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Abstract 
Tobacco use is dangerous to health and the environment. Despite the numerous measures taken to combat the 
adverse effects of tobacco, fruitful results are yet to be achieved. Nicotine is the primary psychoactive (and highly 
addictive) chemical component in tobacco. This study aimed to lower the nicotine content and detoxify bidis (a 
more harmful tobacco product compared to cigarettes). We subjected the bidi packets to 2–6 µm mid-infrared (mid-
IR) light generated by a specially designed pocket-sized atomizer. The smoke from such mid-IR-treated bidis blown 
over animate and inanimate objects was non-irritating and harmless. Spectroscopic studies revealed that the applied 
2–6 µm mid-IR exerted molecular-level changes and resulted in chemical compound transformations, thus lowering 
the nicotine content in the bidis. Trials with smokers demonstrated that the mid-IR-treated bidis were more desirable 
to smoke and also retained smoking pleasure and satiety. Thus, the 2–6 µm mid-IR light can detoxify the bidis and 
represents a safer way for smoking than attempting complete cessation, which is highly challenging for smokers.
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1. Introduction
Tobacco use is a major preventable cause of disease and death. 
Every year, approximately 7 and 1.2 million active and passive 
tobacco users die globally [1]. Tobacco smoke contains a complex 
mixture of 5,000 chemicals, 98 of which are hazardous and around 
50 of which are carcinogens [2]. Nicotine causes significant health 
hazards to the heart, reproductive system, and lungs, including 
cancer and other chronic diseases [3-7]. Smoking reduces life 
expectancy by ten years, and quitting before the age of 40 reduces 
the chance of smoking-related fatalities by up to 90% [8,9].

Nearly 50% of smokers tried to quit smoking, but less than 10% 
succeeded [10,11]. The use of alternative nicotine and tobacco 
products was found to be more effective for facilitating sustained 
abstinence, which is more pleasant than other interventions 
[12]. 20% of smokers use safer smoking alternatives as smoking 
reduction/cessation aid [13]. Alternative tobacco and nicotine 
products, such as Electronic Cigarettes (EC), smokeless tobacco, 
and Nicotine Replacement Therapy (NRT), have been assessed for 
their potential role in smoking reduction and cessation. Studies 
have shown that these products can moderately reduce daily 

cigarette consumption and assist in smoking cessation attempts, 
with fewer adverse events [14]. 

However, it is important to note that the use of alternative 
tobacco products, particularly among adolescents, may lead to 
subsequent cigarette use and undermine tobacco control efforts. 
Although smoking cessation could be initially achieved with these 
interventions, smoking relapse is a significant challenge. Vaccines 
aimed to elicit antibodies to block the pharmacological effects of 
nicotine are not yet fully developed and face significant ethical 
and economic challenges. Unfortunately, no standard regimen 
has been proven to be effective for smoking cessation and relapse 
prevention.

Nicotine degradation in the blood can be achieved using the bacterial 
enzyme NicA2. NicA2 is an enzyme found in Pseudomonas putida 
and Arthrobacter nicotinovorans that can degrade nicotine through 
enzymatic processes [15]. It oxidizes nicotine into non-addictive 
compounds, such as pseudo-oxynicotine and 2,6-dihydroxy-
pseudooxynicotine, which can prevent the accumulation of 
nicotine in the brain [16]. However, such treatment raises concerns 
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regarding immunogenicity and cost-effectiveness. Therefore, this 
study aimed to develop safer smoking by detoxifying the nicotine 
using a laser. We chose the electromagnetic spectrum's mid-
infrared (MIR) portion as the laser source. MIR is non-ionizing, 
biologically safe, can penetrate most of the intervening media, 
and is absorbed by all organic compounds [17,18]. We designed 
a pocket-sized 2–6 µm mid-IR generating atomizer (MIRGA) and 
investigated the role of MIR in reducing the nicotine content and 
thereby detoxifying the tobacco.

2. Materials and Methods
2.1.  MIR Atomizer Equipment – “MIRGA” 
MIRGA (patent no.: 401387) is a 20 mL pocket-sized atomizer 
containing an inorganic water-based solution containing 
approximately two sextillion cations and three sextillion anions. 
The design, specifications (Figure 1), and working principle of 
MIRGA were described in a study by (full design and details 
of MIRGA present in Supplementary Text T1) [19]. MIRGA is 
designed to emit energy in the 2–6 µm MIR range upon spraying 
Figure 1. 

Figure 1: Schematic Representation of MIRGA Spraying A) Container B) Plunger C) MIR Spray D) Packet Containing Bidis

2.1.1. In Supplementary Text T1
MIRGA (under-patent no.: 401387) is a 20-mL capacity 
polypropylene plastic atomizer containing an inorganic (molar 
mass 118.44 g/mole) water-based solution. The sprayer unit has 
dimensions 86 × 55 × 11 mm, an orifice diameter of 0.375 mm, 
ejection volume 0.062 + 0.005 mL, and ejection time 0.2 s. The 
average pressure is 3900 Pa, and the cone liquid back pressure is 

2000 N/m2. During spraying, approximately 1-μg weight of water 
is lost as mist and the non-volatile material in the sprayed liquid 
has a concentration of 153 mg/mL. Depending on the pressure 
applied to the plunger, every spraying is designed to generate 
2–6 µm as estimated by an FTIR (retro-reflector) interferometer 
instrument (Detector type D* [cm HZ1/2 - 1] MCT [2-TE cooled]) 
at Light wind, Petaluma, CA, USA.

