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Abstract

Introduction: Analysis of novel smokeless tobacco products purchased in Round I  of the New Product Watch (NPW)—a 
national tobacco monitoring network—demonstrated that some tobacco constituents vary not only across various brands but also 
regionally and over time within the same product. In this study, we analyzed snus and dissolvable tobacco products that were 
purchased in Round II of the NPW.

Methods: We analyzed tobacco-specific N-nitrosamines (TSNA) and nicotine in snus and dissolvable tobacco products that 
were purchased in various regions of the country during the spring and summer of 2011. The results were compared against the 
Round I data, across different U.S. regions, and among products.

Results: A total of 216 samples were received from different states representing 6 regions of the country. Compared with the 
previous analyses, TSNA levels increased significantly in Marlboro and Camel Snus and some dissolvable Camel products. 
The levels of unprotonated nicotine in Marlboro Snus and Camel Snus in this study were not different from Round I but varied 
significantly by regions; the differences between the highest and the lowest average regional levels were ~3.2-fold in Marlboro 
Snus ~1.7-fold in Camel Snus.

Conclusions: Our results indicate that some novel smokeless tobacco products contain TSNA at the levels found in the con-
ventional moist snuff. Observation of regional variations in unprotonated nicotine content in both Round I and Round II of NPW 
suggest that manufacturers may tailor the levels of this constituent consistently to different regions.

Introduction

Over the last decades, smokeless tobacco products have been 
subject of increasing advertisement, promotion, and consump-
tion both globally and in the United States (Nelson et al., 2006). 
The assortment of smokeless products marketed in the United 
States includes traditional forms, such as chewing tobacco, nasal 
and oral snuff, as well as some relatively new varieties, such as 
Swedish-type snus and dissolvable tobacco products. The latter 
two types are specifically promoted to smokers, as a substitute 
in situations when smoking is not possible (Rogers, Biener, & 
Clark, 2010). Camel Snus and Marlboro Snus, currently avail-
able nationwide, first appeared in test markets in 2006 and 
2007, respectively. Various dissolvable tobacco products carry-
ing the same brand names were introduced more recently. The 
information on the use of these products is relatively limited. 

Surveys show that 5.1%–12.6% of U.S. adults—predominantly 
young males—try snus, and 14.4% of those who ever tried 
this product are current users (Biener, McCausland, Curry, & 
Cullen, 2011; McMillen, Maduka & Winickoff, 2012; Regan, 
Dube & Arrazola, 2012). Among adults who had heard of dis-
solvable tobacco, 3.5% had tried it and 0.4% used it at the time 
of survey (Regan, Dube, & Arrazola, 2012). National surveys 
have shown high awareness and interest in novel tobacco prod-
ucts as an alternative to conventional cigarettes among some 
smokers (Parascandola, Augustson, O’Connell, & Marcus, 
2009; Parascandola, Augustson, & Rose, 2009). Taking into 
account the observed recent growth of the tobacco industry’s 
investments into the advertisement of smokeless tobacco prod-
ucts (Morrison, Krugman, & Park, 2008), accompanied by the 
rise in smokeless tobacco use in high school students (Centers 
for Disease Control and Prevention, 2012), it is plausible to 
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expect that the use of these novel products will also continue 
to grow in the future. Indeed, according to a recent report, mar-
ket share of snus grew in the United States from 0.1% of all 
smokeless tobacco products in 2007 to 3.7% of all smokeless 
tobacco products in 2011(Delnevo et al., 2012).

The potential public health impact of these new smokeless 
products remains a subject of controversy. On one hand, lim-
ited initial reports indicate that these products contain rela-
tively low amounts of tobacco-specific nitrosamines (TSNA) 
and other carcinogens that are abundant in cigarette smoke 
and in conventional smokeless tobacco products (Stepanov, 
Jensen, Hatsukami, & Hecht, 2008; Stepanov et  al., 2012a, 
2012b), and the existing epidemiological evidence indicates 
that people who exclusively use low-TSNA Swedish snus 
experience lower overall cancer risks than regular cigarette 
smokers (Foulds, Ramstrom, Burke, & Fagerström, 2003; 
Greer, 2011; Luo et  al., 2007). In addition, use of snus in 
Sweden has been associated in some studies with the reduc-
tion in smoking and has been used for smoking cessation 
(Ramström & Foulds, 2006; Stegmayr, Eliasson, & Rodu, 
2005; Stenbeck, Hagquist, & Rosen, 2009). Therefore, 
encouraging smokers to switch to these novel smokeless prod-
ucts is seen by some as a potential harm-reduction strategy 
(Bates et al., 2003; Levy et al., 2004; Savitz, Meyer, Tanzer, 
Mirvish, & Lewin, 2006). On the other hand, potential nega-
tive consequences include dual use of smokeless products 
and cigarettes, recruitment of new smokeless tobacco users, 
and maintenance of tobacco use in current smokers (Accortt, 
Waterbor, Beall, & Howard, 2002; Hatsukami, Lemmonds, 
& Tomar, 2004; Severson, Forrester, & Biglan, 2007; Teo 
et al., 2006; Tomar, 2003). Additionally, historical patterns of 
cigarette smoking and snus use in Sweden are influenced by 
many factors, including strong tobacco control measures, and 
may not be replicated in the United States (Tomar, Connolly, 
Wilkenfeld, & Henningfield, 2003; Zhu et al., 2009). Thus, 
despite the potential benefits to some individuals, the use of 
these tobacco products may lead to prolonged or increased 
exposure to tobacco toxicants on a population level, overall 
negatively affecting public health.

