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Abstract: The extent of toxicological character of tobacco snuff is an on-going subject of debate. In this study,
the concentration of thirty-four toxic and other elements in two local snuffs and a foreign snuff product have
been determined. The technique for elemental determination is Instrumental Neutron Activation Analysis
(INAA). Special attention was given to elements that play a significant toxicological role after entering the
human body through tobacco snuff assimilationf. The aim of the study was to determine the pattern of elemental
concentrations and the toxicological strengths of the different snuff types. The results indicated that
concentrations of As, Br, Cd, Cr, Hg in the foreign brand were lower, with the traditional product showing the
highest toxicity. In conclusion, it was observed that these elements may then be part of the health risk of
exposure to snuff users in Ghana.
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INTRODUCTION

The habit of tobacco use is pursued by people of all
ranks and age in all societies of the world (Garg et al.,
1995). Therefore, the tobacco plant seems to occur in
every geographical region of the world. These indicate
that tobacco holds a leading position as an article of
human consumption and is one of the most frequently
used plants in the study of mineral composition and
nutrition (SmodiÑ et al., 1995). Tobacco may be used in
different forms such as smoking, chewing and sniffing
etc. 

Scientific literature is filled with evidence that
tobacco has serious harmful effects on human health
(Demarini, 2004; Stohs et al., 1997; Iskander, 1985 and
1986; Kosanovic and Jokanovic, 2007). A complete list
 documenting  the  health  effects  from  tobacco
utilisation can be found on the website http://
www.ash.org,uk/html/health/html/oral. html (ASH, 2001)
as well as in Duh (2005).

The most widely used form of tobacco is smoking
through pipes or cigarette. Exposure to tobacco smoke
leads to cancer, heart and lung diseases, and addiction
(Pappas et al., 2007). It is generally understood that
smoking is associated with increase in heavy metals,
including Cd and Pb in human tissue. Many researchers
have found that Cd contents in the liver and kidney of
smokers were higher than those of non-smokers (Scherer

and Barkermayer, 1983; Mussalo-Rauhamaa et al., 1986).
Kosanovic and Jokanovic (2007) further observed that Cd
blood concentration in smokers is 5 times higher
compared to non-smokers.

Another form of tobacco use is related to sniffing of
tobacco powder. Scientific literature in respect of heavy
metal and trace elements assessment in snuff is meager
(Addo et al., 2008). Snuff is locally referred to as finely
grounded tobacco leaves (Duh, 2005). In Ghana, snuff is
prepared by mixing dried tobacco leaves (Nicotiana
tobacum L.) with some chemicals (especially saltpeter)
and then grounded into fine powder. Besides sniffing,
snuff is consumed by placing the powder between the
cheek and gum, thereby enabling it to seep gradually into
the mouth and body through mixing with saliva. In
addition, snuff is used to induce sneezing to “enlighten”
the head and also as a depressant and stimulant. They are
known to contain nicotine as an active ingredient
(Bloomfield, 1992). Despite statutory warning and
proposal for prohibition of smoking and other forms of
tobacco use, and advertisement in public places, the
public is not yet deterred.

Besides the known traditional snuff, others from both
local and foreign source can now be located on the
shelves of the Ghanaian local pharmacies, an indication
that snuffs used in Ghana is on the ascendancy. Apart
from the worrying health implication for the adult
population who indulge in snuff is the large shift of the
Ghanaian youth from cigarette smoking to snuff sniffing.
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Lack of information on levels of mineral toxicology
of pharmacy snuffs should elicit a concern. Due to
increasing consumption of snuff in Ghana, a study of the
mineral contents especially those of the toxic fraternity in
the snuffs is desirable. Therefore, it is necessary to
measure these elements in assessing the possible role they
may play in causing diseases. Furthermore, information in
respect of the toxicological nature of the pharmacy-based
snuff would bring about public knowledge as to whether
the health needs of snuff users are being served better.

The present investigation was undertaken, principally
to determine the elemental profile of three different snuff
brands (two local and one imported) sold on the Ghanaian
market.  Furthermore, this study makes comparative
analysis of the different varieties, paying particular
attention to toxic levels in the traditional brand against the
pharmacy brands, and between the pharmacy brands. In
order to study simultaneously a large number of the
elements in the samples, INAA was carried out at the
Miniature Neutron Source Reactor (MNSR) of the
GHARR-1 Centre of the Ghana Atomic Energy
Commission in Ghana which operates at a high maximal
neutron flux of 1.0×1012 n/cm2.s.

