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Abstract The extent to which smokeless tobacco
endangers human health is an ongoing subject of debate.
In this study, concentrations of toxic metals, cadmium
(Cd), lead (Pb), and nickel (Ni), were measured in
different snuff products (dry brown and black and moist
green and brown), available and consumed in Pakistan.
Concentrations of Cd, Pb, and Ni were determined in 23
samples of various brands of snuff by electrothermal
atomic absorption spectrometry, after microwave-

assisted acid digestion. The reliability of methodology
was assured by analyzing certified reference material.
The resulted data of toxic metals in different snuff
products are comparable to the existing information
with limited exceptions. It was estimated that 10 g intake
of different types of snuff could contribute 14–68, 17–
47, and 20–73 % of the provisional maximum tolerable
daily intake for Cd, Ni, and Pb, respectively.

Keywords Cadmium . Nickel . Lead . Dry and moist
snuff . Smokeless tobacco .Microwave-assisted acid
digestion

Introduction

Smokeless tobacco (SLT) is linked with cancers of the
cheek, gum, and inner surface of the lips (Schildt et al.
1998). Many epidemiologic studies addressing the risk
of SLT use for cancers of the oral cavity and adjacent
sites are being reviewed (Bouquot 1991; Vijayan and
Kumar 2005). Cancers caused by SLT often begin as
leukoplakia or erythroplakia. Erythroplakia is generally
more severe than leukoplakia and has a higher chance of
becoming cancerous over time (US Department of
Health and Human Services 1986). Even nasal, esoph-
ageal, laryngeal, and stomach cancer can be facilitated
by SLT (Muir and Zaridze 1986).

The use of SLT is limited to some areas in all
continents. In the USA, SLT is available in a variety
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of forms, such as dry or moist snuff and loose or plug
chewing tobacco leaves (FTC 2003). More than 7.7
million Americans use SLT products (Substance
Abuse and Mental Health Services Administration
2006). Certain snuff products have been gaining pop-
ularity, especially among adolescent males (CDC
2000). It was reported in 2004 that 6.0 % of US high
school students and 2.9 % of middle school students
used SLT products (CDC 2005).

In Sweden, oral snuff was used by 20 % of all males
in 1996 (National Institute of Public Health 2000).
Snuffed tobacco consists of moist particles of tobacco
treated with diverse flavors, such as mint or menthol,
and placed between the lip or cheek and the gum (IARC
1985; WHO 1988; National Institute of Public Health
2000). SLT also generates systemic alteration such as
increase in blood pressure and tachycardia (Schroeder
and Chen 1985) while addiction is behind all these
harmful effects. A 12-year follow-up longitudinal study
in Sweden indicated that more than 100,000 construc-
tion workers showed a higher hypertension prevalence
in oral snuff users than among nonusers and a 2-fold
greater relative risk of death due to cardiovascular dis-
ease (versus 3-fold greater among smokers compared
with never users of tobacco; p<0.001) (Bolinder 1997).

Tobacco is known to contain numerous classes of
carcinogenic substances, and tobacco-specific nitros-
amines, which are often regarded as a major factor in
SLT-related carcinogenesis (Hecht and Hoffmann
1988; Stepanov and Hecht 2005). While the carcino-
genesis, more likely results from the combined expo-
sure of nitrosamines and other classes of organic and
inorganic substances, including toxic metals and met-
alloids (Colak et al. 2005; Sesli et al. 2008).

It was reported in literature that heavy metals in
different environmental and biological samples are
classified as group 1 human carcinogens (IARC
2006a; Narin and Soylak 1999) while lead (Pb) com-
pounds are classified as group 2A, a probable human
carcinogens (IARC 2006b; Uluozlu et al. 2009).

Cadmium (Cd) is an inhibitor of enzymes with sul-
phydryl groups and disrupts the pathways of oxidative
metabolism (Miccadei and Floridi 1993; Verougstraete
et al. 2003). Catalysis of peroxidative reactions by Cd
may be a major contributor to the toxic effects of this
metal. Various studies have shown that administration of
toxic metals to experimental animals results in the pro-
duction of lipid peroxidation in brain and hepatic tissues
(Stohs and Bagchi 1995; Verougstraete et al. 2003).

Moist snuff consists of fire- and air-cured dark tobac-
co that is finely cut. It is now the most popular form of
SLT in the USA and Sweden; sales of this product have
increased by 77 % over the past 15 years (FTC 2001).
One reason for the popularity of moist snuff in both
countries is that it has become more user friendly.
Traditional moist snuff users place a “pinch” of the
finely ground tobacco between the gingival and buccal
mucosa. Recently, moist snuff products are sold in
small, pre-portioned pouches similar to teabags. These
products remain stationary in the mouth and generate
very little juice.