Measurement of toxicant and carcinogen levels, as well as 
monitoring product availability and use, marketing strategies, 
and consumer perceptions, can provide valuable information 
for the evaluation of potential public health impact of these 
novel smokeless products. The New Product Watch (NPW) is 
a web-based national monitoring network that provides tools 
for monitors to periodically report local observations of new 
oral tobacco products. The monitors are mainly state tobacco 
control program staff and their community partners who, in 
addition to reporting observations, collect product samples 
for analysis of chemical constituents and product packag-
ing (Rogers, Biener, Nyman, & Crow, 2010; Stepanov et al., 
2012a). Analysis of TSNA and nicotine in Marlboro Snus, 
Camel Snus, and dissolvable Camel products Orbs, Sticks, 
and Strips, that were purchased during the first phase of the 
NPW in the summer of 2010, demonstrated that the levels of 
these constituents not only varied across different products but 
also regionally and over time within the same brand of product 
(Stepanov et al., 2012a, 2012b).

In this study, we present the results of TSNA and nicotine 
analyses in Marlboro, Camel, and Skoal Snus and dissolvable 
tobacco products that were purchased between April and July 
of 2011as part of the second phase of the NPW project.

Materials and Methods

Tobacco Samples

A total of 13 monitors from 11 states representing 6 regions of 
the country purchased products in retail stores between April 
and July of 2011. The regions (and the corresponding states) 
were as follows: West (CO and UT), Midwest (IN and KS), 
Pacific Northwest (AK), Northeast (NH, NY, and MA), Mid-
Atlantic/Appalachia (West VA and NC), and South (GA). As in 
the first round of purchases, we sought to obtain representative 
averages for constituent levels by acquiring a sample of all fla-
vors of each product from three different locations within each 
region. Samples were purchased, labeled, and handled accord-
ing to the protocol described for the first phase of this project 
(Stepanov et al., 2012a). In the laboratory, samples were sealed 
in plastic sleeves and stored at 4 °C until analysis.

Tobacco Analysis

The analyses were initiated after all the samples were obtained 
in the laboratory. Due to the large number of samples and the 
laborious sample purification procedures, the samples were 
divided into four subsets, and each subset was analyzed sepa-
rately. For each sample, the new package was open and four 
portions were weighed for the measurement of moisture content 
(100 mg), pH (200 mg), nicotine (50 mg), and TSNA (200 mg) 
into corresponding pre-labeled tubes. During sample prepara-
tion for corresponding analyses, each set of samples was sup-
plemented with one negative control (corresponding extraction 
solvent) and one positive control sample (Copenhagen Snuff 
with known nicotine and TSNA content, the same product that 
was used in our previous round of analyses; Stepanov et al., 
2012a) to monitor for potential contamination and day-to-
day analytic variation. To minimize the potential day-to-day 
variation in instrument performance, analyses of the prepared 
samples for nicotine were performed in a single run. The same 
approach was used for the analysis of TSNA.

Tobacco-Specific N-Nitrosamines
Four commonly measured TSNA were analyzed: 4-(meth
ylnitrosamino)-1-(3-pyridyl)-butanone (NNK); Nʹ-nitroso
nornicotine (NNN); Nʹ-nitrosoanatabine (NAT); and 
Nʹ-nitrosoanabasine. Analysis of these TSNA was performed 
by gas chromatography interfaced with a thermal energy ana-
lyzer, identically to the method described for the first round of 
purchases (Stepanov et al., 2012a).

Nicotine and Unprotonated Nicotine
Nicotine and unprotonated nicotine were measured by using 
the same methods as in the first phase of the NPW project 
(Stepanov et al., 2012a). Briefly, nicotine was analyzed by gas 
chromatography-mass spectrometry-selected ion monitoring, 
and the amount of unprotonated nicotine was calculated using 
the Henderson–Hasselbalch equation (Richter & Spierto, 2003).

