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Introduction: Each one of us is directly or indirectly exposed to noise
pollution in our daily life. Noise has chronic effect on the human but many
of us are not aware. In our modern research platform very few studies are
available for monitoring and mitigating of noise pollution compared to
other environmental pollution.

Materials and methods: This study has been designed to monitor, map
the noise pollution in educational institute and find out the sources of noise
followed by identification of hot spot. In this regards National Institute of
Technology Raipur, Chhattisgarh, India was selected as study area. Noise
levels measurements were carried out at 15 locations within the study area
at time intervals of forenoon (9:30 — 10:30 AM), noon (12:30-1:30 PM) and
afternoon (4:30-5:30 PM) for 5 days of the week (working days). Using GIS
tool observed noise levels were interpolated by Inverse Distance Weighted
(IDW) method and graphical plots were prepared for different time intervals.
Results: Noise Levels were found to be between 46 dBA to 72.08 dBA
during our study. Sources contributing to higher levels of noise in the
premises were traffic, honking of trains followed by students themselves.
On comparing the finding with Central Pollution Control Board, New Delhi,
India (CPCB) standards all the locations recorded higher noise levels than
the prescribed limits.

Conclusion: Based on our finding, mitigating approaches like: plantation
of trees, construction of noise barriers, proper parking area, restricting
high speed of vehicles etc. were suggested for making a healthy learning
environment.

Introduction

Unwanted sound generated in the environment
causing discomfort to the ear is categorised as
noise. From the Latin word “nausea” meaning
sensation of discomfort or seasickness word
“noise” has been derived. Noise comprises

those occurring sound which are not acceptable
in our environment. Noise is serious problem in
many of the urban areas throughout the world
however very less attention are paid regarding
its monitoring and mitigating approaches [1-
2]. Noise pollution is assessed by measuring
the levels of noise in the environment from
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2 V. Kumar, et al. Monitoring and mapping noise ...

the different sources in the surroundings.
When human beings are exposed to higher
levels of noise for long duration it leads to
psychological and physical illness [3-4]. Based
on the magnitude and length of occurrence
noise pollution effects are differentiated
into four categories - (i) physical effects
(hearing problem) (ii) psychological effect
(anxiety, late night sleep, sleeplessness and
bad temper) (ii1) physiological effects (rise
in blood pressure and heart beat abnormality)
(iv) effects on efficiency [5]. To the modern
world noise pollution causes series of health
issues and mitigating of noise pollution
can help in controlling these health effects:
sleep disturbance, cardiovascular disease,
learning impairment, loss of hearing, speech
interference and many more [6-8].World
Health Organization (WHO) also reported 7
categories of impact of noise on humans in
2011. The health effect described above falls
under these categories. The higher level noise
exposures are generally made by different
sources which are classified as natural and
manmade. Natural consists of noise from
insects, birds, barking of dogs, thunderstorm,
wind whereas for manmade traffic, industry,
construction work, loudspeaker on festival
eve, railway, firecrackers are the major
contributor to the noise in our environment
[9-12].

Noise pollution mapping is one of the modern
techniques of showing noise levels of different
locations on a single map [6, 9]. Noise map
represents noise levels of geographical area at
particular time and are useful in acoustic urban
planning [13]. It helps in identifying the hotspot
for noise pollution in an area. Noise mapping
helps in evaluating noise pollution as well as
it helps in mitigating noise pollution in an area
[14]. In order to make noise map the digital
information of area are required along with
Geographic Information System (GIS) [5].

Hospitals, schools, wuniversities, library,
colleges have been categorised under silence
zone [15]. In most of the cities across the
world these areas are surrounded by the road
and rail. The location in heart of the city also
makes this area prone to higher levels of noise
thus making such areas exposed to higher
level of noise. Students learning capability
and academic performances are affected
when they are exposed to the higher level of
noise in school or colleges [16]. In silence
zone people exposed to higher levels of
noise faces common problem of interference
in communication [17]. While the lecture is
going on students find difficult in hearing
the voice of teachers and discussion in
classrooms and other activities. Students can
perform better in silence condition rather than
noisy environment [18]. Students learning
outcomes are directly affected by the learning
environment. The background noise in the
class can affect the learning’s of students and
hamper the class environment [19].

Many studies have been carried out for
monitoring and mapping of noise pollution at
different zones of the city but there is lack of
study in context with educational zone. In order
to provide a healthy learning environment
in campus such studies are necessary. Noise
pollution in the NITRR campus can be seen
as it is situated in the heart of city surrounded
by highway and busy railway line. Thus there
is need for monitoring and mapping of noise
pollution in the campus. Noise pollution
monitoring has not been carried out for
the campus neither noise map is available
therefore this study has been set to find out
the noise levels at different location of the
campus with following objectives:

» To prepare noise map by measuring noise
levels within NITRR campus.

* To identify the hot spot and main causes for
noise pollution within campus.

http://japh.tums.ac.ir
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* To suggest mitigating approaches for control
of higher noise level in Campus.

Materials and methods

Study area

For carrying out this study National Institute
of Technology, Raipur campus was selected.
NITRR began as a campus of Government
Engineering College in September, 1956 and
is spread over an area of 100 acres at 21.2497°
N, 81.6050° E coordinates. Campus front side
is located on Great Eastern Road whereas its

back side is situated on Mumbai- Howrah
main rail line. This rail line is one of the busy
lines in central India. The permanent site of
NITRR consists of academic blocks, staff
quarter, girl’s hostel, boy’s hostel, relaxation
park, dispensary and playing area. Inside
the campus the main sources contributing to
noise are; vehicular traffic, honking of trains,
generators, noise from students waiting for
lectures and from students who finished
their lecture. Study area is shown in Fig. 1.
Methodology has been shown in Fig. 2.
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Sampling technique and data collection

Sampling stations were selected according to land
uses in the campus for monitoring and mapping
of noise pollution levels. The locations are shown
in Table 1. Academic block (lecture hall, library,
labs etc.), residential area (hostel and staff
quarters), dispensary (health), recreational and
commercial (gardens, playing area and cafeteria)
were identified and selected for the study purpose
respectively. Readings of noise levels were taken
in forenoon 9:30 to 10:30 am, at noon from 12:30-
1:30 pm and afternoon 4:30-5:30 pm (Monday to
Friday) from 23 May to 27" May 2022 in the
academic year 2022-2023. Selection of this dates
were made to cover all the working days in a
week of the institute.

All the readings were taken by the help of field
assistants across selected stations. Readings were
taken by the using sound level meter (Extech-
SL 400). Calibration of instruments was done

before going to the sampling. Noise levels at
15 locations (Table 2) were taken using sound
level meter. Microphone was placed 1.5 m above
the ground surface and values displayed on the
screen were recorded and mean values for each
location were taken out. After collecting the data
noise parameter LNP (Noise Pollution Level)
was found out by using the equation given below

(Eq. 1).

LNP=L_x256 0
Where LNP= Noise pollution level, L=

equivalent noise level, 0 = standard deviation

[20]

OR

LNP=LA_ +(L10-L90) ....... 2)
OR

LNP=LA_+KS ........ 3)

Where K= 2.56 and S= standard deviation of A
weighted noise level [21]

Selection of Study Area
Educational Institute
( Silence Zone)
Arc GIS Data Collection Comparison with
Software Standard Limit
Interpolation
[ | Hot Spot Result and
Identification Discussion
IDW Method 5 c_
Graphical Conclusions Recommendations
Data

Fig. 2. Methodology of the study
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S. No.
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12

13

14

15

Table 1. Selected points for noise monitoring

Monitoring Station Land Use
Dispensary Health
Staff quarters F Type

Nilgiri Apartment
Girls Hostel
Seonath Hostel Residential
Staff quarters E Type
Satpura Apartment
Chitrakot Boys Hostel
Central Computer Center Academics
Cafeteria
Central Garden Recreational and Playing
Souvenir Garden
Hockey Ground
Main Gate Commercial

NCC Office

Station point
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14

S15

Table 2. Central pollution control board, Delhi prescribed standards

Environmental Noise Standards (Leq) in

dBA
Types of Area
Day Time
Industrial Area 75
Commercial Area 65
Residential Area 55
Silence Area 50

Night Time

70

55

45

40

Source: C.P.C.B. New Delhi
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Instrument, software, and techniques for
data analysis

In order to carry out the mapping and
monitoring of noise levels the instrument
used along with software and techniques is
combinations of the following;

() Sound level meter: In order to perform
the noise pollution monitoring this instrument
is used to find out the noise levels in the
ambient environment. Calibration of SLM is
done in dB(A) and dB(C). A weight is used
while measuring the noise levels by SLM
as it copies exactly the response of human
ear to noise. The unit of measurement taken
during the sampling are denoted as dB(A).
After reading are taken stop button is pressed
in order to save the readings in the inbuilt
memory of instrument. Later on the readings
are retrieved by connecting the instrument to
the computer.

° ArcGIS: Utilization of this tool was done
for data analysis and mapping. This software
was used for performing the interpolation and
generation of noise map. Study area map by
plotting the coordinates reading of the study
area was also prepared by using this software.
For preparation of noise map IDW (Inverse
Distance Weighted) technique was employed.

) Microsoft excel: To prepare the tables,
computation of figures, chart plotting and
converting data for exporting to ArcGIS
workable conditions this software was used.
Also retrieving of data from the SLM was
done in this software.

[ GPS (Global Positioning System): In
order to get the coordinates reading of the
study point this devise was used.

° Microsoft Word: For presenting the
research work and formatting this software
was used.

Results and discussion

Noise levels at 15 locations were observed and
recorded in the selected study area. The results
of the study are presented using numeric table
and maps (graphical plots). The observations
for the study period are presented in Table
3. For the forenoon, noon and afternoon
during the study ranges of L., was found to
be between 46 dBA to 72.08 dBA and for the
L, the ranges observed was between 50.13
dBA to 80.63 dBA respectively.Result in the
table shows that for the silence zone S1, noise
level is on elevated side compared to the
CPCB standards (50dBA). Consequently in
the residential zone S2 — S8 levels of noise is
greater than 55dBA except for few locations in
the noon when compared with the standards.
The recorded noise levels for locations S9-
S15 were also found to be on the higher side.
Noise from railway is the major contributor of
high levels of noise in the residential area of
the campus. Thus from the obtained results of
noise levels at all locations it is revealed that
most of the locations are exposed to higher
levels of noise within the campus.

http://japh.tums.ac.ir
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Table 3. Leq( noise equivalent levels) and Lnp( noise pollution levels) for the study area

S.

No.

