
6.1.5 Chemistry Studies  

6.1.5.1 Rationale for the investigation of tobacco and smoke chemistry in comparative 
evaluations of different tobacco products 

The chemical characterization of tobacco and tobacco smoke has been an active and intensive 
area of research for many decades. While early work in the field relied exclusively on classical 
analysis techniques, the advent of modern instrumental analysis techniques rapidly advanced 
understanding of these two complex chemical mixtures. Currently, more than 5,000 unique 
chemical constituents have been identified in both tobacco and tobacco smoke (Perfetti and 
Rodgman 2011). While much is now known about the chemical composition of tobacco and 
tobacco smoke, there remains uncertainty regarding whether particular components present in 
tobacco or tobacco smoke are responsible for specific adverse health outcomes. There is, 
however, broad scientific agreement that several major classes of chemicals present in either 
tobacco or tobacco smoke are toxic and carcinogenic (USDHHS 2010). 

The FDA’s MRTPA Draft Guidance (FDA MRTPA Draft Guidance 2012) recommends providing 
the results of product chemistry testing in an MRTPA. The draft guidance states: 

“Product analyses regarding the chemistry and engineering of the product may be used 
to verify and validate the information submitted regarding the formulation of the 
product. In addition, product analyses will facilitate FDA’s understanding of the product, 
the potential for exposure to harmful or potentially harmful constituents from use of 
the product, and provide context for evaluating other data submitted in an MRTPA.”  

Specifically, FDA recommends that applicants conduct product analyses to determine levels of 
harmful and potentially harmful constituents (HPHC), including smoke constituents, as 
appropriate to the product that is the subject of the application. The FDA has identified a full 
set of 93 HPHCs (FDA 2012c) and currently mandates testing and reporting an abbreviated list 
of HPHCs (FDA 2012b) in tobacco smoke (18 HPHCs), smokeless tobacco (9 HPHCs) and roll-
your-own / cigarette filler (6 HPHCs). The identified HPHCs represent several chemical classes in 
tobacco and/or mainstream cigarette smoke, including nicotine and related tobacco alkaloids, 
carbon monoxide, tobacco-specific nitrosamines (TSNAs), polycyclic aromatic hydrocarbons 
(PAHs), volatile organic compounds (VOCs), carbonyls, aromatic amines, and metals. 

The initial criteria for HPHC selection was based on whether the constituent was identified as 
one or more of the following: a carcinogen, a respiratory toxicant, a cardiovascular toxicant, a 
reproductive or developmental toxicant, or addictive. FDA selected the constituents on the 
abbreviated list (Table 6.1.5-1) based on the availability of established analytical methods and a 
desire to include different chemical classes of tobacco toxicants. 
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actual exposure to HPHCs when using either cigarettes or Camel Snus is best accomplished via 
biomarker measurements. Studies that measure exposure biomarkers provide more accurate 
assessments of exposure and risk than do product analyses, as biomarkers are the result of 
product use behavior and not merely the characteristics of the tobacco product itself (Chang et 
al. 2016). Biomarkers capture actual human exposure to tobacco products, or internal dose, in 
contrast to product analyses which capture external measures of potential exposure. Product 
analyses can, in some instances, provide information regarding the maximum potential for 
exposure to a given toxicant that is present in the product.  

6.1.5.2 Published chemistry studies of cigarette smoke 

The analytical smoking of cigarettes via a machine to determine mainstream smoke yields has 
been practiced since at least the 1930s (Bradford et al. 1936). Prior to the late 1960s, no 
uniform testing approach existed for the purpose of analytical smoking, leading to different 
machine smoking regimens (i.e., puffing conditions, butt lengths for termination of smoking, 
etc.) being practiced around the world. In 1967, a national testing standard was established by 
the U.S. Federal Trade Commission (FTC) for the determination of tar and nicotine in cigarette 
smoke. In doing so, the formal testing of cigarettes was mandated and specific directions, 
including the manner in which cigarettes should be smoked by a machine for analytical testing 
purposes, were provided (FTC 1967a). The test method became known as the “FTC cigarette 
test method” and the “Cambridge Filter method.” 

The FTC described the purpose of the test method in a 1967 News Release announcing the 
initiation of testing in the FTC laboratory (FTC 1967b). According to the press release, the 
method was intended to: 

• Produce test results “based on a reasonable standardized method” 

• Produce test results that are “capable of being presented to the public in a manner that 
is readily understandable” 

• Produce test results “based on a uniform method used by all companies” 

• Determine “the amount of tar and nicotine generated when a cigarette is smoked by 
machine in accordance with the prescribed method” 

• Encompass “an amalgam of many choices – some of them arbitrary” 

The method was not intended to: 

• “Precisely duplicate conditions of actual human smoking” 

• Gauge “the amount of smoke, or tar and nicotine, which the ‘average’ smoker will draw 
from a particular cigarette” 

• Measure “the many variations in human smoking habits” 
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• Determine “the amount of tar and nicotine inhaled by any human smoker”  

The stated scope and associated limitations of the test method first announced in 1967, were 
reiterated by C. Lee Peeler from the FTC’s Bureau of Consumer Protection during a 1994 public 
meeting convened to review the FTC testing method (Peeler 1996):  

“From the outset, the testing was intended to obtain uniform, standardized data about 
the tar and nicotine yield of mainstream cigarette smoke, not to replicate actual human 
smoking. The Commission recognized that individual smoking behavior was just that-too 
individual to gauge what a hypothetical “average” smoker would get from any particular 
cigarette: “No two human smokers smoke in the same way. No individual smoker always 
smokes in the same fashion” (Federal Trade Commission, 1967). The purpose of the 
testing was “not to determine the amount of ‘tar’ and nicotine inhaled by any human 
smoker, but rather to determine the amount of tar and nicotine generated when a 
cigarette is smoked by machine in accordance with the prescribed method” (Federal 
Trade Commission, 1967). Indeed, the Cambridge Filter method did not attempt to 
duplicate an “average” smoker but was “an amalgam of many choices” (Federal Trade 
Commission, 1967). Because no test could accurately duplicate human smoking, the 
Commission believed that the most important thing was to make certain the results 
presented to the public were based on a reasonable, standardized method and could be 
presented to consumers in an understandable manner.” 

The FTC test method for determination of tar, nicotine and carbon monoxide was rescinded in 
2008 (FTC 2008).  

Since the late 1990s, three other test methods that employ analytical smoking machines have 
been mandated for regulatory reporting purposes within the U.S. (Table 6.1.5-2). A smoking 
machine regimen referred to as “the Massachusetts smoking regimen” (MDPH regimen) is 
required as part of nicotine yield reporting for cigarettes in Massachusetts (Massachusetts 1997) 
and Texas (Texas 1997). More recently, the FDA has issued Draft Guidance recommending that 
the quantity of each HPHC in cigarette smoke be determined by both non-intense and intense 
smoking regimens (FDA 2012b). The two smoking regimens are expected to provide the Agency 
with information about possible different deliveries of HPHCs when a cigarette is smoked. The 
FDA specified the two smoking regimens as: “By intense smoking regimen we mean Canadian 
Intense, Health Canada Test Method T-401, and by non-intense smoking regimen we mean ISO 
3308:2008 and ISO 5387:2000.” Comparison of machine-generated smoke yields with actual 
mouth-level exposure to tar and nicotine when smoking U.S. cigarettes indicates that the 
International Organization for Standardization (ISO) and Canadian Intense (HCI) smoking 
regimens achieve the FDA’s stated purpose (Borgerding and Klus 2005). Virtually all mouth-level 
smoke exposure is less than the amounts produced with the HCI regimen, most smoke 
exposure is intermediate between the two regimens and some smoke exposure is less than the 
amount produced with the ISO smoking regimen. As has been recognized since the advent of 
machine smoking methods, no single set of machine smoking conditions can predict actual 
human exposure. Smoking machines are operated under fixed conditions, while human 
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• Swauger et al. 2002 summarizes the results of three surveys of U.S. cigarette brands 
which were conducted in 1995, 1998 and 2000. A total of 105 brand styles were 
analyzed for 19 smoke constituents using the FTC smoking regimen.  

• Counts et al. 2005 reports results from a cigarette survey of Philip Morris USA and Philip 
Morris International cigarettes using the ISO, Massachusetts, and HCI smoking regimens. 
Seven of the brands tested were U.S. cigarettes. Cigarettes were sampled at production 
facilities from late 2000 to early 2001. Yields are reported for 44 smoke constituents 
plus tar and pH. Predictive functional relationships were developed between ISO tar 
yields and constituent yields observed for the three smoking regimens.  

• Counts et al. 2006 reports on a survey of 26 U.S. cigarette brand styles smoked using the 
FTC smoking regimen with the goal of developing a “market map” comparison 
methodology for application in evaluating new or non-conventional cigarettes. The 
cigarette brand styles evaluated were sampled in 2002 and represented 30% of the U.S. 
market. The brand styles sampled were from brand families that represented 83% of the 
U.S. market. The yields of 42 smoke constituents plus tar are reported.  

• Bodnar et al. 2012 reports results of a 2009 U.S. market survey that evaluated 95 
cigarette brand styles using the HCI smoking regimen. The yields of 19 smoke 
constituents plus tar are reported.  

• Piadé et al. 2015 reports on a survey of 568 commercial brand samples (489 unique 
brand styles) representing 27 different manufacturers. Samples were obtained in 23 
countries between 2008 and 2012. The purpose of the study was to examine the 
transfer of metals and nicotine from tobacco to cigarette smoke using the ISO and HCI 
smoking regimens.  

