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Abstract

Women spend relatively more time in indoor conditions in developing countries. Exposure to
various indoor air pollutants leads them to higher health risks according to Household air
quality in which they reside. Particulate matter (PM) exposure with their exposure duration
inside the household plays a significant role in women's Respiratory problems. We measured
size segregated particulate matter concentrations in 63 residences at different locations.
Respiratory dust depositions (RDDs) for 118 women in their different respiratory regions like
head-airway (HD), tracheobronchial (TB), and alveolar (AL) region for the three PM size
fractions (PM1o, PM25 & PM1) were investigated. For different positions like Light exercise
and the Sitting condition, RDD values found for AL region was 0.091 pgmin~ (SD: 0.067,
0.012-0.408) and 0.028 ugmin~t (SD: 0.021, 0.003-0.126) for PM1o, 0.325 pgmin~(SD: 0.254,
0.053-1.521) and 0.183 pgmin~(SD: 0.143, 0.031-0.857) for PMz2.s, 0.257 ugmin~*(SD: 0.197,
0.043-1.04) and 0.057 pgmin™ (SD: 0.044, 0.009-0.233) respectively for PM: to females.
RDDs values in the AL region significantly increases as PMio (11%), PM2s (68%), and PM1
(21%), confirm that for women, the AL region is the most prominent affected zone by fine

particles (PMz.s).

Keywords —Household Air Pollution, Women's health, size segregated PM, RDDs, Exposure

Index, Hazard Quotient,

List of abbreviations: PM: Particulate matter, HAP: Household air pollution, RDDs:
Respiratory dust depositions, HD: Head airway, TB: Tracheobronchial, AL: Alveolar, 1/O:
indoor-outdoor, EIl: Exposure index, HQ: Hazard Quotient
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1. INTRODUCTION

Household Air Pollution (HAP) is prevalent in developing countries like India, but its resultant
impact is detrimental for all, and therefore, it is a significant area of study (Smith 2000; Smith
and Mehta 2003). HAP negatively impacts the health and life quality of individuals. The health
risks associated with HAP include respiratory problems and premature deaths (Beelen et al.
2014a). HAP is among those leading environmental pollutants, which causes risk factors and
increases the global burden of disease. It has been accountable for 1.6 million deaths and 59
million disability-adjusted life years in 2017 (Stanaway et al. 2018). Africa and Southeast
Asian countries are the most affected nations due to the rise of HAP exposure in the developing
world (WHO 2011). HAP depends on many variables such as the type of fuel that is being used
for cooking, various kitchen facilities, household structural features, house ventilation,
smoking history, house location, geographical conditions, and various other activity patterns
within that period of exposure (Wu et al. 2007; Begum et al. 2009; Pant et al. 2016; Sidhu et
al. 2017; Datta et al. 2017; Rohra et al. 2018; Prabhu et al. 2019a; Benka-Coker et al. 2020).
For cooking purposes, people in India use mainly two fuel types (The Census of India 2011).
Solid fuels commonly consist of coal, cow dung cake, wood, crop residue, and in clean fuels,
primarily electricity and Liquefied Petroleum Gas (LPG) (Pandey and Chaubal 2011; Sidhu et
al. 2017). An estimated population of about 28% of India's urban population engages in
biomass fuels for cooking (The Census of India 2011; Bhole 2017). A survey by the Health
Effect Institute (HEI) estimated 1.8 million premature deaths and 48.7 million disability-
adjusted life years (DALYSs) due to HAP exposure in India (GBD MAPS Working Group,
2018) (Sharma and Jain 2019).

In the Indian scenario, Particulate Matter (PM) is of significant concern for HAP. PM affects
the microenvironment and contributes to escalating a significant particulate dose amount in the
ambient atmosphere (Kesavachandran et al. 2015; Kumar and Goel 2016a). In 2010, HAP
accounted for 16% of the total ambient PM concentration (Hime et al. 2018). The burning of
fuels for cooking purposes generates a substantial PM level, which significantly affects its
surrounding population in both urban and rural regions (Smith and Mehta 2003; Fullerton et
al. 2008; de la Sota et al. 2018). Aerodynamic diameter is the key point for PM size fractions.
Particles classified as thoracic (PMao, particles size<10um), coarse (PM2s-10, 2.5um<particles
size<10um), fine (PM2s and PMz, particles size<2.5um) and ultra-fine particles (particles
size<0.1pm) (Daigle et al. 2003; Singh et al. 2015a; Kesavachandran et al. 2015). Exposure of

fine particles (PMz.) to long term reflects the curtailment from 8.5 to 20 months in average life
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expectancy, and increment in the cardiopulmonary mortality risk by 6-13% per 10 mg per
cubic meter of PM2s (Evans et al. 2013; Datta et al. 2017). Extended exposure to PM,
particularly to the fine and ultrafine particles, elevates the risk for health disorders like
respiratory infections, aggravation of chronic lung diseases, heart problems, stroke, eye
inflammation, tuberculosis, and cancer (Smith 2000; Balakrishnan et al. 2013; Singh et al.
2015b; Stanaway et al. 2018). Many studies have linked excessive PM concentrations in
households with adverse health effects (Massey et al. 2013; Jindal et al. 2020). In the elderly
residents of Sao Paulo (Brazil), PM1o and PM2swere measured as 35.2 and 27.4 pg/m? (Segalin
et al. 2017). For Kaohsiung City, Taiwan, household PMuo daily average value exceeds 62
ug/m?® (Yen et al. 2020). In various studies, the 24h average PM1o concentration was found in
between 200-500 pg/m? for households using biomass fuels, depending on multiple parameters
like type of fuels, different cooking- stoves, housing structure (Barnes et al. 2011; Beelen et al.
2014b; Adesina et al. 2020). A study (Smith and Mehta 2003) based on PMz2.s concentration in
Guatemalan village showed the value exceeded 5000 pg/m?. In Nepal, the PM2 s values crossed
8000 ug/m? for households using an open fire, while it exceeded 3000 pg/m? for homes using
Kerosene (Lohani 2011). In Punjab, cooking with biomass fuel resulted in PM2.s values of up
to 697 pg/m? for the household enclosed kitchen (Sidhu et al. 2017).