10

11

12

13

14

15

Monitoring Station

S1

S2

S3

sS4

S5

S6

S7

S8

S9

S10

S11

S12

S13

S14

S15

Time

Forenoon
Noon
Afternoon
Forenoon
Noon
Afternoon
Forenoon
Noon
Afternoon
Forenoon
Noon
Afternoon
Forenoon
Noon
Afternoon
Forenoon
Noon
Afternoon
Forenoon
Noon
Afternoon
Forenoon
Noon
Afternoon
Forenoon
Noon
Afternoon
Forenoon
Noon
Afternoon
Forenoon
Noon
Afternoon
Forenoon
Noon
Afternoon
Forenoon
Noon
Afternoon
Forenoon
Noon
Afternoon
Forenoon
Noon

Afternoon

Average
Leq(dBA)
53.41
50.69
51.78
55.50
50.53
61.19
57.21
51.20
57.78
56.32
50.27
55.78
53.69
52.01
53.76
57.65
62.15
49.97
51.55
46.00
48.71
60.44
59.54
50.27
53.66
53.93
56.11
59.32
60.33
55.76
63.87
61.74
61.69
72.08
55.43
63.17
56.70
57.77
54.87
57.74
50.73
56.45
54.45
48.62
56.23

Star.lde?rd Lnp
Deviation
0.87 55.63
1.87 55.47
1.28 55.06
2.71 62.44
0.70 52.32
4.96 73.88
1.87 61.99
0.82 53.31
1.67 62.05
2.10 61.70
2.14 55.75
3.84 65.61
1.38 57.23
0.82 54.11
0.98 56.27
5.34 71.32
7.22 80.63
1.83 54.65
0.94 53.96
1.69 50.34
0.55 50.13
3.34 68.99
4.14 70.15
4.32 61.33
1.37 57.17
2.28 59.77
343 64.89
1.67 63.60
0.89 62.61
3.79 65.46
1.55 67.84
1.72 66.13
2.21 67.35
2.57 78.66
5.06 68.39
2.47 69.49
1.19 59.75
0.96 60.23
1.96 59.90
1.64 61.94
0.90 53.04
3.57 65.59
2.90 61.87
1.11 51.46
1.34 59.65
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Observed noise levels in the forenoon at the
study area

Form the observations made at different locations
noise maps was prepared for the forenoon noise
levels as shown in Fig. 3. From the Table 3
ranges of noise levels in the forenoon is between
51.55 to 72.08 dBA.A highest noise level in the
forenoon was 72.08 dBA at station S12. Also
the L, of 78.66 dBA at S12 was recorded as
highest. As this station is situated nearer to the
railway line and does not have any noise barrier.
A lowest noise level of 51.55 dBA was recorded
at station S7. The reason for low noise level is
its location. Station S12 is situated at the end of

the campus boundary in north east direction, very
less vehicles moves in this area. From Fig. 3, it is
found that stations S10, S11, S12, S13 and S14
recorded higher noise levels than other stations.
The reason is because of its location from the
main road of the city which is about 100 m. All
vehicles enter to the campus from station S14 and
thus lead to the generation of high noise levels.
Work carried out by researchers reveals that in
and around the educational institution noise
levels should range between 40dBA to 50dBA
[18]. On comparing our result we can say that at
all the stations of our study area showed higher
noise levels in the forenoon.
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Hock .G d
ockey Groun
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& 1]
81°36'0"E 81°3610'E 81°3620'E 81°36'30'E

Fig. 3. Forenoon noise levels distribution in the study area
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Observed noise levels in the noon at the study
area

From the Table 3 ranges of Leq noise level for the
noon is between 46 to 62.15 dBA while the L.,
ranges between 50.34 to 80.63 dBA respectively.
Highestlevel at station S10 and S11 were recorded
1.e. above 60dBA. Most of the students take their
lunch in cafeteria and garden in the noon time due
to this reason the increase in levels of noise at both
the locations were observed. Noise levels near to
50dBA were recorded for most of stations in the
noon time which is lower than the forenoon noise
levels. From Fig. 4 it is observed that stations S1
to S8 recorded lower noise levels compared to
other stations. The reason for this is because the
stations are surrounded by trees, thus the trees act
as noise barrier for these locations as a result of
which lower noise levels are observed. In a study,

researchers concluded that major source for noise
in the educational institute is vehicles (46%) and
students (40%) [18].

Observed noise levels in the afternoon at the
study area

From Table 3 the ranges of L. in the afternoon
are found to be between 48.71 to 63.17 dBA. The
maximum noise levels at station S12 is observed.
The ranges of L are found to be between 50.13
to 73.88 dBA. At most of the stations noise levels
are exceeding the CPCB standards shown in Table
2. From the Fig. 5, it is seen that noise levels in the
afternoon are higher than the noon. The change in
the levels is because of the movement of vehicles
in the afternoon. After the ending of classes and
working hour of the institute the vehicles start
leaving the institute hence causing increase in
noise levels in the premises.
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Fig. 4. Noon noise levels distribution in the study area

http://japh.tums.ac.ir



10 V. Kumar, et al. Monitoring and mapping noise ...

Hot spot identification, causes and sources of
noise in the study area

Graphical plot prepared after the observations
are compared and based on the three maps hot
spot is identified. Among all the three maps
common station S11 (central garden) and S14
(main gate) are showing high levels of noise in
all the three intervals (forenoon, noon, afternoon)
of observation. Hence from our finding it is
concluded that both this station are hot spot for
our study area. The main sources of noise in this
are traffic and students itself. Our finding was
corroborated by a study which was reported that,
the educational institute lying beside the railway
station and/or national highways have advantage
but at the same time they contribute to higher
noise levels in the premises of institute [15]. Our
finding also aligns with a study in Nagaon, Assam
India, where was concluded that main sources
for higher noise levels in educational area was
traffic as all the institutes were laying beside the
busy road of the city [18]. Frequent honking of
trains and noise from wheels of passing train also
contribute to the high levels of noise in our study
area.

81“3‘6'0"E 81"36I'10“E

Recommendations

Our finding shows that a higher noise level in
the study area exists. Hence to reduce the noise
to acceptable level following measures may be
taken in the institute:

» Planting of more tress and vegetations
near to the buildings and beside the service roads
of the institute will help in absorbing the noise
levels.

> Applying speed limit for the vehicles
inside the campus and near to the main gate of
institute will help in reducing high levels of noise.

» Making strict law on using of horns within
the institute will mitigate noise pollution.

» Makingpublic,teachersandstudentsaware
about harmfull effects of noise on health.

> Installing noise barriers near the railway
and roadway will help in reducing noise pollution
within the campus.

» Restricting outside vehicles movement
within the premises and making parking area
near to the entrance will help in reducing noise
pollution.
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Fig. 5. Afternoon noise levels distribution in the study area
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Conclusion

Based on the study it is concluded that noise
generated by honking and movement of trains
nearby, movement of vehicles inside the campus
followed by students themselves are the major
source of noise pollution. The range of noise
levels for forenoon, noon and afternoon are
found to be 51.55 to 72.08 dBA, 46 to 62.15
dBA and 48.71 to 63.17 dBA respectively. From
the graphical plots it is concluded that noise
levels in noon time is lower than forenoon and
afternoon noise levels. Based on comparison of
graphical plot stations S11 (central garden) and
S14 (main gate) are identified as hot spot of
the institute. On comparing the observed noise
levels with the CPCB standards it is revealed
that almost all stations have higher noise levels.
The institute authorities must reassign the vehicle
parking area so that the noise from honking and
movement of vehicles does not interfere with
the learning activities of the students. In order
to make a healthy environment for students and
staff suggested mitigating approaches must be
incorporated. During the study it is found that,
stations surrounded by trees recorded lower noise
levels compared to other stations. Hence special
events must be organized for plantation of trees
and vegetation within the campus.
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Introduction: Global warming and the need to reduce greenhouse gas
emissions from various emission sectors are not hidden from anyone.
The aim of this study was to determine Carbon dioxide (CO,)capture
from combustion gases of methane for cultivation of microalgae spirulina
platensis.

Materials and methods: Microalgae culture medium was added in two
photobioreactor. Air and combustion gas was injected into control and test
reactors respectively. Artificial light with 10 Klux intensity was used and
operated in continuous and intermittent (14 h ON and 8 h OFF) modes.
Inlet concentration of carbon dioxide in to the test photobiorector was set in
the range of 2000 to 6000 ppm and was measured in the inlet and outlet of
photo-bioreactor by ND-IR CO, analyzer.

Results: In the control photo-bioreactor, the average removal of CO, from
the air was 42%. In the test reactor with an inlet CO, concentration of 4100
ppm, the average removal of CO, from the combustion gas was 23%. After
9 days of cultivation, the amount of carbon dioxide stabilized by microalgae
was 0.528 and 1.14 g/L (dry weight) in the control and experimental photo-
bioreactors respectively. The CO, bio-fixation rate was in the range of 2.2%
and 4.0% at different runs. After 9.0 days of cultivation concentration of
microalgae was 0.25 and 1.0 g/L in the control and test reactors respectively.
Algae productivity with intermittent light was 35% less than continuous
light exposure.

Conclusion: It is possible to use CO, capture from combustion gases of
commercial heater for cultivation of microalgae spirulina.

Introduction

The increase of Greenhouse Gases (GHGs)
emissions has led to global warming and

climate change. Concentration of Carbon
dioxide (CO,)in atmosphere has increased
from the preindustrial level of 280 ppm to
418 ppm in 2022 [1] and even 421 ppm in

some regional atmosphere [2] and increase
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in the average temperature of 1°C above
the preindustrial level, and if this trend
continues, it is projected to rise 1.5 °C by
2050 [3]. Human activities including fossil
fuels combustion in various sectors such as
transportation, power generation, industries,
residential, commercial, and agricultural,
along with deforestation, land use change,
and solid waste burning are the main reasons
for increased CO, concentrations in the
atmosphere [4, 5]. In addition to solutions
such as using renewable energy resource,
recycling materials, and changing lifestyles,
methods for decrease CO, concentration in
atmosphere are categorized into two main
categories. The first category is CO, Capture
and Storage (CCS) from flue gases of major
point sources such as power plants, cement
factory, and so on. The second category is
CO, Removal (CDR) methods including Bio-
Energy with Carbon Capture and Storage
(BECCS), Direct Air Capture (DAC) by
physicochemical or biological methods,
bio char production, enhanced weathering,
and ocean fertilization [6, 7]. Among the
different methods, CO, capture by microalgae
cultivation is a promising technology.
Microalgae cultivation is generally carried
out in outdoor ponds and also in controlled
photo-bioreactors.
CO, is captured during photosynthesis,
microalgae grow and biomass is produced

In a photo-bioreactor,

[8]. One type of microalgae that has attracted
much attention is Spirulina platensis. It is a
genus of cyanobacteria (blue-green algae)
that can grow in both fresh and salt water.
Each 100 g of dried spirulina contains 23.9
g carbohydrate, 7.72 g fat, 57.47g of 18
types of proteins, 15 types of vitamins, and
eight types of minerals. Spirulina is used in
different countries in cosmetics, medication,
animal

aquaculture, and and poultry

farms. This ingredient is widely used as a

supplement for certain foods. The optimum
growth condition is alkaline condition and
temperatures above 25°C [9]. One of the
major CO, emission sources is residential
sector. Natural gas and kerosene are used
for heating and hot water production of
buildings in many countries and considerable
direct emissions of CO, are from heating in
buildings [10].

Totally, 40% of energy consumption is in
building sector. Moreover, building sector
contributes about 30 percent of total annual
greenhouse gas emissions, which is expected
to double in the next 20 years [11]. According
to Iran’s third national communication to
UNFCCC, CO, emission by residential
building subsector in 2000 and 2010 was 69
and 107 million tons respectively , and it is
expected to be 152 million tons in 2020 [12].
National Iranian oil products distribution
company reported that annual consumption
of kerosene and natural gas in the residential-
commercial sector was 3400 million L and
2 billion m* respectively in 2018 [13] . The
CO, biofixation by microalgae cultivation is
a promising, eco-friendly, and cost-effective
technique to reduce CO, emission. Numerous
studies have been conducted to cultivate
different microalgae by using CO, [14].
Several studies have been conducted for
microalgae cultivation by CO, capture from
industrial flue gas [15-17]. Capture of CO,
from power plant desulfured flue gas [18],
CO, capture from flue gas of steel plant by
cultivation of Chlorella sp [19], Cultivation
of Chlorella , Synechocystis and Tetraselmis
in photo-bioreactor by industrial combustion
gases of methane [20], using flue gas ofa coal-
fired power plant for microalgae cultivation
and biofuel production [21], utilization of
biogas as CO, provider for Spirulina platensis
cultivation [22], using flue gas of industrial
heater to growth of Euglena grasilis [23]
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and microalgae production from kerosene
combustion [24] have been examined for
microalgae cultivation using industrial flue
gases.

In all of the above-mentioned studies, high
concentrations of CO, have been examined.
Industrial flue gas has high concentrations
of CO, (4-14% v/v or more) along with
toxic gases such as SO, NO_, and heavy
metals with high temperatures [25, 26]. High
concentrations of CO, inhibit the growth of
microalgae [27]. Sulfur dioxide (SO,) in flue
gasinexcess of 100 ppm inhibits algae growth
[28]. Moreover, the presence of Nitrogen
Oxides (NO,) gases in excess of 300 ppm has
a negative effect on the growth of algae [29].
Due to the high volumes of industrial flue
gases and presence of toxic gases, industrial
flue gas needs pre-treatment in order to grow
algae, which increases the cost [30].
Inareview article, the use of microalgae photo
bioreactors in the architecture and facades
as well as types of PBR for integration with
buildings and their technical requirements
were described [31]. An article outlining
the types of intelligent buildings, refers to
a building in the Hamburg- Germany with
a facade made of PBR used for microalgae
cultivation [32].