The dry brown snuff (DB) is composed of tobacco,
ash, cotton, or sesame oil (US Department of Health and
Human Services 1986) whereas gum is often included.
The moist brown snuff (BM) contains roasted tobacco
leaves, gum, calcium oxide, and water. The main con-
stituents of dry black snuff (DBK) are tobacco leaves,
ash, slaked lime, and indigo, while in moist green snuff
(GM), fresh tobacco leaves, oil, menthol, and water are
used.

Snuff was popular among all social classes from the
aristocracy to the miner and spread to all corners of the
world from Europe to Asia. In Pakistan, snuff is lo-
cally called “naswar” but we use the word snuff which
is its international name. In most of the small confec-
tionary shops, snuff are available in small pouches
containing about 5–10 g of the material. Due to gen-
eral opinion against tobacco smoking, these products
have gained acceptance even among women and teen-
agers who generally avoid the smoking and other
tobacco habits. Thus, due to lack of knowledge about
the toxic metals concentration of locally produced
snuff, there is an urgent need to investigate their levels
in different snuff products consumed frequently.

Atomic absorption spectrometry (Silici et al. 2008)
and inductively coupled plasma optical emission spec-
trometry (Altundag and Tuzen 2011) techniques are
frequently used for the specific determination of very
low elemental concentrations in environmental and bi-
ological samples. At present, the mineralization meth-
ods frequently employed for the analysis of biological
and food samples are wet digestion with concentrated
acids using either convective systems or microwave
ovens (Demirel et al. 2008; Soylak et al. 1993). The
main advantage of microwave-assisted sample pretreat-
ment is its requirement of a small amount of mineral
acids and a reduction in the production of nitrous vapors
(Soylak et al. 2007; Saracoglu et al. 2009).
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In the present study, the toxic metals (Cd, Ni, and
Pb) concentration in different types of snuff (dry
brown and black and moist green and brown) available
and consumed in Pakistan, were investigated. The in-
take of understudied toxic metals via consumptions of
different types of snuff products was also estimated.
Results were compared with the existing data on differ-
ent snuff from elsewhere.

Materials and methods

Study population

A survey was carried out about the snuff chewing and
inhaling habits of both genders, age ranged 15–60 years,
residing in the different cities of Pakistan. Before the
start of this study, all snuff users were informed about
the aim of the study and all agreed to participate and
signed the form. A questionnaire was administered to
them to collect details regarding physical data, ethnic
origin, health, duration and frequency of snuff use, age,
and consent. This study was approved by the ethics
committee of NCEAC, University of Sindh. The aim
of the present study was to investigate the chewing

habits of different types of snuff among the people in
the south-eastern province of Pakistan. From the analy-
sis of 537 questionnaires, we found that more than 50 %
of people consumed both brown and green moist snuff,
30 % consumed only moist brown snuff (mostly
laborers and drivers), while 20 % used dry brown and
dry black snuff. About 20 % of these participants were
also smokers. The ratio of male/female was 5:1 for all
snuff products. Nowadays, all these products become
more popular among teenagers and young people.

Sampling

A total of 23 brands of moist snuff (brown (Fig. 1a) and
green (Fig. 1b)) and dry snuff (brown (Fig. 1c) and black
(Fig. 1d)) were purchased from local markets of the
different cities of Pakistan as per their availability over
a 1-year period (January 2011–December 2011). The
samples were packed in their original packing and
placed in prewashed dried plastic bags separately and
stored at 4 °C until tested. Ten composite samples of
each snuff brands were prepared by homogenizing the
mixture after removing the wrappers. Care was taken to
avoid any source of contamination, and this preparation
was carried out in a clean environment. All samples

Fig. 1 a Brown moist snuff.
b Green moist snuff. c Dry
brown snuff. d Dry black
snuff
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were dried at 80 °C. The dried samples were ground
with agate mortar and pestle, sieved through nylon
sieves with mesh sizes of 125 μm, and then stored in
the labeled sample bottles.