MATERIALS AND METHODS

Sample and sample preparation: The samples examined
in this study represent three different tobacco snuff brand,
two of which were manufactured in Ghana; and the third
an imported variety. Of the two locally manufactured
brands, one is produced by a traditional method of
grinding a mixture of dried tobacco leaves with chemicals
and retailed at un-commercial outlets. On the other hand,
little knowledge is known of the other brands which are
retailed in pharmacy shops. However, the mode of usage
of the two is the same, but the second brand is said to be
medically refined and conducive for the exceptional
treatment of sexual weakness, prolong headache, bad
smell in the head and all forms skin diseases etc. 

For the purpose of the study, the traditionally known
brand was coded (TB), the local Medicated Brand (MB)
and the imported brand (FB). All samples of the snuff
were randomly purchased in multiple locations within the
greater Accra Region of Ghana. Eighteen samples from
various locations were acquired for the TB brands whilst
twelve and ten samples were respectively acquired at
pharmacy shops for the MB and FB snuff brands. In the
laboratory, the TB samples mostly wrapped in papers
(usually used for previous packaging) were turned into
composite samples. Similarly, separate composite samples
were made for RB and FB brands by taking equal portions
from each container respectively and homogenized
through exhaustive manual mixing, using a spatula. The
RB snuffs were contained in a cylindrical plastic material
of 10 cm diameter and 6 cm height, whilst the FB samples

were in metallic iron cylindrical container of 10  and 6 cm
height. 

Two hundred  mg of each sample was enveloped via
thermal sealing inside 5×5 cm2 polyethylene thin film
which were heat-sealed in 8.9 cm3 rabbit capsules for
irradiation. Initially, the polyethylene film and rabbit
capsules were cleaned by soaking them in dilute nitric
acid for three days and washed with de-ionized water. 

To assess the analytical process and make a
comparative analysis, a series of biological Standard
Reference Materials (SRM) were prepared in the same
manner as the analytes. The standards used were carefully
chosen to contain all the elements of interest and include:
Orchard Leaves (SRM-1571); Peach Leaves (SRM-1575);
Whole Milk Powder (SRM-8435) and Oyster Tissue
SRM, all from the National Institute of Standards and
Technology (NIST). In addition, was Trace and Minor
Elements in Lichen SRM obtained from the International
Atomic Energy Agency (IAEA). All the analytical and
standards samples were herein prepared in five replicates
and analyzed accordingly. The standards were used to
validate the accuracy of the analytical procedure
employed for this study.

Irradiation and counting: Both the analytical samples
and the SRMs were analyzed by INAA. The neutron flux
used  for  the  irradiation  was  approximately  5.0×011

n/cm2.s.  The samples were sent into the MNSR by means
of a pneumatic transfer system operating at a pressure of
25 atmospheres. The scheme of the irradiation was chosen
so as to take into account the half-lives of the
radionuclides of interest. In that regard, the following
irradiation times were selected: 10 sec for the short-lived
radionuclides; 3600 sec for the intermediate
radionuclides; and 14400 sec  for the long-lived elements.

After a short decay period the activity of the gamma-
ray emitting radionuclides with short half-lives were
measured. Similarly, the gamma spectral intensities for
the medium and long half-life radionuclides were also
measured after 2 days and between 2-4 weeks decay
period respectively.

The measurements of the gamma-ray spectral
intensities were made using a spectroscopy system of the
high purity germanium (HPGe) N-type coaxial detector
Model GR2581; high voltage power supply Model 3105;
and a spectroscopy amplifier Model 2020(all
manufactured by Canberra Industries, Inc.). The detector
system at fixed geometry was coupled to an 8 k Ortec
Multi-Channel Analyzer (MCA) emulation card and a 486
microcomputer. The detector system at fixed geometry
was coupled to an 8k Ortec Multi-Channel Analyzer
(MCA) emulation card and a 486 microcomputer. The
resolution of the detector system which operate at a bias
voltage of -3000 V Full Width at at Half Maximum
(FWHM) was 1.8 keV for 60Co 1332 keV gamma-ray with
25% relative efficiency.
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The output spectral intensities of both the analytical
samples and standards were processed and stored in the
microcomputer software by means of the MCA card.
Qualitative analysis of the radioisotopes was achieved by
means of identifying their spectral intensities. The
evaluation of the areas through integration under the
photo peaks of the identified elements were converted
into their concentrations using the comparator method
(Ehmann and Vance, 1991).

