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Abstract

Indoor exposure to fine particles (0.01-2.5 pm) is measured in the present study using Surface Area
Concentration (SAC) metric for two indoor environment categories based on the cooking fuel
used—kerosene and Liquid Petroleum Gas LPG. Study of SAC is very important from the point of view
of health aspects. From the collected data, Arithmetic Means, Geometric Means, peak concentration
values were determined to compare between the two categories of Indoor environment. The results
show the two environments to be significantly different. Also, the results indicate remarkable high
indoor surface area concentrations during the cooking and other combustion processes.
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1. Introduction

Solid or liquid particles suspended in air form aerosols. Particulate portion is usually referred to as
Particulate Matter (PM). PM is chemically and physically diverse substance and range in a wide size
range. Aerosols are generated from various sources such as dust, soil, volcanic eruptions or due to
anthropogenic processes like combustion activities, agricultural, commercial or industrial practices.
Then they also change because of processes such as condensation, nucleation etc. For indoor
concentration of aerosols, we can consider the following as the sources: cooking, smoking and other
combustion activities, pollen, fungal spores, molds, and bacteria, besides the influx of outdoor aerosols
such as road and soil dust.

Fine particulate matter caused air pollution has been considered in recent years as a serious
environmental concern. Recent studies (Bruce et al., 2000; Smith, 2000) have found that the respiratory

diseases such as TB, cardio-vascular diseases, COPD etc. are associated with the long-term exposure to
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fine particulates. India has second highest per capita burden of respiratory illnesses in the world (Smith,
2000). About one million deaths are reported annually in India due to household air pollution caused by
fumes from cooking, heating and lighting activities. Till few years back, Mass Concentration (MC) of
PM was used to assess the health impacts. Now we know other metrics such as Number Concentration
(NC) and Surface Area Concentration (SAC) metrics are important as well and this is confirmed by the
studies on cell cultures and animal respiratory system (Brown et al., 2001; Oberdorster, 2000; Tran et
al., 2000; Heitbrank et al., 2009). We have already studied and reported the results on number and mass
concentration in Indoors (Monkkonen et al., 2004).

Of all the PMs, the fine particulates (0.01-2.5 pm) have a greater probability of delving deep into the
lungs (Zhou & Cheng, 2000; Churg & Brauer, 2000). Ratio of surface area to mass becomes greater as
we move towards small diameter particles. For a given mass, surface area increases as 1/diameter.
Hence the necessity for expressing the regional dose in terms of surface area concentration in the
epidemiology studies. Jicheng Gong et al. (2019) study shows that particle size ranges having large
SAC and/or volume concentration have significant positive association with pulmonary inflammation.
The recent USEPA particle size chosen as standard for epidemiological studies is PM,s, which are
particles smaller than 2.5 micrometer in mean aerodynamic diameter (USEPA; 1996; Schwartz et al.,
1996). In the (Sahu et al., 2011) study conducted in rural India, the correlation between PM, s and
surface area concentration was found to be low to moderate. The study showed correlation coefficient
R=0.38 in the tracheobronchial region and R=0.47 in the alveolar region. This indicates that PM,5 is
not a sufficient proxy for particle surface area concentration.

However, to conform to the latest findings, new standard of PM,5 is to be adopted for further study.
The USEPA Clean Air Scientific Advisory Committee (CASAC) review (Wolff, 1996) suggested a
24-hr PM, 5 standard in the range of 20 to 65 pg/m®. Many studies (Kamens et al., 1991; Lighty et al.,
2000) have indicated that cooking is the primary activity responsible for generating fine particles in
Indoors. According to Kamens et al. (1991) study, particles below 1 pm are major constituent of the
emission. The average diameter of these particles in the emission was around 0.8 pm. A recent study
(Patel et al., 2020) has confirmed this where they found that NC was highest for sub-10 nm particles
during cooking activity with kerosene stove.

In such a study, some of the important tasks included are: measurement of exposure with a particular
exposure metric, comparing them with the existing emission or exposure standard, understanding their
impact on the exposed population, and also carrying out source-apportionment of the aerosols
monitored.