Figure 2: Parts of the MIRGA Sprayer
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Figure 3: Estimation of 2-6 µm Mid-Infrared While Spraying MIRGA Atomizer

MIRGA spraying was externally performed from 0.25 to 0.50 m 
over the packets (paper, polythene, or leaf) containing bidis (Figure 
2, Supplementary Video V1). This distance allowed the MIRGA 
solution to form ion clouds, oscillating and generating 2–6 µm 
MIR; closer spraying did not generate MIR. Every spray emits a 

volume of 0.06 mL to and fro, which contains approximately seven 
quintillion cations and eleven quintillion anions. The generated 
2–6 µm MIR penetrated the intervening packaging material and 
acted on the bidis inside.

Supplementary Video V1: Method of MIRGA Spraying

Supplementary Data:
The Supplementary data for this article can be accessed using the following link: https://www.opastpublishers.com/assets/videos/
method-of-spraying.mp4

2.2. Toxicity of MIRGA
Although MIRGA is sprayed externally over the packet of bidis and generates safe 2–6 µm MIR, its toxicity was assessed. An in-vitro 
cytotoxicity assay with A549 cells demonstrated that the MIRGA-sprayed mist was non-toxic to human cells in Figure 4 [19-21].

https://www.opastpublishers.com/assets/videos/method-of-spraying.mp4
https://www.opastpublishers.com/assets/videos/method-of-spraying.mp4
https://www.opastpublishers.com/assets/videos/method-of-spraying.mp4
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Figure 4: Instrumentations of Bidi Samples a) GC-MS b) FTIR c) PXRD

2.3. Bidis
Commercial bidi packets (20 pieces per pack) of a single brand 
were purchased from local retail outlets. Bidis (also known as 
bidis or beedis) are slim, hand-rolled, mostly unfiltered cigarettes 
common in South Asia. Bidis are made of raw, sun-dried, and finely 
ground low-grade tobacco flakes wrapped in a tendu (Diospyros 
melanoxylon) leaf and tied with a string.

2.4. Patient and Public Involvement
No patient involved

2.5. Experiment I
Eleven bidi packets (20 pieces per pack) were used. One packet 
was marked as M-0 and kept separately as a control (untreated). 
The remaining 10 packets were marked with M-1 to M-10, 
corresponding to the number of MIRGA sprayings (i.e., M-1 
received one MIRGA spraying on one side of the packet, M-2 
received two MIRGA sprayings (one on either side of the packet), 
M-3 received three MIRGA sprayings (two sprayings on one 
side and one on the other side of the packet), M-4 received four 
sprayings (two sprayings on each side), and so on. Some bidis were 
taken from the packets, unwrapped, and individually subjected to 
sensory evaluation, including smoking, by a trained expert panel 
(n = 8) from the bidi industry. The remaining bidis were kept for 
use in Experiment II. 

The sensory remarks of the panelists regarding the taste and odor 
characteristics of the bidis were recorded as descriptions and 
ranked using a 9-point hedonic index: 
•	 Dislike extremely
•	 Dislike very much
•	 Dislike moderately

•	 Dislike slightly
•	 Neither like nor dislike
•	 Like slightly
•	 Like moderately
•	 Like very much and 
•	 Like extremely 
Based on the sensory evaluation, the control bidis, the bidis with 
the highest sensory score, and the bidis with the lowest sensory 
score were analyzed to explain the changes that occurred due to 
MIR irradiation. 

The following instruments were employed:
• Chemical compound transformations were identified using 
gas Chromatography-Mass Spectrometry (GC-MS): Agilent 
Technologies, 7820 GC system, 5977E MSD, DB-5 column, oven 
temperature of 100–270°C, MS detector, flow rate of 1-2 mL/min 
for helium as the carrier gas.
• Chemical bond changes were determined using Fourier-
Transform Infrared Spectroscopy (FTIR): IR Affinity I–FTIR 
spectrophotometer, FTIR 7600, Shimadzu.
• Structural changes were measured by Powder X-ray Diffraction 
(PXRD): Rigaku RINT 2500 X-ray diffractometer (CuKα anode; 
λ = 1.541 Å).
• Particle configuration changes were detected with High-
Resolution Transmission Electron Microscopy (HR-TEM): 
FEI Technai Spirit G2, HT 120 KV, LaB6 electron source, the 
Netherlands.
• 13Carbon nuclear resonances were mapped using solid-state 
Nuclear Magnetic Resonance (13C-NMR): The experiments were 
performed on a 600 MHz NMR spectrometer (ECZR Series, JEOL, 
Japan) using a 3.2 mm CPMAS probe at a 150 MHz frequency. 
All the samples were run at an 18 KHz spinning speed at room 
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temperature and with a delay of 5s.
• Contour and signal-to-noise ratio changes were assessed by 3D 
fluorescence spectroscopy: 3D fluorescence spectra were measured 
on a Hitachi F-7000 spectrophotometer in the range of 200–700 
nm at 298 K. The spectral patterns were analyzed using Hitachi’s 
original software.

2.6. Experiment II 
After observing the positive outcomes of Experiments, I, M-0, and 
M-2 bidis were produced again and subjected to field trials with 
1497 volunteer participants. Each group consisted of nearly 50 
volunteers. The groups were allowed to smoke M-0 (control) bidis, 
followed by M-2 (2-sprayed) bidis. Interaction among them is also 
not permitted. All the participants met the following conditions: 
•	 Aged 19–55 years 
•	 Male
•	 Physically well without any respiratory, cardiovascular, 
nervous, or oral illness
•	 With a history of smoking of no less than a month, and 
•	 With the habit of smoking four or more cigarettes per day. 

The results were then compared.

