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Lay Summary:

This study was designed to test whether drying temperatures during sample
preparation affect TSNAs (Tobacco Specific Nitrosamines). Some tobacco
companies use drying temperatures which may be higher than optimal, and we
are concerned that these drying temperatures may be too high for accurate and
consistent TSNA analysis. This study tested high and low converter selections of
TN 90, air‐dried, freeze‐dried and oven‐dried at 30°C (86°F), 35°C (95°F) and 60°C
(140°F). TSNAs in both years were extremely low. Oven drying the samples at
30°C (86°F) and 35°C (95°F) had no consistent impact on TSNAs. Oven drying at
60°C (140°F) did increase TSNAs relative to the checks, as we expected.

Introduction
When preparing samples for TSNA analysis, the normal procedure in our laboratory is to air‐dry the
tobacco at ambient indoor temperature (about 20°C, 68°F). 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 sampling
preparation, the TSNA analysis may not give a true reflection of the TSNA levels at the time of sampling.
A CORESTA protocol is being compiled to deal with sample handling 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 (77°F), 30°C (86°F) or 35°C (95°F). We are concerned that these drying
temperatures may be too high for accurate and consistent TSNA analysis. We are also concerned that
some researchers oven‐dry their samples at 60°C (140°F), the temperature used for drying samples for
alkaloids analysis. We expect that drying samples at this temperature would have a considerable impact
on TSNAs.
We tested the effect on TSNAs of different drying regimes; 30°C (86°F), 35°C (95°F), 60°C (140°F), freeze‐
drying (check) and air‐drying (our normal procedure), using high and low converter selections of TN 90.
This work will give us 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 his TSNAs 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.
The long‐term objective of this study is to establish a universally acceptable protocol for sample
preparation for TSNA analysis. The short term objective is to compare several sample drying methods and
to measure the effect of these drying methods on TSNAs.
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Summary of Progress
Procedure – Field Work
Design
The design was four randomized compete blocks of a split plot design with two main plots (variety), and
five subplots (drying treatment) i.e. ten treatments and 40 plots. The two varieties were analyzed
separately.
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, our normal procedure of air‐drying at ambient indoor temperature, and freeze‐drying.
1. Freeze‐dried; check
2. Air‐dried at ambient temperature (about 20°C / 68°F); our current lab procedure
3. Oven dried at 30°C (86°F); company protocol
4. Oven dried at 35°C (95°F); company protocol
5. Oven dried at 60°C (140°F); temperature used for drying samples for alkaloid analysis
Agronomic details 2015
The tobacco was grown with all normal recommended practices (Figures 1, 2). Float trays were seeded
March 24th (Figure 1A), and the study was transplanted May 28th (Figure 1B). Six days before
transplanting, we applied 200 lb/ac N as urea, and 350 lb/ac K2O as potassium sulfate. The herbicides
sulfentrazone (Spartan) and clomazone (Command) were applied pre‐emergent immediately before
transplanting. Planting water chemicals were mefenoxam (Ridomil), imidacloprid (Admire) and
chlorantraniliprole (Coragen).
The early part of the season was very wet; there was a heavy rainstorm the day of transplanting and for
the next 17 days, it was too wet to get into the field. Rainfall was 1¾ inches in the last week of May,
10 inches in June and 14 inches in July. As a result of this excessive early rain, roots did not develop well,
and the root systems were small. The last part of the season was much drier, with only 3¼ inches of rain
in August and long dry spells. Because of its small root system, the crop did not tolerate the dry conditions