In India, many studies have been conducted on the health effects of biomass fuel usage (Smith, 1986).
However, very few studies have compared the kerosene and Liquid Petroleum Gas LPG fuels which
are also commonly used for household purposes. According to a recent study (EIf, Jessica L et al.,
2018), 57% of urban homes use LPG as the lone and primary fuel, whereas kerosene and wood is used

as a secondary main fuel in about 22-25% of homes.
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In India, especially in economically poorer section, women spend primary part of their time indoors
cooking with crude fuels with poor ventilation and, also the stoves are inefficient. Kerosene is being
used by economically lower-class people who live in poorly ventilated small houses. Studies in India
have concentrated on the mass concentration of PM, and PMs. In the present study SAC of fine
particles are measured. We are going to compare the obtained data with respect to the type of fuel used
indoors and as well as study their variation patterns.

The present study is conducted in Mysore city situated in the state of Karnataka having average
minimum temperature of 15°C and maximum temperature is 35°C. It is a small city with a population
of 893.062 (Census of India 2011) and an area of more than 150 sq. km. Cooking activities using

kerosene and LPG as main fuel with poor ventilation facility found in many of the houses.

2. Method

In the process of aerosol measurement, the first part is collecting a small sample from the bulk aerosol
for analysis. The process is referred to as aspiration. These particles are transported to the measurement
instrument. The particles are analyzed in real-time (dynamic measurement). Prior to the collection or
analysis, an additional step called pre-classification is added to get an expected aerosol for sampling.
For example, when we want to measure particles smaller than 10 pm, we have to remove all particles
of size larger than 10 pm before collecting the sample.

2.1 Instrument Used

Diffusion Charger (e.g., LQ1-DC, Matter Engineering, AG)

The technology necessary to measure aerosol exposure in terms of SAC is not widely available. In the
present study we are going to use LQ1-DC (Matter Engineering, Switzerland), to directly measure active

surface area by the method of diffusion charging.
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Figure 1. Mechanism of Unipolar Diffusion Charging

Source: www.matter-engineering.com
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The unipolar diffusion charging mechanism used is shown in Figure 1. A small positive voltage of
approx. 20 V DC is applied to the grid. Aerosols in the gas stream are guided between the grid and the
grounded tube. With the corona discharge from the corona tip to the grid, ions get produced in the
carrier gas. These ions attach to the surface of the aerosol particles. The particles carrying positive
charge flow to the sensor unit and are absorbed in the measuring filter. The filter is connected to a ultra
low current amplifier (resolution 1 fA=10 ® A). The voltage signal from the charge amplifier is
converted to the calibrated analogue signal 0...5 V DC. This signal is displayed as 0...1000 after
adjustment.

The LQ1-DC instrument measures the integral attachment cross section of ions on particles. It is the
part of the geometrical surface which is directly accessible from outside; hence the use of term “active
surface” or “Fuchs surface area”. The measurement gives the total active surface area per unit volume.
To overcome multiple charging for particles larger than 10 nm, the in concentration is kept low. Due to
coulomb repulsion, the ion attachment rate in case of multiple charging decreases.

We now discuss the technical specifications, pre-sampling set-up, of the instrument LQ1-DC used for

measuring the SAC.

Figure 2. LQ1-DC Instrument to Measure Surface Area Concentration

Data logging time-interval for Indoor measurements was set to 10 sec. Before each sampling, Electrical
Zero is adjusted to zero using potentiometer.
Response time: few seconds
Particle size range: few nm to 2pm.
Resolution: 1 pm?/cm *
Gas flow rate: approx. 1.5 I/min
2.2 Sampling Procedures
The study is carried out in the city of Mysore in different households using either kerosene or LPG fuel
for cooking. Five houses of each type were randomly selected from different parts of the city. Kerosene

and LPG houses were chosen in pairs such that a kerosene house lied in an area close to a LPG house.
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It was also noted during the selection of the houses that the households also used some other fuels
wood, dung cakes etc. All measurements were carried out in the period from August to January.

On the day of sampling, the LQ1-DC instrument was taken to the sampling location and were run by
battery for 24-hr to collect the real-time SAC data. The instrument was kept in the living room at a
height of about 50 cm from the floor.

Main activities within households including cooking were noted down by the family member along
with the corresponding timings. After a gap of 4 months, measurements were repeated for the second
time in each house. The sampled data stored in the memory unit were downloaded to the PC from the
instruments after each sampling.

2.3 Analysis of the Data

Statistical analysis of 1-minute-average time-aligned data file was made using Microsoft Excel
software. Statistical entities like the arithmetic or geometric mean averages, standard deviation and
variance were calculated from data files of each sampling site using the functions provided in the
software. These results were used to make comparisons between the two types of environments.
Also, variation aspect of the metric data was studied with these results. The two types of sampling
categories were checked for statistical differences in terms of metric concentrations.