The vulnerability of different sections of the population to HAP depends on several factors,
including their age, gender, surrounding meteorological parameters, socioeconomic conditions,
and pre-existing health conditions (Pant et al. 2016; Hime et al. 2018). Previous research
(Simoni et al. 2004; Pandey and Chaubal 2011) delineated that women spent unquestionably
more time in indoor conditions than men in India. Women are the most vulnerable to HAP as
higher levels of exposure due to more residence time in houses (more than 80%). For women's
household chores, cooking is considered the highest share in most countries. In developing
countries, females, compared to men, contribute more than 75 percent to cooking activities
(Mishra 2003). The Exposure assessment of vulnerable individuals is essential in assessing the
possible health risk under various Household air pollutants. This evaluation can be achieved
either by personal monitoring or by monitoring the specific area, accompanied by
questionnaires survey with different time-activity patterns (Gupta and Elumalai 2017; Sidhu et
al. 2017; de la Sota et al. 2018). It can further be established in a particulate dose in the lungs
and can be used to understand or predict potential health risks (Sharma and Jain 2019). Very
few studies have been recorded on Respiration dust deposition due to PM in women,

particularly during cooking in urban household settings, where they mostly use LPG (Varghese
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et al. 2005). Health hazards of increasing household PM concentrations have been discussed in
several previous studies (Olmo et al. 2011; Arbex et al. 2012; Morris et al. 2012; Weuve et al.
2012; Mehta et al. 2016; Bai et al. 2020). Notwithstanding, different particle sizes with their
exposure dose, duration, and particle deposition behaviour in human bodies, are still required
for a comprehensive review. It gives rise to the need for continuous household air quality

monitoring.

Air quality is a much-concerned factor for Dhanbad city, popularly known as India's Coal
Mining Capital. In the report of the Central Pollution Control Board (CPCB 2009) of India,
Dhanbad had been identified as one of the "Critically Polluted Areas." A study (Gupta and
Elumalai 2017) of PM conducted found that it can have adverse effects on the people dwelling
in the Dhanbad region; also, it gave an alarming result of the respiratory diseases with an
average RDD value in the Alveolar region (AL) of 0.288ug min, 0.569 ug min™ and 0.663pg
mint for PM1o, PM2sand PM: respectively for women.

Therefore, this present study mainly concentrates on

- Correlating HAP and its associated impacts on Respiratory Dust Depositions (RDDs)
of women.

- Evaluating the Exposure Index (EI) and Hazard Quotient (HQ) to determine exposure.

To accomplish these goals, real-time continuous monitoring of the Size segregated PM within

the household was carried out, along with different activity patterns records of women within.
2. Study area and methodology
2.1 Sampling site

Dhanbad is popularly known as the coal-mining capital of India. It is situated in Jharkhand
state, having the Jharia coalfield range. Its geographical coordinates are 23.79°N and 86.43°E,
respectively. Measurement of particulate matter concentration and particle count was
conducted in selected households in the various area represents the suburban residential
conditions. We measured outdoor ambient PM concentrations in the surrounding regions for
indoor-outdoor interaction. Major selected areas comprise Dhaiya Basti (which was primarily
a slum area), IIT(ISM) Dhanbad (a national level institution for Science and Engineering),
Hirapur (old city area with mixed Socio-Economical status). Fig 1 depicts the study area
locations in the Dhanbad city of Jharkhand State.
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Fig 1: Study Area
2.2 Study population and questionnaire

A questionnaire survey was performed to screen and quantify the household and indoor areas
such as kitchen conditions, fuel used, cook-stove type, indoor conditions (ventilation, etc.).
After a peer literature review and applicability in the study area, the questions were developed
in the questionnaire (Bird 2009). For socioeconomic status (SES), we used the modified BG
Prasad scale and Kuppuswamy scale in our questionnaire (Bird 2009). The questions asked in
the survey appertain to general overview on fundamental attributes (Physical characteristics
(age, height, weight) and educational qualification), respiratory health status (cold, cough,
headache, chest tightness and breathlessness), number of family members, house structures and

residing time in indoor conditions in different locations inside the house (Prabhu et al. 2019b).

86°50'0"E
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The data collected from women by direct interview and question-answer session. We provided
our vacant questionnaire and asked them to fill and return the same. "How many family
members are there in the house?" "What kind of fuel do you often use for cooking means?"
"How many times spend in the house?" "Do you involve in any light activities during the
residing hour?" We finally choose those women for our observation who gives satisfactory
replies in "Yes," and they were considered under our scrutiny. Several parameters including
ambient temperature, outdoor and indoor PM concentrations, socioeconomic status, primary
cooking fuel use (Coal, Liquefied petroleum gas (LPG), Electricity), household conditions,
kitchen structure, and its area, ventilation, smoking conditions in the house were considered
for the study of exposure assessment. Woman's age, education, occupation, and their various
activity inside the house are also considered.

Initially, we choose 67 households from the study area for our monitoring purposes. Out of
this, 4 does not support and permit monitoring. So finally, we had 63 residences in our count.
Out of 63 households, 32 are from the slum area comprising 1 or 2 room houses/ hut type
structure. 13 were apartments, and the remainder were detached houses, usually 1 or 2 storey
buildings. There was no external ventilation/exhaust system in slum areas and detached houses.
Window and door provide natural ventilation to them. Apartments have an air-conditioning
system in it. Coal is used in a handmade cook stove in the slum area for cooking purposes. LPG

cylinders and some electric cook-stoves are used for cooking purposes in the apartment.

Various activities by people residing in the home also increase the indoor pollutants there
(Ferro et al. 2004; Wu et al. 2007; Segalin et al. 2017; Adesina et al. 2020). In the various
household, there is no proper ventilation and windows. In the slum area, there is no separate
kitchen inside the household. Women from the study area spend more time than the other age
groups inside a residence, so they are more susceptible to indoor exposure and health risk. We
choose 125 women ages 19-65 years old (mean: 32+4 years) from the study area of concerned
63 household. Out of 125 women, 68 were from slum areas, 28 middle-class family and the

rest from the upper class in socioeconomic status with some refusal (N=7).
2.3 Instrumentation

An optical portable Aerosol Spectrometer (Grimm 1.109) was used for indoor particulate count
and mass. For continuous monitoring of particulate matter concentration during the sampling
period, we used it at a constant flow rate (1.2L/min) with a controller's help. 31 channel sizes

range from 0.25 to 32 um particle size is measured by the Grimm with the certification issued
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by NIST (National Institute of Standards and Technology). The dual technology principle is
used in the portable aerosol meter Grimm, i.e., the principle of light scattering for continuous
and real-time measurements and the collection of total particles by the size of the PTFE filters
47mm (Burkart et al. 2010; Gupta and Elumalai 2017). Grimm was routinely calibrated with
an accuracy of £2 percent to ensure the precision of the collected data. All the required
background measurements and flow checks were performed for the instrument before each
monitoring. Q-Trak IAQ monitor (TSI model 7575x) was used for meteorological parameters
like temperature and relative humidity measurement. With the help of an anemometer (Kestrel

model 4500, Portable type), the wind speed was monitored.
2.4 Data collection method

