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Origin of NDELA in Tobacco

Overview of Analytical Method
- Extraction
- Instrument

Validation

Results
- Research & commercial samples
- Cigarette blends and smokeless tobacco products

Conclusions
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Yellow, viscous oil

Non-volatile N-nitrosamine

IARC classification: 2B carcinogen

Included on US FDA HPHC list for both tobacco and cigarette smoke
Not natural component of tobacco

N4O
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» Maleic hydrazide (MH) is a synthetic plant growth regulator widely used to
control axillary sucker growth in tobacco.

» MH as ‘free acid’ is not used in formulations due to low water solubility.

» Solubility improved when formulated as a salt:

Solubility (g/L @ 25°C) 4.5

MH-30
» Consists of 58% diethanolamine salt of maleic hydrazide (DEA-MH).

» ‘30’ refers to formulation containing equivalent of 30% Maleic Hydrazide.

» DEA undergoes nitrosation to form NDELA (primarily during tobacco
curing).
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1950s

- MH plant growth regulator properties identified.

- Uniroyal (now Chemtura Corp.) obtains patent for MH.

- MH-30 (DEA salt formulation) registered for use on tobacco.

1970s
- Royal MH-30 (K salt formulation) registered for use on tobacco.

1980s
- Use of MH-30 suspended in early 1980s.
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Weigh Tobacco

Let Sample Sit
(30 min)

Add EtOAc

Vortex Sample
(30 sec)

Add Na,SO,

Vortex Sample

Transfer EtOAc
to Tube

Concentrate
Extract

Add Na,SO,

Filter
(0.45um; PTFE)

Derivatize w/
BSTFA
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» N-Butyl-N-(4-hydroxybutyl)nitrosamine (NBHBA)

N/
|
\/\/N\/\/\OH

Requirements of ISTD:

» N-Nitroso compound that is not present in tobacco

» Similar in structure to NDELA; ability to be derivatized with BSTFA
» Similar chemical/physical properties for extraction

» Resolved from any interferences
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Compounds eluted from the GC column are combusted by an oxygen rich
flame (plasma).

Combustion of nitrogen-containing organic compounds in the burner
results in the formation of nitric oxide, carbon dioxide and water:

R-N-N=0O + 20, = 2NO + CO, + H,0

The nitric oxide reacts with ozone generated by the detector, forming
electronically excited nitrogen dioxide which then emits light.

NO+0; > O,+NO,
NO," = NO, + hn (>800 nm)

The light emitted is optically filtered and detected by PMT.
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Injector Temp. Column

Initial Temp, time 60 °C, 1 min Column Length

Ramp rate 10 °C/min Internal Diameter

Final Temp Film Thickness

Injection Volume, Type 1 pulL, Splitless Column Flow

DB-5

30 m

0.32 mm
0.25 um
2.5 mL/min

.pdf

2012_TSRC54_Williamson

TSRC2012(66) - Document not peer-reviewed



jpd-uoswrelim ¥SOESL 2102 pamainal-1aad 10U Juawnaod - (99)ZT0ZOHSL




jpd-uoswrelim ¥SOESL 2102 pamainal-1aad 10U Juawnaod - (99)ZT0ZOHSL




jpd-uoswrelim ¥SOESL 2102 pamainal-1aad 10U Juawnaod - (99)ZT0ZOHSL




Selectivity

Linearity & Range

Accuracy

Precision

LOD/LOQ

Robustness
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Timberwolf Skoal Longcut Djarum Special
Wintergreen Straight

Blank (non-fortified)
Replicate 1 (ng/g) ND
Recoveries (fortified w/ NDELA)

Replicate 1 (%) 90.0

Replicate 2 (%) 95.3

Replicate 3 (%) 96.4
Mean * SD (%) 93.9+3.4

RSD (%) 3.6

ND

90.3
93.8
82.9
89.0%5.6
6.3

ND

89.3
86.2
82.1
85.9%3.6
4.2
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30 Minute Extraction 90 Minute Extraction
NDELA (ng/g) NDELA (ng/g)

Samples not sonicated
Replicate 1
Replicate 2
Replicate 3
Mean + SD

RSD (%)
Samples sonicated
Replicate 1
Replicate 2
Replicate 3
Mean + SD
RSD (%)

3505
3444
3326

3425 + 91

2.7

3236
3367
3405
3336+ 89
2.7

3332
3228
3415
3325194
2.8

3419
3364
3386
3390 +28
0.8
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_ Curve 1 (March 2011) Curve 2 (August 2012)

Standard

a U B W N B

7

Regression:
Weighting:
Slope:

Intercept:

r2:

Theo. Conc.
(ng/mL)
41.2
82.4
206.0
412.0
618.0
824.0

.