Reagents and glassware

Chemicals used were of analytical grade. Ultrapure
water obtained from ELGA Labwater System (Bucks,
UK) was used throughout the work, and 65% nitric acid
purchased from Merck (Darmstadt, Germany) was also
used. Certified reference material (CRM) Virginia to-
bacco leaves (ICHTJ-cta-VTL-2) was purchased from
the International Atomic Energy Agency, Vienna
(Austria). Moreover, matrix modifiers were employed
to analyze Cd, Pb, and Ni (0.001mg Pd+0.0015mgMg
(NO3)2, 0.2 mg NH4H2PO4, and 0.05 mgMg(NO3)2
were prepared from NH4H2PO4, Mg(NO3)2, and
99.999 % Pd, respectively; Sigma, St. Louis, MO).
Standard solutions of Cd, Ni, and Pb were prepared by
dilution of certified standard solutions (1,000 mg/l)
obtained from Fluka Kamica (Bush, Switzerland) of
corresponding metal ions. Glassware and polyethylene
containers were soaked in 10 % (v/v) HNO3 for 24 h,
washed with distilled water and finally with de-ionized
water, and then dried in such a manner as to ensure that
no sign of any contamination from glassware occurs.

Instrumentation

The determination of Cd, Ni, and Pb in digests was
carried out by means of a double-beam Perkins-Elmer
Atomic Absorption Spectrometer Model 700 (Norwalk,
CT) equipped with the graphite furnace HGA-400, pyro-
coated graphite tubes with integrated platform, and an
autosampler AS-800 and deuterium lamp as background
correction system. Hollow cathode lamps (Perkin Elmer)
were used as radiation sources, and they were operating
at a recommended current for all cases. All instrumental
conditions were used according to the manufacturer’s
recommendation. Portions of both standard or sample
andmodifier were transferred into autosampler cups, and
20 μl (standard or sample volume of 10 μl and 10 μl of
modifier in each case) were injected to electrothermal
graphite atomizer. A horizontal flask electrical shaker
(220/60Hz, Gallenkamp, England) was used for shaking
the samples. The pH was measured by a pH meter (781-
pH meter, Metrohm). A PEL domestic microwave oven
(Osaka, Japan), programmable for time and microwave

power from 100 to 900 W, was used for digestion of
samples.

Determination of pH

To determine the pH of the different types of snuff
product, take 1 gm sample of each type in 10 ml of
ultrapure water in flask (100 ml capacity) and shake in
an electrical shaker at 30 rpm for 30 min, and then
filter the solution through Whatman No. 42 filter pa-
per; the extracts were used to determine the pH.

Microwave-assisted acid digestion

A microwave-assisted acid digestion procedure was
carried out, in order to achieve a shorter digestion time;
0.2 g replicate of six samples of CRM (Virginia tobacco
leaves) and 0.2 g duplicate (dry weight) of different
types of snuff products were weighed and placed direct-
ly into polytetrafluoroethylene (PTFE) flasks (25 ml in
capacity). For further validation, spike recovery study of
each metal in a real snuff sample at three concentration
levels were also carried out; 2 ml of a concentrated
HNO3 was added to each flask and kept at room tem-
perature for 10 min, then the flasks were placed in a
covered PTFE container. It was then heated at 80 % of
the total power (900 W) at time intervals of 3–5 min.
After the digestion, the flasks were left to cool and the
resulting solution was evaporated to a semidried mass to
remove excess acid. About 10 ml of 0.1 mol/l nitric acid
was added to the residue and filtered through a
Whatman No. 42 filter paper. Blanks and standard sol-
utions were prepared in a similar acid matrix.

Quality assurance–quality control

The linear range of the calibration curve reached from the
detection limit up to 10, 50, and 100 μg/l for Cd, Pb, and
Ni, respectively. The detection and quantitation limits
were calculated by LOD ¼ 3� s

m and LOQ ¼ 10� s
m ,

respectively, where “s” is the standard deviation of ten
measurements of a reagent blank and “m” is the slope of
the calibration graph corresponding to Cd, Ni, and Pb.
The calculated LOD and LOQ for Cd, Ni, and Pb were of
0.12, 0.289, and 0.307 and 0.4, 0.964, and 1.02 μg/l,
respectively. The proposed microwave-assisted acid di-
gestion method was assured by the analysis of duplicate
samples, reagent blank, procedural blanks, CRM, and
spike recovery study in a real sample. The precision of
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the methods, expressed as the relative standard deviation
of five independent analyses of the same sample, pro-
vided values ranging from 2.86 to 7.28 % as a
function of the metals considered and its concentration
level.