According to literature review, there is no
study on using residential combustion gases
for microalgae cultivation, the aim of this
study was to capture carbon dioxide from
house chimney gases for cultivation of
microalgae spirulina.

Materials and methods

Spirulina platensis seed culture was obtained
from caspian institute of ecology and
fisheries in Sari, Iran. In order to prepare
stock microalgae, 50.0 mL of seed culture
was inoculated into 5.0 L of Zarrouk culture

medium in a glass vessel. Composition of
modified (carbon free) Zarrouk medium was:
NaNO, 2.5g/L, NaCl 1.0g/L, K,SO, 1.0 g/L,
K HPO, 0.5g/L , MgSO,.7H,0 0.2g/L, FeSO,
0.01g/L, CaCl,.2H,0 0.08g/L, EDTA 0.08g/L
and pH=9.5 by adding NaOH 1.0N [25].
Aeration of growth medium was performed by
an aquarium air pump. Four white fluorescent
lamps (each 20W) were used for light
illumination of culture medium. Modified
Zarrouk medium containing above mentioned
composition without NaHCO, (or carbon free)
was used for microalgae cultivation in our
experiments. 50 mL of stock microalgae was
inoculated in photo-bioreactor containing 3.0
L of modified zarrouk medium. Microalgae
spirulina was grown in the air aerated stock
culture vessel containing modified Zarrouk
medium. Spirulina cultivation was performed
by air injection in two neutral and alkaline
medium separately. Initial pH of the growth
medium was adjusted to 9.5 by adding a few
milliliter of NaOH 1.0N [26]. Concentration
of algal biomass at the beginning of each test
run was 20 mg/L. In order to determine algal
biomass concentration, light absorbance of
microalgae medium was measured at 689
nm by spectrophotometer (HACK, DR2800).
Carbon percentage in spirulina biomass was
measured by the CHNS analyzer (Perkin-
Elmer,2400,USA).

The photo-bioreactor used in this study was
fabricated by plexiglass with total volume of
5.6 L containing 3.0 L of growth medium.
In order to supply combustion gases,
commercial gas heater was used. Combustion
gases of methane (the sole carbon source for
microalgae cultivation) were injected into
photo-bioreactor after passing through a
condenser to remove water vapor (Fig. 1).
Air was injected in control photo-bioreactor.
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Fig. 1. Schematic and photo of experimental setup - 1:gas heater 2:funnel 3:condenser; 4:connection tube; 5:
CO, analyzer; 6:photo-bioreactor; 7:air suction pump; 8:rotameter; 9:out let pipe; 10:fluorescent lamp; 11:
timer; 12:computer; 13:holder stand

Light exposure with the intensity of 10 Klux was
in intermittent (14 h on / 10 h off) and continuous
mode [26]. Flow rate of combustion gas into the
photo-bioreactor was set at 1.5 L/min. In order
to prevent the heating of the culture medium,
due to the small size of the photobioreactor, part
of the flue gas was separated and injected into
the medium. The initial concentration of carbon
dioxide was in the range of 2000 to 6000 ppm
and measured in the inlet and outlet of photo-
bioreactor by ND-IR CO, analyzer. Daily
sampling of culture medium was performed to
measure optical density and mass of microalgae.

Plot of algal biomass concentration (g/L) versus
optical density was used as calibration curve.
Duration of each test run was 9.0 days and each
daily sample from pho-bioreactor was filtered
by using GF/A filter and biomass of microalgae
was measured by analytic balance (0.0001g) after
12 h drying at 80°C. The maximum microalgae
productivity was calculated using Eq. 1.

Pmax - Xt'XO /tx'tO (1)

Where P_ , is the maximum algae production
(g/L.d) during cultivation period (t-t), X, is
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concentration (g/L of algae in the final day and
X, is initial concentration (g/L) of microalgae.
The stabilized CO, in the bioreactor is derived
from Eq. 2.

F =(XXo) MxV%(=) )

Where F is stabilized CO, (g), X, is algae
concentration (g/L) at t (d), X, is algae
concentration at inoculation (t)), M is a fraction
of carbon in algae determined by CHNS analyzer
(g/g ofalgae), V is volume of culture medium (L).
The percentage of carbon stabilized in algae was
calculated by dividing the amount of carbon in

algae by the total carbon injected into the reactor
(27).

Results and discussion

Effect of pH on the growth of microalgae in
control photo-bioreactor which was operated
by injecting air containing 600 ppm of carbon
dioxide, is shown in Figure 2.When the pH of the
culture medium was increased from 7 to 9, the
concentration of algal biomass increased daily and
reached to 0.48 g/L after 9 days. The initial pH of
the culture medium was 9.5 and gradually reached
to 8.5 at the end of experiment (9™ days). Due to
the formation of bicarbonate, the pH of culture
medium was always higher than 8 and the alkaline
conditions was suitable for microalgae growth. A
study showed that there was a direct relationship
between algae production and pH [28] .
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Fig. 2. Effect of pH on growth of microalgae
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Fig. 3. Effect of contact time on concentration of CO, in the outlet of photo-bioreactor
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Fig. 3 shows the change in CO, concentration
in the outlet of photobioreactor with the inlet
CO, concentration of 4000 ppm. As can be
seen in the Fig. 3 , the maximum absorption
of carbon dioxide occurred immediately after
the injection of combustion gas in the culture
medium and after 9.0 days of cultivation the
outlet concentration was reached to 4000 ppm.
In a study power plant flue gas was used for
microalgae cultivation in a pilot plant photo-
bioreactor that results showed 2,234 kg CO, per
year was absorbed [18]. In another study flue
gas of steel factory was used for CO, capture
and microalgae cultivation in a 50.0 L photo-
bioreactor and after six days, concentration
of algal microalgae was increased from 0.75
to 2.87 g/L [19]. In a study algal bloom was
occurred in the CO, concentration of 4,000
to 6,000 ppm at the fourth or fifth days using

combustion gases of methane [29]. In another
study, the effects of different concentration of
CO, on growth rate of three types of microalgae
was investigated, and when concentration
of CO, was in the range of 50,000 to 60,000
ppm, growth rate of alga was low because high
concentrations of CO, had an inhibitory effect
on algal growth. In a study, by changing the
concentration of CO, and measuring the growth
rate of algae, the best CO, concentration for
optimal growth ofalgae was inthe range of 1,000
to 6,000 ppm [20]. In one study flue gas of coal
burning power plant was used for microalgae
Scenedesmus cultivation. Diluted combustion
gas containing 10,000 to 40,000 ppm CO,
was injected in Scenedesmus cultivation pond
and results showed that highest growth rate of
microalgae was in CO, concentration of 20,000

ppm [21].
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M CO2 3300ppm

C0O2-4100ppm
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Fig. 4. Diurnal stabilized CO, in photo-bioreactor in different inlet concentration
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Fig. 4 shows the diurnal stabilized CO, in
control and test photo-bioreactor at different
concentration of inlet CO,. As it can be seen
from Fig. 5 the stabilized CO, was increased
by increasing the contact time and inlet CO,
concentration. In one study biogas was supplied
as CO, source in microalgae spirulina cultivation
with the initial pH of 9.0 and the results showed
that with injection of air, algal growth was
continued but with injection of biogas, the
microalgae concentration was decreased sharply
[22]. Carbon dioxide capture from combustion
gas of methane was studied by three species of
microalgae by increasing concentration of CO,
from 1,000 to 10,000 ppm, and results showed
that the algal biomass was increased, however
when the concentration of carbon dioxide reached
above 10,000 ppm, the amount of algae production
decreased [20] .In one study it was shown that
increased CO, emissions from coal combustion
up to 20,000 ppm had led to an increase in the
production of Chlorella and Scenedesmus and
the inhibitory effects on the growth of algae
appeared at 40,000 ppm of CO, [21]. In another
study the combustion gas was passed from an
alkaline medium (lime solution) and then injected
into photo-bioreactor [20]. In another similar

2

study after 12 days of aeration, the maximum
concentration of Spirulina algae reached to 1.02
g/L [30] . Simulated combustion gas containing
NO,, SO,, and CO, with concentration of 60,
100 and 120,000 ppm respectively was used to
produce Spirulina and the results showed that
maximum algae concentration was 1.42 g/L,
the algae production rate was 0.1 g/Ld, and the
fixation of CO, was 0.14 g/Ld [25]. In another
research cultivation of microalgae Euglena
grasilis by using combustion gases of kerosene
was studied [23]. Cultivation of Chlorella by
using 20,000 ppm of CO, was studied and 2.6 g/L
biomass was produced [30]. In the present study
by using intermittent light and combustion gas
of methane with CO, concentration of 2100 and
5500 ppm, the algal biomass was 0.66 and 1.04
g/L respectively, which is comparable reported
by other researchers 1.2 g/ [21] and 1.02 g/L
[30].

Carbon dioxide stabilized in two light exposure
(continuous and intermittent) by using combustion
gases of methane was shown in Fig. 5. As it can
be seen, microalgae concentration in continuous
light exposure was more than intermittent light
and the difference between the two modes was
statistically significant (p<0.05).
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Fig. 5. Concentration of microalgae with time by using combustion gases of methane (CO, 5500 ppm)
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There is a study that shows the microalgae
production in intermittent light is 25% less than
continuous light [29]. In a study the growth of
Clamydomonas was measured and results showed
that the specific growth rate in intermittent
light was 31% lower than continuous light due
to consumption of biomass during respiration
reaction at the dark hours [33]. Capture of CO,
in a photo-bioreactor is carried out in two forms
including absorption in culture medium and
uptake by microalgae. Due to the lack of carbon
source in the culture medium, photosynthesis in
algae was performed only by uptake of CO, from
combustion gas.

Conclusion

One of the important sources of greenhouse gas
emission of carbon dioxide is the residential and
commercial sector. Microalgae can be produced
by using the combustion gases of heating devices
in the buildings. In this study microalgae spirulina
was produced by injection of combustion gas
of methane as sole carbon source into photo-
bioreactor containing the culture medium and
carbon dioxide was removed from combustion
gases.
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Power aware air quality sensing system with efficient data storage
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ARTICLE INFORMATION ABSTRACT
Article Ch logy: . . . . .
RZé;ied ggﬁiﬁgozz Introduction: This paper presents a portable device of Air Quality
Revised 12 January 2023 Monitoring System (AQMS) based on a sensor platform. The purpose of the
Accepted 20 February 2023 study is to power awareness, warning indication, and minimal data storage
Published 29 March 2023 .
capability.
Materials and methods: AQMS is developed by embedded design
methodology. The software part is based on the C programming language.
AQMS device is made up of “transmitter” and “receiver” sections through
the Zigbee wireless network. The objective is to collect concentrations of
Keywords:

CO, NO,, CO,, humidity, and temperature to check air pollution for health
awareness. A power-saving strategy is adopted in the "transmitter" of
AQMS through a Demultiplexer circuit. To minimize the space complexity
of storage and availability of long-term data, data encoding techniques are
implemented.
Results: By implementing switching activity on the sensors in AQMS,
CORRESPONDING AUTHOR: the active mode of sensing operations are controlled and a power saving
_ of 18.41% is achieved. Extending the duration of transmission operation
;ee Illd(zfg 1613(‘-2’1%;“; SIZC;:; 5 incregses data storage in the “rec§iver” unit. Hence, two encoding
Fax: (+91 381) 2546360 techniques are developed where real-time data are encoded in binary form:
2-bit encoding and 3-bit encoding. According to the results, 2-bit encoding
saves 50% of storage space and 3-bit encoding saves 25%, compared to not
utilizing any encoding strategy, sacrificing data accuracy by less than 5%.
Conclusion: AQMS design is created with the implementations of low
power consumption and low storage. Additionally, an alarming condition is
set in AQMS for indicating the level of pollutants in the air to determine the
risk level of exposure which is dangerous for human health.