well, and there was considerable firing at the bottom of the plant.
We had an unusual spectrum of pests and diseases, related largely to the wet weather. There was target
spot at the bottom of the plant, which has been a common occurrence for the last few years. However,
there was a considerable amount of angular leaf spot, which is unusual for Kentucky. There was also a
heavy infestation of Japanese beetles; this is unusual as they are considered a minor pest in Kentucky.
The first flowers were counted (pink flowers, not open flowers) July 22nd (40%). The study was topped
the next day, July 23rd. Immediately after topping, we applied the suckerides maleic hydrazide (MH),
Butralin (Butralin) and 50% fatty alcohol (Offshoot T), and the insecticides thiamethoxam (Actara) and
chlorantraniliprole (Coragen). Suckers were very small at this stage, and sucker control was excellent.
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The study was harvested 28 days after topping, on August 20th (Figure 1C). Thirty plants were harvested
for each plot; five sticks of six plants each. The tobacco was left sticked out in the field until the next day,
when it was picked up and put onto a rail wagon (Figure 1D) which was parked in the barn until housing
four days after harvest, on August 24th (Figure 2A).
Agronomic details 2016
The tobacco was grown with all normal recommended practices (Figures 1, 2), except that we used a
higher rate of nitrogen than usual (300 lb/acre N as urea, instead of 200 lb/acre). We did this in an
attempt to get higher levels of TSNAs, because in the last few years, TSNAs have been so low that most
treatment differences were non‐significant.
Lime was applied to the field at the rate of 3 tons/acre. Float trays were seeded March 28th (Figure 1A),
and the study was transplanted May 31st (Figure 1B). Just before transplanting, we applied 300 lb/acre N
as urea, and 270 lb/acre K2O as potassium sulfate. The herbicides sulfentrazone (Spartan) and clomazone
(Command) were applied pre‐emergent immediately before transplanting. Planting water chemicals
were mefenoxam (Ridomil), imidacloprid (Admire) and chlorantraniliprole (Coragen).
The rainfall in the early part of the season was ideal, but dried up during the grand growth stage. July was
so dry that we applied drip irrigation on July 20th, almost two weeks before topping.
As in 2015, we had an unusual spectrum of pests and diseases. There was a heavy infestation of Japanese
beetles; this is unusual as they are considered a minor pest in Kentucky. We sprayed to control them with
thiamethoxam (Actara) two weeks before topping (July 19th). There was target spot at the bottom of the
plant (Figure 4), which has been a common occurrence for the last few years, necessitating spraying with
azoxystrobin (Quadris) a week before topping, on July 27th.
The first flowers were counted (pink flowers, not open flowers) July 22nd (25%). The study was topped
ten days later (August 1st), nine weeks after transplanting. Two days after topping, we applied fatty
alcohol (Offshoot T), maleic hydrazide (MH) and butralin (Butralin).
The study was harvested 24 days after topping, on August 24th (Figure 1C). This was a slightly shorter
harvest interval than usual, because of labor constraints. Thirty plants were harvested for each plot; five
sticks of six plants each. The tobacco was left sticked out in the field until the next day, when it was picked
up and put onto a rail wagon (Figure 1D) which was parked in the barn until housing five days after harvest,
on August 30th (Figure 2A).
Sampling and sample preparation for chemical analysis, drying treatments
The tobacco was taken down in January both years and sampled for chemical analysis. Samples for
chemical analysis were taken at stripping (Figure 2B). We discarded the outer two plants on each stick,
and sampled the fourth leaf from the top of the stalk on each of the four inner plants. Lamina and midrib
were separated (Figure 3A, 3B), and dried with the various treatments, described in Treatments (Figures