RESULTS AND DISCUSSION

To confirm the accuracy of the detector system,
comparison was made in respect of some elements which
were well resolved in the Standard Reference Materials
(SRM): Oyster Tissue SRM; Lichen SRM; and Whole
+Milk Powder SRM and the results of this work.
Although, the absolute INAA does not need SRM (Abdel-
Haleem et al., 2001), it is not practical to confirm the
procedure, especially when new matrix is to be
investigated. As seen from Table 1, the results are
generally in good agreement with certified values.

A total of 34 major, minor and trace elements were
determined in the analysis. The results of the mean
concentrations (:g/g), median and range of the elementsin
the three different brands of snuff examined are listed
alphabetically in Table 2, 3 and 4. The concentration
values were derived from five replicate measurements.
All the elements display their presence in the three
different sets of samples with the exception of Eu and Se
in the FB sample, however, with differing concentrations.
In addition to these elements, spectral lines for Au, Dy,
Ga, Ge, Hf, Si and Tm were observed. However,
quantitative  analysis  of these elements was not met due
to: lack of SRM containing the elements; photopeaks
which could not be subtracted from the Region of Interest
(ROI); and rejection of peaks on grounds of asymmetry
by the microcomputer software system.

The qualitative similarity of the elements in the
samples is an indication that tobacco leaves really serves
as a raw material for their production. Because of the
complicated pattern in the concentration relationship of
the samples, focusing on the comparison between the
three types of the snuff products will be futile, instead, the
general profile of each product will be discussed focusing
attention to any anomaly. The discrepancies in the
differing quantitative pattern among the samples were
expected. The reason may hinge on several factors. For
instance, toxic metal uptake by tobacco plants depends on
the level of metal contaminants in the soil, soil
amendment (Adamu et al., 1989; Mulchi et al., 1992), and
soil pH (Mulchi et al., 1987). Also, metal absorption for
a variety of agricultural plants has been shown to be
dependent on geographical origin (Anderson et al.,1999;
Schwartz and Hecking, 1991). Therefore among factors
which may account for these differences in elemental
concentrations are: the soil types on which the tobacco
were harvested; different climatic conditions and hence
different environments; and also the manufacturers
specifications in terms of other added chemicals during
the production processes.

As follows from Table 2, 3 and 4, the presence of
elements like As, Br , Cd, Cr, Hg, Sb and Se indicated
that the nature of snuff could be carcinogenic (Garg et al.,
1995). The carcinogenicity nature from observation hasno
correlation   from the geographical origin of the tobacco
raw material. Even though toxic trace elements present in
tobacco do not entirely determine the risk likely to be
caused by snuff use, they can become more hazardous
where they are present in higher concentrations, and could
lead to higher health risk. Special attention has been given
to the elements that play a significant toxicological role
after  entering  the  human  body  through  tobacco snuff
assimilation which contribute in increasing the negative
effects of tobacco and use of its products.

Table 1: Comparison of concentrations in various standard reference materials and local laboratory values
Reference  No. of  Reported

Element material  measurement  value This study Unit Ratio
Al Oyster tissue 5 597.2±6.0 170.32±18.74 mg/kg 0.86
Ba Oyster tissue 5 8.6±0.3 8.65±0.74 mg/kg 1.01
Cd Oyster tissue 5 2.48±0.08 2.40±0.19 mg/kg 0.97
Cl Oyster tissue 5 0.514±0.010 0.511±0.007 % 0.99
Cu Oyster tissue 5 71.6±1.6 70.74±9.42 mg/kg 0.99
Ni Oyster tissue 5 1.04±0.09 1.11±0.08 mg/kg 1.07
Rb Oyster tissue 5 3.262±0.145 3.07±0.29 mg/kg 0.94
Br Lichen 5 12.90 13.29±1.46 mg/kg 1.03
La Lichen 5 0.66 0.695±0.006 mg/kg 1.05
Mn Lichen 5 63.0 64.45±7.09 mg/kg 1.02
Sc Lichen 5 0.17 0.175±0.021 mg/kg 0.97
V Lichen 5 1.47 1.396±0.057 mg/kg 0.95
Ca Orchard leaves 5 2.09±0.03 2.131±0.044 % 1.02
Fe Orchard leaves 5 2.30 1.74±0.16 mg/kg 0.76
Rb Orchard leaves 5 270.0 301.07±24.09 mg/kg 1.12
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Table 2: The mean, median and ranged concentrations (:g/g) of
elemental profile of traditional snuff