Air pollution; Sensor; Wireless network;
Low power; Data encoding

. the world's industrialization and urbanization
Introduction . .

processes accelerate. Air pollution affects the

quality of human life and the world’s climate [1].

Environmental contamination has become a  Contaminated air can be categorized as indoor or

widespread problem in the global network as  outdoor pollution, covering the area where the
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operation takes place [2]. Ground-level ozone
highlights five different polluted parameters
comprising carbonic oxide, NO,, SO, and PM
[3]. Indoor air pollution, which is defined by the
presence of pollutant compounds, has an impact
on human health, causing symptoms such as
trouble breathing, dizziness, migraines, and heart
problems. Maintaining good indoor air quality is
necessary for people like the disabled, patients,
the elderly, and infants who spent the majority of
their life time in confined spaces [4]. The measured
level of CO,, humidity, and temperature present
in the environment provides useful information
to solve the aforementioned problems [5]. The
development of wireless sensor technology
has been aided by on-chip controlling systems.
People can build industrial and environmental
monitoring systems using an architectural
design method for sensor nodes. Therefore, the
administration must concentrate on this part and
take the necessary steps to create several systems
and detect the concentration of polluted gases
[6-9]. Methods of monitoring air pollutants and
measuring the concentrations of CO,, NO,, CO
and lead are reported in [ 10, 11]. Most monitoring
and sensing stations are using basic techniques to
monitor air quality in the environment. A wireless
sensor module is developed, which is designed
for assessing indoor air quality [12]. A MOS
(Metal-Oxide-Semiconductor) based platform
is developed for measuring and processing air
quality and pollution concentration using a Wi-
Fi network and web server [7]. Sensor nodes
installed in different rooms consist of tin dioxide
sensors which are wirelessly linked to the central
unit. Also, in the design of energy-efficient
sensor nodes, the application of low power
technique is focused on [13, 14]. But the design
cannot achieve low data storage for efficient
transmission. The issue of storing large-scale
data at the sensor network level is discussed [15-
18]. Memory is used in the case of data storage
whereas the transceiver works as the combined
form of transmitter and receiver sections [19].

Another solution represents a measurement of
temperature and CO, sensors in the company [20].
They do not involve in CO, NO,, and humidity
measurement abilities. The system allows only a
Wi-Fi connection process for measuring samples.
The monitoring system that is powered by a
battery and has power consumption is reported
in [21]. The system is presented with a Wireless
Sensor Network (WSN) for ambient monitoring,
but the solution of minimal data storage is not
provided. The review of the literature study
informs that the methods used in these works
discussed so far are reliable but expensive.

In the proposed article, a cost-effective, portable
wireless network 802.15.4 standard-based AQMS
is developed with the capability to monitor CO,
NO,, CO,, and meteorological parameters. The
sensing modules used in this work are chosen with
improved energy efficiency, area optimization,
and low cost. The CO, sensor MH-Z14 is having
self-calibration capability [22]. The collection
and storage of CO, during transmission can be
done in any place without any internet connection
through the Zigbee wireless network compared to
[23]. MiCS 4514 is defined as a compact MOS-
based sensor where two sensing elements can
be detected independently on a single package
[24]. This dual sensing module can sense CO gas
and NO, gas simultaneously and it is suitable for
compact design as compared to individual CO
and NO, sensors used in [11]. The advantage
of using zigbee wireless technology in AQMS
is that it can cover a large area compared to
Bluetooth networks [25]. Also, zigbee wireless
communication is best suited for getting data
samples without requiring any internet activity
as reported in [7, 26]. The proposed AQMS has
various characteristics like easy handling, data
compression capability, portability, low cost,
and power reduction with technically tested
accuracy. Collected real-time data from different
sensors of the proposed AQMS over the last
few years is large in quantity. Hence, there is a

http://japh.tums.ac.ir



Journal of Air Pollution and Health (Winter 2023); 8(1): 23-42 25

requirement for huge space to store this data. So,
it is reviewed that data processing is required
before being transferred to storage. In this work,
we have proposed data encoding techniques
to encode large sets of data into smaller sets so
that the storage space requirement is less. The
characteristics of the developed AQMS in this
work, such as a portable battery-operated system,
warning indication, low power consumption and
efficient data storage within a limited space make
it a suitable node in WSN. For battery-operated
AQMS, power consumption is a big issue. So,
AQMS should be having low power consumption
strategy so that the long use time of the battery
can be increased. During energy consumption, a
new technique is adapted for increasing the life
of the sensor nodes [27]. But, the percentage of
power reduction is not mentioned. In this work,
a good percentage of saving of power is obtained
in real-time and confirms the prolonged existence
of sensor nodes.

The remaining sections of this paper are
constructed as follows. Section 2 highlights the
architectural design of AQMS which comprises
transmitter and receiver circuit operation. Section
3 presents the implementation of different
encoding techniques for data storage. Section 4

zigbee » Arduino
Uno —
USB
connection to
PC

presents the receiver circuit where the alarming
condition is activated for warning the level of
various polluted gas concentrations. The results
of minimal data storage using storage techniques
and power consumption of AQMS have been
provided in Section 5. This section discusses
different storage techniques developed by the
encoding method. Next, by using some power
reduction techniques in the transmitter design,
18.41% of energy has been saved. Finally, the
paper is concluded in Section 6.

Materials and methods

Hardware design of AQMS

The hardware operation of the transmitter
and receiver sections of the proposed AQMS
along with Secure Digital (SD) card, sensors,
microcontroller and wireless communication
with their features are discussed in this section.

Transmitter

AQMS has been designed for a 5 V supply.
The transmitter circuit shown in Fig. 1 consists
of a microcontroller unit as a decision circuit,
sensors, a Demultiplexer, memory, and a power

supply.

— LM-35

— MH-Z14

Demultiplexer

MiCS4514

HIH4030

Fig. 1. Block diagram of a transmitter station
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To get the correct data from the design, individual
sensors are tested in proper working conditions.
In the sensor station, Arduino Uno reads gaseous
values using sensors along with temperature
and humidity through the internal ADC of the
processing circuit. The demultiplexer device
is implemented for switching operation so that

power consumption is controlled. Select lines
of demultiplexer help to generate a signal for
ON and OFF modes of the power supply for
the sensors. Utmost care is given such that no
necessary data is lost. The entire sensor data is
transmitted serially using zigbee network during
the ON time of the sensors.

Declare ports and variables

l

Initialize counter 1 =0

!

Alternately make sensors ON

'y

Sensor reads data

]

Data sent to Arduino

A\ 4

A packet of 41 bytes is formed

l

Data sent to receiver via zigbee

NO

Fig. 2. Flowchart of a transmitter station
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The function of the transmitter module is
presented through the flowchart shown in Fig.
2. First, all the ports and variables are declared.
Next, a sample variable i=0 is assigned to collect
the number of readings that may be taken in ON
time. Here, i=1 to i=10 is assigned to collect 10
readings. The sensors are powered up periodically
with the help of a demultiplexer whose data lines
go high as per the inputs given to its select lines.
Select line inputs are controlled by the code itself.
A small delay is provided between switching on
the consecutive sensors. The sensors collect data
and those data are converted into a 41 bytes long
coded data string which contains the information
related to the frame delimiter, length of the packet,
sensor values, checksum byte etc. This data string
is transmitted via a Zigbee module. The process
continues in a loop.

Receiver

In the station, an Arduino Uno
microcontroller board, Liquid Crystal Display
(LCD), Real-Time Clock (RTC), Secure Digital

receiver

Card (SD card), Zigbee module, and Light
Emitting Diodes (LED) are integrated into the
design. During receiving operation, Zigbee
receives data serially. Fig. 3 shows the flowchart
of the receiver section. The function of the
receiver station is discussed here.

On the receiver end, Arduino checks for the
validity of the received data by calculating the
checksum error byte. The checksum is calculated
by following steps:

. First step: All bytes of the Zigbee packet
are added except frame delimiter and length
bytes. The results of the added bytes are found in
hex form.

. Second step: MSB (Most Significant Bit)
is extracted from the result obtained in the first
step.

. Third step: The remaining value obtained

in the second step is subtracted from FF
(hexadecimal value).

. Fourth step: The result of subtraction is
generated as Zigbee checksum for the data packet.

Arduino ON

LCD, RTC, SD card ON

Wait till
datais
available

Retrieve the
values from
Sensors

\4

Convert the data >

Store data in SD card
and Display in LCD

values into ppm,
celsius etc. units

Fig. 3. Experimental flowchart of receiver station
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The correct value of the checksum byte indicates
successful communication between the transmitter
and receiver. The calculated checksum should be
matched with the checksum generated by Zigbee for
error-free communication. If the API (Application
Programming Interface) data packet has an
incorrect checksum value, the receiver considers
the packet invalid, and the data are ignored. If data
is available then it disintegrates the data packets
into individual data bytes. The last data byte is
the checksum generated in the transmitter Zigbee
module. From the received packet, the checksum
is again calculated. If the received checksum byte
is matched with the calculated checksum byte, it
means the data packet is valid. Then each sensor
readings is further processed and displayed in
the LCD connected to Arduino. If not, the data
packet is discarded and waits until the next data
packet has been received. As all the data bytes are

in hex form, so initially they are converted into
their original string format. By identifying the
prefixes, each sensor’s ADC values are identified.
These values are then converted into readings of
ppm (parts per million), degree Celsius, etc. After
conversion, data are stored in an SD card that is
connected to the Arduino board along with the
date and time of recording through RTC on the
receiver section. Four different colors of LEDs are
connected to four sensors to observe air pollution
which is discussed in Section 4.

SD card

The SD card is a rewritable, high-capacity storage
device. The advantage of using an SD card is
that it supports SPI (serial peripheral interface)
communication. In the developed AQMS, a 2 GB
SD card has been used. Fig. 4 shows a flowchart
of received data stored in an SD card.

START

Y

Arduino sets the frequency required for
serial communication with SD card slot

\

y

MOSI (from Arduino to the SD card slot)

A

y

Requesting for storage

MISO (from SD card slot to Arduino)

\

4

Acceptance of request

Data transfer fro

m master to slave

Data sent

MOSI

Data received and stored

M

SO

\

STOP

Fig. 4. Flowchart of the storing process for data in SD card
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During the storing operation of received data
in the SD card, a MOSI (Master Output Slave
Input) signal flows from Arduino (master) to
the SD card (slave). The MOSI signal sends a
request for storing data. If space is available
then a signal MISO (master input slave output)
flows from the SD card to Arduino and sends
a response, confirming the transfer and storage
of data as requested by the MOSI signal. Then
the data get transferred from Arduino. After that
Arduino sends another MOSI signal, indicating
the completion of transferring data. In reply,
the SD card sends a MISO signal, informing
that data is received and stored.

Sensors of AOMS

In the proposed AQMS, CO,, CO, NO,,
relative humidity, and temperature sensors are
used for measuring pollutant levels in the air.
The details of all these sensors are discussed
below.

COZ sensor

An MH-Z14 NDIR sensor has been selected
for measuring the concentration level of carbon
dioxide in the air. The sensor can be non-oxygen
dependent and has good selectivity. This
sensor can measure the concentration of CO,
between 0 to 10000 ppm, where the operating
voltage level ranges between 0 and 5 V signal.
The average current is less than 60 mA at 5
V input. It is important to know that the level
of CO, is affected by the change of absolute
temperature and relative humidity parameters
in the outdoor environment as well as in the
indoor environment. The microcontroller
through its internal ADC records data witha 16
MHz clock frequency on the UNO board. The
response time of the CO, sensor is observed to
be 120 s.