• Pazo et al. 2016 reports results of a sampling of 50 filtered cigarette brands that are 
analyzed using the ISO and HCI smoking regimens. The cigarette brands studied were 
from 2011 and represented 76% of U.S. brand families by market share. The yields of 21 
volatile organic compounds are reported.  

Results from these studies have been generally consistent with respect to the various amounts 
of HPHCs detected in mainstream smoke. HPHC concentrations in mainstream smoke span 
several orders of magnitude, including nanogram, microgram and milligram quantities, 
depending on the compound of interest (Table 6.1.5-3). The specific amounts of individual 
HPHCs in smoke vary from one cigarette brand style to the next, generally tracking tar and 
nicotine yields. Greater mainstream smoke yields are observed with more intense smoking 
regimens (e.g, Canadian Intense) than with less intense smoking regimens (e.g, ISO). Of note is 
the fact that while greater absolute HPHC yields are observed with more intense smoking 
regimens, HPHC yields per milligram of tar or nicotine generally decrease compared to less 
intense smoking (Dixon and Borgerding 2006).  
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6.1.5.3.1 Summary of Camel Snus chemistry results by individual publication 

Hatsukami et al. 2007b: A 2007 report by Hatsukami and co-workers addresses “changing 
smokeless tobacco products” and summarizes available literature on the toxicity of such 
products. The report shows that Camel Snus (Original, Spice, Frost) is lower in TSNAs compared 
with leading conventional smokeless tobacco products of the time (i.e., Copenhagen and Skoal 
moist snuff). The authors state: 

“… in 2006, Camel Snus (marketed by Reynolds American, Inc. (sic), Winston-Salem NC) 
and Taboka Tobaccopak (manufactured by Phillip Morris, Richmond VA) were 
introduced for test marketing. Camel Snus is manufactured by Swedish Match (sic) and 
adheres to the same manufacturing standards as the other Swedish snus products. 
Furthermore, retailers store Camel snus in a chilled container, but the product does not 
have to be refrigerated during use. Camel snus is sold in spice, menthol (sic), and 
original flavors.”  

Additionally, the authors state:  

“… products such as Taboka have relatively low nicotine concentrations (data presented 
by Phillip Morris at a meeting at the Harvard School of Public Health), whereas Camel 
Snus is reported to have nicotine amounts that are similar to Camel cigarettes and blood 
nicotine concentrations potentially similar to levels in cigarette smokers 
(www.snuscamel.com). This information has not been publicly released by the 
manufacturers and the products have not been made widely available for analysis.”  

TSNA values reported for Camel Snus are summarized in Table 6.1.5-5. 

Stepanov et al. 2008a: Stepanov and co-workers compared constituent levels of new smokeless 
tobacco products, including Camel Snus, with those of traditional smokeless brands from the 
U.S. market. Products were purchased in retail stores between August 2006 and August 2007. 
Taboka Original and Taboka Green were purchased in Indianapolis, Indiana. Four varieties of 
Marlboro Snus (Rich, Mild, Spice, and Mint) were purchased in Dallas, Texas; while Camel Snus 
(Original, Spice, and Frost) and Skoal Dry (Regular, Cinnamon, and Menthol) were purchased in 
Austin, Texas. The authors reported that total TSNAs (the sum of the 4 measured nitrosamines) 
averaged 1.97 µg/g tobacco for all varieties of Taboka, Marlboro Snus and Camel Snus, which 
was lower than Swedish Match General snus (3.10 µg/g total TSNAs). Skoal Dry (averaged 4.54 
µg/g total TSNAs in 3 varieties tested) had a TSNA content greater than in the other new 
products (i.e., Taboka, Marlboro Snus and Camel Snus), but lower than that found in traditional 
Skoal, Copenhagen, and Kodiak. Overall, Taboka, Marlboro Snus, and Camel Snus product styles 
were reported to contain relatively low amounts of NNN, with the exception of Marlboro Snus 
Mint (3.28 µg NNN/g tobacco) which contained an amount comparable to traditional U.S. moist 
snuff products. TSNA values reported for Camel Snus are summarized in Table 6.1.5-5 after 
conversion from a dry weight basis (dwb) to a wet weight basis (wwb). 

16 
 



Stepanov et al. reported that levels of total and unprotonated nicotine in Camel Snus were 
comparable to those found in conventional smokeless tobacco. The authors state, “Camel Snus, 
slightly higher in total nicotine and pH than Taboka and Marlboro Snus, contains up to 9 mg 
unprotonated nicotine per gram dry weight—an amount similar to the most popular traditional 
brands.” In addition, the ratio of minor alkaloids to nicotine in Camel Snus was similar to that 
observed in traditional smokeless tobacco products. Reported pH, nicotine, and unprotonated 
nicotine values (wwb) for Camel Snus are shown in Table 6.1.5-6. 

Ten-fold lower levels of nitrite were found in the new products (including Camel Snus) and in 
Swedish Match General snus compared to the traditional moist snuff products. The authors 
state, “The relatively low levels of nitrite and nitrate in the new smokeless tobacco products 
probably reflect the manufacturer’s effort to reduce toxicity of their products and to limit TSNA 
formation during tobacco processing.” For the products tested, Camel Snus was found to have 
the highest levels of formate, and more chloride than the other new smokeless tobacco 
products evaluated.  

Trace levels of B[a]P were reported in Marlboro Snus Rich, Mild, and Mint, Camel Snus Original 
and Skoal Dry Regular and Menthol; averaging 3.12 ng/g tobacco (dwb). B[a]P was detected at 
higher levels in all traditional smokeless tobacco products tested, averaging 38.2 ng/g (dwb). 
Reported B[a]P values for Camel Snus (converted to a wwb) are included in Table 6.1.5-7. 

The authors emphasize the importance of minimizing the TSNA content of smokeless tobacco 
products and state: 

“Because of their abundance in some smokeless tobacco products and existing strong 
evidence supporting their role in causation of oral and pancreatic cancer in smokeless 
tobacco users, TSNAs have become a reference group of carcinogens in these products, 
their levels to some extent defining the degree of risk.”  

Based on the relatively low levels of NNN and NNK found in Camel Snus and other snus 
products, the authors note that the products likely contain tobaccos processed by 
“pasteurization,” which leads to lower levels of TSNAs. The authors find the observed reduction 
in carcinogenic TSNA content in Camel Snus and other new smokeless tobaccos “encouraging.” 

Differences in PAH content are also observed between new smokeless tobacco products such 
as Camel Snus and traditional smokeless tobacco products. Based on the differences noted, the 
authors state, “The low levels of PAH in the new smokeless tobacco is a very positive sign 
(Stepanov et al. 2008a, Table 3). Anthracene, BbF, BkF, and BaP are virtually undetectable in 
these products, while other PAHs are present in trace amounts. However, PAH levels in the 
most popular brands [of smokeless tobacco] currently used by millions of consumers are in 
some cases remarkably elevated.”  

Stepanov et al. 2010: In a report by Stepanov and co-workers, a new gas chromatography-mass 
spectrometry (GC-MS) method was developed to determine 23 polycyclic aromatic 
hydrocarbons (PAHs) in smokeless tobacco. Both conventional moist snuff products (23 brands) 
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and newer varieties of smokeless tobacco (17 brands referred to as “spit-free”) including Camel 
Snus Original, Spice, Frost and Mellow were analyzed. The list of PAHs determined was 
extensive and included priority environmental PAH pollutants identified by the U.S. 
Environmental Protection Agency (EPA), as well as carcinogenic PAHs that, according to the 
International Agency for Research on Cancer (IARC), are present in cigarette smoke. Moist snuff 
samples were obtained from retailers in Minneapolis, MN, between July 2007 and July 2009. 
New spit-free varieties of smokeless tobacco were purchased in retail stores between August 
2008 and July 2009. 

The total PAH levels (dwb) determined for Camel Snus range from 1,170 to 1,430 ng/g, while 
the average level found for moist snuff products was 11,600 ng/g. B[a]P levels for Camel Snus 
range from below the limit of quantitation to 15.2 ng/g (dwb) The average concentration 
reported for moist snuff products was 56 ng/g (dwb). The authors found generally consistent 
levels of PAHs for all moist snuff products tested:  

“With the exception of Hawken Long Cut Wintergreen, the levels of individual PAHs 
were very similar across various brands of conventional moist snuff. Average amounts of 
detected PAHs in these products ranged from 7.5 ng/g dry weight for DBahA to 4700 
ng/g tobacco for PHE.”  

PAH levels were more variable, but much lower, for the new spit-free products.  

“The levels of PAH in the new spit-free tobacco products were much lower than those in 
moist snuff (Table 4), total PAHs averaging 1280 (±276) ng/g tobacco. The levels of 
individual PAH in these products were not as consistent across different brands as in 
moist snuff: PHE varied from 9.4 ng/g dry weight in Marlboro Snus Peppermint to 79.4 
ng/g dry weight in Camel Snus Spice; the FLT content in the same products was 5.6 and 
59.7 ng/g dry weight, respectively, and the B[a]P content was below the LOQ and 15.0 
ng/g dry weight, respectively (Table 4).”  

A single PAH (naphthalene) was found in both types of products at similar levels. 

