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Abstract

The objectives of this study were to characterize the emissions of indoor air pollutants from the burning of mosquito
coils and cigarettes using a closed environmental chamber, to compare air pollutant emissions from different types of
mosquito coils and cigarettes, which are popular in Indian market; to quantify emissions from burning of mosquito coils
and cigarettes with respect to particulate matter (PM, ,5, PM; o, PM, 5, and PM,,) and metals. Smoke contains several
thousands of chemicals and heavy metals, and most of them are formed during the burning of cigarettes and burning
of mosquito coils. The present study attempts to characterize the emissions of PM and heavy metals from different types
of mosquito coils and cigarettes burning which were monitored in three different phases pre-burning, during burning,
and post-burning. Five different brands of cigarette and mosquito coils were taken which are commonly used in India.
Samples collected were analyzed for heavy metal (Al, Cu, Zn, Cd, Cr, Mn, Ni, Pb, V, Se, and Sc) concentration using ICP-AES,
and the morphological analysis was performed with the help of scanning electron microscopy. The trend of concentra-
tion of PM in mosquito coil is followed as M1>M3 >M2>M4 > M5, and in a cigarette it was C5>C2>C4>C3>C1.The
study suggests that burning of mosquito coil and a cigarette in the indoor environment emits quiet higher respirable
PM, which may on prolonged exposure lead to illnesses. The maximum concentration of Al, Cu, Zn and Mn was found
higher, while that of Cd, V and Se was below the detection limit in both types of samples. Calculations were made to
explore expected cancer and non-cancer risks, using published toxicity potentials for three metals (Cr, Pb, and Ni). Hazards
quotient values for adults were under safe limit. The order of excess cancer risk for the carcinogenic elements follows the
similar trend for both cigarette and mosquito coils in adults; it was observed as Pb < Ni < Cr. Overall, the cancer risk was
below the acceptable level (1074-1079).
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1 Introduction

The apprehension governing the concept of indoor air
quality has undergone an electrifying elevation in recent
years owing to the recognition of different pollutants origi-
nating from diverse indoor and outdoor sources that truly
rely upon the procedures and actions occurring within the
environment [1]. Indoor air pollution has been tagged in
the list of top five environmental risks by US Environmen-
tal Protection Agency (USEPA) [2]. The heavy metals in