Temperature and humidity sensors

LM35 is a low cost precise integrated

temperature measurement device where the
output voltage is linearly proportional to
the centigrade scale. It is an analog sensor
and auto-calibrated in degree Celsius.
The accuracy of the LM35 temperature
sensor is within acceptable limits and
the variation is between +2 to £5 °C. The
power consumption of the sensor module
is observed to be 1.8 mW. This sensor is
suitable to measure the temperature in the
range of 0°C to 60°C.

The humidity sensor HIH-4030 is chosen for
its low power consumption and fast response
time. The relative humidity range of the HIH-
4030 sensor lies between 0% to 90%, which
matches with an ambient humidity range of
India (50-80%).

CO and NOZ sensor

MiCS-4514 dual sensoris chosen formeasuring
CO and NO, gases in the atmosphere. It can
sense both gases simultaneously. The power
consumption of this dual sensor module is
observed to be 150 mW and the response time
is less. The CO and NO, gases are observed
in the millivolt using the MiCS-4514 sensor
module. Another resistive sensor MQ-7 is
selected for measuring CO gas in ppm level.
The power consumption of this sensor is
observed to be 400 mW.

Microcontroller

The data transmission and receiving functions
are developed on Arduino Uno (https://
www.arduino.cc)  microcontroller  board.
ATmega328P microcontroller chip is inserted
into the board. It is a 32-bit open-source
platform supporting the addition of sensors in
the physical environment. The microcontroller
units are used for designing signal processing
unit modules, control units, and external
memory & memory interfacing units attached
to the processor in the AQM system. In this
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work, the microcontroller unit is designed
for decision- making, processing, and data
storage activities. The microcontroller unit
is programmed in C language. Moreover, this
microcontroller platform is easily accessible
in both hardware and software. The current
consumption at 1 MHz is observed to be 0.2
mA in active mode [28].

Wireless communication

A wireless sensor network is a sensor
platform used for developing AQM systems
with communication capabilities. Zigbee
communication has been used in this research
work. The IEEE 802.15.4 Zigbee network is
the defined standard. This network is well
suited for long battery life, high reliability,
and low power consumption [29, 30]. The
applications of Zigbee networks include
home automation systems, appliance control,
surveillance, etc. Zigbee wireless network
has various well-known applications namely
telemedicine  services, smart farming,
indoor device control, military, and some
commercial applications [31]. Air quality
monitoring in the real world is one area of
application where researchers are concerned
about global warming, all over the world. For
Zigbee wireless communication, the XBee-
Pro S2 communication module is chosen in
this work. The XBee Pro RF communication
modules are useful for data transmission in the
case of both outdoor and indoor sides [32]. To
start with, a network has been created between
the sensor node (transmitter) and coordinator
(receiver station) using the X-CTU terminal.
The PAN (private area network) ID of all the
developed modules (transmitter and receiver)
must be the same. This kind of RF module
is capable to operate in four ways such as
receive, transmit, sleep mode, and idle [29].

The transmitter is set to AT mode. In AT
mode, zigbee sends information from sensors

to the common receiver. The receiver is set to
API mode. Since the AQMS is a multimode
system, it is easier to handle information from
multiple nodes in API mode. Once zigbee is
configured, the system is ready to transmit and
collect information from sensors. The details
of the settings of sensors and measurement
analysis are presented in Table 1. The messages
received from zigbee wireless communication
are of numerical codes. These describe the
measurement results of four sensors.

Zigbee network is associated with a host
device via a logic-level asynchronous serial
port. By this serial port, Zigbee communicates
with a wuniversal asynchronous receiver/
transmitter (UART) to transfer and collect
serial data. The recorded sensor data are not
sent directly to Zigbee as it causes more time-
consuming and becomes an inefficient data
transmission operation. Therefore, data must
be encoded before sending it. Each sensor
data is identified by a particular letter. Five
different parameters are measured namely
CO,, temperature, CO, NO, and relative
humidity. Measured values are denoted by a
coded format. In API mode data are received
in the form of packets known as data packets
of 1-byte each. These bytes carry information
about sensor readings, sensor node address
bytes, checksum bytes, length of the packet,
etc. And these are sent via Zigbee. The data
packet receives in hex form and is equivalent
to ASCII values. The checksum byte is used to
validate each packet. Packets generated from
the transmitter node are sent to the receiver
station through WSN. All sorts of information
have been included in the string form. While
configuring the receiver station, the address
of the Zigbee to be used in the receiver is
provided. This configuration is saved and
uploaded to Zigbee which acts as a router. The
data packets are sent at regular intervals until
the manual transmission is stopped.
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Table 1. Zigbee data packet

Function Description

6130313734 The value measured by the
MH-Z14 sensor for CO; in

ASCII

6230303732 The value measured by the LM35

sensor for temperature

6330323138 The value measured by the

MiCS-4514 sensor for CO

64303531 39 The value measured by the

MiCS-4514 sensor for NO,

6530333134 The value measured by the
HIH-4030 sensor for relative

humidity

Example

61 30 31 37 34° ‘01”74

‘a’ indicates CO, data. CO,=174ppm

62 30303732
62-‘b’indicates temperature.

ADC value of 72 which is equivalent of 35.19°C

63 303231 38
63- ‘¢’ indicates CO data.

Analog Voltage of 218 mV corresponding to CO
concentration

64 303531 39
64-‘d’ indicates NO; data

Analog Voltage of 519 mV corresponding to NO>
concentration

6530333134

65-‘¢’ indicates humidity data

ADC value of 314 which corresponds to Relative Humidity of

23.60%

* oC = degree Celsius, % = percentage, mV = millivolt, CO,= concentration of CO,, ppm = parts per million.

Proposed encoding techniques adopted in
AQMS

This section highlights the storing procedure
of CO data in the receiver station. However,
data from other sensors can also be taken and
the effectiveness of the proposed encoding
scheme may be established. MQ-7 sensor is

used in this work for CO gas. The air quality
standard of CO and CO, gas given by the
central pollution control board (CPCB) is
presented in Table 2. The air quality index
(AQI) range of the concentration of CO-
polluted gas is used in this work for encoding
datasets.

http://japh.tums.ac.ir



32 K. Datta Purkayastha, et al. Power aware air quality ...

Table 2. Ambient air quality index (AQI)

AQI range CO range (ppm) CO; range (ppm)
Good 0-0.87 0-350
Satisfactory 0.88-1.75 350-450
Moderate 1.76-8.73 450-600
poor 8.74-14.85 600-1000
Very Poor 14.86-29.7 1000-2500
Severe 29.8+ 2500-5000
Table 3. Text value to 2-bit binary representation
AQI range ppm range of CO Binary values
Good 0-1.75 00
Moderate 1.76-8.73 01
Poor 8.74-29.7 10
Severe Above 29.7 11

In this case, measured CO concentrations in the ppm
range are compared with the CPCB range. To store
plenty of CO values within minimum storage space
two encoding techniques have been proposed. As
the sensor data are stored in a local PC, the use of an
encoding technique in efficient form is developed to
save previous text data. The intention of using the
encoding technique in this work is to save past text
data in binary form. In these techniques, values of
the CO sensor within the corresponding AQI range
are encoded and stored in binary form. That is, the
sensor data will thus be encoded in a small number
of bits. Then the number of bits is calculated and
compared with the data stored without having any
encoding technique.

2-Bit encoding

In this process, text data of CO values received are
encoded in 2-bit binary representation as follows:
00, 01, 10, and 11. Table 3 shows the encoded
binary form of text data for the corresponding
AQI range. To begin with 2-bit binary conversion,
CO values received in the AQI range of 0-1.75
ppm are encoded with 00 binary numbers. In the
next step, CO values received within 1.76-8.73
ppm are encoded with 01 binary conversions.
This process continues up to 11 binary forms. For
example, if any CO data is found between 1.76-
8.73 ppm, it is clear that the value is detected in
the "Moderate" range and is stored by encoding
in 01 binary forms.
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Table 4. Text value to 3-bit binary representation

AQI range ppm range of CO Binary values
Good 0-0.87 000
Satisfactory 0.88-1.75 001
Moderate 1.76-8.73 010
poor 8.74-14.85 011
Very Poor 14.86-29.7 100

3-Bit encoding

A similar technique is followed in 3-bit encoding.
Here, real-time CO values are encoded in 3-bit
binary values, i.e. 000, 001, 010, 011, 100, 101.
Thus, six AQI ranges are taken from the CPCB
report for 000 to 101 binary forms. Table 4 shows
the encoding of text data of CO values in 3-bit
binary representation.

Implementing alarming conditions in the
receiver section of AQMS

The experimentation in this work is carried out
to get an idea about the level of pollution in
the environment. In the “receiver” of AQMS,
LEDs are set as a warning indicator for gases
and environmental conditions. For maintaining
awareness conditions, threshold values of CO and
CO, are considered after observing CPCB data
given in Table 2. Regarding nature, temperature
ranges in India from 2 to 40 °C, and relative

humidity are between 50-80%. The threshold
values of CO and CO, are comparable to CPCB
standard value in Table 2. If the level of CO
exceeds the threshold level of 8.73 ppm which
is in the CPCB report in the ‘Moderate’ range,
a warning indicator is issued through the Light
Emitting Diode (LED) which is indicated as a
visual indicator. Similarly, if CO, gas exceeds
an acceptable level that is set at 600 ppm then
the alarming index becomes high. Whenever the
pollution level is above the normal level then the
glowing LED is indicated as an alarm. In the case
of temperature and humidity, if current values are
significantly different from previous values then
results are indicated by LED and displayed on the
PC. The overall test is carried out for 1-2 weeks
continuously for 1 h. Fig. 5 shows the receiver
circuit of AQMS. Four LEDs are used in this
work. Green LED indicates CO concentration,
red LED for CO,, blue LED for temperature, and
yellow LED is an indicator for humidity value.
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Fig. 5. Receiver section consisting of LEDs indicator for sensors

Results and discussion

In the design of AQMS, building individual
circuit blocks and integrating these blocks are
the major activities, which are already explained
in prior sections. The objective of AQMS is to
present a device that informs about the levels
of air pollutants, stores the pollutants data in
relatively low space and consumes low power.
The section starts with a discussion on the storage
of CO data using the proposed encoding schemes.
The proposed method of data retrieval from the
encoded data is presented. The error analysis at
the time of data retrieval is mentioned in this
section. The way of applying the power reduction
strategy in the AQMS and the power saving result
after experimenting is presented in this section.

Data storage

The polluted gases are measured with the
developed AQMS on the campus of the National

Institute of Technology, Agartala, Tripura, India.
To have access to all previous data at any time,
past data is to be stored. As we have to make
predictive analyses with the proper dataset,
storing data in a convenient form is a challenging
task. As the amount of data acquisition becomes
huge, encoding dataset in an efficient form is
important. This paper attempts to encode the
data in such a way that a large number of data
can be stored in the limited possible space.
The proposed encoding techniques have been
discussed in Section 3. Two data encoding
techniques are applied to the dataset of sensor
values where data are encoded and stored in the
binary value. The encoding datasets are given as
supplementary documents in another file. The
number of bits calculated displays the CO gas
information which is given in Table 5 when the
AQMS device is ON. The percentage of storage
space saved in encoding strategies compared to
all text data stored without using any strategy is
given as follows:
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Table 5. Storage analysis using two encoding techniques

S1. No. 2-Bit storage 3-Bit storage All data storage
No. of bitsin 1 h 836 1260 1680
Percentage (%) 50 25

Power up Arduino Uno and Demultiplexer

{

Use select line inputs of Demultiplexer to switch
on a sensor

|

After some delay change select line inputs to
switch on the next sensor

Have all sensors
collected data?

Form the data packet and transmit via Zigbee
module

b

End

Fig. 6. Low power application flow diagram
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The result of data encoding indicated the requirement
for storage space in this work. AQMS can be
installed in any place, any environmental situation to
collect data. From Table 5, 2-bit encoding is seen as
an effective technique for data storage capacity as it
produces a result that requires the least storage space.
Results clearly show that amount of storage space
saved in the 2-bit encoding technique is 50% of the
space required by 3-bit encoding. After storing data
in binary value and text form it is observed that the
error obtained during data retrieving is less than 5%.
So, it can be said that almost exact data is going to be
retrieved without sacrificing error.

