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Introduction

The element arsenic (As) being the 53rd most abundant 
element, is an extremely toxic metalloid. Primarily, arsenic exists 
in oxidation states of +3 (arsenite), +5 (arsenate), 0 (elemental), 
and -3 (arsine). The most deleterious forms are arsenite 
(As³⁺), which is acutely poisonous because of its interference 
with cellular processes, and arsenate (As5⁺), which hampers 
cellular energy generation. Among these, arsenite is universally 
regarded as the most hazardous to human health [1]. Arsenic 
poisoning is a serious global health issue that affects millions of 
people due to intentional poisoning as well as exposure in the 
workplace and environment [2,3]. Arsine gas (AsH3), which is  

 
both colorless and odorless, is highly hazardous and is commonly 
linked to industrial activities such as mining and semiconductor 
manufacturing. Administering even little amounts of arsine can 
be fatal, as symptoms including headache, nausea, vomiting, 
diarrhea, dark urine, and jaundice and can occur several hours 
after exposure. Arsenic predominantly enters the human body 
from internal consumption, inhalation, or dermal absorption, 
where it accumulates in the lungs, liver, kidneys, and skin. 
Following absorption, arsenic undergoes intricate metabolic 
transformations, whereby certain intermediates exhibit higher 
toxicity compared to the initial state. Acute arsenic poisoning 
includes gastrointestinal symptoms such as nausea, vomiting, 
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abdominal discomfort, and severe diarrhea. Chronic exposure, 
particularly by the consumption of polluted drinking water and 
food, can result in the development of skin lesions, skin cancer, and 
increased susceptibility to lung and bladder cancer. In addition, 
exposure to arsenic is associated with developmental adverse 
effects, diabetes, lung disease, and cardiovascular disease [4-6].

The absorption of arsenic from polluted soil and water by 
tobacco plants, namely Nicotiana Benthamian a Domin, results in 
the buildup of both inorganic and organic arsenic species. Within 
tobacco, inorganic arsenic is the predominant type, frequently 
making up a significant amount of the entire arsenic content. The 
process of arsenic metabolism in tobacco entails its conversion 
into less harmful byproducts such as methyl arsenic acid (MA) and 
dimethyl arsenic acid (DMA). Nevertheless, the consumption of 
tobacco is linked to a less effective process of methylating arsenic 
in blood, leading to elevated concentrations of harmful inorganic 
arsenic in those who smoke. This increases the potential health 
hazards, particularly when coupled with other forms of exposure 
such as contaminated drinking water. Tobacco smoking results 
in transfer of arsenic into both the mainstream and side stream 
smoke, therefore exposing both active and passive smokers. 
Inhalation of arsenic directly by active smokers poses a significant 
risk for the development of lung cancer and skin lesions. Smoking 
hinders the process of arsenic methylation, leading to elevated 
concentrations of harmful byproducts such as mono methyl 
arsenic acid (MA) in urine, so posing heightened health hazards. 
People who passively smoke, or are exposed to second hand 
smoke, also encounter health hazards associated with arsenic 
exposure, but to a lesser extent as compared to active smokers. 
The cumulative impacts of arsenic exposure from tobacco and 
other sources greatly increase the likelihood of health issues 
associated with arsenic, underscoring the necessity for public 
health measures aimed at minimizing exposure.

Traditional approaches for identifying arsenic in matrices 
like tobacco, such as colorimetric methods and Inductively 
Coupled Plasma Mass Spectrometry (ICP-MS), have significant 
limitations. Colorimetric techniques, which entail the formation 
of a colored complex with arsenic and subsequent visual or 
spectrophotometric measurement, are inherently subjective and 
have restricted sensitivity, especially when dealing with intricate 
matrices such as tobacco. The ICP-MS method, although very 
sensitive, is intricate, necessitating thorough sample preparation 
and calibration, and expensive, therefore limiting its availability 
for regular use [7-9]. AAS-VGA is the favored method because to 
its exceptional sensitivity in identifying extremely low levels of 
arsenic, which is crucial for precise analysis in many complicated 
matrices. AAS-VGA technology necessitates a substantial sample 
volume to guarantee representativeness and enables fast analysis, 
usually within a 30-minute timeframe. The device is designed to 
be easily used by experts, which minimizes mistakes and mitigates 
the risk of interference between different elements, therefore 
improving the accuracy of measurements. Moreover, AAS-VGA is 

more economically efficient than ICP-MS, thereby enhancing its 
availability for regular chemical analysis in laboratory settings. 
The aforementioned benefits render AAS-VGA a dependable and 
effective approach for the detection of arsenic in comparison to 
previous methodologies [7,10,11].