Meas. Conc.
(ng/mL)
40.8
79.9
211.7
423.6
620.9
806.6

Linear
1/x
1.1650
0.0177
0.9988

Rel.
Error (%)

-1.0
-3.0
2.8
2.8
0.5
-2.1

Theo. Conc.
(ng/mL)
42.08
84.16
2104
420.8
631.2
841.6
1052.0

Meas. Conc.
(ng/mL)
43.6
80.3
220.2
408.5
610.0
843.7
1075.9
Linear
1/x
1.1725
-0.0046
0.9989

Rel.
Error (%)

3.7
-4.6
4.6
-2.9
-3.3
0.2
2.3
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_ Replicate 1 Replicate 2 Replicate 3 RSD (%)

Day 1

Low Rec.
Mid Rec.
High Rec.

Day 2

Low Rec.
Mid Rec.
High Rec.

Day 3

Low Rec.
Mid Rec.
High Rec.

93.1
95.4
91.7

92.7
87.7
85.0

98.9
91.1
82.6

88.9
91.3
87.3

99.0
88.0
87.7

95.8
87.8
89.3

90.4
88.7
88.2

93.1
92.9
83.5

88.9
87.5
90.3

90.8+2.1
91.8+3.4
89.1+2.3

949+35
89.5+29
854+21

945+5.1
88.8+2.0
87.4+%4.2

2.3
3.7
2.6

3.5
2.9
2.5

5.4
2.2
4.8
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Chromatogram illustrates NDELA at approx. 25 ng/mL:

LOD = 13 ng/mL (equivalent to 65 ng/g)
LOQ = 40 ng/mL (equivalent to 200 ng/g)
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Cigarette ID NDELA (ng/g) Rec. (%) Year of Manufacture
Mean + SD

2R1 [2R1F]

1R3 [1R3F]
1R4F
1R5F
2R4F
3R4F

213 + 18 (n=3)

298 + 43 (n=3)

342 + 33 (n=3)

652 + 71 (n = 3)

107 # 13 (n=3)
ND

ND

n/a
n/a
n/a
n/a
83.2
86.2

1969
1974
1974
1983
1989
2001
2006
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DSt o

Camel
Winston
Pall Mall Red
Marlboro
Newport

Swisher Little Cigars

Swisher Little Cigars
(Sweet Cherry)

ND
ND
ND
ND
ND

ND

96.9
85.4
89.0
92.5
91.4
91.2

83.5

01230331
01231233
02785123
02835727
02657318
025900202712

025900203207
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Type NDELA (ng/g) Rec. (%) Year of
Mean = SD Manufacturer

152
1S3
251
2S3
CRP1
CRP2
CRP3
CRP4

Loose-Leaf
Dry Snuff
Moist Snuff
Loose-Leaf
Moist Snuff
Snus
Moist Snuff
Dry Snuff

Loose-Leaf

3425 + 91 (n=3)
252 + 25 (n=15)
ND
ND
ND
ND
ND
ND

89.6
n/a
n/a

85.0

96.2

88.2

92.0
88.1
89.2

1986
1986
1986
1998
1998
2009
2009
2009
2009
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wDELA

Skoal Longcut Straight
Skoal Longcut Wintergreen
Skoal Longcut Mint
Skoal Longcut Peach
Skoal Longcut Cherry
Skoal Longcut Apple
Skoal Longcut Citrus
Copenhagen Longcut Wintergreen
Copenhagen Longcut
Copenhagen Snuff
Copenhagen Pouches

Husky Longcut Wintergreen

Co—

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

82.4
87.5
88.7
92.7
91.1
91.4
84.7
93.9
90.2
85.1
80.9
93.2

07306017
07314812
07308811
07358913
07328611
07348013
07348518
07300916
07312115
07310719
07331411
07311514
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wDELA

Grizzly Longcut Straight
Grizzly Longcut Wintergreen
Grizzly Longcut Mint
Kodiak Premium Wintergreen
Timberwolf Longcut Straight
Redman Longcut Straight
Longhorn Longcut Straight
Kayak Longcut Straight
Levi Garrett
Taylor’s Pride
Beech Nut

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

87.3
93.2
80.8
83.1
87.4
92.9
86.0
80.3
93.6
90.9
96.1

04288619
04287115
04291011
04229412
762446704002
762446830008
762446420001
03330010005
04277118
04277817
035106057047
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DEA-MH, the precursor for NDELA, has not been used for over 30 years.

Samples of products manufactured during the period when MH-30 used
show the presence of NDELA.

Commercial samples purchased in 2012 do not exhibit the presence of
NDELA.

Based on the scientific evidence we believe NDELA should not be included
on the US FDA’s HPHC list.
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