“The only PAH that was present in both types of smokeless tobacco in comparable 
amounts was NP: 1730 (±392) ng/g dry weight in moist snuff and 1110 (±207) ng/g dry 
weight in the spit-free products, accounting for 15 and 87%, respectively, of the average 
total PAHs in these products.”1  

The authors indicate that their findings demonstrate PAHs are one of the most prevalent 
groups of carcinogens in moist snuff and that the use of moist snuff can be considered an 
important source of human exposure to PAHs, along with smoking. They also state, “The low 
amounts of PAHs in the brand Hawken and in various new spit-free smokeless brands represent 
direct and strong evidence that their amounts in moist snuff can be also brought to trace 

1 Acronyms within the preceding quotes indicate the following compounds: dibenz[a,h]anthracene (DBahA); 
phenanthrene (PHE); fluoranthene (FLT); benzo[a]pyrene (B[a]P) and naphthalene (NP).  
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levels.” (Of note is the fact that Hawken is mislabeled as a moist snuff by the authors. Hawken 
is a loose leaf smokeless tobacco product, rather than a moist snuff tobacco product. Therefore, 
based on typical tobacco blend and tobacco processing differences between loose leaf and 
moist snuff tobacco products, it is expected that products like Hawken will have lower amounts 
of PAHs than moist snuff smokeless tobacco products.) 

Hecht et al. 2011: Hecht and co-workers analyzed levels of NNN and NNK in samples of Camel 
Snus (Table 6.1.5-5) as part of a study that compared levels of NNN and NNK in “spit-less” 
brands (Camel Snus and Marlboro Snus) with market-leading traditional moist snuff brands 
(Copenhagen, Skoal, Grizzly, and Kodiak). Results obtained showed substantially lower levels of 
NNN and NNK in “spit-less” snus products (including Camel Snus) compared with traditional 
moist snuff products, and that the levels of NNN and NNK in Camel Snus were “similar to those 
found in Swedish snus products.” 

Moldoveanu and Gerardi 2011: Acrylamide levels were determined in samples of tobacco, 
tobacco smoke, and several smokeless tobacco products, including Camel Snus. All tobacco 
values were reported on a ng/g tobacco as-is basis. Based on results from a novel LC-MS-MS 
method, acrylamide levels in tobacco samples (Moldoveanu and Gerardi 2011,Table IV) ranged 
from 45.8 ng/g in “mixed stem” tobacco to 119.6 ng/g in tobacco from a commercial cigarette). 
Acrylamide levels in tobacco from Camel Snus Frost (82.7 ng/g) and Camel Snus Robust (69.9 
ng/g) were similar to (86.5 ng/g) or less than (179.9 ng/g) values reported for commercial moist 
snuff products. The levels found in smokeless tobacco products were generally consistent with 
levels found in tobacco leaf. 

The investigators evaluated smoke from seven commercial cigarettes in the U.S. market, as well 
as 2R4F and 3R4F reference cigarettes. Smoke samples were collected using several different 
smoking conditions, including both International Organization for Standardization (ISO) and 
Health Canada Intense (HCI) regimens for the reference cigarettes. In addition to the ISO and 
HCI smoking regimens, a smoking regimen consisting of a 60 mL puff volume, 2 s puff duration 
and 30 s interpuff interval was used for testing of some of the commercial cigarette samples. 
The cigarettes tested contained 610 to 753 mg of tobacco. Using ISO smoking conditions, 
acrylamide levels in smoke (ng/cigarette) ranged from 497 ng/cigarette (“Cigarette F”) to 2728 
ng/cigarette (“Cigarette B”). The intense smoking regimens yielded acrylamide levels 3- to 4-
fold higher than ISO smoking conditions. Collectively, the data indicate that acrylamide levels 
measured in a pouch of Camel Snus are approximately 15-fold lower than acrylamide levels 
found in the smoke of a single cigarette smoked under ISO conditions, and an additional 3- to 4-
fold lower than per cigarette yields when smoked under intense smoking conditions. 

Stepanov et al. 2012a: Stepanov and colleagues report results for nicotine and TSNA analyses 
performed on market samples of Camel Snus and Marlboro Snus, as well as other new 
smokeless products, purchased as part of the “New Product Watch” project, a national program 
for monitoring oral tobacco products. Products were purchased in 2010 from six separate 
regions around the country and subsequently analyzed for constituent levels and variability. 
The products (and number of replicate samples) tested were: Camel Snus Mellow (17), Camel 

19 
 



Snus Frost (17), Camel Snus Robust (1), Camel Snus Winterchill (1), Marlboro Snus Rich (18), 
Marlboro Snus Mild (18), Marlboro Snus Spearmint (17) and Marlboro Snus Peppermint (18). 
The sample sizes achieved were sufficient for statistical comparisons in all cases except for 
Camel Snus Robust and Camel Snus Winterchill. Sample sizes for those two products were too 
small to be included in the comparisons.  

The Marlboro Snus and Camel Snus products differed in pouch size and moisture content, with 
Camel Snus having larger pouch sizes (600 mg for Camel Snus Mellow and Camel Snus Frost, 
1000 mg for Camel Snus Robust and Camel Snus Winterchill, compared with 400 mg for 
Marlboro Snus) and higher moisture content (29 – 33% moisture for Camel Snus styles versus 
14 – 20% moisture for Marlboro Snus products). As reported on a dry weight basis, Camel Snus 
contained higher levels of TSNAs than Marlboro Snus. However, TSNA levels in both Camel Snus 
and Marlboro Snus were very low. The authors note that total TSNA levels in Camel Snus in this 
study were similar to those measured in products purchased in 2006 for their previous study 
(Stepanov et al. 2008a).  

All styles of Camel Snus were found to have higher pH, and consequently higher unprotonated 
nicotine content compared with all flavors of Marlboro Snus. Camel Snus exhibited up to 3-fold 
variation in calculated unprotonated nicotine by region (driven by small pH differences), but no 
regional differences in total nicotine. Samples obtained in and near Anchorage, AK produced 
the lowest levels of unprotonated nicotine, as calculated. Such findings are inconsistent with 
the fact that all Camel Snus styles contain a common blend of tobaccos and are formulated with 
an identical buffering system. The authors suggest that smokeless products with higher nicotine 
content could be more effective at satisfying smokers and completely substituting for cigarettes 
compared with those containing less nicotine, and postulate that observed differences in 
nicotine content may explain in part the greater popularity of Camel Snus compared with 
Marlboro Snus. 

Stepanov et al. 2012b: A study reported by Stepanov and colleagues examined 60 samples of 
Camel Snus and 87 samples of Marlboro Snus obtained during 2006 – 2010 to determine 
whether changes in pouch size were accompanied by changes in TSNA and nicotine content. 
Constituent levels were consistent among the different product styles tested within a brand 
family, so results were combined by brand. No differences in moisture content or pH were 
noted for the three different Camel Snus pouch sizes tested. Total nicotine was lower in the 
1000 mg pouch size compared with original 400 mg pouch Camel Snus products when 
expressed as nicotine per gram wet weight, but the difference was not statistically significant. 
Likewise, the sum of NNN plus NNK was not different across Camel Snus pouch sizes when 
expressed on a per gram wet weight basis. On an absolute amount per pouch basis, the largest 
pouch size (1000 mg) was found to contain the greatest amounts of total nicotine, 
unprotonated nicotine, and total TSNAs (NNN + NNK). 

The authors suggest that even if constituent concentrations remain the same, larger pouch 
sizes mean higher exposures from a single portion of the product. However, without detailed 
product use information, it is not possible to, a priori, equate larger product sizes with increases 
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in daily exposure to either nicotine or TSNAs. NNN and NNK exposure metrics are best assessed 
using biomarker measurements. In fact, available biomarker data indicate that exposure to 
nicotine and TSNAs does not increase when using larger Camel Snus pouch sizes as compared 
to smaller pouch sizes (Section 2).  

Borgerding et al. 2012: Borgerding and coworkers published a survey of the chemical 
composition of smokeless tobacco products sold in the U.S. in 2006 and 2007. The products 
surveyed included moist, dry and dissolvable snuff, plug and loose leaf chewing tobacco. Camel 
Snus (Frost, Original, Spice) and other Swedish style snus were included in the moist snuff 
category. Also included were smokeless tobacco products sampled from the Swedish 
marketplace and University of Kentucky smokeless tobacco reference products. The survey was 
intended to provide a temporal point of comparison with future data anticipated from FDA 
HPHC reporting. Chemical constituents measured in the study were B[a]P and metals (cadmium, 
lead, arsenic, nickel, chromium) (Table 6.1.5-7); TSNAs (Table 6.1.5-5); and N-
nitrosodimethylamine (NDMA), nitrite, chloride, pH and nicotine (Table 6.1.5-6). 

TSNA results reported for Camel Snus were much lower than for other U.S. moist snuff and dry 
snuff products. NNN values observed for Camel Snus for all product styles sampled in 2006 and 
2007 ranged from 984 to 1,123 ng/g (dwb), NNK results ranged from below the quantitation 
limit (~ 170 ng/g dwb) to 345 ng/g, and total TSNAs ranged from 2,041 to 2,468 ng/g. The 23 
moist snuff brands averaged 4,058 ng/g NNN, 1,394 ng/g NNK, and 9,786 ng/g total TSNAs. The 
5 moist snuff brands from the Swedish market contained similar amounts of TSNAs to Camel 
Snus and averaged 738 ng/g NNN, 275 ng/g NNK and 1,701 ng/g total TSNAs.  

B[a]P results reported for Camel Snus ranged from 1.1 to 1.9 ng/g, similar to the Swedish moist 
snuff products that averaged of 1.9 ng/g. The average amount of B[a]P found for U.S. moist 
snuff products was much greater, 61.6 ng/g.  