To find statistical difference, following procedure was used. First, the mean and standard error of
the surface area concentrations of two groups, e.g., kerosene and LPG houses were obtained. Let
the number of houses for kerosene and LPG groups are N; and N, respectively. The standard error
for each group, e.g., kerosene group is obtained as

Std. Deviation

SE =
square root of (N)

The two groups are statistically different if their error bars do not overlap. For example, let the
mean and standard error for kerosene be m; and se;, and those for LPG be m, and se,. Then if
(mg-se;) > (m,+se,), (i.e., the lower bound for kerosene is greater than the upper bound for LPG)
then, the two groups are statistically different. Otherwise, the two groups are not different.

The statistical results of the analysis in the present study are presented in the next section in terms of
averages and standard deviation representing the particular environmental category. Standard deviation
actually gives the amount of dispersion involved in the metric levels. From the variation levels, we can

know if any significant change in concentration levels occurs over a day, or over different sampling sites.

3. Results and Discussion
In this section, we will discuss analysis of the data collected to know the particular association of
some of the sources with concentration levels, the daily variation pattern, and the average SAC

concentration levels for the two indoor categories and comparison between them.
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3.1 Association of Peaks with Activities.
The data collected from the LQ1-DC were mapped with the activities recorded by the housewife in the
activity log sheet. Following associations were found in general.
Cooking Activities identified with the peaks
i. Heating water for bath: Time: Morning 6 to 9 am, A high unique peak

ii. Breakfast: Time: morning 7-9 am

iii. Meals: Time: morning 11-12 noon, A moderate peak

iv. Evening cooking: Time 5-7 pm, Moderate peaks

v. Late night: 11 pm-4 am, steep decrease in concentrations reaching minimum levels.
Along with the cooking fuel, the household were found to use alternate fuels such as coconut husk or
dung cakes. The unique high peaks observed in surface area concentration corresponded to this activity
of heating water for bath noted down in the activity log sheet which usually occurred in the morning
hours from 6 am-9 a.m. (see Figures 3 and 4). This is a major aerosol generating activity and usually
would last for 2-3 hours.
Other peaks during the day also corresponded to the activities noted down in the activity log sheet. All
other peaks afterwards are found to be associated with the household activities mainly the cooking
processes, such as preparing tea, breakfast, meals, etc. So, to further understand the association of
aerosol properties with the activities, it is necessary to study each of the peaks relating to the particular

activities in detail.

Indoor S.A. Concentration, m2/m3
1.00E+10

1.00E+09 +

surface area conc.

1.00E+08

1.00E+07 T T T T T
8:38 13:26 18:14 23:02 3:50 8:38

time (hrs)

Figure 3. Indoor SAC Variation over 24-Hours
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3.2 Variation Pattern over a Day

The SAC variation pattern was similar across the different sampling locations, except during
combustion activities. Corresponding to the each particular combustion activity, fuel-specific particle
emission takes place influencing the concentrations as well as the size ranges. There was difference in
the nature of the peaks from one activity to another which was evident through the graphical plots of
the concentration as well as the activity log sheet. This corresponds to the source-specific nature of the
aerosols generated. After constant low levels of concentrations in the early hours of the day, sharp
peaks are seen from around 5 a.m. to 9 a.m. due to the inflow of particles onset by activities and wind
flow. Moreover, after around 6 am to 9 am, combustion activities start to take place. These usually

include heating water for bath, preparing morning breakfast, and even sweeping.

S.A. Concentrationin pm2/m3

1.21E+09 A

1.01E+09 A

8.10E+08 o

6.10E+08 A

Surface area conc.

4,10E+08 A

2.10E+08 A

1.00E+07 T T T T T T T T
21:00 23:05 1:10 3:15 5:20 7:25 9:30 11:35 13:40

time (hrs)

Figure 4. Indoor SAC Variation over 24-Hours

Usually, the afternoon period of 12-4 pm was found to be little calmer durations with lower
concentration levels. Concentrations rise to moderate levels from around 5 pm-7 pm and variation
pattern is similar to early morning hours, but with little lower concentration levels. This is found to be
due to the increase in outdoor activities like movement of vehicles, or due to smaller-duration cooking
activities which included preparing tea, snacks, and sometimes dinner also. In the late-night hours, after
about 11 pm, there was a steep decrease in concentrations reaching a minimum and remaining constant
at that level till around 4-5 am. After 11 pm, family members are taking rest; hence there is no
disturbance causing the coarser particles to gradually settle down. No unique difference in variation

was found during this period between Kerosene and LPG houses.
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Nighttime average values of concentration during 12 p.m.-4 a.m. are considered as background
concentration levels. Since it is no-activity period, there will be fewer disturbances for aerosol
movements.