particulate matter which were inhaled in elevated concen-
tration are suggested to impact harsh toxic and carcino-
genic effects on humans [3-5]. Nevertheless, illness related
to respiratory and cardiovascular issues, even potential
carcinogenicity, is also a direct consequence of long-term
exposure to the contaminant residing in indoor air [6]. The
smoke emitted from their combustion releases particulate
matter and the combustion leads to the production of a
large amount of smoke, which when inhaled poses a wider
health hazards [7]. Not only day to day but also an
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hour-to-hour basis of exposure is observed to wield dimin-
utive variations in atmospheric metal concentration, which
leads to the fact that reducing particulate and related
metal pollution to numerous sufficient levels is an essen-
tial environmental matter [3]. Among them, fine particles
have a higher burden of toxic metals than coarse particles
owing to their higher penetration power ability to reach
lungs [8, 9]. The major source of particles in the indoor air
is mainly derived from the smoking of cigarettes, a world-
wide habit [10]. Cigarettes are produced from tobacco
leaves cultivated in different parts of the world. Tobacco
use and in particular smoking have been worldwide
accepted to be a major cause of preventable death among
adults [11]. Among which the smoke emitted from tobacco
use has sourced anthropogenic pollution in the indoor
environment [12]. The occurrence of an additive com-
pound such as nicotine is a chief cause for cigarette habit-
uation encouraged by factors, viz., height and mass pro-
duction, and social acceptance as it is readily available,
relatively cheap, and lightweight. In many countries, ciga-
rette smoking has been identified as a major serious health
issue and contributor to high mortality and morbidity rate
of both smokers and passive smokers [13]. The current
trend of incorporation of newly synthesized and the addi-
tion of flavors, casing materials and other ingredients that
have the potential to beautifully modify the quantity and
quality of the smoke yielded has led to the large evalua-
tion of the cigarette design over the last decades [14].
Many different classes of chemicals are present in more
than 4000 chemicals, found in tobacco smoke [15]. Among
which, particulate matter, carbon monoxide, and nicotine
bear a special attention (as hazardous substances in
tobacco smoke) from research [10]. The second-hand
smoke has been implicated in a large number of studies
to be responsible for mortality of 3000 non-smoking
adults in lung cancer [16]. The percentage of youth
(15-24 years) involved in daily tobacco use accounted for
15%, while those engaged in tobacco smoke frequently
and on daily basis accounted for 23% [17]. As a result of
direct inhalation of toxic particulate elements in cigarette
smoke, there is an increase in health hazards to the smok-
ers, and nevertheless, non-smokers are at direct stake [17].
The cigarette delivery of elements to mainstream smoke
can be addressed as a combination of two factors, a num-
ber of these elements present in tobacco and their transfer
rate, which is specific to element speciation and is
impacted by cigarette design [18]. Toxic particulate ele-
ments present in cigarette smoke cause health threats to
the life of smokers through inhalation and at the same
time increase health risk to non-smokers present in the
vicinity of smokers because of their exposure. As per the
records in 2008, about 1.38 million people die of lung can-
cer annually worldwide, which accounts for about 18.2%
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of the total number of cancer deaths [19]. The bio-accu-
mulation, i.e., the tendency to increase in concentration
over time in heavy metals, proves hazardous as compared
to their current amount present in the environment [20].
Increase in tobacco smoking has been associated with
health implications; hence, there is a need for research on
the heavy metal contents of tobacco [13]. Malaria and den-
gue fever are the most common decreases spread by mos-
quitoes in tropical countries. Usage of mosquito repellent
coils, mats, aerosols spray, and liquid vaporizers are the
most common way employed in the control of mosquitoes
in domestic households. These mat and liquid vaporizers
cut the burning smell, whereas the burning of mosquito
coil releases continuous smoke along with the vigorous
material used [21]. The prevalence of burning of mosquito
coil in indoor and outdoor is common globally with higher
wings extended in parts of East Asia. The chemicals found
in mosquito smoke are very complex [22]. Heavy metals
including Cd, Zn, Pb, and organic compounds, viz., phenol,
O-cresol and allethrin, account for the category of particles
generated by combustion of mosquito coils [23]. The use
of insecticides evaporated with the smoke emitted from
burning of mosquito coil prevents the entry of mosquitoes
into the room [24]. Pyrethroids constitute as an essential
commonly found active ingredient in the coil that proves
effective against genera of mosquitoes including Anoph-
eles, Mansonia, and Aedes. The smoke emitted from mos-
quito coil is chemically complex in nature containing small
particles (< 1 um) besides metal fumes and vapors that
have the capability to contact the alveolar region of the
lung and thus prove hazardous to parents and their chil-
dren when exposed [25]. An extensive literature exists
concerning the particle size allocation of trace elements
in PM and also their related effect on their health globally.
Agbandji et al. [26] compared the levels of Pb, Cd, Ni, and
As in some cigarettes sold in Benin and France. A study of
Jung et al. [27] focused on the elemental (Pb, As, Zn, Cd,
and Cu) concentrations in different cigarette brands com-
monly sold in Korea and UK. As an extension, the concen-
tration of (Pb, Cd, As, Hg, Ni, Cr, Sn, and Sb) was analyzed
in mosquito coil and ash by Phal [21]. Lee and Wang [23]
illustrates the emission of air pollutants from candles and
mosquito coils burning in a large environmental test
chamber. Lin et al. [22] found out the trace metals, viz., Pb,
Cr, Ni, Co, Tl, Cd, and Mn in three brands of mosquito coils
in Taiwan. A study carried out by Roy et al. [28] recom-
mended that the particle size distribution of particulate
matter including its chemical analysis primarily sourced
from a cigarette, incense stick, mosquito coil, and dhoop
combustion is prevalent in Indian urban homes. Addition-
ally, the pre-burning, burning, and post-burning phases of
incenses (agarbatti and dhoop) and mosquito coil as a
subject were considered in the monitoring of indoor
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Fig. 1 Schematic diagram of the experimental chamber

particulate matter by Kumar et al. [29]. But, data available
lack the morphology and toxicity of metals associated with
size-segregated particulate matter. To find out the particle
size and shape, a qualitative and quantitative clarification
of the particles for thorough toxicological assessment of
PM and its allied elements is necessary [30]. Thus, the pri-
mary objectives of this paper lie in determination of size-
segregated PM concentration and also the toxic heavy
metals (Cu, Mn, Cd, Pb, Cr, Ni, Sn, Al, Se, Zn, and V) in fine
particulate matter emitted from mosquito coils and ciga-
rettes smoke and also its crush, released in air using a large
environmental chamber. We also observed the morphol-
ogy of the air samples of mosquito coils and cigarettes
using SEM technique. In addition, evaluation of risk assess-
ment related to particulate pollutant is also done. We have
taken both mosquito coils and cigarettes in the present
study because they have the most combustible activities
apart from cooking in the household.

2 Materials and methods
2.1 Materials

The five most available brands of mosquito coils (Mortein,
Maxo, All out, Good knight, and Good knight Neem) and
five brands of cigarette (Black, Classic, Wills Navy cut, Cap-
stan, and Gold flakes) currently obtainable in Indian mar-
ket were purchased from the local market of Agra.