2.7.  Experiment III
In this study, control bidi smoke was blown over inanimate such 
as water and air and animates such as aquatics and birds. The 
behavioral changes were documented. The same procedure was 
used with 2 times MIRGA sprayed bidi smoke.

3. Results and Discussion
3.1. Experiment I
Sensory evaluation by the expert panel (Table 1) revealed that 
the control, M-2, and M-10 bidis were ranked as “neither like nor 
dislike,” “like very much,” and “dislike extremely,” respectively. 
Thus, the M-2 bidis acquired a desirable sensory quality, whereas 
the M-10 bidis had the most undesirable sensory quality. Therefore, 
the M-0, M-2, and M-10 were analyzed (raw data files of Tobacco 
instrumentations available in Supplementary data D1). The onset 
of the effects occurred within 30–60 s after spraying, and the bidis 
retained the effects for 6–12 months.

Bidi Packet 
No.

Number of MIRGA 
Spraying

Hedonic 
Score

Sensory Perception Description (Fool Proof)
Taste Odor

M-0 Control (Non-Sprayed) 5 Regular Regular
M-1 1 6 Reduced Slight increased
M-2 2 8 Increased to a pleasant manner Increased
M-3 3 7 Slightly reduced from 2 sprayed Slightly reduced from 2 sprayed
M-4 4 5 Slightly reduced from 2 sprayed Slightly reduced from 2 sprayed
M-5 5 4 Moderately reduced from 2 sprayed Moderately reduced from 2 sprayed
M-6 6 3 Appreciable reduction than 2 sprayed Appreciable reduction than 2 sprayed
M-7 7 3 Appreciable reduction than 2 sprayed Appreciable reduction than 2 sprayed
M-8 8 2 Great reduction than 2 sprayed Great reduction than 2 sprayed
M-9 9 2 Overall quality reduction
M-10 10 1 Overall quality became very poor and unpalatable

Table 1: Sensory Panel Expert Test

3.1.1. GC-MS Figure 4(a)
GCMS analysis (Table 2) shows that the control tobacco powder 
contained pyridine-3-(1-methyl-2-pyrrolidinyl) - (S) (nicotine), 
cyclopentadecanone, 13-octadecenal, naphthalene-4a, cis-9-
hexadecenal, chalcone, vitamins B and E, and cis-vaccenic acid. 
After two sprayings, new peaks appeared, corresponding to 
gamma-sitosterol, 1H-purin-2-amine, and benzenepropanenitrile, 

but there was no nicotine peak. On the other hand, the 10-sprayed 
sample exhibited a unique peak of 9-octadecenal and an increased 
peak of nicotine. However, in both the 2- and 10-sprayed samples, 
the peaks of vitamins B and E, chalcone, cis-9-hexadecenal, and 
naphthalene-4a disappeared. Gamma-sitosterol was identified 
only in the 2-sprayed sample and has anti-diabetic properties and 
hepato-protectant [22-24].



      Volume 3 | Issue 1 | 6Arch Epidemiol Pub Health Res, 2024

RT (Min) Name of Compound % Area Present in Each Sample Remarks
Control 2 Sprayed 10 Sprayed

4.233 Pyridine, 3-(1-methyl-2-
pyrrolidinyl)-, (S), NICOTINE

2.99 0.0 0.0 Nicotine disappeared in 2 sprayed samples

5.217 Pyridine, 3-(1-methyl-2-
pyrrolidinyl)-, (S), NICOTINE

3.1 0.0 4.16 Nicotine disappeared in 2 sprayed samples 
but increased in 10 sprayed samples

13.547 Oleic acid 0.68 0.92 2.94
13.777 Hexadeconic acid 0.21 0.0 0.0
14.35 cis-Vaccenic acid 2.57 0.0 0.0
14.351 Oxalocyc;ododecan 0.0 0.0 3.21
14.738 Z-8-Methyl-9-tetradecenoic acid 0.0 0.0 6.47
14.748 Cyclopentadecanone 8.21 0.0 8.11
14.833 6-Octadecenoic acid 6.43 0.0 4.8
14.833 Octadecanoic acid 0.0 0.0 4.8
15.825 7-Pentadecyne 2.98 0.0 0.0
15.835 9,17-Octadecadienal 9.7 0.0 0.0
16.213 Cyclopentadecanone 21.1 0.0 0.0 Most abundant peak in Control
16.213 9-Octadecenal 0.0 0.0 18.47 Most abundant peak in 10 sprayed sample
16.29 13-Octadecenal 0.0 0.0 13.97
16.298 cis-9-Hexadecenal 9.5 0.0 0.0
16.308 Vitamin B 7.7 0.0 0.0
16.355 Vitamin E 11.21 0.0 0.0
16.402 13-Octadecenal 7.73 0.0 0.0
16.478 5-Acetamido-4,7-dioxo 6.97 0.0 0.0
16.487 13-Octadecenal 6.21 0.0 9.54
16.79 Benzene 0.0 0.0 3.05
17.31 Benzenepropanenitrile 0.0 13.63 0.0 Most abundant peak in 2 sprayed sample
17.641 Chalcone 7.21 0.0 0.0
17.641 Benzene 0.0 2.51 0.0
17.641 2-(2-Methyl)-1H-indol-3-

ylmethane
0.0 0.0 7.21

17.792 Naphthalene-4a 6.63 0.0 0.0
17.792 Benzene 0.0 1.08 0.0
17.792 Butane 0.0 0.0 5.38
17.953 1-Methyl-3-phenylindole 0.0 3.01 0.0
17.953 13-octadecenal 7.84 8.22 0.0
18.39 Butane 0.0 6.03 5.38
19.293 1,2-Benzisothiazol 0.0 3.55 0.0
19.447 1H-Purin-2-amine 0.0 9.29 0.0
20.85 Benz-1,4-oxazepine 0.0 0.0 6.31
20.865 gamma-Sitosterol 0.0 16.43 0.0 Most abundant peak in 2 sprayed sample