Materials and Methods 

Materials 

Experimental glassware: High-quality PFA glassware, 
manufactured by Borosil Pvt. Ltd. in India. Following an overnight 
immersion in a chromic acid solution, all the glassware was rinsed 
with water, ultrapure water, and dried. 

Chemicals and reagents: 1000 mg/L (1000 ppm) Arsenic 
produced by Loba Chemicals Pvt. Ltd., L-ascorbic acid and 37% 
Hydrochloric Acid (HCl) of Emparta grade, Sodium borohydride, 
Merck India provided Potassium hydroxide of Emsure grade, 
thiourea, Sodium Boro hydrate and Potassium Hydroxide were 
used for the analysis along with Ultrapure water from Rion’s India 
Pvt. Ltd. was used throughout the experiment. Argon gas of purity 
99.99% from Laser Gases Pvt. Ltd., New Delhi, was also used 
throughout the experiment.

Miscellaneous Items: The pipette of a capacity of 1 ml of 
Corning Company was used. Tarson’s Company Pipette Tips of 1 
ml were used and the weighing Balance of Igene Lab serve was 
used throughout the experiment.

Instrumentation: Atomic Absorption Spectrophotometer 
(AAS), Model No. AAS9000 and Hydride Generator (HG), Model 
No. HG600s from Jiangsu Sky ray Instrument Co. Ltd., China was 
used for the analysis.

Methods 

Preparation of Standard Solutions

Dilution method was used to prepare 1ppm of arsenic stock 
solution was prepared from 1000 ppm arsenic solution. 5 ppb 
standard solution was prepared by adding 0.5 ml from 1 ppm 
arsenic stock solution, 1 g of L-ascorbic acid (to make the solution 
equivalent to 1% L-ascorbic acid), 1 g of thiourea (to make the 
solution equivalent to 1% thiourea) and 13.5 ml of HCl (to make 
the solution equivalent to 5% HCl) in a100 ml volumetric flask, 
shaken well and made up to the mark with ultrapure water. 
Similarly, to prepare 10 ppb, 20 ppb, and 40 ppb an amount of 1 
ml, 2ml, and 4 ml is added from 1 ppm arsenic stock solution in 
respective 100 ml volumetric flasks by using the above procedure.

Preparation of Standard Blank Solution

1 g of thiourea (to make the solution equivalent to 1% 
thiourea), 1 g of L-ascorbic acid (to make the solution equivalent 
to 1% L-ascorbic acid), and 13.5 ml of HCl (to make the solution 
equivalent to 5% HCl) were taken in 100 ml volumetric flask, 
shaken well and made up to the mark with ultrapure water.
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Preparation of Tobacco Samples

The tobacco from a cigarette was taken in a glass vial and 
labelled. The tobacco was then pulverized into a fine powder 
using a mortar and pestle. A 0.5g quantity of tobacco powder was 
measured and placed in an MDS digestion vial. Subsequently, 4 
mL of concentrated HNO3 was added to it and kept for digestion. 
The parameters of MDS were configured in accordance with the 
instructions outlined in the MDS-10 manual accompanying the 
device (Table 1). The sample was renamed as TS1 (Tobacco stock 

1, Similarly TS2, TS3 ....... TS14). The digested sample was collected 
and subsequently transferred in a separate 100 mL volumetric 
flask. 2 mL of TS1, 0.5 g of thiourea (to obtain a concentration of 1% 
thiourea), 0.5 g of L-ascorbic acid (to produce a concentration of 
1% L-ascorbic acid), and 6.7 mL of HCl (to achieve a concentration 
of 5% HCl) were added to the 50 ml volumetric flask. The solution 
was vigorously agitated and subsequently diluted with ultrapure 
water until the flask reached the 50 mL mark. This procedure was 
replicated for each of the tobacco samples.

Table 1: Parameters of Microwave Digestion System (MDS-10).

Step (N) Temp. (Celsius) Time (min) Power of single vessel (W)

1. 130 10 400

2. 150 5 400

3. 180 10 400

Preparation of Tobacco Sample Blank

In a 100 mL volumetric flask, 4 mL of conc. HNO3 and 0.5 mL 
of ultrapure water were taken. 1g of thiourea, 1 g of L-ascorbic 
acid, and 13.5 mL of HCl were added to the 100 mL volumetric 
flask. The flask was then shaken well and filled up to the mark 
with ultrapure water.

Preparation of reagents for VGA

Carrier Reagent: A carrier reagent, consisting of 5% HCl, 
was prepared by dissolving 135.5 mL of 37% HCl in a 1-liter 
volumetric flask. The solution was then brought to the desired 
volume by adding ultrapure water.