—— 1M23CM

MC

2.2 Chamber experiments

The experiments were conducted in room environ-
mental test chamber (length=6.01 m, height=3.65 m,
width=3.25 m with 71.29 m? effective volume) maintained
at controlled environmental conditions (Fig. 1). A portable
Yes-206 falcon IAQ monitor was further more employed to
monitor the temperature, CO, level, and ventilation rate
within the chamber. The average temperature of the cham-
berwas 31.14+0.5 °C, ventilation rate was 24.62 +6.7 |/P/S,
and the CO, level was 603 +54.7 ppm. The PM; 55, PM; ¢,
PM, 5, and PM,, concentration levels were measured with
GRIMM Aerosol Spectrometer (GRIMM 1.109, flow rate
2 I/min) for the present study. The fine particulate matter
(PM, 5) samples were collected with fine particulate dust
sampler (APM 550 Envirotech). It is designed to ensnare
medium-sized (between 2.5 and 10 microns) particles. A
37-mm-diameter glass fiber (GF/A) paper wrapped up in
silicon oil was used to avoid sampling error due to bounc-
ing of small-sized particulates from impaction surface. For
sustaining a stable flow rate of 16.67 I/min, oil-less rotator
pump to produce the suction pressure and critical flow
control orifice (as recommended by USEPA) was used in
APM 550. Polytetrafluoroethylene (PTFE Teflon) filter paper
of 47 mm diameter was used to collect fine particulate
matter (PM, ;) (http://www.envirotechindia.com/apm-
550html). A blank PM, ; sample filter was used to collect
background samples before incense combustion. All the
instruments were calibrated before used.
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2.3 Sampling methods and analysis

Each single coil has the average weight of 17.85 g with
an outermost diameter of 14 cm. The distance between
mosquito coil and APM was 1.28 m, whereas that of mos-
quito coil and GRIMM was 1.40 cm. In the first stage, sam-
pling was done by GRIMM and APM 550 for half an hour
without burning mosquito coil. After half an hour, two
mosquito coils were lit and left to burn for about 5 h. In
which 6 cm was lit during the sampling time and after
sampling 8 cm was left. After 5 h, instruments were run
without burning coils for half an hour. A pre-cleaned por-
celain dish was used to ground one single coil. A polyeth-
ylene bag was used to store the homogenized samples for
analysis. Numbers of sticks of cigarette were taken accord-
ing to its weight for burning such as ten sticks of Gold
flakes =7.79 g; seven sticks of Wills navy cut=7.69 g; eight
sticks of classic=7.32 g; eight sticks of Black=7.37 g; and
ten sticks of Capstan=7.75 g (Fig. 4). The average weight
of cigarettes burn was 7.58 g. Each single stick has an
average weight of 0.83 g. According to a survey, a smoker
consumes 30% of his cigarettes from a one-pack-a-day
in the duration of 4-h intervals in the house atmosphere.
With no upsetting of the room’s environment cigarettes
were lit and put back in order. Since it took approximately
10 min to complete the smoking procedure, a typical hour
of sampling consisted of 20 min of no smoking followed
by a 10 min smoking period and so on with this type of
repeating cycle (http://www.who.int/tobacco/media/en/
rickert.pdf). Same numbers of sticks were grounded. Poly-
ethylene bags were used to position the homogenized
samples for analysis.

2.3.1 Sample extraction for filter paper

Extraction was done for the determination of metals using
acid extraction by aqua-regia (HNO; and HCl in ratio 1:3)
on a hot plate at 20° to 30 °C for 1 and half an hourin a
50-ml measuring beaker, and then, the extracted samples
were filtered by Whatman filter paper. Lastly, we diluted
the extract up to 40 ml with de-ionized water as well as
stored at 4 °C in refrigerators. All samples were analyzed
for 11 metals Cu, Mn, Mg, Ni, Zn, Cr, Cd, Fe, As, Pb, and
Cu with ICP-AES (inductive coupled plasma-atomic emis-
sion spectrometer). The quality controls, acid extraction or
digestion method with integrated reagents grade, blank
sample and standards reference materials are described
elsewhere [6].

2.3.2 Sample extraction for crushed cigarettes

The weighed 0.5 g cigarette tobacco that has been dried
and grounded systematically and homogenized was

SN Applied Sciences

A SPRINGER NATURE journal

placed in a 100-ml flat-bottomed flask. Five milliliters of
concentrated HNOj; acid was added, and the flask was
enclosed with a watch glass and allowed to stand over-
night. The covered flask was placed on a hot plate with a
temperature controller and heated at 200 °C for 30 min.
The flask was removed and cooled, and 2 ml of 30% H,0,
was added and digested at the same temperature and
time in a similar way. This was repeated for complete
digestion. The digest was allowed to dry up to 1 to 2 ml
at 150 °C. Then, 5.0 ml of 1% HNO; was put into digest
residue and filtered quantitatively through Whatman fil-
ter paper into a 25-ml volumetric flask and made up to
the volume with de-ionized water. This was consequently
analyzed for Cd, Al, Cu, Cr, Mn, Pb, Ni, Se, Sn, Zn, and V
using ICP-AES [31].

