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A B S T R A C T   

Objectives: The objective of the study was to investigate the constituents of the most commonly consumed naswar 
brands from Khyber Pakhtunkhwa, Pakistan. 
Methods: A total of 14 most-sold brands of naswar, two from each division in KP were collected and analyzed by 
gas chromatography-mass spectrometry and inductively coupled plasma mass spectrometry to determine their 
organic and elemental composition respectively. In addition, pH, ash content, and aflatoxin assessment were also 
performed. 
Results: The average pH and ash content of all the test samples were 8.61 ± 0.271 and 18.94 ± 7.79 % 
respectively. Overall, the presence and concentration of the different constituents vary across the different 
naswar brands. GC–MS analysis identified 85 different organic compounds, the commonest being nicotine fol-
lowed by glycerol tricaprylate and Di-n-octyl phthalate. Metal ions present in the highest concentration were iron 
(1146.84 ± 1050.31 mg/kg), tungsten (306.59 ± 494.82 mg/kg), and copper (288.95 ± 77.16 mg/kg). Afla-
toxin B1 and B2 were the most common aflatoxins identified in naswar samples. 
Conclusions: Overall, naswar contains an array of organic, inorganic, toxic, and heavy metals and aflatoxin 
constituents with proven toxic and carcinogenic potential. Furthermore, high pH and nicotine contents make it 
highly addictive. There is an urgent need to enact and implement ST control policies to curb naswar use in 
Pakistan.   

1. Introduction 

Smokeless tobacco (ST) use is a growing public health concern with 
an estimated 360 million users across the globe (The Tobacco Atlas, 
2022) of which, more than 90 % live in the South Asian region. Despite 
being associated with multiple disease conditions (Boffetta and Straif, 
2009; Critchley and Unal, 2003), the use of ST products is gradually on 
the rise in South Asian countries (Chugh et al., 2023). This rise in con-
sumption can be attributed primarily to a lack or poor implementation 
of ST-specific tobacco control laws and legislation (Azeem et al., 2022). 
An important contributor to these legislative deficiencies is the poor 
understanding of the risks associated with the use of these ST products. 
Compared to smoking tobacco such as cigarettes, there is insufficient 
scientific evidence on the toxicity of ST products commonly consumed in 

developing countries. As a result, these products are considered safe or 
less harmful (Wackowski et al., 2014) by the general public. The situa-
tion is further complicated by the considerable variation in ST products 
in terms of varieties, their composition, and associated health risks 
among different countries (Ahmad et al., 2020a). Nonetheless, scientific 
evidence from across the globe suggests that ST use is a prime risk factor 
for oral, pharyngeal, and esophageal cancers, coronary heart diseases, 
and poor birth outcomes and contributes to 0.65 million deaths each 
year (Siddiqi et al., 2020). 

ST use is also common in Pakistan with an estimated 8 % of the 
population using different ST products, the commonest being Paan, 
Gutkha, and Naswar (Naz et al., 2018). Naswar use is mostly common 
among the ethnic Pashtun population of Khyber Pakhtunkhwa (KP) 
province, wherein around 15 % of the general population uses naswar 
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(Khan et al., 2017). In Peshawar, the capital city of KP, around 60 % of 
the total tobacco users consume naswar (Ahmad et al., 2020a). Naswar 
is prepared in local cottage industries by mixing sundried tobacco leaves 
with slaked lime, ash, and flavoring agents (Zakiullah et al., 2012) and 
packed and sold in small poly-ethylene bags (Sajid and Bano, 2016). 
Naswar usage for a long time has commonly been linked with oral 
cancer with pooled estimates suggesting that habitual naswar users are 
at 10 times higher risk of developing oral cancer than non-users 
(Suliankatchi et al., 2019). Moreover, a variety of oral (leukoplakia, 
oral submucous fibrosis, caries, periodontal diseases, teeth staining, and 
halitosis) (Asthana et al., 2019; John et al., 2021) and systemic (car-
diovascular and other) diseases are also reported in habitual naswar 
users (Khan et al., 2017; Sinha et al., 2016). 

