Sultan Qaboos University Med J, August 2014, Vol. 14, Iss. 3, pp. e349-355, Epub. 24TH Jul 14
Submitted 22ND Dec 13
Revision Req. 6TH Feb 14; Revision Recd. 11TH Mar 14
Accepted 23RD Mar 14
C LI N I C A L & B A S I C R E S E A R C H

Determination of Heavy Metals in the Common
Smokeless Tobacco Afzal in Oman
Nawal Al-Mukhaini, *Taher Ba-Omar, Elsadig Eltayeb, Aisha Al-Shehi

حتديد املعادن الثقيلة يف التبغ غري املدخن "أفضل" األكثر انتشارا يف عمان
 ال�صادق الطيب و عائ�شة ال�شحية، طاهر باعمر،نوال املخينية
abstract: Objectives: Afzal is an illegally sold smokeless tobacco product (STP) commonly used by youths and
teenagers in Oman. The aim of this study was to analyse the composition of Afzal, also commonly known as sweekah,
as it is believed to contain many carcinogens and toxic components. In particular, Afzal’s heavy metal content
includes cadmium (Cd), chromium (Cr), lead (Pb) and nickel (Ni). Methods: This study was conducted between
March and June 2013. Three samples of Afzal were first dried and then ground to form a homogenous powder. The
powder was digested prior to the heavy metal analysis by inductively coupled plasma-mass spectrometry (ICPMS). Results: Afzal was shown to have high levels of all heavy metals except for Ni and Pb, which were detected in
quantities below acceptable international limits. The concentrations of the tested metals were 15.75 µg/g, 1.85 µg/g,
1.62 µg/g and 1.57 µg/g for Cr, Cd, Pb and Ni, respectively. The estimated daily intake of heavy metals from Afzal
was below the maximum permissible limit accepted by the Food and Agriculture Organization and World Health
Organization, except for Cr and Ni which were found to be dangerously elevated when compared with international
standards. Conclusion: The results of this study showed that Afzal contains a number of heavy metals that may
cause health problems. Therefore, urgent regulation of the illegal sale of Afzal is needed at the national level in
Oman along with a campaign to address public health education and awareness of Afzal and its health risks.
Keywords: Smokeless Tobaccos; Heavy Metals; Spectrum Analysis; Oman.

 وي�ستعمل ب�شكل وا�سع من قبل. �أف�ضل هو الإ�سم الأكرث انت�شاراً للتبغ غري املدخن املباع بطرق غري �رشعية يف �سلطنة عمان: الهدف:امللخ�ص
 تهدف هذه الدرا�سة اىل معرفة تركيبة �أف�ضل واملعروف بال�سويكة حيث يعتقد �أنه يحتوي على العديد: الهدف.ال�شباب واملراهقني يف عمان
: الطريقة.)Ni( ) والنيكلPb(  والر�صا�ص،)Cr(  والكروم،)Cd(  الكادميوم:من املركبات ال�سامة وامل�رسطنة من املعادن الثقيلة وحتديدا
 مت جتفيف ثالث عينات من �أف�ضل �أوال ثم مت طحنها لت�شكل م�سحوقا متجان�سا ثم.م2013 بد�أت الدرا�سة يف مار�س وا�ستمرت حتى يونيو
.)ICP-MS(  ثم مت حتليل املعادن الثقيلة بها عن طريق جهاز احلث املقرتن ببالزما الطيف الكتلي.تفكيكها بطريقة اله�ضم احلم�ضي
 �أو�ضحت النتائج م�ستويات عالية جلميع املعادن املحللة ب�أف�ضل ما عدا النيكل والر�صا�ص اللذين كانا �أقل من امل�ستويات:النتائج
جم/ ميكروجم1.62 ،جم/ ميكروجم1.85 ،جم/ ميكروجم15.75 : كانت نتيجة الرتاكيز للمعادن املحللة هي.الق�صوى امل�سموح بها
 �أو�ضحت هذه الدرا�سة �أن التقدير لال�ستهالك اليومي، عالوة على ذلك. على التوايلNi  وPb ،Cd ،Cr جم لكل من/ ميكروجم1.57 و
 ما عدا،للمعادن الثقيلة ب�أف�ضل كان �أقل من احلدود امل�سموح بها من قبل منظمة الأغذية والزراعة الدولية ومنظمة ال�صحة العاملية
 تبني نتائج هذه الدرا�سة: اخلال�صة.م�ستويات الكروم والنيكل التي وجدت مب�ستويات عالية وخطرة عند مقارنتها مع املقايي�س العاملية
 هناك حاجة ما�سة �إىل تنظيم البيع غري امل�رشوع، وبالتايل.�أن �أف�ضل يحتوي على عدد من املعادن الثقيلة التي قد ت�سبب م�شاكل �صحية
.لأف�ضل على امل�ستوى الوطني يف �سلطنة عمان �إىل جانب حمالت التثقيف ال�صحي العام ون�رش الوعي مبخاطر �أف�ضل ال�صحية
. منتجات التبغ غري املدخن؛ املعادن الثقيلة؛ احلث املقرتن ببالزما الطيف الكتلي؛ �سلطنة عمان:مفتاح الكلمات
Advances in Knowledge
- This study analysed the composition of Afzal, a smokeless tobacco product common in Oman. It revealed high levels of certain heavy
metals in Afzal, including chromium, cadmium, lead and nickel.
Application to Patient Care
- The results of this study will help raise awareness within the Omani community, especially among young people, about the danger of
using Afzal.