Table 2: GCMS Analysis of Tobacco Samples



      Volume 3 | Issue 1 | 7Arch Epidemiol Pub Health Res, 2024

3.1.2. FT-IR Figure 4(b)
The peak at 3336cm-1 corresponds to N-H-groups typical of 
capsaicin. Peaks 2924 and 2824 cm-1 indicate the aliphatic C-H 
stretching. Peak 1627 cm-1 indicates the content of C=C groups 
from the benzol ring, which is typical for aroma compounds and 
capsaicin. The peak at 3336 cm-1 indicates the content of N-H-
groups and is typical for capsaicin. This peak decreased in the 
2-sprayed sample but increased in the 10-sprayed sample; however, 
although it increased in the latter, it was still smaller than that in 
the control and corresponds to the differences in hotness. The peak 
at 1427 cm-1 indicates the content of C=C groups and is typical 
for aroma compounds; this peak increased a little in the 2-sprayed 
sample and decreased in the 10-sprayed sample and is responsible 
for the differences in aroma.

There are numerous odorous compounds in tobacco smoke, 
including carotenoid derivatives, menthol, and 1H-pyrrole-2-
carboxaldehyde, 1-methyl, among others. Because of the presence 
of these compounds and the inherent qualitative nature of FTIR, 
we could not detect a marked difference in the FTIR spectra. 
However, the expert sensory panel reported a remarkable sensory 
difference among the samples.

3.1.3. PXRD Figure 4(c)
The PXRD patterns revealed that the samples had amorphous and 
crystalline zones. The control, 2-sprayed, and 10-sprayed samples 
exhibited peaks at 2θ: 14.97, 17.90, 21.74, 28.13, 33.98, 40.34, 
and 47.26. The areas under the peaks in the range of 10° to 48° are 
presented in Table 3. The results suggest that the crystallinity of the 
2- and 10-sprayed samples increased by 11% and 4%, respectively, 
compared to the control. 

Percentage Analysis of the Change in Tobacco (Bidi) Powder
Control 2 sprayed 10 sprayed

Peaks (degrees) 10.0 -48.0 10.0 -48.0 10.0 -48.0
Area 3786878,458 4188388,315 3933851,618
Change in area 0 401509,857 146973,16
Fraction change in the area 0 0,106026603 0,038811164
Percentage change 0 10,6 3,9

Table 3: Purity Calculation of Bidi Samples

Figure 5: Instrumentations of Bidi Samples a) TEM b) 13C-NMR c) 3D Fluorescence Spectra
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3.1.4. HR-TEM Figure 5(a)
In the control, the average sizes (Feret’s diameters) of large particles 
and nanoparticles were 0.5–2 µm and 20–70 nm, respectively. 
Large particles show different brightness and distribution in darker 
areas.

The 2-sprayed sample has only nanoparticles and ultrafine particles, 
whereas larger particles are not observed. The nanoparticles are in 
the range of 10–100 nm, and the ultrafine particles are sized at 
100–200 nm. Particles appeared either as individual objects or as 
clusters. This is a difference with respect to the control, where small 
particles are only observed as clusters. Two primary morphologies 
are observed: 
• Semi-spherical with an apparently homogeneous mass 
distribution within the particle.
• Circular, squared, or polymorphous with a non-homogeneous 
mass distribution. 
In the latter type, the central part of the particle appears detached 
from the contour, which is not observed in the control sample.

The 10-sprayed sample is more similar to the control than the 
2-sprayed sample. Both large amorphous particles (top row) 
and Nano sized particles (bottom row) are observed. The latter 
are mainly organized in clusters, while individual nanoparticles 
are not evident. Large particles are in the micrometer range, 
whereas nanoparticles are sized 10–50 nm. Particle sizing is 
not straightforward, but particles appear strongly clustered and 
overlapped with each other. Moreover, the aspects (brightness, 
semi-spherical shape, and mass distribution within the particle) 
appeared to be shared by all nanoparticles. They were similar to 
what was observed for the control but different from the 2-sprayed 
sample.

Nanoparticles show comparable brightness, size, and shape 
(spherical or ellipsoidal), as displayed in the images in the bottom 
row. Moreover, nanoparticles appear organized in clusters, whereas 
larger particles are observed as individual objects. All available 
TEM images show that neither larger particles nor nanoparticles 
have crystalline structures. However, the PXRD patterns confirmed 
that the 2-sprayed and 10-sprayed samples consist of amorphous 
and crystalline phases, respectively.

In summary, compared to the control, the 2- and 10-sprayed 
samples are very different in structure. In particular, the structure of 
the 2-sprayed sample differed substantially, whereas the structure 
of the 10-sprayed sample was comparable to that of the control. 
The morphology and shape were substantially affected by the two 
sprayings, but these features returned to the initial condition (or to 
a condition similar to that of the control) when 10 sprayings were 
applied.