4‐6). After drying, the samples were ground in a Wiley mill, to pass through a 1 mm screen.
Procedure – Analytical Laboratory
Constituents analyzed
Both lamina and midrib were analyzed for all constituents.
TSNAs: individual TSNAs and total TSNAs (data are not presented for NAB, because the levels were very
low
Alkaloids: individual alkaloids, total alkaloids, conversion (data for total alkaloids and conversion are
presented only with regard to the seed mixture)
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Laboratory analysis
TSNA analyses were run in our laboratory using gas chromatography with TEA (Thermal Energy Analyzer)
chemiluminescence detection and methylene chloride extraction (Figure 7A), and alkaloid analyses were
done on a GC (gas chromatogram) with FID (flame ionization detection) (Figure 7B).
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 analyzed separately for each year. We
analyzed the years combined only for TN 90LC, because of anomalies with the TN 90H (see Results and
Discussion). We used year as a fixed effect to test for differences.
The residuals were visually checked for heteroscedasticity and transformation of the data was found to
be necessary for most variables, in order to conform to the assumption of equal variance. Natural
logarithmic transformations were done (Table 1) prior to means separation procedures. Means were
separated according to protected Fisher’s least significant difference.
Alkaloids were measured only to confirm the seed mixture. We did not do any statistical analysis.
Results and Discussion
TN 90H seed
We have ascertained that the TN 90H seed used in 2016 was contaminated with a low alkaloid variety.
Alkaloid data from this study are presented in Figures 8A–8D. The same seedlot of TN 90LC, sourced from
a commercial seed company, was used in both years. The TN 90H seed used in the 2015 study was
produced by us in 2008. In 2014, new seed was produced for us by an outside source; this seed was used
in 2015 because the 2008 seed was six years old and losing vigor. Total alkaloids (TAs) in 2015 were
generally lower than in 2016, as shown for TN 90LC: 3.2% DM and 4.3% DM, respectively (Figure 8A).
Conversion for TN 90LC in both years was consistent with that expected for a low converter variety (Figure
8B). TAs are generally slightly lower in TN 90H than in TN 90LC, because some alkaloids are lost or further
metabolized in the conversion process. The TN 90H TAs in 2015 were 2.5% DM, consistent with
expectation (Figure 8C). However, the TN 90H TAs in 2016 were very much lower than expected (1.0%
DM). Conversion in 2016 was also much lower than expected; 36% instead of the usual 70‐80% (Figure
8D). We suspected a seed mixture in 2016, as some of the plants did not look true to type, so we grew
out both seedlots in 2017 and sampled individual young plants (Figures 8E, 8F). All plants grown from our
2008 seedlot (used in 2015) had >90% conversion and (nicotine + nornicotine) about 1% DM (green oval,
Figure 8E), as would be expected for TN 90H. However, the 2014 seedlot (used in 2016) was clearly a
mixture of TN 90H, with >90% conversion and (nicotine + nornicotine) around 1% DM (green oval, Figure
8F), and a low alkaloid, low converter line with mostly <10% conversion and (nicotine + nornicotine) all
around 0.1% DM (red oval, Figure 8F). This seed was produced in 2014, and the adjacent seed plot was
LA Burley 21 – this is a low alkaloid, low converter line. It seems that the 2014 seed is a mixture of about
70% LA Burley 21 and 30% TN 90H. This has profound implications for the TSNAs measured in the 2016
trials, because both conversion and alkaloids are much lower than they should be, and both have a very
significant impact on TSNA accumulation.
2015
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 high converter TN 90H are typically over 10 ppm,
but lamina total TSNAs in 2105 (Figure 16A) 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 us that
when TSNAs are very low, it is very difficult to detect treatment differences.