S

mokeless tobacco products (STPs) have
a complex range of ingredients, from those
containing only tobacco to others which include
various chemicals and additives. Since 1970, global
tobacco companies have competed to manufacture

different forms, flavours and packages of tobacco
products so as to attract users.1 The use of STPs has
been associated with various health complications.
Several studies have reported cases of different
cancers, mainly oral and oesophageal, associated with
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the use of STPs.2–5 Other health risks that have been
correlated with the use of STPs include hypertension,
cardiovascular diseases, diabetes, compromised
platelet function and oxidative stress.6–9 Moreover,
the use of STPs has been associated with a tendency
towards alcohol consumption and lower physical
activity levels, and it may also be a risk factor leading
to smoking.10,11
In addition to these risks, the World Health
Organization (WHO) International Agency for
Research in Cancer (IARC) has classified STPs as a
Grou One carcinogen, i.e. substances that are definitely
carcinogenic to humans.12 Substances in Group Two A
are probably carcinogenic to humans and substances in
Group Two B are possibly carcinogenic.12 Toxic heavy
metal s are found in tobacco leaves and in processed
tobacco products like cigarettes and STPs; this is most
probably due to the addition of ash, used as a binding
factor for the other agents, and lime, used to alkalinise
the product.13 In addition, these metals, which occur
in polluted air, are absorbed from the soil.14 There are
a variety of toxic metals found in STPs but the main
health concerns arise from cadmium (Cd), nickel (Ni),
chromium (Cr) and lead (Pb). The first three have been
declared by the IARC as a Group One carcinogen, and
the fourth one as a Group Two A probable human
carcinogen.15
Cd is very toxic to bones, the nervous system and
kidneys, and can accumulate in the lenses of the eyes
and cause cataracts.14 A high intake of Cd can
compete with zinc for biological binding sites, which
affects mostly the kidney and, to a lesser extent, the
reproductive system.16 Pb can accumulate in bones
and cause toxic developmental effects. In adults, Pb
is known to induce renal tumors and increase blood
pressure and the risk of cardiovascular diseases.
Moreover, the brain is one of the organs most
affected by this metal; Pb exposure has been found
to correlate with reduced cognitive development,
decreased intelligence quotient levels and poor
learning outcomes in children.17,18 Ni, along with
most of the metals mentioned previously, can cause
inflammatory responses; in most cases, this results
in allergic contact dermatitis inflammations.19 Ni also
causes oral allergic contact sensitisation.20 The chronic
irritation-induced inflammation of epithelial tissue
has long been associated with the risk of neoplastic
changes.21,22 Pb, Cd and arsenic are toxic at much
lower levels than Ni.16 The analysis of heavy metals
such as Cd and Pb in STPs is an important area of
study since these elements are non-biodegradable,
have long biological half-lives and have the tendency
to accumulate in different organs of the body, leading
to unwanted toxic effects.23 Hexavalent chromium

