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Abbas Esmaeili®*, Hamidreza Mohammadi®5 & Ali Ghaffarian-Bahraman 2"

Smokeless tobacco (ST) products create a deadly combination of addiction to nicotine and exposure

to toxic substances. Nass is the predominant smokeless tobacco (ST) product consumed in Iran. This
study was conducted to evaluate the levels of arsenic (As), lead (Pb), nickel (Ni), and cadmium (Cd) in
Nass brands available in the Iranian market. A total of 42 samples were analyzed for the levels of heavy
metals using flame atomic absorption spectrometry. The study also evaluated the risk associated with
carcinogenic and non-carcinogenic toxic metal contamination in smokeless tobacco in Iran. The level of
heavy metals measured in various Nass samples was ranked as Pb > Ni>Cd >As .The mean levels (range)
of Pb, Cd, As, and Ni in Nass samples were determined to be 38.71 pg/g (17.60-57.70), 2.90 pg/g
(1.20-3.65), 0.71 pg/g (0.25-1.17), and 23.24 pg/g (4.95-44.65), respectively. The levels of Pb, Cd, As
and Ni in handmade samples are higher than products manufactured at the plant. The levels of Pb,

Cd and Ni in all samples were higher than the Swedish Match recommended limits. While the levels

of As in 12% of samples were lower than the standard defined by the Swedish Match. The Estimated
daily intake (EDI) values for As, Cd, Ni and Pb are below the reference dose (RfD) established by the
Environmental Protection Agency. The findings indicate that the target hazard quotient (THQ) and the
hazard index (HI) values in the study were below 1. In this study, for the first time demonstrated that
Nass consumers in Iran are at risk of exposure to Pb, As, Cd, and Ni. Consequently, the health system
should prioritize raising public awareness about the health risks associated to Nass.
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Abbreviations

ST Smokeless tobacco
As Arsenic

Pb Lead

Ni Nickel

Cd Cadmium

HI Hazard index

THQ  Target hazard quotient
RfD Reference dose

EPA Environmental Protection Agency
CR Carcinogenic Risk

SF Slope factor

UF Uncertainty factors

The term “smokeless tobacco” covers a wide and highly varied array of products that exhibit differences in
color, appearance, texture, packaging, and methods of consumption. In fact, ST refers to a variety of products
containing tobacco as its main ingredient that is consumed without burning, such as chewing, sucking, and
sniffing tobacco’.The use of ST products is a major public health challenge. Globally, more than 350 million
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people use ST products and the highest rates of consumption were in South-East Asia Region®. According to
the INTERHEART study conducted in 52 countries, 204,309 people died in 2010 from coronary heart disease
attributed to the use of ST>. A 2004 review of epidemiological and laboratory studies by the International Agency
for Cancer Research (IARC) found that there is sufficient evidence linking smokeless tobacco to oral cancer,
esophageal cancer, and pancreatic cancer in humans?. In 2017, at least 2.5 million disability adjusted life years
(DALYs) and more than 90,000 lives were lost worldwide due to cancers of the mouth, throat and esophagus that
can be attributed to ST use®.

Users of ST receive various levels of hazardous substances in their bodies through chewing, sucking and
inhaling. These dangerous substances can exhibit significant toxicity even in small quantities®. More than
30 known carcinogens have been detected in ST products, including polycyclic aromatic hydrocarbons,
nitrosamines, formaldehyde, acrolein and heavy metals®. Heavy metals are a general term referring to the group
of metals and metalloids with an atomic density greater than 4000 kg/m?’. Approximately twenty chemical
elements are recognized as essential for various physiological functions in the human body. Therefore, most
known metals (metalloids) are non-essential to humans, and even those considered as essential can become
harmful when present in excessive amounts®. In fact, consumption or environmental exposure to metal ions
can create a paradoxical situation. That is, in very low doses of essential elements, there is a significant level of
side effects that decrease with an increase in the dose. Conversely, when the dose rises to very high levels, a toxic
response appears’. Mercury (Hg), Pb, Ni, Cd and As are among the most common toxic metals that the exposure
of human societies with them has increased dramatically in recent decades'®. They can disrupt important
biochemical processes and pose an important risk to the health of humans, plants and animals. Environmental
exposure to heavy metals has long been linked to an increased incidence of anemia, hypertension, and diabetes. It
is also associated with reduced intelligence quotient in children, as well as higher mortality rates from malignant
neoplasms and nephritis'"12. According to the latest WHO report in 2024, Pb exposure was responsible for over
1.5 million deaths worldwide in 2021, primarily due to cardiovascular effects. Furthermore, in the same year,
Pb exposure contributed to more than 33 million DALY lost globally, reflecting the significant impact on both
mortality and long-term disability'®>.Hence, international organizations have established guidelines to minimize
the hazards associated with exposure to some of the toxic metals!41°.

