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ABSTRACT 

Introduction: Smokeless tobacco use is on the increase among the population especially 

the youth in Ghana partly because of its perceived medicinal benefits and relatively less 

harmful and non-addictive effect.  

Objective: This study aims at a systematic classification of 51 smokeless tobacco product 

samples and 6 cigarette brands with different flavors and from different manufacturers 

from 11 different locations within the Ejisu Municipality.  

Methodology: Moisture, pH, total nicotine, and percentage free base nicotine using 

previously published analytical methods from CORESTA. Target elements for analysis 

were Ca, Cu, Fe, K, Mn, Rb, Sr, Mo, V, S, U, Zr, Tl, and Zn using XRF analyzer. 

 Results: The nicotine delivery capability of the locally produced snuff products; with 

mean pH 96.98 and percentage free base nicotine (% A) 96.98% was the highest, followed 

by dried tobacco leaves (mean pH: 25.93, % A: 25.93%) and the least being the cigarette 

products (mean pH: 5.49, % A: 0.33%). Menthol flavored snuff products (pH of 9.96; % 

A of 98.8%) had higher nicotine delivery capabilities than moringa flavored snuff products 

(pH of 9.77; % A of 98%). Users of C6, a smuggled cigarette product are liable to increased 

non-cancer health effects (HI value of 1108.35). C4 (highest pH of 5.58 with 

corresponding % A of 0.70) are liable to be dependent on the product than other examined 

cigarette products.   Conclusions: Locally produced snuff products and dried tobacco 

leaves have potentially very high addictive levels of nicotine that may favor tobacco 

dependence. They can also lead to non-cancer health effects due to high hazard quotients 

and hazard index.  

Recommendation: It is recommended that further research on smokeless tobacco products 

focusing more on the carcinogenic nitrosamines and other identified mutagens be 

undertaken. 
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CHAPTER ONE 

INTRODUCTION 

1.1  Background to the study 

Tobacco is projected to kill over a billion people if there is no intervention in place (Cahn 

et al., 2013). The use of smokeless tobacco products is increasing among the youth (Veda 

& Aïssata, 2022). It is also projected that annual deaths from tobacco use by the year 2030 

is going to be around ten million, most of which will occur in developing countries (Veda 

& Aïssata, 2022). Tobacco is the general name of a group of plants of the genus Nicotiana 

and belongs to the Solanaceae family (IARC, 2009). It’s also the general name given to 

any product made from the dried or fermented leaves of these plants (IARC, 2009). It is 

the leading cause of preventable deaths in the world (Dahlawi et al., 2021). Tobacco use 

is linked to diseases such as cancer, heart disease, stroke, chronic lung disease as well as 

other non-communicable diseases” (Dahlawi et al., 2021).  

Tobacco products come in two main forms, viz the smoked and smokeless tobacco 

products (Dahlawi et al., 2021). Smoked tobacco products include cigarettes, cigar, shisha; 

also known as hookah or water pipe, bidis (a small, thin, hand-rolled cigarettes which 

comprise tobacco wrapped in tendu or temburni leaf) and kreteks (an unfiltered cigarette 

with a blend of tobacco, cloves and other flavours) (Dahlawi et al., 2021). 

 

Cigarettes are the most common type of smoked tobacco products in Ghana (Owusu-Dabo 

et al., 2009). Cigarettes contain tobacco itself, fillers which include stems and other waste 

products, water, flavourings and additives (Owusu-Dabo et al., 2009). There are about 600 

different additives   permitted for use in the United Kingdom (Owusu-Dabo et al., 2009). 

Majority of cigarette brands consumed in Ghana are sourced from the UK marketed by 

British American Tobacco (BAT) Ghana Limited (Owusu-Dabo et al., 2009). About 10% 
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of cigarette brands in Ghana are available from neighboring countries Owusu-Dabo et al., 

(2009). It is safe to conclude that cigarettes consumed in Ghana have similar chemical 

compositions as that of their counterparts in the UK. The additives include moisturizers; 

to prolong shelf life, sugars; to enable the smoke to be more easily inhaled, and flavours 

such as chocolate, vanilla and menthol (Robson & McNeill, 2021). The additives can be 

toxic when combined with other substances or burned during smoking (Robson & 

McNeill, 2021). More than 2000 chemical compounds have been identified in processed 

tobacco (IARC, 2009). These includes original tobacco constituents and chemicals applied 

during cultivation, harvesting and processing (IARC, 2009). Major classes of compounds 

identified in tobacco include aliphatic and aromatic hydrocarbons, aldehydes, ketones, 

alcohols, phenols, amines, amides, alkaloids, metals and radioelements (IARC, 2009).  

 

However, Smokeless tobacco is a non-combustible tobacco product consumed by either 

inhalation or by ingestion. Smokeless tobacco comes in two forms in the West African 

Sub-Region. The chewing tobacco; in the form of loose leaf, plug or twist and the Snuff, 

in dry or wet form. 

 

In Ghana, predominantly used smokeless tobacco product is the snuff, locally known as 

“Tawa or Asraha”. It is prepared by mixing dried tobacco leaves with some known 

additives such as such as saltpetre (potassium nitrate), moringa, menthol, Indian hemp and 

unknown additives and grinding into fine powder (Verma et al., 2010). Manufacturers of 

these smokeless tobacco classify these unknown additives as “trade secrets” and are 

always reluctant to reveal them apart from the generally known additives which gives the 

various snuffs their identity. These additives have the potential to introduce harmful 

substances that have carcinogenic and other life-threatening tendencies (Verma et al., 
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2010). Aside possible introduction of harmful chemicals through the additives used in the 

preparation of snuff, there are a number of inorganic toxic elements, essential elements 

and organic carcinogens (Verma et al., 2010).  

Tobacco plant can absorb and accumulate heavy metal species from the soil into its leaves 

or deposited on tobacco leaves from air (Verma et al., 2010). 

Dried tobacco leaves, are also a form of smokeless tobacco (SLT), and are chewed by 

users. After roasting the tobacco leaves, users dip the roasted tobacco into an alkaline agent 

(fly ash of wood) before inserting it between the lower gum and lip (Addo et al., 2008). 

This is done to improve delivery of free (Addo et al., 2008). 

 

1.2 Statement of the Problem 

Developing countries such as Ghana are at high risk of epidemic due to increased tobacco 

use, however, the extent of this problem, especially in locally produced smokeless tobacco 

is not clearly defined because of lack of interest and difficulty in research (Owusu-Dabo 

et al., 2009). Limited studies have been conducted on the elemental composition, 

concentration and toxicity of potentially harmful elements in tobacco leaves and locally 

produced ready-to-use snuff products in Ghana (Owusu-Dabo et al., 2009). The few that 

have been done were focused in the Greater Accra Region and the northern parts of the 

country. A study by Owusu-Dabo et al., (2009), has revealed that research done on tobacco 

has been focused on its prevalence and usage and not on toxicological assessment chemical 

determination.  

Literature has revealed that elemental concentrations in chewable tobacco and snuff may 

exceed levels found in other consumer products by two orders of magnitude (Pershagen, 

1996). Studies done in South Africa and Nigeria have shown that deaths due to tobacco 

consumption are on the rise (5.4 million in 2005; projected to rise to 6.4 million in 2015 
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and expected to reach 8.3 million in 2030 (Etu et al., 2017). Over 80% of these deaths will 

be in developing countries such as Ghana (Etu et al., 2017).  

Whiles snuff was presumed to be consumed mostly by older adults in Ghana, the youth 

are now becoming more interested in it (Addo et al., 2008). The increasing interest among 

the youth is consistent with the findings from Global Youth Tobacco Survey (GYTS) 

conducted in the year 2005 on Ghana  (Addo et al., 2008). The survey showed that 10.4% 

of youths are using tobacco products other than cigarettes (Addo et al., 2008). Further 

inquiries suggest that any time responders referred to “other tobacco products”, they were 

predominantly referring to snuff  (Addo et al., 2008).  

 

Exposure to second-hand tobacco smoke is associated with numerous adverse health 

effects, even among children and unborn babies infection (Cahn et al., 2013). Exposure to 

second-hand tobacco smoke is linked to substantial mortality and morbidity globally 

infection (Cahn et al., 2013). Although second-hand tobacco smoke usually comes from 

cigarettes, other tobacco products such as snuff is common in some homes and can 

substantially contribute to second-hand exposure infection (Cahn et al., 2013).  

In many populations, homes are the main place of exposure to second-hand tobacco smoke 

for women and children infection (Cahn et al., 2013). For example, globally, second-hand 

tobacco smoke causes more deaths in women (573,000 in 2016) than in men (311,000 in 

the same year)  (Cahn et al., 2013) and more lung cancer deaths among women (40,000 in 

2013) than men in China (12,000 in the same year) (Cahn et al., 2013). These statistics call 

for an evaluation of toxicity of second-hand exposure to tobacco products in our homes 

and other enclosed environments 

The lack of data on characterization and toxicity of locally produced snuff and dried 

tobacco leaves is very worrying. Hence, there is an urgent need to investigate them. 
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Information on elemental profile of dried tobacco leaves and snuff will assist in knowing 

whether toxicological strength of tobacco reduces or increases when it is converted into 

snuff. From the above, determination of elemental composition, exposure concentration of 

selected elements and potential toxicity of tobacco leaves and locally produced ready-to-

use snuff products in Ghana and specifically, the Ashanti Region is long overdue. This 

will help to mitigate the negative effects of tobacco use on the populace. 

 

1.3  Objectives of the research 

The main objective of this study is to perform toxicological assessment and evaluate 

nicotine delivery capabilities of selected tobacco products. 

 

1.3.1  Specific objectives 

In order to achieve the main objective, the following objectives are to be done:  

1) Determine concentration of selected elements (14 metals: Mo, Zr, Sr, U, Rb, Zn, 

Cu, Fe, Mn, V, Ti, Sc, Ca, K and 1 nonmetal: S) in cigarettes, dried tobacco leaves 

and locally manufactured snuff in the Ejisu Municipality of the Ashanti Region of 

Ghana. 

2) Determine the chronic exposure and daily exposure of elements and intake of 

elements through cigarette smoking, inhalation of locally manufactured snuff, and 

sucking/chewing of dried tobacco leaves 

3) Determine pH, nicotine delivery capabilities using established tobacco nicotine 

concentrations and Henderson–Hasselbalch equation  

4) Determine short and long-term effects (toxicological assessment) of exposure to 

cigarette smoke and snuff products on active and nominal users. 
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1.4 Justification 

Mustpaha, (2019) listed socioeconomic status, low levels of education, ethnicity and 

gender as the factors that influence the use of tobacco. The Ejisu municipality has a higher 

rural population of 101,731 (GSS, 2021. This constitutes 56.3% of the total population in 

the municipality (GSS, 2021). This confers on Ejisu a low to middle socio-economic status 

with diverse ethnic representation (GSS, 2021).  

About 58.3% of people within 15 to 64 years are prone to smoking and other forms of 

tobacco use (Composite budget, 2021).  The economy of Ejisu municipality mimics the 

national macro economy (Composite budget, 2021). Thus, research done in the Municipal 

will be a fair representation of the Region and the country as a whole.  There is an 

increasing number of hotels, pubs and drinking spots in the Municipality. Therefore, these 

recreational points are primary sale outlets of tobacco products. Site reconnaissance also 

revealed that the use of smokeless tobacco (Snuff) in the Municipality is increasing at an 

alarming rate to the extent that snuff can be purchased from provision shops, public places 

of convenience, lotto kiosks and residential apartments. 

These calls for the need to characterize tobacco products, (especially smuggled cigarette 

brands and locally prepared tobacco products) so as to ascertain their elemental profile, 

nicotine delivery capability and their toxicological effects on humans. 

 

1.5  Significance 

There is a rising interest in smokeless tobacco as a relatively safer option to tobacco 

consumption (Mustpaha, 2019). This is because, the use of snuff, which was once 

considered outmoded by many African people (Mustpaha, 2019), is now being marketed 

heavily to smokers, including women, young people, and men (Mustpaha, 2019). 

Smokeless tobacco products are advertised to women, as an alternative to smoking in 
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cultures where smoking by women is socially unacceptable; to young people, for whom 

flavoured and milder-tasting “starter” products have been developed; and to addicted 

smokers, for use where smoking is prohibited (Mustpaha, 2019). For tobacco dependent 

individuals, snuff products are the most affordable and accessible way of getting sufficient 

nicotine (Mustpaha, 2019). 

 

Also, it is assumed that since smokeless tobacco products do not produce harmful 

chemicals such as carbon monoxide, Tar, benzene, arsenic and formaldehyde just to 

mention a few, it is safer to use them as compared to the smoked tobacco variant 

(Mustpaha, 2019). However, this assertion is not wholly accurate because, aside the 

addictive nature of nicotine in tobacco products and all health issues associated with its 

use, locally produced snuff is not regulated (Mustpaha, 2019). There are many additives 

such as moringa, menthol, lime etc in the ground tobacco leaves that retailers and 

consumers are not aware of (Mustpaha, 2019). Some of these additives account for the 

more than 30 chemicals found in smokeless tobacco products which are linked with cancer 

(Mustpaha, 2019).  

Heavy metals easily get incorporated into bodies of users through the use of smoked and 

smokeless tobacco products (Verma et al., 2010). Existing data gives evidence that metals 

exist in higher concentration in tissues of tobacco consumers (Verma et al., 2010). This 

contamination in tobacco products varies from country to country (Pourkhabbaz et al., 

2012).  

 

Consumers of tobacco products are prone to many diseases (Charlton, 2004). For example, 

in a 2019 study in the Tamale Municipally by Mustpaha, (2019), where data were collected 

from 408 adults to investigate the health effects of smokeless tobacco on users, it was 

established that about 46 (11%)  of the respondents had receding gums whilst  56 (13.7%) 
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of them had decayed cavities. An approximated 80 (26.5%) of the respondents also had 

decayed tooth, 44 (10.8%) of them showed signs of abrasions in the mouth. In terms of 

Leukoplakia, 72 (23.8%) showed signs, 4 (1.3%) also had other signs which included 

coloration of teeth (Mustpaha, 2019). In addition, Smokeless tobacco may cause death in 

kids because of nicotine poisoning when mistakenly taken for candy (Mustpaha, 2019).  

 

Therefore, it is very worrying that, with all the dangers associated with smokeless tobacco 

use in Ghana, the local production and selling of tobacco products are not regulated nor 

monitored (Owusu-Dabo et al., 2009). No data exists on manufacturers, brands, types of 

products sold, flavours, active ingredients, possible side effects and contraindications 

associated with their use.  

 

Since it’s an established fact that tobacco use is very harmful, toxic and genotoxic to 

human health (Pappas et al, 2008) and its contamination is site, process and country 

specific (Boffetta et al., 2008), it is important to conduct researches that look into both 

qualitative and quantitative chemical characterization and toxicological assessments 

identify elements present in selected locally produced tobacco and cigarette products in 

Ejisu and assess their potential toxicological risk. These will be used as a guide for policy 

formulation by relevant authorities in the Ashanti Region and the country as a whole. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1  Introduction 

In Ghana, scanty literature exists on physicochemical characterization of tobacco some 

products and heavy metals contents in smokeless tobacco products (Addo et al., 2008). 

However, much literature exists on the physicochemical characterization of cigarettes than 

smokeless tobacco products (Addo et al., 2008). This chapter seeks to review existing 

literature on physicochemical characterization; risk assessment, nicotine delivery 

capabilities of tobacco products, pH and metal concentrations of common tobacco 

products (snuff, cigarettes and dried tobacco leaves), consumed in the research area within 

the research location. 

 

2.2  Definition of Tobacco 

The tobacco plant belongs to the family Solanaceae (Nightshade family), and is of the 

same family as potato and tomato (Whitty, 2009). It’s from the Genus, Nicotiana tabacum, 

and Nicotiana rustica. Tobacco is an annual crop, it has long fibrous roots, it is erect, round, 

hairy, and has viscid stem (Whitty, 2009). Its leaves are large, numerous, alternate, 

pointed, hairy, pale green in colour, brittle, and has a narcotic odour with a nauseous, bitter 

acrid taste (Whitty, 2009) 

2.3 Factors influencing bioavailability of trace elements in soil, and their uptake 

by tobacco plant  

 

Soil is a major repository of trace elements over geologic time (Abdushukurov et al., 

2022).  Some patterns of relationship between bioavailability of nutrients in general and 

heavy metals and their uptake by crops have been proposed (Abdushukurov et al., 2022).  
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In Type 1 soils, uptake increases as crop grows and then falls when crop reaches maturity 

(Kelepertzis et al, 2015). This pattern is seen in uptake of major nutrients such as nitrogen, 

potassium and phosphorus by the soil ((Donkor., 2011)). 

 

In type 2 soil, a similar but steeper peak (Donkor., 2011). This is seen in uptake of micro 

nutrients such as copper or zinc (Donkor., 2011). In Type 3, uptake is highest at the early 

growing stages, and falls during the later stages of growth (Donkor., 2011). This pattern is 

seen for heavy metals such as arsenic, cadmium, chromium, lead, nickel and mercury 

uptake by plants (Donkor., 2011). Cadmium is soluble in soil under oxidized conditions 

(Donkor., 2011). However, it precipitates under reducing conditions as cadmium sulphate 

(Donkor., 2011). It may be concluded that physicochemical parameters of soil are most 

important in influencing solubility of metals, solution composition (organic and inorganic 

soluble), pH, oxidation potential (Eh type), density of charge on soil colloids and reactive 

surface area of soil (Donkor., 2011). These phenomena are dependent on soil properties 

such as metal concentration and form, particle size distribution, quantity and reactivity of 

hydrous oxides, mineralogy, microbial activities and aeration (Dube et al., 2001). These 

soil properties vary geographically and depends on the combined effects of parent material, 

topography, climate, time, anthropogenic activities and biological processes (Dube et al., 

2001).  

 

Verma et al., (2010) reported that tobacco plant easily takes up metals from soil and 

concentrate them in the leaves. The plant can preferentially accumulate metals such as Pb, 

Cd, Zn, Ni and Cu  (Rong et al., 2020). According to Pourkhabbaz et al., (2012), more 

studies showed high levels of toxic elements in cigarettes tobacco.  Terrestrial 
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accumulation of heavy metals and their subsequent migration into the human body is a 

matter of world concern (Lindberg et al., 2010).  

The tobacco plant can accumulate metals from different sources including soils through 

the root, dry and wet atmospheric deposition on exposed part of the plant, and agricultural 

practices during tobacco growing, and treatments during curing, and processing (Saha et 

al., 2016). Biogeochemical cycle of heavy metals in agricultural soil are influenced by 

anthropogenic activities such as industrial effluents, agricultural practices, municipal 

wastes, vehicular emissions, and atmospheric deposition of dust and aerosol (Saha et al., 

2016). However, accumulated heavy metals in tobacco plant can enter the human body 

through inhalation and consumption (Saha et al., 2016).  

A pathway of heavy metal transportation from soil to tobacco plant and subsequently to 

human body has been depicted (Figure 2.1). After entering in a human body, the metals 

react with enzymes to slow or inhibit essential physiological reactions (Saha et al., 2016). 

Eventually, they can cause different types of serious problems, e.g., anemia, kidney 

dysfunction, and brain damage (Saha et al., 2016). Exposure to high levels of heavy metals 

may also destroy testicular tissue, cause cancer, tumor, and even paralysis (Saha et al., 

2016). Due to their persistent and non-biodegradable nature, heavy metals, even at low 

levels, heavy metals intake over an extended period can lead to chronic toxicity (Saha et 

al., 2016). Whilst high exposure levels can pose detrimental effect to human health (Saha 

et al., 2016). 
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Figure 2.1 Conceptual model of transport of heavy metals by tobacco plants 

(Saha et al., 2016) 

 
2.4 Tobacco products in Ghana 

Metals and metalloids occur naturally in tobacco (Zhang et al., 2018). The amounts of 

these substances in tobacco is influenced by soil pH, soil composition, and industrial 

contamination (Zhang et al., 2018). Due to differences in the absorption capacities 

minerals by tobacco plant, mineral contents of tobacco vary greatly (Pourkhabbaz et al., 

2012; Zhang et al., 2018). Several studies have been conducted to determine trace amounts 

of elements in tobacco and tobacco products, especially cigarettes (Pourkhabbaz et al., 

2012.). However, potential toxicological effects of locally produced SLT (snuff and dried 

tobacco products) are poorly known by the Ghanaian public, as studies on its elemental 

contents have been scarce (Addo et al., 2011). However, a review of studies on SLT 

products from Ghana as reported Addo et al., (2011), including some other countries, 

found detectable concentrations of arsenic (0.1–3.5 μg/g), beryllium (0.01–0.), nickel 
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(0.84–13.1 g/g), lead (0.23–13 g/g), and cobalt (0.056–1.22 g/g). They are known to 

contain nicotine as the active ingredient (Addo et al., 2008). 

2.5 Smokeless tobacco (snuff and dried tobacco leaves) 

In Ghana, the predominantly used (smokeless tobacco) SLT is Snuff (Gordon & 

Lamoreux, 2021). Snuff is a tobacco product. Like cigarettes, it contains harmful 

chemicals such polycyclic aromatic hydrocarbons and heavy metals that can bring about 

many health problems. To produce snuff, tobacco is dried and finely ground. There are 

two main types of snuff: dried and moist and two main ways of consumptions; chewing 

(dipping) and inhalation (sniffing) (Gordon & Lamoreux, 2021). The study area 

predominantly uses dry Snuff and consumes by inhalation (sniffing) so this study will 

focus on dry snuff. 

 

2.5.1 Additives and Preparation of snuff 

Local snuff is prepared by mixing the dried tobacco leave (Nicotiana tabacum L.) 

indigenous to the forest areas with some chemicals (especially saltpetre) and then grinding 

it into fine powder (Addo et al., 2008). As a smokeless tobacco product, it is intended for 

use by being sniffed or snorted into the nose. Snuff is also consumed by placing it between 

the cheek and gum, thereby enabling it to seep gradually into the mouth and body through 

mixing with saliva (Addo et al., 2008). In Ghana, snuff and tobacco leaves are used among 

others for medicinal purposes such as to induce sneezing to ‘lighten” the head, as a 

depressant and stimulant Addo et al., (2008) and also to enhance energy, and for sexual 

enhancement (Addo et al., 2008). It is consumed mostly by the Ghanaian ageing 

population. At present careful observation reveals that the attitude of the youth towards 

snuff consumption is on the increase (Addo et al., 2008).  
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According to Abdallah, (2003); Baker & Smith, (2003) and as reported by IARC, (2009), 

during preparation of tobacco products, tobacco leaves, stems and other ingredients are 

blended to achieve a specific nicotine content, pH, taste, flavour, and aroma. These 

features are critical for the acceptance of the product by the user. For cigarettes, it has been 

demonstrated that the type of tobacco blend significantly affects these features as well as 

the toxicity of the product (Addo et al., 2008). The pH strongly influences concentration 

of unprotonated nicotine; the bioavailable form of nicotine according to Monika et al., 

(2020) while the nitrite content influences the levels of nitrosamines in the product as 

stated by Jin et al., (2021). Tobacco types, plant parts, cultural practices, degree of maturity 

and fertilizer treatment are among some prominent factors that determine the level of 

alkaloids in Nicotiana plants (Djordjevic & Doran, 2009). Every step-in tobacco 

production that affects plant metabolism influences the level of alkaloid content to a certain 

degree (Djordjevic & Doran, 2009). Dried tobacco leaves can contain between 0.2 and 

4.75% nicotine by weight, depending on plant genetics, growing conditions, degree of 

ripening, fertilizer treatment and leaf position on the stalk (Production, Composition, Use 

and Regulations, 2004). The chemical composition of tobacco undergoes substantial 

changes during growing, curing, processing, and storing (Zong et al., 2022) The purpose 

of curing is to produce a dried leaf of suitable physical properties and chemical 

composition. At the beginning of curing, a tobacco leaf is metabolically active and 

continues to live until biochemical processes are arrested by thermal effects or desiccation 

(WHO, 2009).  

