 104.1%

% Outliers 16.3% 6.6% 12.8% 16.8% 18.0%

Mean % diff. stdev 0.69% 1.2% 1.0% 1.3% 1.7%

Lower bound 97.9% 98.8% 100.3% 102.8% 102.5%

Upper bound 99.3% 101.3% 102.4% 105.3% 105.8%

Number of labs 17 14 16 10 8

aUnits are mg/g (dry-weight basis).
bDerived from �

�

or �

�
 (average
	

�
 or 	

�
 calculation).

cDerived from slope of weighted least squares regression of
	
�
 on
�.

dRelative to mean nicotine derived from the three GC-capillary methods.
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