Two-season monitoring was done in the study area. From 8 April 2019 to 12 July 2019 (95
days) for the summer season and between 30 November 2019 to 26 February 2020 (89 days)
for the winter season in different sampling locations of the study area. Different continuous
measurements were measured in every household in various places like the kitchen or where
cooking took place (In case of no separate kitchen), nearest room to the cooking location, and
restroom/bedroom. Instruments were mounted at the standard human breathing zone (1.5 m
from the ground) and 1.5 m away from the open doors/windows, where there was less chance
of damage to the instrument. Micro meteorological parameters such as temperature, relative
humidity, and wind speed were listed in the study area during the monitoring season (Table
S1). We used data collected for the meteorological parameter from an installed automation
weather station on the campus of IIT(ISM) Dhanbad for the reference site. Along with PM
monitoring, Respiratory health symptoms of women in the study area were assessed with the

help of a questionnaire.

2.5 Assessment of the respiratory dust depositions (RDD)

The RDD values for women residing in households were calculated for different day-to-day
activities, including sitting/resting and basic household chores with light exercise. The values
were calculated using equations given by the International Commission on Radiological
Protection (ICRP 1994). The ICRP equations were previously used in many studies(Azarmi
and Kumar 2016; Gupta and Elumalai 2017; Segalin et al. 2017; Sharma and Balasubramanian
2018).

RDD = (VT X f) X DF X PM oo o)
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VT represents the tidal volume (m® per breath), f for the breathing frequency (breath per
minute), DFi denotes deposition fraction of a size fraction i, and PMi was the mass
concentration of different PM sizes.

The deposition fraction for the head airways region (DFHp) is

1 1

DF = IF x I:(1+exp(6.84+1.183 In (dp))) * (1+exp(0.924—1.885 In(dp)))]"""""" 2)
Where dp is particle size in um and IF is the inhalable fraction.
From the ICRP model, IF is given by

—a _ 1

=105 (1= (gonors @oze))] oo 3)

The value of deposition fraction for the tracheobronchial region (DFs) is

= (*22) x [exp(=0.234 (In( ) +3.40)?) + (639 (exp(—0.891
(N C ) =281 oo, (4)
The deposition fraction for the alveolar region (DFaL) is calculated by

= 2%y x [exp(—0416 (In( ) +2.84)2) + (19.11

(exp(—0.482 (IN( ) —1.362)2)))] oveoveeeece e (5)

The total deposition was computed by adding the values of all the regional depositions. The
VT and f values were influenced by several factors like the gender of the person and the type
of activity being done. For different positions like light exercise and sitting position for
females, the VT values were considered 9.9x10™* m® per breath and 4.6x10~* m? per breath,
respectively. For females, f values for the above-mentioned two positions were taken as 21 and

14 breaths per minute, respectively (Hinds).

2.6 Exposure assessment

Various types of activities inside the household by the women on a regular basis, with their
different time spent, were recorded over 24 hours. Particulate concentrations in a different
microenvironment like Kitchen, room near the kitchen, living room, etc., associated with time
spent pattern, by women were considered for developing the Exposure index. The Exposure

index for women based on their time activity was developed as below.
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Exposure index (EI)

:Z—

Where

Ei: Exposure index

Ci: Different PM Concentration in particular microenvironment k.

tki: Aggregate time that individual "k™ spends in microenvironment I.

I: Different micro-environments where for a specified time, individual "k" resides.
Cg: PM WHO guideline value (25 & 50ug/m®for PM2s & PM1o respectively).

ta: Aggregate time (24 h).

2.6.1. Development of Exposure index

Exceeding pollutants dose above permissible limits is a significant source of adverse health
effects. For the potential health effects of female residents due to indoor particulate, we use the
Health Risk Assessment (HRA) approach. This methodology deals with a two-step
measurement analysis. First, to assess the particles' toxicity in their exposure process (i.e.,
inhalation, absorption, and dermal contact) and then measure the particles' exposure level in
the receptor. The toxicants, which are non-carcinogenic, give no significant exposure to
exposure ranging from zero to acceptable intake daily/reference level. When these average
dosage thresholds exceed the reference dose, the receptor is known to be at high risk to health
(Chao and Wong 2002; Dolk et al. 2010; Sanchez-soberon et al. 2015; Sidhu et al. 2017).
2.6.2 Intake concentration (IC)

Exposure can occur by different pathways like ingestion, inhalation, or dermal absorption in
the receptor (Kurt-Karakus 2012; Avila-Tang et al. 2013; Chen et al. 2016; Kumar and Goel
2016b). The inhalation of particles can originate various respiratory diseases with chronic
health risks. International Agency for Research on Cancer (IARC 2013) declares PM as
carcinogenic to individuals (Loomis et al. 2014). Here we mainly focus on the women in the
study area, which indulge in the cooking process. Women's exposure to fine particles (PM2.s)
was determined in previous studies by considering the inhalation tract (Guo et al. 2004; Liao
et al. 2019). Exposure duration and frequency with activity patterns were significantly

impacted on exposure. The average hour for cooking was evaluated from the total daily time

10
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pattern. The exposure duration selected 20 years, as women spending more than 15 years
cooking are at higher risk of COPD and other respiratory diseases (Alim et al. 2014; Hystad et
al. 2015). The USEPA method is used to assess the potential intake concentration of PM1o &
PMzs(Morris et al. 2012; Bluyssen et al. 2016; Human 2019). With the assistance of an updated
methodology, Intake concentration was determined utilizing the modified Eq. (2) (Forum 2019;
Human 2019).

The chronic Intake concentration has been determined using the following calculation

(USEPA, 2009).
__ (CAxET x EF x ED)

Where:

IC (ug/m®) = Intake concentration (defined as time weighted average concentration dependent
on the exposure pattern);

CA (ug/m®) = PM concentration.

ET = Exposure time (the period over which a person is supposed to be exposed during a normal
day) that was 3.5 h/day for coal users and 4.5 h/day for clean fuel users, in our study.

EF (days/year) = Exposure frequency (defined as the amount of exposure events over an
exposure duration) taken as 350 days/year.