Elements Mean Median Range
Al-28 9912.51 10845.61 7800.32-12030.74
As-76 1.93 1.98 1.52-2.35
Ba-139 183.23 190.20 166.32-210.20
Br-82 97.78 89.23 80.11-114.13
Ca-49 15541.62 16008.23 13234.22-18045.44
Ce-141 10.35 9.98 9.01-11.85
Cd-115 0.041 0.037 0.029-0.048
Cl-38 16642.06 17322.14 14353.61-19002.28
Co-60 1.249 1.411 0.996-1.488
Cr-51 4.317 4.662 2.954-5.669
Cs-137 0.144 0.187 0.099-0.223
Cu-66 15.38 13.99 10.44-17.88
Eu-152 0.412 0.389 0.246-0.698
Fe-59 2820.51 2981.41 23415.32-33465.58
Hg-197 0.181 0.202 0.142-0.232
I-128 3.72 4.19 3.02-4.71
K-42 37811.04 34562.05 31103.6242004.02
La-140 13.23 13.54 11.25-16.03
Mg-27 27655.80 25898.66 23054.34-30456.21
Mn-56 157.61 171.23 109.23-202.16
Mo-99 1.32 1.22 0.95-1.56
Na-24 38311.16 35669.98 31654.25-43658.25
Ni-58 0.446 0.501 0.402-0.745
Rb-86 27.84 27.29 23.54-29.97
Sb-124 0.0022 0.0020 0.0016-0.0027
Sc-46 0.762 0.733 0.599-0.961
Se-75 0.120 0.113 0.096-0.138
Sm-153 0.394 0.411 0.254-0.516
Sr-85 110.12 111.52 104.25-117.84
Th-233 0.975 0.898 0.633-1.14
Ti-51 150.77 148.69 144.87-161.88
U-239 1.637 1.464 1.287-1.885
V-52 13.01 13.68 12.45-14.49
Zn-65 21.71 20.54 18.56-23.0

For instance, research has shown that significant flux
of heavy metal, among other toxins, reach the lungs
through smoking (Stephen et al., 2005). Other studies
have found out that, a positive association exists between
urinary As level in children and parental smoking habits
(Chiba and Masironi, 1992). The mean As level in the
urine of children of non-smoking parents was 4.2 :g/g
creatinine, in children with one parent smoking it was 5.5
:g/g, and in children with both smoking parents it was
13.0 :g/g creatinine.

Chronic exposure to lower levels of arsenic results in
somewhat unusual patterns of skin hyper-pigmentation,
peripheral nerve damage manifesting as numbness,
tingling, and weakness in the hands and feet, diabetes, and
blood vessel damage resulting in a gangrenous condition
affecting the extremities (Col et al., 1999). The mean As
concentration in the snuff samples were: TB (1.93 :g/g);
MB (0.862 :g/g) and 1.17 :g/g for FB. These values
were higher to what Garg et al. (1995) reported for Indian
bidi and chewing tobacco and lower than that reported for
Italian cigarette tobacco (Vega-Carrillo et al., 1995).

The toxicological nature of Cd and Hg are
exceptionally known. Cadmium is highly toxic and one of
the   most  important  heavy  metal when adverse health

Table 3: The mean, median and ranged concentration (:g/g) of
elemental profile of local medicated snuff

Elements Mean Median Range
Al-28 4254.21 4138.21 4062.80-4547.16
As-76 0.862 0.811 0.476-10.23
Ba-139 67.41 66.84 55.23-80.19
Br-82 66.36 66.18 58.25-74.05
Ca-49 20463.521 9325.44 18222.54-23421.25
Ce-141 12.44 13.65 9.69-16.05
Cd-115 0.029 0.023 0.018-0.032
Cl-38 19986.32 18899.23 15648.30-24330.26
Co-60 0.551 0.711 0.256-0.986
Cr-51 1.405 1.254 0.961-1.753
Cs-137 0.166 0.122 0.089-0.181
Cu-66 9.17 9.14 8.34-11.04
Eu-152 0.376 0.382 0.255-0.421
Fe-59 2033.32 18551855 .28-2314.56
Hg-197 0.061 0.069 0.045-0.811
I-128 2.920 2.962 2.201-5.681
K-42 27541.16 24165.33 19254.11-31225.36
La-140 11.66 12.64 8.99-13.22
Mg-27 9097.25 9441.47 6787.41-13005.08
Mn-56 100.34 100.92 98.81-105.26
Mo-99 1.25 1.064 0.764-1.471
Na-24 19411.23 19335.21 16444.05-22546.36
Ni-58 0.441 0.462 0.299-0.677
Rb-86 33.94 33.84 32.71-35.89
Sb-124 0.024 0.030 0.017-0.038
Sc-46 0.473 0.511 0.324-0.72
Se-75 0.792 0.688 0.496-1.044
Sm-153 1.073 0.914 0.652-1.152
Sr-85 118.46 114.52 114.52-121.4
Th-233 0.833 0.799 0.611-1.021
Ti-51 405.71 352.91 281.25-685.18
U-239 0.917 1.188 0.721-1.403
V-52 87.02 87.01 86.01-87.93
Zn-65 17.39 16.23 14.34-19.92