We can refer to results from other studies in this. Study by (Kamens et al., 1991) showed that at
midnight, when everyone in the house had gone to sleep, aerosol concentration declined indicating the
settling of larger particles. Our study also showed similar results.

The activity log-sheet was helpful to know the cause for unusual variations in concentration levels. The
plot shown above (Figure 3 and Figure 4) represents an indoor daily variation with a sudden peak
around midnight. The sudden peak is because of the doors being opened when one of the house
members came late in the night, which might have caused the wind in-flow, resulting in random
movement of the settled particles. It can also be observed from the plot that later on, the concentration
levels remained higher than the usual levels throughout the night, with a small gradual decrease in
concentration. Study by (Kamens et al., 1991) has showed that the fine particle levels after a peak
would remain high for a longer period.

For urban locations, within-day variation was found to be about 2-3 times higher than between-day
variation. But for remote locations, not so high difference was found between the two, indicating
the influence of lesser sources and activities.

3.3 Concentration Levels of the Metric

Data downloaded from the LQ1-DC after each sampling was 1-min average data of SAC. From 1-min
average data, statistical results such as Arithmetic mean, Geometric mean, and Standard Deviation etc.
were obtained for all Indoor sites.

Table 1 gives the summary of average concentration, their standard deviation for Indoor measurements.
LPG house SAC concentrations are little lower compared to the kerosene households.

One of the kerosene houses sampled was in a slum area, with poor ventilation facility within the house;
the influence from neighboring houses also was large, because of too much congestion. In two other
kerosene houses, the neighboring house influence on the concentration was large. One kerosene and
one LPG house had dusty surrounding environment. Statistical difference was found between the two
groups for SAC as the exposure metric. Variance among the households is nearly the same among the

two groups.
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Table 1. 24-hr Average Data of the Metrics from Indoor Measurements with Kerosene and LPG

as the Main Fuel

Kerosene house LPG house

Metric values in each house ~ Metric values in each house

House 1D
Surface area conc. (0.01-2.0) Surface area conc. (0.01-2.0)
|.mZ/m3 |.mZ/m3
1 1.63E+08 1.49E+08
2 4.30E+08
6 2.99E+08 3.45E+08
7 7.79E+08
8
9 4.31E+08
10 7.76E+08
11 3.77E+08 1.37E+08
S.D. (g/m®) 55.34 46.31
Variance (%0) 54.54 62

Standard Error (S.E.) is found out for the two groups using S.D. from Table 1, using the formula
discussed earlier. Later, we find that Kerosene (Mean-SE) > LPG (Mean+SE) indicating that the two
indoor categories, viz., kerosene and LPG households are statistically different.

Table 2 shows the ratio of concentrations found in two categories of houses is 1.79 indicating that
usage of kerosene fuel is leading to higher concentrations than LPG. Thus LPG is a cleaner fuel than

kerosene.

Table. 2. Indoor Measurements in Houses: 24-hr A.M. Values of Surface Area Concentration

(0.01-2 pm) (n=5) (Background indoor pollution: 36+16 Lg/m?)

Kerosene LPG Kerosene/LPG ratio:
house house range and G.M.
(4.71+2.54)E+08 (2.65+1.46)E+08 1.76 to 1.82
pm?/m? pm?/m? GM=1.790

Considering both groups of houses in general, for surface area concentration, the ratio of 24-hr mean to
background value for each house is found to vary from 1.6 to 3 with an average of 2.5. This shows the
influence of the combustion activities which increases the PM concentration to more than two times the

normal levels. For instance, in one kerosene house, SAC was found to exceed 2000 pm?/cm? two times
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in a day. These levels are potentially harmful to the inhabitants who get exposed to them on a daily
basis.