(Cr VI) is also considered a Group One carcinogen
and has been identified in cigarette smoke and ash;
in contrast, low levels of chromium oxide (Cr III) are
required nutritionally and, if lacking, cause people to
experience immune system sensitisation.24 A WHO
study on tobacco product regulation suggested that
the Cr in tobacco is oxidised as Cr III.14
Out of more than 2,500 carcinogenic chemical
substances, 28 have been identified in the STP
snuff. However, the chemical composition of
tobacco changes from year to year due to any given
plant’s growth factors and geographical location,
as well as the different processing methods such as
curing, fermentation, mixing, packing and storage.12
Different components lead to different health risks.
The most dangerous components in STPs are
nicotine (due to its addictive nature); carcinogenic
tobacco-specific nitrosamines; nitrosodimethyamine;
polycyclic aromatic hydrocarbons like benzo(a)
pyrene, and toxic heavy metals. The latter is the target
of this study.
In the last two decades, STPs have started to gain
popularity in Oman, especially among young people.
Afzal is considered to be a snuff tobacco, or a type of
moist STP. It is prohibited by law in Oman, yet it is still
sold. Afzal is used by applying a pinch of the product
between the lips and the upper or lower gums.12 Users
then sucks the juice from the Afzal for varying periods
of time, often up to 30 min, and subsequently spit out
the rest. Its composition varies due to the differences in
the unmonitored and unstandardised manufacturing
processes and the various additives that are mixed in
with the dried tobacco [Figure 1].
Afzal has gained popularity in Oman because of its
cheap price and easy availability as well as the lack of
awareness about its dangers. To the best of the authors’
knowledge, no study has been previously conducted
analysing the heavy metal content of Afzal in Oman;
thus, this report is the first of its kind. The objectives
of the study were to analyse four potential toxic
heavy metals (Cd, Pb, Ni and Cr) in Omani Afzal and
compare the results with an international standard.

Methods
This study analysed the heavy metal content of Afzal
between March and June 2013. A single sample of
Afzal weighing 4 kg was purchased personally by the
investigators from one source in order to maintain
uniformity. The sample was labelled with the date of
purchase and the product was kept refrigerated at 4 °C
in plastic bags until analysis.
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Three samples of Afzal were dried to determine
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Figure 1 A & B: (A) A small plastic bag of Afzal ready to be sold after other additives have been mixed in; (B) large package
of loose Afzal.

their moisture content using the method developed
by the Centers for Disease Control and Prevention
Federal Register in 2009.25 Subsequently, 15 g samples
of Afzal were measured using a weighing moisture
dish and placed uncovered in an oven at 99 ± 1 °C for
three hours. Samples were then removed from the
oven, covered and cooled to room temperature in a
desiccator for approximately 30 min to prevent the
reabsorption of moisture from the air. After drying,
the samples were ground to form a homogenous
powder. Thereafter, the samples were digested prior
to heavy metal analysis. The elemental analysis of the
heavy metal content of the Afzal was performed using
an Aurora M90™ inductively coupled plasma-mass
spectrometry (ICP-MS) system, Software Version V3.0
b797, Firmware Version 1.87 (Bruker Corp., Billerica,
Massachusetts, USA) coupled with manual injection
of the samples. Tuning solution standards were used
to calibrate the ICP-MS system. All solutions were
prepared with analytical reagent grade chemicals.
Deionised water was used exclusively throughout the
study by using the Milli-Q Integral Water Purification
System (Millipore Corp., Bedford, Massachusetts,
USA). Reagent blank determinations were used to
apply corrections to the instrument readings. Blank
and standard solutions were prepared in a similar acid
matrix.
Three samples of 0.5 g of powdered Afzal were
mixed with 20 ml of 56% nitric acid of trace metal
grade (Merck KGaA, Darmstadt, Germany) for 30
min. Then 4 mL of hydrochloric acid was added to each
digestion vessel and the mixture was heated on a hot
plate (Bibby Scientific Ltd., Staffordshire, UK) at 200 °C
for 1–2 min and then allowed to cool for 30 min. The
heating-cooling-reheating process was repeated until
a clear solution was obtained. The contents of each
digestion vessel were diluted with deionised water to
obtain a final volume of 10 mL. This was then filtered