Although naswar use is common in KP, scientific studies exploring 
the composition of products are scarce. To date, the limited available 
evidence suggests the presence of toxic constituents (nicotine, heavy 
metals, tobacco-specific nitrosamines) (Ahmad et al., 2020b; Zakiullah 
et al., 2012) and bacterial contamination in naswar brands in KP (Habib 
et al., 2023). Storage of naswar may also expose it to fungal contami-
nation (Saleem et al., 2018), and become a potential source of myco-
toxins and aflatoxins with known carcinogenic potential in humans 
(Ahmed et al., 2023). However, efforts to identify aflatoxin presence in 
naswar have not been carried out as yet. 

The scientific studies assessing the composition of naswar were 
conducted at least a decade ago (Zakiullah et al., 2012) and are not 
representative of the advances in preparation methods and product 
composition owing to the greater demand and popularity in the recent 
past (Ahmad et al., 2020a). Moreover, the composition of naswar 
products varies among different areas and regions within Pakistan. 
Additionally, there are brand differences in terms of the amount of to-
bacco, ash, and slaked lime as well as the type and nature of additives 
used in the products. It is, therefore, imperative to carry out the 
compositional analysis of the naswar products available in the market at 
the moment, to assess the risks associated with their toxicity. The cur-
rent study aims to comprehensively assess the composition (organic and 
inorganic constituents), toxic and heavy metals, and microbial toxins 
(aflatoxins) contamination in the most commonly consumed naswar 
brands in the KP province of Pakistan. 

2. Materials and methods 

2.1. Study design and setting 

This cross-sectional study was conducted in all 7 divisions (Pesha-
war, Mardan, Hazara, Kohat, DI Khan, Bannu, and Malakand) of KP. A 
total of 14 most-sold brands of naswar, two from each division were 
collected using a purposive sampling technique. 

On-site information of all naswar samples was collected using a 
structured questionnaire. Three freshly prepared samples were pur-
chased, put in zip-locked polypropylene bags, and transported to the lab. 
The samples were weighed using a calibrated digital balance and the 
average measure of the three was recorded as the final weight of the 
pouch contents. The samples were stored at − 20 ◦C till further analysis. 

2.2. pH determination 

The pH was determined on the day of sample collection before 
storage by adding 2.0 g of the sample into 20 mL of deionized water. All 
the sample ingredients were thoroughly mixed using a digital shaker and 
the pH was determined at 5, 15, and 30-minute intervals using a digital 
pH meter (Orion Star™ A211). 

2.3. Ash contents 

To determine the ash contents, one full bag of the samples was kept 
in a pre-dried silica dish and heated in a muffle furnace at 500–550 ◦C 

till all the organic materials were removed and white color appeared. To 
ensure complete combustion, each sample was heated for an additional 
30 min, and the weight of the ash contents was measured using a digital 
balance. 

2.4. Gas chromatography-mass spectrometry (GC–MS) analysis 

For GC–MS analysis, naswar samples were extracted in three 
different solvents (ethanol, chloroform, and N-Hexane). Extraction was 
performed by adding 50 g of naswar sample in 100 mL of the extraction 
solvent in a conical flask followed by homogenization for 24hr at room 
temperature. For three consecutive days, fresh 100 mL of solvent was 
added into flasks followed by filtration of the extracts using Whatman 
filter paper (0.45 µ). The final residue was stored at 4 ◦C in the dark. The 
extracted samples were injected into Shimadzu Gas Chromatograph 
instrument (GC-2010, Germany) fitted with 30 mm × 0.25 mm capillary 
column (Thermo Scientific, U.S.A.), film thickness 0.25 μπι and helium 
gas at a flow rate of 1.2 mL min− 1. The initial temperature of the oven 
was kept at 70 ◦C followed by a 5 ◦C incremental increase in the tem-
perature each minute for 30 min. The instrument chromatogram was 
coupled with a mass detector Qudrapole (QP 2010 Plus, Shimadzu, 
Japan) and an Electron Impact ionization (EI) system. The relative 
percentage amount of each compound was calculated by comparing its 
average peak area to the total area. The compounds present in the ex-
tracts were identified either by the retention time, area, or standards 
using NIST08 and Wiley 9 built-in libraries. 