The ratio of peak value to 24-hr mean value for each house is found to vary from 4 to 66, with an
average of 21.2. This shows the impact of emissions during combustion activities to increase the PM
concentrations from normal levels to more than 21 times. This indicates how some combustion
activities can create really high dose of short-term particulate exposure to the inhabitants. Ventilation
facility in the house influences the concentration levels very much. Results from earlier studies have
also shown the dependence of PM, 5 exposures on the ventilation levels within the houses (Sarnat et al.,

2000). In some cases, the outdoor sources had a major effect on the exposure levels indoors.

4. Conclusion

National Ambient Air Quality standards (NAAQS, 2009) in India stipulate standards for PM, 5 at an
annual average of 40 pg/m?® and 24-hr average of 60 pg/m* However, there are no standards specified
for SAC.

Houses using kerosene fuel for cooking were found to be more (about 1.79 times) polluted with
particulate matter than the houses using LPG. Every cooking activity resulted in concentration peaks.
Indoor peak values were seen to be about 20 times higher than the 24-hr mean values. Indoor average
concentrations exceeded background values by more than two times. In kerosene-using houses, generally
poor ventilation facility and congestion was found. Heating water for bath during early morning hours
was one major aerosol generating activity which lasted for 2-3 hours. Peaks during heating water for bath
in each house were found to far exceed the peaks during the other activities. This indicates the influence
of the crude fuels like wood, dung cakes etc. Similar peak was found daily during evening times between
5 p.m. and 7 p.m., mostly due to the increase in outdoor activities, and penetration of outdoor particles
into the houses. For kerosene and LPG fuel types, not much difference in daily variation pattern was
found.

In the light of health effects associated with aerosol exposure, results of the present study indicate
alarmingly high exposure to household women who spend majority of their time indoors doing cooking.
There is a risk of high-dose of short-term exposure to the inhabitants. There is the need to ensure that
their exposure to particulate matter is well within the permissible limits for a healthy living. May be
good ventilation facility within living room and kitchen, cleaner fuel and efficient stoves etc., can
lessen the exposure levels to these particulates generated. Also, the use of kerosene fuel, wood and
dung cakes etc., will have to be replaced by better fuels like Liquid Petroleum Gas (LPG).

The latest survey released by the National Sample Survey Organization (NSSO, 2012) has revealed that
in rural areas, subsidized kerosene was used in less than 1% of kitchens, which relied largely on
firewood and chips as the primary source of energy for cooking during 2011-12. More than 67% of
rural households in India still depend on firewood or wood chips for cooking. In contrast, around 68%

of urban households use LPG for cooking. When it comes to lighting homes in villages, the share of
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kerosene is estimated at 26.5%, with electricity's share estimated at 72.7%. In urban India, 3.2% of
households use kerosene for lighting while the share of electricity is 96%.

The encouraging aspect in urban households is that the use of kerosene has declined from more than 23%
to 6%. Consumption of kerosene, used primarily for lighting and cooking purposes in rural areas, has
dropped by a sharp 21% in 2016-17 from a year ago aided by greater use of cleaner Liquefied Petroleum
Gas (LPG) for cooking and coverage of more villages under the rural electrification program, as per data
from Petroleum Planning and Analysis Cell, an arm of the oil ministry. In the same period, consumption
of LPG jumped by 9.8%. In 2016-2017, there were issued a total 3.25 crore new LPG connections, the
highest number of connections given in any year ever. This number included the 2 crore connections
given under the “LPG-for poor women” scheme, the Pradhan Mantri Ujjwala Yojana (PMUY). India’s
fossil fuel consumption trend is suggesting a shift away from inefficient and highly polluting use of
hydrocarbons, as a result of efforts to move towards a less-carbon-intensive economy. Recent WHO
pollution report mentions this scheme saying “India’s PMUY Scheme has provided some 37 million
women living below the poverty line with free LPG connections to support them to switch to clean
household energy use” (WHO, 2018). Worth mentioning also are some of the non-government
organizations such as Confederation of Indian Industry (CII) which has established the Indian Green
Building Council (IGBC) and working closely with state governments and central government in
promoting green building concepts in India (https://igbc.in/).

The present study has setup a database for SAC metric at two Indoor environments in a medium Indian
city and initiated a study of the association of peaks with cooking activities and the variation pattern of
the metric. This kind of study may become more satisfactory with the rigorous study of peaks
associated with combustion activities, as to the particle size range, density or morphology of particles

generated by different sources.

Acknowledgement
The author is grateful to Dr. Andrew Maynard and the University of Mysore which gave permission to

use the instrumentation facility mentioned in the article.