3.1.5. 13C-NMR Figure 5(b)
The C-13 cross-polarization magic-angle-spinning (CPMAS) 
NMR spectra are referenced to Tetra Methyl Silane (TMS), which 
is the typical reference for C-13 NMR. The control sample showed 

low-intensity resonances around 173 ppm and 104 ppm. There was 
also a resonance at 71 ppm, with possible spinning sidebands at 81 
ppm and 61 ppm. The key resonance at 71 ppm was assigned to 
the carbon present in hydroxyl, C-OH, C-OR, and alkyne RCCR2 
groups. The low-intensity resonance at 173 ppm was assigned 
to the carbon atom in carboxylic acids (R-COH2) and esters 
(R-CO2R). The peak at 104 ppm was assigned to the carbon in 
nitrile (RCN), aromatics, and heteroaromatics. These functional 
group assignments are consistent with the chemistry of tobacco, 
as carboxylic acids (e.g., acetic acid), esters (methyl formate), 
aromatics (e.g., naphthalene), and heteroaromatics (e.g., pyridine) 
have been reported in studies of tobacco smoke.

The 2-sprayed sample spectrum shows a shoulder at 66 ppm and 
a resonance at about 30 ppm. The 66-ppm resonance is due to the 
presence of amines (C-NR2) and hydroxyl groups (C-OH). The 
peak at 30 ppm suggests the presence of CC=R, C-Ar, amine, alkane 
(C-H), and C-Cl groups. These additional peaks indicate that these 
compounds are at a higher concentration in the 2-sprayed sample 
compared to the control sample. The compounds responsible for 
the flavor and aroma of the 2-sprayed sample are considered to 
give rise to these resonances. In contrast to the spectrum of the 
control sample, in the spectrum of the 10-sprayed sample, the peak 
at 173 ppm is challenging to distinguish from the noise, and there 
is a resonance at around 31 ppm. The apparent disappearance of 
the peak at 173 ppm indicates that the 10-sprayed sample has a 
lower concentration of carboxylic acids and esters compared to 
the control sample. The apparent peak at 31 ppm was assigned to 
CC=R, C-Ar, amine, alkane (C-H), and C-Cl groups. These results 
indicate a change in the chemical composition of the 10-sprayed 
sample relative to the control sample, indicating that odorous 
compounds are affected by the spraying.

3.1.6. 3D Fluorescence Spectroscopy Figure 5(c)
By comparing the fluorescence fingerprints of all samples, the 
island contour (Ex = 407 nm, Em = 673 nm) of the 10-sprayed 
sample is larger than that of the 2-sprayed sample, which in turn is 
slightly larger than that of the control. The instrumentation analyses 
revealed that MIRGA spraying resulted in changes in relation 
to the chemical bonds, nanoparticles, chemical compounds, and 
the physicochemical and sensory characteristics of the bidis. 
However, only the changes in the 2-sprayed sample were desirable 
as they represented an improvement compared to the control. It 
is known that an input of excess energy in any form (e.g., heat 
or light) results in undesirable effects. Hence, our findings are in 
line with this rule, as the excessive MIR treatment of the bidis (10 
sprayings) resulted in unfavorable chemical and sensory changes. 

3.2.  Experiment II
The observations from Experiments I and II, as well as the opinions 
of smokers using M-2 bidis, can be summarized as follows:
• M-2 bidis were more preferred by the participants than the 
control (M-0). 
• The smoke from the M-2 bidis was smooth and soft to inhale, and 
the participants found no adverse reactions.
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• Tobacco smoke odor vanished from the smoker’s mouth and 
fingers 5–15 minutes after smoking M-2 bidis.
• M-2 bidis prevented or slowed down the discoloration of the lips 
and fingers caused by smoking.
• Smoking M-2 bidis maintained a smoking satiety similar to that 
of the control.
• Passive smokers felt less annoyed by the smoke of the M-2 bidis.
• No side effects were reported from the use of M-2 bidis for 
months.
• External spraying of MIRGA over the bidi packets made the 
smokers feel safe with respect to MIRGA.
• Participants showed interest in MIRGA spraying of other tobacco 
products like cigarettes.
A meta-analysis was not conducted because of the heterogeneity in 
this experiment, including the participants, follow-up period, and 
variation in smoking parameters. Therefore, we could not compile 
and compare the sizes and probabilities of the effects to project 
statistical data.

3.3. Experiment III
The result noticed in inanimate with sprayed bidi was, reduced 
pollution compared to control bidi, hence pollution reduction. 
Animates well tolerated/accepted the sprayed bidi smoke 

compared to control, hence disease prevention. (MIRGA’s 
invention background, the technique used for mid-IR generation, 
its toxicological study, and the safety of the MIRGA-sprayed 
products are available in supplementary text T3)

3.4. In Supplementary Text T3: Detailed Discussion
3.4.1. Invention Background
The four observable states of matter (solid, liquid, gas, plasma) 
are composed of intermolecular and intramolecular bonds. The 
inherent characteristics of neutrons, protons and electrons are 
unique, however, difference in their numbers is what constitutes 
different atoms and how these atoms bind together develop into 
different molecules with unique characters. In the electromagnetic 
wave (EMW) spectrum mid-IR region is vital and interesting for 
many applications since that region coincides with the internal 
vibration of most molecules [25]. Almost all thermal radiation on 
the earth surface lies in the mid-IR region, 66% of the sun’s energy 
we receive is infrared and is absorbed and radiated by all particles 
on the earth [26]. Naturally, at molecular level, interaction of mid-
IR wavelength energy elicits rotational and vibrational modes 
(from about 4500-500 cm-1 roughly 2.2 to 20 microns) through 
a change in dipole movement leading to chemical bond alteration 
[27]. 