In curing, the starch content of the leaves declines drastically, while the amount of 

reducing sugars increases by 100 % (Laldinsangi, 2022). Also, protein and nicotine 

contents decrease slightly (Laldinsangi, 2022). The bulk of the processed tobacco leaf 

before fermentation consists of carbohydrates (about 50%) and proteins (Laldinsangi, 



15 
 

2022). Fermentation of dried tobacco causes the contents of carbohydrates and 

polyphenols in the leaves to diminish (Laldinsangi, 2022). Other major components are 

alkaloids (0.5–5.0%), which include nicotine as the predominant compound (85–95% of 

total alkaloids), terpenes (0.1–3.0%), polyphenols (0.5–4.5%), phytosterols (0.1–2.5%), 

carboxylic acids (0.1–0.7%), alkanes (0.1–0.4%), aromatic hydrocarbons, aldehydes, 

ketones, amines, nitriles, N- and O-heterocyclic hydrocarbons, pesticides, alkali nitrates 

(0.01–5%) and at least 30 metallic compounds (Laldinsangi, 2022). According to Sharma 

et al., (1991) and as cited by IARC, (2009), because of the disappearance of carbohydrates 

and polyphenols during fermentation, heavy casings (additives applied during processing 

such as molasses, liquorice and fruit extracts) are done to meet consumer’s requirements 

(e.g., they improve taste, flavour and aroma, and prolong shelf-life).  

Many smokeless tobacco formulations use plant extracts or chemicals as flavouring agents 

(IARC, 2006). Tobacco additives may include methyl or ethyl salicylate, β-citronellol, 1,8-

cineole, menthol, benzyl benzoate, eugenol and possibly coumarin, among others (IARC, 

2006). Eugenol and menthol are used to numb the throat and facilitate tobacco use (IARC, 

2006). Also, they also work to indirectly enhance the addictiveness of tobacco products by 

numbing the throat, thereby increasing tolerance towards tobacco products, especially in 

amateur users (IARC, 2006).  

 

Ascorbic acid is added to tobacco as an antimicrobial agent whereas the addition of sodium 

propionate serves as a fungicide (IARC, 2006). Other additives, such as ammonia, 

ammonium carbonate, and sodium carbonate are applied to control nicotine delivery by 

raising pH. These subsequently increases the level of unprotonated nicotine. Unprotonated 

nicotine is the form of nicotine that is most readily absorbed through the mouth into the 
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bloodstream (IARC, 2006). However, the formulation of most of the additives, including 

flavours, remains a trade secret. 

 

2.5.2 Toxic metals in smokeless tobacco products  

It has been reported that a number of metals that are IARC Group 1 carcinogens (such as 

arsenic, beryllium, chromium VI, cadmium, nickel compounds, and polonium-210) or 

Group 2B carcinogens (such as cobalt and lead) are detectable in smokeless tobacco 

products (NCI, 2014). The pathological risks to which a consumer is exposed by 

consumption of smokeless tobacco arise from total exposure to all the toxic, irritant and 

carcinogenic substances that are biologically available from the products (Pappas, 2011). 

However, as toxicity and carcinogenesis are complex processes, different substances are 

usually studied individually (Pappas, 2011). Smokeless tobacco usage exposes users to 

higher levels of toxic metals (Cadmus & Ayo-Yusuf, 2018). Even so, less research has 

been done on the possible health implications of this exposure (Cadmus & Ayo-Yusuf, 

2018). The oral cavity's epithelial tissues have a high proximal transfer potential, allowing 

for the absorption and spread of harmful metals from smokeless tobacco products (WHO, 

2009). Metals that are dissolved in saliva and ingested are exposed to the esophagus and 

stomach; systemic exposure most likely results from direct oral absorption or absorption 

of swallowed saliva or cigarette particles in the digestive tract (Pappas et al., 2008). Studies 

on metal extraction from synthetic saliva show that metals are carcinogens and toxicants 

that are physiologically accessible in the mouth cavity (Pappas, 2011; Pappas et al., 2008). 

 

2.5.3 Toxicity of moist and dry snuff products 

The toxicity of smokeless tobacco products results from continued exposure to toxic 

compounds contained in or generated upon the consumption of these products, some 
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of which include cancer-causing chemicals (World Health Organization, 2020). The 

following class of chemicals contribute to the toxicity of tobacco products:  

1. Heavy metal ions, such as lead, arsenic, mercury and nickel (World Health 

Organization, 2020) 

2. Aldehydes, which are known carcinogens, produced from the burning of sugars 

added as sweeteners in tobacco products (World Health Organization, 2020) 

3. Tobacco-specific nitrosamines (TSNAs), namely NNN and NNK, which are the 

most potent carcinogens in SLT (World Health Organization, 2020) 

4. Nicotine  (World Health Organization, 2020) 

5. Polyaromatic hydrocarbons (World Health Organization, 2020) 

6. Nitrates and nitrites. (World Health Organization, 2020) 

 

In a 2014, the National Cancer Institute and the Center for Disease Control and Prevention 

(CDC) found that over 40 types of smokeless tobacco products are used via nose or mouth 

by more than 300 million people around the world. To use dry snuff, the ground tobacco 

is ground tobacco and inhaled into the nasal cavity. To use moist snuff, the tobacco product 

is put between the lower lip or cheek and gum, also known as “dipping” (CDC, 2014).  

(CDC, 2023) and (Stanfill et al., 2022) also warn that using smokeless tobacco products 

may: 

1. increase risk of death from heart disease and stroke 

2. increase the chance of premature birth and stillbirth in pregnant women. 

3. cause nicotine poisoning in if children accidentally exposed to tobacco via ingestion 

of the substance (CDC,2020) 

Using moist snuff can also cause yellow your teeth, bad breath and also lead to tooth decay 

and gum infections, and in some cases jaw complications or loss of teeth resulting in bone 

loss and face disfigurement (CDC,2020). The CDC also warns that smokeless tobacco 
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products can raise risk of several types of cancer, including Oral cancers, esophageal 

cancer, pancreatic cancer (CDC,2020).   

A  2019 research review by Gupta et al., (2019) involving 20 studies over 4 global regions 

found a significant association between smokeless tobacco use and risk of death from 

coronary heart disease, especially among European users. The researchers pointed to the 

need to include smokeless tobacco in public tobacco cessation efforts. 

 

2.6 Toxic metals in cigarette products  

Smoke from conventional cigarettes is inhaled by mouth, throat, and lungs, where a 

significant amount of the particulate particles and volatile compounds are absorbed or 

deposed internally(Baker & Dixon, 2006). Many of these compounds are promptly 

absorbed from the lungs, readily transported to the bloodstream, and swiftly dispersed 

throughout the circulatory system (Taylor et al., 2021). Other components of smoke, such 

as 60–80 % particulate matter, are retained, build up in the lungs, and eventually divide 

between the lung tissue, airways, and circulatory or lymphatic system (WHO, 2009). The 

majority of metals and metalloid ions are comparatively inert at ambient temperature 

(WHO, 2009). While only a handful of compounds of mercury's ionic forms are flammable 

at temperatures below 100 °C.  Over 900 °C may be reached by the tobacco burning at the 

tip of a cigarette (Maiyo et al., 2022). Cigarettes smoke inhaled via the mouth (mainstream 

smoke) can reach about 30 °C, and about 10 cm from the burning tip, the temperature of 

sidestream smoke drops below 100 °C (Longest & Xi , 2008). The hot enough temperature 

of a burning cigarette tip can therefore cause numerous metal ions to volatilize or to 

interact with other substances to generate volatile compounds and complexes (Stavrides, 

2006). Due to this, certain metals may be in the gas phase in metallic or complex form 

while others may condense into the particle phase of the smoke (Stavrides, 2006).  A puff 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6941711/
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of cigarette smoke may contain around 70% air, 17% gas-phase species, 8% particulate 

matter, and 5% other substances, however the precise composition varies on the smoker's 

habits (WHO, 2009). When smoke is inhaled or rises in a plume as sidestream smoke from 

the cigarette, the majority of the metal ions have consolidated with other substances to 

create aerosol particles, which make up the majority of the particulate matter in the smoke 

aerosol (Sheu et al., 2020).  

 

The majority of exposure to ultrafine and fine particulate matter comes from cigarette 

smoking (CDC., 2010). Although the ultrafine particle component of tobacco smoke does 

not have the highest mass, its tiny size makes it easier for cells to absorb. Also, because of 

its higher surface area-to-mass ratio, it is considerably more hazardous and causes more 

oxidative stress per unit mass (Pappas , 2011). The levels of metals and metalloids present 

in tobacco are inversely correlated with the amounts carried by smoke from combustion 

products (Ali et al., 2019; Moradnia et al., 2021). The third most common cause of lung 

cancer, second-hand smoking, also known as environmental tobacco smoke, is thought to 

be the cause of 3,000 lung cancer deaths annually (Anupozu & Vanamala, 2018; Res et al, 

2020);. By exposing them to second-hand smoke, smoking has an impact on non-smokers. 

The risk of lung cancer from second-hand smoke exposure is 20–30% higher for people 

who share a household with smokers (Anupozu & Vanamala, 2018). Breathing in other 

people's tobacco smoke is a strong risk of lung cancer, according to epidemiological and 

biochemical research on environmental tobacco smoke (ETS) (Hashim et al., 2015). 

Combining the results of several research, they show that ETS exposure increases the 

number of lung malignancies seen in non-smokers (Dubin et al., 2020) .  

The amounts of hazardous metals in smokeless tobacco are greater than in smoke, and a 

smoking machine is not necessary, making analysis easier (Pappas, 2011). Much of metals 
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or metalloids’ health impact is determined by what happens to it once it enters the lung 

(Fischer & Pomati, 2013). While certain metals, including cadmium and chromium, may 

become caught in mucus, be coughed up, and be eaten, they can accumulate and stay 

mostly in lung tissue for a long biological period (Gaur & Agnihotri, 2019). People who 

are in an enclosed space with a smoker are exposed to hazardous compounds through 

second-hand smoke from cigarettes (Zhou et al., 2014). It's also conceivable that those 

who are near a smoker, including young infants, might be exposed to low levels of harmful 

metals, including aluminum, cadmium, lead and other metals, that are exhaled in moist 

aerosols for some time after smoking (Zhou et al., 2014). 

 

2.6.1 Second-Hand Exposure to tobacco products 

In 2016, an estimated one-fifth of males and one-third of females globally were exposed 

to second-hand smoke. Although second-hand smoke usually comes from cigarettes, 

smoking other tobacco products (such as waterpipe) is common in some populations and 

can substantially contribute to second-hand smoke exposure (Cahn et al., 2013). Exposure 

to second-hand smoke is associated with numerous adverse health effects, even among 

children and unborn babies, and causes substantial mortality and morbidity globally (Cahn 

et al., 2013).  

In 2016 alone, for example, second-hand exposure caused an estimated 884,000 deaths 

(Cahn et al., 2013). The years of life lost due to ill-health, disability, or early death because 

of second-hand smoke was 6.4 million years for lower respiratory infections, 2.5 million 

for chronic obstructive pulmonary disease, and more than 200,000 for middle ear infection 

(Cahn et al., 2013). Within countries, some groups demonstrate higher exposure levels and 

related burden, such as those of lower socioeconomic groups and non-smoking women 

(Cahn et al., 2013). For example, second-hand smoke causes more deaths in women than 
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in men globally (573,000 vs. 311,000 in 2016) and more lung cancer deaths among women 

than men in China (40,000 vs. 12,000 in 2013  (Cahn et al., 2013). 

 

2.7 Biological responses to selected metals 

2.7.1  Essentiality of selected elements 

Certain elements are nutritionally essential to humans and play a key role in physiological 

or biochemical processes (USEPA, 2007). Elements essential to other organisms may not 

be essential to humans and vice versa. Adverse nutritional effects can occur if essential 

metals are not available in sufficient amounts, and nutritional deficits also can be adverse 

and increase the vulnerability of humans to other stressors, including those associated with 

other metals (USEPA, 2007). Essentiality should be viewed as part of the overall dose-

response relationship, and reference doses designed to protect from toxicity of excess 

should not be set below doses identified as essential (USEPA, 2007). Metals that are 

currently deemed nutritionally essential for humans are Co, Cr III, Cu, Fe, Mg, Mn, Mo, 

Se and Zn (Table 2.1) (USEPA, 2007). Some metals (e.g., B, Ni, Si, V, and perhaps As), 

while not essential to human health, may have some beneficial effects at low levels of 

exposure (USEPA, 2007).  

 

Table 2.1 Metals essential to humans 

 
(USEPA, 2007) 
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2.7.2 Exposure levels of selected elements 

Exposure is classified as "acute" if it lasts for a short time, but it can also be classified as 

"chronic" if it lasts a long time or is repeated frequently (Fischer et al., 2013). The 

biological response of exposure to a stressor, depends on both the intensity and length of 

exposure, but bioaccumulation and sensitization are additional elements that may result in 

the effects of exposure to hazardous metals (Fischer et al., 2013). Even while a single acute 

exposure or a brief period of low-level chronic exposure would not have any clinical 

consequences, bioaccumulation may eventually cause the pathological response to become 

more pronounced (Pappas, 2011). As a result of tobacco smoking, a number of the metals 

and metalloids (Table 2.1) bioaccumulate in the lung and other tissues (Pappas, 2011). A 

biological reaction will frequently be seen later at much lower doses if a tissue is sensitized 

to a metal (Pappas, 2011). The following sections that follow includes a number of well-

known powerful sensitizers, some of which also bioaccumulate (Pappas, 2011). 

 

2.7.3  Copper  

Low quantities of copper are necessary for good nutrition (Bhattacharya et al., 2016). 

Copper is a respiratory irritant that causes macrophage migration into the alveoli, 

eosinophilia, the development of histiocytic and noncaseating granulomas containing 

copper inclusions, and pulmonary fibrosis (Pappas, 2011).  

Iron and copper are both oxidation-reduction (redox) active metals. Because iron (80-7859 

µg/g) is present in tobacco in greater quantities than copper (0.24 µg/g), the importance of 

redox activity is primarily investigated with reference to iron (James, 2014; Valko et al., 

2016). Copper has been observed to be statistically considerably higher in the blood of 

smokers than of non-smokers according to Sundblad et al., (2016)., despite Chronic 

obstructive pulmonary disease (COPD) patients' exhaled breath condensate having copper 
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contents that are much lower than healthy controls who don't smoke (WHO, 2009; 

Sundblad et al., 2016). 

 
2.7.4  Iron 

Low amounts of iron are necessary for nourishment (Abbaspour et al., 2014). Iron has 

been reported at lower concentrations in the exhaled breath condensate of people with 

COPD than that of nonsmoking healthy controls as reported by the WHO Study Group on 

Tobacco Production Regulation, (2009) and Sundblad et al., (2016). Padmavathi et al., 

(2009) found iron at statistically significantly higher concentrations in the serum of long-

term smokers than of nonsmokers. As such, tobacco use increases the level of iron that the 

respiratory system is exposed. However, it alters the biology of the lung cells, causing both 

an increase in iron absorption and a decrease in iron release (Zhang et al., 2019). Although 

not directly etiologically linked, both cigarette smoke and iron status affect epithelial and 

immune cells in the lungs. It also alters the microbial ecology, and is connected to a 

number of respiratory diseases, including hemochromatosis, an iron-related disease 

brought on by a systemic iron excess, sideroblastic anemia, an iron-related disease brought 

on by a mitochondrial iron overload, and iron deficiency anemia (IDA), an iron related 

disease caused by a shortage of iron storage. Smoking tobacco is closely linked to IDA 

(Vivek & Kaushik, 2023). Cigarette and beedi smoking both significantly increase the risk 

of developing IDA. However, light smokers are at a higher at risk of IDA, and the risk is 

duration-dependent (Vivek & Kaushik, 2023). Additionally, iron inhalation adds to lung 

damage caused by free radicals (Vivek & Kaushik, 2023). The presence of traces of iron 

in particulates has also been shown to augment the pulmonary inflammatory response to 

silica (WHO Study Group on Tobacco Production Regulation, 2009). These studies show 
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that iron oxidation-reduction chemistry enhances oxidative stress and lung damage caused 

by smoking (Jomova & Valko, 2011). 

2.7.5 Manganese 

Another essential element for humans is manganese (Erikson & Aschner, 2019). Both 

mineral deficit and excessive exposure to the mineral might have negative consequences 

(Montes et al., 2008; Tran et al., 2002). There have been clinical studies that suggest 

negative neurological consequences after prolonged exposure to very high levels of Mn in 

drinking water (Montes et al., 2008; Tran et al., 2002). It is known to produce neurological 

effects following inhalation and exposure, particularly in workplace settings (Montes et 

al., 2008; Tran et al., 2002).  

According to research from the US Environmental Protection Agency cited by Leikauf, 

(2002), compounds of manganese are thought to cause or exacerbate asthma. Bast-

Pettersen & Ellingsen, (2005) discovered that smokers who were occupationally exposed 

to manganese experienced more tremor than nonsmokers 

 

2.7.6 Nickel and cobalt 

Nickel is an IARC group 1 human carcinogen and cobalt is an IARC group 2B (WHO 

Study Group on Tobacco Production Regulation, 2009). This implies it may be 

carcinogenic to humans. This is despite the fact that both cobalt and nickel are nutritionally 

necessary at trace doses. The two metals are discussed together because they both cause 

immunological sensitization, including epidermal and oral allergic contact sensitization, 

contact dermatitis, pulmonary inflammation, pneumoconioses, and asthma as reported by 

Ahlström & Thyssen, (2009); Hostynek, (2006) and Yoshihisa & Shimizu, (2012). Given 

that they both activate the endothelium inflammatory pathway, if a person is sensitized to 

one of these metals, immunological cross-sensitization to the other is frequently seen 
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(Kelleher et al., 2000; ATSDR., 2013). All five lobes of smokers' lungs were found to have 

considerably greater tissue nickel concentrations than those of nonsmokers (Afridi et al., 

2021; Tsuchiyama et al., 1997).  

 

2.7.7  Radioactive elements 

2.7.7.1 Uranium  

According to Addo et al., (2011), tobacco may be the single biggest source of carcinogenic 

ionizing radiation in the world when it comes to radioactive elements. One of the 

hazardous elements found in SLT products is uranium (McAdam et al., 2017). The 

discovery of both uranium and thorium in tobacco samples highlight the radiological risks 

associated with using smokeless tobacco products (Addo et al., 2008). One of the most 

radioactive naturally occurring isotopes, uranium-238, is known to be both radiotoxic and 

chemotoxic (Escareño-Juárez et al., 2019). Lead, Radium, and radon are crucial 

components of the Th and U decay series (Moinester & Kronfeld, 2014; Vengosh et al., 

2022). 

 

2.7.7.2 Radon and radium 

The uranium and thorium decay series include both radon and radon (Addo et al., 2008). 

226-Radium is a long-lived, α-emitter nuclide and its daughter is 222-Radon, a short-lived 

(3.8 days) α-emitter nuclide that has very short-lived daughters (from seconds to 

microseconds), it’s also a form of ionizing radiation and proven carcinogen (Addo et al., 

2008).  

In the majority of uranium mines, this radionuclide poses the greatest radiation risk due to 

the simultaneous emission of α-and β particles (Salas et al., 2014). More than half of the 

effective dosage from natural sources is thought to be derived from the inhalation of short-

lived radon daughters (Inácio et al., 2017; Skubacz et al., 2019). The carcinogenic potential 
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of radon has been proven by several cohort, case-controlled, and experimental 

investigations as reported by Syed, (2012).  

 

Long-term radon exposure may harm human health, increasing the risk of lung cancer and 

harming bronchial tissue (Abu-Jarad, 1997; Ghany, 2006). Soil, construction materials, 

and water supplies are the primary sources of indoor radon and its decay products (Abu-

Jarad, 1997; Ghany, 2006). Due to the high electric charges in the decay products, they 

easily adhere to interior dust particles (Abu-Jarad, 1997; Ghany, 2006).  

It was estimated in 1989 that globally, 9000 cancer deaths occurred as a result of radon 

exposure, which rose to 21,000 in 2012 (Samet, 2006). Also, the National Academy of 

Sciences BEIR VI committee in 1999, estimated that radon exposure results in 21,800 lung 

cancer cases each year, making it the second leading cause of lung cancer in the country 

(Lubin, 1994; Samet, 1989; Sethi & El-Ghamry, 2012).  

Another study by Alavanja, (2002) found that approximately 90% of the 157000 lung 

fatalities globally in 2000 may be traced to smoking cigarettes, while 30% of lung cancer 

deaths in non-smokers can be attributable to home radon exposure. Although outnumbered 

by lung cancer caused by smoking, lung cancer in lifelong non-smokers is a major cause 

of mortality in the US and many other nations, accounting for around 16,000 deaths 

annually (Alavanja, 2002). This means that cancer and death cases resulting from Radom 

exposure are increasing exponentially. Radiation interacts with DNA in the cell nucleus 

directly or indirectly through the action of free radicals, causing damage to lung epithelial 

cells (Alavanja, 2002; Sethi & El-Ghamry, 2012). USEPA estimates radon to the leading 

cause of lung cancer among non-smokers (USEPA, 2020). According to the World Health 

Organization (WHO), radon is responsible for up to 15% of lung cancer cases globally 

(WHO., 2021). Thus, it becomes even more clear how harmful cigarettes and other tobacco 
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products may be to people's health. Lung cancer, skin cancer, and renal ailments are among 

the health impacts of radon decay products inhalation. (Addo et al., 2008). 

 

2.8 Toxicity of selected elements based on consumption of tobacco product samples 

 

Second-hand tobacco smoke has been associated with development of asthma in children 

(WHO, 2009). Particulate samples with high concentrations of transition metals such as 

iron and vanadium appeared to be most active in promoting sensitization and triggering 

existing asthma (Willers et al, 2005). Willers et al, (2005) in their study investigated 

associations between exposure to environmental tobacco smoke, heavy metals and 

nicotine (as urinary metabolite, cotinine) in households of 23 children with asthma. They 

concluded that the children with asthma were being exposed to ‘heavy metals’ in side-

stream smoke. An increasing number of non-cancer lung diseases and other diseases such 

as respiratory bronchiolitis, desquamative interstitial pneumonia, cough, restrictive 

pulmonary function, bronchiole-centred lesions, interstitial and airspace inflammation and 

fibrosis extending to the alveoli are associated with smoking (Selman, 2003). Chronic 

inflammatory response may, in turn, increase cancer risk (WHO, 2009). Suppression of 

the immune response, especially to pulmonary pathogens, has been observed as a 

consequence of heavy smoking (WHO, 2009). Toxic metals are available in saliva and are 

transmitted to oral epithelial tissues when smokeless tobacco is used. Oral contact 

inflammation is known to be a consequence of smokeless tobacco use. Toxicity resulting 

from exposure to metals extracted by saliva from tobacco held close to oral tissues have 

been found to contribute to the oral stomatitis inflammatory lesions observed as a 

consequence of smokeless tobacco use. Feron et al., (2001) and Mueller (2006) described 

the risk for carcinogenesis resulting from chronic inflammation of various epithelial and 
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mucosal tissues. Thus, chronic oral inflammation is a consequence of smokeless tobacco 

consumption due to acute or chronic exposure to metals (WHO, 2009). 

From the analysis of metals found in tobacco products in this study, the following 

elements exceeded safe limits for human exposure or intakes and may lead to non-cancer 

health effects; 

1. Ca exceeded safe limits for short term exposure (snuff and cigarette samples); 

Fe and Mo (dry tobacco leaves) exceeded their Recommended daily allowance 

by 145.62 % and 136 % respectively. 

2. For active users using dry tobacco leaves, long term or chronic exposure may 

lead to non-cancer health effects due to exposure to Zr, for snuff products users, 

non-cancer health effects may arise from long term or chronic exposure to all 

elements examined except Mo, Cu and Ti whiles for cigarette samples, non-

cancer health effects may arise from chronic exposure to Mo, Rb, Zn, Fe, Cu (for 

C4 and C6), and Ti (for C1 and C2) 

3. For chronic second-hand exposure to snuff samples, non-cancer health effects 

may arise due to long term exposure to Zn, Fe, V (except for “S1” products from 

commercial exposure), Mn (except for “S2” and “S3” products from both 

residential and commercial exposure) and Rb (with the exception of “S1” and 

“S2” products from commercial exposure). For chronic exposure to cigarette 

samples, non-cancer effects can arise from exposure to Fe, Zn (C4, Pall Mall, C6 

from residential exposure), Mn (C4 and C6 from both residential and commercial 

exposure).  