ED (years) = Exposure duration (the period during which a person is exposed to lifetime), taken
as 20 years for female residents.

AT = Averaging time (period over which exposure is averaged) that equals to ED in yearsx365
days/yearx24 h/day for non-carcinogens.

All of the default mentioned above values have been added, considering the residential criteria
specified in USEPA (2014) and used in Indian study (Sidhu et al. 2017; Deepthi et al. 2019).
2.6.3 Toxicological risk

Hazard Quotient is used as an indicator of toxicological risk. As per the hazard quotient method
recommended by USEPA, 2005 Eq. 3, it is characterized as the proportion between
consumption fixation (Intake concentration) and the reference dose (Reference concentration).
Here reference concentration for PMio & PM2s was taken the same as the WHO guideline (50
& 25 pg/m®). As neither WHO nor NAAQS provides a standard value for PMz in
Ambient/Indoor Air quality, the value of finer particles (PM1) cannot be compared with any
given standards. HQ values less than 1 do not impact significant effects on human health. More
than 1 HQ value might raise concern for the potential risk of human health.

Hazard quotient

11
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= —— Where,

IC: Intake concentration (PM1o & PMzs, ug/md)
RfC: Reference concentration (PM1o & PMazs, pg/m?®)

2.7 Statistical analysis

All the statistical analyses were performed using the SPSS 26.0 tools, Origin 2019b and
Microsoft Excel 2013. Physical characteristics (age, height, weight, BMI) among women in
the household were compared by student t-test using mean values. A Chi-square test assesses
the significance of respiratory symptoms. Descriptive statistics were initially investigated for
continuous PM data and other micro-environmental parameters. In comparison, skewness was
used to determine the data distribution is symmetrical or asymmetrical. Variation of seasonal
particulate matter and ratios indoor/outdoor were also measured, consistent with
meteorological parameters. The Pearson correlation coefficient compared the degree of indoor-
outdoor PM at the monitoring sites. The Mann-Whitney U test has been used to compare two
non-parametric and independent samples (for example, such as a pollutant concentration in two
separate fuel types). This test compares with the median in order to assess that there are two
samples from the same population. The tests for p < 0.05 were considered as significant. The
linear regression analysis was used to predict the trend analysis of RDDs under various
household conditions. It compares the values of the RDDs as dependent variables in different
regions HD, TB, and AL and different PM fractions (PMzio, PM25s & PMz1) as independent
variables.

3. Result and discussion
3.1 Questionnaire Survey

Our investigation's primary objectives were to epitomize the indoor air conditions and their
exposures for the women, assess the relationship between PM and RDDs, and thus recognize
various factors connected with women's exposure to PM like individual behaviour, household

conditions, and indoor micro environmental factors.

In IIT(ISM) area, the average participant was found with higher education. In the slum area,
mostly completed primary school (81%), and the rest had completed secondary school (19%).
Most women (90%) were housewives, although a few engaged in domestic work (7%) in other
houses for livelihood. Out of 63 households in the study area, for the vital source of energy,

12



344  traditional fuels (coal) were used in 33 houses (52%), kerosene used in 8 houses (13%), and
345 the remaining 22 houses (35%) used LPG and electricity (clean fuels). Based on our
346 Questionnaire survey, the result found in the study area is summarised in Table 1. Significant
347  differences were found in the physical characteristics of the women in the study area (p<0.01)
348 (Table 1).
349  Table 1: Outcomes of Questionnaire Survey
Characteristic Dhaiya Hirapur HT(ISM)
Slum
Number of women to response (N) 68 28 22
Number of meals made per day (n) 2+1 3+1 3+1
Fuel use Coal, LPG LPG,
Biomass Electricity
Cooking duration (hr) 3+0.5 5+0.5 4+0.5
Residing duration in different locations:
Living room (hr.) 12+0.5 12+0.5 9+ 0.5
Kitchen (hr.) 3+0.5 5+0.5 4+0.5
Outdoor within the home (hr.) 5+0.5 4+0.5 6+0.5
Away from home (hr.) 4+0.5 3+0.5 5+0.5
Family size (n) 5+2 7+1 5+2
Total Residing time in that house (years) 1343 1245 945
Age (yr)(mean) 27452 3246 3315
(min-max) (19-65) (23-63) (25-60)
Height (cm) 150+5.8 155+6.2 156+8.4
Weight (kg) 40+15 45+15 45+15
Body mass index (kg/m?) 22.6+2.7 22 9+2 62 23.6+2.3
Smoking history (%) 1.1 0.1 0.6

13




Respiratory health status (number out of total N)*

No symptoms (%) 06(8.82) 10(35.71) 11(50)
Breathless (%) 04(5.88) 03(10.71) 02(9.09)
Cold (%) 12(17.65) | 04(14.29) 03(13.64)
Cough (%) 13(19.11) | 02(7.14) 02(9.09)
Cold & cough (%) 11(16.17) | 02(7.14) 01(4.55)
Headache (%) 10(14.70) 03(10.71) 01(4.55)
Chest tightness (%) 07(10.29) | 03(10.71) 01(4.55)
Tired/strained eyes (%) 05(7.35) 01(3.57) 01(4.55)
Ventilation None Some Adequate

350 ?p <0.05, *Nonsignificant difference

351 3.2 Time activity pattern of Women indoor

352 PM concentration varies significantly, according to multiple activities in an indoor
353 environment. As per the daily time spent and activities of women recorded in the study area, it
354  was found that women spent between 4-5 hours per day for cooking purposes based on various
355 locations (p<0.01) (Fig 2).