Figure 6: Electromagnetic Spectrum

During our research we observed
(A) In all objects, even though atoms always remain as atoms their 
chemical bond parameters are continuously prone to alteration by 
cosmic and physical energies (eg: EMW, heat, pressure, humidity) 
causing the bonds compression/stretching/bending, breaking and 
new bond formation [28-34]. These alterations ultimately lead to 
the change in the physicochemical characters of the objects. 
(B) The dynamic, constant, mutual influences of EMW among 
earth, celestials and living bodies are continuously causing 
alterations in the inherent physiochemical characters of earthly 
objects, like enhancement due to optimum dose of energy or 
decrease/ destruction due to more dose of energy (detailed below). 
Thus, based on these concepts, the MIRGA was developed to alter 
bond parameters thereby potentiate any usable natural characters.

3.4.2. MIRGA Definition
We define MIRGA as ‘a harmless, economical atomizer containing 
an imbalanced ratio of ions suspended in water, which influence 
the natural potency of target substances by generating mid-IR 
while spraying’.

3.4.3. Technique of mid-IR Generation from MIRGA
We designed MIRGA as to accommodate an imbalanced ratio of 
ions suspended in water in their fundamental state and can move 
as free particles. The solution has very little background frequency 
of detectable disintegration which is less than that of cosmic 
events whereas even humans have more radioactivity (around 10 
microns) [35,36]. 

We designed MIRGA to generate energy based on various below 
given processes like,
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(A) Spraying leads to ionization (electron getting separated from 
atom) and the pathway for electron re-absorption are also many, 
due to these two oscillatory processes energy generated. 
(B) While spraying, water-based ionic solution gets excited/
charged, which in turn leads to oscillation among the imbalanced 
ions in their excited state, resulting in the emission of photons [37-
39]. 
(C) Though low electromagnetic field exists between charged 
particles of the MIRGA’s ionic solution, during spraying the 
induced oscillation between these charged particles produces 
energy [40-43].
(D) Also, in the natural rainfall process, more energy is required 
to break water bonds for creating smaller water droplets from the 
clouds [44]. Therefore, these droplets should have more stored 
energy and then travels down at a velocity from a specific distance 
thus gaining also a kinetic energy. When the rain hits the earth’s 
surface, it forms a very thin film of mid-IR (nearly 6 micron), 
hence there is a net heat gain [44,45]. We simulated this rainfall’s 
energy gaining process also in MIRGA i.e., when imbalanced ions 
in liquid media are atomized, the ejected smaller droplets should 
have higher internal energy as well as an acquired kinetic energy 
and the energy emitted by breaking the surface tension. From trial 
and experience, we calibrated an ejection pressure to obtain a 
desired fine mist, and minimized the evaporation rate by altering 
the pH and density of the solution. Also considering other facts 
like, the accelerated ions in the sprayed ionic clouds collide among 
them and generate energy, we incorporated those phenomena in 
our atomizer and designed in such a way to emit energy in the 2-6 
µm mid-IR range [46].

The inorganic compounds used in the generation of MIR are a 
perspective for biomedical applications [47,48]. It is also a new 
synthesis method for preparation of functional material (2-6 µm 
mid-IR) [49,50]. It is well known that the combination of different 
compounds, which have excellent electronic properties, leads to 
new composite materials, which have earned great technological 

interest in recent years [51,52].

3.4.4. Action of MIRGA Emitted 2-6 µm Mid IR on the Target 
Substances
While spraying MIRGA, most of the mid-IR energy scatters through 
the air and gets absorbed by receptors (edibles or usable) molecules. 
Virtually all organic compounds absorb mid-IR radiation which 
causes a change in molecule’s vibrational state to move from the 
lower ground state to excited higher energy state [27]. This leads to 
changes in chemical bonds and these bond parameter changes led 
to consequent changes in target’s physical and chemical characters, 
configuration, compound transformation depending on the dose of 
energy applied [30,31,53-56]. Nanostructured water layers can 
be triggered upon application of mid-IR radiation, since water 
molecules absorb in this region [57,58]. Depending on number 
of MIRGA spraying (energy given), a receptor’s chemical bond 
configurations and subsequent physical and chemical characters 
can be altered to our desire. As displayed in the results, 2-6 µm 
MIR generated from the MIRGA equipment caused chemical and 
molecular level changes in the tobacco components. This action 
of the MIR is called as photodegradation which means alterations 
of materials by light. In this process, chemical components of the 
tobacco have absorbed the MIR generated by MIRGA spraying, 
and the absorbed MIR photons have broken the chemical bonds 
of nicotine molecule; thereby the nicotine molecules are degraded 
and transformed into another molecule/ compound, as reported in 
GCMS analysis.

3.4.5. Toxicological Study on MIRGA
Even though, MIRGA generates the safe 2-6 µm mid-IR energy, 
and moreover spraying is done 0.25–0.50 meter externally right 
away to packaged consumables, we also wanted to study the 
MIRGA’s toxicity effect by cytotoxicity assay. In-vitro Vero, A549 
and Human dermal fibroblast cells study proved that MIRGA 
sprayed mist was non-toxic in any way (Figure 7).

Figure 7: MIRGA’s Toxicological Studies
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Field studies also showed that, MIRGA spray is eco-friendly, non-
toxic, non-irritant to soft tissues such as cornea, safe to infants even 
if sprayed directly, needs no skill but easy to handle (like perfume 
body spray), and highly economical (USD 0.30 per MIRGA unit 
which emits 300 sprayings). 