The accuracy of analytical method was performed
with CRMVirginia tobacco leaves and spiking the stand-
ards of all three metals in a real sample of brown moist
snuff (BM3). Recoveries of target elements were com-
puted by comparison of microwave-assistedmethod data
against values of CRM values and the results obtained
from a reference analytical method using electric hot
plate digestion on same CRM as reported in a previous
work (Arain et al. 2008). Statistical analysis showed that
there was no significant difference between the two
methods using paired t test at 95 % confidence level with
five degrees of freedom (Tables 1 and 2).

Results

The pH of all snuff products was highly basic, found
in the range of 8.4–8.7, which flavors the formation of

tobacco-specific amines thus making the product po-
tentially toxic. Since we analyzed multiple samples for
each brand of snuff, therefore, only the mean concen-
tration along with the standard deviation for each
brand are provided (Table 3).

The Cd level was found in the range of 0.865–2.03
and 0.658–1.21 μg/g in BM and GM snuff, respec-
tively, while the levels of Cd in DB and DBK snuff
products were found in the range of 0.741–1.43 and
0.426–0.997 μg/g, respectively. The concentration of
Cd in different snuff products was found in increasing
order as: BM>DB>>GM>DBK. The concentration
of Ni in BM and GM snuff samples was found in the
range of 10.7–14.1 and 7.56−11.4 μg/g, respectively,
while the levels of Ni in DB and DBK snuff products
were found in the range of 8.49–10.5 and 5.29–
9.29 μg/g, respectively. The concentration of Ni in
different snuff products was found in increasing order
as: BM>GM>DB>DBK. The Pb level was found in
the range of 8.46–15.7 μg/g and 7.10–10.1 μg/g in
BM and GM snuff, respectively, while the level of Pb
in DB and DBK snuff products were observed in the
range of 4.31–6.10 and 6.02–8.62 μg/g, respectively.

Table 1 Validation of methods for Cd, Ni, and Pb in certified reference material (CRM) Virginia tobacco leaves

CRM/metals Certified
values (μg/g)

CDM % recovery MAD % recovery Paired t testa

(tExperimental)

Cd 1.52±0.17b 1.51±0.11 (7.28)c 99.0 1.50±0.10 (6.66) 98.4 0.826

Ni 1.98±0.21 1.96±0.14 (7.14) 98.9 1.95±0.11 (5.64) 98.2 0.823

Pb 22.1±1.2 21.8±0.82 (3.77) 98.6 21.7±0.62 (2.86) 98.1 0.709

tCritical at 95 % confidence limit02.26
a Paired t test between CDM versus MAD; degree of freedom n–105
bMean±SD
cValues in parenthesis are RSD

Table 2 Spike recovery study in a brown moist snuff sample (added Cd/Ni/Pb in a moist snuff sample (BM3); in micrograms per gram)

Cd Ni Pb

Mean±SD (μg/g) % recovery Mean±SD (μg/g) % recovery Mean±SD (μg/g) % recovery

0 1.85±0.14 – 13.5±0.61 – 14.8±0.42 –

0.5a/1b/2c 2.31±0.11 98.3 14.3±0.74 98.6 16.5±0.59 98.2

1/2/5 2.80±0.15 98.2 15.2±0.87 98.1 19.6±0.72 99.0

2/5/10 3.81±0.21 99.0 18.2±0.96 98.4 24.5±1.42 98.8

a Added cadmium concentration
b Added nickel content
c Added lead concentration
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The concentration of Pb in different snuff products
was observed in increasing order as: BM>GM>
DBK>DB.

The intra-product variation in all three toxic
metals content was found to be higher in all snuff
products. The resulted data of toxic metals in
different snuff products are compared with the
existing metal data on snuff products from different
studies.

Discussion

The dried tobacco leaves are the major raw material for
local snuff production. The tobacco grown in various
geographical regions or under different agricultural con-
ditions will have different levels of the heavy metals. So
in tobacco product (snuff), significant variation in metal
contents would be expected, because the levels of toxic
metals in tobacco samples all over the world are not

Table 3 Toxic metal concentrations in dry and moist snuff samples—intake of toxic metals by consuming 10 g of each snuff products
(in micrograms per gram)