Some elements with acceptable safety values may bioaccumulate in the lung and other 

tissues, as reported by Pappas., (2011) and may cause some toxic effects.  

Studies of workers chronically exposed to Mo have indicated a high incidence of 

weakness, fatigue, headache, irritability, lack of appetite, epigastric pain, joint and 

muscle pain, weight loss, red and moist skin, tremor of the hands, sweating, and 
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dizziness (Gad et al, 1998). Elevated levels of Mo in blood plasma and urine and high 

levels of ceruloplasmin and uric acid in blood serum were reported for workers exposed 

to Mo (8-hr TWA 9.5 mg Mo/m3) (National Research Council, 2000). Nineteen workers 

exposed to levels of 1 to 25 mg/m3 metallic molybdenum and molybdenum trioxide for 

4 to 7 years, 3 were reported to suffer from symptoms such as breathing difficulty and 

frequent coughing. Pneumoconiosis (early stages) was verified by lung x-rays (14). In a 

subsequent study, 43 workers with inhalation exposure to molybdenum trioxide were 

compared with 23 unexposed workers. Respiratory symptoms (chest pains, 

breathlessness, coughing) lasting more than 6 weeks were reported by 33 of the exposed 

workers (Montelius & Sant, 2011). 

 

Zirconium may be toxic to the upper respiratory tract. Prolonged exposure to Zr can lead 

to target organs damage (Ghosh et al., 1992a). Zr has been associated with degenerative 

disorders due to reports of deposition in the human brain, as found with aluminum, 

which has very similar properties, and Alzheimer's disease (Ghosh et al., 1992b). 

Exposure to uranium can result in both chemical and radiological toxicity. The main 

chemical effect associated with exposure to uranium and its compounds is kidney 

toxicity. This toxicity is be caused by breathing air containing uranium dusts or by eating 

food containing uranium, which then enters the bloodstream. Once in the bloodstream, 

uranium compounds are filtered by the kidneys, where they can cause damage to the 

kidney cells. Very high uranium intakes (ranging from about 50 to 150 mg depending 

on the individual) can cause acute kidney failure and death. At lower intake levels 

(around 25 to 40 mg), damage can be detected by the presence of protein and dead cells 

in the urine, but there are no other symptoms (Thakur et al., 2012).  

Several possible health effects are associated with human exposure to radiation from 



30 
 

uranium. Because all uranium isotopes mainly emit alpha particles that have little 

penetrating ability, the main radiation hazard from uranium occurs when uranium 

compounds are ingested or inhaled. At the exposure levels typically associated with the 

handling and processing of uranium, the primary radiation health effect of concern is an 

increased probability of the exposed individual developing cancer during their lifetime 

(Boice et al., 2019). Cancer cases induced by radiation are generally indistinguishable 

from other "naturally occurring" cancers and occur years after the exposure takes place. 

The probability of developing a radiation-induced cancer increases with increasing 

uranium intakes (Thakur et al., 2012). 

Zinc is believed to cause adverse nutrient interactions with copper and other minerals. It 

also suppresses immune functions and reduces high density lipoprotein (HDL) levels in 

the body (Saper & Rash, 2009). Inhalation of Zinc dust may cause irritation of the 

respiratory system, cough, dyspnoea and may also cause circulatory collapse and fever 

(ATSDR, 2014). Although "metal fume fever" occurs in occupationally exposed 

workers, it is primarily an acute and reversible effect that is unlikely to occur under 

chronic exposure conditions when zinc air concentrations are less than 8-12 

mg/m3 (ATSDR, 2014). Gastrointestinal distress, as well as enzyme changes indicative 

of liver dysfunction, have also been reported in workers occupationally exposed to zinc 

(Kerr et al., 1998a). 

 

Although iron and copper are essential minerals for humans, exposure to iron can cause 

iron oxide deposition in Parkinson patients while high levels of copper have been shown 

to cause liver damage (Montes et al., 2014). The lethal dose of ferrous sulfate for a 2-year-

old child is approximately 3 g, this value is of particular concern for children at homes 

were second-hand exposure is prevalent; for adults, it ranges from 200 to 250 mg/kg body 
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weight (National Research Council, 1989) which is approximately 14g to 17.5g for a 70kg 

adult. 

Acute inhalation exposure to copper dust or fumes at concentrations of 0.075-0.12 mg 

Cu/m3 may cause metal fume fever with symptoms such as cough, chills and muscle ache 

(Kerr et al., 1998b) 

 

Some people are genetically at risk from iron overload or hemochromatosis. Idiopathic 

hemochromatosis; which can result in the failure of multiple organ systems, is the result 

of an inborn error of metabolism, which leads to enhanced iron absorption. There is 

evidence for the carcinogenicity from inhalation of Fe dust, as well as for Fe-compounds 

being vectors for other carcinogens (PAHs, Ni, Cr etc.) (James, 2014). Inhalation of Fe 

could be more cytotoxic to humans, as Fe2+ oxidizes readily in pH˂7 environments such 

as the lung, creating ROS. Iron overload plays a role in hepatic carcinogenesis, which is 

already associated with tobacco consumption (James, 2014). 

 

Continued exposure to Mn can damage the lungs, liver, and kidneys. Exposure to 

manganese dust or fumes can also lead to a neurological condition called manganism. 

Manganism’s symptoms which is similar to those of Parkinson’s disease, may include 

the following: trembling, stiffness, slow motor movement and potentially severe 

depression, anxiety and hostility (Kiersma, 2014). Manganese is an essential trace 

element in humans that can elicit a variety of serious toxic responses upon prolonged 

exposure to elevated concentrations either orally or by inhalation. The central nervous 

system is the primary target. Initial symptoms are headache, insomnia, disorientation, 

anxiety, lethargy, and memory loss. These symptoms progress with continued exposure 

and eventually results in motor disturbances, tremors, and difficulty in walking. These 
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motor difficulties are often irreversible. Effects on reproduction (decreased fertility, 

impotence) have been observed in humans with inhalation exposure and in animals with 

oral exposure at the same or similar doses that initiate the central nervous system effects. 

An increased incidence of coughs, colds, dyspnea during exercise, bronchitis, and 

altered lung ventilatory parameters have also been seen in humans and animals with 

inhalation exposure (RAIS, 2022). 

 

Correlations have been found in the United Kingdom for Vanadium in air pollution and 

incidence of respiratory disease (bronchitis, pneumonia and lung cancer) (James, 2014). 

Soluble V absorbs in the lung well; once in the body it exhibits insulin-like effect on 

animals and humans. Acute toxicity may lead to irritation of the eyes and the upper 

respiratory tract, with neurobehavioral impairments suspected in chronic exposure. 

Though all the Vanadium compounds have not been widely described as health hazards, 

they pose some level of toxicity. Adverse health impacts of Vanadium include loss of 

appetite, nausea, vomiting, abdominal pain, diarrhea, and loose stool, liver and nervous 

system damages, kidney failure, and disrupted growth  (Wilk et al., 2017). Other 

symptoms associated with Vanadium toxicity are irritation of mucous membranes and 

the upper respiratory tract, dizziness, abdominal and intestinal inflammations, 

headaches, skin rashes, nose and internal bleeding, damage in the cardiovascular system, 

and behavioral changes. Paradoxically, high levels of Vanadium can contribute to 

anemia, high cholesterol, reduction in blood sugar (hypoglycemia) and white blood cells, 

and fertility and birth challenges. There are also indications that the accumulation of 

Vanadium in breast tissues high-risk breast cancer. Inhaling Vanadium could result in 

throat, lung, and nose irritation, bronchitis, and pneumonia (Amuah et al., 2021). 

 

TiO2 has been classified by the International Agency for Research on Cancer (IARC) as 
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an IARC Group 2B carcinogen, “possibly carcinogenic to humans” by 

inhalation. Although the IARC working group concluded that the epidemiological 

studies on TiO2 provide inadequate evidence of carcinogenicity, they considered that the 

results from animal studies of inhalation and intratracheal instillation provide sufficient 

evidence to classify TiO2 in Group 2B. Also, the National Institute for  Occupational 

Safety and Health (NIOSH) has recently classified TiO2 as a potential occupational 

carcinogen but considered that there is insufficient evidence at this time to classify 

submicron-sized TiO2 as a potential occupational carcinogen (Skocaj et al., 2011). 

 

Although no adverse effects have been observed in many healthy adults consuming up 

to 2,500 mg of calcium per day, high intakes may induce constipation and place up to 

half of otherwise healthy hypercalciuric males at increased risk of urinary stone 

formation. A high calcium intake may inhibit the intestinal absorption of iron, zinc, and 

other essential minerals (National Research Council, 1989). Ingestion of very large 

amounts may result in hypercalciuria, hypercalcemia, and deterioration in renal function 

in both males and females (National Research Council, 1989). 

Potassium can affect you when breathed in. Potassium can severely irritate the skin and 

eyes. Exposure to Potassium can irritate the nose, throat and lungs with sneezing and 

coughing. Prolonged exposure to Potassium fumes can cause sores of the inner nose. 

Repeated exposure may cause bronchitis to develop with cough, phlegm, and/or 

shortness of breath (Sheet, 2003). 

 

People can be exposed to small levels of radioactive Sr through inhalation and oral 

ingestion or dermal contact with contaminated soils (Amuah et al., 2021). It could pose 

disruptions in bone development in adults as it may be attached to the surface of bones 
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and in it also creates hard bone mineral which impedes bone growth in children. The 

bone marrow, where red blood cells are formed is also damaged by the high levels of Sr. 

This reduces the production of red blood cells. Therefore, proper respiration could be 

disrupted (Amuah et al., 2021). Radioactive Sr contributes to anaemia and oxygen 

shortage in people exposed to high concentrations. According to Amuah et al., (2021), 

studies have also associated genetic disruptions in humans which could results in a wide 

range of cancers to Sr. Sr has also been linked to other debilitating health and 

psychological impacts including severe skin reactions, disturbances in thinking, 

inflammation of the liver, and seizures (Amuah et al., 2021). Strontium has been shown 

to inhibit sensory irritation after continuous dermal contact (Amuah et al., 2021). Since 

there has not been any derived reference value for toxicological assessment of strontium, 

toxicological assessment of strontium was not determined in this study but from 

literature, it has been observed to have toxicological effects on humans through ingestion 

and inhalation. 

 

2.9 Nicotine 

Nicotine is a biogenic yet non-physiological compound in the human body (The German 

Federal Institute for Risk Assessment, 2021). At certain levels it can be acutely toxic. An 

estimated acute toxicity value (5 mg/kg bodyweight) has been defined for oral exposure 

(The German Federal Institute for Risk Assessment, 2021). Depending on the dose 

incorporated, nicotine increases the number of stillbirths and may affect the cardiovascular 

system (The German Federal Institute for Risk Assessment, 2021). Nicotine is a natural 

component of tobacco leaves (Ayo-Yusuf et al., 2004). Cigarette tobacco contains up to 

1.5 % nicotine (The German Federal Institute for Risk Assessment, 2021). The addictive 
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substance in tobacco, nicotine, keeps users from quitting and encourages continued usage 

over time (Ayo-Yusuf et al., 2004).  

In an earlier US study, the cardiovascular effects of cigarette consumption were compared 

with the use of American “snuff” in ten healthy smokers (The German Federal Institute 

for Risk Assessment, 2021). In one study part, a cigarette was smoked with one puff every 

45 seconds for twelve puffs, in the other study part, a pouch of American “snuff” weighing 

2.5 g was placed between the upper lip and the gum for 30 minutes. Blood samples were 

taken at different time points and heart rate and blood pressure were measured (The 

German Federal Institute for Risk Assessment, 2021). The absorbed dose was calculated 

based on nicotine measurements; it was 1.8 mg nicotine for cigarette consumption and 3.6 

mg nicotine for snuff consumption. The heart rate increased by 26 beats per minute after 

cigarette consumption and by 18.2 beats per minute after snuff consumption one puff every 

45 seconds for twelve puffs. The blood pressure increased by 18.6 mm (systolic) and 12.2 

mm (diastolic) for cigarette consumption and 15.6 mm (systolic) and 11.4 mm (diastolic) 

for snuff consumption (The German Federal Institute for Risk Assessment, 2021). The 

study shows that consumption of a cigarette or a pouch of American “snuff” leads to a 

relevant increase in heart rate and blood pressure.  

In a review article, relationship between nicotine and type 2 diabetes was pointed out 

(Piano et al., 2010). Cigarette smoking is an important risk factor for developing type 2 

diabetes. Compared to non-smokers, smokers show an increased insulin resistance, but 

there is no evidence for an effect on insulin secretion (Piano et al., 2010). However, 

nicotine can increase insulin resistance by increasing levels of insulin antagonists 

(catecholamines, cortisol and growth hormones) (IARC, 2006).  
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2.9.1  pH and unprotonated nicotine 

Of particular interest in pH analysis of tobacco products is the free base (unionized) 

nicotine, which is the form that is most easily absorbed. The pH of SLT has a significant 

impact on nicotine absorption by the nose and mouth (Ayo-Yusuf et al., 2004). Therefore, 

unlike cigarettes where nicotine delivery is dependent on the smoking habits of the user, 

the nicotine dose acquired from a unit (or "dip" or "sniff") of SLT is mostly influenced by 

the properties of the product itself. Also, to a lesser extent, nicotine delivery is dependent 

on the amount of snuff used, as well as behavioral and physiological aspects specific to 

each user (Ayo-Yusuf et al., 2004; Fant et al., 1999; Lunell & Lunell, 2005; S. Tomar & 

Henningfield, 1997). One study used four US brands of SLT and they found out the 

nicotine level of the products examined ranged from 7.5 to 11.4 mg/g. pH also ranged from 

6 to 9; after using the high pH product, plasma nicotine concentrations increased by 20 

ng/ml, but only by 4 ng/ml after using the lower pH product (Fant et al., 1999). It was 

shown that their pH, not the amount of nicotine, was principally responsible for the 

variations in nicotine absorption, as well as the subjective and physiological consequences 

(Stanfill et al., 2021).  

The amount of unprotonated nicotine impacts the efficiency and extent of nicotine 

absorption, according to (Stanfill et al., 2021; Wilhelm et al., 2022). Both investigations 

demonstrated that nicotine-dosing capability differ significantly between products and that 

nicotine concentration and pH level play a major role in determining it (Tomar & 

Henningfield, 1997). Nicotine absorption appears to be primarily determined by pH 

(Tomar & Henningfield, 1997). As reported by IARC., (2009), several salts (e.g., 

ammonium, sodium and potassium salts) have the potency to alter the pH of smokeless 

tobacco. As such, they are included among the 562 additives for smokeless tobacco 

products. Additionally, smokeless tobacco contains elements that are designed to regulate 
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the body's absorption of nicotine have been reported by the House of Representatives in 

1994 and 1996 respectively (Etu et al., 2017). However, the amount of tobacco toxins that 

users are exposed to depends not only on the specific product they are using, but also on 

how they are used (Etu et al., 2017). Users of smokeless tobacco who dip or chew eight to 

ten times per day might receive the same amount of nicotine exposure as people who 

smoke 30 to 40 cigarettes per day (Etu et al., 2017).  

According to research by Hecht et al. (2005) and Lemmonds et al. (2005) which has been 

quoted by (IARC., 2009), snuff users are exposed to 3.08 times as much nicotine as 

cigarette smokers. The amount of nicotine absorbed across the oral mucosa is greatly 

reliant on the pH of the product, which affects the proportion of total nicotine present in 

the unprotonated form (IARC., 2009). Unprotonated nicotine is significantly easier to pass 

through epithelium than protonated nicotine, which causes an increase in blood nicotine 

levels (Tomar and Henningfield, 1997; Fant et al., 1999; CDC., 1999).  

It has also been demonstrated that raising the nicotine content while consuming alcohol 

causes N-Nitrosonornicotine (NNN) to penetrate the oral mucosa at a substantially higher 

rate (Du et al., 2000). In a report to the WHO South-East Asian Regional Office cited by 

IARC., (2009), information on the chemical make-up of 14 different types of smokeless 

tobacco products used in India, including pH and nicotine concentration, showed that some 

products had up to 10.1 pH and 10.2 mg/g of nicotine (Gupta, 2004; Table 9). The pH and 

nicotine level of wet snuff products used in South Africa had nicotine levels varying from 

0.8 to 1.6 percent wet weight (11.6-29.3) which were reported by Ayo-Yusuf et al. in 2004. 

pH ranged from 7.1 to 10.1 (Ayo-Yusuf et al., in 2004); the nicotine content from 0.8 to 

1.6% wet weight (11.6–29.3 mg/g dry weight, as adjusted for moisture content) (Ayo-

Yusuf et al., in 2004) and from 10.1 to 99.1% in the unprotonated form (Ayo-Yusuf et al., 

in 2004). 
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Even small changes in pH of a tobacco product have a significant impact on the 

unprotonated nicotine concentration in SLT products (Tomar et al., 2019).. For instance, 

recent tests of 79 variants of US wet snuff products revealed that, while overall nicotine 

levels varied only by around 2-fold, unprotonated nicotine concentration varied by more 

than 1,000-fold in the same products (Tomar et al., 2019). Such a large range of 

unprotonated nicotine concentrations would make it easier for customers to switch to 

utilizing products with more potent nicotine content and develop severe addictions (Tomar 

et al., 2019). 

 

2.9.2  Relationship between pH, moisture content and nicotine delivery in tobacco 

products 

Dry snuff has the lowest moisture content and middle-to-high nicotine levels, while wet 

snuff has the highest percentage of pH and nicotine concentration (NCI, 2014). Chewable 

tobacco had the lowest nicotine (NCI, 2014).  Average pH of snuff is 7.43 (moist snuff), 

6.36 (dry snuff), and 5.82 (chewable tobacco) (NCI, 2014). Amounts of unprotonated 

nicotine in wet snuff are roughly five folds than those in dry snuff and 32 folds than those 

in chewable tobacco due to the high pH (NCI, 2014). Amounts of unprotonated nicotine, 

however, differ from product to product and from year to year due to the continual 

interaction between pH, nicotine concentration, and moisture in tobacco products (NCI, 

2014). 

 

pH of tobacco product (cigarette filler/SLT) is of important in determining amounts of 

unprotonated or free nicotine bioavailable to the consumer (WHO, 2020). Since the 

unionized form of nicotine obtained at basic pH values is more readily absorbed by the 

human body (WHO, 2020). The pH of a tobacco product plays a crucial role in deciding 
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its efficacy, which provides a good basis for a reason it should be measured (WHO, 2020). 

Thus, it is a useful and necessary parameter for researchers/regulators, as it can help to 

inform policy (WHO, 2020). Determination of moisture content is so that the concentration 

of nicotine and other constituents can be reported both on dry and wet weight basis, as 

variation in moisture can effect of other importance parameters (WHO, 2020). 

 

2.10  Human health risk assessment of selected elements 

Human health risk assessment of chemicals refers to methods and techniques that apply to 

the evaluation of hazards, exposure and harm posed by chemicals. In some cases, human 

health risk assessments of chemicals may differ in the approaches used (Robinson, 2014). 

The risk assessment process begins with problem formulation and includes four additional 

steps: 1) hazard identification, 2) hazard characterization, 3) exposure assessment and 4) 

risk characterization (Robinson, 2014).  

According to the Integrated Risk Information System (IRIS) and quoted by Benson et al., 

(2017), copper (Cu), iron (Fe), manganese (Mn), and zinc (Zn) are classified as non-

carcinogenic metals. The purpose for conducting toxicity assessment is to check the 

likelihood that potentially toxic metals present in the samples could pose serious health 

effects to users and non-users through direct and indirect inhalation exposure and oral 

exposure. The long term human health exposure assessment and risk characterization 

associated with non-carcinogenic were calculated using USEPA’s methodology  Retrieved 

from (https://www.epa. gov/expobox/exposure-assessment-tools-routesinhalation) on 

2022-12-28. 

 

According to the and quoted by USEPA and quoted by Marano et al., (2018), the averaging 

time (AT) depends on the type of toxic effects assessed (i.e. cancer or noncancer). That is, 

for long term exposure to non-carcinogens, exposure concentrations are calculated by 
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averaging intakes over the period of exposure (Marano et al., 2018). For carcinogens, 

exposure concentrations are calculated by prorating the total intake over a lifetime 

(USEPA, 1989). Thus, the averaging time for noncancer effects (ATNC) is the same as 

the exposure duration, (20987.5 days (57.5 years × 365 days/year) for cigarette smokers 

and 18615 days (51 years × 365 days/year) for smokeless tobacco product users  (Marano 

et al., 2018). In accordance with the most updated USEPA guidance (USEPA, 2014), 

default life expectancy of 7(0 years) is used as the average time for assessing carcinogens 

(ATC), (25550 days i.e., 70 years × 365 days/year) for both cigarette smokers and 

smokeless tobacco product users  (Marano et al., 2018). 

 

The purpose of hazard assessment is to evaluate whether an agent poses a carcinogenic 

hazard to humans and under what circumstances an identified hazard may be expressed 

(USEPA, 2003). Hazard assessment is performed by comparing calculated contaminant 

dose from ingestion and dermal exposure routes with the reference dose (RfD) to develop 

the hazard quotient (HQ).  RfC and RfD are derived in a manner to ensure that they are 

unlikely to underestimate the potential for adverse non-cancer effects to occur (Marano et 

al., 2018). 

USEPA guidance documents (USEPA, 1989; 2003, 2005; 2009b) that address of cancer 

risk and noncancer hazard estimation generally provide a hierarchy of sources from which 

representative toxicity factors should be identified.  

In particular, toxicity factors generated by USEPA's Integrated Risk Information System 

(IRIS) are generally specified as the primary source within the hierarchy; other 

scientifically reasonable sources for toxicity assessment exist. It is recommended by 

USEPA (2003) that selection of toxicity factors in the Toxicity Assessment of tobacco 

products follow a similar hierarchy. This ensures that the most conservative (health 
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protective) approach is observed. Based on guidance from USEPA (2003), the hierarchy 

for selection of toxicity factors includes: 

1. Tier 1—EPA's Integrated Risk Information System (IRIS). 

2. Tier 2—EPA's Provisional Peer Reviewed Toxicity Values (PPRTVs): The Office 

of Research and Development/National Center for Environmental 

Assessment/Superfund Health Risk Technical Support Center develops PPRTVs 

on a chemical-specific basis when requested by USEPA's Superfund program. 

3. Tier 3—Other Toxicity Values: Tier 3 includes additional USEPA and non-

USEPA sources of toxicity information, such as the California Environmental 

Protection Agency (CalEPA, 2018a; 2018b), Agency for Toxic Substance and 

Disease Registry (ATSDR, 2018), Texas Commission of Environmental Quality 

(TCEQ, 2017), and the peer reviewed literature. Priority should be given to sources 

of information that are current, the basis for which is transparent and publicly 

available, and which have been peer-reviewed (Marano et al., 2018). 

 

Recommended inhalation toxicity factors identified per the hierarchy are presented 

(Appendix Table E) and recommended oral toxicity factors identified per the hierarchy are 

also presented (Appendix Table F). Consistent with the proposed hierarchy, for harmful 

and potentially harmful constituents (HPHC), when toxicity factors were not available 

from USEPA, other sources were identified. 
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CHAPTER THREE 

METHODOLOGY 

 

3.1 Chemicals/Apparatus 

1. Analytical balance accurate to 4 decimal places manufactured by Mettler Toledo, MS 

Series; Switzerland 

2. Desiccator  

3. Thermostatically controlled oven manufactured by Infitek, DON-HE Series, China 

4. Glass dishes   

5. Stainless steel containers with approximate dimensions of 50 mm deep by 90 mm wide 

with lids. 

6. Digital pH meter M.K 6, Systronics, Ahmedabad; India, equipped with a temperature 

probe.  

7. Orbital shaker or magnetic stirrer.  

8. All reagents were analytical grade and comply with existing national regulations.  

9. Distilled water, complying with grade 2 of ISO 3696:1987.  

10. Standard pH buffers (4.00, 7.00 and 10.00)  

 

3.2  Study Area 

The study was conducted in the Ejisu Municipality in the Ashanti Region of Ghana. The 

Ejisu Municipal is one of the 261 administrative districts in Ghana (GSS, 2021). It forms 

part of the 43 districts in the Ashanti Region with Ejisu as its administrative capital (GSS, 

2021). The Municipal is known globally for its rich cultural heritage and tourists’ attraction 

site notably the booming kente weaving industry making it a potential center for cultural 

exchange (GSS, 2021). 