Nass (or Naswar) is a type of ST product usually used in Iran, Pakistan and Afghanistan?. Although there is
no detailed study of the number of Nass consumers in the general population of Iran, the Gulistan cohort survey
(more than 50,000 participants) estimated that this number is above 6% Additionally, study results indicate
that the prevalence of ST use among Iranian students varies by geographical region, ranging from 11 to 45.7%17.
Nass is a mixture of tobacco leaf powder (Nicotina rustica), ash, either cotton or sesame oil and slacked lime'®.
In some areas, flavoring agents (e.g. cardamom, menthol) and coloring agents (e.g. indigo) are incorporated into
the final product. Nass is prepared by adding water to a cement-lined cavity, followed by the addition of lime
and then tobacco. Ash and other agents are then added and the mixture is rolled into balls'. Nass is usually
placed under the tongue and slowly sucked for 15 to 30 min and then discarded?. Numerous scientific studies
have assessed the level of heavy metals in Nass and other ST products commonly available in the market of
different countries**-%3, but no studies have been published on the levels of heavy metals in Nass samples in Iran.
Therefore, the aim of this study was to assess levels of Cd, Pb, As and Ni in Nass samples available in the Iranian
market.

Materials and methods

Sample collection

The use of Nass is more prevalent in the southeastern regions of Iran compared to other parts of the country.
This is primarily because these regions border Pakistan and Afghanistan, making these products more accessible
to the population of these regions. In this spring 2023, a total of 42 Nass samples were randomly purchased
from shops in the cities of Kerman and Rafsanjan in southeastern Iran. The specimens were transported to the
laboratory following acquisition and stored at a refrigerated temperature until analysis. The samples collected
were classified according to their color (green or light brown) and packaging method (factory packaged or
hand packaged). The Nass products that were packaged in the factory are actually samples weighing 10 to 20 gr
(gram), distributed in the market with different brand names. The brand names have been kept confidential in
this document to adhere to legal requirements. In contrast, handmade Nass refers to small packages containing
10 to 20 g of Nass that are produced in local workshops.

Sample preparation and statistical analysis

Prior to analysis, the Nass samples were dehydrated in the dry heat oven (Nuve FN 400) at a temperature of
105 °C for a duration of 2 h. Then the samples were completely ground and 1 gr of it was ashed at a temperature
of 650 °C for approximately 40 min. The remaining ash was dissolved in 12 mL of the HNO3/HCIO4 mixture
in a 3:1 volume ratio and filtered through Whatman filter paper (No. 42). Finally, the solution was mixed with
deionized water in a volumetric flask until it reached a total volume of 24 mL. The level of Cd, Pb, As and Ni was
measured using the ChemTech flame atomic absorption spectrophotometer (FAAS) model CTA 3000 (United
Kingdom). Pb Cd, Ni and As hollow cathode lamps, operated at 5.0 mA, were used as the radiation sources.
The analytical wavelengths (217.0 nm for Pb and 193.7 nm for As) and slit width (0.4 nm for Pb and 0.2 nm for
As) were set as recommended by the manufacturers. Measurements were conducted at 228.8 nm and 232.0 nm,
using spectral bandwidths of 0.4 nm and 0.2 nm for Cd and Nj, respectively'>?*. The details of the instrument
and the parameters for measuring Cd, Pb, As and Ni are reported in Table 1. The previously described hydride
method was used to estimate the quantity of As'®. Samples were analyzed in triplicate to ensure precision and
reduce any potential errors in the experiment. The accuracy of measurements was examined by adding standard
solutions of Pb (0.1, 0.5, 1.0 ug/g), Cd (0.01, 0.05, 0.01 ug/g), As (0.01,0.05, 0.01 ug/g), and Ni (0.1, 0.5, 1.0 pg/g)
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Parameters Pb As Cd Ni
Wavelength (nm) 217 193.7 288.8 232