Moisture content and pH were measured as previously 
described (Stepanov et al., 2008, 2012a).

Statistical Analysis

The statistical analysis of differences among regions and 
between Round I and Round II of the NPW was restricted to 
products for which three samples were obtained from different 
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vendors in multiple locations around the country. A descriptive 
analysis indicated high variability in some flavors of Camel 
Snus within region; the decision was made to include all data 
and analyze it on the log scale. Thus, analysis of variance was 
conducted to compare the geometric means of the products. 
When the overall F test was significant, t tests were constructed 
to make the comparisons of interest. All p-values were adjusted 
using the method of Bonferroni. Te level of significance was 
set to 0.05.

Results

The range of products purchased in this phase of the NPW 
Project was slightly different from our first round of purchases 
(Stepanov et al., 2012a). For instance, Marlboro Snus in this 
phase was available in two forms—slim six-pouch packs 
inserted in paper sleeves (same as in the previous phase) and 
new metal round tins. In some locations, the four flavors of 
the “slim pack” Marlboro Snus included Marlboro Snus Mild, 
whereas in others, the same orange label was called “amber.” In 
this study, “mild” and “amber” varieties of Marlboro Snus were 
treated as the same flavor. The new round tins of Marlboro Snus 
were available in two flavors, original and mint. All flavors and 
all samples of Camel Snus purchased in this round were packed 
in the new design tins. In contrast, only two samples (robust 
and winterchill flavors) of this new version were found by 
our purchasers in the first round. Dissolvable Camel products 
in this round were found only in mint flavor. However, two 
new dissolvable product varieties were purchased this time—
Marlboro Sticks and Skoal Sticks—each available in four dif-
ferent flavors.

A total of 216 samples were received: 110 samples of 
Marlboro Snus (rich, mild/amber, spearmint, and peppermint 
in slim packs with paper sleeves, and original and mint in 
new round tins); 12 samples of dissolvable Marlboro Sticks 
(original, rich, mint, and cool mint); 68 samples of Camel Snus 
(mellow, frost, robust, and winterchill); 12 samples of Camel 
dissolvable products (Orbs, Sticks, and Strips; all mint fla-
vor); 2 Skoal Snus samples (mint and smooth mint); and 12 
samples of dissolvable Skoal Sticks (original, rich, mint, and 
smooth mint). Marlboro Snus (both slim packs and round tins) 
and Camel Snus products were obtained from all six regions. 
Although we received three samples of each variety and flavor 
of Marlboro and Camel Snus from Mid-Atlantic/Appalachia, 
two out of three samples were purchased in the same store. 
Therefore, a mean value for each constituent was calculated for 
each pair of samples purchased in the same store, and this value 
was used as a single entry for statistical analyses. Products pur-
chased in the South region were available from only one state 
(GA); however, these samples were purchased in three differ-
ent cities to maintain the “three locations per region” approach. 
Camel dissolvable products were found only by observers in 
NC and four samples of each type (Orbs, Sticks, and Strips) 
were purchased in different stores. Marlboro and Skoal dissolv-
able sticks were found only in KS, and for both brands, three 
samples of each flavor were purchased in the same store. Skoal 
Snus was found only by observers in Newton, MA, where two 
samples (mint and smooth mint flavors) were purchased.

TSNA and nicotine were not detected in negative control 
samples. Analysis of nicotine, NNN, and NNK in Copenhagen 
Snuff produced inter-set relative standard deviations (RSD) of 

1.5%, 5.6%, and 5.9%, respectively. We also determined the 
RSD for Marlboro and Skoal Sticks, for which three samples of 
all flavors were purchased in the same store. The RSD values 
were 3.7% for total TSNA, 4.1% for nicotine, 0.5% for pH, and 
6.2% for moisture.

Constituent levels in all products analyzed in this study are 
summarized in Tables 1 and 2.