Results reported for arsenic, cadmium and lead were lower for Camel Snus and Swedish moist 
snuff products compared to U.S. moist snuff products. Nickel and lead levels were similar for all 
three categories. For all Camel Snus styles, nitrite and NDMA were found to either be below the 
limit of quantitation (1.89 µg/g and 3.90 ng/g, respectively) or at the detection limit (0.57 µg/g 
and 1.17 ng/g, respectively). Significant amounts of nitrite (113.5 µg/g average) and NDMA 
(14.6 ng/g average) were found for U.S. moist snuff brands. The average nitrite and NDMA 
values reported for Swedish snus brands were 4.6 µg/g and 13.4 ng/g, respectively. 

Stepanov et al. 2013: Levels of (S)-N′-nitrosonornicotine ((S)-NNN) in a variety of tobacco 
products, including Camel Snus, were assessed in a study by Stepanov and colleagues. Using 
chiral gas chromatography, Stepanov et al. determined (S)-NNN levels in U.S. moist snuff 
products (14 brand styles purchased 2010 – 2012), U.S. snus products (4 styles of Camel Snus 
and 4 styles of Marlboro Snus), and tobacco from U.S. cigarette brands (17 brand styles) 
purchased in 2010. 

Levels of NNN in moist snuff products ranged from 1.21 to 4.25 µg/g of tobacco (wet weight 
basis), from 0.72 to 1.79 µg/g in snus products, and 0.33 to 4.03 µg/g in cigarette tobacco. 
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Camel Snus styles (Robust, Mellow, Frost, Winterchill) ranged from 1.04 to 1.79 µg/g. (S)-NNN 
was the predominant NNN enantiomer in all tested products and averaged 62.9% of total NNN. 
On average, the amounts of (S)-NNN determined in Camel Snus were lower than either moist 
snuff products or cigarettes. For some individual moist snuff products, levels of (S)-NNN were 
similar to Camel Snus. 

Lawler et al. 2013: CDC researchers investigated the levels of select constituents in a survey of 
U.S. oral tobacco products, excluding moist snuff, obtained from 2007 – 2009. The authors 
present data on the three major types of chewing tobacco (plug, loose leaf and twist), on two 
types of dry snuff (loose and pouched), on snus (including Camel Snus Frost, Spice and Original) 
and on dissolvable tobacco products. The authors compared their results to previously reported 
results (Richter et al. 2008) from 40 top-selling moist snuff products. 

The authors note that the moisture content of the products analyzed in the study (3.87 – 29.5%) 
was lower than that of previously analyzed moist snuff products (44.5 – 54.5%). They found 
that chewing tobacco had relatively acidic pH values (4.73 – 5.98) resulting in a small 
percentage of total nicotine being present in the readily absorbed unprotonated form. Moist 
snuff, dry snuff, snus, and dissolvable tobacco products generally have more alkaline pH values 
than chewing tobacco, resulting in higher percentages of unprotonated nicotine. Camel Snus pH 
values reported were 7.55 to 7.70. Total nicotine concentrations (wet weight basis, wwb) of 
3.90 to 40.1 mg/g were observed for all the products tested. Camel Snus total nicotine results 
were 8.97 to 11.3 mg/g. Camel Snus had the highest level of unprotonated nicotine among the 
products tested, ranging from 2.51 to 3.69 mg/g. Camel Snus results were comparable to the 
moist snuff average of 3.8 mg/g found in the Richter et al. (2008) study. The moisture, pH, 
nicotine and unprotonated nicotine values reported are included in Table 6.1.5-6. 

For TSNAs (wwb), NNK levels ranged from 49 to 14,600 ng/g and NNN ranged from 74 to 31,300 
ng/g for all products tested. Camel Snus results for NNK and NNN were 84 – 146 and 369 – 425 
ng/g, respectively (Table 6.1.5-5). The authors summarize observed TSNA values by stating: 

“Mean total TSNA levels increased across oral tobacco product categories examined in 
this study following the trend: dissolvables < snus < dry snuff pouches < loose leaf < 
twist < plug < dry snuff. Previously reported mean total TSNA levels for moist snuff 
(Richter et al. 2008) are higher than values for plug but lower than dry snuff included in 
this study.”  

The authors conclude that the results of their analyses support other reports suggesting newer 
forms of oral tobacco (e.g, snus and dissolvable tobacco products) contain lower TSNA levels 
than established forms of oral tobacco (e.g, dry snuff, twist, loose leaf, and plug products).  

Caraway and Chen 2013: As part of a study to assess mouth-level exposure to toxicants, 
Caraway and Chen published chemical analysis results for Camel Snus samples (Frost, Original, 
and Spice) before and after use by adult consumers of the product. The baseline constituent 
levels for the unused products are presented below.  
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The authors report results for nicotine, TSNAs, B[a]P, arsenic, cadmium, chromium, lead and 
nickel (Caraway and Chen 2013, Table 2) on a mass/pouch, as-is basis. Using a pouch weight of 
0.6 g and a moisture level of 32.3% to convert from a mass per pouch as-is to a mass/g (dwb) 
basis, mean nicotine for the 3 Camel Snus styles was 17.0 mg/g. For the other analytes tested, 
mean results (ng/g, dwb) were 1,022 (NNN), 295 (NNK), 537 (NAT), 71 (NAB), 1,924 (total 
TSNAs), 1.6 (B[a]P), 119 (arsenic), 485 (cadmium), 633(chromium), 173 (lead) and 899 (nickel).  

Li et al. 2013: Li and colleagues analyzed 23 brands of pouched moist snuff from Sweden, the 
U.S. and India to determine pouch weight, pH, nicotine content and unprotonated nicotine. The 
products studied were used to test a novel model mouth system for evaluating the in vitro 
release of nicotine. Camel Snus Winterchill was one of the brands tested. The results (wwb) 
reported for Camel Snus Winterchill along with the range for all of the products tested (shown 
in parentheses) are as follows: weight 1.03 (0.36-1.54) g/pouch, pH 7.83 (5.80-10.24), nicotine 
6.52 (4.77-16.32) mg/g and unprotonated nicotine: 2.56 (0.09-12.92) mg/g.  

Stepanov et al. 2014: Stepanov and colleagues report results for nicotine and TSNA analyses 
performed on market samples of Camel Snus (Robust, Mellow, Frost, Winterchill), Marlboro 
Snus, Skoal Snus and dissolvable tobacco products. All products were purchased between April 
and July of 2011. The study sought to obtain representative averages for constituent levels by 
acquiring a sample of all styles of each brand tested from three different locations within each 
of six different regions of the U.S. (West, Midwest, Pacific Northwest, Northeast, Mid-
Atlantic/Appalachian and South). From the determination of portion weights, the authors 
reported that Camel Snus Robust and Camel Snus Winterchill have larger pouch sizes than 
Camel Snus Mellow and Camel Snus Frost (p<0.0001). No differences in moisture, TSNAs, total 
nicotine, pH and unprotonated nicotine were found among the Camel Snus flavor varieties 
tested. Regional variation was observed for some endpoints. For example, the sum of NNN and 
NNK was greater in Camel Snus purchased in the Midwest than in any other region. Levels of 
TSNAs were higher for both Marlboro Snus and Camel Snus (compared to the previous round of 
testing), with both NNN and NNK contributing to these changes (p < 0.0001 for NNN and NNK). 
For Camel Snus styles, the mean NNN + NNK values reported increased from 1.50 µg/g in Round 
I to 2.58 µg/g in Round II. 

Hatsukami et al. 2015: Hatsukami and colleagues report the effects of varying levels of nicotine 
and TSNAs in smokeless tobacco products, patterns of use, and demographic and tobacco 
history on extent of exposure to these carcinogens. In the study, the median values (wwb) of 
total nicotine, free nicotine, NNN and NNK are reported for 31 brand styles from 7 brands of 
moist snuff and snus. Camel Snus Robust, Mellow, Frost and Winterchill were included in the 
products tested. Total nicotine reported for Camel Snus (8.77 – 9.63 mg/g) was at the lower 
end of the range reported for all smokeless tobacco products tested (8.77 – 18.18 mg/g). Free 
nicotine results reported for Camel Snus (2.27 – 2.73 mg/g) were also within the range 
observed for other study products (0.57 – 7.58 mg/g). NNN+NNK results reported for Camel 
Snus (1.66 – 1.79 µg/g) were at the lower end of the range reported for all brands (0.64 – 14.55 
µg/g). 
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McAdam et al. 2015a; McAdam et al. 2015b: McAdam and co-workers report analytical 
methodology and test results from a survey of smokeless tobacco products to determine 
hydrazine (McAdam et al. 2015a) and acrylamide (McAdam et al. 2015b). All tobacco samples 
were obtained in 2010 and were chosen to reflect approximately 90% market share of the 
major smokeless tobacco product categories in the U.S. (43 products) and Sweden (31 
products). Camel Snus Mellow and Frost were included in the survey. For all products tested, 
hydrazine results are below the level of quantitation (26.5 ng/g). For acrylamide, the levels 
reported for Camel Snus Mellow and Camel Snus Frost were 99.5 and 96.7 ng/g (dwb), 
respectively. The mean values (ng/g, dwb) reported by product category were: U.S. moist snuff 
(349), U.S. snus including Camel Snus (432), hard pellets (96), chewing tobacco (205), dry snuff 
(213), Swedish loose snus (397), and Swedish pouched snus (368). The study also established 
that acrylamide is not stable on tobacco during storage, with a degradation half-life at 4 – 8 °C 
estimated at 12.5 days. 