Reducing Agent: The reducing agent was prepared in a 1-liter 
volumetric flask by dissolving 20 g of NaBH4 to create a solution 
equivalent to 2% NaBH4, and 5 g of KOH to create a solution 
equivalent to 0.5% KOH. The flask was thoroughly shaken, and 
then the volume was raised to 1- liter by adding ultrapure water.

Procedure for calibration of AAS-VGA for Arsenic

A clean and dry volumetric flask was taken. From a 1000 ppm 
standard sample solution, a stock solution of 1 ppm was prepared. 
From this 1 ppm stock solution, standard sample solutions of 5 
ppb, 10 ppb, 20 ppb, and 40 ppb were prepared. A standard blank 
solution was also prepared by adding 100 mL of distilled water to 
a volumetric flask, with no metal sample added.

To prepare the 5ppb solution

From the 1000 ppm standard solution, 100 µL of solution 
was taken using a micropipette to make a stock solution of 1 
ppm. From this 1 ppm stock solution, 0.5 mL was taken using a 
micropipette into a beaker to make a standard solution of 5 ppb. 
Similarly, 1 mL, 2 mL, and 4 mL were taken from the stock solution 
to prepare standard solutions of 10 ppb, 20 ppb, and 40 ppb, 
respectively. The system was then turned on, and the application 

was run. Instrumental parameters were set, the Argon gas knob 
was turned on, and its pressure was adjusted (Table 2). The As 
Lamp was selected and executed. A search was started, and the 
absorbance peak of as was checked. The instrument was prepared 
for calibration. A new project blank was selected, and an operation 
table was created for 5 standards: blank, 5 ppb, 10 ppb, 20 ppb, and 
40 ppb. Standard 1 (blank sample) was selected, and the capillary 
of the nebulizer was inserted in the sample. The instrument was 
set to work, and after 20 seconds, the record button (or space bar) 
was hit to record the absorbance value. This process was repeated 
for all calibration table standards (5 ppb, 10 ppb, 20 ppb, and 
40 ppb). The calibration table was obtained, and the calibration 
(correlation) graph was prepared by the instrument, with the 
correlation value as 0.99699. Calibration was thereby completed. 
The AAS-VGA calibration was conducted using arsenic standards 
with concentrations of 5 ppb, 10 ppb, 20 ppb, and 40 ppb (Table 3). 
The absorbance was determined following the completion of two 
trials for each standard. The correlation coefficient (R2) obtained 
was 0.99699. The samples underwent double testing in a single 
analysis to provide an average measurement, hence minimizing 
potential errors. The concentration of arsenic in the tobacco 
sample ranged from 164.4 ppb to 965.2 ppb after considering the 
dilution factor.

Result and Discussion

Result

Atomic absorption spectrophotometer, in conjunction with 
a Vapor Generator Assembly, was employed to quantify the 
concentration of arsenic in tobacco samples from cigarettes. The 
calibration technique covered a spectrum from 5 ppb to 40 ppb. 
The samples underwent dual analysis in a singular run, and the 
mean concentration of arsenic was determined by taking into 
account the dilution effect. The arsenic content varied between 
164.4 ppb and 965.2 ppb (Table 4), in 0.5g of tobacco taken. 
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Table 2: Parameters of Atomic Absorption Spectrophotometer (AAS) & Vapor Generator Assembly (VGA).

S. No. Parameters Conditions

Atomic Absorption Spectrophotometer (AAS)

1. Burner size 10 cm

2. HCL current 5 mA

3. Slit size 0.7 mm

4. NHV 481.25

5. Mode Hydride

Vapor Generator Assembly (VGA)

6. Carrier Gas Argon

7. Gas pressure 0.3 MPa

8. Airflow 200 mL/min

9. Heating level 3 out of 5

Table 3: Calibration Table of Atomic Absorption Spectrophotometer by Arsenic Standards for Tobacco Samples.

Standard Concentration (ppb) Test times Avg. Absorbance Co-relation value (R2)

Std. Blank 0 - -

0.99699

Std. 1 5 2 0.0250

Std. 2 10 2 0.0468

Std. 3 20 2 0.0786

Std. 4 40 2 0.1565

Table 4: Arsenic Concentration in Tobacco samples by AAS-VGA.