2.3.3 Sample extraction for crushed mosquito coils

0.2 gm of both grounded coil were digested with 20 ml
mixed acid (concentrated H,50,/HNO;/HCLO,=5:1:0.5) at
150 °C for 24 h. The extracts were diluted to 50 ml, and the
concentrations of Cu, Al, Cr, Cd, Pb, Mn, Se, Ni, Sn, Zn, and
V were analyzed using ICP-AES [32].

2.4 Human exposure and health risk assessment
model

Calculations have been made for carcinogenic and non-
carcinogenic risk which was originated by the exposure to
particle-bound metals in air. Techniques were employed
to solve the exposure potential dosage in inhalation path-
way, followed by risk assessment techniques. Uses of risk
assessment are to describe the nature and magnitude of
health risk to humans from chemical contaminants and
other stressors that may be present in the environment.
It is to evaluate the frequency and magnitude of human
exposure that may occur as a consequence of contact
with the contaminated medium, both now and in the
future.

2.4.1 Exposure dose

The potential dose is the quantity inhaled. Potential aver-
age daily dose (ADD,,) (ng/kg-day) may be estimated
using an equation. The dose relies upon the rate of inha-
lation and contaminant concentration (i.e., PM; 55, PM; ,
PM, ;, and PM,,, heavy metals) and perhaps arranged to
body weight as a function of time. It can be inured to aver-
age seasonal or intermittent exposure patterns over one
or more years. The formula is given as follows:

ADD,; = [C x IR X ED]/[BW x AT] (1)


http://www.who.int/tobacco/media/en/rickert.pdf
http://www.who.int/tobacco/media/en/rickert.pdf
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where C=contaminant concentration (ug/m3), IR=inha-
lation rate (m3/day), ED =exposure duration (days),
BW =body weight (kg), AT=number of days over which
the exposure is averaged (days).

The principles of toxicity for health effects perhaps were
calculated in stipulations of unit risk inhalation slope fac-
tor (SFI) when exposure was through inhalation. The unit
risk specifies the probability for a health effect to happen if
the impurity has a unit increase (per pg/m?) in concentra-
tion; as earlier stated, the slope factor can be defined by
the unit risk utilizing the following equation:

SFI = UnitRisk (ug/m*) ™" x Body Weight (kg)

x Inhalation Rate (m3/day)_1 2)

The SFl is given in units of (per pg/kg-day). These cal-

culations are usually an assessment of the additional pos-

sibility of a health effect (i.e., cancer) from a unit dosage of

an impurity over a period of time. Hence, Eq. (1) for indi-
vidual risk measurement becomes [33].

R, = ADD,,o; X SFI 3)

2.4.2 Non-carcinogenic health risk

Hazard quotient (HQ) and hazard index (HI) are inured to
find out the non-cancer risk of heavy metals in ambient
particles. As the average daily dose for three pathways has
been estimated, HQ can be calculated from the following
equation [34, 35].

HQ = ADD/RfD (4)
where HQ =hazard quotient, ADD =average daily dose,
RfD =reference dose.

The reference dose is an approximation of maximum
allowable risk on the human population through daily
exposure received into account of the sensitive group
throughout a lifetime. If HQ < 1, it implies no adverse
impact on health. If HQ > 1, then there is a risk that the
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exposure pathway may unfavorably have an effect on
human health [36].

2.4.3 Excess cancer risk

Excess cancer risks (ECRs) have evaluated the additional
possibility of a person developing cancer over a lifespan as
aresult of total exposure to the potential carcinogen. ECR
is calculated by applying the following equation [37, 38].

ECR = C = ET * EF = ED = IUR/AT (5)

where Cis the concentration of pollutant (mg/m3), IURis
the inhalation unit risk (mg/m3), AT is the average time for
carcinogens (70 years 365 days/year 24 h/day), ET is the
exposure time which in this study was 6 h/day in mosquito
coil and 5 or 6 h/day in cigarettes. Carcinogens are con-
sidered non-threshold, meaning exposure of any amount
of carcinogens will likely lead to cancer and the secure
amount of carcinogens is “zero." The data on the carcino-
genic types and the inhalation unit risk of the metals are
acquired from the USEPA database for integrated informa-
tion risk system (IRIS). The reference values of carcinogenic
risk by dermal exposure and ingestion were not provided
by the USEPA, so in our study, we have examined the only
carcinogenic risk of metals via inhalation pathway [34]. If
the value of risk drops between the ranges (107-107%),
then the contamination likely does not produce carcino-
genic risk [38].