Cullen et al. 2015: Cullen and co-workers summarize the trends in nicotine content observed 
for smokeless tobacco products sold in Massachusetts from 2003 to 2012. Values for Camel 
Snus were reported in aggregate for all styles tested in 2009 – 2012, rather than on an 
individual style basis. The aggregate values are based on testing for 2 Camel Snus brand styles 
in 2009, 4 brand styles in 2010 and 2011, and 5 brand styles in 2012. For Camel Snus, the mean 
(standard deviation) un-ionized nicotine reported was 2.48 (0.23) mg/g, total nicotine was 8.75 
(0.29) mg/g, pH was 7.72 (0.015) and moisture content was 33.8% (0.1%). The means for all 
moist snuff products reported were 3.93 mg/g un-ionized nicotine, 12.00 mg/g total nicotine, 
7.59 pH, and 52.4% moisture content. Temporal trend analysis for Camel Snus products showed 
a significant increasing slope of 0.53 mg/g/y (dwb, p=0.005) for un-ionized nicotine (a result 
that is inconsistent with other published Camel Snus data, Table 6.1.5-6). Temporal trend slopes 
for Camel Snus total nicotine, pH and moisture content were not significant, indicating no 
differences over the 2003 to 2012 time period. 

Song et al. 2016: Song and co-workers determined a wide range of chemical constituents in 7 
conventional and 12 low-TSNA moist snuff tobacco products (Table 6.1.5-8). The low TSNA 
products tested include 7 products from the U.S., 3 products from Sweden, and 2 products 
from South Africa. Camel Snus (Frost, Spice, Original) were included in the U.S. products along 
with 4 Marlboro Snus products. The products were analyzed for pH, nicotine, free nicotine, 
TSNAs (NNN, NNK, NAB, NAT), metals (arsenic, cadmium, chromium, lead, nickel, selenium), 
humectants (propylene glycol, glycerol, triethylene glycol), ammonia, B[a]P, formaldehyde, N-
nitrosodimethylamine (NDMA), and nitrate. Results are presented on both a dry weight basis 
and after normalization to the nicotine content.  

Nicotine content (dwb) reported for Camel Snus (15.0 – 20.3 mg/g) was slightly lower than the 
mean reported for conventional moist snuff (24.5 mg/g) as was pH (7.51 – 7.76 vs 7.83) and 
thus free nicotine (4.4 – 5.3 vs 9.3 mg/g). In comparing mean values found for Camel Snus and 
conventional moist snuff, B[a]P, NNN, NNK, NAT, NAB, cadmium and nickel were lower for 
Camel Snus than conventional moist snuff. These endpoints were also lower (all differences 
statistically significant) when the conventional moist snuff products and low-TSNA products 
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6.1.5.4.1 Rationale for the selection of cigarette brand styles evaluated in U.S. cigarette 
market surveys 

Since the 1990s, RJRT has conducted several U.S. cigarette market surveys to determine the 
yields of chemical constituents in mainstream cigarette smoke, including surveys conducted in 
1995, 1998, 2000 and 2009 (Chepiga et al. 2000; Swauger et al. 2002; Bodnar et al. 2012). More 
recently, cigarette market surveys were conducted in 2014 and 2015, contemporaneously with 
the conduct of smokeless tobacco surveys that included the 6 Camel Snus products that are the 
subject of this Application. Results from those U.S. cigarette market surveys have been 
summarized (RDM JAB 2016,306) and form a basis for comparison to Camel Snus chemistry 
results. The cigarette brand styles selected for the 2014 and 2015 market surveys provided 
broad representation of the different cigarettes available for purchase in the U.S. 
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6.1.5.4.2 Rationale for the selection of smokeless tobacco brand styles evaluated in U.S. 
smokeless market surveys 

RJRT has conducted a number of market surveys of the chemical constituents in smokeless 
tobacco, including a study that investigated products purchased in 2006 and 2007 (Borgerding 
et al. 2012). More recently, U.S. smokeless tobacco market surveys were conducted in 2014 
and 2015 in the same time period that recent cigarette market surveys were conducted. Results 
from those studies have been summarized (RDM JAB 2016,281) and form a basis for 
comparison to recent cigarette chemistry results. 

The brand styles selected for the 2014 and 2015 surveys provided broad representation of the 
different smokeless tobacco products available for purchase in the U.S. Analytes evaluated in 
these studies consisted of the smokeless tobacco analytes specified in Table 1 of the FDA Draft 
Guidance for Industry, “Reporting Harmful and Potentially Harmful Constituents in Tobacco 
Products and Tobacco Smoke Under Section 904(a)(3) of the Federal Food, Drug, and Cosmetic 
Act” issued March 2012 (FDA 2012b) and other analytes of interest.  
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6.1.5.4.3 2014 and 2015 market surveys of U.S. cigarette mainstream smoke yields  

Background: Market surveys to determine the HPHC content of cigarette smoke were 
conducted in 2014 and 2015. Results from those studies are summarized in the report RDM JAB 
2016,306 in support of this Application. 

Methodology: U.S. cigarettes were sampled in August 2014 and August 2015 for testing. 
Quantitative analyses were performed for reportable harmful and potentially harmful 
constituents (HPHCs) and other selected analytes of interest. All analytical determinations were 
conducted at R.J. Reynolds Tobacco Company (RJRT) by -

 Forty-five commercial brand styles were sampled in 
2014 and 50 commercial brand styles were sampled in 2015. Cigarette smoke was generated 
for analysis using the ISO and HCI smoking regimens. Eighteen smoke constituents were 
measured: including nicotine, acetaldehyde, formaldehyde, crotonaldehyde, acrylamide, 
arsenic, cadmium, NAB, NAT, NNN, NNK, benzo[a]pyrene, benzo[a]anthracene, 
benzo[b/j]fluroanthene, benzo[k]fluoranthene, dibenz[a,h]anthracene, indeno[1,2,3-c,d]pyrene 
and naphthalene.  

Results: Combined results of the 2014 and 2015 U.S. cigarette market surveys are tabulated in 
the summary report in several different ways, including: 

• A listing of all data (by individual replicate) measured under ISO smoking conditions 
grouped by analyte and arranged alphabetically by product name (RDM JAB 2016,306: 
Appendix A, Table 1).  

•  A summary of descriptive data (mean, minimum value, maximum value and number of 
replicates) by year sampled for each cigarette brand style tested under ISO smoking 
conditions (RDM JAB 2016,306: Appendix A, Table 2).  
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• The range (minimum and maximum values) of product mean values determined for 
each analyte tested under ISO smoking conditions in 2014 and 2015 (RDM JAB 2016,306: 
Appendix A, Table 3). Ranges were determined based upon a single mean value for each 
of the cigarette brand styles tested. For brand styles tested in both 2014 and 2015, the 
mean value was based upon the combined data from both years.  

• A listing of all the data (by individual replicate) collected under Canadian Intense 
smoking conditions grouped by analyte and arranged alphabetically by product name 
(RDM JAB 2016,306: Appendix A, Table 4).  

• A summary of descriptive data (mean, minimum value, maximum value and number of 
replicates) by year sampled for each cigarette brand style tested under Canadian 
Intense smoking conditions (RDM JAB 2016,306: Appendix A, Table 5).  

• The range (minimum and maximum values) of product mean values determined for 
each analyte tested under Canadian Intense smoking conditions in 2014 and 2015 (RDM 
JAB 2016,306: Appendix A, Table 6). Ranges were determined based upon a single mean 
value for each of the cigarette brand styles tested. For brand styles tested in both 2014 
and 2015, the mean value was based upon the combined data from both years. 

• All 3R4F reference cigarette data (by individual replicate) measured under ISO smoking 
conditions grouped by analyte (RDM JAB 2016,306: Appendix A, Table 7).  

• A summary of descriptive data (mean, minimum value, maximum value and number of 
replicates) by year sampled for the 3R4F reference cigarette tested under ISO smoking 
conditions (RDM JAB 2016,306: Appendix A, Table 8).  

• All 3R4F reference cigarette data (by individual replicate) measured under Canadian 
Intense smoking conditions grouped by analyte (RDM JAB 2016,306: Appendix A, Table 
9).  

• A summary of descriptive data (mean, minimum value, maximum value and number of 
replicates) by year sampled for the 3R4F reference cigarette tested under Canadian 
Intense smoking conditions (RDM JAB 2016,306: Appendix A, Table 10).  

Mainstream smoke yields determined for U.S. cigarettes with ISO and HCI smoking regimens 
are summarized in Table 6.1.5-10. 
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August 2, 2014. All of the commercial smokeless tobacco products sampled in 2015 were 
purchased from retail outlets on July 9, 2015. Forty-three commercial smokeless tobacco 
products were sampled in 2014 and 50 commercial smokeless tobacco products were sampled 
in 2015. Quantitative analyses were performed for reportable HPHCs and other selected 
analytes of interest. All analytical determinations were conducted at R.J. Reynolds Tobacco 
Company (RJRT) by   

Eighteen chemical constituents were selected for analysis, including nicotine, acrylamide, 
acetaldehyde, formaldehyde, crotonaldehyde, arsenic, cadmium, NNN, NNK, NAT, NAB, 
benzo[a]pyrene, benzo[a]anthracene, benzo[b/j]fluoranthene, benzo[k]fluoranthene, 
dibenz[a,h]anthracene, indeno[1,2,3-c,d]pyrene and naphthalene. In addition, moisture and pH 
were measured and the free nicotine was calculated based on the measured nicotine content 
and pH. 