with Whatman® Grade #42 filter paper (General
Electric Health Care, Pittsburgh, Pennsylvania, USA)
and diluted to a volume of 50 mL with 2% nitric acid.
This was subsequently injected into the ICP-MS. All of
the digestion processes took place in a well-ventilated
fume hood and the researchers wore gloves and masks
at all times when handling the acids.
In order to estimate their content within the Afzal
product, five different concentrations of Cd, Pb, Ni and
Cr solutions were prepared at 5, 10, 20, 30 and 50 parts
per billion (ppb) for each metal standard using multielement calibration standards (High-Purity Standards,
North Charleston, South Carolina, USA). The Afzal
samples and the standard solutions of Cr, Cd, Pb and
Ni were aspirated into the ICP-MS system using the
auto-sampler. The instrumental operating conditions
for the ICP-MS system were as follows: the power
was 1.40 kw; the cool gas flow rate was 18 L/min;
the nebuliser gas flow was 1 L/min; the auxiliary gas
flow rate was 1.8 L/min; the condenser temperature
was 3 °C; the voltage was -12.00 V, -160.00 V and
-388.00 V for extract lens 1, 2 and 3, respectively;
the pole bias was 0.00 V; the fringe bias was -2.80 V
and the pump rate was 5 rpm. The main run setup
included peak jumping, with 100 sweeps, at a dwell
time of 10,000 µsec and with a stabilisation delay of 60
sec. Five replicates were made and the sampler cone
identification and skimmer cone identification colour
rendering index was off with a flow of 0 mL/min. There
was external drift correction.
The minimum daily intake Afzal was estimated
at 1–2 g; this was based on findings that the most
common dosage of snuff or moist STPs is a pinchsized amount.26 Thus, the daily intake of heavy metals
was calculated as follows: daily intake (µg/day) = metal
concentration in a pinch-sized doze of Afzal x number
of times a pinch-sized dose of Afzal was taken. This
calculation assumed that users took a minimum
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Table 1: Relative standard deviation percentages of metal standards and Afzal samples
Metal

International standard
1 at 5 ppb
conc.

2 at 10 ppb
conc.

3 at 20 ppb
conc.

Afzal

4 at 30 ppb
conc.

5 at 50 ppb
conc.

Sample 1

Sample 2

Sample 3

Cr

1.13

0.67

0.42

0.93

0.58

1.19

1.88

1.04

Ni

2.46

2.50

0.74

1.29

1.47

3.78

3.35

3.74

Cd

0.85

1.87

1.28

1.09

1.03

8.13

1.78

8.14

Pb

2.83

1.31

0.65

0.53

1.34

1.62

1.28

1.24

ppb = parts per billion; conc. = concentration; Cr = chromium; Ni = nickel; Cd = cadmium; Pb = lead.

of a single average pinch-sized dose (2 g) per day of
Afzal. The average daily consumption of any STP in
Oman is unknown; therefore, the lowest probable
daily consumption of Afzal (2 g/day) was selected in
calculating the lowest daily intake of metals.
Through 10 analyses of a blank sample and the
application of the Health Canada Official Test Method
T-306,27 the limit of method detection and limits of
detection and quantitation of the ICP-MS system were
calculated. Other calculations using the same method
were used to determine the concentration of metals
in the samples on a wet weight or “as received” basis
as Afzal usually contains some moisture. The moisture
content on this basis was 52% as determined by the
following formula: analyte “as received” (µg/g) = dry
matter analyte (µg/g) x 1- (% moisture/100).
The toxic heavy metal contents of Afzal were then
compared to the snus (moist powder tobacco) quality
standards used by GOTHIATEK® (Swedish Match,
Stockholm, Sweden).28
Appropriate quality-assurance procedures and
precautions were taken to enhance the reliability of
the results. Samples were carefully handled to avoid
cross-contamination. Glassware was properly cleaned
and all reagents used were of analytical grade. Blank
samples of deionised water were run to calculate the
limits of detection and limits of quantification. Blank
procedural reagent samples were also used to subtract
the results of all tested metal standards and samples
injected into the ICP-MS system. A calibration curve
for each tested metal was constructed by using five
different concentrations of the metal standard from
the detection limit up to 5, 10, 20, 30 and 50 µg/g.
Excel spreadsheet software Version 2007
(Microsoft Corp., Redmond, Washington, USA) and
the ICP-MS instrumental software were used for the
statistical analysis. This study involved a chemical
analysis of Afzal and hence did not require ethical
approval.