3 Result and discussion

3.1 Level of PM, ;

The concentration of PMg 55, PM; o, PM, 5, and PM,, was
carried out for 5 days for five different brands of mos-

quito coils. As shown in Fig. 2, the higher concentra-
tions of PMg 55, PM, o, PM, 5, and PM,, were recorded for
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sample M1 and lower concentration was found in sam-
ple M5. Average concentration of different sizes of PM
was observed as M1 > M3 > M2 > M4 > M5. In the present
study, higher average concentration of all size fractions
of PM was found in burning phase as PM, 55 (1212.5%),
PM, , (1833.3%), PM, ; (830.42%), and PM,, (444.89%)
than that in pre-burning and post-burning phases, and
it was PMg 55 (23.23%), PM, 4 (65.33%), PM, 5 (63.05%)
and PM,, (60.96%) lower, respectively, in post-burning
phase. It is shown in all samples that the concentration
piercingly augmented and attained the highest at the
end of the burning period, and turned down during the
post-burning period. The results are in line with earlier
studies [24, 29] done on agarbatti, dhoop, and mosquito
coil in the indoor environment. This study also contra-
dicts the earlier study [32] where the average results of
Cd (82.66%), Cr (73.26%), and Pb (78.34%) were found
higher, while that of Fe, Ni, and Zn (25.9%, 29.88% and
31.52%), respectively, were lower from the burning coil.
Sampling for the determination of PM, 55, PM, ,, PM, ¢,
and PM,, was carried out for 5 days for five different
brands of cigarette. As shown in Fig. 3, average values of
PMg 55 PM; o, PM, 5, and PM,, were found 84.3, 141.05%,
130.66%, and 122.47% higher, respectively, from non-
burning to burning phase in cigarette samples. Dur-
ing the burning period, the highest and lowest aver-
age mass concentrations of PM,, 55 and PM, ; occurred
in samples C5 (0.80 pg/m3 and 140.44 ug/m?3) and C1
(0.40 ug/m? and 47.45 ug/m?), respectively, while the
highest and lowest average mass concentrations of
PM, s and PM,, occurred in samples C5 (149.33 pug/m?
and 174.34 pg/m?3) and C4 (51.70 pug/m3 and 53.80 pg/
m3), respectively; whereas during the non-burning
phase, the highest average mass concentration of
PMgs and PM, ; occurred in sample C5 (0.80 pg/m?
and 39.72 pg/m3), respectively, the and lowest in sam-
ples C4 (0.20 ug/m3) and C3 (22.47 ug/m?3), respectively.

Fig.3 Average of PM mass
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The highest and lowest average mass concentrations
of PM, s and PM,, occurred in samples C5 (45.95 pg/m?
and 53.78 ug/m?®) and C3 (24.38 ug/m?* and 26.20 pg/
m3), respectively. In India, indoor environmental air
quality standards have not been recommended yet;
therefore, we compare our results with that of the World
Health Organization (WHO) [39], 2006 standards. Over-
all, the values of PM, ; and PM,, concentrations were
found lower from the permissible limit in sample M5,
while it was found higher in the rest of the samples of
mosquito coil and cigarette samples. The trace elements
found in mosquito coil and its crush, cigarettes and
their crush are shown in Tables 1 and 2, respectively.
Concentrations of metals were found many fold times
lower in air samples in comparison with crush samples
of mosquito coil and cigarette. ICP-AES technique was
inured to determine the concentration of heavy met-
als in fine particulate matter. Cd, V, Se, and Tn are not
detected in any brands of mosquito coil and cigarette
in the air sample. The maximum concentration of Al was
observed and minimum concentration of Ni and Pb was
found in crush samples of mosquito coil and cigarette,
respectively, whereas the minimum concentration of
Mn was found in air samples of mosquito coil and ciga-
rette. The concentrations of Al, Cu, Mn, Cr, and Ni were
of almost the same order in mosquito coil and cigarette
samples. Results were found to be similar to [40] that Fe
concentrations were highest in all the brands compared
to the other metals, while the cadmium concentration
was lowest in all the four brands of cigarette. The con-
centration of Zn was found however higher in mosquito
coil samples in comparison with cigarette samples.
Concentrations of metals were found many fold times
lower in air samples in comparison with crush samples
of mosquito coil and cigarette. Cd was not detected in
the present study, and our results contradict that of
Karbon et al. [41]; they observed that Pb concentration
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was the highest, followed by Cr and Cd in Iraq. Yebpella
et al. [42] studied that when the cigarettes are burned
during the process of smoking, metals are retained in
the ash with about 70% transferred to the smoke. Phal
[21] compared the results of cigarette powder, ash and
the smoke which is released in the air, and the outcome
implied that the content of heavy elements in the coil
was at a faintly higher level as compared to that of the
cigarette. Compared to other studies, [43] analyzed that
Indian cigarettes contain lower amounts of heavy met-
als. Saffari et al. [44] analyzed the degree of exposure to
different chemical agents and their emission rates were
found quantified in the particles generated by e-ciga-
rettes and normal cigarettes. In the present study, the
elemental composition of five mosquito coils and ciga-
rettes was sampled in a closed environmental chamber.
Elemental analyses revealed that Al, Sn, Mn, Zn, Cu, Ni,
Cr, and Pb were all detected above the method detec-
tion limit. The heavy metals in the environment are of
great concern because of their toxicity nature in the
environment. Smoking of cigarettes and using mosquito
coils to repel and kill vectors are critical. However, their
improper use by consumers though may lead to other
health problems that should not be ignored. Overall,
the results of this study reveal that Al, Cr, and Sn were
found higher in mosquito coils, whereas Cu, Zn, Mn, Ni,
and Pb were higher in cigarette samples; particular ele-
ments may be attributed to the raw material used for
manufacturing both (mosquito coil and cigarette). The
element content emitted in air found out for mosquito
coil and cigarette is within the Occupational Safety and
Health Administration (OSHA) limits (http://www.osha.
gov/pls/oshaweb/owadisp.show_document?p_table
=standards&p_id=9992).