effects of tobacco use is considered. Cd levels in blood,
urine and organs of occupationally smokers are very low,
but increase with non-smokers (Chiba and Masironi,
1992). It accumulates mainly in the kidney and liver and
high concentrations have been found to lead to chronic
kidney dysfunction (Addo et al., 2008). It also induces
cell injury and death by interfering with Ca regulation in
biological systems. Schenker (1984) estimated the weekly
Cd intake from food and water in humans as 284 :g;
smoking 40 cigarettes/day provides twice as much Cd as
food. In the analysis: 0.041 :g/g was evaluated for TB
brand; 0.029 :g/g was observed for the MB brand; and
0.019 :g/g for the FB. Thus, the significant differences
for the three brand in respect of mean concentration is in
the order of TB> MB > FB. On the part of Hg, 0.181 :g/g
was recorded for TB, 0.061 :g/g was accounted for MB
and 0.065 :g/g for FB. Hg is a neurotoxin in any form.
Adults, children and developing fetuses are at risk from
ingestion exposure to Hg (US EPA, 2004). When methyl-
mercury (Me-Hg) enters the human system, it crosses the
walls of the gastrointestinal track due to its fast transport
through biological membranes, thus accumulating in the
envelops of the nerve cells causing neurological damages
(Serfo-Armah et al., 2004). In addition, new studies show
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Table 4: The mean, median and ranged concentrations (:g/g) of
elemental profile of foreign snuff

Elements  Mean Median Range
Al-28 2610.40 2564.24 2255.14-2908.07
As-76 1.17 1.22 1.01-1.32
Ba-139 117.85 120.51 114.06
Br-82 39.67 41.13 36.58-44.08
Ca-49 9506.50 9455.52 9154.20-9811.27
Ce-141 2.06 1.98 1.62-2.41
Cd-115 0.019 0.011 0.005-0.0.23
Cl-38 35138.98 36005.51 30152.24-40624.21
Co-60 0.319 0.283 0.243-0.471
Cr-51 0.416 0.383 0.343-0.671
Cs-137 0.022 0.030 0.013-0.038
Cu-66 18.94 17.34 14.41-21.47
Eu-152 ND
Fe-59 55.73 380.88 335.14-410.09
Hg-197 0.065 0.071 0.057-0.083
I-128 5.02 6.01 2.99-9.53
K-42 56034.71 61001.42 47666.29-69886.55
La-140 10.94 11.56 8.69-14.04
Mg-27 7782.64 7589.23 7099.68-8123.54
Mn-56 248.91 244.56 211.23-294.21
Mo-99 1.78 1.77 1.55-1.92
Na-24 17365.08 18011.24 13542.11-22109.12
Ni-58 0.107 0.112 0.098-0.119
Rb-86 36.77 35.79 31.52-39.99
Sb-124 0.005 0.005 0.0041-0059
Sc-46 0.149 0.151 0.142-0.160
Se-75 ND
Sm-153 0.456 0.441 0.0.299-0.60
Sr-85 143.94 136.22 131.25-150.06
Th-233 0.931 0.856 0.624-1.13
Ti-51 214.55 207.35 198.36-221.13
U-239 0.593 0.610 0.416-0.799
V-52 13.14 12.91 11.28-16.01
Zn-65 19.36 18.55 15.42-22.24
ND: not deducted

that Hg also damage cardiovascular, immune and
reproductive systems (Green, 2004). Meanwhile, the
World Health Organization’s (WHO’s) recommended
limits for Hg, As, and Cd in drinking water for are 0.001,
0.05 and 0.003 :g/L respectively. Locally, Ghana has no
regulatory limits for these chemicals in respect of tobacco
products. Thus, the levels recorded for this study were in
excess of WHO’s regulatory specification for these
elements indicating potential toxicity on the part of the
tested snuff samples.