4

2016
2016 was generally more favorable for TSNA accumulation than 2015; alkaloids and nitrates were higher,
and TSNAs were higher. However, because of the seed mixture described above, conversion and total
alkaloids in this study were lower in 2016. TSNAs in this study were lower in 2016 than in 2015, possibly
because of the shorter harvest interval.
TSNAs
There were significant differences between treatments for all variables, both varieties, lamina and midrib
in 2015 (Table 1) and in the years combined (Table 2). In 2016, there were significant treatment
differences only in the TN 90LC lamina. For most variables, the high temperature treatment (60°C, 140°F)
was significantly higher than all or most of the other treatments (Figures 9‐16).
NNN (N’‐nitrosonornicotine)
For TN 90LC, with the exception of the 2016 midrib, NNN was significantly higher in the 60°C (140°F)
treatment compared with all other treatments, and the other treatments were not significantly different
from each other (Figure 9).
For TN 90H, the same was true of 2015, but none of the differences were significant in 2016 (Figure 10).
NAT (N’‐nitrosoanatabine)
NAT followed much the same pattern as NNN. For TN 90LC lamina, NAT was significantly higher in the
60°C (140°F) treatment compared with all other treatments, and the other treatments were not
significantly different from each other (Figures 11A, 11C, 11E). In the 2015 midrib, NAT was significantly
higher in the 60°C (140°F) treatment compared with all other treatments except the 35°C (95°F), and the
other treatments were not significantly different from each other (Figure 11B). There were no significant
differences between treatments in the 2016 midrib (Figure 11D). In the years combined midrib, NAT was
significantly higher in the 60°C (140°F) treatment compared with all other treatments. The 30°C (86°F)
treatment was lower than all other treatments except the air‐dried (Figure 11F).
For TN 90H in 2015, NAT was significantly higher in the 60°C (140°F) treatment compared with all other
treatments, and the other treatments were not significantly different from each other (Figures 12A, 12B).
IN 2016, there were no significant treatment differences (Figures 12C, 12D).
NNK (Nicotine‐derived Nitrosamine Ketone, 4‐(methylnitrosamino)‐1‐(3‐pyridyl)‐1‐butanone)
Levels of NNK were extremely low, ranging from zero to 0.21 ppm in the lamina and from 0.002 ppm to
0.366 ppm in the midrib (Figures 13, 14).
For TN 90LC lamina, NNK was significantly higher in the 60°C (140°F) treatment compared with all other
treatments (Figures 13A, 13C). In 2015, the other treatments were not significantly different from each
other, but in 2016, the freeze‐dried treatment was higher than the air‐dried and the 30°C (86°F)
treatments (Figure 13C). No data are presented for the years combined because there was a significant
year* treatment interaction. In the 2015 midrib, NNK was significantly higher in the 60°C (140°F)
treatment compared with all other treatments except the 35°C (95°F) treatment (Figure 13B). There were
no significant treatment differences in the 2016 midrib (Figure 13D). In the years combined midrib, NNK
was significantly higher in the 60°C (140°F) treatment compared with all other treatments except the 35°C
(95°F) treatment (Figure 13F). The 30°C (86°F) was lower than the 35°C (95°F) and the 60°C (140°F)
treatments.
For TN 90H in 2015, NNK was significantly higher in the 60°C (140°F) treatment compared with all other
treatments in both lamina and midrib (Figures 14A, 14B). There were no significant treatment differences
in 2016 (Figures 14C, 14D).
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Total TSNAs
Total TSNAs mostly followed the same pattern as NNN. For TN 90LC, with the exception of the 2016
midrib, total TSNAs were significantly higher in the 60°C (140°F) treatment compared with all other
treatments. For all except the midrib years combined, the other treatments were not significantly
different from each other (Figure 15). For the midrib years combined, 30°C (86°F) was lower than the
35°C (95°F) and the 60°C (140°F) treatments (Figure 15F).
For TN 90H in 2015, total TSNAs were significantly higher in the 60°C (140°F) treatment compared with all
other treatments, and the other treatments were not significantly different from each other (Figures 16A,
16B). In 2106, treatments were not significantly different (Figures 16C, 16D).
Conclusions
In this two‐year study, oven drying the samples at 30°C (86°F) and 35°C (95°F) had no consistent impact
on TSNAs. Oven drying at 60°C (140°F) did increase TSNAs relative to the checks, as we expected.

Plans for Future Work
We will present this preliminary work to CORESTA for inclusion in the TSNA task force report. However,
we need at least another years’ data before drawing any conclusions. This study was repeated in 2017.