2.5. Elemental analysis 

For elemental analysis, microwave-assisted digestion of naswar 
samples was carried out using the validated method reported previously 
(Alhazmi et al., 2018). The digested samples were diluted in deionized 
water and analyzed via ICP-MS (Agilent, Germany). All samples and 
standards were analyzed in triplicate using instrument verification 
standards. The samples were diluted in a 2 % nitric acid and were 
aspirated using the auto-sampler. Each element concentration was 
calculated using the dilution values. 

2.6. Detection and quantification of aflatoxins 

Aflatoxin presence in naswar samples was determined using the 
AflaTest method (AOAC license no. 940801) as described previously 
(Swaileh and Abdulkhaliq, 2013). Briefly, 25 g of naswar sample and 5 g 
of salt (NaCl) were added into a blender jar containing 125 mL of 
methanol/water (60:40 v/v), blended for one minute, and passed 
through a filter paper. The resultant filtrate was collected in a clean 
vessel, diluted with double distilled water, mixed, and filtered again. 
The filtered extract (5 mL) was passed through an AflaTest and the total 
Aflatoxins level was determined. 

3. Results 

3.1. General characteristics of naswar brands 

Of all the 14 different naswar brands tested in this study, 6 were in 
use for more than 20 years and only 5 were tested in the laboratory. The 
majority of the manufacturers reported grounded tobacco leaves, ash, 
and slaked lime as the main ingredients to prepare naswar along with 
some flavoring agents such as menthol and cardamom. The average pH 
and ash contents of all the test samples were 8.61 ± 0.271 and 18.94 ±
7.79 % respectively (see Table 1). 

3.2. Naswar composition 

Using GC–MS analysis, 85 different chemical compounds were 
identified in naswar samples (supplementary Table S1). Representative 
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chromatogram analysis of three naswar samples is presented in sup-
plementary figure S1. Nicotine was the most common constituent pre-
sent in all samples. Depending on the extraction solvent, the highest area 
% of nicotine was 97 % in the N-Hexane extract of the S4 naswar sample 
while the lowest area% (26.1 %) was found in the ethanolic extract of 
S2. The second highest area% (49.6 %) was observed for the compound 
glycerol tricaprylate which was present only in chloroform extract of 
sample S2. 

Of all the compounds isolated in naswar samples, 23 are classified as 
hazardous and harmful to humans (Table 2). The majority of the haz-
ardous and toxic constituents were from carboxylic (cotinine, norcoti-
nine, 1,3-Diethylurea) and polyaromatic group of compounds (benzoic 
acid, 2-ethylhexyl ester, Benzene, 4-ethyl-1,2-dimethyl-). Naswar sam-
ples S2 and S3 had the highest number (n = 10) of hazardous compounds 
followed by S1 and S5 brands (n = 8). Urea, N, N′-diethyl- was the major 
hazardous compound frequently reported in eight samples ranging from 
(1.64–9.78 %). 

3.3. Elemental composition 

Elemental analysis using the ICP-MS method identified twelve ele-
ments in all naswar samples (Table 3). Iron was the most common 
element present in all samples with the highest average concentration 
(1146.84 ± 1050.31 μg/kg) followed by tungsten (306.59 ± 494.82 μg/ 
kg) and copper (288.95 ± 77.16 μg/kg). Elemental concentration also 
varied widely among different naswar samples. Lead, one of the most 
toxic heavy metals was also found in all samples with an average con-
centration of 190.28 ± 96 μg/kg. 