3.2 Metal exposure dose

Risk assessments can provide a great deal of infor-
mation to an epidemiological exploration and par-
ticularly in the understanding of PM-allied health
effects. They are often complicated yet controlling
factors. We have used the risk assessment approach in
order to ascertain boundary conditions for individual

Table 3 Exposure factors for dose models

S.no. Factor Definition Unit Value (Adult) References
1. ED Exposure dura- Days 2 [33,34]
tion
AT Average time  Days EDx365
IR Inhalation rate  m3/day 20
BW Body weight kg 70
SN Applied Sciences
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Table 4 Health risk from heavy metals in air samples of cigarettes

Source ADD o SFI R;
PM, 5
i 0.029 11.2 0.324
2 0.046 0.515
a 0.033 0.369
Cca 0.034 0.380
5 0.07 0.784
Cu
a1 7.82E-8
] 3.91E-7
a 1.50E-8
Cca 7.29E-8
5 7.82E-8
Zn
a1 2.34E-7
2 3.91E-6
a 1.50E-8
Cca 2.34E-7
5 1.56E-7
Cr
al 3.22E-8 16.8 5.40E-7
2 4.10E-8 6.88E-7
a 4.50E-8 7.56E-7
ca 2.43E-8 4.08E-7
5 7.82E-8 1.31E-6
Ni
al 7.74E-8 0.672 5.20E-8
2 3.42E-8 2.29E-8
a 7.51E-9 5.04E-9
Cca 2.43E-8 1.63E-8
5 3.04E-8 2.04E-8
Pb
al 6.45E-8 0.016 1.03E-9
2 7.82E-8 1.25E-9
a 7.51E-8 1.20E-9
c4 7.29E-8 1.16E-9
5 1.56E-7 2.49E-9

risks on a common population urban. Exposure fac-
tors for dose models for adults are shown in Table 3,
and ADD,,, and individual health risk from heavy
metals in air samples of mosquito coil and cigarette
are shown in Tables 4 and 5. The trend of individ-
ual risk (R;) of a health problem through PM, ; was
M1 > M3 >M2>M4 > M5 in mosquito coil samples and
C5>C2>C4>C3>C1incigarette samples. The maxi-
mum individual risk of health problem was found to
be associated with Cr and minimum with Pb in mos-
quito coil samples and cigarette samples though it
was below the threshold levels. Results showed the


http://www.osha.gov/pls/oshaweb/owadisp.show_document%3fp_table%3dstandards%26p_id%3d9992
http://www.osha.gov/pls/oshaweb/owadisp.show_document%3fp_table%3dstandards%26p_id%3d9992
http://www.osha.gov/pls/oshaweb/owadisp.show_document%3fp_table%3dstandards%26p_id%3d9992
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Table 5 Health risk from heavy metals in air samples of mosquito
coils

Source ADDp SFI R;
PM, 5
M1 0.286 11.2 3.20
M2 0.14 1.56
M3 0.177 1.98
M4 0.072 0.80
M5 0.015 0.16
Cu
M1 7.82E-8
M2 3.13E-7
M3 2.34E-7
M4 7.82E-8
M5 7.82E-8
Zn
M1 3.91E-7
M2 7.82E-7
M3 7.82E-7
M4 7.04E-7
M5 7.82E-7
Cr
M1 5.47E-7 16.8 9.18E-6
M2 1.56E~7 2.62E-6
M3 1.27E-8 2.13E-7
M4 7.82E-8 1.31E-6
M5 6.41E-8 1.07E-6
Ni
M1 6.37E-9 0.672 4.28E-9
M2 7.82E-8 5.25E-8
M3 1.27E-8 8.53E-9
M4 7.82E-8 5.25E-8
M5 6.41E-8 4.30E-8
Pb
M1 2.34E-7 0.016 3.74E-9
M2 2.34E-7 3.74E-9
M3 2.34E-7 3.74E-9
M4 2.34E-7 3.74E-9
M5 2.34E-7 3.74E-9

concentrations of Ni in air samples are alarming and
higher than dangerous values.

3.3 Assessment of non-carcinogenic health risk

The result for HQ is given in Fig. 4. The average HQ value
for the adults for all the heavy metals is well under the
safe limit, which means there is no non-carcinogenic unfa-
vorable impact on adults [34]. The HQs value decreased
in the order of Zn < Ni < Cu < Cr<Pb in mosquito coils and
Ni<Zn<Cu<Cr<Pb in cigarette samples. The results

concluded that the HQ values for all metals were below 1.
For non-carcinogens, there subsists the assumption of the
threshold, below which there is no toxic response.