Mean values for single portion weights, moisture con-
tent, and TSNA levels per gram dry weight for all products 
and flavors are provided in Table 1. Among various flavors of 
Marlboro Snus “slim pack,” rich version had larger pouches and 
higher moisture content (p < .0001 for both comparisons) than 
mild/amber, spearmint, and peppermint versions combined 
(these were not different from each other). The new “round 
tin” version of Marlboro Snus had larger pouch size and higher 
moisture content than all flavors of the “slim pack” version 
(p < .0001 for all comparisons). Pouch weight of the original 
flavor of Marlboro Snus “round tin” was slightly, but statis-
tically significantly, higher than pouch weight of mint flavor 
(p = .0094). There were no significant differences in the sum 
of all four measured TSNA (referred to as total TSNA) levels 
among various types (slim pack and round tin) and flavors of 
Marlboro Snus products. Analysis of individual TSNA, how-
ever, shows that Marlboro Rich (slim pack) had lower NNK 
content (p < .0001) and higher NAT levels (p = .0004) than the 
rest of slim pack flavors. The “round tin” version of Marlboro 
Snus had higher NNK levels than Marlboro Rich (p = .0069) 
and other flavors of “slim pack” (p < .0001), and had higher 
NAT content than nonrich flavors of “slim pack” version (p 
< .0001). Regional comparisons of total TSNA or the sum of 
NNN and NNK (carcinogenic TSNA) in Marlboro Snus prod-
ucts revealed no detectable differences (Figure  1A). Among 
various flavors of Camel Snus, robust and winterchill flavors 
had larger pouches than mellow and frost (p < .0001). There 
were no detectable differences among various Camel flavors in 
moisture or TSNA content. Regional comparisons showed that 
Camel Snus products purchased in Mid-Atlantic/Appalachia 
and the Midwest had higher moisture content than those pur-
chased in the Northeast (p = .0068 and p = .0110, respectively) 
or the Pacific Northwest (p  =  .0023 and p  =  .0034, respec-
tively). The sum of carcinogenic NNN and NNK was higher in 
Camel Snus purchased in the Midwest than in any other region 
(p < .0001 for the comparisons with Mid-Atlantic/Appalachia, 
Northeast, Pacific Northwest, and South; and p = .0002 for the 
comparison with the West; Figure 1B). Temporal comparisons 
showed that all flavors of Marlboro Snus “slim pack” in this 
study contained higher levels of the sum of NNN and NNK 
than the same version of Marlboro Snus purchased in Round 
I; the sum of these carcinogens was also higher in Camel Snus 
purchased in Round II than in Round I  (p < .0001 for both 
comparisons).

Mean values for pH and the levels of total and unproto-
nated nicotine per gram dry weight for all products and flavors 
analyzed in this study are provided in Table 2. Total nicotine 
content in Marlboro Snus Rich was higher than in the other 
flavors of the “slim pack” version and both flavors of the 
round tin version (p < .0001 for all comparisons). There were 
no detectable differences in product pH or unprotonated nico-
tine content among Marlboro Snus products. Regional com-
parisons of Marlboro Snus products showed that there were no 
differences in total nicotine content. However, Marlboro Snus 
purchased in the Midwest had higher pH than Marlboro Snus 
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purchased in any other region (p < .0001 for each comparison), 
and Marlboro Snus from Pacific Northwest had higher pH than 
from South (p =  .0017). The levels of unprotonated nicotine 
were also significantly higher in the Midwest than in any other 
region (p < .0001 for each comparison; Figure 2A). There were 
no detectable differences in total nicotine, pH, and unproto-
nated nicotine levels among different flavors of Camel Snus. 
Total nicotine content in Camel Snus products did not differ 
by regions. Camel Snus products purchased in the Midwest 
had lower pH than in Mid-Atlantic/Appalachia (p < .0001), 
Northeast (p < .0001), or Pacific Northwest (p =  .0002), and 
samples purchased in the West had lower pH than in Mid-
Atlantic/Appalachia (p  =  .0062) and Northeast (p  =  .0082). 
The lowest levels of unprotonated nicotine were found in prod-
ucts purchased in the Midwest (p < .0001 for comparisons with 
Mid-Atlantic/Appalachia and the Northeast, and p = .0005 for 
comparison with the Pacific Northeast; Figure 2B).

Comparison of various products showed that the moisture 
content and the sum of carcinogenic NNN and NNK were 
significantly higher in Camel Snus than in Marlboro Snus (p 
< .0001 for both comparisons). Comparison of dissolvable 
products with the same brand names, however, revealed that 
the sum of NNN and NNK in Marlboro Sticks was signifi-
cantly higher than in Camel Orbs, Sticks, and Strips combined  
(p < .0001). The levels of NNN and NNK in Skoal Sticks were 
not different from those found in Marlboro Sticks. Overall, 
Camel Sticks contained the lowest total TSNA levels among 

all products analyzed in this study: geometric mean for total 
TSNA in this product was 0.72 (95% CI  =  0.67, 0.77) µg/g 
dry weight. The highest total TSNA among all products ana-
lyzed in this study was found in Marlboro and Skoal dissolv-
able sticks (p < .0001; Table 1). The levels of TSNA in two 
available samples of Skoal Snus were also among the high-
est observed in this study (Table  1). Camel Snus had lower 
total nicotine content, but higher pH and consequently higher 
unprotonated nicotine levels than any Marlboro Snus product 
(p < .0001 for all comparisons). Dissolvable Camel products, 
however, had significantly lower unprotonated nicotine content 
than Marlboro Sticks (p < .0001). Skoal Sticks had the lowest 
pH and the lowest unprotonated nicotine levels among dissolv-
able products.

