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1. Introduction 

1.1 Purpose/Scope 

When preparing samples for tobacco specific nitrosamine (TSNA) analysis, the normal 

procedure in most US research laboratories is to air-dry the tobacco at ambient indoor 

temperature (about 20 °C), where humidity is generally low.  The sample preparation procedure 

used by some of the tobacco companies includes sample drying at considerably higher 

temperatures.  Previous work has shown that subjecting cured tobacco to high temperatures can 

increase TSNAs.  It is likely that this increase would not be uniform, so if tobacco is dried at 

these higher temperatures during sample preparation, the TSNA analysis may not give a true 

reflection of the TSNA levels at the time of sampling. 

A CORESTA protocol has been developed for handling samples of cured tobacco for TSNA 

analysis.  A draft protocol was based on the sample handling procedures of several tobacco 

companies, which included drying the tobacco at 25 °C, 30 °C or 35 °C.  There was concern 

that some of these drying temperatures may be too high for accurate and consistent TSNA 

analysis.  There was also concern that some researchers oven-dry their samples at 60 °C, the 

temperature used for drying samples for alkaloid analysis.  Drying samples at this temperature 

would be expected to have a considerable impact on TSNAs. 

This study tested the effect on TSNAs of different drying regimes; 30 °C, 35 °C, 60 °C,  

air-drying (check 1) and freeze-drying (check 2), using high and low converter selections of 

TN 90.  The 25 °C treatment was not tested, because the oven could not be set that low. 

This work will give a better understanding of the best way to prepare samples for TSNA 

analysis, in order to obtain reliable data.  This is relevant for growers, because tobacco 

companies test growers’ tobacco for TSNAs, and may refuse to contract a grower if the TSNA 

levels are too high.  If the method of sample preparation is causing an increase in TSNAs, the 

grower might be unfairly penalized.  It is also relevant for tobacco companies, because if the 

method of sample preparation affects TSNA measurement, the company will be operating with 

inaccurate data. 

2. Presentation of the Experiment 

2.1 Participants 

This study was done at the University of Kentucky experimental farm over three years. 

Financial support was provided by the Council for Burley Tobacco (Kentucky, USA) and the 

Kentucky Tobacco Research and Development Centre (University of Kentucky, USA). 

2.2 Protocol 

Procedure – Field Work 

Design 

The design was four randomized complete blocks of a split plot design with two main plots 

(variety), and five sub-plots (drying treatment) i.e., ten treatments and 40 plots.  The two 

varieties were analysed separately. 
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Varieties 

The varieties were commercial TN 90LC and TN 90H, a high converter selection of TN 90 

which has high TSNA accumulation. The high converter was used because it is easier to detect 

small differences when TSNA levels are high. 

1. TN 90LC 

2. TN 90H 

Treatments 

The drying treatments were applied immediately after stemming.  They were: oven-drying at 

temperatures used by some tobacco companies, oven drying at the high temperature used for 

alkaloid analysis, air-drying at ambient indoor temperature, and freeze-drying. 

1. Air-dried at ambient temperature (about 20 °C); check 1 

2. Freeze-dried; check 2 

3. Oven dried at 30 °C; company protocol 

4. Oven dried at 35 °C; company protocol 

5. Oven dried at 60 °C; temperature used for drying samples for alkaloid analysis 

Agronomic details 

The tobacco was grown with all normal recommended practices. 

In the first two years, 2015 and 2016, conditions for TSNA accumulation were not favorable 

and TSNAs were low.  In 2016, the TN 90H seed used was found to have been contaminated 

with a low alkaloid variety, so the 2016 TN 90H TSNAs were much lower than they should 

have been.  However, the data for the different TN 90H treatments were still relative.  In the 

third year, 2017, conditions for TSNA accumulation were much more favorable and TSNAs 

were high. 