Slit width (nm) 0.4 0.2 0.4 0.2
Limit of detection (pg/g) 0.01 0.001 0.002 0.008
Limit of Quantitation (ug/g) | 0.05 0.005 0.01 0.04
Recovery (%) 95.5-101 | 93-98.5 92.5-97 | 98-104
Linear Range (ug/g) 0.05-14.0 | 0.005-5.0 | 0.01-2.0 | 0.04-8.0

Table 1. Measurement condition of lead (Pb), arsenic (As), cadmium (Cd) nickel (Ni) using CTA 3000 atomic
absorption spectrometer.

to 3 Nass samples. The recovery value of Pb, Cd, As and Ni in Nass samples were between 92.5% and 104%
(Table 1). The statistical analysis were performed using SPSS version 16 (SPSS, Inc. in Chicago, IL). The data
was presented as the average value + standard deviation (SD). Independent t-test was used to compare the mean
levels of metals in different groups. Differences in means were considered statistically significant at P<0.05.

Estimated daily intake (EDI)
The following equation was utilized to calculate the EDI of Pb, Cd, As and Ni.

C x Abs x NID x Ef x Ed
BW x T

EDI(p g/kg bw/day) =

Where C is the level (ug/g) of Pb, Cd, As and Ni in Nass samples; Abs is the gastrointestinal (GI) absorption
rate of the metal (Pb, As, Cd, Ni, ) from Nass. Abs can have a range from less than 0.01 (<1%) to 1.0 (100%).
In evaluating the potential risk, it is assumed that the bioavailability of the toxic substance in ST is 100% under
ideal conditions. Considering that Nass users typically spit it out 15 to 30 min after using, we assumed that
the absorption rate of Pb, Cd, As and Ni from Nass was less than 100%. To our knowledge, no research has
specifically examined the GI bioavailability of As, Pb, Cd, and Ni from ST. Nevertheless, a previous study showed
that 18-24% of As, 45-75% of Cd, 30-55% of Ni, and 20-30% of Pb found in different types of SLT products can
be released into an artificial saliva extracts®. In this study, the maximum values of Abs of 0.24, 0.75, 0.55, and
0.3 were used for risk assessment of exposure to As, Cd, Ni and Pb, respectively. DNI is the amount of daily Nass
intake by the consumers (10 gr/day); Ef is exposure frequency (365 day/year); Ed is the duration of exposure
to a metal through Nass ingestion (assuming 50 years in this study); BW is the consumer body weight and T
represents the averaging exposure time (days) to toxic metals and it is estimated as Ef x Ed. The average body
weight of Iranian men and women was 79.6 and 70 kg, respectively?.

Non-carcinogenic effects

The hazard index (HI) assesses the cumulative effect of simultaneous exposure to Pb, Cd, As, and Ni through
the consumption of Nass. If HI>1, there is a potential risk of non-carcinogenic health effects from Nass
consumption. The equation for HI is as follows.

HI:ZTHQ:Z%

The target hazard quotient (THQ) represents the non-carcinogenic health risk associated with exposure to the
specific toxic substance. If THQ < 1, non-carcinogenic health effects are not expected. However, if THQ > 1, there
is a likelihood that the individual may experience health side effects.

Here, the oral RfD (reference dose) is the maximum daily exposure dose to a toxic metal (Pb, Cd, Ni, and As)
where no non-cancer health effects are expected. The RfD values reported by the United States Environmental
Protection Agency (EPA) for As, Cd, and Ni are 0.3, 1, and 20 pg/ kg body weight /day, respectively?’2°.
However, the risk assessment for Pb is unique because a RfD value for Pb has not been established by the EPA*.
Therefore, we utilized the provisional tolerable weekly intake (PTWI) values reccommended by the World Health
Organization to obtain the RfD for Pb (25 ug/kg body weight/week)>!. Consequently, we considered the value of
3.57 ug/kg/day as the RfD for Pb in this study.

Carcinogenic risk (CR)
The CR represents the likelihood of an individual developing cancer over their lifetime due to exposure to a
potential carcinogen. The CR is calculated using the following equation.