 The Municipal covers an area of 637.2 km3 constituting about 10% of the entire Ashanti 

region (GSS, 2021). The Municipality is located in the central part of the Ashanti Region 
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and provides enormous opportunity for creating an inland port for Ghana to serve the 

northern section of the country (GSS, 2021). It is located within longitudes 1°5W and 

1°39’ W and latitudes 7°9’ N and 7°36’N. It is the fifth largest district in Ashanti region 

(GSS, 2021). Ejisu Municipal shares boundaries with six other Districts in the Region 

(GSS, 2021). To the north east and north west of the Municipal are Sekyere East District 

and Kwabre East Municipal respectively (GSS, 2021), to the south are Bosomtwe District 

and Asante Akim South Municipal, to the east is the Asante Akim North Municipal and to 

the west is the Kumasi Metropolitan (GSS, 2021).  

The population of the Municipality according to the 2021 Population and Housing Census 

stands at 180,723 with 87,836 males 92,887 females (GSS, 2021) with a high population 

of 58.3% between the ages of 15 to 64 years as stated in the Composite Budget (EMA, 

2021; GSS, 2021) within the age bracket that is prone to smoking and other forms of 

tobacco use. 

3.3  Sample Collection 

A total of 56 samples were collected from eleven (11) different locations within Ejisu 

Municipality in the month of April, 2022. Three different types of tobacco products were 

sampled (two smokeless tobacco products, namely; snuff and dry tobacco leaves and one 

combustible tobacco product, namely, cigarettes). In all forty-five samples of snuff were 

purchased from eleven different locations within the Ejisu Municipality. They were 

transported to the analytical laboratory in labelled zip lock bags prior to analysis. A total 

of five samples of dried tobacco leaves were also purchased whiles six different brands of 

cigarettes including one which was being sold illegally (smuggled) were also purchased 

from different vendors within the Ejisu township. The collected samples were not more 

than 6 months old from the date of production. 

 



44 
 

 Table 3.1 Sampling locations and their GPS coordinates of tobacco product samples 

NA= Unknown / Not Available                       

S1= Power Snuff                                              

S2= KD Power 

S3= Power Must Change Hands           

S4= Okatakyie 
NF= No flavour       

C1= London Menthol 

C2= Rothmans King Size 

C3= London Filter 

C4= Oris 

C5= Pallmall Menthol 

C6= Gold seal (Illicit)  

TOBACC

O 

PRODUC

T 

FLAVOU

R 

MANUFACTURE

R 

(CODE)  

LOCATION LATITUD

E 

LONGITUD

E 

Snuff No flavour S1 Addadientem N6.713522 W1.432263 

Snuff Menthol NA Ampabame N6.706933 W1.419680 

Snuff Moringa NA Onwe N6.682541 W1.450804 

Snuff Unknown 

flavour 

S4 Onwe N6.683374 W1.450919 

Snuff Moringa NA Achinakrom N6.662196 W1.469884 

Snuff Unknown 

flavour 

NA Essienimpon

g 

N6.654711 W1.447939 

Snuff Moringa NA Essienimpon

g 

N6.655008 W1.451407 

Snuff No flavour S1 Kwaso N6.632145 W1.450730 

Snuff Moringa S2 Ejisu N6.721790 W1.471675 

Snuff Moringa NA Akyawkrom N6.732017 W1.460422 

Snuff Unknown 

flavour 

S3 Akyawkrom N6.730010 W1.459027 

Snuff Unknown 

flavour 

S2 Donaso N6.696253 W1.454019 

Snuff Menthol S1 Besease N6.726064 W1.454293 

Snuff Moringa NA Besease N6.726064 W1.454293 

Dry 

tobacco 

leaves 

- L1 Ejisu N6.720800 W1.473139 

Dry 

tobacco 

Leaves 

- L2 Ejisu N6.721370 W1.472793 

Dry 

tobacco 

leaves 

- L3 Ejisu N6.720798 W1.473144 

Dry 

tobacco 

leaves 

- L4 Ejisu N6.720709 W1.473251 

Dry 

tobacco 

leaves 

- L5 Ejisu N6.721790 W1.471675 

Cigarette - C1/C2/C3/C5 Ejisu market N6.722260 W1.471400 

Cigarette - C4/C6 Ejisu N6.720709 W1.473251 
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Figure 3.1  Map showing sampling locations within the Ejisu municipality 
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3.3.1 Sample Preparation 

The whole sample preparation, precaution against contamination and handling procedures 

followed the guidelines described by CORESTA guide number 11 (CORESTA, 2020). 

 

3.3.2 Grinding of samples 

The dried tobacco was ground with a mortar and a pestle into fine powdery particles to 

simplify weighing and facilitate chemical and instrumental analysis. The remaining 

tobacco particles were wiped off from the mortar and pestle before proceeding to the next 

sample to avoid cross contamination. 

 

3.4 Physical Properties of Samples 

3.4.1 Weight 

The average weight of each cigarette brand was measured by weighing 5 sticks of each 

brand before and after removing the filters and papers, whereas that of the snuff (SLT) 

was measured by emptying the smokeless tobacco (ST) from its container unto a pre-

weighed filter paper and measured on a chemical balance, by Mettler Toledo, MS Series.  

 

3.4.2 Moisture content determination  

Section 3.4.2.2 describes the procedure moisture content was determined as described by 

CORESTA Recommended Method number 76 (CORESTA, 2021). 

 

3.4.2.2 Procedure  

The stainless-steel tin was tarred and placed oton a balance (Mettler Toledo, MS Series ) 

with its lid on the balance and its weight recorded as Tare weight of stainless-steel tin and 

lid (WT). The stainless-steel container was removed from the balance and then filled with 

5.0 g of tobacco. After, the tin was covered with the lid and it was then placed onto the 

balance again. Reading was allowed to stabilize and weight recorded as W1. The container 
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was then placed in an oven at 100 0C for 3 hours. After which it was removed and put into 

a desiccator to cool. The cooled sample was weighed and the data collected as W2. 

Percentage loss of weight was calculated and then expressed as M %. 

 

3.4.2.3 Calculation  

The percentage moisture content (oven volatiles) of the tobacco was calculated as equation 

2: 

M (%) = 
𝑊1−𝑊2

𝑊1+ 𝑊𝑇
 × 100    ,      2      

where: M = Moisture content , W1 = Initial weight of tobacco sample, including stainless 

steel tin and lid (g), W2 = Weight of dry tobacco sample after test, including stainless steel 

tin and lid (g), and WT = Tare weight of stainless-steel tin and lid (g). 

 

3.4.3 Determination of pH of tobacco samples 

pH of the samples were determined by following the procedure as described by CORESTA 

Recommended Method number 69 (CORESTA, 2021). 

 

 

3.4.3.3 Calibration of pH Meter  

1. The pH meter was initially calibrated by placing the pH electrode into a buffer solution 

of pH 4. The asymmetric potential control of the instrument was then adjusted until 

the meter read the known pH value of the buffer solution.  

2. The electrode after rinsing with copious amounts of distilled water was further 

immersed in a second buffer solution of pH 7 and the instrument adjusted to read the 

pH value of the buffer solution. A three-point calibration procedure was used to cover 

the range of pH of the tobacco samples. 

3. The procedure was repeated for the standard buffer solution of pH 10. 
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4.  This procedure was used to calibrate the instrument before its use in pH determination 

of the tobacco samples. 

 

3.4.3.4 Procedure used in determination of pH of tobacco products 

Two grams of the ground sample was weighed into a 50 ml container.  Twenty milliliters 

of distilled water were added to the sample. The sample shaken gently for thirty minutes. 

The pH of the samples was then measured in triplicates by placing the electrode in the 

sample and allowing a constant value to display on the pH meter and the mean values 

recorded.  

 

3.5 Elemental Screening 

Tobacco samples were screened using a Niton XL3 GOLDD+ X-ray fluorescence (XRF) 

analyzer from Thermo Scientific; USA. The tobacco analysis followed the United States 

Environmental Protection Agency USEPA, Method 6200 as used by (Darko et al., 2019).  

 

3.5.1 Procedure for elemental determination in tobacco samples 

Two grams of the sieved sample was placed into a small polyethylene container of 

approximately 30 mm to three quarters of its capacity and then sealed at both ends using a 

mylar film. It was then placed in the XRF shroud and scanned for 180 seconds for 

elemental analysis (Darko et al., 2019). 

 

 

3.6.1 Determination of percentage Free Nicotine 

The free nicotine content was calculated using 12 mg/g and pH values for each product. 

The percentage of total nicotine available as free nicotine (% free nicotine) was calculated 

by substituting the appropriate pKa value for nicotine and the pH of each product into the 

Henderson–Hasselbalch equation and then multiplying by 100.  
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The Henderson-Hasselbalch curve (Figure 3.2) for nicotine models the sigmoidal 

relationship between alkalinity and free nicotine (%).  The αfb value refers to the fraction 

of nicotine in the freebase form. At pH 8.02, 50% of nicotine is in the protonated form and 

50% in the un-protonated form. 

      

 

   

Figure 3.2 Graph of pH against % free nicotine 

 

3.7.  Quality Assurance 

Determination of physical properties of tobacco samples adhered to quality control and 

assurance protocols as outlined in CORESTA, (2020) and CORESTA, (2021). To ensure 

quality assurance in elemental screening with the XRF, tobacco samples were air-dried in 

the sun to ensure that they were free from moisture. Each of the dried tobacco samples was 

then sieved to < 250 µm using a USA Standard Testing Sieve ASTME11. The XRF was 

also calibrated using NIST 2709a certified reference material and system checked each 

day prior to analysis. This gave recovery of ≥ 75 ± 5 always. Each sample analysis was 

done in triplicate and the average of the readings computed. 
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3.8  Statistical Analysis 

Statistical analysis of the data was performed using Minitab 20.0 (Minitab, LLC, 

Pennsylvania; USA) and JASP 0.17.2, University of Amsterdam, (Netherlands). Some 

charts were also generated from of Microsoft Excel, 2019; (Microsoft Corporation, 

Washington; USA) 

 

3.9  Human Health Risk Assessment 

A human health risk assessment identifies hazards, which can be anything that's likely to 

cause harm or illness (USEPA, 2000). A risk assessment helps determine whether 

significant risks to peoples' health may exist at or near a contaminated site or from 

exposure to certain substances and also helps determine a risk-based cleanup level for the 

site (USEPA, 2000).  

3.9.1  Long-Term Non-cancer Risk Assessment 

The human health risk assessment was used to characterize the nature and magnitude of 

possible human health risks from non-carcinogenic elemental contaminants in the tobacco 

samples. The long-term health risk assessment for active tobacco users due to exposure to 

elemental contaminants in the tobacco samples will be estimated based on the USEPA risk 

assessment model (USEPA, 1989; 2003, 2005; 2009). Values employed in the calculation 

of various parameters were presented (Table 3.2 and 3.3). 

 

3.9.2 Short- Term Non-cancer Risk Assessment 

Human health risk assessment for short-term exposure estimates Average Daily 

Exposure to potential toxicants over a period of 8 hours (ADE8) as a percentage OSHA 

Time weighted average (TWA8) for cigarette and snuff products (Behera et al., 2013). 

The purpose for estimating ADE8 was to examine whether any short-term health effects 
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could occur due to exposure to snuff particulates and cigarette smoke as indicated in a 

study by (Behera et al., 2013) and also to examine whether any short-term ADE8 health 

effect could occur on second-hand tobacco users, especially for individuals working in 

an area that is exposed to much tobacco use ADE8  (Behera et al., 2013). For example, 

if ADE8 as percentage OSHA TWA8 of any element is below 100%, then the area is 

safe, (no acute health effect(s) due to second-hand exposure). However, if ADE8 is above 

than 100%, then the area is not a safe environment to work (Behera et al., 2013).  

ADE8 as a percentage of OSHA TWA8 elements in second-hand tobacco exposure (STE) 

was estimated to represent short-term health effects of selected elements on both active 

and passive second-hand smokers. Two possible cases (Case 1 and Case 2) for health 

risk assessment were evaluated by considering two environmental conditions, in which 

non-smokers are exposed to cigarette smoke and snuff products. Case 1 represents 

residential settings while case 2 represents a commercial settings.  

 

All OSHA TWA8 values were sourced from Cal/OSHA, (2021). Except Ti data; which 

was sourced from US/OSHA, (2017). Case 1 refers to risk estimation with the presence 

of one smoker with 10 dilution factor for indoor air. Case 2 refers to risk estimation with 

the presence of five smokers with 100 dilution factor for partial indoor air. 

 

ADE8 as % of OSHA TWA8 = ADE8 (mg/m3) × 100 ÷ TWA8 (mg/m3),          3 

 

The average daily concentration for an 8 h workday (ADC8) in mg/m3 was estimated by 

assuming a breathing volume of 10 m3 of air during working hours in a day and smoking 

10 cigarettes/inhaling 10 grams of snuff during that period of time. 

The Estimated Daily Intake (EDI), Chronic daily Intake (CDI), Exposure Concentration, 
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hazard quotient (HQ), Average Daily Exposure) (ADE8), %OSHA TWA8 and hazard 

index (HI) were estimated using Equations. 4-13 in the sections below. 

 

3.9.3 Estimated Daily Intake (EDI), Chronic daily Intake (CDI), and Exposure 

 Concentration of selected elements 

For dried tobacco leaves, (a form of SLT), which people use by either chewing or sucking 

by inserting them between the lower gum and lip, in accordance with USEPA guidance 

USEPA, (1989), and exposure to constituents in a medium is expressed either as estimated 

daily intake (EDI), which calculated by using equation (5), the chronic daily intake (CDI), 

which is also calculated using equation (6). EDI is used to assess short term (acute) health 

effects whereas CDI is used to assess long term health effects (Behera et al., 2013). Similar 

to cigarette smokers, smokeless tobacco product users are assumed to be lifetime receptors 

(Behera et al., 2013). 

 

Hazard quotients (HQ) for snuff and cigarette samples were estimated as:  

HQ = 
𝐸𝐶

𝑅𝑓𝐶
. ,            3 

 Estimation of exposure concentration was made by smoking 10 cig/day and a breathing 

volume of 20 m3. Hazard quotient (HQ) for dry tobacco leaf samples was estimated as:  

HQ = 
𝐶𝐷𝐼

𝑅𝑓𝐷
  ,             4 

Estimation of chronic daily intake (CDI) was made by chewing 10 g of dry tobacco leaves 

/day. 

EDI= C × CF × TC ,                          5 

CDI=
(𝑪×𝑪𝑭 ×𝑻𝑪×𝑨𝑩𝑺 × 𝑬𝑭 × 𝑬𝑫)

𝐁𝐰𝐭 ×𝐀𝐭 
  ,          6  

where: 
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EDI – estimated daily intake (mg/day) 

CDI – chronic daily intake (mg/kg/day) 

C – toxicant concentration (nanogram per gram [µg/g] tobacco) 

CF – conversion factor (10−3 mg/µg) 

TC – tobacco consumption rate (gram per day [g/day]) 

ABS – toxicant absorption rate (unitless) 

EF – exposure frequency (days/year) 

ED – exposure duration (years) 

BW – body weight (kg) 

AT – averaging time (days) 

 

However, in 2009, the USEPA (2009a) provided an update to the Superfund Programme's 

approach to determining risk of inhaled constituents. This guidance updated the USEPA’s 

original approach, established in 1989, to determine exposure estimates in terms of 

chronic, daily “air intake” (mg/kg/day). Nasal snuff is prepared from dry fermented 

tobacco pulverized to fine particles and then inhaled in Ghana (Addo et al., 2008). 

Estimates of risk via inhalation of cigarettes and snuff products was calculated using 

concentration of the constituent in air; exposure concentration as the exposure metric 

(mg/m3), rather than estimated intake of constituents. Details of the standards employed in 

the calculation of various parameters are presented (Table 3.2) (Marano et al., 2018). 

 

exposure concentration= 
(𝑪×𝑪𝒑𝑫 ×𝑬𝑭 × 𝑬𝑫×𝑪𝑭 )

𝐈𝐑 ×𝐀𝐭 
   ,          7 

where: 

exposure concentration – exposure concentration (mg/m3)  

C – HPHC measured yield (μg/g) 

CF – conversion factor (10−3 mg/µg)  

CpD – number of cigarettes per day  

ED – exposure duration (years)  

EF – exposure frequency (days/year) 
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IR – inhalation rate (m3/day)  

AT – averaging time (days) 

 

3.9.4  Short-term non-cancer Hazard assessment 

The exposure concentration for an 8 h workday (ADE8) in mg/m3 was estimated by 

assuming a breathing volume of 10 m3 during working hours in the day and smoking 10 

cigarettes/inhaling 10 g of snuff during that period of time. The equations used are as 

follows: 

% OSHA TWA8 = 
ADE8  

OSHA TWA8 
 × 100   ,                   8 

 

ADE8= 
(𝑪×𝑪𝒑𝑫 ×𝑪𝑭 )

𝐈𝐑 
        ,                                           9 

 

Case 1=
% 𝐎𝐒𝐇𝐀 𝐓𝐖𝐀𝟖 

𝟏𝟎
     ,                                           10 

Case 2= 
% 𝐎𝐒𝐇𝐀 𝐓𝐖𝐀𝟖 

𝟏𝟎𝟎
× 5  ,                                         11 

where 

TWA8 – 8 h time weighted average 

ADE8 - Average Daily Exposure over a period of 8 hours  

C – HPHC measured yield (μg/g) 

CF – conversion factor (10−3 mg/µg)  

CpD – number of cigarettes per day  

IR – inhalation rate (m3/day)  

 

3.9.5  Long-term non-cancer Hazard assessment 

Metrics of non-cancer effects were calculated via hazard quotients (Hazard Quotient, for 

individual constituents) or a hazard index (HI, for multiple constituents). Hazard Quotient, 

representing the ratio of estimated exposure to the toxicity value, are calculated for each 

constituent associated with non-cancer health effects using the Equations12-15: 

HQ = 
EC or CDI

RfC or RfD
        ,                       12 
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Case 1=
HQ 

10
     ,                        10  

Case 2= 
HQ 

100
× 5   ,                     11 

HI = ∑𝐻𝑄            ,                   12;   

HQ – hazard quotient (unitless) 

EC – exposure concentration (mg/m3) 

CDI – chronic daily intake (mg/kg/day) 

RfC – reference concentration (mg/m3) 

RfD – reference dose (mg/kg/day) 

For non-cancer risk characterization, HI greater than 1 indicates there is a potential for 

adverse health effects. On the other hand, if HI < 1, this suggests that it is unlikely for a 

smoker to have non-carcinogenic health effects. Recommended input assumptions for the 

exposure assessments for cigarettes and smokeless tobacco products are presented in Table 

3.2  

 

3.9.6 Assumptions 

Differences in pulmonary bioavailability are known to exist between the exposure 

situation and the critical study used to develop the inhalation toxicity value (NASEM, 

2003). This can be addressed through the use of a relative bioavailability or absorption 

factor, as with exposure by oral ingestion (NASEM, 2003). However, there are few 

obvious examples of situations where such an adjustment is required, and consequently 

absorption factor for inhaled constituents is rare in risk assessments (NASEM, 2003). 

Instead, the implicit assumption is that the relative bioavailability or absorption factor 

associated with exposure through inhalation is 100 percent (NASEM, 2003). 

Based on the above, the researcher made the following assumptions and estimates: 
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1. 100% of the elements present in tobacco products will be transferred and deposited 

into the human respiratory system through inhalation for both cigarettes and SLT.  

2. Case 1 refers to risk estimation with for one smoker with 10 dilution factor for indoor 

air. 

3. Case 2 refers to risk estimation for five smokers with 100 dilution factor for partial 

indoor air. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

 

4.1  pH, Moisture Content, Free Nicotine, % Unprotonated Nicotine 

The mean values of moisture content, pH, % free nicotine and free nicotine (mg/g) and 

physicochemical properties of the analyzed products were summarized (Tables 4.1-4.3). 

A value of 12 mg\g was assigned as the total nicotine content in tobacco samples (CDC, 

2010; Nicotinell, 2023). Some of the snuff manufacturers had multiple products offerings 

distinguished by flavour (menthol, moringa, no flavour (NF) as informed by vendors. 

Some of the vendors could not identify the flavours of some of the snuff products (denoted 

as not available (NA)). 

 

4.1.1 Percentage moisture content 

Based on the percentage moisture values, tobacco leaves have the highest moisture content 

with the highest being 28.46 % and the lowest being 15.46 %. Cigarettes have the second 

highest percentage moisture content with the highest being 15.62 % and the lowest being 

13.37 %. Sample C6, a smuggled cigarette product had the highest moisture content and 

C5 had the lowest moisture content. Snuff products had the least moisture content, 15.86 

% as the highest percentage moisture content and 3.88 % the lowest percentage moisture 

content. Overall, the mean moisture content of tobacco products analyzed are 21.39, 14.59, 

and 8.31% for tobacco leaves, cigarettes and snuff respectively.  

The mean moisture content for dried tobacco leaves is lower than the value obtained for 

twist (twist chewing tobacco consists of dried tobacco leaves twisted together into a rope-

like mass. Unlike most loose-leaf tobaccos, twist chewing tobacco is usually not sweetened 

studied by  Lawler et al., (2013) with moisture content of  30.64 % whiles that of cigarettes 
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was slightly above the range (7.2  to 13.4 %) obtained in the analysis of 23 cigarette 

products by Mahmood & Zaman, (2010), moisture content of snuff was higher than the 

value reported by the Lawler et al., (2013) with a value of 6.52 %. Below is a graph 

comparing the mean % moisture content of snuff, cigarette and dried tobacco leaves. 

                       

 Figure 4.1 Graph comparing  moisture content of tobacco products 

 

4.1.2 pH 

Among all the tobacco products, pH ranged from5.21 (C3 cigarette) to 10.16 (snuff) for 

tobacco acquired from Ampabame with unknown manufacturer and menthol flavour). This 

pH range translated to 0.15%–99.28% of nicotine in the free nicotine form.. Snuff had pH 

values ranging from 9.07 (sourced from Donaso; Flavour: NA) to 10.16 (snuff acquired 

from Ampabame with menthol flavour. These corresponded to 91.81% and 99.28% free 

nicotine, respectively. The pH values for tobacco leaves ranged from 6.63 to 8.0, which 

corresponds to 3.91% and 48.84% free nicotine, respectively. Cigarette samples had pH 

5.21 (C3) and pH 5.87 (C4) which corresponded to 0.15% and 0.70% free nicotine, 

respectively.  
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Overall, the mean pH value for tobacco products analyzed were 9.73, 7.39, and 5.49, for 

snuff, dried tobacco leaves and cigarettes respectively. The mean pH for dried tobacco 

leaves is higher than the tobacco leaves studied by Hegde & Nanukuttan, (2017) with pH 

value of  5.24. however, pH of cigarettes is comparable with the 5.46 obtained in the 

studies conducted by Lawler et al., (2017). The pH of snuff was slightly higher than the 

value reported by the National Cancer Institute and Centers for Disease Control and 

Prevention, (2014) with a value of 9.24 and 9.46 for traditional snuff studied in South 

Africa and Nigeria respectively. Below is a graph comparing the mean pH of snuff, 

cigarette and dried tobacco leaves. 

     

           Figure 4.2 Graph comparing pH of tobacco products 

 

4.1.3 Nicotine and % Free nicotine 

This study assumed a value of 12 mg/g as the average of nicotine concentration in tobacco 

products (CDC, 2010; Nicotinell, 2023). 

The free nicotine content was calculated using the stated total nicotine (12 mg/g) and 

measured pH values for each product. The term total nicotine represents the sum of 

nicotine in all of its ionic forms—both protonated and unprotonated (Stanfill et al., 2021). 

Protonated nicotine predominates at pH lower than 6. Unprotonated nicotine (free or free 
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base nicotine) is the form that is most readily absorbed across oral membranes, and this 

form increasingly predominates at pH levels above 6. The percentage of total nicotine 

available as free nicotine (% free nicotine) is calculated by substituting the appropriate 

pKa value for nicotine and the pH of each product into the Henderson–Hasselbalch 

equation and then multiplying by 100 (Stanfill et al., 2021). Because a plot of the 

Henderson–Hasselbalch equation yields a sigmoidal curve, the percentage of nicotine as 

free nicotine (%) rises sharply between pH 7 and pH 9 (Stanfill et al., 2021).  