Sampling and sample preparation for chemical analysis, drying treatments 

After curing and stripping, the tobacco was sampled for chemical analysis.  Samples for 

chemical analysis were taken at stripping, discarding the outer two plants on each stick, and 

sampling the fourth leaf from the top of the stalk on each of the four inner plants.  Lamina and 

midrib were separated, and dried with the various treatments, described in Treatments.  After 

drying, the samples were ground in a Wiley mill, to pass through a 1 mm screen. 

Procedure – Analytical Laboratory 

Constituents analysed 

Both lamina and midrib were analysed for the constituents below: 

TSNAs: individual TSNAs and total TSNAs (data are not presented for NAB, because the levels 

were very low). 

Laboratory analysis 

TSNA analyses were run using gas chromatography with Thermal Energy Analyser (TEA) 

chemiluminescence detection and methylene chloride extraction. 
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Procedure – Statistical Analysis 

PROC MIXED of SAS 9.1 (SAS Institute, Cary, NC, USA) was used for an analysis of variance 

appropriate for a randomized complete block design.  The two varieties were analysed 

separately.  The model used treatments and years as fixed effects and replicates as random 

effects.  The treatment × year interaction was considered in the model, but was not reported 

because none of the interactions was significant for any of the parameters of interest.  The 

interaction was therefore dropped from the model. 

The residuals were visually checked for heteroscedasticity and transformation of the data was 

found to be necessary for all variables, in order to conform to the assumption of equal variance.  

Natural logarithmic transformations were done (Tables 1 & 2) prior to analyses and reported 

means have been transformed back to original scale for reporting.  Means were separated 

according to protected Fisher’s least significant difference. 

2.3 Overview of Collected Data 

Years 

TSNAs, alkaloids and nitrates were unusually low in Kentucky in 2015, as a result of the heavy 

early rain and consequent small root systems.  Total TSNAs for the low converter TN 90LC are 

typically around 2-3 ppm, but lamina total TSNAs in 2015 were <0.3 ppm in the checks.  Total 

TSNAs for the high converter TN 90H are typically over 10 ppm, but lamina total TSNAs in 

2015 were <2 ppm in the checks.  This is unprecedented for TN 90H – these values would be 

more typical of the low converter, TN 90LC.  Past experience has shown that when TSNAs are 

very low, it is very difficult to detect treatment differences. 

2016 was generally more favorable for TSNA accumulation than 2015; alkaloids and nitrates 

were higher, and TSNAs were higher – although still lower than usual.  Total TSNAs for the 

low converter TN 90LC were a little <1 ppm in the checks.  However, because of the seed 

mixture described previously, TSNAs in TN 90H were lower in 2016 than in 2015. 

2017 was much more conducive to TSNA accumulation.  Total TSNAs for the low converter 

TN 90LC were around 3 ppm in the checks, and >15 ppm in the high converter TN 90H checks. 

TSNAs overview 

There were significant differences between treatments for all variables in TN 90LC, lamina and 

midrib, for the years combined (Table 1). 

For TN 90H, there were significant differences between treatments for all variables in lamina 

and midrib, with the exception of midrib NNK, for the years combined (Table 2). 

For all variables, the high temperature treatment (60 °C) was significantly higher than all or 

most of the other treatments (Figures 1-8). 

3. Results 

3.1 NNN (N’-nitrosonornicotine) 

For TN 90LC lamina and midrib, NNN was significantly higher in the 60 °C treatment 

compared with all other treatments.  In the lamina, the 35 °C was higher than the air-dried 

treatment, but there were no differences between the other treatments (Figure 1A).  In the 

midrib, NNN was significantly higher in the 60 °C treatment compared with all other 
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treatments, and the other treatments were not significantly different from each other  

(Figure 1B).  Comparing the years for lamina NNN, 2015<2016<2017, a reflection of the 

seasons (Figure 1C). In the midrib, 2015 and 2016 were similar, and 2017 was considerably 

higher (Figure 1D). 

For TN 90H, lamina NNN was significantly higher in the 60 °C treatment compared with all 

other treatments, and there were no differences between the other treatments (Figure 2A).  