Hirapur

Dhaiya

L y § Living room i Kitchen
& Living room = Kitchen

o = Qutdoor within the home = Away from home
= Outdoor within the home = Away from home

IITISM

® Living room = Kitchen
& Qutdoor within the home = Away from home

356
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Fig 2: Time activity pattern in different locations
3.3 Size segregated PM
3.3.1 Temporal variation of PM concentration

The difference in PM concentrations during cooking and other than cooking periods is
significantly high, which depicts that cooking is a significant source of PM concentrations in
the study area's household. Data collected for PM shows, morning time in both the winter and
summer periods gives significantly higher PM concentrations than the evening period (p<0.01)
(Fig 3 a, b). The majority of households used to prepare breakfast and lunch together. So
morning cooking time is more in the study area because the number of items cooked in the
morning period is more than the evening period, which causes higher exposure to women. PM
concentration in the early morning, when human activities start, shows lower value. A gradual
increase in PM vales was observed with the onset of household activities like cooking, the
peaks being between 9-10 am. A decrease in PM concentration between the noon and evening
was noted in all the locations, majorly in IIT(ISM) area. The other areas were affected by
outdoor vehicular pollution at the selected time range. At night, indoor PM concentration
increases with the cooking period (6-9 pm), and then downturn observes as less outdoor
vehicular pollution occurs after 9 pm in the nearby area. The cooking times influenced the
indoor air PM concentrations, as seen in Fig. 3 (a, b). During cooking times, PM2.s and PMio
levels reached up to 800 g/m? and 1000 g/m?3, respectively, although they were below 60 g/m?3
and 100 g/m? during non-cooking hours in winter. Almost the same trend follows in summer.
Seasonal changes in temporal variation are not highly significant inside the household
(p<0.05). The same pattern was observed in (Sharma and Jain 2019) as indoor PM varies from

morning to noon.
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3.3.2 PM fractions

From Fig 4, it is clear that the distribution of PM in the household of the study area is
asymmetric, with a more significant variability according to indoor conditions. Seasonal
variability in PM concentration is found significant in p test (p<0.01), with the significantly
highest amid winter and the lowest in the summer. Results show the seasonal variation of 24h
average PM concentration for the different size ranges, the highest concentration was observed
in December month with the mean values of PM1o, PM2sand PM: was 185.12ug/m?® (95% Cl:
153.84, 216.43), 115.31ug/m? (95% CI: 86.68, 143.92) & 74.68ug/m? (95% Cl: 55.05,94.31)
respectively than the June month found lowest with the values of 137.28ug/m?® (95% CI:
108.75, 165.81), 95.04ug/m? (95% CI: 69.58, 120.51) & 61.49ug/m® (95% CI: 33.44, 89.54),
respectively (Fig 4). The highest value in the winter season is correlated with fuel combustion,
burning of solid biomass for heating purposes, and unfavorable weather conditions for emission
dispersion (stagnant weather and inversion of temperature). Along with primary emission
accumulation, new particulate formation and subsequent development could further intensify
the abundance of fine PM (Tian et al. 2017).

PM concentrations identified in Dhaiya Basti (slum area), were higher than those in Hirapur
and 1IT(ISM) residential area. In household primarily cooking with electricity or LPG, mean
PMuo, PM2s & PM1 concentrations were 87.74ug/m?® (95% CI: 65.75, 109.73), 66.07ug/m3
(95% CI: 45.83, 86.31), & 34.29ug/m? (95% CI: 14.62, 53.96), compared with 214.77ug/m?
(95% Cl: 172.19, 257.36), 132.09ug/m?® (95% CI: 98.98, 165.18), & 83.81ug/m® (95% CI:
61.14, 106.48), respectively in household cooking with coal. In winter, PM concentrations were
increases in household with no electrical heater, where people use coal based stoves for room
heating purpose also with mean PMio, PM2s & PM1 were 226.37ug/m?® (95% Cl: 165.58,
287.15), 150.19ug/m® (95% CI: 110.33, 190.06), & 87.17ug/m* (95% CI: 57.88, 116.46),
respectively compared with household cooking with LPG only (111.17ug/m?, (95% CI: 52.87,
149.63), 73.07ug/m® (95% CIl: 52.83, 93.31), & 40.29ug/m® (95% CI: 20.62, 59.96),

respectively).

Two-way ANOVA test reveals a statistically significant difference in concentrations of PM1
between AC and Non-AC household (p<0.01) and coal and LPG used household (p<0.05).
PM1o and PM25s observe a similar trend (p<0.05) with the coal and LPG used household. Inside
household variability in both seasons for PMio and PMz5 (0.19-0.57 & 0.23—61 in summer;
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Fig 4: Seasonal variation in PM concentration

3.3.3 PM Size Distribution

This ratio is significant because the time of residence of fine PM is longer than several days,
which raises the risk of lung disease (Paulin and Hansel 2016). During the entire sampling
period, the PM fractions show a normal fluctuation with the mean ratios of different particle
sizes PMz2s/PMio, PM1/PMio, PM1/PMz2s, which is equal to 0.738, 0.487, and 0.524,
respectively. Concentrations of indoor PMio and PM2s were moderately correlated (r=0.73,
95%Cl: 0.60, 0.84) with a stronger summer correlation (r=0.92, 95%CI: 0.84, 0.98) compared
to winter (r=0.68 95%CI: 0.46, 0.84) respectively. Comparable values were reported in some
previous studies. (de la Sota et al. 2018) found PM2.s/PM1o value equal to 0.625 on average,
while this ratio varied from 0.40 to 0.64 in Bangladesh (Begum et al. 2009).

The ratio PM2s/PMz1o has lower values in the household using LPG, indicating lower PMz2s
mass emissions as compared to coal user. High ratios in Dhaiya slums show the more presence

of finer particles inside homes. Coal uses for cooking inside the house, and vehicular pollution
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by attached roads influences the abundance of fine particles loading in those households.
PM2.5/PM1o ratio was found higher during cooking periods in all households with an average
of 0.85. Low PM2s/PMo ratios (0.41 on average) were measured during non-cooking periods.
This may be due to various factors such as resuspension of indoor-outdoor dust, residents'
activities, household structures like closed and open kitchens, etc. This emphasizes the
importance of fine particles in household during cooking times and their coarser nature during
non-cooking periods. Different ventilation rates, kitchen structure, and the interval between

cooking periods may be the reason for the differences in the PM2s/PMao ratio value.
3.3.4 Ind-out interaction

As slum areas are closer to the road network, heavy traffic generates high loading PM, which
directly enters the residence. Weather conditions, tightness of buildings, indoor accessories like
air conditioners, exhaust fans, windows, doors, etc., also affect the ind-out air exchange (Chao
and Wong 2002). Mean outdoor 24 h average PMio, PM2.5 & PM1 concentrations in study area
tabulated in Table 2 based on seasonal variation. The seasonal variation of outdoor air quality

between winter and summer was more than the month-to-month variation.