Low power design of AQMS

Power saving is an important object in designing a
prevalent monitoring system. Because reducing the
total power consumed, implies more battery life for
any portable device. For a particular sensor node,
monitoring every instant of time is not required.
However, focusing on minimizing power at the
sensor node makes the system run for a longer time.
The purpose of this work is to create a new strategy
for how much energy can be saved by AQMS. For
low-power operation, a new technology by choosing
demultiplexer 74HC238 IC (integrated circuit) is
implemented in the transmitter station. This IC is
a combinational logic with an active high output,
which has one data input line and eight data output
lines. Select line inputs of the demultiplexer are
used to control the outputs that are connected to four
sensors. Through a demultiplexer device sensors are
switched periodically. Select line inputs are altered to
make sure that only one sensor will be turned ON at
a time. It can be noticed that rather than keeping the
sensors ON all the time we can periodically turn a
sensor ON and OFF in the sensor station. The steps of
low-power application are presented in the flowchart
in Fig. 6.

The transmitter section of AQMS is made ON for
1 h. Different sets of readings are taken for power
calculation. A multimeter is used to determine the
current value of each sensor in the traditional method.
For analysis of power consumption, the runtime of

all sensors is calculated. The runtime operation for 1
h is given below:

° First, the runtime is measured in 60 s

° The individual runtime of sensors is
multiplied by 60

P Finally, the total runtime of sensors is
prepared for 1 h.

After testing each sensor individually, it is found that
the power saving in the humidity sensor is the highest.
The switching operation by using a demultiplexer
starts from the CO, sensor and ends on the humidity
sensor. First, the CO, sensor is made ON for 4 s.
The temperature sensor and combined CO and NO,
sensors were for 4 s each. At last, the humidity sensor
remains ON for 8 s. The whole runtime process
consists of a total 20 s period. Therefore, in 1 min,
three cycles are completed. As the humidity sensor
consumes the least power, it is chosen to be operated
at the end of the cycle respectively. So, if at any time,
the humidity sensor is operated for a long time, it
will not affect total energy consumption. Therefore,
it is clear that three sensors (CO, sensor, temperature
sensor, and CO and NO,) are individually ON for a
total of 12 s/min,

i.e. 3 cyclesx4 s/cycle =12 s.

Hence, in 1 h each sensor remains ON=12x60 =720
s. On the other hand, the humidity sensor is turned
ON for 8 s/cycle.

1.e. 3 cyclesx8 s/cycle =24 s

Thus, in 1 h remains ON=24x60 = 1440 s.

Fig. 7 represents the duty cycle D (CO,, CO, NO,,
temp) of three sensors. The graph shows that each
sensor is ON for 4 s and OFF for 16 s in one cycle.
Therefore, the duty cycle of these sensors is:

D(CO,CONO; temperature)= (5 x 100) % = 20% (1)

Eq.1 shows the result of the duty cycle.
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Similarly, Fig. 8 presents the plot of the duty cycle
of humidity sensor D (humidity). This sensor
lasts for 8 s and stays off for 12 s. Therefore, after
completing three cycles 24 s stays ON in 60 s.
Thus, the duty cycle for the humidity sensor is:

D(humidity)= (2 x 100) % = 40 % )

Eq. 2 presents the duty cycle of the humidity
sensor. The average current and voltage drawn by
the sensors have been calculated considering 1 h
during the operation. Hence, the measured power

in AQMS using the creative approach of making
switching operations on each sensor is shown in
Table 6. In this case, the voltage (V) and current
value (I) of all sensors are measured when they
are always ON. Power consumption has been
calculated by, the P=VXI relationship.

According to the above results, energy is derived
from the E=Pxt relationship. Here, t represents
time. It is measured in seconds. Table 7 shows the
outcome of total power without using any power-
saving approach.

Table 6. The calculated energy using a demultiplexer

S1. No. Name of Voltage

components V)

1 LM-35 4.01

2 MH-Z14 4.01

3 MiCS-4514 4.01

4 HIH-4030 4.01

5 Arduino Uno 5

6 Zigbee 3.27

Total=1151.61

Current drawn

Total runtime Energy consumed

(mA)
©) ©)
8.40 720 24.25
8.40 720 24.25
0.002 720 5.76
0.2 1440 1.15
46.5 3600 837
22 3600 259.20
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Table 7. The energy calculated without using demultiplexer

S1. No. Name of Voltage

components (2

1 LM-35 4.4

2 MH-Z14 4.4

3 MiCS-4514 4.4

4 HIH-4030 4.4

5 Arduino Uno 5

6 Zigbee 3.20

Total

Current drawn

Total Runtime Energy consumed

(mA)
() ™
8.67 3600 137.33
8.67 3600 137.33
0.002 3600 31.68
0.2 3600 3.17
46.5 3600 837
23 3600 264.96
1411.47

Table 8. Monitoring systems related to power awareness designed by well-known organizations

Reference or Measured pollutants Voltage (v) Power consumption
systems (mW)
AQMS (proposed) CO, CO2, NOg, 5 372.6
temperature, humidity
[30] CO,, VOC, PM 12 1440
RAE Systems, WGM, San- CO, SO, O, VOC, NO» 7.4 629

Jose, Inc., USA

Hence, during the runtime operation of
AQMS, energy is measured. It is clear that
by applying the switching method in the
sensors, energy of (1411.47-1151.61) Joules
i.e. about 260 Joules have been saved.
Therefore, by switching all sensors through a
demultiplexer circuit total power consumed

in the developed AQMS is 0.372 watts. Thus,
the result of power saving is achieved at about
18.41% compared to the system where the
power saving strategy is not adopted. Table
8 represents different monitoring systems
compared to the proposed AQMS related to
power consumption.
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Additionally, in terms of easy operation,
portability and accuracy, the quality of
measured values is appreciable. The sensors
used in this work add benefits such as low
cost, fast response time, low power, etc.
In this work, the new concept of switching
the sensors using a demultiplexer has
been implemented for the first time. After
receiving the tested results, it is evident that
this technique serves as a favorable idea for
low-power AQMS design, which can have
energy harvesting viable.

Conclusion

The proposed AQMS has been successfully
designed and the sensor network is based
on IEEE 802.15.4 network standard. The
system is compact, easy to use, continuous
transmission, automatic storage, and real-
time display which provides information
about air quality for future analysis. The
monitoring system raises an alarm in case
of a drastic changes in air quality. Efficient
encoding techniques are implemented for data
storage where a large volume of data is stored
in binary numbers. The power consumption
of the AQMS device is tested. All sensors are
properly controlled by using a demultiplexer,
indicating a switching technique and making
the design energy efficient. The data integrity
and security are checked with even better
accuracy. Furthermore, predictions about the
trend of data in the future will be explored.
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correlated. When inhaled, the respirable portion
of particulate matter known as Particulate matter
(PM,, or PM, ) can cause several respiratory and
heart health problems in people [1]. Numerous
studies have demonstrated a correlation
between particulate matter parameters, such
as size, distribution, mass concentration, and
the impacts on human health. Even better than
any other indicator, this knowledge serves as a
guide for predicting the effects of the particles
on human health. [2, 3]. Due to its immediate
as well as long-term detrimental impacts on
health, chemical characterization of airborne
particulate matter, particularly heavy metal
tracer indicators, is of great interest. Along with
having a negative impact on health, particulate
matter also affects several atmospheric functions,
such as solar radiation, visibility, precipitation,
cloud formation, etc. Many stern measures have
already been taken to reduce the threat of air
pollution, but many big towns and cities are still
dealing with this issue. The main anthropogenic
sources of particulate matter include emissions
from moving vehicles or traffic, industrial
activity emissions, burning fossil fuels, burning
biomass, construction and demolition activities,
suspended or re-suspended road dust, and so
on [4]. The concentration of particulate matter
and its chemical characterization in ambient
air can indicate characteristics of the activities
involved in addition to providing details on
human exposure to such heavy metal pollution
[5]. Hence, thorough monitoring of ambient air
quality is necessary to determine the current state
of air quality in any given place.

Receptor models are often used to identify the
sources of air pollution and assess the impact
of each source on the receptor. Receptor models
typically use the elemental features of particles
identified from the source to recognize the
presence of distinct sources and compute their
contributions to the receptor. Different receptor
models, including CMB, Principal Component

Analysis (PCA), PCA-MLR, UNMIX, Positive
Matrix Factorisation (PMF), and others, have
been used in research studies throughout the
world to carry out source apportionment [6-8].
The CMB model, among these several receptor
models, is quite reliable for source apportionment
of both coarse and fine particulates. To analyze
the contribution from various sources, the CMB
model chooses the most optimal combination of
the chemical composition of PM  and emission
source characteristics [9]. Since Factor Analysis
(FA) or PMF have been frequently employed,
source apportionment studies with CMB in India
are limited. It is crucial to understand the impact of
each emission source separately to create efficient
strategies for risk reduction and air pollution
control. The CMB receptor model has been used
in this work to evaluate the various sources of
coarse particles in Ankleshwar and Vapi. For
the industrial areas of Ankleshwar and Vapi in
Guyjarat, the current work presents the chemical
characterization of atmospheric PM consisting
of EC, OC, WSIs comprising cations and anions,
major and trace elements in PM,  mass. A source
apportionment investigation using the CMB
model, enrichment factor analysis, and mass
closure is used to understand this. The findings
of this study will help manage the environment
of particle concentrations that exceed regulatory
standards in the study area.

Materials and methods

Site description

The first study area, Ankleshwar, is the largest
industrial complex in Asia and home to
several chemical firms, is situated at 21.62°
N and 73.01° E, about 10 km from Bharuch.
Production of dyes, paints,
chemicals, and medicines are among the main
industries of Ankleshwar. In Ankleshwar, the
average air temperature ranges from 13.3 °C

insecticides,

to 41.9 °C, while the average relative humidity
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is between 12% and 99.4%. The average wind
speed is observed to be between 3.1 m/s to 9
m/s, with prominent wind direction being
south-west. Second study area, Vapi is located
at 20°23'21.48" N and 72°54'38.16" E, with a
mean sea height of approximately 30 m. The
average annual temperature of Vapi is 27 °C,
with 70% annual relative humidity and 2000
mm of average precipitation. The prevailing
wind direction most of the year is West-South-
West, with an average yearly wind speed of
3.6 m/s. The main contributors to atmospheric
particulates in both the study areas include
secondary aerosols, resuspended dust, fossil
fuel burning, industrial pollutants, vehicle
emissions and biomass burning. Fig. 1 displays
the sampling locations for both Ankleshwar
and Vapi. For both the sites, at each of the six
sampling locations, respirable dust samplers
were employed to measure the particle content.
Filter papers were then further digested to
measure the elements NO,, SO,, NH,, K-S, Cl,
Na, Ca, EC, OC, Al, Si, Br, Cr, Cu, Ni, Zn, Pb,
Fe, K, Mn, S, Ti, and V.

68°00"E

W00E T00E 7H00"E

Experimental techniques and methods

The PM  samples for Ankleshwar and Vapi were
collected between December 2019 and February
2020 at the locations depicted in Fig. 1. Using a
respirable volume sampler (RDS with Model 460
NL, make - Envirotech Pvt. Ltd) placed at a height
of 1.5 m from the ground, PM , samples were
collected for 24 hours on quartz filter sheets that
are 20.3 cm long by 25.4 cm wide, with a flow
rate of 1.13 m3/min. 120 samples were collected
using filter sheets for both the study areas. The
filter papers used in particulate matter monitoring
were conditioned for two days in a desiccator at 25
¢ C temperature and 50% relative humidity, before
and after sampling. A five-digit weighing balance
was used to determine the gravimetric weight of
fiber filters. The difference between the original
and final weights of the filter was used to calculate
the particulate concentration. The scientific
techniques utilised in this study include gravimetric
analysis for particulate matter concentration, ion
chromatography for WSIC analysis, I[CP-AES for
heavy metal analysis, and EC-OC carbon analyzer
for elemental and organic carbon analysis.