 

The αfb value refers to the fraction of nicotine in the freebase form (Stanfill et al., 2021).   

Measurement of pH along with total nicotine allows the calculation of both % free nicotine 

and amount of free nicotine (mg/g).  Using the assumed values of 12 mg/g for tobacco 

products as the total nicotine content in this study, free nicotine ranged from 0.019 (C3) to 

10.16 mg\g (snuff) acquired from Ampabame with menthol flavour. Snuff had free 

nicotine values ranging from 10.93 mg/g with 91.81 % free nicotine (sourced from 

Donaso; 2022, Flavour: NA) to 10.16 mg\g with 99.28 % free nicotine (snuff acquired 

from Ampabame with menthol flavour). The free nicotine values for tobacco leaves ranged 

from 0.46 to 5.86 mg/g, which corresponded to 3.91% and 48.84% free nicotine, 

respectively. Cigarette samples had free nicotine values of 0.018 (C3) and 0.084 (C4) mg/g 

which corresponds to 0.15 and 0.70% free nicotine, respectively.  

 

Overall, % mean free nicotine for tobacco products analyzed were 98.09, 18.99 and 0.29 

% corresponding to 11.65, 3.11, and 0.041mg/g for snuff, tobacco leaves and cigarettes 

respectively. Since nicotine absorption through cell membranes is pH dependent (Beljan 

et al., 2008), these values indicate that the snuff samples analyzed in this study have very 

high cell membrane absorption ability, followed by dry tobacco leaves with the least being 
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cigarette. This is due to the decreasing order of % free base nicotine from snuff to cigarette 

samples. The mean  % free  nicotine for dried tobacco leaves obtained was higher than the 

tobacco leaves studied by Hegde & Nanukuttan, (2017) with % free  nicotine value of  0.17  

(pH 5.24) whiles that of cigarettes is comparable with the 0.24 % (pH 5.64) obtained in 

the studies conducted by Lawler et al., (2017). Snuff has slightly higher % free nicotine 

than the value reported by the National Cancer Institute and Center for Disease Control 

and Prevention, (2014) with a value of 94.32 (pH= 9.24) and 96.50 (pH= 9.46) for 

traditional snuff studied in South Africa and Nigeria respectively. 

Below is a graph comparing % free nicotine concentration and free nicotine content of 

snuff, cigarette and dried tobacco leaves. 

 

 
    Figure 4.3 Graph comparing % free nicotine concentration and free nicotine 

content of tobacco products 
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% moisture concentration, pH, % unprotonated nicotine and free nicotine (Table 4.1-4.3) 

based on adopted average total nicotine concentration (12 mg/g) for tobacco products 

analyzed in this study. 

Table 4.1 Moisture content, pH, % Unprotonated nicotine and free nicotine values of 

dry tobacco leaves 

 

Table 4.2 Moisture content, pH, % Unprotonated nicotine and free nicotine values 

of snuff products 

Location Flavour Moisture 
Content (%) 

pH 
Unprotonated nicotine 

(%) 

Free 

Nicotine 

(mg/g) 

Besease1 Menthol 8.83 9.81 98.4 11.68 

Besease2 Moringa 10.79 9.41 96.09 11.50 

Donaso  NA  7.73 9.07 91.81 10.93 

Akyawkrom1 NA 4.90 9.96 98.86 11.77 

Akyawkrom2 Moringa 9.36 9.86 98.58 11.56 

Achinakrom Moringa 7.02 9.87 98.61 11.81 

Kwaso  NF  9.08 9.51 96.87 11.43 

Essienimpong1 Moringa 7.20 10 98.96 11.88 

Essienimpong2 NA  7.27 9.93 98.78 11.84 

Onwe  NA  6.64 9.58 97.32 11.67 

Onwe  Moringa 7.30 9.71 98.00 11.70 

Ampabame Menthol  3.88 10.16 99.28 11.84 

Ejisu  Menthol 15.45 9.92 98.76 11.83 

Adadientem NF  12.24 9.25 94.44 11.67 

Asotwe NA  7.06 9.47 96.57 11.57 

 Mean  8.32 9.73 98.09 11.77 

 SD  2.87 0.28 20 0.06 

 Min  3.88 9.07 91.07 11.43 
 Max  15.45 10.16 99 11.88 

  Physicochemical parameters of snuff products with different flavours 

  
Flavour Moisture 

Content (%) 

pH 
Unprotonated nicotine 

(%) 

Free 

Nicotine 

(mg/g) 

  Menthol 9.39 9.96 98.81 11.78 

  Moringa 8.33 9.77 98.05 11.69 

  NA 6.72 9.60 96.67 11.56 

Dried 

Tobacco 

Leaves 

Code  

Moisture pH 

Unprotonated 

Nicotine 

(%) 

Free 

nicotine 

(mg\g) 

L1  20.67 8 48.84 5..86 

L2  22.65 6.82 5.93 0.72 

L3  15.96 7.8 37.59 4.52 

L4  19.21 7.72 33.38 4.00 

L5  28.46 6.63 3.91 0.46  

     

 Mean 21.39 7.39 18.99 2.28 

 SD 4.65 0.62 20.01 1.20 

 Min 15.96 6.63 3.91 0.46 

 Max 28.46 8 48.84 5..86 
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  NF  10.66   9.38 95.66           11.55 

 

 

Table 4.3 Moisture content, pH, %Unprotonated nicotine and free nicotine values 

of cigarette products 
Cigarette Brands 

Code 

Moisture content 

(%) pH 

Unprotonated Nicotine 

(%) 

Free nicotine (mg/g) 

C1 14.1 5.59 0.37 0.044 

C2 14.7 5.26 0.17 0.021 

C3 14.5 5.21 0.15 0.019 

C4 15.25 5.87 0.70 0.084 

C5 13.37 5.58 0.36 0.043 

C6 15.62 5.44 0.26 0.031 

Mean 14.59 5.49 0.29 0.039 

SD 0.81 0.24 0.20 0.010 

Min 14.1 5.21 0.15 0.019 

Max 15.62 5.87 0.70 0.084 

 

4.2.0  Snuff products 

According to Ayo-Yusuf et al., (2004); Benowitz et al., (2009); ACS, (2020), the 

concentration of total nicotine in SLT products are comparable to that in commercial 

cigarettes. As such a value of 12 mg/g which is the mean of the range of total nicotine 

concentration (6 to 18 milligrams per gram (mg/g) or 0.6 to 1.8 percent by weight) in snuff 

and cigarette products (CDC, 2010; Nicotinell, 2023). This estimated total nicotine 

concentration value was used to calculate % free base nicotine and concentration of free 

nicotine in tobacco product samples.  

53% of the 45 snuff products examined had labels (name of product) but none of them 

listed the ingredients used or included any warning signs. Flavour used in the preparation 

of the SLT were not indicated and the researcher had to enquire from the vendor what 

   Physicochemical parameters of snuff products with different manufacturers 

  
Manufacturer Moisture 

Content (%) 

pH 
Unprotonated nicotine 

(%) 

Free 

Nicotine 

(mg/g) 

  S2 11.59 9.50 95.29 11.38 

  S1 10.05 9.52 96.57 11.59 

  S4 6.85 9.53 96.95 11.62 

  NA 7.55 9.85 98.33 11.73 

  S3 4.90 9.96 98.86 11.77 
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flavour was used. Of the SLT used, 13.5% contained menthol as the flavour, 33% had 

moringa, whereas 13.5% had no flavour. The flavour in the remaining 40% could not be 

identified since the vendor did not know what flavour was used.  

The widespread use of Moringa snuff is as a result of the perceived health benefit of 

Moringa, as stated by Essa et al., (2014) and Hamza, (2010). They reported that Moringa 

has been utilized to treat conditions such as: skin diseases, frailty, nervousness, asthma, 

clogged pores, blood contaminations, bronchitis, catarrh, chest blockage, cholera and 

numerous different sicknesses.  

This result suggests that, there are varied types of snuff used depending on the 

geographical location, perception and preference of the user. For instance, Nemeth et al., 

(2012) indicated that ‘chemma or shammah’ is the most common type of snuff use in 

Algeria. Bhawna, (2013) also suggested that khaini is the most common snuff in India. Of 

all types, ‘chemma’ is the most known type of tobacco used worldwide (Bhawna, 2013).  

 

These types however are not available in Ejisu or Ghana, as none was mentioned by 

vendors interviewed in the study. Snuff samples (menthol flavor) acquired from 

Ampabame and Essienimpong1 (moringa flavor) had the highest and second highest pH 

(10.16 and 10.00 respectively) (Figure 4.4) and snuff samples acquired from Addadientem 

(which was personally observed by the researcher during its packaging and observed that 

no additives/flavour was added) had the second lowest pH of 9.25 (Figure 4.4). This 

finding suggests that snuff that has flavour/additives recorded high pH values. 
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Figure 4.4 Graph showing locations where snuff products were acquired against 

moisture content, pH, % unprotonated nicotine and free nicotine 

 

4.2.1  Dried tobacco leaves 

From the five tobacco leaves analyzed, the highest pH recorded was 8.00. This 

corresponded to 48.84 % free nicotine and 5.86 mg/g free nicotine concentration whiles 

the least pH 6.63 also corresponding to 3.91 % free nicotine: and free nicotine 0.46 mg/g. 

The mean pH (7.39) value calculated corresponded to 25.93 % free nicotine and 3.11 free 

nicotine (Figure 4.5). 

Use of the tobacco leaves also poses more health challenges aside those identified in this 

study. This is because the ash that is added to the leaves also contain a considerable amount 

of toxic combustion products (Beljan et al., 2008). Also, the ash that has been added has 

the potential to increase pH of the product and hence increase the unprotonated nicotine 

concentrations. This would then increase the nicotine delivery capability of the products 

and eventually leads to the addiction and dependence by users. 
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Figure 4.5 Graph showing dried tobacco leaves against moisture content, pH, 

%Unprotonated nicotine and free nicotine 

 

4.2.2  Cigarette products 

Figure 4.3 indicates that, C4 had the highest pH 5.58 and a corresponding % unprotonated 

nicotine of 0.70 % and unprotonated nicotine of 0.084 mg/g, followed by C1 and C5 with 

the least being C3 with pH 5.59, 5.58 and 5.21 respectively. These corresponded to % 

unprotonated nicotine and unprotonated nicotine concentration of 0.37 %, 0.044 mg/g; 

0.36 %, 0.043 mg/g; and 0.15 %, 0.019 mg/g respectively. With the assumption of average 

total nicotine concentration of 12 mg/g in snuff and cigarette samples. C6, a smuggled 

cigarette product has a pH of 5.44 with percent unprotonated nicotine and unprotonated 

nicotine of 0.26 % and 0.031 mg/g. 
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Figure 4.6 Graph of cigarette products against moisture content, pH, % 

unprotonated nicotine and free nicotine 

 

Table 4.1; 4.2 and 4.3 indicate that a graduated increase of levels (5.5–9.7) exist across the 

three tobacco products used, with cigarettes having the least mean pH (5.5) and snuff 

having the highest mean pH (9.7). This indicates snuff has the highest nicotine delivery 

capability, followed by tobacco leaves and the least being cigarettes. It must however be 

noted that since ash is added to the leaves before use, its pH has the potential to increase 

beyond the values stated in this study (Beljan et al., 2008). 

 

4.2.3  Effect of additive/flavours on pH, free nicotine (mg/g) and % unprotonated 

 nicotine 

It’s observed in this present study that there is considerable variation in pH and nicotine 

delivery capabilities of tobacco products across nations and among products (even when 

coming from the same source/manufacture. Table 4.1 indicates that “S2” acquired from 

Donaso had 9.07 and the product from the same manufacturer acquired from Ejisu market 

had pH of 9.92 representing % unprotonated nicotine of 91.07% and 98.58% respectively. 

This may be as a result of additives or flavours added in the preparation of the product as 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0

2

4

6

8

10

12

14

16

C1 C2 C3 C4 C5 C6

FR
EE

 N
IC

O
TI

N
E 

(%
)

FR
EE

 N
IC

O
TI

N
E 

M
O

IS
TU

R
E

P
H

CIGARETTE BRAND

pH Moisture Free nicotine (%) free nicotine (mg/g)



68 
 

suggested. However, on the average, samples from “S3” manufacturer recorded the highest 

pH 9.96 corresponding to 98.86 % unprotonated nicotine whiles “S2” recorded the lowest 

pH 9.49 corresponding to 95.28 % unprotonated nicotine (Figure 4.4). 

 
Figure 4.7 Graph showing snuff manufacturers/brand against moisture content, 

pH, % unprotonated nicotine and free nicotine 

 

The present study (Figure 4.5) confirms findings which suggested that use of menthol 

flavour in tobacco products may result in even higher free nicotine exposure, as similar 

observations have been made with mentholated cigarettes (Ayo-Yusuf et al., 2004). 

Average pH of Menthol flavoured snuff products is 9.96, that of Moringa are 9.77 whiles 

the ones with no flavour had 9.38. C1 and C5 cigarettes had the second and third highest 

pH levels of 5.59 and 5.58 respectively with C4 Cigarette having the highest pH of 5.87. 

Also, dry tobacco leaves, which contains no additives recorded an average pH of 7.39 

which is lower than the lowest pH value of 9.07 recorded for snuff products.  
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Figure 4.8. Graph showing effect of snuff additives/flavour on moisture content, pH, 

% unprotonated nicotine and free nicotine 

 

 

4.2.5 Prevalence of tobacco products consumption, its nicotine delivery and 

addiction potential on the individual in Ejisu Municipality 

Sample site reconnaissance demonstrated that an average smokeless tobacco product user 

will ‘‘dip’’ (dry tobacco leaves) or ‘‘sniff’’ (nasal snuff) about five times a day and for 30 

minutes each time. With an estimated 2 g smokeless tobacco commonly dipped or inhaled 

per time, daily total nicotine exposure averages 120 mg or 0.12 g per 10 g. Table 4.4 

categorizes tobacco products based on their nicotine delivery capability and addiction 

potential. 

Table 4.4 Categorization of tobacco products based on nicotine delivery capability 

and addiction potential of cigarette product 

TOBACCO 

PRODUCT 

Mean 

pH %A 

Amount 

consumed 

in a day 

(g/day) 

total nicotine 

conc.(mg/day) 

free nicotine 

conc.(mg/day) 

free nicotine 

conc.(mg/week) 

Nicotine 

delivery 

capability 

Addiction 

potential 

Snuff 

 

9.73 

 

98.09 10 120 117.71 823.96 Very high very high 

Leaves 

 

7.39 

 

18.99 10 120 22.79 159.53 High High 

Cigarette 

 

5.49 

 

0.29 10 120 0.35 2.44 very low High 
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The table above suggest that those who desire to quit by switching to SLTs such as snuff 

and dried tobacco leaves may be unintentionally sustaining dependence by exposing 

themselves to higher nicotine addiction through sustained use of unprotonated/free 

nicotine tobacco products.  

Though amount of free nicotine of cigarette is low, it takes seconds   to reach the brain. 

The time it takes to reach the brain is also an indicator of addiction potential. In all, the 

variation in time taken for free nicotine to reach brain, which is dependent on the 

differences in administration duration, as well as absorption rate and time that differs with 

each route of delivery, determines the addictive potential of a tobacco product. 

 

4.3  Concentration of Elements in Tobacco Products 

Tobacco products, both processed and unprocessed have varying levels of elemental 

compositions. The presence of 15 elements (14 metals: Mo, Zr, Sr, U, Rb, Zn, Cu, Fe, Mn, 

V, Ti, Sc, Ca, K and 1 nonmetal: S) were identified in some of the tobacco products in this 

study. The mean concentrations of total elements detected in the 56 tobacco products 

(snuff, tobacco leaves and cigarettes) with their respective ranges are stated 4.5.  

The variations in trace element concentration of tobacco products especially for the snuff 

products have been observed by others as well  (Mohammad, 2014). However, these 

variations could possibly be influenced by  agriculture soil on which tobacco leaves were 

cultivated, closeness of farming lands to roads and residential areas, the composition of 

tobacco leaves and processing and handling  (Mohammad, 2014). 

 

Tables  4.5-4.7 gives the  mean concentrations of determined elements in the  tobacco 

products.
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Table 4.5 Mean elemental concentration (µg/g) of snuff products 

Elemental concentration (µg/g) of snuff products with different flavours 

  Mo Zr Sr U Rb Zn Cu Fe Mn V Ti Sc Ca K S TOTAL 

Menthol  2.0 71.2 299.3 4.89 53.48 109.5 22.5 3427.3 9.32 11 590.8 173.8 38748.4 46415.6

8 

4039.7 9397.87 

Moringa  1.6 68.0 180.7 4.34 148.8 97.89 10.5 4006.4 39.5 9.42 524.2 91.75 23442.6 125523.

0 

4199.3 15834.7

9 

NA  2.1 68.5 254.5 6.07 84.95 108.3 11.5 2661.8 53.2 5.39 465.6 125.5 28135.2 72646.2

5 

4116.1 10874.4

8 

NF  1.7 79.6 212.4 6.35 145.5 81.11 27.8 3305.6 25 10.5 459.5 100.5 23272.7 114596 4675.3 14699.9

4 
 

 

Table 4.6 Mean elemental concentration (µg/g) in dry tobacco leaves 

 

 

Elements 

 

Code Mo Zr Sr Rb Zn Fe Mn Ti Sc Ca K S TOTAL 

mean 3.49 53.03 215.72 27.60 59.844 
1456.1

6 
29.36 451.39 143.44 30283.4 45172.4 4442.42 82320.8 

SD 1.57 15.84 24.20 9.57 28.28 415.95 26.26 317.33 23.39 4827.37 6440.66 886.29 12113.76 

max 5.87 79.69 240.42 43.28 97.64 
1941.1

5 
58.72 927.03 166.29 35683.6 54442.4 5157.86 98844.1 

min 2.09 42.54 181.71 19.14 26.43 953.74 0 198.52 111.84 22956.2 38604.4 3028.96 66125.5 
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Table 4.7 Mean elemental concentration (µg/g) in cigarette products 

 Elements 
 

Code Mo Zr Sr Rb Zn Fe Mn Ti Sc Ca K S TOTAL 

mean 6.59 4.99 101.35 27.08 42.326 347.48 82.915 48.415 194.17 37800.57 75319.68 4142.26 118046.4 

SD 1.05 0.94 24.21 6.16 9.34 64.72 44.99 30.60 64.84 12957.5 24361.5 1364.70 31639.31 

Min 5.14 3.6 67.75 18.2 32.49 267.6 61.1 21.17 87.47 22006.8 52124.7 3018.51 88139.34 

Max 7.68 5.85 128.22 35.6 58.74 418 104.7 71.08 280.1 54829.5 116041 6053.28 177734.9 
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4.3.1 Comparison of concentrations (µg/g) of potentially toxic elements in tobacco 

products  

Snuff products had the highest concentration in 10  out of the 15 elements identified in the 

tobacco products (i.e., Zr; 88.21 µg/g, Sr; 331.68 µg/g, U; 12.59 µg/g, Rb; 292.58 µg/g, Zn; 

153.74 µg/g, Cu; 31.15 µg/g, Fe; 8487.86 µg/g, V; 31.49 µg/g, Ti; 853.63 µg/g and K; 

24295.60 µg/g). Cigarettes recorded highest concentration for Mo; 7.68 µg/g, Mn; 104.7 

µg/g, Sc; 280.10 µg/g and Ca; 54829.50 µg/g whereas dried tobacco leaves recorded highest 

concentration for S; 3028.96 µg/g. Uranium, Zinc, and Vanadium were detected in only 

snuff products.  

It is observed that with the exception of Zn; 153.74 µg/g, Cu; 84.70 µg/g, Mn; 87.30 µg/g, 

and Ca; 44364.60 µg/g (Table 4.8), maximum concentrations of all other metals detected in 

snuff were above the maximum concentrations of these metals in tobacco products reported 

by James, (2014). With regard to dry tobacco leaves, only Mo; 5.87 µg/g, Zr; 79.69 µg/g, 

Ti; 927.03 µg/g and Sc; 166.29 µg/g exceeded concentration of metals in tobacco products 

published in literature (James, 2014) whereas with metals detected in cigarettes, only Mo; 

7.69 µg/g and Sc, 280.10 µg/g recorded maximum concentration than reported 

concentrations published in literature (James, 2014). 

The findings in this study suggest that the mean elemental composition in smokeless tobacco 

135.07 mg/g (Table 4.5) is greater than in cigarette products; 118.05 mg/g (Table 4.7) which 

is in agreement with the findings by Pappas., (2011). Difference in elemental concentration 

in tobacco products is because contamination of tobacco products is site, process and country 

specific (Boffetta et al., 2008). Some elemental concentration of snuff products exceeded 

those published by other researchers because local preparation of snuff is not regulated and 
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does not follow any approved hygienic protocols, as such toxicants from diverse sources 

might be introduced into the final product. Same reason goes for cigarette products but due 

to enhanced hygienic protocols and minimal human handling of products due to the 

incorporation of state-of-the-art technology in the manufacturing process, less toxicants are 

introduced into the final product. 

Below are graphs comparing the concentrations (µg/g) of various elements detected in the 

tobacco products. 

 

 

 
Figure 4.9 Concentration of Mo in 

tobacco products 

  
Figure 4.10 Concentration of Zr in 

tobacco products 

 
Figure 4.11 Concentration of Sr in 

tobacco products 

 

 
Figure 4.12 Concentration  of Rb in 

tobacco products 
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Figure 4.13 Concentration  of Zn in 

tobacco products 

 

 
Figure 4.14 Concentration of Fe in 

tobacco products 

 
Figure 4.15 Concentration of Mn in 

tobacco products 

 

 
Figure 4.16 Concentration of Ti in 

tobacco products 

 
Figure 4.17 Concentration of Sc in 

tobacco products 

 

 
Figure 4.18 Concentration of U in 

tobacco products 
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Figure 4.19 Concentration of Cu in 

tobacco products 

 
Figure 4.20 Concentration  of V in 

tobacco products 

 

 

  
Figure 4.21 Concentration of K in 

tobacco products 
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Table 4.8 is a representation of mean (SD), minimum and maximum concentrations of 15 elements examined in snuff products, dried 

tobacco leaves and 6 cigarette brands; compared with reported concentration of elements in tobacco products from literature (James, 

2014). 

Table 4.8 Mean elemental concentration (µg/g) of Snuff, cigarette and dried tobacco products compared to reported values 
Element Reported 

Conc 

Snuff Dried Tobacco Leaves Cigarette 

  
Mean (SD) Min Max Mean (SD) Min Max Mean (SD) Min Max 

Mo 0.84-1.08 1.75±1.27 ND 3.74 3.496±1.57 2.09 5.87 6.59±1.05 5.14 7.68 

Zr 8-13.9 72.55±14.88 46.89 93.65 53.032±15.83 42.54 79.69 4.99±0.93 3.6 5.85 

Sr 27-300 224.83±77.70 82.76 331.68 215.722±24.20 181.71 240.42 101.35±24.21 67.75 128.22 

U 0.005-

0.01 

5.35±4.4 ND 12.59 ND ND ND ND ND ND 

Rb 4.5-100 120.12±86.89 39.85 292.58 27.602±9.57 19.14 43.28 27.08±6.16 18.18 35.55 

Zn 8.1-169 96.02±36.66 ND 153.74 59.844(28.28) 26.43 97.64 42.32667±9.34 32.49 58.74 

Cu 0.24-510 18.77±20.18 ND 84.7 ND ND ND ND ND ND 

Fe 80-7859 3477.68±2046.80 727.53 8487.86 1456.166±415.95 953.74 1941.15 347.48±64.72 267.62 417.97 

Mn 55-540 30.44±30.3 ND 87.25 29.36±26.26 ND 58.72 82.915±45.00 61.1 104.73 

V 0.49-5.33 9.54±9.4 ND 31.94 ND ND ND ND ND ND 

Ti 0.76-378 508.17±145.98 350.95 853.59 451.396±317.33 198.52 927.03 48.415±30.60 21.17 71.08 

Sc 0.085-9.1 115.56±58.20 10.22 201.58 143.442±23.39 111.84 166.29 194.17±64.84 87.47 280.09 

Ca 5000-

78000 

27072.78 

±10880.09 

10017.61 44364.62 30283.44 

±4827.39 

22956.22 35683.68 37800.57 

±12957.55 

22006.8 54829.5 

K 1300-

118000 

99008.96±70337.18 34891.07 242952.57 45172.48±6440.66 38604.4 54442.45 75319.68±24361.5 52124.71 116041 

S - 4314.96±1375.24 2772.32 7328.19 4442.422±886.29 3028.96 5157.86 4142.263±1364.70 3018.51 6053.28 

Reported metal centrantrations by James, 2014.                                                                             ND= Below detection limit  
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4.4 Exposure and intake of Potentially Toxic Elements  

Exposure concentrations are calculated by averaging intakes over the period of exposure 

(Marano et al., 2018). For carcinogens, exposure concentrations are calculated by prorating 

the total intake over a lifetime (USEPA, 1989). The chronic daily intake (CDI), which is the 

estimated daily chemical dose for an individual averaged over the exposure duration. CDI 

was used in assessing long term health effects.  