3.4. Aflatoxin contents 

Recovery values for the total aflatoxins range from 36 to 84 % for all 
samples as presented in Table 4. Aflatoxin B1 and B2 were the most 
common aflatoxins identified in 12 and 11 naswar samples respectively. 
Aflatoxins G1 and G2 were detected in only 3 and 2 samples. The highest 

average concentration of total aflatoxins (8.40 PPB) was observed in S2 
samples and S8 and minimum concentration (3.60 PPB) was found in 
sample S1. Only Aflatoxin B1 was present in S3 and crossed the upper 
acceptable limit (5 PPB) considered safe for humans. None of the sam-
ples crosses the total AFB limit of 10 PPB. 

3.5. Carcinogenic compounds identified in naswar samples 

Of all the organic and heavy metal elements detected in naswar 
samples, five constituents are carcinogenic based on the International 
Agency for Research on Cancer (IARC) classification (IARC, 2023). 
These include chromium, nickel, tungsten, antimony, and lead. As per 
IARC classification, nickel and chromium are classified as group 1 
compounds that are carcinogenic in humans. Tungsten, antimony, and 
lead are in group 2A which are probably carcinogenic in humans. 

4. Discussion 

The current study, thoroughly assessed the biochemical composition 
of naswar brands commonly used in KP, Pakistan. The overall compo-
sition of the samples does not vary considerably across the different 
regions of the KP province. All the samples possess an alkaline pH 
ranging from 8.1 to 8.9. These results are in concordance with the 
findings of a recent research study reporting the basic pH of the ST 
products commonly consumed in India (Sharma et al., 2023). The higher 
and alkaline pH of naswar and other ST products is mainly due to the 
addition of slaked lime and ammonium bicarbonate. The alkaline pH of 
ST products accelerates the release of unprotonated nicotine and en-
hances its absorption through the oral mucosa thus increasing the risk of 
nicotine dependency in users (Pickworth et al., 2014). The average ash 
contents of the test samples were low (range: 9.6–31.4 %). Since naswar 
in the KP region is mostly used in moist form, the ash contents are 
generally low compared to other ST products (Sharma et al., 2023). 

On a global scale, the chemical composition of ST products varies 
widely between different types and also within different brands of the 

Table 1 
General characteristics of Naswar samples.  

Division Sample 
code 

Brand in 
use since 

Unit price 
in PKR 

Compositional raw materials Sources of 
compositional raw 
material 

Laboratory 
testing 

PH Ash (%) 

Peshawar S1 2005 20 Local tobacco, ash, slacked lime Local dealers No 8.56 10.9  
S2 1997 20 Local tobacco, ash, slacked lime Local dealers Yes 8.7 16.4 

Mansehra S3 2008 10 Local tobacco, ash, oil, slacked lime, 
cardamom 

Local dealers No 8.35 15.1  

S4 2000 10 Local tobacco, ash, slacked lime, flavoring 
agents 

Local dealers No 8.96 21.1 

Dera Ismail 
Khan 

S5 2008 20 Local tobacco, ash, oil, slacked lime, 
menthol 

Local dealers No 8.12 31.4  

S6 2003 10 Local tobacco leaves, ash, slacked lime, 
menthol 

Local dealers No 8.59 26.4 

Banu S7 1999 20 Local tobacco leaves, ash, slacked lime, 
flavoring agents, menthol, cardamom 

Local dealer No 8.39 16.2  

S8 2010 20 Local tobacco leaves, ash, calcium oxide, 
flavoring agents, menthol, cardamom 

Local dealer No 8.85 20.8 

Kohat S9 1995 20 Local tobacco leaves, wood ash, calcium 
oxide, flavoring agents, menthol, 
cardamom 

Local dealer Yes 8.14 10.9  

S10 1997 20 Local tobacco leaves, ash, calcium oxide, 
flavoring agents, menthol, cardamom 

Local dealer No 8.73 16.0 

Mardan S11 1998 20 Local tobacco leaves, ash, calcium oxide, 
flavoring agents, menthol, cardamom 