Discussion

This study reports the results of chemical analyses performed 
on a range of novel smokeless tobacco samples purchased in 
the United States as a part of the Round II of the NPW Project. 
With this category of tobacco products being continuously 
modified by the manufacturers, the NPW Project provides a 
unique opportunity to document the potential temporal and 
regional variations within and among different brands by peri-
odically collecting samples of novel tobacco products in vari-
ous regions of the United States and recording their features 

Table 1.  Portion Weights, Moisture Content, and Tobacco-Specific N-Nitrosamine Levels in Smokeless 
Products Analyzed in This Studya

Product Flavor (n)
Portion 

weight, g Moisture, %

µg/g dry weight

NNN NNK NAT NAB Total TSNA

Snus
Marlboro Snus 

(slim pack)
Rich (19) 0.443 ± 0.02 19.5 ± 1.7 0.781 ± 0.14 0.185 ± 0.03 0.665 ± 0.10 0.048 ± 0.06 1.68 ± 0.25
Mild/amber (20) 0.387 ± 0.01 12.1 ± 1.2 0.700 ± 0.10 0.220 ± 0.03 0.505 ± 0.06 0.050 ± 0.06 1.48 ± 0.15
Spearmint (19) 0.383 ± 0.02 13.4 ± 1.0 0.688 ± 0.09 0.242 ± 0.04 0.542 ± 0.07 0.034 ± 0.03 1.51 ± 0.15
Peppermint (20) 0.404 ± 0.02 12.8 ± 0.7 0.717 ± 0.09 0.220 ± 0.03 0.579 ± 0.11 0.066 ± 0.13 1.58 ± 0.21

Marlboro Snus 
(round tin)

Original (16) 0.922 ± 0.03 29.5 ± 1.2 0.746 ± 0.12 0.274 ± 0.03 0.710 ± 0.14 0.044 ± 0.03 1.78 ± 0.22
Mint (16) 0.852 ± 0.06 29.9 ± 1.1 0.682 ± 0.10 0.232 ± 0.03 0.629 ± 0.20 0.060 ± 0.06 1.60 ± 0.23

Camel Snus Robust (17) 0.931 ± 0.06 33.5 ± 1.6 1.84 ± 0.56 0.730 ± 0.20 0.915 ± 0.39 0.142 ± 0.06 3.63 ± 0.82
Mellow (17) 0.543 ± 0.05 33.2 ± 1.3 1.93 ± 1.11 0.685 ± 0.19 0.907 ± 0.49 0.169 ± 0.20 3.69 ± 1.55
Frost (17) 0.542 ± 0.04 32.8 ± 1.5 1.98 ± 0.84 0.696 ± 0.16 0.927 ± 0.38 0.133 ± 0.07 3.73 ± 1.30
Winterchill (17) 0.904 ± 0.07 32.9 ± 1.0 1.81 ± 0.74 0.659 ± 0.14 0.950 ± 0.39 0.131 ± 0.06 3.55 ± 1.13

Skoal Snus Mint (1) 0.980 30.9 2.04 0.356 2.19 0.165 4.75
Smooth mint (1) 0.924 29.3 2.41 0.534 2.24 0.073 5.26

Dissolvable products
Marlboro Sticks Original (3) 0.184 ± 0.01 10.1 ± 0.3 2.09 ± 0.05 0.770 ± 0.02 1.74 ± 0.06 0.083 ± 0.01 4.68 ± 0.13

Rich (3) 0.191 ± 0.01 9.2 ± 0.8 2.28 ± 0.04 0.806 ± 0.01 1.68 ± 0.05 0.079 ± 0.00 4.85 ± 0.09
Smooth mint (3) 0.196 ± 0.02 9.7 ± 0.9 2.15 ± 0.11 0.860 ± 0.01 1.58 ± 0.06 0.071 ± 0.01 4.67 ± 0.17
Cool mint (3) 0.186 ± 0.01 9.2 ± 0.4 2.24 ± 0.14 0.884 ± 0.05 1.66 ± 0.11 0.076 ± 0.01 4.87 ± 0.30

Camel Orbs Mint (4) 0.235 ± 0.00 6.1 ± 1.9 0.300 ± 0.01 1.13 ± 0.06 0.285 ± 0.02 0.018 ± 0.00 1.73 ± 0.07
Camel Sticks Mint (4) 0.463 ± 0.01 6.1 ± 0.8 0.267 ± 0.01 0.251 ± 0.02 0.185 ± 0.01 0.018 ± 0.00 0.720 ± 0.03
Camel Strips Mint (4) 0.207 ± 0.01 10.4 ± 0.8 0.378 ± 0.02 0.871 ± 0.07 0.305 ± 0.01 0.025 ± 0.01 1.58 ± 0.09
Skoal Sticks Original (3) 0.223 ± 0.00 9.3 ± 0.8 2.30 ± 0.15 0.870 ± 0.07 2.24 ± 0.16 0.102 ± 0.00 5.15 ± 0.39