CR=FEDI x SF

Where slope factor (SF) refers to the carcinogenic risk for a potentially carcinogenic substance. The EPA has
reported an oral SF value of 1.5 mg/kg/day for As?’. However, this organization has not provided oral SF values
for Pb, Cd, and Ni?*-*’. The CR values ranging from 0.0001 to 0.000001 indicate that the carcinogenic risk from
Nass consumption is considered acceptable or tolerable, while values below this range suggest that compound
consumption is significantly safe2.
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Ni As Cd Pb

Outcomes | N | Mean+SD (Min -Max) | Pvalue | Mean +SD (Min -Max) Pvalue | Mean+SD (Min -Max) | Pvalue | Mean+SD (Min -Max) P value
Color
Green 21 | 25.09+8.46 (4.95-44.65) 0.65+0.28 (<LOQ-1.13) 2.92+0.54 (1.35-3.65) 39.96+6.29 (25.40-49.50)

0.106 0316 [283+0.58 0.585 0.163
Brown 21 | 21.40£5.69 (5.95-33.90) 0.76£0.22 (<LOQ —1.12) (1 2013'45) 40.46£9.32 (17.60-57.70)
Packaged
Hand 12 | 23.77 £8.47 (14.75-32.40) 0.71+0.27 (<LOQ - 1.01) 3.19+0.27 # (2.60-3.65) 39.07 +4.63 (31.10-51.90)

0.563 0.991 0.005 0.796
Factory 30 | 22.40+5.21 (4.95-44.65) 0.70+£0.25 (<LOQ -1.17) 2.72+0.60 (1.20-3.40) 38.49+9.66 (17.60-57.70)
Total 42 | 23.24+7.36 (4.95-44.65) 0.71+£0.25(<LOQ -1.17) 2.90+0.55 (1.20-3.65) 38.71+8.05 (17.60-57.70)

Table 2. Levels (ug/g) of lead (Pb), cadmium (Cd), arsenic (As), and nickel (Ni) in Nass samples of available
in the Iranian market. Significant values are in bold. N; Number of samples analyzed. SD; Standard deviation.
Min; Minimum. Max; Maximum. LOQ; Limit of quantitation (0.005 pg/g). *Significant difference between Cd
levels in hand packaged and factory packaged samples at a level of 0.05.

Pb Cd Ni As

Brands | Mean+SD (ug/g) | Mean+SD (ug/g) | Mean+SD (ug/g) | Mean+SD (ug/g)
Brand 1* | 37.00+13.86 2.83+0.81 25.93+1.52 0.89+0.08
Brand 2 | 33.65+9.55 2.18+1.17 15.80+15.34 0.39+0.19
Brand 3 | 45.27+6.89 3.02+0.15 22.55+1.62 0.8+0.01
Brand 4 | 39.87+4.04 2.95+0.31 26.63+6.31 0.75+£0.08
Brand 5 | 24.15+9.26 1.40+0.28 11.75+8.20 0.82+0.17
Brand 6 | 38.33+4.55 3.25+0.18 25.75%1.52 0.75+0.09
Brand 7 | 50.77+7.69 3.03+0.20 23.43+4.10 0.77+0.49
Brand 8 | 32.70+1.97 2.43+0.48 27.32+14.15 0.89+0.34
Brand 9 | 30.13+4.12 2.63+0.24 22.18+3.08 0.45+0.28
Brand 10 | 50.00+0.71 2.98+0.04 33.75+15.41 0.55+0.4

Table 3. Levels of lead (Pb), cadmium (Cd), arsenic (As), and nickel (Ni) in 10 brands of Nass available in the
Iranian market. *The number of samples analyzed for each brand is three. (Total =30) SD = Standard deviation.

Results

The average levels of Pb, Cd, As, and Ni in 42 Nass samples are reported in Table 2. All Nass samples had levels
of Pb, Cd, and Ni that exceeded the LOQ, while 34 (81%) of the samples had As levels above the LOQ (Table 1).
The level of heavy metals measured in various Nass samples was ranked as Pb>Ni>Cd > As. The minimum
and maximum levels of Pb, Cd, As, and Ni in 42 Nass samples were 17.60-57.70 ug/g, 1.20-3.65 ug/g, 0.025-
0.117 pg/g, and 4.95-44.65 ug/g, respectively. The mean + SD levels of Pb, Cd, As, and Ni in the samples of Nass
were 38.71+8.05 ug/g, 2.90+0.55 pg/g, 0.071+0.025 ug/g and 23.24+7.36 ug/g, respectively. The analysis of
metal levels in Nass samples based on the color and type of packaging is presented in Table 2. The levels of Pb and
As in brown samples was higher than in green Nass, whereas the Cd and Ni levels in green samples were higher.
The variation in metal levels among different groups based on color type was not found to be significant. The
current study’s findings reveal that the level of the 4 metals studied is higher in hand packed samples compared to
factory packed Nass samples. This observed difference was statistically significant only for Cd metal (P=0.005).
The levels of metals in the soil where tobacco is grown seem to significantly influence the variations in metal
content across different Nass varieties. In fact, the uptake and accumulation of metals by plants are influenced
by the physicochemical properties of the soil (e.g., organic matter, cation exchange capacity, redox potential, and
pH) as well as the timing of harvest!'. According to Table 3, a total of 10 Nass brands (30 samples) was analyzed
for the level of metals. Brands number 7, 6, 8, and 10 had the highest levels of Pb (50.77 pg/g), Cd (3.25 ug/g),
As (0.089 pg/g), and Ni (33.75 pg/g).