The concentration of Cr in the three examined brand
of snuff ranges from 0.416 to 4.317 µg/g. These values
are comparable to those reported in other studies (SmodiÑ
et al., 1995; Iskander, 1986; Garg et al., 1995; Vega-
Carrillo et al., 1995). The upper and lower limits of the
range of values were 2.95-5.67 and 0.34-0.67 :g/g  for the
TB and FB samples respectively. In as much as the Cr
concentrations were far higher than the WHO
recommended limit (0.05 :g/g) for drinking water
indicates massive toxicity from the medical point of view.
Cr toxicity in man has been limited to haemorrhage,
respiratory impairment and liver lesions (Lenntech, 2010).
Levels of Ni in the three different samples were almost

similar, the slight differences in their concentration were
statistically not significant (p<0.5). The mean Ni
concentration in the Ghanaian brands MB (0.441 :g/g)
and TB (0.446 :g/g) were strongly comparable and
somewhat a little higher than the foreign Brand (FB)
(0.107 :g/g). It is important to note that Ni levels in all
the samples investigated were at least five times lower
than what was obtained by Alvarado and Cristiano (1993)
in Venezuean cigarette tobacco as well as in iqmik
tobacco (a smokeless tobacco product popular among
Alaskan Natives) (Pappas et al., 2008). Nickel apparently
has a limited acute toxicity in humans, including airway
irritation, but the important adverse effects relate to
allergic eczema and respiratory cancers (Grandjean,
1992).

The mean concentration of Br in the three examined
snuff brands ranges from 39.67 to 97.78 :g/g. Thus in the
present study, the highest amount of Br found in the
samples is much lower than the permissible level of 250
:g/g (Iskander, 1986). However, these values are
similarly related to those reported in several studies
(Iskander, 1986; Othman et al., 1995; Wu et al., 1997;
Vega-Carrillo et al., 1995; Nada et al., 1999). Studies
have shown that high level of exposure to Br and its
fluoride compounds (i.e., Bromine pentaflouride) may
cause severe irritation of the eyes leading to clouding and
necrosis of the cornea, skin irritation, difficulty in
breathing, cough, pulmonary edema and cardiovascular
diseases (Sittig, 1991). The average concentration of Br in
the TB product (97.78 :g/g) is higher than those
measured in the pharmacy brands of MB and FB of mean
concentrations of 66.41 and 39.67 :g/g, respectively. The
same trend is valid for Zn which requires critical level in
the human system that must be maintained for good health
(Vaz et al., 1995). Although humans can handle
proportionally large concentrations of zinc, too much zinc
can still cause eminent health problems, such as stomach
cramps, skin irritations, vomiting, nausea and anaemia.
Very high levels of zinc can damage the pancreas and
disturb the protein metabolism, and cause arteriosclerosis
(Lenntech, 2010). Zn mean concentration is comparable
in the samples but least abundant in the FB snuff sample
(17.39 mg/g) and highest in the TB product (21.71 mg/g).

Comparison between the mean concentrations of Ba
in the various brands of the tobacco snuffs under
investigation reveals that MB shows the lowest
concentration (67.41 :g/g), whereas TB has the highest
Ba concentration (183.23 :g/g). The average Ba
concentration (117.84 :g/g) of the FB snuff is higher than
those reported for American cigarette (49 :g/g), Iranian
Tobacco (5.2 :g/g), Egyptian Cigarette (59.8 :g/g) and
Chinese Tobacco (28.7 :g/g) (Vega-Carrillo et al., 1995).
Cobalt and Copper concentration levels in FB snuff are
0.319 and 18.9 :g/g, respectively. The mean levels of Cu
in the FB snuff were higher than those found in the two
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Ghanaian snuffs. However, the reverse is the case with
respect to Cobalt.  In the TB snuff Co concentration
(1.249 :g/g) is higher than the 0.551 :g/g registered for
the MB and same situation prevail for Cu concentration in
TB (15.38 :g/g) which is higher than that of MB (9.17
:g/g). Copper and Co are classified as essential to life due
to their involvement in certain physiological processes.
Elevated levels of these elements, however, have been
found to be toxic. Copper, Fe and Co form the essential
group of metals required for some metabolic activities in
organisms. Toxicological effects of large amounts of Co
include vasodilation, flushing and cardiomyopathy in
humans and animals. Their significance to this study lies
between essentiality and possible toxicity when present in
elevated levels. However, in contrast to Pb, the definition
of an exact toxicity limit to these elements could not be
obtained for the study. The decisive point is whether
absorption of the existing elements actually took place
when the tobacco is in use.  