Midrib NNN was significantly higher in the 60 °C treatment compared with all other treatments 

except the 30 °C.  The 30 °C treatment was no different from the other treatments (Figure 2B).  

Comparing the years for both lamina and midrib NNN, 2016<2015<2017 (Figures 2C, 2D).  

The very low NNN in 2016 was because of the seed mixture.  The NNN levels in 2017 

(20.3 ppm in lamina, 62 ppm in midrib) are more typical of the levels expected in this high 

converter. 

3.2 NAT (N’-nitrosoanatabine) 

NAT followed much the same pattern as NNN.  NAT is lower in high converters, because the 

abundant NNN precursor (nornicotine) is preferentially nitrosated. 

For TN 90LC lamina and midrib, NAT was significantly higher in the 60 °C treatment 

compared with all other treatments (Figures 3A, 3B).  In the lamina, the freeze dry and 30 °C 

treatments were lower than the 35 °C treatments.  In the midrib, the 30 °C treatment was lower 

than the 35 °C. Comparing the years for lamina NAT, 2015<2016<2017, a reflection of the 

seasons (Figure 3C). In the midrib, 2015 and 2016 were similar, and 2017 was considerably 

higher (Figure 3D). 

For TN 90H, both lamina and midrib NAT were significantly higher in the 60 °C treatment 

compared with all other treatments, and there were no differences between the other treatments 

(Figures 4A, 4B).  Comparing the years for lamina NAT, 2015 and 2016 were similar, and 2017 

was considerably higher (Figure 4C).  In the midrib, NAT 2016<2015<2017 (Figure 4D). 

3.3 NNK (Nicotine-derived Nitrosamine Ketone, 4-(methylnitrosamino)-1-(3-

pyridyl)-1-butanone) 

Levels of NNK were extremely low, ranging from zero to 0.36 ppm in the lamina and from 

0.001 ppm to 0.81 ppm in the midrib (Figures 5, 6).  The limit of quantitation (LOQ) for NNK 

on the instruments used is 0.045 ppm, so many of the datapoints are below the LOQ and 

therefore are not accurate. 

For TN 90LC lamina, NNK was significantly higher in the 60 °C treatment compared with all 

other treatments (Figure 5A).  In the midrib, NNK was significantly higher in the 60 °C 

treatment compared with all other treatments except the 35 °C (Figure 5B).  Comparing the 

years, for both lamina and midrib, NNK was 2015<2016<2017. 

NNK is lower in high converters: there are lower levels of the nicotine-derived NNK precursors 

because so much of the nicotine has been converted to nornicotine.  Levels are even lower in 

the midrib, where conversion is higher and nicotine is lower than in the lamina.  For TN 90H, 

lamina NNK was significantly higher in the 60 °C treatment compared with all other treatments 

except the 35 °C (Figure 6A).  There were no significant treatment differences in the midrib, 

but all datapoints were <LOQ (Figure 6B).  Comparing the years, 2017 was significantly higher 

than 2015 and 2016, in both lamina and midrib (Figures 6C, 6D). 
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3.4 Total TSNAs 

Total TSNAs mostly followed the same pattern as NNN. 

For TN 90LC, both lamina and midrib total TSNAs were significantly higher in the 60 °C 

treatment compared with all other treatments, which were not different from each other (Figures 

7A, 7B).  Comparing the years for lamina total TSNAs, 2015<2016<2017, a reflection of the 

seasons (Figure 7C).  In the midrib, 2015 and 2016 were similar, and 2017 was considerably 

higher (Figure 7D). 

For TN 90H, total TSNAs were significantly higher in the 60 °C treatment compared with all 

other treatments, and there were no differences between the other treatments (Figure 8A).  

Midrib total TSNAs were significantly higher in the 60 °C treatment compared with all other 

treatments except the 30°C.  The 30 °C treatment was no different from the other treatments 

(Figure 8B).  Comparing the years for both lamina and midrib NNN, 2016<2015<2017 

(Figures 8C, 8D). 