In order to minimize the risks associated with exposure to ST, some countries have established limits on the
maximum allowable levels (MAL) of toxic metals. Swedish Match has released guidelines for MAL of tobacco-
specific nitrosamines, metals and trace elements in snus (a moist form of ST), collectively referred to as the
GothiaTek standard. The MAL for Pb, Cd, As and Ni in the Swedish snus according to the GothiaTek standard
were 1 ug/g, 0.5 ug/g, 0.25 pug/g and 2.25 pg/g, respectively®. In the present study, the levels of Pb, Cd and Ni in all
samples were higher than the Swedish Match recommended limits. While the levels of As in 12% of samples were
lower than the standard defined by the Swedish Match. This could suggest potential health risks for consumers
using Nass. Fortunately, the EDI values of Pb, Cd, As, and Ni for both Iranian men and women were below the
RfD recommended by the EPA (Table 4). The information presented in Table 4 indicates that the health risk
(Non-carcinogenic and carcinogenic) resulting from exposure to Pb, As, Cd, and Ni through the consumption of
Nass by Iranian consumers is negligible. Given the potential carcinogenic effects linked to certain elements, the
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Pb Cd As Ni
RfD (ug/kg bw/day) | 3.57 | 1.0 0.3 20
EDI (ug/kg bw/day)
Men 1.459 | 0.273 | 0.021 | 1.606
Women 1.659 | 0.311 | 0.024 | 1.826
THQ
Men 0.409 | 0.273 | 0.072 | 0.080
Women 0.465 | 0.311 | 0.081 | 0.091
HI
Men 0.834
Women 0.948
CR for arsenic
Men 0.000032
Women 0.000036

Table 4. Health risk assessment: reference dose (RfD), estimated daily intake (EDI), target hazard quotient
(THQ), hazard index (HI) and carcinogenic risk (CR).

CR associated with As is outlined in Table 4. In men and women the CR values of As was 0.000032 and 0.000036,
respectively. A CR of less than 1x 10~* is considered as acceptable level for regulatory purposes.

Discussion

Because international tobacco control efforts have primarily targeted cigarettes, health risks related to ST
products have received little attention from researchers and policymakers. In this research, we present the levels
of Pb, As, Ni, and Cd in Nass samples from Iran, along with an assessment of the health risks. The findings of the
current study indicate that Cd, Pb, and Ni were detected in all samples and 81% of samples exhibited As levels
exceeding the LOQ (0.005 pg/g). In recent years, there has been a growing concern regarding public health
issues related to heavy metals. While heavy metals are naturally present in the Earth’s crust, Human exposure
to these substances can occur through the inhalation of airborne dust or the ingestion of water, soil, and food
chain!**%°. Most of heavy metals can be dangerous to organisms, even those that play a pivotal role in various
biochemical and physiological mechanisms of organisms. It has been reported that metals such as Pb, As, Cd and
Ni are considered as non-essential metals and have no recognized physiological functions in the human body?.
The findings of the current study indicate that individuals who consume Nass in Iran are exposed to various
levels of toxic metals, specifically Pb, Cd, and Ni.