Rich (3) 0.220 ± 0.01 8.9 ± 1.0 2.66 ± 0.06 0.913 ± 0.03 2.30 ± 0.08 0.111 ± 0.01 5.98 ± 0.14
Mint (3) 0.217 ± 0.02 8.7 ± 0.2 2.44 ± 0.05 0.839 ± 0.04 2.20 ± 0.05 0.128 ± 0.01 5.60 ± 0.14
Smooth mint (3) 0.220 ± 0.01 10.4 ± 0.3 2.51 ± 0.08 0.815 ± 0.04 2.14 ± 0.08 0.032 ± 0.02 5.50 ± 0.19

Note. NAB = Nʹ-nitrosoanabasine; NAT = Nʹ-nitrosoanatabine; NNK = 4-(methylnitrosamino)-1-(3-pyridyl)-butanone; NNN = 
Nʹ-nitrosonornicotine; TSNA = tobacco-specific N-nitrosamines.
aArithmetic M ± SD are shown for products/flavors for which three or more samples were available. Otherwise, results of single 
sample analyses are shown.
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and chemical composition. The first round of the project dem-
onstrated some variations in TSNA and nicotine content across 
novel smokeless brands and regionally within the same brand 
of product, and it also demonstrated some changes in the con-
stituent levels compared with previously reported data for the 
same products. In this study, we analyzed TSNA and nicotine 
in snus and dissolvable tobacco products that were purchased 
in various regions of the country during the spring and summer 
of 2011.

We observed noticeable shifts in the assortment of novel 
products available on the market since our first round of pur-
chases. The changes included new flavors and packaging 
design for existing products, and also appearance of new prod-
uct brands. For example, in addition to the “slim pack” version 
of Marlboro Snus that was marketed during our first round of 
purchases in 2010, a new version of Marlboro Snus was avail-
able in this round. The new version comes in two flavors and 
is packaged in round metal tins, similar to the packaging used 
for the conventional moist snuff products. The pouches of the 
“round tin” version are larger and have higher moisture content 
than those of the “slim pack” version. The reason for this change 
is not clear. Higher moisture content has been associated with 
higher pH (Richter, Hodge, Stanfill, Zhang, & Watson, 2008); 
however, in this study, pH and free nicotine content were not 
different between the two versions of Marlboro Snus (Table 1). 
Camel Snus, which underwent several changes in packaging 
design, with different versions being available for purchase at 
any given time in the past (Stepanov et al., 2012b), was found 
in only one latest package version—oval tins containing 15 

snus pouches. Moreover, the current packaging includes a 
statement regarding the pouch size: “15 pouches” for mellow 
and frost flavors, and “15 large pouches” for robust and win-
terchill flavors. This is in contrast to the previously reported 
absence of such information on packages of Camel Snus car-
rying pouches of different sizes (Stepanov et  al., 2012b). It 
is noteworthy that since their first introduction to the market, 
the common changes in both Marlboro Snus and Camel Snus 
include larger pouch size and higher moisture content. These 
modifications may reflect changes made as a result of the test 
marketing of earlier versions of these products. It is important 
to understand to which category of potential customers (cur-
rent smokers, smokeless tobacco users, or new tobacco users) 
the latest designs of Marlboro and Camel Snus appeal and how 
the changes in pouch size and moisture content affect product 
use and toxicant exposures. The new products purchased in this 
round included Marlboro Sticks and Skoal Sticks, indicating an 
expansion of the dissolvable tobacco market.

In addition to the observed changes in the packaging and 
product inventory, certain changes occurred in the chemical 
composition of products that were available in both rounds 
of purchases. For instance, comparison of data obtained for 
Camel Snus and Marlboro Snus “slim pack” in this study with 
the analyses of the same products in the previous round of 
purchases showed that the levels of TSNA increased for both 
Marlboro Snus and Camel Snus, with increases in both NNN 
and NNK contributing to these changes (p < .0001 for NNN 
and NNK increases in both brands). Comparison of dissolv-
able Camel products, however, shows a different trend: there 

Table 2.  pH and Nicotine Levels in Smokeless Productsa

Product Flavor (n) pH

Total  
nicotine, mg/g  

dry weight

Unprotonated  
nicotine, %  

of total

Unprotonated  
nicotine, mg/g  

dry weight

Snus
Marlboro Snus 

(slim pack)
Rich (19) 6.72 ± 0.26 22.56 ± 2.53 5.6 ± 3.5 1.23 ± 0.71
Mild/amber (20) 6.65 ± 0.24 17.76 ± 1.88 4.7 ± 3.0 0.83 ± 0.49
Spearmint (19) 6.80 ± 0.19 17.95 ± 1.49 6.1 ± 2.7 1.10 ± 0.48
Peppermint (20) 6.77 ± 0.20 18.38 ± 1.99 5.8 ± 3.0 1.05 ± 0.49