3.4.6. Safety of MIRGA Sprayed Usables
In our nearly two-decades of research, we observed MIRGA 
induced bond altered target substances had not shown any adverse 
reaction upon consumption/use. As a comparison, to assure the 
safety of the bond altered targets’ millennium long consumption 
by human/ living kinds; we submit that in nature, 
(A) Stereochemical configuration has great influence on taste e.g. 
variety of mango, grapes, rice, etc [59].
(B) Cooking and digestive enzymes break chemical bonds thereby 
soften our edibles. And, as an example; raw rice on water-boiling 
to boiled rice; rice on raw heat to puffed rice; rice on boiling and 
drying to flat rice; rice on pressure to rice flour, each by-product 
has its unique aroma, taste, texture and shelf life but with same 
molecular formula C6H10O5) [60,61].
(C) In food industry, sensory attributes and shelf-life are enhanced 
by altering the food’s chemical bonds using various irradiation 
processes like, radappertization, radicidation, raduriaztion [62].
(D) On heating, ice to water to steam manifestations are due to 
changes in the hydrogen bonding, where steam has negligible 
hydrogen bonding but chemical composition (H2O) remains the 
same [63,64].

3.4.7. MIRGA’s Primeval and Future Scope
The water based MIRGA could be the first novel pioneer 
potentiating technology. This type of atomizer technology also 
seems to be present with the extra-terrestrials for their therapeutic 
use during visitations [65]. In various usable, a range from 30% to 
173% potentiation has been achieved by us. Even considering the 
least 30% in some usable have resulted in 30% economic, resource, 
and ecological savings as well as health benefits. But there is a 
knowledge gap between potentiation from 30% to at least 100% 
for all usable, which can be filled-up by refining MIRGA’s ionic 
solution, concentrations, atomizer pressures, other parameters and 
even formulating a better solution. Using MIRGA, we conducted 
experiments which resulted in resource savings with edible oils, 
vegetables, fruits, food, coffee, tea, alcohol, tobacco, cocoa, edible 
salts, sugar, herbal, cement, spices, chemicals, pharmaceuticals, 
dairy products, liquid and gaseous fuels, and vaccine. Human 
and veterinary disease therapy and were included in these studies, 
and the results are promising. The laboratory analysis of these 
substances revealed the altered chemical bonds, configuration and 
chemical compound transformation. In foodstuffs, detoxification 
of agrochemical residues resulted as well as enhancement of 
sensory attributes and shelf life. These results are being separately 
submitted for publication. The individual results are about to be 
published. 

A variety of mid-IR emitters are now available e.g. silicon 
photonic devices, cascade lasers (quantum and interbond), non-

cascade-based lasers, chalcogenide fiber-based photonic devices 
and suspended-core tellurium-based chalcogenide fiber photonic 
devices [66-69]. These emitters are not as cost-effective as MIRGA, 
and useful only in astronomy, military, medicine, industry as well 
in the laboratory. They are much too complex in daily domestic 
applications for the average user. Because of MIRGA’s wide range 
of applications, we believe that MIRGA will definitely resonate 
in many scientific researches such as bio photonics, therapeutics, 
health, ecology and many other fields. Our further research on 
MIRGA and its other manifestations which we developed namely 
MIRGA salt, MIRGA vapor and MIRGA plasma in human 
endeavors is dynamically now ongoing.

3.4.8. Action of MIRGA-Emitted 2–6 µm id-IR on Tobacco
While spraying MIRGA, most of the mid-IR energy scatters 
through the air and gets absorbed by receptor molecules in 
tobacco. Virtually all organic compounds absorb mid-IR radiation, 
which causes a change in the molecule’s vibrational state from the 
lower ground state to the excited higher energy state [27]. This 
leads to changes in chemical bonds, which lead to changes in 
the target’s physical and chemical characteristics, configuration, 
and compound transformation depending on the dose of energy 
applied [70-75]. Nanostructured water layers can be triggered 
upon application of mid-IR radiation because water molecules 
absorb in this region [76,77]. The 2–6 µm mid-IR range generated 
from MIRGA depends on the plunger pressure given by the user. 
However, we observed that any quantum of mid-IR between 2–6 
µm detoxified the nicotine completely.

The 2–6 µm MIR generated by MIRGA spraying caused 
molecular-level changes (e.g., photodegradation) in the tobacco 
components. Chemical components of tobacco absorbed the MIR 
generated by MIRGA spraying, and the absorbed MIR photons 
broke the chemical bonds of the nicotine molecules; thereby, 
nicotine was degraded and transformed into another molecule 
or compound, as revealed by the GC-MS analysis. Yousif, et 
al., described this process as a photodissociation of molecules 
caused by the absorption of sunlight photons, leading to changes 
in the molecule’s shape [78]. Similar chemical bond changes and 
desirable detoxification results were achieved in coffee, tea, cocoa 
and edible salts using MIRGA [19-21].

Similar studies have employed infrared light for the 
photodegradation of advanced materials but no studies on tobacco 
detoxification. Joselia et al., reported using Near-Infrared (NIR) 
light for polymeric nanoparticle degradation [79]. Yarmolenko 
et al., presented a new method for photodegradation of organic 
pollutants using visible and near-infrared light irradiation [80]. 
Babizhayev have shown a detox strategy using a nutraceutical 
formulation for inhibiting oxidative stress and inflammation and 
protecting from telomere attrition associated with smoking [81]. 
However, our study is probably the first to provide insight into 
laser or light sources that can be used effectively for nicotine 
reduction and tobacco detoxification.
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Our results indicate that the bidis treated with two cycles of 2–6 
µm MIR (M-2) completely lost the nicotine content, hence oral 
cancer prevention. Sprayed bidis had a desirable taste and odor, 
showed no adverse effects, preserved the organoleptic quality 
of the bidis with smooth smoke, and reduced irritation upon 
inhaling the smoke. Bidis contain higher levels of nicotine than 
conventional cigarettes. Rashmi et al., and Jaffar et al., are thus 
more hazardous [82,83]. Therefore, it is possible that the findings 
obtained are applicable to other tobacco products, like cigarettes, 
but further research is needed. Additional advantages of the 
specifically designed MIRGA equipment include its portable size 
(86x55x11mm), no need for special operational skills, ease of use 
(like a body spray), non-toxicity, and low manufacturing cost (one 
MIRGA that can be used for around 300 sprayings costs USD 
0.30). MIRGA spraying can easily be used to detoxify nicotine in 
the tobacco product industry itself, i.e. prior to marketing.