4. Conclusions 

In this three-year study, oven drying the samples at 30 °C and 35 °C had no consistent impact 

on TSNAs.  However, the 35 °C treatment did give cause for concern with a few variables.  

Lamina NNN in TN 90LC was higher than the check.  Midrib NNK in TN 90LC was no 

different than the 60 °C treatment.  Lamina NNK in TN 90H was higher than the check and no 

different than the 60 °C treatment. 

Oven drying at 60 °C did increase TSNAs relative to the checks, as was expected. 

The recommendation would be to dry samples for TSNA analysis with any of the following 

methods: (1) air-drying, (2) freeze-drying, (3) oven-drying at temperatures no higher than 

30 °C, in an oven with good airflow. 
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Appendix – Tables and Figures 

Table 1: Effect of sample drying on TSNAs, years combined: ANOVA p values and 

transformations: TN 90LC 

  Years Combined, TN 90LC 

Constituent 
Lamina 
Midrib 

Transformation Fixed Effects p Value Significance 

NNN Lamina log Treatment <0.0001 *** 

   Year <0.0001 *** 

NNN Midrib log Treatment 0.0027 ** 

   Year <0.0001 *** 

NAT Lamina log Treatment <0.0001 *** 

   Year <0.0001 *** 

NAT Midrib log Treatment 0.0002 *** 

   Year <0.0001 *** 

NNK Lamina log Treatment <0.0001 *** 

   Year <0.0001 *** 

NNK Midrib log Treatment 0.0013 ** 

   Year <0.0001 *** 

Total TSNAs Lamina log Treatment <0.0001 *** 

   Year <0.0001 *** 

Total TSNAs Midrib log Treatment 0.0006 *** 

   Year <0.0001 *** 

NS = not significant (p>0.05) 

 * = significant (p>0.05) 

** = significant (p>0.01) 

*** = significant (p>0.001) 
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Table 2: Effect of sample drying on TSNAs, years combined: ANOVA p values and 

transformations: TN 90H 

  Years Combined, TN 90H 

Constituent 
Lamina 
Midrib 

Transformation Fixed Effects p Value Significance 

NNN Lamina log Treatment <0.0001 *** 

   Year <0.0001 *** 

NNN Midrib log Treatment 0.0273 * 

   Year <0.0001 *** 

NAT Lamina log Treatment <0.0001 *** 

   Year <0.0001 *** 

NAT Midrib log Treatment 0.0003 *** 

   Year <0.0001 *** 

NNK Lamina log Treatment 0.0021 ** 

   Year <0.0001 *** 

NNK Midrib log Treatment 0.0836 NS 

   Year <0.0001 *** 

Total TSNAs Lamina log Treatment <0.0001 *** 

   Year <0.0001 *** 

Total TSNAs Midrib log Treatment 0.0200 * 

   Year <0.0001 *** 

NS = not significant (p>0.05) 

* = significant (p>0.05) 

** = significant (p>0.01) 

*** = significant (p>0.001) 
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A. Lamina NNN: drying treatments B. Midrib NNN: drying treatments 

 

 

  
C. Lamina NNN: years D. Midrib NNN: Years 

 

Figure 1: TN 90LC NNN 

A. Effect of sample drying on lamina NNN (years combined) 

B. Effect of sample drying on midrib NNN (years combined) 

C. Effect of years on lamina NNN (drying treatments combined) 

D. Effect of years on midrib NNN (drying treatments combined) 

Bars with a common letter are not significantly different (p>0.05) 

   



TSNA-035-1-CTR Sample Preparation for TSNA Analysis – July 2021 11/17 

  
A. Lamina NNN: drying treatments B. Midrib NNN: drying treatments 

 

 

  
C. Lamina NNN: years D. Midrib NNN: years 

 