Marlboro Snus 
(round tin)

Original (16) 6.72 ± 0.19 17.43 ± 1.28 5.2 ± 2.6 0.91 ± 0.44
Mint (16) 6.68 ± 0.20 16.95 ± 1.00 4.8 ± 2.7 0.82 ± 0.45

Camel Snus Robust (17) 7.55 ± 0.17 13.18 ± 1.34 25.9 ± 7.2 3.42 ± 1.06
Mellow (17) 7.57 ± 0.14 14.34 ± 1.80 26.6 ± 6.1 3.83 ± 1.00
Frost (17) 7.59 ± 0.18 14.34 ± 1.45 28.0 ± 7.6 4.06 ± 1.34
Winterchill (17) 7.61 ± 0.13 13.27 ± 1.28 28.3 ± 5.6 3.78 ± 0.87

Skoal Snus Mint (1) 6.80 24.89 5.7 1.41
Smooth mint (1) 6.55 26.92 3.3 0.88

Dissolvable products
Marlboro Sticks Original (3) 7.91 ± 0.03 7.56 ± 0.32 43.6 ± 1.8 3.30 ± 0.23

Rich (3) 7.82 ± 0.05 7.81 ± 0.26 38.8 ± 2.8 3.03 ± 0.25
Smooth mint (3) 8.04 ± 0.08 7.51 ± 0.26 50.9 ± 4.3 3.82 ± 0.46
Cool mint (3) 8.00 ± 0.04 7.54 ± 0.48 48.9 ± 2.1 3.68 ± 0.14

Camel Orbs Mint (4) 7.62 ± 0.27 4.39 ± 0.09 29.9 ± 10.9 1.31 ± 0.48
Camel Sticks Mint (4) 7.86 ± 0.05 4.97 ± 0.14 41.1 ± 2.8 2.04 ± 0.12
Camel Strips Mint (4) 8.00 ± 0.05 4.54 ± 0.20 48.8 ± 3.0 2.21 ± 0.09
Skoal Sticks Original (3) 7.34 ± 0.04 5.14 ± 0.27 17.1 ± 1.4 0.88 ± 0.11

Rich (3) 7.30 ± 0.04 4.94 ± 0.34 16.1 ± 1.1 0.80 ± 0.10
Mint (3) 7.51 ± 0.03 4.92 ± 0.17 23.5 ± 1.4 1.16 ± 0.10
Smooth mint (3) 7.51 ± 0.03 5.25 ± 0.28 23.7 ± 1.1 1.25 ± 0.12

aArithmetic M ± SD are shown for products/flavors for which three or more samples were available. Otherwise, results of single 
sample analyses are shown.

1074



Nicotine & Tobacco Research

was a roughly 3-fold increase in NNK levels in Camel Orbs 
and Camel Strips in the new mint version purchased in 2011 
compared with Camel Orbs and Strips purchased in 2010; 
however, the levels of NNK in Camel Sticks and the levels of 
other TSNA in all dissolvable Camel products did not change. 
These variations in TSNA levels within the same products 
purchased in different years are most likely due to changes in 
the composition or processing of tobacco used in the manu-
facturing of these products. The initial reports on TSNA con-
tents in snus and dissolvable tobacco brands marketed in the 
United States inferred that the manufacturing of these products 
employs approaches that assure low levels of these carcino-
gens. However, the observed increases in TSNA levels in the 
newer versions of most of these products, as well as TSNA lev-
els in the new products such as Marlboro Sticks, Skoal Sticks, 
and Skoal Snus, which are comparable to the amounts found 

in conventional moist snuff (Stepanov et  al., 2008), caution 
against automatically classifying snus and dissolvable tobacco 
as a low-TSNA category of products.