Results: Combined results of the 2014 and 2015 U.S. smokeless tobacco market surveys are 
tabulated in the summary report in several different ways, including:  

• A listing of all data (by individual replicate) grouped by analyte and arranged 
alphabetically by product name (RDM JAB 2016,281: Appendix A, Table 1).  

• A summary of descriptive data (mean, minimum value, maximum value and number of 
replicates) by year sampled for each smokeless tobacco brand style tested (RDM JAB 
2016,281: Appendix A, Table 2). 

• The range of product means (minimum and maximum) determined for three 0.6 g 
Camel Snus styles and for other U.S. smokeless tobacco product categories (RDM JAB 
2016,281: Appendix A, Table 3).  

• The range of product means (minimum and maximum) determined for three 1.0 g 
Camel Snus styles and for other U.S. smokeless tobacco product categories (RDM JAB 
2016,281: Appendix A, Table 4).  

• The range of product means (minimum and maximum) determined for all six Camel 
Snus styles and for other U.S. smokeless tobacco product categories (RDM JAB 2016,281: 
Appendix A, Table 5).  

• A listing of all smokeless reference product data (by individual replicate) grouped by 
analyte and arranged alphabetically by product name (RDM JAB 2016,281: Appendix A, 
Table 6). 

• A summary of descriptive data (mean, minimum value, maximum value and number of 
replicates) by year sampled for each smokeless tobacco reference product tested (RDM 
JAB 2016,281: Appendix A, Table 7). 
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Comparisons of market survey results for Camel Snus and other U.S. smokeless tobacco 
products are found in the following series of three tables: Table 6.1.5-11, Table 6.1.5-12 and 
Table 6.1.5-13. Table 6.1.5-11 compares HPHC results for the three 0.6 gram Camel Snus styles 
on a per pouch, as-is basis with results from other sub-categories of U.S. smokeless tobacco 
products (i.e., moist snuff, loose leaf and dry snuff products) expressed per 0.6 g of the 
products, as-is. Similarly, Table 6.1.5-12 compares HPHC results for the three 1.0 gram Camel 
Snus styles on a per pouch, as-is basis with results from other sub-categories of U.S. smokeless 
tobacco products (i.e., moist snuff, loose leaf and dry snuff products) expressed per 1.0 g of the 
products, as-is. Table 6.1.5-13 compares HPHC results for all six Camel Snus styles with results 
from other sub-categories of U.S. smokeless tobacco products (i.e., moist snuff, loose leaf and 
dry snuff products) with results expressed per gram of the products, as-is. 
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6.1.5.4.5 Analytical testing of Camel Snus production samples  

Background:  
. Results 

of the testing are summarized in RDM JMR 2016,235 submitted in support of this Application. 

Methodology:  
 

 
 

 
 

 
 
 

 

Results: The results are listed in the summary report (RDM JMR 2016,235) as follows: 

• A listing of all data (by individual replicate) arranged alphabetically by product name as 
well as associated product manufacturing dates and dates of analysis completion (RDM 
JMR 2016,235: Appendix A, Table 1).  

• A summary of descriptive data (mean, minimum value, maximum value and number of 
replicates) for each Camel Snus brand style (RDM JMR 2016,235: Appendix A, Table 2). 

• The range of product means (minimum and maximum) determined for three 0.6 g 
Camel Snus styles (Frost, Mellow and Mint) (RDM JMR 2016,235: Appendix A, Table 3).  

• The range of product means (minimum and maximum) determined for three 1.0 g 
Camel Snus styles (Frost Large, Robust and Winterchill) (RDM JMR 2016,235: Appendix A, 
Table 4).  
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• A listing of all 2013 – 2015 laboratory quality control data, i.e., data from 
contemporaneous testing of analytical method “monitor” samples (by individual 
replicate) for nicotine, anabasine, nornicotine, arsenic, cadmium, benzo[a]pyrene, NNK, 
NNN, NAB, and NAT (RDM JMR 2016,235: Appendix A, Table 5).  

• A summary of descriptive data (mean, minimum value, maximum value and number of 
replicates) for the quality control samples (RDM JMR 2016,235: Appendix A, Table 6). 

• A summary of descriptive data (mean, minimum value and maximum value) per analyte 
for all six Camel Snus styles (RDM JMR 2016,235: Appendix A, Table 7). 

Results from the study provide direct insight into the relative contributions of the analytical 
methods employed to the overall observed data variability for individual analytes.

 

 
 

 

 
 

 
 

 

. 
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Figure 6.1.5-1:  
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Figure 6.1.5-3:  
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Canada has recognized Labstat as having the required infrastructure and standard operating 
procedures (SOPs) in place to enable the completion of GLP compliant studies. The Labstat 
Study Director stated that “The study was conducted in compliance with the applicable 
requirements 21 CFR Part 58 (Code of Federal Regulations, Food and Drug Administration) 
Good Laboratory Practices for Nonclinical Laboratory Studies, as amended on May 21st, 2002, 
within the context of the study protocol.” The Scope of Accreditation (Appendix A) and the 
Study Protocol (Appendix I) are included in the Final Study Report (LSI 2014 113). 

The cigarettes were smoked with both the ISO and HCI smoking regimens. The following HPHCs 
were analyzed in cigarette smoke and the smokeless tobacco products: nicotine, B[a]P, 
formaldehyde, acetaldehyde, crotonaldehyde, NNN, NNK, cadmium and arsenic. The cigarette 
smoke was also analyzed for total particulate matter (TPM), water, tar and carbon monoxide. 
Pouch weight, moisture and pH were also determined for the smokeless tobacco products. The 
smokeless tobacco free nicotine was calculated by the CDC method (CDC 2009b) using the total 
nicotine and pH results. 

Results: Study results are tabulated in the Final Study Report as follows: 

• The summary statistics (Mean, Standard Deviation, Number of Replicates, Lower and 
Upper 95% Confidence Interval) for cigarette test article results expressed on a per 
cigarette and per mg nicotine basis (LSI 2014 113, Appendix C1). 

• The summary statistics for Camel Snus test article results expressed, as appropriate, on 
a per gram dry weight basis, a per pouch as-is basis, and a per mg nicotine basis. Weight, 
moisture and pH were reported on an as-is basis only (LSI 2014 113, Appendix C2). 

• The summary statistics for other Swedish snus test article results expressed, as 
appropriate, on a per gram dry weight basis, a per pouch as-is basis, and a per mg 
nicotine basis. Weight, moisture and pH were reported on an as-is basis only (LSI 2014 
113, Appendix C3). 
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• The data listing for the cigarette test article results (LSI 2014 113, Appendix D1). 

• The data listing for the smokeless tobacco test article results (LSI 2014 113, Appendix 
D2). 

• The statistical analysis results comparing each Camel Snus style to other Swedish snus 
products (LSI 2014 113, Appendix K1). Statistical comparisons are reported for data 
expressed on per gram dry weight basis, per pouch as-is and a per mg nicotine bases for 
endpoints including nicotine, free nicotine, B[a]P, formaldehyde, acetaldehyde, NNN, 
NNK, cadmium and arsenic. A comparison for crotonaldehyde was not possible since the 
results reported were below the method detection limit. 

• The statistical analysis results comparing each Camel Snus style to mainstream smoke 
yields from market leading cigarettes (LSI 2014 113, Appendix K2). Statistical 
comparisons are reported for data expressed on a per unit of use basis (per pouch as-is 
basis for Camel Snus and a per cigarette basis for market leading cigarettes) and on a 
per mg nicotine basis (both product types) for B[a]P, formaldehyde, acetaldehyde, 
crotonaldehyde, NNN, NNK, cadmium and arsenic. Nicotine was compared on a per unit 
of use basis only. 

Statistically significant differences were observed for all comparisons of Camel Snus and market 
leading cigarettes that were performed (p ≤ 0.025 using a Bonferonni correction for two (ISO 
and HCI) comparisons). Observed differences were significant regardless of the smoking 
regimen or basis for comparison. Results for all Camel Snus styles were greater than those of 
the cigarettes tested for nicotine, NNN, NNK, cadmium and arsenic and less than those of the 
cigarettes tested for B[a]P, formaldehyde, acetaldehyde, and crotonaldehyde when compared 
either on a per pouch as-is basis or a per cigarette basis. Results for all Camel Snus styles were 
less than results for cigarettes for all comparisons on a per mg nicotine basis, except for arsenic, 
which was greater. 

For comparison of results from individual Camel Snus styles and other Swedish snus (LSI 2014 
113, Appendix K1), no statistically significant differences (p ≤ 0.05) were found for any 
comparison on a per gram dry weight basis, except for NNN and NNK (Camel Snus Winterchill). 
No statistically significant differences (p ≤ 0.05) were found for any comparison on a per pouch 
as-is basis except for NNN (Frost Large, Robust and Winterchill styles) and NNK (Winterchill 
style). No statistically significant differences (p ≤ 0.05) were found for any comparison on a per 
mg nicotine basis except for NNN (all styles), NNK (Frost, Frost Large and Winterchill styles) and 
cadmium (Frost and Winterchill styles). In all cases, when statistically significant differences 
were observed, results for Camel Snus styles were greater than results determined for the 
other Swedish snus products tested. 
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6.1.5.4.7 Characterization of minor alkaloids in selected smokeless tobacco products – 
Project M273  

Background: The study was conducted in 2016 and results are reported in LSI 2016 097. The 
purpose of the study was to characterize the minor alkaloid content of all Camel Snus styles and 
representative styles of other U.S. smokeless tobacco products. 