Snuff Cd Ni Pb

x� ts
ffiffiffi

n
p
= a μg/10 gb x� ts

ffiffiffi

n
p
= a μg/10 gb x� ts

ffiffiffi

n
p

= a μg/10 gb

Moist snuff

BM1d 1.61±0.23 13.5–18.5c 12.2±0.72 111–127 12.6±0.26 119–129

BM2 1.04±0.25 8.72–11.9 13.2±0.51 124–138 15.2±0.48 144–157

BM3 1.85±0.14 16.9–20.3 13.5±0.61 129–141 14.8±0.42 143–153

BM4 1.03±0.16 8.65–11.6 11.9±0.31 114–123 12.1±0.38 117–126

BM5 1.32±0.21 10.1–15.8 12.5±0.32 118–127 14.5±0.77 139–153

BM6 1.05±0.26 9.83–13.1 11.3±0.72 107–119 10.9±0.46 98.9–111

BM7 1.23±0.24 9.78–13.9 11.9±1.2 109–133 9.33±0.62 84.6–98.5

GM8e 0.77±0.12 7.46–8.01 8.03±0.38 75.6–83.5 9.89±0.30 95.0–101

GM9 0.874±0.16 7.09–10.1 9.48±0.51 88.9–101 7.72±0.52 72.4–84.6

GM10 0.825±0.24 6.58–10.2 10.8±0.38 105–113 8.55±0.79 74.6–92.4

GM11 0. 925±0.18 7.23–12.1 10.7±0.67 101–114 7.46±0.17 72.1–75.9

GM12 0.746±0.14 7.09–8.80 9.68±0.99 85.7–104 8.46±0.68 76.9–90.1

GM13 0.815±0.15 6.89–9.46 9.09±0.75 81.3–98.1 7.89±0.75 71.0–84.5

GM14 0.824±0.13 6.99–9.64 10.4±0.99 92.9–113 8.89±0.92 78.7–99.4

Dry snuff

DB1f 1.13±0.19 9.34–13.2 9.08±0.51 85.7–95.9 5.97±0.11 56.7–60.1

DB2 1.01±0.17 8.51–11.4 9.81±0.38 93.1–105 4.72±0.24 43.1–49.9

DB3 1.15±0.28 8.69–14.3 9.54±0.68 88.1–101 5.73±0.41 52.8–61.0

DB4 0.991±0.25 7.41–12.1 9.71±0.83 84.9–103 5.91±0.12 58.0–60.9

DBK5g 0.632±0.24 4.26–8.51 7.89±0.72 70.1–85.4 6.24±0.23 60.2–65.3

DBK6 0.741±0.28 5.11–9.97 8.29±0.86 73.5–90.8 7.37±0.16 71.5–76.2

DBK7 0.880±0.11 7.69–9.87 8.69±0.51 81.0–92.9 8.42±0.12 82.3–86.2

DBK8 0.693±0.14 5.49–8.41 5.99±0.68 52.9–65.7 7.21±0.25 67.8–74.9

DBK9 0.645±0.12 5.19–7.56 6.58±0.83 56.7–73.9 8.23±0.13 81.1–85.9

a Average value±confidence interval (p00.05)
b Intake of toxic metals/10 g of each snuff products
c Range
d Brown moist
e Green moist
f Dry brown
gDry black
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apparent (Asta et al. 2003). Though SLT is described as
a group 1 carcinogen by the International Agency for
Research on Cancer, little is known regarding bioavail-
ability, absorption, and toxicological effects of toxic and
carcinogenic inorganic substances from them.

Very little research has been carried out on the
intake of toxic metals from different types of snuff
by the population of all age groups in Asian countries
including Pakistan. It was observed that people who
consumed different types of snuff, inhaled about 1–2 g
of snuff through the nose while 2–3 g are used between
the gingival and buccal mucosa, both habits are repeated
2–15 times a day depending upon individual mood.

The results indicated that the levels of Cd, Ni, and
Pb were found to be significantly higher (p<0.01), in
commercially available brands of brown moist snuff as
compared with green moist snuff as shown in Table 3.

The mean values of Cd, Ni, and Pb in different types
of snuff are shown as Box plots (Figs. 2 and 3)

It is important to note that the different types of
snuff are processed differently from the raw tobacco
leaves and other additives. Moreover, different brands
of snuff products are produced in different companies
with their own processing type/formula. It is well
established that tobacco plants selectively enrich some
of the heavy metals from soil (Arain et al. 2008). The
overall order of concentration of toxic metals deter-
mined in the present study in different types of snuff
products are Pb>Ni>Cd.

The World Health Organization/Joint Expert
Committee on Food Additives (WHO-JECFA) has
established provisional maximum tolerable weekly in-
take of Cd, Ni, and Pb to be 3.5, 35, and 25μgkg−1 body
weightweek−1, respectively (Baars et al. 2001; FAO/

Fig. 2 Concentration of
Cd in different types of
brown and green moist snuff
and brown and black dry
snuff products (in micro-
grams per gram)

Fig. 3 Concentration of
Ni and Pb in different types
of brown and green moist
snuff and brown and black
dry snuff products (in
micrograms per gram)
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WHO 1989, 1993; WHO 1989; Bhupander and
Mukherjee 2011).