6

Figures and Tables
Table 1: Effect of sample drying on TSNAs, 2015 and 2016: ANOVA p values and transformations
2015

Constituent

2016

Lamina
Transformation p Value Significance Transformation p Value Significance
Midrib

TN 90LC
NNN

Lamina log

0.0025

**

log

0.0001

***

NNN

Midrib

log

0.0080

**

log

0.385

NS

NAT

Lamina log

0.0001

***

log

<.0001

***

NAT

Midrib

log

0.0014

**

log

0.166

NS

NNK

Lamina log

0.0117

*

none

<.0001

***

NNK

Midrib

log

0.0144

*

log

0.508

NS

Total TSNAs

Lamina log

0.0002

***

log

<.0001

***

Total TSNAs

Midrib

log

0.0005

***

log

0.307

NS

NNN

Lamina log

0.0055

**

log

0.541

NS

NNN

Midrib

log

0.0344

*

log

0.764

NS

NAT

Lamina log

0.0175

*

log

0.434

NS

NAT

Midrib

log

0.0403

*

log

0.252

NS

NNK

Lamina log

<.0001

***

none

0.165

NS

NNK

Midrib

log

0.0415

*

log

0.351

NS

Total TSNAs

Lamina log

0.0056

**

log

0.500

NS

Total TSNAs

Midrib

0.0338

*

log

0.724

NS

TN 90H

NS = not significant (p>0.05)

log

* = significant (p>0.05)

** = significant (p>0.01)
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*** = significant (p>0.001)

Table 2: Effect of sample drying on TSNAs, years combined: ANOVA p values and transformations

Years Combined, TN 90LC

Constituent
NNN

NNN

NAT

NAT

NNK

NNK

Total TSNAs

Total TSNAs

Lamina
Transformation
Midrib
Lamina log

Midrib

log

Lamina log

Midrib

log

Lamina none

Midrib

log

Lamina log

Midrib

NS = not significant (p>0.05)

log

Fixed Effects

p Value Significance

Treatment

<.0001

***

Year

0.0007

***

Year*Treatment

0.247

NS

Treatment

0.0056

**

Year

0.196

NS

Year*Treatment

0.155

NS

Treatment

<.0001

***

Year

0.0165

*

Year*Treatment

0.707

NS

Treatment

0.0001

***

Year

0.659

NS

Year*Treatment

0.0516

NS

Treatment

<.0001

***

Year

<.0001

***

Year*Treatment

<.0001

***

Treatment

0.0068

**

Year

0.024

*

Year*Treatment

0.632

NS

Treatment

<.0001

***

Year

0.0003

***

Year*Treatment

0.569

NS

Treatment

0.001

***

Year

0.220

NS

Year*Treatment

0.143

NS

* = significant (p>0.05)

** = significant (p>0.01)
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*** = significant (p>0.001)

1A

1C

1B

1D

Figure 1: Production of the crop A. Seeding float trays B. Transplanting C. Harvesting D. Railwagon

9

2A

2B

Figure 2: Production of the crop (cont) A. Railwagons in barn for housing B. Stripping

3A

3B

Figure 3: Separation into lamina and midrib in paper bags A. Lamina B. Midrib
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Figure 4: Freeze drier (Treatment 1)

5A

5B

Figure 5: Air Drying (Treatment 2) A. Lamina B. Midribs
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6A

6B

6C

6D

Figure 6: Oven drying
A. Oven
B. 30°C, 86°F (Treatment 3)
D. 60°C, 140°F (Treatment 5)
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C. 35°C, 95°F (Treatment 4)

7A

7B

Figure 7: A. GC/TEA for TSNA analysis

B. GC/FID for alkaloid analysis
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A. TN 90LC

B. TN 90LC

C. TN 90H

D. TN 90H

E. TN 90H seedlot grown in 2015 (2008 seed)

F. TN 90H seedlot grown in 2016 (2014 seed)

Figure 8: Total alkaloids and conversion in TN 90H and TN 90LC, 2015 and 2016, showing the difference
between TN 90H seedlots used in 2015 and 2016. A. TN 90LC, lamina total alkaloids (TA)
B. TN 90LC, lamina conversion C. TN 90H, lamina total alkaloids (TA) D. TN 90H, lamina
conversion E, F. Scatter diagrams for individual TN 90H plants, two seedlots