 

4.4.1  Chronic Exposure, Chronic Daily Intake and Daily Intake of selected 

 potentially toxic  elements 

It was observed through researcher-smoker interaction that 10 sticks of cigarettes are 

consumed by an average smoker whiles average snuff and tobacco leaves consumed/inhaled 

by an average smoker were approximately 10 grams in a day.  

 

The mean chronic exposure concentration of Molybdenum for snuff products was 0.00105 

mg/m3 whereas that of cigarette brands were 0.0033 mg/m3 (Table 4.10). The mean 

chronic exposure concentration for snuff was lower than the Reference Concentration 

(RfC) of Molybdenum (0.002 mg/m3) whereas that of cigarette (0.003 mg/g3) was higher 

than its RfD. Tobacco leaves which are ingested orally, had mean chronic daily intake of 

0.00045 mg/kg/day (Table 4.10). This value was also observed to be lower than the 

Reference Dose (RfD) of Molybdenum which is 0.005 mg/kg/day (USEPA, 2022).  

The estimated daily intake obtained was 0.035 mg/day (Table 4.13). This value is higher 

than 0.025 mg/day, the Recommended Daily Intake of Mo as given by EFSA, (2004) 

which is 136% higher than the stated (0.025 mg/day) Recommended Daily Intake value 

(Table 4.13). Moringa flavoured Snuff products had lower exposure concentration value 
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than Menthol flavoured Snuff products with values 0.0007 mg/m3 and 0.001 mg/m3 

respectively whereas Snuff products with unknown flavours had exposure concentration 

of 0.0008 mg/m3 (Table 4.9). The different Cigarette brands had similar exposure 

concentration values with the least being 0.0025 mg/m3 for C1 and the highest being 

0.0038 mg/m3 for C5 (Table 4.9).  

The mean exposure concentration of Zirconium for snuff products was 0.04 mg/m3 

whereas that of all cigarette brands were also found to be 0.003 mg/m3 (Table 4.10). The 

mean chronic exposure concentration for snuff and cigarette were much higher than the 

Reference Concentration (RfC) of Zirconium which is 0.005 mg/m3. Tobacco leaves 

which are ingested orally, had mean chronic daily intake of 0.00152 mg/kg/day (Table 

4.10). This value was observed to be far higher than the Reference Dose (RfD) of 

Zirconium which is 0.00008 mg/kg/day (USEPA, 2012). Moringa flavoured Snuff 

products (0.0340 mg\m3) had lower exposure concentration value than Menthol flavoured 

(0.0356 mg/m3). Snuff products with values 0.034 mg/m3 and 0.036 mg/m3 respectively 

whereas Snuff products with unknown flavours had highest exposure concentration of 

0.04mg/m3 (Table 4.9).  

Among the snuff manufacturers, “S2” had the least exposure concentration value of 

0.0351mg/m3 whiles “S3” had the highest exposure concentration of 0.044mg/m3 (Table 

4.9). The different Cigarette brands had similar exposure concentration values with the 

least being 0.0018 mg/m3 for C2 and the highest being 0.0028 mg/m3 for C6 (Table 4.9). 

 

The mean exposure concentration of Uranium for snuff products was 0.002 mg/m3 (Table 

4.10) whereas there was no detection of uranium in any of the cigarette brands. The mean 

chronic exposure concentration for snuff was much higher than the Reference 
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Concentration (RfC) of Uranium which is 0.00004 mg/m3 (ATSDR, 2018). There was no 

uranium detected for Tobacco leaves. Moringa flavoured Snuff products (0.0022 mg/m3) 

had lower exposure concentration value than Menthol flavoured Snuff products (0.0024 

mg/m3). Snuff products with unknown flavours had highest exposure concentration of 

0.00318 mg/m3 (Table 4.9). Among the snuff manufacturers, ‘S3’ had the least exposure 

concentration value of 0.00 mg/m3 whiles “S4” had the highest exposure concentration of 

0.004 mg/m3 (Table 4.9).   

The mean exposure concentration of Zinc for all snuff products was 0.05 mg/m3 whereas 

that of all cigarette brands were also found to be 0.02 mg/m3 (Table 4.10). These values 

were much higher than the Reference Concentration (RfC) of Zinc which is 0.002 mg/m3. 

Tobacco leaves which are ingested orally, had mean chronic daily intake of 0.00256 

mg/kg/day (Table 4.10). This value was observed to be far lower than the Reference Dose 

(RfD) of Zinc which is 0.3 mg/kg/day (USEPA, 2022). The estimated daily intake obtained 

was 0.6 mg/day (Table 4.13). This value is also lower than 9 mg/day, the Recommended 

Daily Intake of Zn as given by institute of Medicine, Food and Nutrition Board, (2001). 

The recorded estimated daily intake was computed to be 6.6% of the stated Recommended 

Daily Intake (Table 4.13).  

Moringa flavoured Snuff products had lower exposure concentration value than Menthol 

flavoured Snuff products with values 0.06 mg/m3 and 0.05 mg/m3 respectively. Snuff 

products with no flavours had least exposure concentration of 0.04mg/m3 (Table 4.9). 

Among the snuff manufacturers, “S4” had the least exposure concentration value of 0.028 

mg/m3 whiles “S3” had the highest exposure concentration of 0.058 mg/m3 (Table 4.9). 

The different Cigarette brands had similar exposure concentration values with the least 
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being 0.0016 mg/m3 for C2 and the highest being 0.029 mg/m3 for C6 (Table 4.9). 

 

The mean exposure concentration of copper for snuff products was 0.11 mg/m3 whereas 

there was no detection of copper in any of the cigarette brands (Table 4.9). This value was 

observed to be slightly higher than the Reference Concentration (RfC) of Cu which is 0.1 

mg/m3. 

Copper was below the detection limit for tobacco leaves for the method used in analysis 

(Table 4.10). Moringa flavoured Snuff products had lower exposure concentration value 

than menthol flavoured Snuff products with values 0.005 mg/m3 and 0.11 mg/m3 

respectively whereas Snuff products with unknown flavours had highest exposure 

concentration of 0.014 mg/m3 (Table 4.9). Among the snuff manufacturers, “S1” had the 

least exposure concentration value of 0.006 mg/m3 whiles “S4” had the highest exposure 

concentration of 0.025 mg/m3 (Table 4.9). 

The mean exposure concentration of iron for all snuff products was 1.76 mg/m3 whereas 

that of all cigarette brands were also found to be 0.17 mg/m3 (Table 4.10).  The mean 

chronic exposure concentration for snuff and cigarette were much higher (1.76 and 0.17 

mg/m3 respectively) than the Reference Concentration (RfC) of Fe which is 0.004 mg/m3. 

Tobacco leaves which are ingested orally, had mean chronic daily intake of 0.031 

mg/kg/day (Table 4.10) which is lower than the Reference Dose (RfD) of Iron (0.7 

mg/kg/day). 

 

The estimated daily intake of iron obtained was 14.6 mg/day (Table 4.13). This value is 

also higher than 10 mg/day, the Recommended Daily Intake of Fe as given by institute of 

Medicine, Food and Nutrition Board, (2001) which is 145.6% of the stated Recommended 
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Daily Intake (Table 4.13). Moringa flavoured Snuff products had higher exposure 

concentration value than menthol flavoured snuff products with values 2.0 mg/m3 and 

1.714mg/m3 respectively whereas snuff products with no flavours had least exposure 

concentration of 1.33mg/m3 (Table 4.9).  Among the snuff manufacturers, “S1” had the 

least exposure concentration value of 1.36 mg/m3 whiles “S4” had the highest exposure 

concentration of 2.24 mg/m3 (Table 4.9). The different Cigarette brands had similar 

exposure concentration values with the least being 0.134 mg/m3 for C4 and the highest 

being 0.209 mg/m3 for C1 (Table 4.9).  Two brands (“S1” and “S4”) and brands without 

label (NA) detected Manganese in their snuff products (0.018, 0.019 and 0.02 

respectively). The mean exposure concentration of these three brands was 0.019 mg/m3 

(Table 4.10). Also, two cigarette brands (C4 and C6) recorded manganese in their 

products. The mean exposure concentration for these two brands was 0.0415 mg/m3 (Table 

4.10). The mean chronic exposure concentration for snuff and cigarette were much higher 

than the Reference Concentration (RfC) of Mn which is 0.00005 mg/m3. Out of the five 

Tobacco leaves examined, only sample L2 was found to contain manganese. Its chronic 

exposure concentration was calculated to be 0.00007 mg/kg/day (Table 4.10) which is far 

lower than the Reference Dose (RfD) of Mn (0.14 mg/kg/day).  

The estimated daily intake is 0.59 mg/day. This is lower than the Recommended Daily 

Intake for manganese; 2.3 mg/day by Institute of Medicine, Food and Nutrition Board, 

(2001). this represents 25.65% of the Recommended Daily Intake (Table 4.13). Moringa 

flavoured Snuff products had higher exposure concentration value than Menthol flavoured 

Snuff products with values 0.020mg/m3 and 0.005mg/m3 respectively. Snuff products with 

no flavours had highest exposure concentration of 0.027mg/m3 (Table 4.9). Among the 
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snuff manufacturers, “S1” had the least exposure concentration value of 0.018mg/m3 

whereas products without any label (NA) had the highest exposure concentration value of 

0.020mg/m3 (Table 4.9). Of the two Cigarette brands that recorded manganese metal, C6 

had the highest exposure concentration value of 0.52 mg/m3 whereas C4 recorded 0.031 

mg/m3 (Table 4.9). 

 

The mean exposure concentration of vanadium for snuff products was 0.006 mg/m3 

whereas there was no detection of vanadium in any of the cigarette brands nor for dry 

tobacco leaves (Table 4.10). The mean chronic exposure concentration for snuff (0.006 

mg/m3) was much higher than the Reference Concentration (RfC) of vanadium which is 

0.0001 mg/m3 (USEPA, 2022). Menthol flavoured snuff products had higher exposure 

concentration value (0.0055 mg/m3) than moringa flavoured Snuff products (0.0047 

mg/m3) whereas snuff products with no flavours had least exposure concentration of 

0.0027 mg/m3 (Table 4.9). Among the snuff manufacturers, “S1” had the least exposure 

concentration value of 0.002 mg/m3 whiles “S3” had the highest exposure concentration 

of 0.009 mg/m3 (Table 4.9) 

 

The mean exposure concentration of titanium for all snuff products was 0.24 mg/m3 

whereas that of cigarette brands were also found to be 0.016 mg/m3 (Table 4.10). The 

mean chronic exposure concentration for snuff (0.238 mg/m3) was much higher than the 

Reference Concentration (RfC) which is 0.03 mg/m3 whereas that of cigarette was much 

lower than the RfC. Tobacco leaves which are ingested orally, had chronic daily intake of 

0.00129 mg/kg/day (Table 4.10). This value was below the Reference Dose (RfD) of 

Titanium which is 40 mg/kg/day. Menthol flavoured Snuff products had higher exposure 
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concentration value (0.295 mg/m3) than Moringa flavoured Snuff products (0.262 mg/m3). 

Snuff products with no flavours had least exposure concentration of 0.233 mg/m3 (Table 

4.9). Among the snuff manufacturers, “S3” had the least exposure concentration value of 

0.193mg/m3 whiles ‘NA’ had the highest exposure concentration of 0.274mg/m3 (Table 

4.9). Titanium was not detected in C4 and C5. However, sample C6 recorded the least 

exposure concentration with 0.011 mg/m3 whereas C2 recorded the highest exposure 

concentration with 0.036 mg/m3 (Table 4.9). 

 

The mean chronic exposure concentration of calcium for snuff products was 12.62 mg/m3 

whereas that of cigarette brands were also found to be 18.90 mg/m3 (Table 4.10). Tobacco 

leaves which are ingested orally, had chronic daily intake of 1.195 mg/kg/day (Table 4.10) 

whereas the estimated daily intake obtained was 302.83 mg/day. which is below the (1000 

mg/day) Recommended Daily Intake for calcium; by Institute of Medicine, Food and 

Nutrition Board, (2001) representing 30.28% (Table 4.13). Calcium as an essential 

element necessary for proper bone and teeth formation. It has no Reference Concentration 

(RfC) nor Reference Dose (RfD). However, short-term exposure risk assessment 

determined that the daily exposure of Calcium from snuff (25.24 mg/m3) and cigarette 

(37.38 mg/m3) is 1262 % and 1869 % of the stated permissible exposure limit set by the 

Occupational Safety and Health Administration (OSHA) which is 2 mg/m3. 

Menthol flavoured Snuff products had higher exposure concentration value (19.37 mg/m3) 

than Moringa flavoured Snuff products (11.72mg/m3). Snuff products with no flavours 

had least exposure concentration of 14.07 mg/m3 (Table 4.9). Among the snuff 

manufacturers, “S3” had the least exposure concentration value of 5.66 mg/m3 whiles “S2” 

had the highest exposure concentration of 16.03 mg/m3 (Table 4.9). 
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Comparing the cigarette brands, C1 recorded the least exposure concentration with 11.00 

mg/m3 whereas C2 recorded the highest exposure concentration with 27.42 mg/m3 (Table 

4.9). 

 

Comparing the exposure concentrations of the three tobacco products indicate significant 

differences between dry tobacco leaves, snuff, and cigarette, (p = 0.00, F = 5.27). As such, 

the null hypothesis (Exposure concentration means are equal) can be rejected. Exposure 

concentration variance noticed between the tobacco products studied may be due site-

specific characteristics of soils on which they were cultivated, their bioaccumulation 

capacity, and additives included during processing (Ndokiari et al., 2021) 

. 
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Table 4.9 Exposure concentration of 15 elements found in Snuff (flavour & manufacturer) and cigarette samples 
Elemental exposure concentration (mg/m3) of snuff samples (additives/flavour) 

SAMPLE Mo Zr Sr U Rb Zn Cu Fe Mn V Ti Sc Ca K S 

Menthol 0.0010 0.0356 0.150 0.0024 0.027 0.055 0.011 1.714 0.005 0.0055 0.295 0.087 19.374 23.20 2.02 

Moringa 0.0008 0.0340 0.090 0.0022 0.074 0.049 0.005 2.003 0.020 0.0047 0.262 0.046 11.721 62.76 2.10 

No Flavour 0.0010 0.0342 0.127 0.0030 0.042 0.054 0.006 1.331 0.027 0.0027 0.233 0.063 14.068 36.32 2.05 

Unknown 0.0008 0.0398 0.106 0.0032 0.073 0.041 0.014 1.653 0.012 0.0052 0.230 0.050 11.636 57.29 2.33 

Elemental exposure concentration (mg/m3) of snuff samples (manufacturers) 

SAMPLE Mo Zr Sr U Rb Zn Cu Fe Mn V Ti Sc Ca K S 

S1 0.0011 0.0363 0.140 0.003 0.037 0.053 0.006 1.363 0.018 0.002 0.260 0.071 15.978 31.990 1.997 

S2 0.0015 0.0351 0.144 0.003 0.026 0.055 0.008 1.877 0.000 0.008 0.236 0.073 16.030 18.870 1.956 

S3 0.0014 0.0437 0.053 0.000 0.113 0.058 0.007 2.239 0.000 0.009 0.193 0.015 5.664 70.175 2.068 

S4 0.0006 0.0369 0.119 0.004 0.065 0.028 0.025 1.468 0.019 0.004 0.226 0.052 12.116 65.151 2.188 

No label 0.0006 0.0354 0.098 0.003 0.071 0.048 0.007 1.867 0.020 0.005 0.274 0.055 13.308 58.340 2.288 

Elemental exposure concentration (mg/m3) of cigarette samples (brands) 

SAMPLE Mo Zr Sr U Rb Zn Cu Fe Mn V Ti Sc Ca K S 

C1 0.0026 0.0021 0.064 0.000 0.015 0.018 0.000 0.209 0.000 0.000 0.031 0.044 11.003 46.600 1.845 

C2 0.0027 0.0018 0.052 0.000 0.013 0.016 0.000 0.144 0.000 0.000 0.036 0.140 27.415 58.021 3.027 

C3 0.0035 0.0029 0.052 0.000 0.015 0.019 0.000 0.195 0.000 0.000 0.019 0.083 12.468 29.703 1.509 

C4 0.0036 0.0029 0.034 0.000 0.009 0.023 0.000 0.134 0.031 0.000 0.000 0.099 20.890 26.062 1.520 

C5 0.0038 0.0025 0.063 0.000 0.018 0.021 0.000 0.203 0.000 0.000 0.000 0.101 17.468 33.803 1.684 

C6 0.0036 0.0028 0.040 0.000 0.011 0.029 0.000 0.158 0.052 0.000 0.011 0.116 24.157 31.771 2.842 

 

Table 4.10 Exposure concentration (snuff and cigarette in mg/m3) and CDI (dry tobacco leaves in mg/kg/day) of tobacco products  
Element Mo Zr Sr U Rb Zn Cu Fe Mn V Ti Sc Ca K S 

Snuff (mg/m3) 0.001 0.037 0.111 0.002 0.062 0.048 0.011 1.76 0.011 0.006 0.238 0.053 12.62 48.91 2.1 

Cigarette (mg/m3) 0.003 0.002 0.051 0.00 0.014 0.021 0.00 0.17 0.014 0.00 0.016 0.09 18.90 37.66 2.07 

Dry tobacco leaves 

(mg/kg/day) 
0.0005 0.0015 0.0117   0.00 0.0039 0.0026 0.00 0.031 0.00007 0.00 0.0013 0.004 1.95 5.808 0.13 
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In all, snuff products had the highest mean exposure concentration of 65.97 mg/m3, 

followed by cigarette products with 59.02 mg/m3 whereas dry tobacco leaves had mean 

EDI of 54.88 g/day.  

 

Figure 4.23 compares mean exposure concentrations of the 15 elements examined in 

both snuff and cigarette samples and their ratios in percentage. Snuff products had the 

highest mean exposure concentration (65.97 mg/m3) because of the manner in which 

the product is prepared and the additives/flavours that are added. This is because dry 

snuff, which is inhaled, is prepared from dry fermented tobacco pulverized to fine 

particle. In Ghana, local snuff is prepared by grinding the dry tobacco leaves into fine 

powder (Addo et al., 2008). Local preparation of snuff is not regulated and does not 

follow any approved hygienic protocols, as such toxicants from diverse sources might 

be introduced into the final product. Same reason goes for cigarette products but due 

to enhanced hygienic protocols and minimal human handling of products, less 

toxicants are introduced into the final product.  

 

 
Figure 4.22 Comparison of long-term exposure concentration of elements between 

snuff and cigarette in percentage 

 

4.4.2 Daily chronic daily intake and Exposure Concentration of metals from tobacco 

consumption. 
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Snuff products from Essienimpong1 had the highest chronic exposure concentration of 

130.63 mg/m3 whiles that of Adadientem had the lowest with 35.09 mg/m3 (Figure 4.25). 

Chronic Daily Intake from dry tobacco leaves ranged from and 6.97- 9.60 mg/kg/day 

with a mean value of 8.46 mg/kg/day (Figure 4.24). 

Figure 4.23 A Graph of total chronic daily intake CDI (mg/kg/day) of dry tobacco leaf 

samples 
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Figure 4.24 Graph of Total elemental exposure concentration (mg/m3) against 

snuff sampling location 

 

It is seen from Figure 4.26 that Moringa flavoured Snuff products recorded the highest 

total exposure concentration 79.17 mg/m3 whiles Menthol flavoured Snuff products 

had the lowest exposure concentration of 46.99 mg/m3  

Moringa flavoured snuff products had highest exposure concentration due to high 

mineral contents of moringa leaves as indicated by Gopalakrishnan et al., (2016), 

moringa provides 7 folds vitamin C than oranges, 10 folds vitamin A than carrots, 17 

folds calcium than milk, 9 folds protein than yoghurt, 15 folds potassium than bananas 

and 25 folds iron than spinach. From the values obtained, it can be deduced that high 

potassium contents of moringa leaves is partly responsible for the high exposure 

concentration of moringa flavoured snuff products (79.17 mg/m3). 

 

Snuff products with no flavour had total exposure concentration of 54.37 mg/m3. The 

higher exposure concentration of non-flavoured snuff products over mentholated snuff 

products may be attributed to the fact that the snuff products contained other additives 

which vendors were genuinely not aware. It could also be as a result of the method of 

processing, farming or handling that added more contaminants to the final product.  
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Figure 4.25 Graph of Total exposure concentration (mg/m3) against snuff 

flavour/additives 

Also, analysis of snuff samples from the various manufacturers as indicated (Figure 

4.27) shows that ‘S4” had the highest total exposure concentration (81.50 mg/m3) and 

“S2” with the least total exposure concentration (39.32 mg/m3). 

 

 

 
Figure 4.26 Graph of Total elemental exposure concentration (mg/m3) against 

snuff manufacturer 
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Figure 4.28 indicates that C2 cigarettes had the highest total exposure concentration 

(88.87 mg/m3) followed by C1; (59.83 mg/m3). C6, a smuggled cigarette brand had 

total exposure concentration of (59.02 mg/m3) whilst the brand with the least total 

exposure concentration (44.07 mg/m3) was C3. 

 

  

 
Figure 4.27 Graph of Total elemental exposure concentration (mg/m3) against 

cigarette brands 

4.5  Human Risk Assessment of selected elements 

Indeed, most of the inorganic elements of the periodic table are present in foods and 

drinking water, usually in trace amounts (National Research Council, 1989). Some 

elements may occur in amounts that may be toxic under certain conditions (National 

Research Council, 1989). Examples of inorganic elements in foods that have no 

biological function in humans are aluminum, antimony, barium, rubidium, vanadium, 

zirconium, uranium, mercury, silver, strontium, thallium, and titanium (National 

Research Council, 1989). 
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4.5.1  Short-term exposure risk assessment of selected elements 

In this study, human health risk was estimated for ten elements for active and second-

hand tobacco consumers. The purpose for estimating Average Daily Exposure over a 

period of 8 hours as % OSHA Time weighted average (ADE8 as % OSHA TWA8) was 

to examined whether short-term health effects could occur due to exposure to snuff 

particulates and cigarette smoke. Secondly, to determine whether for those working in 

an area that is exposed to cigarette smoke and snuff. For example, if ADE8 (% OSHA 

TWA8) of any element is less than 100%, then the area is safe, as there will be no acute 

health effects resulting from second-hand exposure present in the vicinity (Behera et al., 

2013). On the other hand, if ADE8 ADE8  (% OSHA TWA8)of any element is greater 

than 100%, then the area is not safe to work. Estimated ADE8 (% OSHA TWA8) of 

elements in STE were to represent short-term health effects of selected elements (Mo, 

Zr, Zn, Cu, Fe, Mn, V, Ca, Ti, and U) on both active and second-hand tobacco product 

consumers as indicated in a study by Behera et al., (2013). It is observed (Table 4.11-

4.13), there is no possible short term non-cancer health effects from exposure to the 

elements in the snuff products, cigarettes and dried tobacco leaves. This is because, % 

exposure to contaminants is below 100. However, Ca with a permissible daily allowance 

of 2 mg/m3 (Cal/OSHA, 2021) exceeded the exposure limits for snuff (25.24 mg/m3) and 

cigarette products (37.8 mg/m3) whereas Mo (permissible daily allowance of 0.5 mg/m3) 

and Fe (permissible daily allowance of 5 mg/m3) exceeds the exposure limit for dry 

tobacco leaves since they all have % exposure more than 100. 
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Table 4.12 Average Daily Exposure over 8 h period (ADE8) represented as 

percentage of OSHA Time Weighted Average for snuff products 

                                                 Snuff Flavour Snuff Manufacturers 

SAMPL

E 

a OSHA 
Menth

ol 

Morin

ga 
NF NA S1 S2 S3 S4 NA TWA8 

(mg/m3) 

Mo 0.5 
0.41 0.31 

0.4

1 

0.3

3 

0.4

4 

0.5

9 

0.5

7 

0.2

6 

0.2

4 

Zr 5 
1.42 1.36 

1.3

7 

1.5

9 

1.4

5 

1.4

1 

1.7

5 

1.4

7 

1.4

2 

U 0.05 
9.78 8.68 

12.