Methodology: All analyses were conducted by Labstat International ULC, Kitchener, Ontario, 
Canada. Labstat has been accredited by the Standards Council of Canada to International 
Standard ISO/IEC 17025:2005 “General requirements for the competence of testing and 
calibration laboratories.” 

U.S. smokeless tobacco products tested included snus, moist snuff and dry snuff. Snus products 
tested included: Camel Snus Frost, Camel Snus Frost Large, Camel Snus Mellow, Camel Snus 
Mint, Camel Snus Robust, Camel Snus Winterchill, General White Mint and General 
Wintergreen. A CORESTA reference product (CRP1 reference snus) was also tested. Moist snuff 
products tested included: Longhorn Wintergreen, Grizzly Long Cut Wintergreen and 
Copenhagen Long Cut Wintergreen. Dry snuff products tested included: Navy Sweet, Railroad 
Mills and W.E. Garrett & Sons.  

The smokeless tobacco samples were analyzed for moisture, nicotine, nornicotine, anabasine, 
myosmine and anatabine. Three replicates per sample were analyzed. 

Results: Study results are summarized in the Test Report prepared by Labstat (LSI 2016 097). 
With the exception of moisture, all results are reported in units of µg/g (dwb). Individual 
replicate results, along with average, standard deviation, and 95% confidence limits are 
reported for all analytes. Student’s t-distribution for small sample size was used to calculate the 
confidence limits.  

Reported results, after conversion to an as-is basis, are summarized in Table 6.1.5-14. The 
standard error was calculated by dividing the standard deviation by the square root of 3. 
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Comparisons of nornicotine and anabasine results for all Camel Snus styles and other U.S. 
smokeless tobacco products in the study (three moist snuff, three dry snuff and two snus) are 
presented graphically in Figure 6.1.5-5 and Figure 6.1.5-6. Camel Snus product nicotine (not 
shown), nornicotine and anabasine results are within the range of other U.S. smokeless tobacco 
products.
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Figure 6.1.5-5: Comparison of Nornicotine (µg/g, as-is) for Camel Snus Styles and Other U.S. 
Smokeless Tobacco Products Sampled in 2016 
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Figure 6.1.5-6: Comparison of Anabasine (µg/g, as-is) for Camel Snus Styles and Other U.S. 
Smokeless Tobacco Products Sampled in 2016 
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6.1.5.4.8 Summary of HPHC chemistry results for Camel Snus 

Camel Snus HPHC results from the RJRT studies described in this section of the Application have 
been combined into a data set that serves as the basis for comparing Camel Snus styles to 
cigarettes and other smokeless tobacco products. Table 6.1.5-15, Table 6.1.5-16 and Table 
6.1.5-17 summarize the HPHC results for the 6 Camel Snus styles that are the subject of the 
Application from three RJRT studies (RDM JAB 2016,281; LS1 2014 113; RDM JMR 2016,235). 
Descriptive statistics are provided for nicotine (total and calculated free), moisture, pH, 
acetaldehyde, crotonaldehyde, formaldehyde, arsenic, cadmium, NNK, NNN and B[a]P. Table 
6.1.5-15 and Table 6.1.5-16 summarize the overall Mean ± Standard Error, the 95% Confidence 
Interval for the Mean (minimum, maximum) and the Number of Observations on a per gram 
(Table 6.1.5-15) and per pouch (Table 6.1.5-16) basis for the 6 Camel Snus styles. Table 6.1.5-17 
shows the range of product means determined for all Camel Snus styles on a per gram as-is 
basis, as well as on a per pouch basis for the 0.6 gram styles, for the 1.0 gram styles, and for all 
Camel Snus styles. Generally consistent values are observed for all Camel Snus on a per gram 
basis, especially considering the differences in product sampling methods, product sampling 
timeframes and analytical laboratory testing methodologies for the 3 studies. As expected, 
values for the larger 1.0 gram styles are greater than the 0.6 gram styles on a per pouch basis, 
except for the % un-ionized nicotine, moisture and pH which are not mass (i.e., pouch size) 
dependent.
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6.1.5.5 Comparison of Camel Snus HPHC chemistry and corresponding cigarette 
mainstream smoke yields 

The comparison of Camel Snus chemistry with the chemistry of mainstream cigarette smoke 
presents an “apples and oranges” comparison due to differences in the nature of tobacco and 
smoke. By definition, there are certain inherent technical limitations and biases that occur 
when comparing measurements of the two sample matrices. Camel Snus chemistry 
measurements are based on quantitative analysis of (entire) tobacco samples that involves 
extraction of an analyte from the tobacco matrix at ambient temperatures. In contrast, 
mainstream smoke chemistry measurements are based on applying a designated set of smoking 
conditions that convert a portion of the tobacco present in a cigarette into mainstream smoke. 
Mainstream smoke is generated from tobacco by numerous complex and overlapping processes 
that include: burning, pyrolysis, pyrosynthesis, distillation, sublimation and condensation 
(Borgerding and Klus 2005). During the natural smolder period between the puffs, 
temperatures of almost 800 °C occur in the center of the burning cone. During a puff, the 
temperature increases to 910 – 920 °C at the burning zone periphery, about 0.2 to 1.0 mm in 
front of the paper burn line. The tobacco smoke formed is a complex mixture consisting of 
more than 5000 compounds (Perfetti and Rodgman 2011). Physically, tobacco smoke is an 
aerosol consisting of solid/liquid droplets (particulate phase) in a gaseous phase. Thus, cigarette 
mainstream smoke chemistry is characterized by both relatively large amounts of certain 
compounds indicative of the burning process, e.g, carbon monoxide present in smoke at 
milligram concentrations, and by thousands of compounds formed from the pyrolysis of 
tobacco, e.g, PAHs present in smoke at nanogram concentrations. 

The comparisons of Camel Snus chemistry and cigarette mainstream smoke yields described in 
this section are limited to reportable HPHCs that are common to both product types (Table 
6.1.5-1). Therefore key chemistry differences that are driven by something unique to cigarettes, 
e.g, the presence of carbon monoxide in smoke, are not captured in the comparisons. Such 
differences, however, are evident in biomarker of exposure data that compare Camel Snus and 
cigarettes, e.g, COHb and urine mutagenicity. 

Table 6.1.5-18, Table 6.1.5-19, Table 6.1.5-20 and Table 6.1.5-21 summarize HPHC results for 
Camel Snus and U.S. cigarettes from four RJRT studies (RDM JAB 2016,281; RDM JAB 2016,306; 
LSI 2014 113; RDM JMR 2016,235). The tables include results for acetaldehyde, arsenic, B[a]P, 
cadmium, crotonaldehyde, formaldehyde, nicotine, NNK and NNN. Cigarette mainstream 
smoke results are tabulated on a per cigarette basis for both ISO and HCI smoking regimens. 
Table 6.1.5-18 includes all styles of Camel Snus, with snus results expressed on a per gram, as-is 
basis. Table 6.1.5-19 includes the HPHC ranges for all Camel Snus styles expressed on a per 
pouch basis. Table 6.1.5-20 and Table 6.1.5-21 tabulate the HPHC ranges for 0.6 g and 1.0 g 
Camel Snus styles, respectively, on a per pouch basis for comparison with the cigarette smoke 
results. 

Comparison of Camel Snus results with cigarette mainstream smoke yield results for the 9 
HPHCs tested reveals that HPHC results are greater for Camel Snus styles in some instances and 
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for cigarette smoke yields in other instances. A defining characteristic that drives which product 
type is greater is the source of the HPHC, i.e., whether the HPHC is present in tobacco or 
primarily formed during smoking via mainstream smoke formation processes. For the HPHCs 
primarily present in tobacco, the levels are greater in Camel Snus since only a portion of what is 
present in cigarette tobacco is transferred into smoke. Nicotine, TSNAs and metals fall into this 
category. For such a compound to be present in mainstream cigarette smoke, it must be 
volatilized from tobacco during active puffing, condense into smoke and survive filtration by 
both the tobacco column and filter. It has been demonstrated that only 30%, or less, of 
compounds present in tobacco are transferred to mainstream cigarette smoke using the HCI 
smoking regimen (Piadé et al. 2015). Therefore, unless a given constituent level in cigarette 
tobacco is approximately three-fold greater than in a smokeless tobacco product, the amount 
in cigarette smoke is expected to be lower using current machine testing regimens.  

Conversely, HPHCs that are formed primarily by pyrolysis or combustion of tobacco are 
expected to be present at higher levels in cigarette smoke than in smokeless tobacco. This is 
shown clearly for acetaldehyde, crotonaldehyde, formaldehyde and B[a]P in Table 6.1.5-18, 
Table 6.1.5-19, Table 6.1.5-20 and Table 6.1.5-21. The concept is also evident in the study by 
Moldoveanu and Gerardi (Moldoveanu and Gerardi 2011) concerning acrylamide levels in 
tobacco, tobacco smoke and smokeless tobacco. Acrylamide is formed by the Maillard reaction 
of asparagine and carbohydrates that is typical when cooking carbohydrate foods. The 
temperature necessary for the reaction to occur is much lower than the combustion 
temperature of tobacco and could possibly occur during the heat treatment of smokeless 
tobacco during processing. Moldoveanu and Gerardi report that in cigarette tobacco, 
acrylamide levels range from 50 to 120 ng/g whereas Camel Snus values are 82.7 (Camel Snus 
Frost) and 69.9 ng/g (Camel Snus Robust). Yields in cigarette smoke using the less intense ISO 
smoking regime are 497 to 2728 ng/cigarette. Considering the weight of tobacco in the 
cigarettes, the smoke yield is 15 to 80 times the mass initially in the cigarette tobacco filler. 