Local dealer Yes 8.7 32.4  

S12 2003 20 Local tobacco leaves, ash, calcium oxide, 
flavoring agents, menthol, 

Local dealer Yes 8.77 26.9 

Swat S13 NA 10 Local tobacco leaves, ash, calcium oxide, 
flavoring agents 

Local dealer No 8.93 9.6  

S14 2000 20 Local tobacco leaves, ash, calcium oxide, 
flavoring agents 

Local dealer Yes 8.8 10.5        

8.61 ± 
0.271 

18.94 ± 
7.79  
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same product (Kaur et al., 2019). In the current study, naswar samples 
also exhibit considerable compositional ingredients that are considered 
hazardous for human consumption. For example, nicotine, a well-known 

alkaloid in tobacco that is linked to addiction and health risks including 
cardiovascular diseases and cancer (Mishra et al., 2015) was the most 
common chemical constituent in naswar samples. Similarly, cotinine 

Table 2 
List of hazardous compounds identified in naswar samples.  

S#. List of compounds S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 Hazard classes 

1 Tri methyl dodecane             1.9  Skin, and respiratory 
tract irritation 

2 Ethylhexyl benzoate  1.63             Long-term hazard/ 
Reproductive toxicity 

3 Menthol 3.69         0.24   0.69  Skin irritation 
4 1-octadecyne 5.09 9.25 0.23 0.32 0.15 0.32       076  Warning Specific target 

organ toxicity/ 
Respiratory tract 
irritation 

5 Myosmine 1.23 0.25            0.15  
6 Megastigmatrienone 0.47              Respiratory disorders/ 

chronic bronchitis 
7 n.Hexadecanoic acid 1.93 1.79 0.2 0.25 0.52 0.32 0.28 0.22 0.55  0.25  0.76 0.56 Colorectal cancer/ 

Inflammatory bowel/ 
disease/Eosinophilic 
esophagitis 

8 2H-tetrazol-5-amine,2- 
(phenylmethyl)- 

8.3          0.22   0.36 Skin/Eye Damege/target 
organ toxicity/ 
Respiratory tract 
irritation 

9 Cotinine 1.3 2.7 1.02  1.95  0.91      2.6 1.05 Respiratory irritation 
10 Nicotyrine  0.93    0.37   0.21  0.43    Eye lungs, thorax 

damage/irritation/ 
depression 

11 Myristic acid  2.01             Sensitization, Skin 
12 Adipic acid, bis(2- 

ethylhexyl) ester  
10.74             Narcotic effects/irritatio. 

13 7-tetradecenal,(Z)-              3.23 target organ toxicity/ 
Skin corrosion/irritation 

14 Norcotinine  0.18  0.51 0.38  0.35    0.98    corrosion/irritation 
15 1,3- diethylurea  2.53              
16 Urea, N,N-diethyl-   3.54 9.81 4.66 1.64 5.75 2.81   4.28 9.78   Acute toxicity, oral 
17 Undecane   2.57  1.27 2.1 2.07 1.6 2.27  1.34 1.37   Eye and skin irritation 
18 Dodecane   1.41  0.78  0.19  1.27  1.28    eye damage/irritation 
19 Benzoic acid, 2-ethyl-

hexyl ester   
0.72          5.45  damage fertility 

20 Benzene, 4-ethyl-1,2- 
dimethyl-   

2.69      2.55      Aspiration hazard 

21 Naphthalene   0.83            causing cancer 
22 Tridecane   0.84  0.48    0.79 0.64  0.75 0.55  Harmful by inhalation, 

ingestion or skin 
absorption 

23 Anabasine 5.5         0.54     Health hazards  

Table 3 
Concentration (μg/kg) of various elements in different Naswar samples as measured by ICP-MS.  