Table 3 shows the following: (1) the intake of toxic
metals by consumption of different types of snuff
products; (2) the intake of Cd via consumption of 10 g
of different types of snuff product found in the range
8.65–20.3, 6.58–12.1, 7.41–14.3, and 4.26–9.97 μg
day−1person−1 for BM, GM, DB, and DBK respective-
ly, contributing 14–68 % of the provisional maximum
tolerable daily intake (PMTDI) for Cd in adults (60 kg);
(3) the intake of Ni via 10 g consumption of each snuff
product, BM, GM, DB, and DBK, corresponding to the
range of 107–141, 75.6–114, 84.9–105, and 52.9–
92.9 μgday−1person−1, respectively, contributing 17–
47 % of the PMTDI for adults (60 kg); and (4) the Pb
intake via 10 g consumption of different types of snuff
product observed in the range of 84.6–157, 71–101,
43.1–61.0, and 60.2–86.2 μgday−1person−1 for BM,
GM, DB, and DBK respectively, contributing 20–
73 % of the PMTDI for Pb in adults (60 kg).

It is evident from Table 4 that Cd content in under-
study snuff products, BM, GM, and DB samples are
higher as compared with previous studies by Dhaware
et al. (2009), Verma et al. (2010), and Addo et al.
(2008) while the Cd contents are lower in DBK snuff
products than values reported in previous studies by
Pappas et al. (2008) and Addo et al. (2008). In our
study, BM and GM have higher content of Ni as
compared with that reported by previous works of
Shaikh et al. (2002), Mishra and Shaikh (1986), and
Pappas et al. (2008) while DB and DBK having a
lower content of Ni is equal to the values of Ni
reported by Verma et al. (2010).

Results show that the concentrations of Pb in BM,
GM, and DBK samples are much higher and are indi-
cated in previous studies by Mishra and Shaikh (1986),

Shaikh et al. (2002), Dhaware et al. (2009), Verma et al.
(2010), Addo et al. (2008), and Pappas et al. (2008) and
Pb level is found to be lower in DB snuff than the values
reported in previous research works by Mishra and
Shaikh (1986) and Shaikh et al. (2002).

The results of the present study indicated a lifetime
cancer risk from Cd, Pb, and Ni contents in snuff
products. Greater incidence of oral cavity and esoph-
agus cancers were reported in individuals using snuff.
It is also pertinent to note that oral cancer attributably
caused by the use of snuff and other SLT products
accounts for 50 % of the total oral cancer cases
reported in Pakistan. Similarly, the consumption of
snuff has also been correlated with higher incidence
of peptic ulcer disease.

Conclusions

Based on the present study on toxic metals, viz., Ni,
Pb, and Cd in 23 samples of various brands of snuff
product, all three toxic metals content were found to
be higher in moist brown snuff than other types of
snuff which are frequently consumed by people of
every age in Pakistan. The level of toxic metals in
snuff and its contribution to the daily intake was also
established; the consumption of 10 g of different types
of snuff samples provides 14–73 % of the provisional
maximum tolerable daily intake for all three toxic
metals in adults (60 kg). We consider that people
consuming any type of snuff, especially those con-
suming more than 10 g/day, are at risk of developing
ill health. Public health policy makers should seriously
consider implementing policies to reduce or eliminate
the consumption of snuff in populations where this
practice is prevalent.

Table 4 Metals concentration level in snuff products as reported in literature (in micrograms per gram)

Smokeless tobacco Cd Ni Pb References

Mean±SD Range Mean±SD Range Mean±SD Range

Creamy snuff 0.07–0.15 – 0.13–0.59 Dhaware et al. (2009)

Snuff 0.48±0.08 0.41–0.62 9.13±3.39 6.12–13.1 3.10±0.81 1.76–6.1 Verma et al. (2010)

Ghanian snuff 1.08 1.06–1.11 – – Addo et al. (2008)

Moist snuff 1.40±0.31 0.66–1.88 2.28±0.36 1.39–2.73 0.45±0.13 0.28–0.85 Pappas et al. (2008)

Snuff – ∼3.0 ∼7.8 Shaikh et al. (2002)

Snuff – 2.1 8.0 Mishra and Shaikh (1986)
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