Table 2: Ind-out interaction in different locations

Monitoring Winter Summer
period

Dhaiya
PM1o 143.21ug/m3(95% C1:112.63,173.48) | 123.42ug/m® (95% Cl: 94.79, 151.79)
PM2.s 112.87ug/m? (95% CI: 79.72, 145.89) | 85.69ug/m® (95% CI: 65.63, 108.63)
PM1 73.68ug/m? (95% Cl: 41.32, 106.14) | 57.93ug/m? (95% CI: 38.26, 78.86)
Hirapur
PM1o 129..37ug/m3(95% CI: 78.59, 173.89) | 104.42ug/m® (95% Cl: 61.43, 147.42)
PMz.s 103.79ug/m3 (95% CI: 75.96, 129.96) | 74.71ug/m3 (95% CI: 35.97, 113.17)
PM1 57.19ug/m?® (95% CI: 39.56, 74.53) | 48.17g/m3 (95% CI: 29.24, 67.19)
HTISM
PM1o 85.11ug/m?® (95% Cl: 63.11, 106.89) | 64.23ug/m3 (95% Cl: 44.02, 84.57)
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PM2s 59.72ug/m? (95% CI: 39.47, 79.95) | 48.97pg/m® (95% CI: 29.15, 68.62)

PM; 38.94ug/m? (95% CI: 20.87, 57.64) | 29.34pg/m?® (95% CI: 13.89, 46.79)

The weighted mean concentrations of PMio and PM25 outside the home indicate that outdoor
air is the dominant source of indoor PM1o and PM2s. As a result, infiltration/ventilation is a
key factor in determining indoor PM1o concentrations in the household. Indoor sources such as
cooking, smoking, biomass burning for heating, and incense burning lead to particulate matter
production. Simultaneously, higher concentrations in monitoring locations can be due to road
and soil particles re-suspension in the air. Wide variations in indoor and outdoor PM1o, PMz2s,
and PM1 were found with skewness of 0.18-0.29 for PMao, 0.23-0.55 for PM2s, and 0.07-0.95
for PMa. Through applying single-way Anova (SPSS 26.0) to mean particulate concentrations
in all households in the Dhaiya slum, significant values (p=0.256) for PM1o, PM2s and PM1
were found to be more than 0.05. It implies no substantial variation between the PM
concentrations of such houses and thus has common sources that lead to particulate pollutant
production in their environment.

3.4 Respiratory dust depositions (RDDs)
3.4.1 Respiratory dust depositions (RDDs) for Women

Estimating RDDs values for size segregated PM illustrates PM's depositions in the various
region of the respiratory tract (Sharma and Balasubramanian 2018). Generally, cooking done
by the women has in a sitting and standing position. The woman does not carry out heavy
exercises at indoor conditions, so we calculated the RDDs by considering two positions like
seated position and light exercise for females. PM exposure of the indoor condition was
analyzed for the RDDs in all three regions (HD, TB, and AL) for females inside house premises
during seated position and light exercise. Particulate deposition in various airways depends
mainly on variations in airways' geometric structure (Jaques and Kim 2000). Due to an increase
in breathing frequency by light exercise, the accumulation of PM in the respiratory tract's

airways increases and thus gives a higher RDD value than the sitting posture (Hinds).

In the given expressions for RDDs, we follow the assumption that all particles (100%) infiltrate
via nose or mouth to the respiratory tract. The total RDDs are the summation of the value

observed in the entire three regions (HD, TB & AL). Figure 4 provides an estimation of RDDs
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due to different particle sizes (PM1o, PM25 & PM1) during two different positions, i.e., seated

and light exercise conditions.

The RDDs observed in the HD region is 3.795 pgmin~* (SD: 2.781, 0.521-17.118) for PMuo,
2.078 pgmin~t (SD: 1.625, 0.339-9.706) for PM2s, and 0.603 ug min~! (SD: 0.462, 0.101-
2.446) for PM1 during light exercise. On the other hand, the observed RDDs value in HD region
was 1.176 pygmin~ (SD: 0.862, 0.162-5.303) for PM1o, 0.643 pugmin~(SD: 0.503, 0.105-3.007)
for PM2s, and 0.187 pgmint (SD: 00143, 0.032-0.758) for PM: during cooking and seated
position. During different positions like Light exercise and the Sitting condition, values found
for TB region was 0.071 pg min™ (SD: 0.052, 0.009-0.320) and 0.022 pg min™* (SD: 0.016,
0.003-0.099) for PM1o, 0.101 pg min™! (SD: 0.079, 0.017-0.471) and 0.057 pg min (SD:
0.044, 0.009-0.265) for PM2s, 0.079 yg min™t (SD: 0.061, 0.013-0.323) and 0.017 ug min™?
(SD: 0.014, 0.003-0.072) respectively for PM1 to females. For different positions like Light
exercise and the Sitting condition, values found for AL region was 0.091 ugmin™ (SD: 0.067,
0.012-0.408) and 0.028 ugmin~* (SD: 0.021, 0.003-0.126) for PM1o, 0.325 pugmin~(SD: 0.254,
0.053-1.521) and 0.183 pgmin~*(SD: 0.143, 0.031-0.857) for PMz2.5, 0.257 ugmin~*(SD: 0.197,
0.043-1.04) and 0.057 ugmin™ (SD: 0.044, 0.009-0.233) respectively for PM: to females. Of
the three size fractions analyzed, the largest total RDD was observed for coarse particles (PMz.s-
10), followed by fine particles (PM1.0-25 and PM<1) (Fig 5). The RDDs observe in slum areas
are quite high as compare to the IIT(ISM) area. Women residing in those areas are more prone
to health risks than others part of the study area. Total respiratory tract deposition was
estimated to be more in both fine and coarse particle ranges. Collectively, particle Deposition
Fraction (DF) was also calculated in three respiratory tract regions, i.e. the head airways
(DFHA), tracheobronchial (DFTB), and alveolar (DFAL). DF was highest in the head airways
region for coarser particles and in the alveolar region for fine particles. (Jain 2017) also
observed similar trends in a study for concentrations in vehicular particles in Delhi. For a study
on a variety of kitchen and stove styles, the overall RDDs were high in the enclosed kitchen
type household for the coarser and fine particle sizes (Sharma and Jain 2019). The final
observed RDDs values confirm that for the woman, the AL region is the most prominent
affected zone by the fine particles (PM2.s) as compared to TB region in both positions in all
study locations.
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Fig 5: Rdds due to different Particles size during two different positions.