14

A. 2015

B. 2015

C. 2016

D. 2016

E. Years combined
F. Years combined
Figure 9: TN 90LC: Effect of sample drying on NNN. A. Lamina NNN, 2015 B. Midrib NNN, 2015
C. Lamina NNN, 2016 D. Midrib NNN, 2016 E. Lamina NNN, years combined F. Midrib NNN,
years combined
Bars with a common letter are not significantly different (p>0.05)
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NS = not significant (p>0.05)

NNN ppm – TN 90H (lamina)
5

Air Dry

Freeze Dry

30°

NNN (ppm)

4

35°
a
4.1

60°

3

2

1

b
1.3

b
1.3

b
1.6

b
1.7

0

A. 2015

B. 2015

C. 2016

D. 2016

Figure 10: TN 90H: Effect of sample drying on NNN. A. Lamina NNN, 2015
C. Lamina NNN, 2016 D. Midrib NNN, 2016
Bars with a common letter are not significantly different (p>0.05)
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B. Midrib NNN, 2015

NS = not significant (p>0.05)

A. 2015

B. 2015

C. 2016

D. 2016

E. Years combined
F. Years combined
Figure 11: TN 90LC: Effect of sample drying on NAT. A. Lamina NAT, 2015 B. Midrib NAT, 2015
C. Lamina NAT, 2016 D. Midrib NAT, 2016 E. Lamina NAT, years combined F. Midrib NAT,
years combined
Bars with a common letter are not significantly different (p>0.05)
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NS = not significant (p>0.05)

A. 2015

B. 2015

C. 2016

D. 2016

Figure 12: TN 90H: Effect of sample drying on NAT.
C. Lamina NAT, 2016 D. Midrib NAT, 2016
Bars with a common letter are not significantly different (p>0.05)
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A. Lamina NAT, 2015

B. Midrib NAT, 2015

NS = not significant (p>0.05)

A. 2015

B. 2015

C. 2016

D. 2016

E. Years combined
F. Years combined
Figure 13: TN 90LC: Effect of sample drying on NNK. A. Lamina NNK, 2015 B. Midrib NNK, 2015
C. Lamina NNK, 2016 D. Midrib NNK, 2016 E. Lamina NNK, years combined F. Midrib
NNK, years combined
Bars with a common letter are not significantly different (p>0.05)
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NS = not significant (p>0.05)

A. 2015

B. 2015

C. 2016

D. 2016

Figure 14: TN 90H: Effect of sample drying on NNK.
C. Lamina NNK, 2016 D. Midrib NNK, 2016
Bars with a common letter are not significantly different (p>0.05)
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A. Lamina NNK, 2015

B. Midrib NNK, 2015

NS = not significant (p>0.05)

A. 2015

B. 2015

C. 2016

D. 2016

E. Years combined
F. Years combined
Figure 15: TN 90LC: Effect of sample drying on total TSNAS. A. Lamina total TSNAS, 2015 B. Midrib
total TSNAS, 2015 C. Lamina total TSNAS, 2016 D. Midrib total TSNAS, 2016 E. Lamina total
TSNAS, years combined F. Midrib total TSNAS, years combined
Bars with a common letter are not significantly different (p>0.05)
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NS = not significant (p>0.05)

A. 2015

B. 2015

C. 2016

D. 2016

Figure 16: TN 90H: Effect of sample drying on total TSNAS. A. Lamina total TSNAS, 2015 B. Midrib total
TSNAS, 2015 C. Lamina total TSNAS, 2016 D. Midrib total TSNAS, 2016
Bars with a common letter are not significantly different (p>0.05)
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NS = not significant (p>0.05)