In the study of potential toxicity in tobacco and
tobacco products, apart from the trace elements and heavy
metals which has been identified as carcinogenic, likewise
other compounds such as volatile aldehydes, radioactive
elements, certain inorganic compounds, benzo(a)pyrene,
volatile N-nitrosamines, N-nitrosamines acids (NAAs)
and tobacco-specific N-nitrosamines (TSNAs), the most
active groups of carcinogens (Djordjivic et al., 1989) are
considered as toxic chemicals. 

Regarding  radioactive elements, according to Westin
(1987), tobacco could be the largest, single worldwide
source of carcinogenic ionizing radiation, and the
bronchial region of smokers’ lungs could be exposed to as
much as 7 × 10G5 Sv (7mrem) with each cigarette use by
a smoker. Therefore, the presence of uranium and thorium
in the samples quickly brings attention to the effect of
radiological hazards that can be brought about through
snuff use. 

Uranium-238, one of the most radioactive isotopes
which occur naturally is known to be radiotoxic and
chemotoxic (Darko et al., 2006). Radium and radon are
members of the uranium and thorium decay series. 226Ra
is the daughter product of 238U with a physical half-life of
about 1600 years and being a bone seeker, has a high
degree of toxicity and a biological half-life of 48 years.
226Ra decay to 222Rn gas, which when inhaled in excess
quantities for prolong period of time could lead to lung
cancer (Bain, 1994).  Furthermore, 222Rn is adjudged to
deliver the highest dose to man from all radiation sources
and therefore has an increasing impact on society as it
could also induce kidney diseases (Addo et al., 2008).
The analysis shows that uranium varies from 0.416 1to
0.799 mg/kg in FB, 0.721 to 1.403 :g/g in MB, and 1.287
to 1.885 :g/g in TB under the current study. All these
values were lower than the range observed by Lai et al.
(1986) for Indian tobacco snuff. A significant difference

of mean concentration of 0.142 :g/g and 0.044 :g/g
accounted for Th in MB samples (0.833 :g/g) and FB
sample (0.931 :g/g), respectively as against TB samples
(0.975 :g/g).

The undesirable radiological hazard in the use of
snuff can further be related to other important members of
the uranium and thorium decay series which are Lead (Pb)
and Polonium (Po). However, the INAA technique is not
the best choice for the determination of Pb (Alvarado and
Cristiano, 1993) and for that matter Po because they do
not have easily measurable isotopes.  

The possible presence of Po and Pb in the samples
and their determination in other related studies (Chiba and
Masironi, 1992; Jung et al., 1998; Marmorstein, 1986;
Pappas et al.,  2007), indicate a strong possibility of their
distribution as toxicants in tobacco and other tobacco
products.

The toxicity of Pb at high level of exposure is well
known, but the major concern of today is the possibility
that continual exposure to relatively low level of Pb may
result in adverse health effects. Lead impairs the renal,
homopoietic and nervous system and reports of various
survey suggest that Pb is casually related to deficiency in
cognitive functioning (Koller et al., 2004; Chukwuma,
1997). On the other hand, Po is thought to be a casual
factor in carcinogenesis (Chiba and Masironi, 1992).
According to Ravenholt (1987), tobacco smoke
containing Po combines with household dust, settles on
surfaces and clothing, and contributes to household radon-
emitted alpha-radioactivity.

Increase in snuff use is not peculiar only to Ghana,
but also a global situation. Hoffmann and Djordjivic
(1997) reported that snuff consumption in the United
States increased by 38.4% between 1981 and 1993 while
the sales of all other tobacco products declined. A similar
report by Glogan (1993) specified that in Sweden, per
capital consumption of oral snuff was the highest,
indicating that snuff sales increased by 92% between
1970 and 1993. Both of these reports, indicated that these
reference periods witnessed a significant decline in the
sale of smoking tobacco. As much as 58.4% in this aspect
was observed for the United States alone. What was more
disturbing was that snuff dipping were recorded among
male adolescents aged 12-18 years and young adults aged
19 years or older in both countries.