3.4 Excess cancer risks (ECRs)

ECRs for carcinogenic risk of metals through inhalation
pathway have been calculated as described earlier by
using Eq. (1), and results are presented in Table 6. The
decreasing order of excess cancer risk (ECR) for the car-
cinogenic elements pursues the similar trend for both
cigarettes and mosquito coil in adults: Pb <Ni< Cr The
total average ECRs for mosquito coil and cigarettes are
2.18x 1077 and 5.03 x 1078 which were found to be well
below the acceptable level (107 and 107%) for adults
although we found the values of the above metals more
in mosquito coil samples in comparison with cigarette
samples, and the present study shows no health hazards.
It was the first effort to assess exposure to heavy metals
and uncertainties could not be neglected. Further studies
should lay down exposure parameters which could mull
over local human activities mode to give more authentic
risk assessment outcomes.

3.5 SEM characterization of PM, 5 samples

Morphological characteristics (texture, edges, and size)
of ambient atmospheric particles collected from different
brands of mosquito coils and cigarette were compared
in order to determine their origin. We take two brands of
mosquito coil and two brands of a cigarette according
to the maximum and minimum PM, ; concentration for
SEM analysis. In cigarette samples, the minimum PM, 5
concentration was found in sample C1 and the maximum
was found in C5, whereas in mosquito coil samples the
minimum PM, ; concentration was found in sample M5
and the maximum was found in M1. Without burning
of mosquito coil and cigarette samples in experiment
chamber, we found the branched clusters of soot par-
ticles embedded in the filter paper with tubular shape
probably containing Si-O as shown in Fig. 5a (blank
filter paper). SiO, particles (commonly called silica) are
characterized by high content Si and O. Figure 6a shows
a tubular structure which was collected at the without
burning phase, the pure silica particles have a natural
origin. Figure 6b shows an irregularly shaped particle
characterized by a complex mixture of the carbon-rich
particle. Carbon particle with nearly spherical morphol-
ogy and porous surface configuration dominated by C
and O and spherical shape probably contain Al-Si-O as
illustrated in Fig. 6¢.

Analysis of individual particles collected from experi-
mental chamber during burning and after burning of
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Fig.4 Hazards quotient (HQ) 1.00E+00

for adults respective to metals ]

exposure pathway 1.43E-01
2.04E-02
2.92E-03

4.16E-04 .

5.95E-05

HQ (Logarithmic)

! Cr
] = Nj
8.50E-06 | = pp
1.21E-06
1.73E-07 I
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m Cu
m Zn

Table 6 Excess cancer risks (ECR) of carcinogenic elements in mosquito coils and cigarette samples

Source Carcinogen group IUR (ug/m3)? Excess cancer risk of mos- ~ Source Excess cancer risk of
quito coil samples cigarettes samples
Cr
M1 A (Human carcinogen) 0.012 6.90E-7 1 4.06E-8
M2 1.97E-7 C2 5.16E-8
M3 1.60E-8 a3 4.73E-8
M4 9.8E-8 c4 2.55E-8
M5 8.08E-8 c5 8.21E-8
Ni
M1 A (Human carcinogen) 0.00024 1.60E-10 (@ 1.95E-9
M2 1.97E-9 C2 8.62E-10
M3 3.21E-10 a3 1.57E-10
M4 1.97E-9 c4 5.11E-10
M5 1.61E-9 c5 6.39E-10
Pb
M1 B2 (Probable human carcinogen) 0.000012 2.95E-10 (@ 8.12E-11
M2 2.95E-10 C2 9.86E-11
M3 2.95E-10 a3 7.89E-11
M4 2.95E-10 c4 7.66E-11
M5 2.95E-10 c5 1.64E-10

@ Values taken from IRIS (Integrated Risk Information System) [45]

mosquito coil and cigarettes samples shows the irreg-
ular-shaped particle characterized by complex mixture
of carbon-rich particle containing varying amounts of
metals Al, Cu, Zn, Cr, Mn, Ni, Pb which was confirmed
by ICP-AES technique for sample C1 in Fig. 7a. Similar
results are shown in Fig. 9b for sample M5 and Fig. 10b
for sample M1. Figure 7b shows the nearly rectangular
shape probably containing aluminosilicate for sam-
ple C1. Similar results are shown in Fig. 8c for sample
C5. Figure 8a shows the Cr in combination with, Mn,
Si, and O which was confirmed by ICP-AES technique.
Carbon particle with nearly spherical morphology was
dominated by O and C as shown in Fig. 8b for sample C5.