14 

12.

70 

10.

96 

10.

83 

0.0

0 

16.

14 

10.

52 

Zn 5 
2.19 1.96 

2.1

7 

1.6

2 

2.1

3 

2.2

1 

2.3

1 

1.1

4 

1.9

2 

Cu 1 
2.25 1.05 

1.1

5 

2.7

8 

1.2

0 

1.6

5 

1.3

9 

5.0

4 

1.4

0 

Fe 5 
68.55 80.13 

53.

24 

66.

11 

54.

50 

75.

08 

89.

57 

58.

72 

74.

66 

Mn 0.2 
4.66 19.74 

26.

62 

12.

49 

17.

74 

0.0

0 

0.0

0 

18.

95 

19.

60 

V 0.05 
21.92 18.84 

10.

78 

20.

96 

7.1

8 

32.

16 

36.

14 

15.

54 

19.

02 

Ti 15 
3.94 3.49 

3.1

0 

3.0

6 

3.4

7 

3.1

4 

2.5

8 

3.0

1 

3.6

5 

Ca 2 
1937 1172 

140

7 

116

4 

159

8 

160

3 566 

121

2 

133

1 

 

 

 

Table 4.11 Average Daily Exposure over 8 h period (ADE8) represented as 

percentage of OSHA Time Weighted Average for cigarette samples 

SAMPLE 
a OSHA 

C1 C2 C3 C4 C5 C6 
TWA8 (mg/m3) 

Mo 0.5 1.03 1.08 1.39 1.45 1.54 1.43 

Zr 5 0.08 0.07 0.12 0.12 0.10 0.11 

U 0.05 0.00 0.00 0.00 0.00 0.00 0.00 

Zn 5 0.72 0.65 0.77 0.93 0.83 1.17 

Cu 1 0.00 0.00 0.00 0.00 0.00 0.00 

Fe 5 8.36 5.76 7.79 5.35 8.10 6.33 

Mn 0.2 0.00 0.00 0.00 30.55 0.00 52.37 

V 0.05 0.00 0.00 0.00 0.00 0.00 0.00 

Ti 15 0.42 0.47 0.26 0.00 0.00 0.14 

Ca 2 1100 2741 1247 2089 1747 2416 

 

 

 



94 
 

TABLE 4.13 Estimated Daily Intake (EDI) of selected elements and their 

Recommended Daily Allowance (RDA) 

SAMPLE RDI (mg/day) EDI % 

Mo 0.025a 0.035 136 

Zn 9b 0.60 6.64 

Fe 10b 14.56 145.62 

Mn 2.3b 0.117 25.65 

Ca 1000b 302.83 30.28 

K 4700b 451.73 0.096 
bInstitute of Medicine, Food and Nutrition Board, 2001; aEFSA, 2004 

 

4.5.2  Estimated non-cancer risks for non-carcinogenic elements due to short 

term  Second-Hand exposure for (snuff and cigarette  products) 

Most second-hand exposure studies have been conducted on combustible tobacco 

products (Addo et al., 2008), particularly cigarette. However, the researcher through 

reconnaissance observed that non-active users can be exposed to nasal snuff as well, 

especially in a confined environment. This is because dry snuff, which is inhaled, is 

prepared from dry fermented tobacco pulverized to fine particle. In Ghana, local snuff 

is prepared by grinding the dry tobacco leaves into fine powder (Addo et al., 2008). 

This fine powder and particles when not properly stored can saturate a room and 

inhaled through second-hand exposure. Therefore, this study deemed it necessary to 

determine toxicity of snuff as well as cigarette through second-hand exposure. Two 

possible cases for health risk assessment were evaluated by considering two 

environmental conditions, in which one can be exposed to cigarette smoke and snuff 

particulates through second-hand exposure. Case one represents residential settings 

while case two represents a commercial setting, such as point of sale centers like clubs, 

ghettos, drinking sports, smoking joints among others).  

 

From the estimated of ADC8 (% OSHA TWA)8 presented (Tables 4.14 and 4.17), it 

could be confirmed that: 

1. For snuff products, all elements had ADC8 (% OSHA TWA8) below 100 % for 



95 
 

each of the possible cases of exposure. Aside Ca which had %OSHA TWA8 

above100 % for all Case 1 scenarios.  

2. Elements in cigarette products had estimated values of ADC8  (% OSHA TWA8) 

below 100% for case 1 and 2 scenarios with the exception of Ca which had ADC8 

as %OSHA TWA8 above 100 % for all Case 1 scenarios and three of the cigarette 

brands in Case 2 scenario; C2 (137 %), C4 (104 %) and C6 (121 %).  

Therefore, it could be inferred that Mo, Zr, Zn, Cu, Fe, Mn, V, Ti and U present in 

cigarette smoke and snuff had no short-term health effects due to second-hand 

exposure under the two case scenarios.  

 

Table 4.14 Case 1. Estimated ADC8 as percentage of OSHA times weighted 

average from one active snuff user with 10 dilution factor 

    Snuff Flavour Snuff Manufacturers 

Element

s 

  

Mentho

l 

Moring

a 
NF NA S1 S2 S3 S4 NA 

OSHA 

TWA8 

(mg/m3) 

Mo 0.5 0.04 0.03 0.04 0.03 0.04 0.06 0.06 0.03 0.02 

Zr 5 0.14 0.14 0.14 0.16 0.15 0.14 0.17 0.15 0.14 

U 0.05 0.98 0.87 1.21 1.27 1.10 1.08 0.00 1.61 1.05 

Zn 5 0.22 0.20 0.22 0.16 0.21 0.22 0.23 0.11 0.19 

Cu 1 0.22 0.10 0.11 0.28 0.12 0.17 0.14 0.50 0.14 

Fe 5 6.85 8.01 5.32 6.61 5.45 7.51 8.96 5.87 7.47 

Mn 0.2 0.47 1.97 2.66 1.25 1.77 0.00 0.00 1.90 1.96 

V 0.05 2.19 1.88 1.08 2.10 0.72 3.22 3.61 1.55 1.90 

Ti 15 0.39 0.35 0.31 0.31 0.35 0.31 0.26 0.30 0.36 

 Ca 2 193.74 117.21 
140.6

8 

116.3

6 

159.7

8 

160.3

0 

56.6

4 

121.1

6 

133.0

8 

 

Table 4.15 Case 1. Estimated ADC8 as percentage of OSHA times weighted 

average from one active cigarette smoker with 10 dilution factor 

Elements 

  

OSHA 

TWA8 

(mg/m3) 

C1 C2 C3 C4 C5 C6 

Mo 0.5 0.1028 0.1084 0.1386 0.1446 0.1536 0.1434 

Zr 5 0.00836 0.0072 0.01152 0.0117 0.00982 0.01134 

U 0.05 0 0 0 0 0 0 

Zn 5 0.07226 0.06498 0.07694 0.09282 0.08344 0.11748 

Cu 1 0 0 0 0 0 0 

Fe 5 0.83594 0.57572 0.77922 0.53524 0.8102 0.63344 

Mn 0.2 0 0 0 3.055 0 5.2365 

V 0.05 0 0 0 0 0 0 

Ti 15 0.04184 0.047387 0.025767 0 0 0.014113 

 Ca 2 110.034 274.1475 124.6811 208.8981 174.6848 241.5716 
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Table 4.16 Case 2. Estimated ADC8 as percentage of OSHA times weighted 

average from five active snuff users with 100 dilution factor 

    Snuff Flavour Snuff Manufacturers 

Elements 

 

Menthol Moringa NF NA S1 S2 S3 S4 NA 
OSHA 

TWA8 

(mg/m3) 

Mo 0.5 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.01 0.01 

Zr 5 0.07 0.07 0.07 0.08 0.07 0.07 0.09 0.07 0.07 

U 0.05 0.49 0.43 0.61 0.64 0.55 0.54 0.00 0.81 0.53 

Zn 5 0.11 0.10 0.11 0.08 0.11 0.11 0.12 0.06 0.10 

Cu 1 0.11 0.05 0.06 0.14 0.06 0.08 0.07 0.25 0.07 

Fe 5 3.43 4.01 2.66 3.31 2.73 3.75 4.48 2.94 3.73 

Mn 0.2 0.23 0.99 1.33 0.62 0.89 0.00 0.00 0.95 0.98 

V 0.05 1.10 0.94 0.54 1.05 0.36 1.61 1.81 0.78 0.95 

Ti 2.4 0.20 0.17 0.16 0.15 0.17 0.16 0.13 0.15 0.18 

 Ca 2 96.87 58.61 70.34 58.18 79.89 80.15 28.32 60.58 66.54 

 

 

Table 4.17 Case 2. Estimated ADC8 as percentage of OSHA times weighted 

average from five active cigarette smokers with 100 dilution factor 

Elements 

  

C1 C2 C3 C4 C5 C6 
OSHA 

TWA8 

(mg/m3) 

Mo 0.5 0.05 0.05 0.07 0.07 0.08 0.07 

Zr 5 0.00 0.00 0.01 0.01 0.00 0.01 

U 0.05 0.00 0.00 0.00 0.00 0.00 0.00 

Zn 5 0.04 0.03 0.04 0.05 0.04 0.06 

Cu 1 0.00 0.00 0.00 0.00 0.00 0.00 

Fe 5 0.42 0.29 0.39 0.27 0.41 0.32 

Mn 0.2 0.00 0.00 0.00 1.53 0.00 2.62 

V 0.05 0.00 0.00 0.00 0.00 0.00 0.00 

Ti 2.4 0.02 0.02 0.01 0.00 0.00 0.01 

 Ca 2 55 137 62 104 87 121 
 

 

4.5.3  Long-term exposure risk assessment to selected elements 

To assess the long-term health effects due to consumption of tobacco products, risk 

assessment was performed for ten elements (Mo, Zr, Zn, Cu, Fe, Mn, Ti, V, U and Rb) 

in active smokers and snuff inhalation to represent the health risk scenario of an active 

tobacco user (cigarette and snuff. Tables 4.18 - 4.20 present the estimated non-

carcinogenic health risk of inhalation of elements through direct tobacco use for the 

active user. In other words, the values represent the risks that are expected for 10 sticks 

of cigarettes and a box of snuff product (both estimated to be 10 g in mass) through 
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direct inhalation.  

 

The non-cancer risk, hazard quotient (HQ) for all elements detected in snuff products 

exceeded 1.0 for menthol and moringa flavoured snuff products including snuff 

products with no flavour (NF) and those whose flavour are unknown. However, Mo, 

Cu and Ti exceeded 1.0 for HQ and HI. Also, menthol flavoured snuff products had 

the least Hazard Index (684.32) whereas moringa flavoured snuff products had the 

highest HI (1059.16).  The higher HI value of moringa flavoured snuff samples could 

be as a result of higher HQ values of Mn and Fe as compared to menthol flavoured 

snuff samples (Table 4.18). 

 

The same trend was observed for snuff products assessed according to their 

manufacturer. Elements obtained had HQ above 1.0 with the exception of Mo, Cu and 

Ti. Mn was absent in samples “S2” and “S3. However, “S2” had the least HI (664.01) 

whereas those with unknown manufacturers had the highest HI (1032.53 followed by 

“S4” with HI value 934.47.  

For cigarette brands, HQ for all 6 cigarette brands above 1.0 for all 10 elements. 

However, Zr which had HQ values below 1.0. Also, for C3 (0.64) and C6 (0.35), HQ 

values for Ti below 1.0. 

Dry tobacco leaves had HQ below 1.0 for all 8 elements examined with the exception 

of Zr (HQ= 18.94) which had HQ values above 1.0. However, HI for dry tobacco leaves 

was 20.10. 

In all, C6 had the highest HI (1108.35), and cigarette brand which recorded least HI 

(52.36) was C2 with a value.  It must be noted that C6 is an illegal cigarette product in 

the Ghanaian market.  
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The extremely high HQ and HI values in this study can be attributed to the high 

concentration of Zn, Mn, Fe and Rb in the tobacco products. Also the very low 

reference concentration of these elements led to high HQs and subsequently HI. 

 

Table 4.18 Estimated non-cancer risks of elements due to inhalation of a box (10 

g) of snuff a day 

    Snuff Flavour Snuff Manufacturers 

Eleme

nt 

RfC 

(mg/m
3) 

Menth

ol 

Morin

ga 
NF NA S1 S2 S3 S4 NA 

Mo 0.002 0.51 0.39 0.51 0.42 0.54 0.73 0.71 0.32 0.3 

Zr 0.005 7.11 6.8 6.84 7.95 7.25 7.03 8.73 7.37 7 

U 4×10-5 61.13 54.25 75.88 79.38 68.50 67.69 0.00 100.8 65.77 

Rb 
0.002

5 
10.7 29.76 16.99 29.1 14.63 10.48 45.08 25.84 28.39 

Zn 0.002 27.38 24.47 27.08 20.28 26.57 27.58 28.83 14.19 23.99 

Cu 0.1 0.11 0.05 0.06 0.14 0.06 0.08 0.07 0.25 0.07 

Fe 4×10-3 428.4 500.78 332.7 413.2 
340.6

4 

469.2

4 

559.7

9 

366.9

8 

466.6

2 

Mn 5×10-5 93.2 394.69 532.3 249.7 
354.8

6 
0 0 

379.0

4 

391.9

2 

V 1×10-4 54.8 47.1 26.95 52.4 17.95 80.4 90.35 38.85 47.56 

Ti 0.03 0.98 0.87 0.77 0.76 0.86 0.78 0.64 0.75 0.91 

  HI 
684.32 

1059.1

6 

1020.

08 

853.3

3 

831.8

6 

664.0

1 734.2 

934.4

7 

1032.

53 

 

 

Table 4.19 Estimated non-cancer risks of elements due to inhalation of 10  

sticks of cigarette a day 

Elements 
RfC 

(mg/m3) 
C1 C2 C3 C4 C5 C6 

Mo 0.002 1.28 1.35 1.73 1.81 1.92 1.79 

Zr 0.005 0.42 0.36 0.57 0.59 0.49 0.57 

U 4×10-5 0 0 0 0 0 0 

Rb 0.0025 5.95 5.36 5.98 3.64 7.11 4.45 

Zn 0.002 9.03 8.12 9.61 11.6 10.43 14.68 

Cu 0.1 0 0 0 0 0 0 

Fe 4×10-3 52.25 35.98 48.7 33.45 50.63 39.58 

Mn 5×10-5 0 0 0 610.99 0 1047.27 

V 1×10-4 0 0 0 0 0 0 

Ti 0.03 1.04 1.17 0.64 0 0 0.35 

  HI 69.97 52.36 67.25 662.02 99.54 1108.71 
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Table 4.20 Estimated non-cancer risks of elements due to consumption of 10 

grams of dried tobacco leaves 

Element RfD 

(mg/g) 

  HQ 

Mo 0.005 
 

0.09 

Zr 8×10-5 
 

18.94 

Sr 0.3 
 

0.0390 

Rb 0.004 
 

0.9857 

Zn 0.3 
 

0.0085 

Fe 0.7 
 

0.0445 

Mn 0.14 
 

0.0005 

Ti 40 
 

3.22E-05 

    HI 20.1 

 

4.5.4 Estimated non-cancer risks of non-carcinogenic elements due to chronic 

Second-Hand exposure to selected elements 

The risks due to exposure assessment of snuff and cigarette products by second-hand 

exposure were estimated on the basis of the concentration of elements present in STE. 

This is on the assumption that 100% of the elements present in tobacco products will 

be transferred and deposited into the human respiratory system through inhalation. 

Two possible cases were considered to estimate non-cancer risks for snuff and cigarette 

products. Case 1 was meant to assess exposure risks in residential settings whereas 

case 2 was also meant to assess the exposure risks in commercial setting such as 

clubhouse, liquor and smoking joint etc. Table 4.21 and 4.24 presents non-cancer risks 

of 10 elements (Mo, Zr, Zn, Cu, Fe, Mn, Ti, V, U and Rb)) due to exposure under two 

scenarios.  

 

4.5.4.1 Case 1 for long term exposure 

For flavour/additives effect, HQ was below 1.0 for Mo (0.45), Zr (0.72), Cu (0.01) and 

Ti (0.088) whereas HQ for Rb (2.04), Fe (39.05), Zn (2.18), Mn (31.75) and V (4.33) 

were above 1.0. HQ and HI (83.94) of snuff products from the same manufacturers 

followed same order (i.e., HQ below than 1.0 for Mo (0.5), Zr (0.78), Cu (0.1) and Ti 
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(0.79) whereas HQ for Rb (2.90), Fe (39.29), Zn (2.70), Mn (22.52) and V (5.51) were 

more than 1.0. With cigarette products, all elements in the six different brands had HQ 

lower than 1.0 with the exception of Zn for C4 (1.16), C5 (1.04) and C6 (1.47); Fe also 

had HQ more than 1.0 for all tobacco products. Mn was detected in only C4 (61.09) 

and C6 (104.7) respectively. 

 

HI values for all the elements examined were higher than 1.0 with C6 having the 

highest (110.87) and C2 having the least (5.24). 

Since total risk index (HI) were all greater than 1.0, it infers that second-hand exposure 

to tobacco products (snuff and cigarette products) at homes are likely to cause non-

carcinogenic adverse health effects such as irritation of mucous membranes in humans, 

reduction in respiratory capacity in humans, blood, cardiovascular, and kidney effects 

(Selman, 2003; Willers et al, 2005; Behera et al., (2013).  

. 

Table 4.21 Case 1: Estimated non-cancer risks of elements due to indoor exposure 

from one active snuff user with 10 dilution factor 

Snuff Flavour Snuff Manufacturers 

Elements 

 

Menthol Moringa NF NA S1 S2 S3 S4 NA 
RfC 

(mg/m3) 

Mo 0.002 0.05 0.04 0.05 0.04 0.05 0.07 0.07 0.03 0.03 

Zr 0.005 0.71 0.68 0.68 0.80 0.73 0.70 0.87 0.74 0.70 

U 4×10-5 6.11 5.43 7.59 7.94 6.85 6.77 0.00 10.09 6.58 

Rb 0.0025 1.07 2.98 1.70 2.91 1.46 1.05 4.51 2.58 2.84 

Zn 0.002 2.74 2.45 2.71 2.03 2.66 2.76 2.88 1.42 2.40 

Cu 0.1 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.01 

Fe 4×10-3 42.84 50.08 33.27 41.32 34.06 46.92 55.98 36.70 46.66 

Mn 5×10-5 9.32 39.47 53.23 24.97 35.49 0.00 0.00 37.90 39.19 

V 1×10-4 5.48 4.71 2.70 5.24 1.80 8.04 9.04 3.89 4.76 

Ti 0.03 0.10 0.09 0.08 0.08 0.09 0.08 0.06 0.08 0.09 

  HI 68.43 105.92 102.01 85.33 83.19 66.40 73.42 93.45 103.25 
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Table 4.22 Case 1: Estimated non-cancer risks of elements due to indoor exposure 

from one active cigarette smoker with 10 dilution factor 

Elements 

 

C1 C2 C3 C4 C5 C6 
RfC 

(mg/m3) 

Mo 0.002 0.128 0.135 0.173 0.181 0.192 0.179 

Zr 0.005 0.042 0.036 0.057 0.059 0.049 0.057 

U 4×10-5 0 0 0 0 0 0 

Rb 0.0025 0.595 0.536 0.598 0.364 0.711 0.445 

Zn 0.002 0.903 0.812 0.961 1.16 1.043 1.468 

Cu 0.1 0 0 0 0 0 0 

Fe 4×10-3 5.225 3.598 4.87 3.345 5.063 3.958 

Mn 5×10-5 0 0 0 61.09 0 104.7 

V 1×10-4 0 0 0 0 0 0 

Ti 0.03 0.104 0.117 0.064 0 0 0.035 

  HI 6.997 5.236 6.725 66.2 9.954 110.87 

 

4.5.4.2 Case 2 for long term exposure 

For flavour/additives effect, HQ was below 1.0 for Mo (0.22), Zr (0.36), Cu (0.003), 

Rb (menthol and NF flavoured samples with HQ values 0.53 and 0.85 respectively). 

HQ was above 1.0 for Rb (moringa and NA flavoured snuff samples with HQ values 

of 1.48 and 1.45 respectively) (Table 4.23). 

Moringa flavoured snuff had the highest HI of 52.96 whiles menthol had the lowest HI 

of 34.22. Snuff product with no flavour had HI of 51.00 (Table 4.23).  

HQ of snuff products from the same manufacturers is as follows; HQ was less than 1.0 

for Mo (0.25), Zr (0.39), Cu (0.002), Fe (19.44), Rb (1.44) and Ti (0.38).  

Snuff products without any label (NA) had the highest HI (51.63), followed by “S4” 

(46.72). “S2” had the least HI of 33.20 (Table 4.23). 

With cigarette products, all elements (i.e., Mo (0.78), Zr (0.23), Zn (0.46), Rb (0.28) 

and Ti (0.031) in the six different brands had HQ lower than 1.0. However, HQ of Mn 

(13.82) and Fe (2.32) were more than 1.0. In all, C6 (55.43) had the highest HI followed 

by C4 (33.10). the cigarette brand with the lowest HI in this study is C2 (2.61) (Table 

4.24).  

However, C6, an illegal cigarette product, having the highest HI value for active 

smokers (1108.07) and all two cases of second-hand exposure; 110.81 and 55.44 for 

case 1 and 2 respectively should be of special concern to policy makers.  
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Table 4.23 Case 2: Estimated non-cancer risks of elements due to commercial 

exposure from five active snuff users with 100 dilution factor 

    Snuff Flavour Snuff Manufacturers 

Elements 
 RfC 

(mg/m3) 
Menthol Moringa NF NA S1 S2 S3 S4 NA 

Mo 0.002 0.03 0.02 0.03 0.02 0.03 0.04 0.04 0.02 0.02 

Zr 0.005 0.36 0.34 0.34 0.40 0.36 0.35 0.44 0.37 0.35 

U 4×10-5 3.06 2.71 3.79 3.97 3.43 3.38 0.00 5.04 3.29 

Rb 0.0025 0.54 1.49 0.85 1.46 0.73 0.52 2.25 1.29 1.42 

Zn 0.002 1.37 1.22 1.35 1.01 1.33 1.38 1.44 0.71 1.20 

Cu 0.1 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 

Fe 4×10-3 21.42 25.04 16.64 20.66 17.03 23.46 27.99 18.35 23.33 

Mn 5×10-5 4.66 19.73 26.62 12.49 17.74 0.00 0.00 18.95 19.60 

V 1×10-4 2.74 2.36 1.35 2.62 0.90 4.02 4.52 1.94 2.38 

Ti 0.03 0.05 0.04 0.04 0.04 0.04 0.04 0.03 0.04 0.05 

   HI 34.22 52.96 51.00 42.67 41.59 33.20 36.71 46.72 51.63 

 

Table 4.24 Case 2: Estimated non-cancer risks of elements due to commercial 

exposure from five active cigarette smokers with 100 dilution factor 

Elements 

 

C1 C2 C3 C4 C5 C6 
 RfC 

(mg/m3) 

Mo 0.002 0.064 0.067 0.0865 0.0905 0.096 0.0895 

Zr 0.005 0.021 0.018 0.0285 0.0295 0.0245 0.0285 

U 4×10-5 0 0 0 0 0 0 

Rb 0.0025 0.297 0.268 0.299 0.182 0.3555 0.2225 

Zn 0.002 0.451 0.406 0.4805 0.58 0.5215 0.734 

Cu 0.1 0 0 0 0 0 0 

Fe 4×10-3 2.612 1.799 2.435 1.6725 2.5315 1.979 

Mn 5×10-5 0 0 0 30.549 0 52.363 

V 1×10-4 0 0 0 0 0 0 

Ti 0.03 0.052 0.059 0.032 0 0 0.0175 

  HI 3.498 2.617 3.361 33.1 3.529 55.45 

 

 
Figure 4.29 Graph showing comparison of HI of snuff and cigarette samples in 

First Hand Tobacco Exposure (FHE), Case 1 (Domestic tobacco exposure) and 

Case 2 (Point of sale/Commercial tobacco exposure) 
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Figure 4.29 represents H1 values for snuff, cigarette and dry tobacco leaves. It indicates 

that snuff products (784.90) have almost 2 folds HI values as compared to cigarette 

products (343.32). However, dry tobacco leaves have the least HI (20.1). Comparing 

the HI of the three tobacco products indicate significant differences between dry 

tobacco leaves, snuff, and cigarette, (p = 0.003, F = 9.07).  

