
INTRODUCTION:
There has been considerable interest in recent years in the chemical

composition of smokeless tobacco products (STPs), primarily based around

health concerns associated with their use. The International Agency for
Research on Cancer (IARC) has classified STPs collectively (1) as Group 1

(known human carcinogens).

However, worldwide there are very different types of STP, including dry snuff,

moist snuff, chewing tobacco, pellets, loose and pouched snus, and a range

of products used on the Indian sub-continent and in Africa. A review of STPs

by the UK Royal College of Physicians (2) noted that different health risks

are associated with the use of different STPs in line with the levels of
chemical toxicants within those products.

In an examination of the risks associated with use of STPs, IARC
Monograph 89 summarized the presence of 28 chemical agents or toxicants

reported to have been identified in STPs, including the radioactive elements

polonium (210Po) in US STPs, and uranium-235 (235U) and uranium-238

(238U) in Indian STPs. These radionuclides were subsequently identified by

the FDA as harmful or potentially harmful constituents in tobacco products
and tobacco smoke (3).

Over the last 50 years a considerable body of research has identified a wider
range of radionuclides in cigarette tobacco and smoke than considered in

IARC Monograph 89; however, there have been very few studies examining

the radioactive content of STPs.

The present study was conducted to fill this knowledge gap by examining

more fully the radionuclide content of contemporary STPs from the USA and

Sweden.
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Radionuclide Symbol Main source of 

radionuclide

Main 

radioactive 

emission 

mode

Proportion of 

measured STPs in 

which radionuclide 

detected

Radioactivity range  in 

STPs with detectable 

levels of radionuclide

(mBq/g WWB)

Mass range  in STPs 

with detectable levels 

of radionuclide 

(g/g WWB)

Uranium-235 235U Actinium decay series α 0/70 - -

Uranium-238 238U Primordial α 3/70 1-10 7 – 80 x10-8

Uranium-234 234U

Uranium-238 decay 

series

α 5/70 1-9 4 – 38 x10-12

Thorium-234 234Th β–

0/73 - -

Protactinium-234 234Pa β– 0/73 - -

Thorium-230 230Th α 5/70 1-9 1 – 12 x10-12

Radium-226 226Ra α 67/70 1-9 1 – 24 x10-14

Lead-214 214Pb β–

0/73 - -

Bismuth-214 214Bi α
0/73 - -

Lead-210 210Pb β–

52/70 <40 <2  x10-14

Polonium-210 210Po α 66/70 2-18 1 - 11 x10-17

Thorium-232 232Th Primordial α 1/70 1 3 x10-7

Actinium-228 228Ac

Thorium-232 decay 

series

β– 0/73 - -

Thorium-228 228Th α 47/70 1-9 4 - 28 x10-17

Lead-212 212Pb β– 0/73 - -

Bismuth-212 212Bi β– 0/73 - -

Tantalum-208 208Tl β– 0/73 - -

Potassium-40 40K Primordial β– 72/73 390-1900 1 – 7 x10-6

Carbon-14 14C

Cosmic ray

β– 69/73 20-101 1 - 6 x10-13

Tritium 3H β– 2/73 29-65 8 – 18 x10-17

Americium-241 241Am

Anthropogenic

α 0/73 - -

Plutonium-238 238Pu α
4/73 0.4-1.1 7 – 17 x10-16

Plutonium-239 239Pu α
7/73 0.3-1.3

1 - 5 x10-13

Plutonium-240 240Pu α 1 – 4 x10-14

Cesium-137 137Cs β– 0/73 - -

Cesium-134 134Cs β– 0/73 - -

Iodine-131 131I β– 0/73 - -

Cobalt-60 60Co β– 0/73 - -

METHODS:
This study investigated the radionuclide content of 78 major STPs on sale in

the US and Sweden in 2008-2010. The study was conducted in two parts: in

2008 70 STPs were sampled representing approximately 90% market share
in the major STP categories; in 2010 a further sampling took place of 73

STPs. Most of the STPs in the two exercises were the same, however some

2008 samples were no longer on-sale in 2010, and some new products

(including US snus) were also sampled in 2010 – leading to a total of 78

samples.