The HD values are followed the decreasing trend in PM1o (59%), PM2s (32%) and PM1 (09%)
whereas the RDDs for AL region significantly increases as PM1o (11%), PM25 (68%) and PM1
(21%) (Fig 6).
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510
511  Fig 6: Percentage variation of Rdds values for different Particles size (PM1o, PM25, and

512  PMy) in different regions (HD, TB and AL).

513  To find the effect of the fine particle, we compared the value of PMz2s-10 and the sum of the rest
514  two size groups (PM1-25 & PM<1) (Fig 7). In the case of coarser particles, the amount of RDDs
515  during light exercise and sitting positions was slightly higher than the remaining fine particles,
516 up to 11.5%. This finding is significant as these fine particles have an adverse impact on
517  receptor health relative to larger particles (Heal et al. 2012; Kesavachandran et al. 2015; Chen
518 et al. 2016), and these fine particles may help the deposition of endotoxin in the pulmonary
519 alveoli (Jena and Singh 2017; Lewis et al. 2017). RDDs observed and women’s respiratory
520 symptoms, in various indoor microenvironment shows positive correlations between PM
521  values and their symptoms. The health result survey and RDDs values (Tables 1 and Fig 5) in

522  different microenvironments confirmed these results.
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524  Fig 7: Rdds due to Coarser (PMyo) and Fine particles (PM2s5+PM).

525 3.5 Health risk assessment

526  The Exposure Index (El) was calculated by considering PMio & PM2sconcentrations in various
527  microenvironments associated with different time patterns and activity records. An EI was
528 established based on PM concentrations, showing maximum exposure level in coal users
529  succeed by kerosene and LPG users. The average El in different locations varies as the women
530 in various areas spend different time in cooking and other activities. The EI was calculated
531  with the aim of determining how much exposure will occur inside the house based on the
532 amount of time spent in various microenvironments.

533  The results show that the EI is more in the Dhaiya slum with value 8.23+1.97 & 6.77+1.32 for
534 PMio & PMz2sas they use solid fuel and have an enclosed kitchen with a compact living area
535  (Fig 8). The El demonstrates that the use of coal has a significant effect on the main cook'’s
536 health in a kitchen. In different time patterns, PM concentrations indicate that exposure affects
537  participants not only during cooking hours but also during non-cooking hours, as particles

538 accumulate in the indoor environment. While the reported El was lower in the fields of analysis,
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the exposure index was still higher than the WHO's standard guidelines (2014). (Sidhu et al.
2017) recorded higher EI values among Indian SBF users than the present study. Detailed
information on the EI calculations is provided in Table S3.
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Fig 8: Exposure Index in different locations.

Intake concentration for PM2s in Dhaiya (132.51 ug/m3, 95% Cl: 94.62, 170.39) was almost
1.5 times higher than IIT(ISM) Women’s (83.29ug/m?, 95% ClI: 50.98, 115.61).The HQ values
for PMz2s found more elevated in the Dhaiya (5.30, 95% ClI: 3.79, 6.82), followed by Hirapur
(5.09, 95% CI: 3.82, 6.37) and I T(1ISM) areas with a value (3.33, 95% CI: 2.04, 4.62) as shown
in Table 3. Whereas Intake concentration for PM1o in Dhaiya (218.28ug/m?, 95% Cl: 159.67,
276.89) was higher than 1IT(ISM) Women's (107.21ug/m?, 95% CI: 70.11, 144.28). The same
trend follows for the HQ values for PM1o as PM2s, which found more in the Dhaiya (4.36, 95%
Cl: 3.19, 5.53), followed by Hirapur (4.06, 95% CI: 3.01, 5.10) and I T(ISM) areas with a value
(2.14, 95% CI: 1.40, 2.86).

Table 3: Intake concentration (IC) and Hazard quotient (HQ) in different Locations
Location | IC (ug/md) RfC (ug/md) HQ
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PM2s PM1o PMzs | PMw | PM2s PM1o
Dhaiya 132.51+105.08 | 218.28+144.33 | 25 50 5.31+4.21 | 4.37+2.36
Hirapur | 127.37+64.18 | 202.87+117.87 | 25 50 5.09+2.57 | 4.06 +2.89
IT(ISM) | 83.29+53.47 107.19461.37 | 25 50 3.33+2.13 | 2.14+1.23

Potential toxicological risk of PMio & PM2s due to fuel use and cooking period was found
significant in different study areas. Residents using coal were found to have a higher health
risk than residents using clean fuels (LPG) as defined by the hazard ratio of different residential
areas (Fig 8). The findings are also confirmed by the outcome of a questionnaire study. A
related risk assessment for PM2swas performed by (Sidhu et al. 2017) to quantify the health
risk from SBF burning among women. The results of that study indicates that women were
exposed to higher levels of PMzs, resulting in them being at a higher toxicological risk. The
results of this research suggest that coal users were subject to elevated intake concentrations of
PM1o and PM2s, which may lead to the early development of various respiratory diseases and
poses a high risk to those who are already ill with diminished lung capacity (Jena and Singh
2017; Li et al. 2017) and premature deaths due to HAP (Suk et al. 2016; Jindal et al. 2020).

4. Discussion

There is barely any systematic study on the effect of a household's IAQ, conducted in the Indian
context that calculated PM1 concentrations in conjunction with PMz2s & PMio under different
field variables (fuel and cook-stove used, kitchen characteristics, duration of cooking, and time
spent in indoor conditions, etc).