References

Brown, D. M., Wilson, M. R., MacNee, W., Stone, V., & Donaldson, K. (2001). Size-dependent
proinflammatory effects of ultrafine polystyrene particles: A role for surface area and oxidative
stress in the enhanced activity of ultrafines. Toxicology and Applied Pharmacology, 175(3),
191-199. https://doi.org/10.1006/taap.2001.9240

Bruce, N., Perez-Padilla, R., & Albalak, R. (2000). Indoor air pollution in developing countries: A
major environmental and public health challenge. Bull. WHO, 78(9), 1078-1092.

Census of India. (2011). Retrieved May, 2019, from www.censusindia.gov.in

11
Published by SCHOLINK INC.


https://doi.org/10.1006/taap.2001.9240

www.scholink.org/ojs/index.php/ees Energy and Earth Science \ol. 4, No. 1, 2021

Churg, A., & Brauer, M. (2000). Ambient atmospheric particles in the airways of human lungs.
Ultrastruct Pathol, 24(6), 353-361. https://doi.org/10.1080/019131200750060014

Elf, J. L., Kinikar, A., Khadse, S., Mave, V., Suryavanshi, N., Gupte, N., ... Golub, J. E. (2018).
Sources of household air pollution and their association with fine particulate matter in low-income
urban homes in India. Journal of exposure science & environmental epidemiology, 28(4), 400-410.
https://doi.org/10.1038/s41370-018-0024-2

Gong, J. C., Zhu, T., Hu, M., Wu, Z. J., & Zhang, J. F. (2019). Different metrics (number, surface area,
and volume concentration) of urban particles with varying sizes in relation to fractional exhaled
nitric  oxide  (FeNO).  Journal of  Thoracic  Disease, 11(4), 1714-1726.
https://doi.org/10.21037/jtd.2019.03.90

Heitbrink, W. A. Evans, D. E., Ku, B. K., Maynard, A. D., Slavin, T. J., & Peters, T. M. (2009).

Relationships among particle number, surface area, and respirable mass concentrations in

automotive  engine  manufacturing. J  Occup  Environ  Hyg., 6(1), 19-31.
https://doi.org/10.1080/15459620802530096

Kamens, R., Lee, C., Wiener, R., & Leith, D. (1991). A study to characterise indoor particles in three
non-smoking homes. Atmospheric Environment, 25A(5/6), 939-948.
https://doi.org/10.1016/0960-1686(91)90136-U

Lighty, J. S., Veranth, J. M., & Sarofim, A. F. (2000). Combustion aerosols: Factors governing their
size and composition and implications to human health. J Air Waste Manag Assoc., 50(9),
1619-1622. https://doi.org/10.1080/10473289.2000.10464197

Monkkonen, P., Pai, P., Maynard, A., Lehtinen, K. E. J., Hameri, K., Rechkemmer, P., Ramachandran,
G., Prasad, B., & Kulmala, M. (2004). Fine particle number and mass concentration measurements
in urban Indian households. Science of the Total Environment, 347(2004), 131-147.
https://doi.org/10.1016/j.scitotenv.2004.12.023

NAAQS. (2009). National Ambient Air Quality Standards, Central Pollution Control Board.
Government of India notification.

National Sample Survey Office report. (July 2011-June 2012). Retrieved from
mospi.nic.in/sites/default/files/publication_reports/nss_report_567.pdf

Oberddster, G. (2000). Toxicology of ultrafine particles: In vivo studies. Phil. Trans. Roy. Soc. London
Series A, 358(1775), 2719-2740. https://doi.org/10.1098/rsta.2000.0680

Patel, S., Sumit, S., Erin, K. B., Peter, F. D., Delphine, K. F., Allen, H. G., ... Marina, E. V. (2020).
Indoor Particulate Matter during HOMEchem: Concentrations, Size Distributions, and Exposures.
Environmental Science & Technology, 54(12), 7107-7116.
https://doi.org/10.1021/acs.est.0c00740

Sahu, M., John, P., Vidhi, S., Gautam, N. Y., & Pratim, B. (2011). Evaluation of Mass and Surface Area
Concentration of Particle Emissions and Development of Emissions Indices for Cookstoves in

Rural India, Environ. Sci. Technol., 45(6), 2428-2434. https://doi.org/10.1021/es1029415