Results
The method used for the ICP-MS analysis of heavy
metals is a validated method applied by the Central
Analytical & Applied Research Unit in the College
of Science at Sultan Qaboos University, Oman. All
analytical values of samples and metal standards
obtained showed good precision and repeatability as
reflected in the value of relative standard deviation
percentage (RSD%), which was 8.14% [Table 1]. For
the same analyte level, the Association of Official
Analytical Chemists sets the maximum acceptable
value of RSD% at 11%.29 To further strengthen the
reliability of the method and based on the calibration
curves constructed for each metal standard, the
R-value to determine linearity in all cases was
1 >R >0.99.
The concentrations of the heavy metals (Cr, Ni,
Cd and Pb) in 1 g of Afzal are listed in Table 2 as the
mean values of the three samples of Afzal and their
corresponding standard deviations. The average
concentrations in µg/g of the heavy metals in the three
Afzal samples were compared with the international
GOTHIATEK® standard, as shown in Figure 2.28
Table 2: The concentrations of heavy metals in the
tested Afzal in µg/g
Cr

Ni

Cd

Pb

Sample 1

16.38

1.77

1.75

1.61

Sample 2

15.85

1.57

1.95

1.7

Sample 3

15.02

1.38

1.85

1.56

Mean ± SD
on a dry wt.
basis

15.75
± 0.69

1.57
± 0.20

1.85
± 0.10

1.62
± 0.07

7.56

0.75

0.89

0.78

MDL

0.0594

0.0586

0.059

0.0584

QDL

0.1782

0.1758

0.177

0.1752

Wet wt.
basis*

Cr = chromium; Ni = nickel; Cd = cadmium; Pb = lead; SD = standard
deviation; wt. = weight; MDL = method detection limit in µg/mL; QDL
= quantitation detection limit in µg/mL.
*Weight of sample “as received”.
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Table 3: Permissible daily intake limits for the human
consumption of the heavy metals according to the
Food and Agriculture Organization and World Health
Organization and the estimated minimum daily intake
of metals in single dose of the tested Afzal
Metal

Figure 2: The different concentrations of heavy
metals in the tested Afzal sample versus the Swedish
GOTHIATEK® limits for snus (moist powder
tobacco).28

When participants were informally questioned
about their Afzal use, most stated that they consumed
a minimum of five doses per day; however, use patterns
are also dependent on the level of addiction and the
needs of the user. Considering the assumption that the
average pinch-sized dose of Afzal is 2 g, the minimum
estimated daily intake of heavy metals in Afzal is shown
in Table 3. These were compared with the permissible
daily limits set by the WHO and FAO.30

Discussion
Afzal consumption in Oman has increased in the
last two decades, especially among young people. This
STP contains several heavy metals such as Cr, Cd, Pb
and Ni. Some of these heavy metals are carcinogenic.26
Many studies have reported the presence of heavy
metals in various types of STPs, such as snuff and
the Alaskan iqmik,31 Indian smokeless tobacco32
and Pakistani STPs.14,33 To the best of the authors’
knowledge, this is the first analysis of its kind in Oman
or among other Arabian Gulf countries.
The results of this study provide very useful
information about the concentrations of four heavy
metals in Afzal. A comparison of the contents of
different STPs from various countries may vary widely
due to the heterogeneity of the tobacco plants, different
processing techniques and storage conditions, and the
additives used. However, the results of an analysis can
give an idea of the most dangerous ingredients present
in one particular brand of STP.
From the heavy metals analysis, it was found that
the Cr and Cd levels in the Afzal sample exceeded
the GOTHIATEK® standards. In contrast, the
concentrations of Ni and Pb were lower than the
maximum levels indicated as acceptable by the

Permissible
daily intake
limit* in µg/
kg/day

Permissible
daily intake
limit for
a 60 kg
individual
in µg/day

Estimated
daily intake
of metals in a
single dose†
of tested Afzal
per day in µg
Dry
wt.