4. Conclusion
The results obtained here suggest that 2–6 µm mid-infrared (MIR) 
irradiation is an economical, viable, and effective tool to detoxify 
tobacco products and make them safe to smoke. The 2–6 µm MIR 
altered the chemical compounds but retained the smoking pleasure 
and satiety. This technique sheds light on the chemical bond 
alteration of nicotine and, thus its detoxification, leading to a safer 
smoking product to protect human health and the environment.
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Supplementary Video V2: Tobacco Trials Video 

Supplementary Data:
The Supplementary data for this article can be accessed using the following link: https://www.opastpublishers.com/assets/videos/
tobacco-research-trial.mp4

Supplementary Text T2: Explanation of the Video
With the results inferred from experiment I, the M-0 and M-2 bidis 
respectively evaluated as Neither like nor dislike and Like very 
much. M-2 bidis illustrated to have reduced nicotine content than 
in M-0, the bidis were smoked by a volunteer smoker. The smoke 
from M-0 and M-2 bidis were blown into jars each separately 
contained air, water, honey bees, flowers, birds, ornamental 
fishes and on sacrificed goat lungs. Also swabs collected from 
the smoker’s buccal cavity. Appropriate controls maintained. The 
results were compared and presented. (Video V2)

1. Test 1: Into Air
The control beedi was smoked and the inhaled smoke was blown 
into a first clean glass jar and closed tightly. Next the S-2 beedi 
was smoked and the inhaled smoke was blown into a second clean 
glass jar and closed tightly. After a few minutes the two jars were 
observed. The researchers and spectators witnessed the appearance 
of first jar to be polluted, but the second jar appeared to be clear 
and pollution-free. No scientific pollution analysis was done.

2. Test 2: Into Water
The inhaled smoke from the control beedi was blown into a first 
jar containing water and closed tightly. Next, inhaled smoke 
from S-2 sprayed beedi was blown into a second jar containing 
water and closed tightly. After a few minutes the researchers and 
spectators found the water in the first jar to be polluted but water 
in the second jar appeared to be clear and unpolluted. No scientific 
pollution analysis done.

3. Test 3: On Insects and Flowers
The honey bees are reliable and good bio-indicators of pollution 
and toxicity (Zhelyazkova; Celli). The honey bees and rose flowers 
were kept in the first glass jar with its mouth sealed with cloth 
containing a small opening to blow in the tobacco smoke. The 
inhaled smoke from the control beedi was blown into the jar. Next, 
some other honey bees and rose flowers were kept in a second 
glass jar with its mouth was sealed with cloth having a small 
opening to blow-in smoke. The inhaled smoke from the S-2 beedi 
was blown into the second jar. The bees in the first jar were seems 
to show dysponea signs and some were unconscious and aroma of 
the rose flower found to be reduced. The bees in second jar were 
present unaffected, active, normal and also the aroma of the rose 
flower remained same.

4. Test 4: On Birds
Birds are reliable indicator and used to characterize ecosystem 
to monitor environmental changes and to assess the results of 
restoration measures (Roche). Two healthy birds were caged one 
in each cage. The smoke from the control beedi was blown into 
the first cage. The bird in that cage immediately showed dysponea 
signs and altered behavior. Next, the S-2 beedi smoke was blown 
into the second cage. The bird in the 2nd cage showed no breathing 
difficulty and the behavior remained normal.

5. Test 5: On Aquatics
Fishes have been widely documented as useful indicators and a 
good monitoring tool of environmental water quality because of 

https://www.opastpublishers.com/assets/videos/tobacco-research-trial.mp4
https://www.opastpublishers.com/assets/videos/tobacco-research-trial.mp4
https://www.opastpublishers.com/assets/videos/tobacco-research-trial.mp4
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their differential sensitivity to pollution (Naigaga; Chovanec). 
Ornamental fishes are sensitive to polluted/ contaminated water. 
Ornamental fishes were kept in two separate jars filled with water. 
The smoke from the control beedi was blown into the first jar. 
Immediately the swimming speed of the fish appeared to have 
been reduced, seen tired and has difficulty in breathing. Next, 
smoke from an S-2 beedi was blown into a second jar containing 
fish. The activities and behavior were observed to be unaffected 
and the swimming speed of the fish remained unchanged.

6. Test 6: On Goat’s Lung
Two goat lungs slaughtered a few minutes ago were purchased 
(from Government licensed slaughter house) and trialed. The smoke 
from control beedi was pumped into the first lung. The moisture 
content of the first lung was found to have reduced and appeared 
discolored. Next the smoke from an S-2 beedi was pumped into 
a second lung. The second lung appeared to be unaffected and its 
features remained unchanged.

7. Test 7: From the Smoker’s Buccal Cavity
First, after smoking a control beedi an oral swab was taken. Later, 
after smoking an S-2 beedi an oral swab was taken from the same 
smoker. Both were stained and compared. The cell pathology was 
noticed in control. In S-2, cells were normal and without pathology.
These tests were presented in the supplementary file as Video S1, 
in which the ‘MIR-treated bidis’ were called formerly as ‘Genno-
treated bidis’.
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