Division Sample Carbon 
monoxide 

Manganese Zinc Tungsten Rubidium Copper Antimony Iron Lead Silver Nickel Chromium 

Peshawar S1 15.44 186.48 211.41 168.53 25.58 369.43 24.17 687.64 114.82 214.59 386.18 211.44  
S2 11.49 130.96 118.48 566.90 11.35 277.06 8.18 377.58 63.40 122.66 284.05 117.91 

Mansehra S3 13.92 153.96 330.61 20.40 8.96 339.17 12.36 1196.59 206.70 151.68 341.46 71.51  
S4 8.89 209.65 119.03 52.24 9.89 250.36 81.93 835.22 343.75 287.75 281.63 79.47 

Dera 
Ismail 
Khan 

S5 11.80 181.61 180.35 6.68 7.49 340.95 28.83 920.78 224.14 147.26 320.91 170.77  

S6 23.51 181.00 817.18 1576.09 26.99 454.79 13.41 1242.63 277.95 121.24 283.44 95.53 
Banu S7 12.21 138.24 183.05 1013.77 8.39 269.94 16.31 821.19 193.25 123.61 326.35 67.98  

S8 15.14 353.88 167.54 4.85 23.20 340.75 10.75 4459.93 113.71 70.16 223.61 110.98 
Kohat S9 10.32 173.27 98.97 34.58 8.52 239.88 9.05 1738.26 89.45 103.43 235.09 30.20  

S10 43.42 255.14 10.48 794.93 13.41 196.57 28.94 1643.85 153.90 108.47 90.05 135.88 
Mardan S11 5.05 71.98 30.35 24.98 8.66 178.6 5.30 364.30 224.49 45.56 103.95 18.03  

S12 6.44 126.32 37.85 22.51 7.56 289.03 26.45 886.82 183.53 25.54 151.69 95.08 
Swat S13 6.20 109.66 15.76 0.46 7.95 309.70 176.95 543.85 382.92 33.42 140.21 4.53  

S14 5.27 72.61 23.43 5.40 5.34 188.95 9.67 337.14 91.89 35.79 94.28 8.34  
Mean  
± SD 

13.5 ± 9.9 167.4 ±
73.6 

167.4 
±

208.3 

306.5 ±
494.8 

12.3 ± 7.2 288.9 
± 77.1 

32.3 ±
45.8 

1146.8 
±

1050.3 

190.2 
± 96.0 

113.6 
± 7.5 

233.0 
±

100.3 

86.9 ±
60.8  
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and norcotinine, the biomarkers for nicotine exposure in humans 
(Benowitz et al., 2009) can absorb quickly through the oral or respira-
tory mucosa, enter the bloodstream, and can even cross the blood–brain 
barrier (Shoji et al., 2023). Octadecenioc acid (stearic acid), with proven 
DNA damage and tumorigenic potential (Alhazmi et al., 2019) was also 
present in some naswar samples. Similarly, polycyclic aromatic hydro-
carbons such as naphthalene which is reported in three naswar brands 
are a respiratory toxicant as well as a possible human carcinogen (Tra-
boulsi et al., 2020). We have also found nitrogenous compounds in 
naswar samples. The accumulation of Tobacco-Specific Nitrosamines 
(TSNAs) in tobacco products is influenced by factors like nicotine con-
version and nitrate content. Nitrates, which are chemically unstable, can 
react with tobacco alkaloids, either directly or through microbial 
digestion to form TSNAs (Habib, U. et al., 2023). 

ST products that are commonly consumed in Southeast Asian pop-
ulations contain additional flavoring agents with varying concentration 
ranges (Lisko et al., 2014). In this study, the identification of menthol in 
at least three naswar brands confirms the local manufacturer’s inten-
tional addition of this flavoring agent into the product. The addition of 
menthol increases the attraction to new users by making the product 
more palatable and acts as a reinforcer (Ahijevych and Garrett, 2010). 
Another interesting finding of this study was the identification of eth-
ylamphetamine carbamate in naswar samples S12. Ethylamphetamine 
carbamate is an amphetamine derivative and is classified as a drug with 
addiction and abuse potential. If ingested, it may induce hallucinations, 
cardiac arrhythmias, blurred vision, and a strong feeling of intoxication 
(Zanda and Fattore, 2017). The presence of amphetamine in these nas-
war samples raises important questions. It could indicate adulteration of 
other plant products containing amphetamines with similar properties. 
Alternatively, it is plausible that amphetamine, in its chemical form, was 
directly added to these naswar products given its ready availability in 
the market (Alhazmi et al., 2019). This important finding warrants 
further investigations to better understand the sources and health im-
plications of such adulterations. 