28 radionuclides were examined, covering those reported historically in

tobacco and also several species examined for the first time. In total, 13
alpha-emitting and 15 beta-emitting nuclides comprising primordial isotopes,

their major progeny, man-made sources and cosmic ray generated nuclides.

Radionuclide activities were determined by Scientifics Ltd. (UK) by either α-

spectroscopy (for most α-emitters) or by monitoring γ decay from the sample

(for all β–emitters, and one α-emitter). Details of the analytical methods are

available on request.

STP samples were measured as taken from the product containers (wet-

weight basis data or WWB), and water contents measured and used to

calculate dry-weight basis data for comparison with historic data. Mass
concentrations of radionuclides within the STPs were calculated by use of

specific activities.

RESULTS: Table 1: Measured radionuclide activities and concentrations in STPs
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CONCLUSIONS:
The radionuclide content of STPs is more complex than previously considered, with 14 radionuclides identified in one or more STPs; the nuclides 14C, 3H 

and 230Th are reported in tobacco for the first time.  The isotope present with the greatest radioactivity, and in the greatest concentration, is 40K.  In 

contrast, the three radionuclides highlighted by IARC Monograph 89, and present on the FDA established list of HPHC, were either undetectable in this 
study (235U), present in only 3 of 70 samples (238U), or had activity 50x lower than 40K (210Po).  The greatest exposure associated with radionuclides in 

STPs appears to be from 40K, but further work is required to establish whether this exposure represents a risk to STP users.  Nevertheless, the identities

of the FDA radionuclide HPHCs may merit re-consideration in the light of this study.

HUMAN EXPOSURE TO RADIONUCLIDES IN STPs: DIRECT IRRADIATION
Localised irradiation of oral tissues of STP users by α and β– radiation is possible. α radiation causes very localised damage due to its short path length in 

air and biological matrices (<100µm).  The dimensions of STP portions are considerably larger than this path length, and the STP will shield an STP user 

against almost all of the α radiation generated within it. The intensity of any α radiation escaping from the STP portion may be attenuated by saliva in the 
mouth and the non-vital superficial keratinised layer of the epithelium.  β– radiation can penetrate further than α-radiation depending upon the energy of 

the radiation. β– radiation from 210Pb and 3H are very low energy and have very short path-lengths in biological media. β– radiation from 14C can be 

estimated to penetrate ~300µm, and radiation from 40K ~5mm, in aqueous and biological media.  Therefore the oral cavities of STP users may be exposed 

to radiation from 40K, and to a lesser extent 14C, during STP use. The relevance of this exposure to any health risks associated with STP-use is unclear, as 

relevant radiological risk assessment models for STP use are not currently available.

HUMAN EXPOSURE TO RADIONUCLIDES IN STPs: SALIVARY EXTRACTION
The oral cavities of STP users can also be exposed to radionuclides extracted from the STP by saliva and mechanical work during use.  There are few 

data on the saliva extractability of radionuclides from STPs, but 210Po has been reported to be almost totally retained within the STP (4), and Pb (and 

therefore 210Pb) also shown not to be readily extracted (5) by artificial saliva. However, as 40K shares similar chemistry to Na+ (recently reported (6) to be 
extracted from snus at ~30% during use), it is likely to be partially extracted from STPs during use.  14C and 3H will be present in tobacco as a variety of 

species with varying extractability, and may also be extracted from STPs during use.  Hence, it appears that these three β– emitters offer the potential for 

radiation exposure to the oral cavity in addition to the direct exposure mechanism discussed above. Again, development of risk assessment models would 

be required to establish the relevance of these observations to any risk associated with STP use.

RADIONUCLIDES IN STPs:
14 of the 27 radionuclides examined were 

identified in one or more  STPs. 

The greatest activity was found from β–

rather than α emitters;

The most pervasive radionuclides were 
40K, 14C, 210Po and 226Ra. The greatest 

activity and concentration was found with 
40K.

The presence of the radionuclides 14C, 3H 

and 230Th are reported in tobacco (and 
STPs) for the first time.

FDA HPHC RADIONUCLIDES:
235U was not detected in any STP. 238U 

was identified in only 3 STPs, and when 

detected had activity ~1% of the 40K 

activity. 
210Po was detected in almost all samples 
analysed, but at activity levels ~2% of the 
40K activity.