In summary, distinct differences in HPHC results are observed between Camel Snus styles and 
cigarettes, with some HPHCs greater than, and others less than that of cigarettes. The 
significance of the observed differences depends upon their context. Chemical analyses provide 
information about specific characteristics of a tobacco product. However, results of such 
analyses do not provide insight into actual exposure to HPHCs when a tobacco product is used. 
Rather, exposure to constituents present in a tobacco product or tobacco smoke is the result of 
multiple factors, including the manner of use (e.g, smoking vs. placement of tobacco in the 
mouth), individual product use behaviors (e.g, cigarette puffing behavior or smokeless tobacco 
time held in mouth), the chemical composition of the product or smoke, and the route of 
exposure. Studies that measure exposure biomarkers provide more accurate assessments of 
exposure and risk than do product analyses, as biomarkers are the result of product use 
behavior and not merely the characteristics of the tobacco product itself (Chang et al. 2016). 

It has been observed that “people do not smoke like a machine.” Similarly, people do not use 
smokeless tobacco according to the parameters of an analytical test method. For example, 
while chemical analysis of smokeless tobacco is intended to be quantitative and to thoroughly 
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extract all of the mass of a given constituent from tobacco, constituent extraction during actual 
product use by a consumer is typically less. This is clearly shown in the mouth-level exposure 
studies included in this Application that entail analysis of Camel Snus before and after use by 
human subjects. Thus, the degree of extraction and retention of a tobacco constituent by the 
consumer cannot be inferred from chemical analysis alone. However, product analyses can, in 
some instances, provide information regarding the maximum potential for exposure to a given 
toxicant that is present in a tobacco product. 
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6.1.5.6 Comparison of Camel Snus and other U.S. smokeless tobacco chemistry 

Table 6.1.5-22, Table 6.1.5-23, and Table 6.1.5-24 summarize Camel Snus and other U.S. 
smokeless tobacco (loose leaf chewing tobacco, moist snuff and dry snuff) HPHC results from 
three RJRT studies (RDM JAB 2016,281; LSI 2014 113; RDM JMR 2016,235). The tables include 
results for nicotine (total and calculated free), moisture, pH, acetaldehyde, arsenic, B[a]P, 
cadmium, crotonaldehyde, formaldehyde, NNK and NNN. Table 6.1.5-22 combines all styles of 
Camel Snus and provides a comparison to results for other smokeless tobacco by sub-category 
on a per gram (as-is) basis. Table 6.1.5-23 combines the 0.6 g pouch size styles of Camel Snus 
and shows results along with the other smokeless tobacco by sub-category on a per 0.6 gram 
(as-is) basis. Table 6.1.5-24 combines the 1.0 g pouch size styles of Camel Snus and shows 
results for other smokeless tobacco by sub-category on a per 1.0 gram (as-is) basis.  
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expressed on a per gram, as-is basis). In general, Camel Snus chemistry is most similar to moist 
snuff and least similar to dry snuff among the spectrum of types of U.S. smokeless tobacco. 
However, as shown in Table 6.1.5-25, for 9 of the 13 chemical constituents and measures, 
Camel Snus values are lower than those of the majority of the other U.S. smokeless tobacco 
brands. 

Moist Snuff comparison: The range of moist snuff results determined brackets the range of 
results for Camel Snus for all analytes except moisture and B[a]P. This means that some brands 
of moist snuff have analyte levels below the range of means for Camel Snus and some brands 
have higher analyte levels (a relationship designated “Equal to Camel Snus” in Table 6.1.5-26). 
Moisture and B[a]P results for moist snuff are greater than Camel Snus with no overlap of the 
range of means found for either analyte (a relationship designated “Greater than Camel Snus” 
in Table 6.1.5-26). Camel Snus moisture is consistently lower than moist snuff for by about 20% 
(absolute moisture units). Moist snuff B[a]P results range from 3 times to over 150 times 
greater than the levels found in Camel Snus styles. In general, Camel Snus HPHC chemistry 
profiles are more similar to moist snuff than to the other two types of U.S. smokeless tobacco. 

Dry Snuff comparison: Dry snuff results are greater than those of Camel Snus styles for 7 of the 
HPHCs (nicotine, arsenic, B[a]P, cadmium, crotonaldehyde, NNK and NNN) with no overlap in 
ranges. The greatest differences observed are for B[a]P (27 – 170 X), NNK (8 – 276 X), and NNN 
(6 – 38 X) based on the minimum and maximum values for the ranges in Table 6.1.5-22. It is 
difficult to make a definitive assessment for crotonaldehyde since the upper and lower limits of 
the range contain values below the LOQ for both types of products. Dry snuff results are lower 
than those of Camel Snus styles for moisture, pH and free nicotine, with no overlap in the range 
of mean values. Dry snuff values for formaldehyde tend to be greater than those found for 
Camel Snus but there is an overlap in the range of values determined. The upper and lower 
limits of the range for Camel Snus contain formaldehyde values below the LOQ, but this is not 
the case for dry snuff. Dry snuff acetaldehyde values bracket the Camel Snus results. In general, 
differences between the HPHC chemistry profiles of Camel Snus and dry snuff products are 
greater than for comparisons of Camel Snus to moist snuff or loose leaf tobacco products.  
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6.1.5.7 Comparison of Camel Snus chemistry to other current Swedish snus products 

Camel Snus HPHC chemistry is generally consistent with other Swedish snus manufactured in 
Sweden. In the RJRT study M195-GLP (LSI 2014 113), 5 Swedish snus brand styles manufactured 
in Sweden (4 from Sweden and 1 sold in the U.S.) are compared to the 6 Camel Snus styles that 
are the subject of this Application on a per pouch basis, as well as a dry weight and per mg 
nicotine bases. Nicotine, free nicotine, B[a]P, formaldehyde, acetaldehyde, NNN, NNK, 
cadmium and arsenic results are compared in the study. All crotonaldehyde results were below 
detection limits, so product comparisons were not possible. On a per pouch as-is basis, there 
are no statistically significant differences (p ≤ 0.05) found for any HPHC comparisons of Camel 
Snus Frost, Camel Snus Mellow or Camel Snus Mint and other Swedish snus styles for the 
different analytes tested. For the larger pouch size Camel Snus styles (Frost Large, Robust and 
Winterchill), no statistically significant differences are found compared to the Swedish styles 
except for NNN (Frost Large, Robust and Winterchill) and NNK (Winterchill only). 

6.1.5.8 Comparison of Camel Snus chemistry reported in the scientific literature to 
results from RJRT studies  

Camel Snus chemistry results reported in the peer-reviewed literature agree well with results 
found in RJRT studies. For analytes summarized in Table 6.1.5-5 and Table 6.1.5-6 there are a 
large number of reported values: nicotine (19), unprotonated nicotine (18), NNN (21), NNK (17), 
pH (14) and moisture (12). For NNN, the literature values for the selected styles that are the 
subject of this Application range from 425 to 1790 ng/g with a mean value of 1013 ng/g. For 
RJRT studies, mean values for NNN range from 1007 to 1268 ng/g (Table 6.1.5-17). For NNK, the 
literature range for selected styles is 146 to 485 ng/g with a mean of 370 ng/g. The mean NNK 
values for the 6 Camel Snus styles in RJRT studies range from 310 to 360 ng/g (Table 6.1.5-17). 
The mean literature value for moisture is 32.1% while the range for the 6 styles in RJRT studies 
is 33.3 to 33.7% (Table 6.1.5-17). For the 2014 and 2015 market surveys conducted by RJRT 
(RDM JAB 2016,281), the mean moisture value for all styles is 32.3%. For pH, the mean 
literature value for selected styles is 7.6 and the RJRT mean pH value is 7.7. The mean nicotine 
value (selected styles) from the literature is 9.68 mg/g while the mean values for the 6 styles in 
RJRT studies bracket this with a range of 9.3 to 10.2 mg/g. The mean literature free (un-ionized) 
nicotine value (selected styles) of 2.6 mg/g is also similar to, but slightly less than, the range 
found for RJRT studies of 3.0 to 3.4 mg/g.  

While similar, the literature values shown in Table 6.1.5-7 do not agree to the same extent with 
RJRT study results (Table 6.1.5-17) as found for the analytes in Table 6.1.5-5 and Table 6.1.5-6. 
The greater differences observed may be due to the limited number of reported values as well 
as potential differences in analytical methods, sample preparation techniques and laboratory 
equipment for the different studies. For example, only 4 values for B[a]P are reported for 
selected Camel Snus styles in the literature which range from 0.5 to 10.1 ng/g, with a mean 
value of 3.18 ng/g. RJRT studies found 1.0 to 1.2 ng/g. The literature mean cadmium content of 
438 ng/g is similar to the range of 385 to 418 ng/g found in RJRT studies. The mean literature 
acrylamide content of 71.8 ng/g is similar to the mean value of 79.1 ng/g for the 2014 and 2015 
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market survey values (RDM JAB 2016,281) for the 6 Camel Snus styles as well. The largest 
difference between results reported in the literature and in RJRT studies is for arsenic content. 
Two values of 83 and 789 ng/g are reported for selected styles in the literature, with a mean of 
436 ng/g. The range of means for RJRT studies is 76.0 to 79.8 ng/g.  

In summary, there is good overall agreement between the HPHC chemistry values reported in 
peer-reviewed literature and in RJRT studies. Differences that are observed may be due in 
whole or in part to differences in analytical methodology employed for conducting quantitative 
chemical analysis in different laboratories. 
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