Figure 4.29 validates the findings of Anupozu & Vanamala, (2018), which states that 

the risk of lung cancer from second-hand smoke exposure is 20–30% higher for people 

who share a household with smokers. This is as a result of greater exposure to 

contaminants to household neighbors than commercial or outdoor exposure. 
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CHAPTER FIVE 

5.0  SUMMARY, CONCLUSION AND RECOMMENDATIONS 

 

5.1  Summary 

This study aimed at a systematic classification of 51 smokeless tobacco product samples 

and 6 cigarette brands within the Ejisu Municipality. The classification was based on 

their potential toxicity and nicotine delivery capability through chronic and acute 

exposure to tobacco products. In this study, moisture content, pH, total nicotine, and 

percentage free base nicotine were determined. Target elements for analysis were Ca, 

Cu, Fe, K, Mn, Rb, Sr, Mo, V, S, U, Zr, Tl, and Zn using Niton XL3 GOLDD+ X-ray 

fluorescence (XRF) analyzer.  

Toxicological analysis due to elemental exposure concentrations and potential for 

dependence was inferred from nicotine delivery capabilities determined by the 

percentage free base nicotine using Henderson-Hasselbalch equation.   

The nicotine delivery capability of the locally produced snuff products; with mean pH 

96.98 and percentage free base nicotine (% A) 96.98% was the highest, followed by dried 

tobacco leaves (mean pH: 25.93, % A: 25.93%) and the least being the cigarette products 

(mean pH: 5.49, % A: 0.33%). Menthol flavored snuff products (pH of 9.96; % A of 

98.8%) had higher nicotine delivery capabilities than moringa flavored snuff products 

(pH of 9.77; % A of 98%). Users of C6, a smuggled cigarette product are liable to 

increased non-cancer health effects (HI value of 1108.35). C4 (highest pH of 5.58 with 

corresponding % A of 0.70) are liable to be dependent on the product than other examined 

cigarette products.    

In the case of non-smokers, the risks were estimated under two possible cases of indoor 

exposure. The human health risk assessment results showed that domestic or residential 
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second-hand exposure to tobacco products (Case 1) resulted in more human health risks 

compared with point-of-sale centers or commercial settings (Case 2) for short-term 

exposure.  

However, there was increased human health risks for chronic exposure (long-term) for 

active smokers as compared to acute exposure (short-term). This was due to the influence 

of dilution of tobacco particulates/emissions prior to inhalation exposure experienced by 

non-smokers. The cumulative non-cancer health risks for active smokers under the two 

different cases were greater than the permissible limits (HI greater than 1.0).       

5.2 Conclusion 

There are several manufacturers of local snuff products in Ejisu Municipality but a high 

number of these products have no labels to ascertain the manufacturer. Dried tobacco 

leaves are sold in zip-locks without labels which will indicate the source of packaging 

though there are no additives/flavours in them. 

 

Snuff products sold in Ejisu have two main flavours/additives. i.e.; menthol and moringa. 

There is the possibility of other illicit or secret additives such as marijuana added to snuff 

products. This may account for the high cumulative non-cancer risk (HI) of snuff samples 

with no flavour. However, there are other snuff products that have no additives/flavours. 

The most used additives/flavour available in snuff products in the Ejisu Municipality is 

Moringa.  

 

Snuff and dried tobacco leaves are not healthy alternatives for overcoming smoking 

addiction. They contain highly unacceptable levels of potentially toxic elements. They 

also have higher free base nicotine delivery capabilities leading to greater tobacco 

dependance and consequent health risks. Addition of flavours to mask product harshness 
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also increases pH and elemental burden of the final product. This study shows that 

menthol flavour increases pH of tobacco products which in turn also enhances addiction 

potential. Moringa flavour also increases concentration of elements which also increases 

hazard quotient (HQ) and HI of the product. Among the cigarette samples, C4 cigarette 

had the highest nicotine delivery capability (0.70 %) whereas C3 had the least (0.15 %). 

As such, users of C4 cigarette are at a higher risk of tobacco dependence or addiction 

than the other cigarette products studied. 

The cumulative non-cancer risk (HI) of an active snuff user over two folds that of 

cigarettes. This indicates higher risk of occurrence of non-cancer adverse health effects 

in snuff products than in cigarette product. Though cumulative non-cancer risk of dried 

tobacco leaves is less than that of cigarette as found in this study, addition of ash prior 

to use has potential to increase HI, HQ, and also the pH. This could lead to an increase 

in % free base nicotine, nicotine delivery capability and subsequently addiction 

potential. As such, the non-cancer health risks associated with dried tobacco leaves 

should not be taken for granted. Also from the risk assessment, it became clear that 

long term use of tobacco products could lead to higher level risk of getting non-cancer 

diseases as compared to short term (acute) use of tobacco product.  

Smuggled cigarette brand in the Ghanaian market (C6), had the highest cumulative 

non-cancer risk (HI). From the exposure assessment, it was observed that a second-

hand smoker who stays very close to the active smoker on a long-term basis will be at 

a high-level risk of getting non-carcinogenic adverse effects than on a short-term basis. 

Finally, second-hand exposure to snuff and cigarette products at homes can lead to 

higher non-cancer health risks as compared to exposure at point-of-sale centers.  

 

This study suggests that those who desire to quit smoking for perceived medicinal or 

health benefits by switching to smokeless tobacco products such as snuff and dried 

tobacco leaves may be unintentionally sustaining nicotine dependence. This is as a result 
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of higher exposure to unprotonated/free nicotine tobacco products. This can then lead to 

nicotine addiction and increased risks to non-carcinogenic adverse health effects. 

 

5.3 Recommendations 

Based on the findings of this work and in line with the recently adopted World Health 

Organization international health treaty (the Framework Convention for Tobacco 

Control), the following recommendations are made: 

1. It is recommended that manufacturers of smokeless tobacco, specifically locally 

produced snuff be mandated to report to the authorities, and visibly display on 

package labelling, name of manufacturer, pH and free base nicotine levels so that 

consumers are better able to make informed health choices.  

2. Also, foreign and smuggled cigarette products in the country must be stamped out by 

the Food and Drugs Authority (FDA), and the Ghana Standards Authority (GSA). 

The Ministry of Health, the Ghana Medical Association, and the Pharmacy Council 

of Ghana should raise awareness of the negative health impact of the use of both 

smokeless and combustible tobacco and nicotine related products to safeguard the 

health of the populace.  

3. It is recommended that the academic scientific community should embark on further 

research on smokeless tobacco products focusing more on the carcinogenic 

nitrosamines and other identified mutagens. 
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APPENDIX 

Table A Selected Tobacco products sold in Ejisu Municipality 

Label Type of 

Tobacco 

Product 

Location Manufacturer  

(Code) 

Flavour 

T1 ST (Snuff) Besease S1 Menthol 

T2 ST (Snuff) Besease S1 Menthol 

T3 ST (Snuff) Besease S1 Menthol 

T4 ST (Snuff) Besease NA Moringa 

T5 ST (Snuff) Besease NA Moringa 

T6 ST (Snuff) Besease NA Moringa 

T7 ST (Snuff) Donaso S2  (NA) 

T8 ST (Snuff) Donaso S2 NA 

T9 ST (Snuff) Donaso S2 NA 

T10 ST (Snuff) Akyawkrom S3 NA 

T11 ST (Snuff) Akyawkrom S3 NA 

T12 ST (Snuff) Akyawkrom S3 NA 

T13 ST (Snuff) Akyawkrom NA Moringa 

T14 ST (Snuff) Akyawkrom NA Moringa 

T15 ST (Snuff) Akyawkrom NA Moringa 

T16 ST (Snuff) Achinakrom NA Moringa 

T17 ST (Snuff) Achinakrom NA Moringa 

T18 ST (Snuff) Achinakrom NA Moringa 

T19 ST (Snuff) Kwaso S1 NF 

T20 ST (Snuff) Kwaso S1 NF 

T21 ST (Snuff) Kwaso S1 NF 

T22 ST (Snuff) Essienimpong NA Moringa 

T23 ST (Snuff) Essienimpong NA Moringa 

T24 ST (Snuff) Essienimpong NA Moringa 

T25 ST (Snuff) Essienimpong NA NA 

T26 ST (Snuff) Essienimpong NA NA 

T27 ST (Snuff) Essienimpong NA NA 

T28 ST (Snuff) Onwe S4 NA 

T29 ST (Snuff) Onwe S4 NA 

T30 ST (Snuff) Onwe S4 NA 

T31 ST (Snuff) Onwe NA Moringa 

T32 ST (Snuff) Onwe NA Moringa 

T33 ST (Snuff) Onwe NA Moringa 

T34 ST (Snuff) Ampabame NA Menthol 

T35 ST (Snuff) Ampabame NA Menthol 

T36 ST (Snuff) Ampabame NA Menthol 

T37 ST (Snuff) Ejisu Market S2 Menthol 

T38 ST (Snuff) Ejisu Market S2 Menthol 

T39 ST (Snuff) Ejisu Market S2 Menthol 
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Label Type of 

Tobacco 

Product 

Location Manufacturer Flavour 

T40 ST (Snuff) Adadientem S1 NF 

T41 ST (Snuff) Adadientem S1 NF 

T42 ST (Snuff) Adadientem S1 NF 

T43 ST (Snuff) Asotwe S4 NA 

T44 ST (Snuff) Asotwe S4 NA 

T45 ST (Snuff) Asotwe S4 NA 

C1 Cigarette Ejisu Market London Menthol - 

C2 Cigarette Ejisu Market Rothmans King 

Size 

- 

C3 Cigarette Ejisu Market London Filter - 

C4 Cigarette Ejisu Market Oris - 

C5 Cigarette Ejisu Market Pallmall Menthol - 

C6 Cigarette Ejisu Market Gold seal (Illicit) - 

L1 Dried Tobacco 

leaves 

Ejisu Market NA - 

L2 Dried Tobacco 

leaves 

Ejisu Market NA - 

L3 Dried Tobacco 

leaves 

Ejisu Market NA - 

L4 Dried Tobacco 

leaves 

Ejisu Market NA - 

L5 Dried Tobacco 

leaves 

Ejisu Market NA - 

NA= Unknown / Not Available                      NF= No flavour        

S1= Power Snuff                                             S2= KD Power  

S3= Power Must Change Hands                     S4= Okatakyie 
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Table B Elemental concentrations of snuff products 

 

 

 

 

LOCATION MANUFACURER 

FLAVOU

R 

  

ELEMENTS (µg/g) 

 

          Mo Zr Sr U Rb Zn Cu Fe Mn V Ti Sc Ca K S TOTAL 

BESEASE1 S1 MENTHOL 2.44 80.61 331.68 4.31 49.55 102.27 13.06 2852.02 0 0 628.84 177.4 39598.54 46647.25 3751.96 94239.93 
BESEASE2 NA MORINGA 0 48.68 161.34 0 156.58 61.37 6.11 1428.05 87.25 0 350.95 80.24 20509.13 166143.5 4050.33 193083.5 
DONASO S2 NA 

 
2.92 93.65 314.53 3.53 39.85 91.9 9.86 4288.32 0 14.43 501.29 151.18 31837.68 34891.07 3161.07 75401.28 

AKYAWKROM1 S3 NA 
 

2.84 87.35 106.45 0 225.39 115.31 13.91 4478.39 0 18.07 386.27 29.25 11327.44 140349.6 4135.39 161275.7 
AKYAWKROM2 NA MORINGA 3.74 81.25 194.91 0 40.57 153.74 20.65 6786.84 24.06 15.14 853.59 124.2 31494.5 44858.54 2772.32 87424.05 
ACHINAKROM NA MORINGA 0.98 65.41 201.08 7.43 197.25 78.82 0 2601.59 0 0 412.66 74.98 18479.62 131868.2 4301.32 158289.3 
KWASO S1 NO FLAVOUR 1.46 64.25 216.94 7.08 129.22 122.6 11.8 2455.7 58.31 0 561.42 119.16 28435.88 109737.2 5395.69 147316.7 
ESSIENIMPONG1 NA MORINGA 0 56.66 82.76 12.5 292.58 65.25 0 727.53 55.08 0 356.92 10.22 10017.61 242952.6 6621.87 261251.6 
ESSIENIMPONG2 NA NA 

 
0 69.28 165.55 12.09 203.83 84.77 14.43 1889.62 49.02 4.36 507.03 113.6 24735.26 137136.3 7328.19 172313.3 

ONWE1 S4 NA 
 

0.84 62.45 175.95 12.59 212.07 113.55 16.01 1733.98 75.81 4.84 413.4 36.02 10828.25 216940.5 5592.8 236219.1 
ONWE2 NA MORINGA 3.04 88.21 263.28 1.75 56.98 130.29 25.54 8487.86 30.98 31.94 646.99 169.12 36712.24 41792.18 3250.72 91691.12 
AMPABAME NA MENTHOL 

 
0.71 85.94 305.65 3.06 45.96 97.63 31.15 4210.03 27.96 15.14 702.51 201.58 44364.62 52012.18 3705.69 105809.8 

EJISU S2 MENTHOL 2.94 46.89 260.58 7.3 64.94 128.73 23.16 3219.77 0 17.73 441.12 142.38 32281.88 40587.61 4661.33 81886.36 
ADADIENTEM S1 NO FLAVOUR 2.63 72.65 292.08 5.05 40.67 94.01 11.09 2867.79 48.15 10.77 369.83 131.88 27834.43 35555.29 2836.49 70172.81 
ASOTWE S4 NA   1.74 85.01 299.74 3.55 46.33 0 84.7 4137.78 0 10.7 489.7 172.22 37634.6 43662.42 3159.27 89787.76 

  MEAN  1.8 72.6 224.8 5.35 120.1 96.02 18.8 3477.7 30.4 9.54 508.2 115.6 27072.8 99008.96 4315 135077.5 
  SD  1.3 14.8 77.71 4.41 86.89 36.66 20.2 2046.8 30.4 9.39 145.9 58.20 10880.0 70337.18 1375.2 60714.51 
  Min  0 46.9 82.76 0 39.85 0 0 727.53 0 0 351 10.22 10017.6 34891.07 2772.3 70172.81 

  Max  3.7 93.6 331.6 12.5 292.5 153.7 84.7 8487.9 87.3 31.9 853.6 201.6 44364.6 242952.6 7328.1 261251.6 

                                                          Elemental concentration (µg/g) of snuff products with different flavours 

    Mo Zr Sr U Rb Zn Cu Fe Mn V Ti Sc Ca K S TOTAL 

  Menthol  2.0 71.2 299.3 4.89 53.48 109.5 22.5 3427.3 9.32 11 590.8 173.8 38748.4 46415.68 4039.7 9397.87 

  Moringa  1.6 68.0 180.7 4.34 148.8 97.89 10.5 4006.4 39.5 9.42 524.2 91.75 23442.6 125523.0 4199.3 15834.79 

  NA  2.1 68.5 254.5 6.07 84.95 108.3 11.5 2661.8 53.2 5.39 465.6 125.5 28135.2 72646.25 4116.1 10874.48 

  NF  1.7 79.6 212.4 6.35 145.5 81.11 27.8 3305.6 25 10.5 459.5 100.5 23272.7 114596 4675.3 14699.94 

  Elemental concentration (µg/g) of snuff products with different manufacturers 

  S1 2.93 70.27 287.56 5.42 52.4 110.32 16.51 3754.05 0 16.08 471.21 146.78 32059.78 37739.34 3911.2 7864.38 

  S2 2.18 72.5 280.23 5.48 73.15 106.29 11.98 2725.17 35.49 3.59 520.03 142.81 31956.28 63979.91 3994.71 10390.98 

  S3 1.21 70.78 196.37 5.26 141.96 95.98 13.98 3733.07 39.19 9.51 547.24 110.56 26616.14 116680.5 4575.78 15283.75 

  S4 2.84 87.35 106.45 0 225.39 115.31 13.91 4478.39 0 18.07 386.27 29.25 11327.44 140349.6 4135.39 16127.57 

  
NA 1.29 73.73 237.85 8.07 129.2 56.78 50.36 2935.88 37.91 7.77 451.55 104.12 24231.43 

130301.4
6 

4376.04 16300.34 
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Table C Elemental concentration (µg/g) in dry tobacco leaves 

 

 
Elements 

 

Code Mo Zr Sr Rb Zn Fe Mn Ti Sc Ca K S TOTAL 

 L1 4.3 44.17 181.71 27.16 39.12 1621.34 0 198.52 166.29 31644.4 48978.6 5157.86 88063.5 

L2 2.48 79.69 240.42 20.64 97.64 1941.15 58.72 927.03 164.78 35683.6 54442.4 4895.77 98554.4 

L3 2.74 43.17 222.65 43.28 26.43 1094.01 0 248.74 145.32 32609.8 42690.3 5010.2 82136.8 

L4 5.87 42.54 233.12 27.79 61.24 953.74 0 252.46 111.84 22956.2 38604.4 3028.96 66278.1 

L5 2.09 55.59 200.71 19.14 74.79 1670.59 0 630.23 128.98 28522.9 41146.4 4119.32 76570.8 

 

            
 

mean 3.49 53.03 215.72 27.60 59.844 1456.16 29.36 451.39 143.44 30283.4 45172.4 4442.42 82320.8 
SD 1.57 15.84 24.20 9.57 28.28 415.95 26.26 317.33 23.39 4827.37 6440.66 886.29 12113.76 

max 5.87 79.69 240.42 43.28 97.64 1941.15 58.72 927.03 166.29 35683.6 54442.4 5157.86 98844.1 
min 2.09 42.54 181.71 19.14 26.43 953.74 0 198.52 111.84 22956.2 38604.4 3028.96 66125.5 

 

Table D Elemental concentration (µg/g) in cigarette products 

 Elements 

 

Code Mo Zr Sr Rb Zn Fe Mn Ti Sc Ca K S TOTAL 

C1 5.14 4.18 128.22 29.73 36.13 417.97 0 62.76 87.47 22006.8 93199.58 3689.03 119667.01 

C2 5.42 3.6 103.7 26.83 32.49 287.86 0 71.08 280.09 54829.5 116041 6053.28 177734.85 

C3 6.93 5.76 103.74 29.94 38.47 389.61 0 38.65 165.73 24936.22 59405.78 3018.51 88139.34 

C4 7.23 5.85 67.75 18.18 46.41 267.62 61.1 0 198.04 41779.62 52124.71 3039.93 97616.44 

C5 7.68 4.91 125.44 35.55 41.72 405.1 0 0 202.63 34936.95 67605.98 3368.51 106734.47 

C6 7.17 5.67 79.26 22.25 58.74 316.72 104.73 21.17 231.07 48314.31 63541.03 5684.32 118386.44 

mean 6.59 4.99 101.3517 27.08 42.3266 347.48 82.915 48.415 194.17 37800.57 75319.68 4142.263 118046.4 
SD 1.05 0.94 24.21 6.16 9.34 64.72 44.99 30.60 64.84 12957.5 24361.5 1364.70 31639.31 
Min 5.14 3.6 67.75 18.2 32.49 267.6 61.1 21.17 87.47 22006.8 52124.7 3018.51 88139.34 
Max 7.68 5.85 128.22 35.6 58.74 418 104.7 71.08 280.1 54829.5 116041 6053.28 177734.9 
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Table E Recommended parameters for exposure assessments of cigarettes and 

smokeless tobacco products 

Parameter Symbol Value Unit Source 

 Cigarette consumption CpD 10 cigarettes/day This study 

Smokeless tobacco 

consumption 

STC 10 grams/day This study 

Oral Absorption factor OAR 0.1%-

100% 

Unitless Chemical-specific, 

literature 

Inhalation Absorption factor IAR 1 Unitless (HERAG fact sheet, 

2007) 

Inhalation Rate IR 20 m3/day USEPA (1991c, 2011) 

Exposure frequency EF 365  days/year Maximum value 

 1Exposure duration, 

cigarettes 

ED 57.5 Years USFDA (2013) 

2Exposure duration, 

smokeless tobacco 

ED 51 Years USEPA (1989, 2014); 

USFDA (2017) 

Body weight BW 70 Kg (USEPA, 2014), 

Averaging time, non-cancer, 

cigarettes 

ATNC 20,988 Days USEPA (1989, 2009a, 

2014) 

Averaging time, non-cancer, 

smokeless tobacco 

ATNC 18,615 Days USEPA (1989, 2009a, 

2014) 

1Assumes average lifespan of 70 years, as recommended by USEPA (1989, 2014) and per USFDA (2013), 

and user initiation at 12.5 years, per USFDA (2013).  
2Assumes average lifespan of 70 years, as recommended by USEPA (1989, 2014), and tobacco use 

initiation at or near 19 years of age, as recommended by USFDA (2017) as quoted by (Marano et al., 

2018) 
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Table F Toxicity factors for toxicants following the 3-Tier hierarchy as proposed by 

USEPA guidance documents (USEPA, 1989; 2003, 2005; 2009) 
TOXIC

ANT 

RfD 

(mg/kg/day) 

SOURCE OSHA8 

values 

RfC 

(mg/m3) 

SOURCE OAF SOURCE 

Mo 5×10-3 (USEPA, 2022) 

0.5 0.002 

(ATSDR for 

Molybdenum, 

2020) 

90% (ATSDR for 

Molybdenum, 

2020) 

Sr 3×10-1 (EPA, 2014) - 0.002 (TCEQ, 2023) 38% (USEPA, 2022) 

U 3×10-3 

 

(USEPA, 2022) 
0.05 4×10-5 

(ATSDR, 2018) 6% (ATSDR, 2018) 

Rb 

 

4×10-3 (Dodmane & 

Wesselkamper, 

2016) 
- 0.0025 

(TCEQ, 2023) 100% Dodmane & 

Wesselkamper, 

2016) 

 

Zn 3×10-1 

 

(USEPA, 2022) 
5 0.002 

(TCEQ, 2023) 30 % (Lewis, 2019) 

Cu 0.037 

 

(Taylor et al., 

2022) 
1 0.1 

(ATSDR, 2018) 50 % 

 

(WHO, 2009) 

Fe 7×10-1 (USEPA, 2006) 

PPRTV 
5 4×10-3 

MOEE,2008 15 % (Lewis, 2019) 

Mn 1.4×10-1 (USEPA, 2022) 0.2 5×10-5 (USEPA, 2022) 5% (USEPA, 2022) 

V 7×10-5 (USEPA, 2022) 

0.05 1×10-4 

(ATSDR, 2018) 20 % Textbook of 

natural medicine 

(5th ed), 2020 

Ti 4×10+00 (Esai & 

Arbison, 2015) 
2.4 3.0E-02 

(Esai & 

Arbison, 2015) 

2 % (Jones et al., 2015) 

Zr 8×10-5 (USEPA, 2012) 
5 0.005 

(TCEQ, 

2023) 

20 % 

 

(RAIS, 2022) 

RfD=Reference dose for oral route of exposure      RfC=Reference concentration for exposure through inhalation 

OSHA8= Occupational Safety and Health Administration time weighted average for 8 hour exposure (OSHA, 2023)    

OAF=Oral Absorption Factor 

 