In contrast with the changes in TSNA levels, the levels of 
unprotonated nicotine were not different within the same prod-
uct brands purchased in the two rounds, suggesting that the 
product manufacturers control the amounts of this constituent 
more carefully than the levels of TSNA. Some other results of 
this study are also consistent with the results of the previous 
round. For instance, Camel Snus has higher TSNA, higher pH, 
and higher unprotonated nicotine levels than Marlboro Snus. 
Among Marlboro Snus “slim pack” flavors, rich has larger 
pouches, higher moisture content, lower NNK levels, higher 
NAT levels, and higher total nicotine content than all other fla-
vors—strikingly consistent with the measurements in the pre-
vious round (Stepanov et al., 2012a). Also consistent with the 

Figure 1.  Regional variations in the sum of Nʹ-nitrosonornicotine (NNN) and 4-(methylnitrosamino)-1-(3-pyridyl)-butanone 
(NNK). (A) Marlboro Snus (all flavors, slim pack and round tin combined); (B) Camel Snus (all flavors combined). Blocks = 95% 
confidence interval; bars = range; solid lines = median; dashed lines = geometric mean; numbers in parentheses = the number of 
samples analyzed for a given region.
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previous observations, pH of dissolvable tobacco products is 
generally higher than pH of snus products; therefore, despite 
the relatively low total nicotine content in dissolvable tobacco, 
the levels of unprotonated nicotine are comparable to those 
found in snus (Table 2).

Regional variations in constituent levels among novel prod-
ucts were previously observed (Stepanov et al., 2012a) and are 
of particular interest. For instance, we previously found sig-
nificant variations in unprotonated nicotine content in Camel 
Snus samples purchased in different locations (Stepanov et al., 
2012a), which we hypothesized was indicative of an important 
role of these alterations in the manufacturer’s test-marketing 
strategy. In that study, regional differences in unprotonated 
nicotine levels in Marlboro Snus were not as drastic as those in 
Camel Snus. In contrast with those findings, regional variation 
in unprotonated nicotine levels in Marlboro Snus in this study 
was roughly 3-fold, with samples purchased in the Midwest 

containing significantly higher levels of unprotonated nicotine 
than in other regions (Figure  2A). Unprotonated nicotine in 
Camel Snus varied only1.7-fold (Figure 2B). Interestingly, the 
levels of NNN and NNK in Camel Snus samples purchased 
in the Midwest were significantly higher than in samples 
purchased in other regions (Figure  1A and B); in our previ-
ous study, Marlboro Snus purchased in the same region had 
the highest levels of NNN and NNK (Stepanov et al., 2012a). 
The reasons for the higher levels of TSNA observed in samples 
purchased in the Midwest in both rounds of the NPW Project 
are not clear. However, it should be noted that the higher lev-
els of TSNA in Camel Snus purchased in the Midwest seem 
to be driven by the relatively high levels of these constituents 
in the set of samples (all flavors) purchased in one particular 
store in Indianapolis, IN. The same was true for the Marlboro 
Snus samples purchased in the previous round of the NPW—
samples obtained from a store in Richmond, MN had relatively 

Figure 2.  Regional variations in average unprotonated nicotine level. (A) Marlboro Snus (all flavors, slim pack and round tin 
combined); (B) Camel Snus (all flavors combined). Blocks = 95% confidence interval; bars = range; solid lines = median; dashed 
lines = geometric mean; numbers in parentheses = the number of samples analyzed for a given region.
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high TSNA levels compared with the rest of Marlboro Snus 
samples purchased in that round. This is an important observa-
tion as it indicates that differences in product handling con-
ditions may contribute to differences in TSNA levels in this 
category of products at the point of sale.

An important outcome of this phase of the NPW Project is 
that we used our established network and our developed stand-
ard protocol to collect samples of novel tobacco products for 
the second consecutive year. The number of samples obtained 
in this round of purchases was higher than in the first round, 
mostly due to the larger number of novel product varieties avail-
able on the market in 2011 compared with 2010. Therefore, our 
model of the nationwide tobacco product monitoring network 
may be a sustainable and unique resource for the collection of 
information about the marketing of novel tobacco products in 
various regions of the country and for the chemical characteri-
zation of these products at the point of sale.

In summary, we report here the results of TSNA and nic-
otine analyses in Marlboro, Camel, and Skoal novel oral 
tobacco products that were purchased in various regions of 
the United States between April and July of 2011. We found 
that the levels of TSNA increased in some products that were 
previously shown to contain relatively low levels of these car-
cinogens. In addition, new products Marlboro Sticks, Skoal 
Sticks, and Skoal Snus contain TSNA at the levels found in the 
conventional moist snuff (Stepanov et al., 2008). These find-
ings caution against referring to snus and dissolvable tobacco 
as a low-TSNA category of products. We also found less of 
the regional variation in the unprotonated nicotine content 
in Camel Snus compared with the first round of purchases. 
However, analysis of Marlboro Snus showed larger regional 
variation in unprotonated nicotine levels than in the past. Our 
overall observation is that TSNA levels in novel products tend 
to vary over time, whereas unprotonated nicotine levels tend to 
vary regionally. The reasons for these variations are not clear, 
however, it is known that both constituents can be controlled 
by the manufacturers. Therefore, our findings further stress the 
importance of tobacco product regulation and the need for the 
continued monitoring of this category of products at the point 
of sale as the existing products are being modified and new 
brands are being introduced.
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