Pb levels in Nass samples

Pb is a toxic metal whose extensive use has caused considerable public health issues in various regions of the
world. Pb is an extremely toxic metal that impacts nearly every organ in the body. Prolonged exposure to lead has
been linked to the development of anemia, elevated blood pressure, chronic kidney insufficiency, impairment
of central nervous system function and damage to the reproductive systems of both males and females®”. The
nervous system is the most significantly impacted by Pb toxicity in both children and adults®*®. Exposure to lead
can negatively impact children’s intelligence quotient (IQ) and their educational achievement**0. In the general
population, Pb exposure primarily occurs via food, water, air, and soil*”*!. Furthermore, plants such as tobacco
are also an important source of Pb and Cd exposure*2. The mean levels of Pb found in this study were 38.71 pg/g
with a range of 17.60-57.70 pg/g and the levels of Pb in all samples were higher than the GothiaTek® standard
(1 pg/g). The findings of the current study are comparable to those conducted in other countries. In Pakistan, the
average Pb level in 30 naswar brands is reported to be 21.05 ug/g (range of 12.4-111.15 pg/g) and the levels of
Pb in all samples were higher than the GothiaTek® standard?!. In addition, in other countries such as Nigeria?3,
Bangladesh?’, Saudi Arabia*® and Indian*! the Pb content in ST products has been demonstrated to range from
0.01 to 2.48 ug/g, 0.99 to 10.02 ug/g, < LOD - 26.2 pg/g, and 0.03 to 33.3 ug/g, respectively. Additionally, the
mean Pb level found in the ST samples of this study was higher than the reported levels in United Kingdom
(UK)*, United States (US)***7, and Oman*®. In addition, The results of studies conducted in the US indicated
that the Pb levels in the 100% samples examined were below the maximum permissible levels established by
GothiaTek®46:47.

Cd levels in Nass samples

The kidneys and liver are two vital organs significantly affected by long-term exposure to cadmium. The
accumulation of cadmium in the kidneys can impair normal kidney function, leading to increased excretion
of low molecular weight proteins in the urine?**’. In recent decades the increase in the presence of Cd in the
environment is mainly the result of its widespread use in the development of modern industries and technologies.
Human exposure to Cd primarily occurs through the consumption of contaminated foods. As a result, elevated
levels of Cd have been detected in plant-based foods (notably rice, wheat, leafy green vegetables, and potatoes),
seafood (including crustaceans, bivalve mollusks, oysters, cephalopods, and crabs), as well as animal products
(such as liver and kidneys)>!. Another source of Cd exposure for the general population is tobacco consumption.
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The findings of the studies indicate a significant increase in serum and urinary Cd levels among smokers in
comparison to non-smokers®. The findings of the current study indicate that individuals who use Nass are
subjected to Cd exposure. The mean levels of Cd found in this study were 2.90 ug/g with a range of 1.20-
3.65 ug/g and the levels of Cd in all samples were higher than the GothiaTek® standard (0.5 pg/g). The results of
the present study are consistent with those obtained in research conducted in other countries. In Pakistan, the
overall mean of Cd level in naswar samples was 2.34 ug/g with a range of 0.25-9.2 ug/g and Cd levels in 25 out
of 30 samples (83%) were higher than the GothiaTek® standard?!. Additionally, similar Cd levels were observed
in ST samples from Bangladesh, ranging from 1.05 to 3.53 pg/g and the levels of Cd in all samples were higher
than the GothiaTek® limit20. However, the levels of Cd contamination in Iranian ST were found to be higher than
those in Nigeria (ranging from 0.01 to 0.17 pg/g)?, Indian (ranging from 0.01 to 3.1 ug/g)**, Oman (ranging
from 1.75 to 1.95 pg/g)*®. In addition, the Cd levels in the 100% of ST samples examined in Nigeria were below
the MAL established by GothiaTek®?.

As levels in Nass samples

Over 200 million people worldwide are potentially exposed to high levels of arsenic, mainly from Asia and Latin
America. Arsenic exposure has been associated with the development of non-communicable diseases, including
diabetes, cardiovascular issues, skin conditions, neurological disorders, and various forms of cancer®*.
Arsenic is a natural element that is commonly found in the Earth’s crust. The primary source of As exposure
is contaminated drinking water. It is also present in air, food, soil, and tobacco*”°. The findings of the current
study indicate that individuals who use Nass are exposed to relatively low levels of As. The mean levels of As
found in this study were 0.71 ug/g with a range from less than 0.005 to 1.17 ug/g. Furthermore, the levels of As
in 88% of samples were higher than the MAL defined by the GothiaTek® (0.25 pg/g). In Pakistan, As levels in
the Naswar samples studied were in the range of 0.15-14.04 pg/g with an mean of 1.25 pg/g and As levels in 28
out of 30 samples (93.3%) were higher than the GothiaTek® standard?!. In addition, in other countries such as
UK®, Indian** and Saudi Arabia*® the As content in ST products has been demonstrated to range from 0.04 to
0.46 pg/g, 0.11 to 3.5 ug/g, and 0.2-7.2 pg/g, respectively.