Sample Concentration (ppb) before 
dilution factor

Test 
times Absorbance Concentration (ppb) after 

dilution factor (0.5g tobacco)
Concentration of Arsenic in a 

Cigarette (1g Tobacco)

Sample 
Blank 0 - - - -

TS 1 2.549 2 0.0138 509.8 1019.6

TS 2 3.989 2 0.0193 797.8 1595.6

TS 3 3.282 2 0.0166 656.4 1312.8

TS 4 3.23 2 0.0164 646 1292

TS 5 3.491 2 0.0174 698.2 1396.4

TS 6 2.628 2 0.0141 525.6 1051.2

TS 7 3.465 2 0.0173 693 1386

TS 8 3.518 2 0.0175 703.6 1407.2

TS 9 1.607 2 0.0102 321.4 642.8

TS 10 0.822 2 0.0072 164.4 328.8

TS 11 4.826 2 0.0225 965.2 1930.4

TS 12 3.81 2 0.0174 762 1524

TS 13 2.89 2 0.0151 578 1156

TS 14 2.34 2 0.013 468 936

Discussion

Tobacco plants, recognized for their ability to absorb and 
retain heavy metals from the soil, can contribute to human 

exposure to arsenic. Tobacco plants predominantly assimilate 
arsenic from contaminated soils, fertilizers, or pesticides utilized 
in their cultivation. The levels of arsenic in tobacco may vary based 
on geographic location and agricultural methods. Nonetheless, 
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the consumption of tobacco products presents a possible avenue 
for exposure to arsenic. Tobacco is consumed by humans through 
several methods, including the regular smoking of cigarettes 
and cigars, chewing or dipping tobacco, excessive use of hookah 
or shisha, and the continuous intake of significant quantities of 
tobacco. Tobacco via cigarettes can also be consumed through 
its exposure to water. Arsenic included in tobacco can be inhaled 
and then absorbed into the bloodstream when the plant material 
is combusted. Prolonged tobacco consumption might result in 
significant health hazards owing to the presence of nicotine and 
other compounds. Smoking tobacco releases arsenic into the 
body, leading to elevated levels of arsenic in the urine of smokers. 
Consequently, there is a necessity to do inspections on cigarettes 
available in the Indian market to ascertain the arsenic levels, given 
the absence of particular regulations regarding the arsenic content 
in tobacco utilized for cigarette production [12,13]. The amount of 
arsenic found in 0.5 g of tobacco is rather insignificant, despite the 
fact that a cigarette usually contains over 1-2 g. Hence, increasing 
the concentration of arsenic twofold will unquestionably result in 
detrimental effects on both active and passive smokers, as well as 
the surrounding ecosystem. 

The WHO or any other health organization does not establish 
a precise threshold for the permissible amount of arsenic in 
tobacco. It is crucial to acknowledge that arsenic has the ability 
to transform into vapor and build up in the respiratory tract of 
both active and passive smokers [14]. The present investigation 

entailed the collection of 14 randomly chosen cigarettes of national 
and international brands from local pan shops in the New Delhi 
area. Four standards were taken to calibrate AAS-VGA, resulting in 
a R2 of 0.99699 (Figure 1). The samples were tested subsequent 
to the device’s calibration. The arsenic concentration in a single 
cigarette was found to range from 328.8 ppb to 1930.4 ppb (Table 
4). The term ‘Sample’ (TS1, TS2, …...TS14) has been utilized to 
obscure the brand’s identity. Amongst the total samples, only 3 
brands demonstrated the arsenic content below 1 ppm, whilst 
the other 11 brands exhibit an arsenic concentration around 
2 ppm. Sample 10 exhibits the lowest arsenic concentration at 
328.8 ppb, whilst sample 11 has the highest value at 1930.4 ppb. 
Indian customers are subjected to an average of 1212.77 ppb or 
1.212 ppm of arsenic per cigarette. The issue of arsenic pollution 
continues to be a significant global health problem, as ingestion 
of contaminated crops, water, and seafood are among the many 
routes through which individuals are exposed. The World Health 
Organization advises a maximum threshold of 10 μg/L for arsenic 
in drinking water, although several areas surpass this prescribed 
limit. Thorough surveillance and mitigation measures, including 
the implementation of safe irrigation techniques, provision of 
uncontaminated drinking water, and advocating food safety, are 
crucial in order to minimize human exposure and associated health 
hazards. This leads to the overall accumulation of pollutants in 
the atmosphere, adversely affecting air quality and posing health 
risks to persons exposed to the contaminated air [15].

Figure 1: Calibration graph of Arsenic.
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Conclusion

Arsenic is a very toxic substance that presents a significant 
threat to human health when ingested, breathed, or absorbed 
through the skin. The toxicity of this drug is insidious and may 
manifest as either acute or chronic poisoning. Upon analysis of 
tobacco of cigarettes sold in New Delhi, arsenic concentration was 
found to vary from a low of 328.8 ppb to a maximum of 1930.4 
ppb. No specific organization has established a fixed limit for the 
permissible level of arsenic in tobacco yet. Hence, there is a need 
for the officials to look upon this matter.
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