Legend
@ SwdyArea

037575 150

Gujarat

fogle, 2020 Maxar Technologies

HV0E

Fig. 1. Sampling locations in the study area
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The filter sheets were subsequently separated into
three portions for the examination of heavy metals,
ions, and EC-OC after identifying the particulate
matter concentration. Digestion and further heavy
metal extraction from one part of the filter sheet
was done on a hot plate. In a closed vessel, the
filter papers were digested and dissolved in 15
mL HNO,-HCI solution over the course of two
hours at 150° C. Following digestion, the sample
was filtered using Whatman filter paper, and it
was then kept in a refrigerator until examination.
The separated and chilled sample was utilised
for the analysis of Al, Si, Br, Ca, Cl, Cr, Cu,
Fe, K, Mn, Ti, Ni, Zn, Pb, S, and V using ICP-
AES (Model ULTIMA 2000). According to the
CPCB's standard process, the second portion of
the filter paper was utilised for ion analysis, and it
was extracted using ultra-pure or deionized water
with a resistivity of 18 MU. A syringe filter was
used to filter the extracted water sample, which
was then saved for subsequent examination using
an ion chromatograph (IC Basic 792: Metrohm).
Four cations- ammonium (NH,), potassium (K*),
potassium (K-S) salt, and calcium (Ca2") and
two anions- nitrate (NO,) and sulfate (SO,) are
included in the ion analysis. An EC-OC carbon
analyzer (model DRI2001, Protocol Improve A)
was used to analyse the third and final portion
of the filter paper in accordance with U.S.
Environmental Protection Agency )USEPA(
protocol. The controlled oxidation of EC and OC,
which liberates carbon compounds at various
temperatures, is the basis for the operation of the
EC-OC carbon analyzer.

Quality control and quality assurance

To keep the accuracy and precision throughout
the investigation, a rigorous quality control
program was put in place. The current sampling
and analysis ensured the further quality control
measures:

With clean forceps, filters were handled with
caution.

It was made sure to collect representative
samples with the appropriate labeling (such as
sample type, location, time and date of collection,
environmental factors, etc.).

The disposable materials, such as glassware,
solvents, etc., were used appropriately.
Every precaution was taken to
contamination while sampling, sample handling,

prevent

processing, and analysis.

Quality assurance was done during chemical
reagent handling and field operations.
Collaborative sampling, flow audits, spot checks,
and duplicate analysis to ensure data quality
control.

Competency assessments were conducted for
field operators and laboratory analysts.
Acceptance tests were performed on the tools and
equipment being utilised.

Enrichment factor

The  Enrichment Factor (EF) provides
information about the element's fundamental
characteristics, including whether it is of crustal
origin or originates from human activity. The
ratio of the two components is used to compute
the enrichment factor. The numerator is obtained
by dividing the element concentration by the
reference element concentration in the sample
whereas the denominator is derived by dividing
the element concentration by a chosen reference
element concentration in the earth's crust [10].
Fe, Al, and Si are the primary reference elements
used to calculate EF, while Aluminum (Al), which
has been widely used in numerous past research,
has been chosen as the reference element for the

current investigation [11].

EF is calculated through Eq. 1:

EF=(E_Sample’X (Sample))/(E_Crust’X Crust) (1)

Where Esample=element concentration in the
sample
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Xsample=reference element concentration in the
sample

Ecrust=element concentration in the earth’s crust.

Xcrust=reference element concentration in the
earth’s crust.

Mass closure

To evaluate the relative contribution of measured
elemental species and their correlation with an
estimated mass of PM,, the chemical species
constituting PM, mass are rebuilt (RCPM ).
The mass closure is accomplished using the
IMPROVE equation, as illustrated in Eq. 2 below,
and the reconstructed PM, j mass is referred to as

RCPM, [12].

RCPM  =[AS]+[ANJ+[POM]+[LAC] 2)
+H[SS]+[SOIL]

Where RCPM,; is the reconstructed mass
of PM,, AS is ammonium sulfate, AN is
ammonium nitrate, POM is particulate organic
matter, LAC is light-absorbing carbon and SS
is sea salt.

The product of each element's concentration
and its conversion index is used to calculate the
concentration of each factor specified in Eq. 2.
By deducting the reconstructed mass RCPM
from the observed mass PM  , the mass difference
(MD) for PM, is calculated (i.e., MD = PM -
RCPM ).

Chemical mass balance (CMB)

The fundamental idea underlying various receptor
models is to utilise the classical theory of mass
equilibrium to determine the likely sources of
PM,, or PM, . emissions while assuming that
mass is conserved [13]. The concentration of
chemical species bound to PM,  as well as specific
source profiles constitutes the input dataset for
the receptor model. By calculating the relative

source contributions of selected sources at the
specific monitoring location, these input datasets
are utilised to identify and carry out source
apportionment of ambient particulates [14]. Due
to the retroactive character of receptor models,
it can only assess the effects of source profiles
that have previously been examined. CMB is a
novel receptor model that computes the source
contributions by using the information on source
profiles as well as the chemical composition of
the elements in PM . To calculate the individual
source contributions in comparison to similar
emission sources, it is advised that the likely
sources that are chemically different be employed
[15]. The receptor element concentration is
expressed as a direct aggregation of the sum of the
products of the source contributions and source
profiles in the CMB model's linear regression
equation.

Thus, using multiple linear regression techniques,
the CMB model uses source profiles and receptor
concentrations with uncertainties as input to
[16].
However, it is advised to avoid linearity and the
likelihood of identifying geographic locations in

produce distinct source involvement

the source profile selection to maintain a high
level of model relevance [17]. By combining a
comparable set of sources, the linearity in source
profiles can be decreased [18]. The application
of the CMB model is appropriate when limited
monitoring data is available. Utilizing in-depth
information on source profiles may allow for a
reduction in the number of samples or data that
can be used as input, but a smaller dataset may
raise the amount of uncertainty.

Watson provided the CMB model's fundamental
equation (Eq. 3) in 1984 as a statement of mass
conservation:

C;=2XL1Fj S+ E 3)

Where i=number of species
Jj=number of sources
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Ci=ambient concentration of species i
Fij=fraction of species i in source |
Sj=source contribution of source j
Ei=residual error in species i

The fundamental premises on which the CMB
model is applied are [2]:

e A linear independence between the source
profiles

e The number of sources must be smaller than the
number of species

e Source emission compositions remain stable
during the monitoring period

e Chemical species do not interact with one
another and accumulate linearly.

e Identification and characterization of receptor
emissions from all likely sources that will affect
the receptor

e The measured uncertainties are distributed
normally, random, and not correlated.

For CMB model investigation, the following
basic steps are applied:

e Measuring PM,  concentration and chemical
species bound to PM |

e Determining the details of selected source
profiles used for the CMB analysis such as:

e Vehicular source profiles

e Refuse or biomass burning
e Crustal or soil dust

e Fossil fuel combustion

e Industrial emissions

e Secondary aerosols

e Using the CMB receptor model, the chemical
mass balance equation is solved.

e Determining the contributing sources by
averaging daily samples over the course of the
monitoring period.

CMB model performance parameters

The CMB model must be used to assess
contributions from chemically distinct sources
since sources with identical physical or chemical
features cannot be distinguished by them. The
CMB model includes a variety of performance
metrics for each model run, including the
regression coefficient, degree of freedom, chi-
square, and percent mass. For each of these
diagnostic tests, the CMB guide from the USEPA
lists a range of values. A Source Contribution
Estimate (SCE) is the primary output provided by
the CMB model. The overall mass concentration
is often approximated by the sum of all source
contribution estimations. When the SCE exceeds
the standard error, it is taken into account for output;
however, if the SCE is less than the standard error,
the source contribution cannot be identified. The
coefficient of determination (R?), chi-square (y?),
degree of freedom, and percent mass are typically
the goodness of fit metrics used for computation
using the least square approach [19].

o R? is derived using the linear regression
of values obtained from the CMB model against
observed concentrations. R? has values between
0 and 1. When R? is close to 1, the SCEs
provide a better explanation for the observed
concentrations, however, when R? is less than 0,
the SCEs don’t demarcate the source profiles.

o To calculate the weighted sum of squares,
the difference between the estimated and
measured concentrations for the fitted species
is first determined and then divided by variance
and degree of freedom. The chi-square value
indicates the goodness of the data. Values of >
smaller than one suggest a good fit data while
values of y? greater than 4 reveal that the linked
species concentrations are not properly related to
the SCEs.

o The percentage of mass is determined by
dividing the total SCEs from the CMB model
by the actual mass concentration. Percent mass

http://japh.tums.ac.ir



Journal of Air Pollution and Health (Winter 2023); 8(1): 43-58 49

levels between 80% and 120% are regarded as
sufficient.

° By deducting the number of fitting
sources from species, the degree of freedom is
calculated. According to the CMB handbook, a
solution should be regarded as reasonable if its
degree of freedom value is more than 5.

Results and discussion

Ambient air quality in the study area

For Ankleshwar, the mass concentration of PM
varied between 100.98 to 225.47 pug/m?, while for
Vapi, it varied between 115.88 to 226.50 pug/m’.
Fig. 2 shows the levels of PM  and PM, | in the
study area.

The average value of PM  for six locations in
Ankleshwar is 1.6 times higher than National
Ambient Air Quality Standard (NAAQS,
2009) value of 100 pg/m?, while for Vapi it
is two times higher. Additionally, the average
PM,, concentrations in Ankleshwar and Vapi
are found to be almost 10 times higher than
the PM  air quality threshold set by the World
Health Organization, whichis 20 pg/m* (WHO,
2006). For Ankleshwar, the concentration of

Variation of PM;p-PM; s in study area
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PM, . is found between 69.64 to 122.15 ug/m’,
while for Vapi, it is between 69.38 to 120.52
pg/m?. Therefore, it can be seen that the ratio
of PM,, to PM  in the study area ranges from
0.49 to 0.69, with an average value of 0.60,
indicating the effect of combustion-related
activities [19].

Chemical characterization of PM

Following the chemical characterization
of PM,, the elements are divided into four
categories total carbon, WSIs, major and trace
elements, as shown in Fig. 2. The carbon
fraction has the largest concentration of the
four identified components, followed by
major elements, water-soluble ions, and trace
elements. In Ankleshwar and Vapi, the mean
concentration of water-soluble ions is found
to be 26.90 and 25.87 pg/m’, respectively
whereas the mean concentration of total
carbon is recorded as 49.72 and 51.18 ug/m?,
respectively. For Ankleshwar and Vapi, the
mean concentration of the main elements is
foundtobe31.49 and 31.08 pg/m’, respectively
and the measured trace element concentrations

are 1.60 and 1.58 pg/m?, respectively

Chemical characterisation of PMpp mass in study
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Fig. 2. Variation of PM, - PM, ; and Chemical characterization of PM in the study area
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As indicated in Fig. 3, the mean concentration of
OC is recorded as 29.39 pg/m® for Ankleshwar
and 29.40 pg/m® for Vapi, whereas the mean
concentration of EC is obtained to be 20.33 ng/
m® for Ankleshwar and 21.78 pg/m® for Vapi.
The concentration of OC and EC is significantly
influenced by vehicle emissions and the burning
of agricultural waste [11]. The value of the OC/
EC ratio between 0.3 and 1 denotes diesel vehicle
emissions, whereas, the number between 1.4
and 4 denotes gasoline car emissions [11, 14].
According to the current study, the OC/EC ratio
for Ankleshwar and Vapi is around 1.45 and 1.41
respectively, indicating emissions a mix of diesel
as well as gasoline-powered automobiles. A
similar trend is observed for OC and EC at both

Variation in carbon content of PMjg in study area

&

&

Concentration inug/m?