Ni levels in Nass samples

Ni is a metal commonly found throughout the environment. The highest levels of Ni compounds in the air result
from the burning of fossil fuels. Additionally, direct leaching from rocks and sediments leads to elevated level of
Ni in water®®. There is evidence that nickel may be an essential trace element for mammals. However, despite its
presence in very low levels (0.5 nM) in human blood, no identified need for nickel or nickel-dependent enzymes
has been found in mammals®’. Exposure to nickel in humans can lead to respiratory issues, cardiovascular
diseases, kidney problems, and allergic dermatitis®®>®. Nonetheless, the most significant concern is its
carcinogenic potential, as certain nickel compounds have been classified as Group 1 carcinogens for humans by
the IARC*. Human exposure to Ni primarily occurs through ingestion via water and food. Moreover, inhalation
is a significant route of Ni exposure for humans in workplace settings. Combustion of fossil fuels, the incineration
of waste, using cheap jewelry, Kitchen utensils, and tobacco smoking are other environmental sources of Ni
exposure. Research shows that each cigarette contains between 1.1 and 3.1 pg of Ni*®. The findings of the current
study indicate that individuals who use Nass are exposed to relatively high levels of Ni. The mean levels of Ni
found in this study were 23.24 ug/g with a range from less than 4.95 to 44.65 ug/g. Furthermore, the levels of Ni
in 100% of samples were higher than the MAL defined by the GothiaTek® (2.25 pg/g). The results of the present
study are consistent with those obtained in research conducted in other countries. In Saudi Arabia, the mean Ni
level in thirty-three ST products (Shamma) was recorded at 40.06 pg/g (range of 0.6-267 pg/g)*. In Pakistan,
the mean levels of Ni found in thirty ST samples (Naswar) was 12.2 pg/g with a range from 2.2 to 64.8 pg/g.
Moreover, level of Ni in 93.3% of samples were higher than the GothiaTek® standard?!. In other countries such
as Nigeria?’, UK*, Indian** and USA*S the Ni content in ST products has been demonstrated to range from 0.2
to 0.7 ug/g, 1.22 to 5.88 pg/g, 1.3 to 13.05 pg/g, and 0.65-7.54 ug/g, respectively.

As compared above, it seems that the levels of Cd, Pb, As, and Ni in the ST samples analyzed in this study
is higher than those reported in the Oman, India, US, UK, and Nigeria. While the levels of metal toxins found
in this study was close to findings from research conducted on Shamma samples in Saudi Arabia*’ and Naswar
samples in Pakistan?!. The ST Products can be used individually or in combination with substances like ash, lime,
oil, flavouring agents (e.g. cardamom, menthol) and colouring agents (indigo), which can increase the level of
toxic metals in the final product“’. In the production of ST products such as Nass, Naswar, Shammah, Zarda,
Maras, Chimo, I¢mik and Khaini used tobacco in combination with lime and ash. In contrast, the tobacco is
used alone in the production of ST products including dry snuff, moist snuff, Gudhaku, Gul, Khiwam, Loose-
leaf, Mishri, Plug, Toombak, Red tooth powder, Tuibur, Twist and Roll, which mainly used in European and
American countries and regions!®. In addition, the level of toxic metals in ST products can be influenced by the
species of tobacco used, the conditions under which the plants grown (such as soil metal levels), the method
of tobacco processing (fermentation versus pasteurization), and the conditions for storing the product?. It
seems that the variation in toxic metal levels found in ST products across different studies may be attributed to
differences in measurement techniques.

Overall, the findings of this survey indicate that the levels of Pb, Cd, As and Ni in handmade samples
are higher than products manufactured at the plant. Additionally, the difference in Cd levels was statistically
significant. The variations in metal content within the analyzed Nass samples, based on their color, do not exhibit
a consistent pattern. Both commercial and domestic Nass are widely used throughout Iran, and household
products are more popular. Although the consumption of Nass is not prohibited in Iran, all factory products
of Nass found in the Iranian market is obtained through smuggling activities from neighboring countries,
particularly Pakistan and Afghanistan. While the production of handmade Nass is domestic in Iran. These
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products do not have packaging that displays the brand name or product description, making it difficult to
monitor the health production process. Therefore, the levels of metals in household products are expected to be
higher than those in factory-produced products.