SN Applied Sciences
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Similar results are shown in Fig. 9a for sample M5 and
Fig. 10a for sample M1. In cigarette sample C5, the parti-
cles were of irregular, nearly spherical, and of rectangu-
lar shape, while in sample M1 (mosquito coil) the parti-
cle shapes were nearly spherical and irregular in nature
In, cigarette sample C1, the particles were of irregular
and nearly rectangular shape, whereas in sample M5
(mosquito coil) the particle shapes were nearly spheri-
cal and irregular. The surface morphology of the parti-
cles collected from the chamber was indicated to have
branched aggregates of carbonaceous matter. They are
ubiquitous in nature because of their origin in burning
processes, where they can be formed at temperatures
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Fig.5 Blank quartz fiber filter

Fig. 6 SEM images of without
burning phase (mosquito coil
and cigarette): a branched
cluster of soot particles
embedded in the filter paper
with tubular shape probably
containing Si-O, b an irregular-
shaped particles characterized
by complex mixture of carbon-
rich particle, c carbon particle
with nearly spherical morphol-
ogy dominated by C, O and
spherical probably containing
Al-Si-O, d a single carbon
particle with nearly spherical
morphology dominated by C
and O

—
10.0kV SEI

X 10,000 10.0kV SEI

around 200 °C. These particles enter the atmosphere as
a result of incomplete combustion processes. Various
studies have reported that the morphology of carbo-
naceous particle originated from burning processes is
diverse from soot chains to complex structures, which
depends on burning conditions and atmospheric pro-
cesses [46-50]. Cu, Zn, and Mn are also found in air sam-
ples of mosquito coils.
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WD 7. 8mm 8:03:46
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—
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12/10/2015

e
1pm  SAIFIITB
SEM WD 5.8mm  4:12:26

10pm
M

X 1,000

4 Conclusion

The results of this study reveal that burning of sample
M1 has the highest emission of the PM and sample M5
has the least in all the brands of mosquito coil, and
burning of sample C5 has the highest emission of the
PM and sample C1 has the least in all the brands of ciga-
rette. The maximum concentration of Al was found in
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— 10pm SAIFIITB 12/10/2015

10.0kV SEI SEM WD 6.0mm 2:56:03

10.0kV SEX

Fig.7 SEM images of cigarette sample C1 during burning phase: a an irregular-shaped particle characterized by complex mixture of car-
bon-rich particles, b nearly rectangular shape probably containing aluminosilicate

12/10
WD 6.1lmm

3:06:59

T

SAIFIITB

12/10/2015
WD 6.1mm 3:17:20

SAIFIITB 12/10/2015
WD 6.1mm 3:03:31

Fig.8 SEM images of cigarette sample C5 during burning phase: a an irregular shape containing Cr in combination with Mn, Si, and O, b
carbon particle with nearly spherical morphology dominated by C and O, c nearly rectangular shape probably containing aluminosilicate

crush and air samples of mosquito coil and cigarette.
The minimum concentration of Ni and Pb was observed
in crush samples of mosquito coil and cigarette, respec-
tively, whereas Mn was found in minimum concentra-
tion in air samples of mosquito coil and cigarette. The
trend of individual risk (R;) of a health problem through
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PM, s was M1 > M3 >M2 > M4 >M5 in mosquito sam-
ples and C5>C2>C4>C3>C1 in cigarette samples.
The maximum individual risk of health problem was
found to be associated with Cr and the minimum with
mosquito coil samples and cigarette samples though
it was below the threshold levels. Values for adults are
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Fig.9 SEM images of mosquito coil sample M5 during burning
phase: a branched cluster of soot particles embedded in the filter
paper with carbon particle with nearly spherical morphology domi-

SAIFIITB 12/10/2015
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\ Jﬁm‘.
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nated by C and O, b an irregular-shaped particle characterized by
complex mixture of carbon-rich particles

B
10pm SAIFIITB

H
12/10/2015
10.0kV SEI M WD 6.2mm 3:58:58

Fig. 10 SEM images of mosquito coil sample M1 during burning phase: a carbon particles with nearly spherical morphology dominated by
Cand O, b an irregular-shaped particles characterized by complex mixture of carbon-rich particle

well under the safe limit (HI < 1) indicating non-cancer
risk from heavy metals. We found the cancer risk to be
well below the acceptable level (107-1079) for adults.
Further studies should put aside exposure parameters
which could consider local human activities mode to
give more authentic risk assessment outcomes. This is a
short-term study. The time of exposure was very limited,
and the concentration of metals was below the limits,
but it is believed that if the exposure duration is larger,
then the concentration of metals would increase; so
keeping this fact in mind, we have performed human
risk assessment by taking the standard methods in our
study. Further study will help to monitor on the emis-
sions of other toxic pollutants such as PAHs, VOCs in
both gas phase and particulate phase within smoke
produced by cigarettes and mosquito coil and to assess

the likely exposure and impact on human health. The
more in-depth investigation should also be conducted
in actual furnished rooms in a real apartment to evalu-
ate the effects of smoke generated by smoking in an
actual residential environment.
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