In addition to the organic constituents, we have also reported twelve 
different elements, five of which are carcinogenic in humans. These 
findings are also in concordance with previous reports indicating 
carcinogenic elements in ST products (Sami et al., 2021). Previously, 
several studies have identified toxic heavy metals and other hazardous 
elements in ST products across the world (Brima, 2016; Guezguez et al., 
2021; Shetty and Hegde, 2021). It is important to note the metallic 
composition of individual samples varied widely among the samples 
reflecting differences in the amount and composition of the ingredients 
and also the processing, wrapping, and storage of the product. Our 
study, for the first time, also reported the presence of aflatoxins in 
naswar products. Previously, AFB1 and AFG1 aflatoxins have been re-
ported in the ST products (Qi et al., 2017). Chronic toxicity of aflatoxins 
can lead to liver cell carcinoma in humans, stunted growth, weakened 

immunity, and cirrhosis in unhealthy individuals (Ahmed et al., 2023). 
While we were able to identify aflatoxins in naswar samples, the source 
of contamination whether it is because of direct contamination of to-
bacco leaves, use of additives, pH, or storage conditions is yet to be 
known. 

Although the current study is the first ever and most comprehensive 
analysis of the composition of the most famous naswar brands from all 
the administrative regions of KP, it has some limitations. First, naswar 
samples used in the study were selected based on popularity, and not all 
brands were selected thus greatly limiting the generalizability of the 
study findings. Second, we could not assess the impact of storage and 
shelf-life variations on naswar composition. Third, the sample size per 
region may vary considerably but we could only test two samples per 
region. 

5. Conclusion 

The present study identified several organic (85), metallic (12) and 
aflatoxins (4) constituents in naswar samples collected from all admin-
istrative regions of KP, Pakistan. Naswar also possess highly addictive 
potential due to alkaline pH (8.61 ± 0.271) and high nicotine contents. 
The addictive potential coupled with the presence of carcinogenic 
compounds renders naswar a very dangerous product for human con-
sumption. Given that naswar is manufactured by the cottage industry in 
Pakistan, steps must be taken to look into regulating their manufacture 
and sale. 
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Table 4 
Aflatoxins concentration (ppb) in naswar samples.    

Aflatoxins concentration in ppb or μg/kg Percent recovery 

Division Sample code B1 B2 G1 G2 Total Standard 

Peshawar S1 1.40 2.20 ND ND 3.60 10 36 %  
S2 2.80 5.60 ND ND 8.40 10 84 % 

Mansehra S3 5.60 1.40 ND ND 7.00 10 70 %  
S4 1.40 2.80 ND ND 4.20 10 42 % 

Dera Ismail Khan S5 1.40 2.80 ND ND 4.20 10 42 %  
S6 2.80 1.40 1.40 ND 5.60 10 56 % 

Banu S7 4.20 ND ND ND 4.20 10 42 %  
S8 ND ND 2.80 5.60 8.40 10 84 % 

Kohat S9 1.40 2.80 ND ND 4.20 10 42 %  
S10 2.80 2.80 ND ND 5.60 10 56 % 

Mardan S11 1.40 5.60 ND ND 7.00 10 70 %  
S12 2.80 2.8 ND ND 5.60 10 56 % 

Swat S13 ND ND 1.40 4.20 5.60 10 56 %  
S14 1.40 2.80 ND ND 4.20 10 42 %  
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Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jksus.2024.103168. 
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