Table 4 indicates the relation of PM concentration of the present study with other previously
performed research to approximate the 1AQ / HAP. Comparing HAP measurements during
actual cooking hours was hardly performed in India, except for a report by (Deepthi et al. 2019)
in Telangana and (Sidhu et al. 2017) in Punjab. (Deepthi et al. 2019) recorded 24 h average
PMao, PM2;5 and PM: values of 176.69, 94.96, 63.42 ug/m?, while 1891, 1481 and 767.5 pg/m3
for cooking hours. Besides, this study found that the use of Solid Biomass Fuel (SBF) in indoor
kitchens raises PM1o, PM2s, PM1 (425, 278, and 176 ug/m?®) up to 10 times relative to outdoor
kitchens due to inadequate ventilation. (Sidhu et al. 2017) analyzed the concentrations of PM2s
in five different kitchens type using various fuels and recorded the maximum values of 697
ug/m? in the closed kitchen followed by 540 ug/m? in the outdoor kitchen. (Sharma and Jain
2019) reported that the 24 h average PM1o was 908, 542, 479 pg/m?® respectively, in an
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enclosed, semi-enclosed, and open kitchen. Likewise, PM2.5 & PM1 were assessed as 351, 268,
112 pg/m?® and 239, 195, 71 pg/m?® respectively. However, (Nayek and Padhy 2018) also
recorded that PM2.s concentrations in different kitchen types and found 185ug/m? in more than
75% of open kitchens compared to 2055 pg/m? in less than 25% of open kitchens in rural areas
of West Bengal. (Ojo et al. 2015) and (Grabow et al. 2013) have validated that improved
kitchen ventilation resulted in substantial PM emission reductions. Furthermore, by comparing
with NAAQS for PM, (Massey et al. 2013) reported that levels were 3.6—4 times and 4.5-5
times higher for PM1o & PMzs, respectively. PM2s concentration was reported 577 ug/m?® and
774 pg/m® for places Rajasthan (Jaipur) and Haryana (Jhajjar), respectively, comparable
findings were observed in the presented study. From global studies, a study (Smith and Mehta
2003) based on PM2.s concentration in Guatemalan village showed the value exceeded 5000
ug/m?® for open fire whereas (Mishra 2003) reported 2000 pg/m® values were measured in
Zimbabwe village for the same. (Begum et al. 2009) observed that mean PMz1o concentrations
were 132 pug/m? and 63 pg/m? for indoor and outdoor, respectively, during the Bangladesh
study, which was roughly two times lower than our research. In Nepal, the PM2 values for
households using open fire reached 8000 pug/m?®, while households using kerosene surpassed
3000 pg/m?® (Lohani 2011) which is around two to four times higher than our studies. Similar
concentrations were found in this sample with the experiments in Nepal and Kenya recorded
concentrations of PM25 in cooking hours ranging from 650 to 4200 ug/m?. Variations reported
can be clarified by factors such as the sampling method used, regional variation, cooking habits
and pattern, kitchen configurations, and household structure with ventilation arrangements.
This work also identifies higher concentrations of contaminants in the household throughout
cooking periods. However, concentrations were found to be comparable to other research
(Balakrishnan et al. 2013; Chakraborty et al. 2014; Muralidharan et al. 2015). Such findings
affirm the results of this study and are in good agreement showing substantial effects on
household air quality from the fuel used and kitchen functions.

Table 4: PM (PMyo, PM255, and PM3), RDD, and EI identified in different households in

previous studies and in this study

Place Parameter | Major Finding Reference
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Dhanbad, India PMio 185.12 + 127.23 pg/m?® This study
PM2s 115.31 + 91.56 pg/m?
PM1 74.68 + 54.67 ug/m®
RDD, El 3.795ugmin~}(PM1o),
2.078ugmin(PM2s),
0.603 pgmin™(PM1o)
Telangana, India 24h average
PM1o 176.69 ug/m?® (Deepthi et al.
PM2s 94.96 pg/m?® 2019)
PM1 63.42 ug/m3
West Bengal, | PM2s 185 pg/m3® in more than 75% open | (Nayek and Padhy
India kitchens 2018)
2055 pg/m? in less than 25% open
kitchens
Punjab, India PM2s PM2s :697 pg/m3(closed kitchen) (Sidhu et al. 2017)
PM2s:540 pg/m3 (outdoor Kitchen)
El El:23(Biomass),7(Lpg):closed kitchen
El:12(Biomass),7(Lpg):outdoor
kitchen
Agra, India Mean + SD (Rohra et al. 2018)
PM>25 106.01 + 21.21 pg/m?,
PM2s-1.0 47.68 +10.06 ug/m?,
PM1.0-05 29.98 + 12.30 pg/m3,
PMos.o2s | 54.08 + 16.30 pg/m?®
Bangladesh PM1o 132 pg/m? indoor (Begum et al.
63 ug/m? outdoor 2009)
Nepal PM2s 8000 pg/m? (open fire) (Lohani 2011)
3000 pg/m? (kerosene)
Sau poulo, Brazil | PM2s.10 PMao :35.2 pg/m?® (Segalin et al.
PMi-25 PM2s :27.4 ug/m? 2017)
PM<1 RDD for PM2s-10: 16 pg/min (light
RDD exercise)

RDD for PM2s-10: 6 pg/min (seated)
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610

611
612
613
614
615
616
617
618
619
620
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625
626
627
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629
630
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633

634

Honduras PM2s Cook stoves type : Mean (SD), 24 h (Benka-Coker et

Justa: 76 (51) ug/m?® al. 2020)
Traditional: 263 (386) ug/m?,
Sanghai, China PM2s Cooking hour (Zeng et al. 2020)

Average: 183.64 (46.51) pg/m?,
Peak: 8001000 pg/m?®

5. Conclusion

Outcomes based on the present study depict the alarming micro-environmental conditions in
the study area. The woman in Dhanbad city is susceptible to higher particle doses during the
cooking period. Women both in working conditions in household and resting positions suffer
asymmetric exposure of PM concentrations. These findings suggest that women in the
household within proximity of the main road with heavy vehicular density and lack of proper
ventilation conditions are exposed to higher fine particle concentration. These all size
segregated PM concentrations result in higher RDDs in all the 3 HD, TB, and AL regions in
this vicinity. The average exposure index in different locations varies, as the women in various
areas are associated with different time patterns and activity records. The present study based
on women within the household of Dhanbad city advised that proper ventilation in houses and
the intermittent cooking procedure can lessen the dust deposition. Suitable design for
ventilations, household structure, cooking duration and pattern, cooking stoves and fuel
selection, indoor-outdoor interaction, Socio-Economical status, and awareness towards Public
health are various key areas to be considered for lower respiratory dust depositions in people
residing indoor conditions. As the exposed population group (women) in the study area is more
susceptible to HAP, remediation actions will be essential. Our findings of indoor PM conditions
in the household with their exposure index, and inevitably, their adverse health impact will be
helpful for remediation action against poor household quality. This research will help the
scientific community and policymakers quantify the extent to which household air pollution is
responsible for the most vulnerable section of society, i.e. women, who experience
disproportionate exposure to and consequences of air pollution. For specific sources and

elemental analysis of size segregated PM, further investigation is recommended.
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Figure 1

Study Area. Note: The designations employed and the presentation of the material on this map do not
imply the expression of any opinion whatsoever on the part of Research Square concerning the legal



status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.
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Figure 2

Time activity pattern in different locations
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Figure 3

(@): PM variation during Winter time (b): PM variation during Summer time
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Seasonal variation in PM concentration
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Figure 5

Rdds due to different Particles size during two different positions.
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Figure 6

Percentage variation of Rdds values for different Particles size (PM10, PM2.5, and PM1) in different
regions (HD, TB and AL).
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Rdds due to Coarser (PM10) and Fine particles (PM2.5+PM1).
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Figure 8

Exposure Index in different locations.
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