These trends are alarming in view of the findings of
the World Health Organization (WHO, 1998),
International Agency for Research on Cancer (IARC,
1985) and Djordjivic et al. (1995), all of whom concluded
that oral use of snuff induces gingival recession, as well
as precancerous lesions in the oral cavity and pharynx,
and that snuff is carcinogenic to humans. In view of the
fact that more and more children and adolescents are
taking up the snuff habits, it is of concern that the
incidence of oral cancer will rise accordingly. There are
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also indications for increased risks of cancer of the
esophagus, the pancreas, the renal pelvis, and the urinary
bladder among snuff users (Kabat et al., 1986; Goodman
et al., 1986).

On the whole the analysis has proved quite
informative about differences in the toxicological levels
of the types of snuffs studied. A careful observation of
mean concentration values of Table 2, 3, and 4 indicate
that the toxicity level is linked more to the traditional
samples than the other brands (pharmacy products). This
is evidenced by the fact that concentration of elements
which are considered toxic or could be toxic and those
known to be carcinogenic (As, Br, Cd, Cr, Co, Fe, Hg, I,
Ni, Th, U and Zn) are higher in the TB product. From the
same observation, it is valid to infer that the presence and
concentration of these elements in the pharmacy samples
make the medicated snuff more dangerous to health than
the foreign brand. Hence, the toxicological strength of the
samples is in the order TB>MB>FB.

The study has revealed that the source of heavy and
trace metals in the snuff products can be traced to the
tobacco plant itself. Therefore, it is important to note that
the health risk poses by any snuff is not solely
manufacturer and sales location dependent. In Ghana,
medicinal products from pharmacies apart from other
health facilities are considered more decent and therefore
less contaminated in relation to good health. It is therefore
not surprising that the non-pharmacy product has proven
to be more toxic. The reason could be traced to low
scientific principles in their manufacturing practices,
which may be influenced by processing techniques and
additives.  What remains more problematic is that the
traditional snuff is the most widely used form of snuff in
Ghana. Low cost has been the reason attributable to this
situation. This has forced those who have less knowledge
about the health risk associated with snuff to shift from
tobacco smoking to snuff as an alternative to avoid the
hazards of smoking which is unfortunate.

CONCLUSION

A comprehensive study of the elemental distribution
in two different local stuffs and a foreign snuff product
has been completed. Thirty-four elements have been
determined for all the samples. The mean levels of toxic
metals like As, Cd, Cr, Hg and Ni were found distributed
in all the snuff samples which were investigated. The
level of toxicity was higher in the traditional based snuff
and least in the foreign snuff.  The concentration levels of
these elements in the snuff samples are far in excess
compared to safe limits specified by the WHO’s in
drinking water indicating potential health risk for users in
Ghana. The study is of the view that the continuous use of
snuff could result in an increase in heavy and trace metals
in the human body beyond acceptable limits through

accumulation. Thus, an earlier recommendation by Addo
et al. (2008) that food and drugs regulatory institutions
should determine toxicity threshold for these substances
to safeguard snuff and other tobacco related products
users in Ghana is considered a step in the right direction.

In conclusion, what needs to be done pertaining the
population at risk on this subject is the education of
Ghanaian parents and the teeming youth. The study needs
to emphasize, however, that abstinence from snuff is the
only way to prevent cases of cancer attributable to the use
of this form of smokeless tobacco and that snuff use is not
an alternative to tobacco smoking. Heavy metals and trace
elements constitute just one of many classes of toxic,
carcinogenic, and additive substances in tobacco products.
Differences in other classes of toxic compounds such as
volatile aldehydes, benzo(a)pyrene, volatile N-
nitrosamines, N-nitrosamines acids (NAAs) and Tobacco-
Specific N-nitrosamines (TSNAs) or the bioavailability of
nicotine exist and must also be evaluated for the health
impact assessment of tobacco products in Ghana.

Furthermore, the INAA technique employed for this
work proves to be a very adequate method for the
determination of elements in the various snuff samples
examined, due to its good accuracy, and its sensibility to
detect small variations in the concentration of these
elements. Some elements were even measured down to
10G3 µg/g. The qualitative results obtained in the study
will be of great scientific interest for further work in
developing a reference material for biologically based
samples. This is because of the fact that as much as thirty-
four elements were qualitatively analyzed in addition to
others which could not be qualitatively determined due to
various reasons assigned earlier.
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