Figure 2: TN 90H NNN 

A. Effect of sample drying on lamina NNN (years combined) 

B. Effect of sample drying on midrib NNN (years combined) 

C. Effect of years on lamina NNN (drying treatments combined) 

D. Effect of years on midrib NNN (drying treatments combined) 

Bars with a common letter are not significantly different (p>0.05) 
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A. Lamina NAT: drying treatments B. Midrib NAT: drying treatments 

 

 

  
C. Lamina NAT: years D. Midrib NAT: years 

 

Figure 3: TN 90LC NAT 

A. Effect of sample drying on lamina NAT (years combined) 

B. Effect of sample drying on midrib NAT (years combined) 

C. Effect of years on lamina NAT (drying treatments combined) 

D. Effect of years on midrib NAT (drying treatments combined) 

Bars with a common letter are not significantly different (p>0.05) 
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A. Lamina NAT: drying treatments B. Midrib NAT: drying treatments 

 

 

  
C. Lamina NAT: years D. Midrib NAT: years 

 

Figure 4: TN 90H NAT 

A. Effect of sample drying on lamina NAT (years combined) 

B. Effect of sample drying on midrib NAT (years combined) 

C. Effect of years on lamina NAT (drying treatments combined) 

D. Effect of years on midrib NAT (drying treatments combined) 

Bars with a common letter are not significantly different (p>0.05) 
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A. Lamina NNK: drying treatments B. Midrib NNK: drying treatments 

(LOQ 0.045) 

 

 

  
C. Lamina NNK: years  D. Midrib NNK: years 

(LOQ 0.045) 

 

Figure 5: TN 90LC NNK 

A. Effect of sample drying on lamina NNK (years combined) 

B. Effect of sample drying on midrib NNK (years combined) 

C. Effect of years on lamina NNK (drying treatments combined) 

D. Effect of years on midrib NNK (drying treatments combined) 

Bars with a common letter are not significantly different (p>0.05) 

NOTE: LOQ is 0.045 ppm.  Some lamina treatments are <LOQ. 
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A. Lamina NNK: drying treatments B. Midrib NNK: drying treatments 

(LOQ 0.045)  (LOQ 0.045)  ALL treatments <LOQ 

 

 

  
C. Lamina NNK: years D. Midrib NNK: years 

(LOQ 0.045)  (LOQ 0.045) 

 

Figure 6: TN 90H NNK 

A. Effect of sample drying on lamina NNK (years combined) 

B. Effect of sample drying on midrib NNK (years combined) 

NOTE: – ALL samples <LOQ 

C. Effect of years on lamina NNK (drying treatments combined) 

D. Effect of years on midrib NNK (drying treatments combined) 

Bars with a common letter are not significantly different (p>0.05) 

NS = not significant (p>0.05) 

NOTE: LOQ is 0.045 ppm.  Many treatments are <LOQ. 
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A. Lamina Total TSNAs: drying treatments B. Midrib Total TSNAs: drying treatments 

 

 

  
C. Lamina Total TSNAs: years D. Midrib Total TSNAs: years 

 

Figure 7: TN 90LC Total TSNAs 

A. Effect of sample drying on lamina Total TSNAs (years combined) 

B. Effect of sample drying on midrib Total TSNAs (years combined) 

C. Effect of years on lamina Total TSNAs (drying treatments combined) 

D. Effect of years on midrib Total TSNAs (drying treatments combined) 

Bars with a common letter are not significantly different (p>0.05) 
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A. Lamina Total TSNAs: drying treatments B. Midrib Total TSNAs: drying treatments 

 

 

  
C. Lamina Total TSNAs: years D. Midrib Total TSNAs: years 

 

Figure 8: TN 90H Total TSNAs 

A. Effect of sample drying on lamina Total TSNAs (years combined) 

B. Effect of sample drying on midrib Total TSNAs (years combined) 

C. Effect of years on lamina Total TSNAs (drying treatments combined) 

D. Effect of years on midrib Total TSNAs (drying treatments combined) 

Bars with a common letter are not significantly different (p>0.05) 
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