Risk assessment

It is widely recognized that prolonged use of ST is associated with an increased risk of cancer. A review
conducted by the IARC in 2004 concluded that there is sufficient evidence from epidemiological and laboratory
studies to establish that ST causes oral, esophageal, and pancreatic cancers in humans'®. Estimates indicate that
individuals who consume Nass are 10 times more likely to develop oral cancer compared to those who do not
use it*. According to EPA standards regarding non-carcinogenic risk, if the THQ and Hi is less than 1, the
chemical substance poses no threat to individual health in lifetime. Similarly, an estimated CR between 0.0001
and 0.000001 indicates no carcinogenic risk to individual health in lifetime32. As shown in Table 4, EDI values
calculated for Pb, Cd, As and Ni were lower than RfD standards. The findings indicate that the THQ values for
all metals examined in the study were below 1, suggesting that there is a negligible health risk from exposure to
Pb, Cd, As, and Ni through Nass consumption. The study results also showed a relatively low HI (< 1) in women
and men, which indicates a negligible health risk (non-carcinogenic) associated with simultaneous exposure to
Pb, Cd, As, and Ni through Nass consumption. It is important to note that the relatively low levels of HI observed
in this study are related to only four metal ions. Consequently, it can be assumed that measuring other metal
and toxic substances in the Nass could significantly increase HI values. Additionally, The CR value for men
and women was less than 0.0001. As a result, exposure to As through Nass consumption can pose a acceptable
cancer risk for adult in Iran. In fact, a risk of 0.0001 indicates a probability of 1 chance in 10,000 of an individual
developing cancer through exposure to As in Nass®2. It is also important to note that when calculating risk
assessment, factors such as metal levels in the consumed substance, daily consumption amounts, average body
weight of the population, and the duration of metal exposure play a crucial role®. Therefore, even if metal levels
exceed the maximum permissible limit set by the GothiaTek®, a decrease in Nass consumption or an increase in
body weight could lead to a reduction in the THQ and HI values below one. On the other hand, when assessing
human health risks, data obtained from animal studies are primarily used to determine permissible levels of
chemicals in products. However, this approach introduces certain complications when adapting animal data
for human health risk assessments®!. To address these issues, uncertainty factors (UF) are applied when using
animal data to establish permissible levels for humans. Specifically, it has been suggested that a permissible
level for variety of materials can be derived by dividing the chronic NOAEL (no-observed-adverse-effect level)
obtained from animal studies by a UF from 10 to 100°% This method is considered reliable enough to protect
the majority of the human population from adverse health effects caused by long-term exposure to a specific
chemical. Therefore, the lower THQ and HI values in the present study, despite the higher metal levels compared
to the permissible limits set by GothiaTek®, are justified. This is because international institutions and agencies
employ a very stringent approach when determining permissible levels of chemicals in products.

Finally, there are limitations in our study that should be considered when interpreting the results. These
include the small sample size, the regional focus of the study, and the failure to identify other toxic metals in
the analyzed samples. Unlike cigarettes, there is limited standardized data available for health risk assessment
and detailed toxicological analysis of smokeless tobacco products. Therefore, the lack of information on the
bioavailability of the metals in Nass consumers is a significant limitation when assessing health risks.

Conclusions

The Nass is the most important form of ST product in Iran, and to date, there has been no research conducted
on the levels of toxic metals it. The findings of this study indicate that Nass available in the Iranian market
has elevated levels of Pb, Cd, Ni, and As. The metal levels detected in nearly all Nass samples from the Iranian
market exceeded the permissible limits established by GothiaTek® for ST products. The THQ and HI values in
the study were below 1, suggesting that there is a negligible health risk (non-carcinogenic) from exposure to
Pb, Cd, As, and Ni through Nass consumption. It is important to note that the relatively low levels of THQ and
HI observed in this study are related to only four metal ions in Nass samples. Therefore, this does not rule out
long-term health risks from prolonged exposure to, as it is reasonable to assume that measuring other metals and
toxic substances in Nass samples could significantly increase the THQ and HI values. In this study, the CR for
As was below 1x 107, which is the threshold acceptable for cancer risk. Due to the presence of various types of
carcinogens in the Nass, it is recommended to implement national policies and regulations aimed at lowering the
levels of toxic metals and other harmful substances found in ST products available in the Iranian market. This can
be achieved by establishing national limits for toxic metal levels in smokeless tobacco products and enhancing
public health awareness campaigns. Simultaneously, it is suggested that the design and implementation of ST
cessation programs targeting adolescents and young be considered as long-term strategies.

Data availability
The data used in this study are available from the corresponding author on request.
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