12
Published by SCHOLINK INC.


https://doi.org/10.1080/019131200750060014
https://doi.org/10.1038/s41370-018-0024-2
https://doi.org/10.21037/jtd.2019.03.90
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heitbrink%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=18982535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evans%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=18982535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ku%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=18982535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maynard%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=18982535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Slavin%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=18982535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peters%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=18982535
https://www.ncbi.nlm.nih.gov/pubmed/18982535
https://doi.org/10.1080/15459620802530096
https://doi.org/10.1016/0960-1686(91)90136-U
https://doi.org/10.1080/10473289.2000.10464197
https://doi.org/10.1016/j.scitotenv.2004.12.023
https://doi.org/10.1098/rsta.2000.0680
https://doi.org/10.1021/acs.est.0c00740
https://doi.org/10.1021/es1029415

www.scholink.org/ojs/index.php/ees Energy and Earth Science \ol. 4, No. 1, 2021

Schwartz, J., Dockery, D. W., & Neas, L. M. (1996). Is daily mortality associated specifically with fine
particles? J. Air and Waste Manage. Assoc., 46, 927-939.
https://doi.org/10.1080/10473289.1996.10467528

Smith, K. R. (1986). Biomass Combustion and Indoor Air Pollution: The Bright and Dark sides of
small Is Beautiful. Environmental Management, 10, 61-74. https://doi.org/10.1007/BF01866418

Smith, K. R. (2000). National burden of disease in India from indoor air pollution. Publications of the
National Academy of Sciences, 97(24), 13286-13293. https://doi.org/10.1073/pnas.97.24.13286

Tran, C. L., Buchanan, D., Cullen, R. T., Searl, A., Jones, A. D., & Donaldson, K. (2000). Inhalation of
poorly soluble particles. Il. Influence of particle surface area on inflammation and clearance.
Inhalation Toxicology, 12(12), 1113-1126. https://doi.org/10.1080/08958370050166796

United States Environmental Protection Agency. (1996). Review of the National Ambient Air Quality
Standards for Particulate Matter. Policy Assessment of Scientific and Technical
Information.OAQPS Staff Paper. EPA-452/R-96-013.

US Environmental Protection Agency (USEPA). (1997). Reference method for the determination of
fine particulate matter as PM, 5 in the atmosphere, 40 CFR Part 50 Appendix L.

WHO report. (May, 2018). Retrieved May, 2018, from
www.newsbharati.com/Encyc/2018/5/2/WHO-all-praise-for-Ujjwala-Y ojana.html

Wolff GT. (1996a). Closure letter on draft air quality criteria for particulate matter from chairman of
clean air scientific advisory committee to EPA administrator, March 15, 1996.
EPA-SAB-CASAC-LTR-96-005.

Zhou, Y., & Cheng, Y. (2000). Characterisation of emissions from kerosene heaters in an unvented tent.
Aerosol Science and Technology, 33(6), 510-524. https://doi.org/10.1080/02786820050195359
Zou, H., Zhang, Q. W., Xing, M. L., Gao, X. J., Zhou, L. F., Tollerud, D. J., Tang, S. C., & Zhang, M. B.
(2015). Relationships between number, surface area, and mass concentrations of different nanoparticles
in  workplaces. Environ.  Science: Processes &  Impacts, 17,  1470-1481.

https://doi.org/10.1039/C5EM00172B

13
Published by SCHOLINK INC.


https://doi.org/10.1080/10473289.1996.10467528
https://doi.org/10.1007/BF01866418
https://doi.org/10.1073/pnas.97.24.13286
https://doi.org/10.1080/08958370050166796
https://doi.org/10.1080/02786820050195359
http://pubs.rsc.org/en/results?searchtext=Author%3AHua%20Zou
http://pubs.rsc.org/en/results?searchtext=Author%3AQunwei%20Zhang
http://pubs.rsc.org/en/results?searchtext=Author%3AMingluan%20Xing
http://pubs.rsc.org/en/results?searchtext=Author%3AXiangjing%20Gao
http://pubs.rsc.org/en/results?searchtext=Author%3ALifang%20Zhou
http://pubs.rsc.org/en/results?searchtext=Author%3ADavid%20J.%20Tollerud
http://pubs.rsc.org/en/results?searchtext=Author%3AShichuang%20Tang
http://pubs.rsc.org/en/results?searchtext=Author%3AMeibian%20Zhang
https://doi.org/10.1039/C5EM00172B