Wet
wt.

Pb

5.0

300.0

3.24

1.56

Cd

0.4–2.0

60.0

3.70

1.78

Cr

0.1

6.0

31.50

15.12

Ni

0.2

12.0

3.1

1.50

wt. = weight; Pb = lead; Cd = cadmium; Cr = chromium; Ni = nickel.
*Source: Joint Food and Agriculture Organization and World Health
Organization Expert Committee. Evaluation of certain food additives
and contaminants.30
†For this calculation, a pinch-sized single dose of Afzal was considered
to be 2 g.

standard. The order in which the elements occurred
from greatest to least was as follows: Cr (15.75 µg/g),
Ni (1.57 µg/g), Pb (1.62 µg/g) and Cd (1.85 µg/g).
In a similar study of moist snuff and Alaskan iqmik
conducted in the USA, the order in which the elements
occurred from greatest to least was as follows: Ni (2.28
µg/g), Cr (2.04 µg/g), Cd (1.40 µg/g) and Pb (0.45
µg/g).31 It seems that the STPs in this study from the
USA have lower levels of heavy metals than both the
Omani Afzal sample of the current study and Pakistani
STPs in a similar study.33 These types of variations
are to be expected due to the aforementioned plant
heterogeneity or variations in processing criteria
around the world.
The results of the current study can be used to
formulate an idea about the indirect intake of those
metals by the STP users. This was done by estimating
their daily intake and then assessing whether the
indirect intake of heavy metals was consistent with
the permissible and acceptable daily levels set by the
WHO and the FAO.30
Estimating the minimum levels of heavy metals in
one dose of the selected Afzal sample can help people
better understand the possible health risks associated
with using Afzal, particularly in doses greater than the
estimated intake. The estimated minimum daily intake
of the selected heavy metals in this sample of Afzal was
below the permissible levels set by the FAO and WHO,
except for Cr which was recorded in concentrations
above the maximum permissible limit.30 Moreover,
the levels of Cr found in the sample exceeded the
maximum limits set by the Swedish GOTHIATEK®
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standards.28 Unfortunately, the actual quantity of
heavy metals ingested by a user may be higher than
the minimum daily intake estimated in this study, due
to variations in the blend of Afzal as well as the user’s
individual preferences. A single dose of Afzal cannot
be assigned a standard weight of 1–2 g like the tea-bag
shaped Swedish snus; each dose depends on the user’s
level of addiction. In addition, the rate of extraction
of the metals from the STPs by the saliva will vary
according to the individual. However, the moist form
of the product fortunately has a lower metal content
than that found in the dry samples analysed.
Nevertheless, the frequent use of this brand of
STP allows the accumulation of nondegradable and
dangerous elements in the user’s body.31 Furthermore,
excluding other potential sources of daily heavy
metal intake such as from environmental and dietary
sources, frequent use of Afzal may put users at risk
of exposure to combined metals. Heavy metals have
potential toxic and carcinogenic effects and some of
them can cause severe health problems, even in trace
amounts.16
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Conclusion
This study gives a better understanding of the levels
of selected heavy metals in Afzal. The targeted metals
were Cr, Ni, Cd and Pb. The results showed levels of
Cr and Cd in Afzal above the international limits,
while the concentrations of Ni and Pb were lower
than the maximum permissible limits. Unfortunately,
the estimated daily intake of the tested metals
exceeded the allowable safe limits recommended by
the FAO and the WHO, rendering users at high risk
of being poisoned or developing other undesirable
side-effects. It is therefore recommended that
the sale of illegal STPs such as Afzal be urgently
regulated in Oman. Furthermore, it is important that
education programmes aimed at the Omani youth be
implemented to raise awareness of the health risks and
dangers of using this product.
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