Ankleshwar

mEC mOC
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As shown in Fig. 3, the average concentrations
of the water-soluble cations K, Ca, NH,, and
Na are 4.15, 3.32, 3.27, and 1.32 pg/m’® for
Ankleshwar and 3.99, 2.93, 2.79, and 1.32 pg/
m?® for Vapi, respectively. For Ankleshwar, the
average concentration of water-soluble anions
SO,,NO,, and Cl in PM is 8.37, 3.66, and 2.81
ug/m’, whereas, for Vapi, it is 8.04, 4.12, and
2.68 ug/m’. The long-distance transmission of
secondary aerosols, in addition to secondary
emissions from nearby sources like factories
and cars, can be blamed for the effect of water-
soluble ions [14]. A similar trend is observed for
WSIs that is cations as well as anions at both the
locations.

Variation in Ionic composition of PMjp in study
area
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Fig. 3. Variation in Carbon content and Ionic composition of PM  in the study area

http://japh.tums.ac.ir



Journal of Air Pollution and Health (Winter 2023); 8(1): 43-58 51

Variation in speciation of Major Elements of PAM,, in
study area
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Fig. 4. Variation in speciation of major and trace elements of PM,  in the study area

In this study, the elements are divided in
two categories, major and trace elements. In
general, the major elements are Si, Al, Ti, S,
Pb, Fe, and K, with average concentrations
of 13.78, 6.19, 3, 2.43, 2.32, 2.27, and 1.5
png/m? for Ankleshwar and 13.31, 6.52, 2.58,
2.54, 2.30, 2.01, and 1.82 pg/m? for Vapi,
as shown in figure 4.0. The trace elements
include anthropogenic trace indicators
such as Zn, Cr, Br, V, Mn, Ni, and Cu, with
mean concentrations of 0.56, 0.47, 0.28,
0.16, 0.07, and 0.03 pg/m* for Ankleshwar
and 0.63, 0.46, 0.27, 0.08, 0.07, 0.04, and
0.03 pg/m? for Vapi, respectively. Based on
the location of the air mass and its path of
travel, the main and trace elements can be
identified as originating from either a natural
or manmade source, which can be further
substantiated using Enrichment Factor (EF)
analysis [14]. The CPCB has established
annual regulatory limits for several metals,
including As, Pb, Cd, and Ni (MoEF, 2009).
The mean Pb concentration is analysed as
2318 ng/m? and 2305 ng/m* for Ankleshwar
and Vapi, respectively, comparing the CPCB
limit of 500 ng/m?®, while the concentration
of Ni is found to be 34 ng/m?® and 37 ng/
m® for Ankleshwar and Vapi, respectively,
exceeding the CPCB limit of 20 ng/m°.

Enrichment factor

Elements with EF values less than 10 are
significantly associated with crustal sources and
are marginally enriched. Elements with EF values
between 10 and 100 indicate that the elements
come from both crustal and anthropogenic
sources, while elements with EF values greater
than 100 imply that the majority of the elements
come from anthropogenic sources [14]. For both
Ankleshwar and Vapi, the order of the EF values
for the elements taken into consideration in this
study is Pb> Br>S>Zn>Cr>>V>Ti>Cu>Ni>Al
(Fig. 5). For the metals Fe, Mn, Si, and K, the
values of EF are less than 10, indicating that the
sources of these elements are crustal processes
including natural rock weathering, forest fires,
sea salt, and wind-blown soil components [20].
The measured EF values for Ni, Ti, Cr, Cu, and
V range from 10 to 100, indicating moderate
enrichment from both crustal and anthropogenic
sources. Examples of anthropogenic sources
include the burning of fossil fuels like coal,
vehicle emissions, and industrial emissions. The
elements Zn, S, Br, and PB had EF values greater
than 100, indicating that they probably originate
from anthropogenic sources such as burning
coke or biomass, traffic emissions, industrial
emissions from the steel or foundry industries,
and resuspended dust.
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Mass closure

Using IMPROVE equation, stated above, for
Ankleshwar and Vapi, the MD for PM  is
determined as 2.52% and 11.5% of PM, mass,
respectively. The unidentified mass of PM
is responsible for the mass difference. Using
IMPROVE equation, the computed contribution
of soil dust is obtained as 40.60% and 35.64%
of the RCPM,  mass, for Ankleshwar and Vapi
respectively, which is greater than anticipated.

The effect of regional as well as transboundary
migration of soil dust from neighbouring regions
may be responsible for the high value of soil dust.
For Ankleshwar and Vapi, the effect of POM is
seen to be 29.48% and 26.94% of the RCPM
mass, respectively. The primary POM sources
in the atmosphere include burning fossil fuels or
burning biomass, whereas secondary sources are
secondary aerosols released after the oxidation of
gaseous precursors.

http://japh.tums.ac.ir



Journal of Air Pollution and Health (Winter 2023); 8(1): 43-58 53

For Ankleshwar and Vapi, the estimated
contribution of LAC to the RCPM,, mass is
12.75% and 12.47%, respectively. LAC typically
consists of black, elemental, or graphite carbon
that is released as a result of incomplete fossil fuel
combustion or biomass burning. For Ankleshwar
and Vapi, the contribution from AS is observed to
be 7.22% and 6.33%, respectively. Typically, AS
is created in the atmosphere as a result of several
chemical reactions that occur with SO,, which is
released through the combustion of fossil fuels.
For Ankleshwar and Vapi, the effect of sea salt is
determined to be 4.47% and 4.09% of PM, ; mass
respectively. The concentration of AN is 2.96%
and 3.04% of RCPM,  mass for Ankleshwar and
Vapi respectively. When NO_ from the burning
of fossil fuels or vehicle emissions undergoes
reversible interactions with the gaseous phases of
NH, and HNO,, AN is created. According to Fig.
6, the percentage contribution of various factors

of RCPM,  mass is observed to be in the sequence
of Soil>POM>LAC>AS>SS>AN.

Source apportionment-using CMB

For source apportionment investigation for the
industrial districts of Ankleshwar and Vapi, the
CMB receptor model is used. This scientific
investigation is conducted to identify potential
sources of PM,  emissions and to calculate
the source contributions to PM,  mass. The
estimations ofthe CMB model are not unique since
they are based on least squares linear regression;
as a result, it is difficult to demonstrate their
correctness. For the current study, the CPCB-
developed source profiles for the CMB model for
several Indian metropolitan cities are used. The
emission sources taken into account are biomass
burning, vehicular emissions, crustal or soil dust,
and fossil fuel combustion, including industrial
sources.

CMB PROFILES
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Fig. 7. PM, Source contributions at Ankleshwar and Vapi using the CMB model

http://japh.tums.ac.ir



54 S. Nihalani, et al. Source characterization of PM , ...

The factors for source apportionment using
CMB are shown in Fig. 7, which reveals that the
source contributions for Ankleshwar and Vapi
are marginally different. With a percentage of
26.38% from Ankleshwar and 35% from Vapi,
fossil fuel combustion is the leading source of
emissions. The burning of any type of fossil fuel,
such as coal, gasoline, diesel, natural gas, or oil,
Light Diesel Oil (LDO), Heavy Diesel Oil (HDO)

is a composite source of PM, , and the several

10°
marker species linked to this source include Al,
SO,, CI, Fe, Cr, and Zn [21]. The second major
source of emissions at both locations is crustal
or soil dust, which Ankleshwar contributing
27.85% and Vapi contributing 22.90% of the
mass of PM, . Crustal or soil dust is a complex
and heterogeneous mixture of dust that contains
a high concentration of crustal elements like
Si, Al, Ca, K, Na, and Mg. It can be produced
by a variety of activities, including soil dust,
resuspended dust, construction activities, fuel
combustion, and vehicular emissions [22].
Vehicular emissions are the third-largest source
of emissions, with EC, OC, Cu, Zn, Mn, Pb, and
Ni serving as the primary marker species [23].
Vehicular emissions include combined emissions
from several sources, such as gasoline and diesel
cars, lubricants, beak liners, etc. Ankleshwar and
Vapi as shown in Fig. 7, contribute 21.06% and
16.18%, respectively, to vehicular emissions.
With an impact of 9.3% from Ankleshwar and
19.12% from Vapi, biomass burning is the fourth-
largest component. Sources such as the burning
of household fuelwood, agricultural waste, cow
dung, solid waste, wildfires, and other biomass
waste are included in biomass burning. The
presence of element markers like SO,, NH,,
or OC in combination with K* is often used to
differentiate K as a source of biomass-related
burning [14].

Secondary aerosols, which comprise ammonium
sulphate and ammonium nitrate, are identified
as the fifth emission source. Secondary aerosols

of atmospheric particles that are created in
the atmosphere can typically come from
anthropogenic or natural sources and are mostly
derived from their gaseous predecessors such as
SO,, NO,, and NH, [14]. Secondary aerosols are
shown to contribute 14.20% for Ankleshwar and
6.79% for Vapi. For the current study, industrial
emissions could not be distinguished as a
separate source by the CMB model, however, for
Ankleshwar, a very weak contribution of 1.2% is
shown as the sixth emission source.

R?, chi-square (%), degree of freedom, fit measure
and percent mass are the several performance
measurements and statistics used to assess the
CMB model. The R? values are observed to be
0.77 and 0.86 for Ankleshwar and Vapi indicating
that the SCEs provide a better explanation for
the observed concentrations. The y? is observed
to be 3.56 and 5.80 for Ankleshwar and Vapi
respectively depicting average linkage between
SCEs and species concentration. The percentage
of mass determined by the CMB model is 105.7%
and 95.1% for Ankleshwar and Vapi, which can
be termed as sufficient. The obtained solution by
CMB can be regarded as reasonable with a degree
of freedom values of 13 and 14 for Ankleshwar
and Vapi respectively. The largest fit measures
achieved for obtained solutions are 0.70 and 0.72
for Ankleshwar and Vapi, indicating a rational
solution.

Table 1 provides an overview of the CMB source
apportionment studies that are conducted in the
Indian context.
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Table 1. Summary of the percentage contribution of PM sources for CMB studies conducted in India
Refuse/
Sr. Location PM Fossil fuel Crustal Field Secondary/ Ref
No. combustion /Road dust Vehicles Industrial burning Marine aerosols  Other
1 Bangalore PMio 42 50.6 19 4.5 - 8.7 13 [24]
2 Bangalore PMaz s 5.8 3.5 49.9 3.5 - 12.7 24.7 [24]
3 Delhi PMio 64 29 3 4 [25]
4 Delhi PM>s 35 62 2 1 [25]
5 Delhi PMa2s - 35 20 20 16 - 9 [26]
6 Delhi PMio -—- 43 17 20 13 -—- 7 [26]
7 Hyderabad PMio 12 40 22 9 7 --- 10 [27]
8  Hyderabad  PMas 9 26 31 7 6 21 27
9 Hyderabad PMio 6.1 33.6 43.6 --- 6.9 9.7 --- [28]
10 Hyderabad PM:zs 9.7 18.1 359 - 16.4 18.8 - [28]
11 Kanpur PM>s 13 6 37 23 15 — 29
12 Kolkata PMio 42 21 -—- --- 7 - 29 [30]
13 Kozhikode PMio - 46 18 - 18 17 6 [31]
14 Mumbai PMio 20.6 10 36.3 2.1 - - - [32]
15 Nagpur PM. s 6 57 15.1 16 6 [33]
Conclusion

The current research presents an exhaustive
insight of PM, | levels, elemental species bound
to PM,,
to PM,  mass for Ankleshwar and Vapi industrial

and the emission sources contributing

areas. The results showed that the PM,j mass is
higher than the NAAQS standard value of 100
pug/m* and ranged between 100.98 and 225.47
pg/m? for Ankleshwar and 115.88 to 226.5 pg/m?
for Vapi. According to the chemical examination,

the total mass of carbons ranged from 44 to 48
percent of PM,, mass in Ankleshwar and from
45 to 48 percent in the industrial region of
Vapi. For Ankleshwar and Vapi, water-soluble
ions constitute 21 to 26% and 22 to 26% of
the PM , mass, whereas significant elements
ranged in proportion between 28 and 30% and
26 to 29% respectively. In all six locations for
Ankleshwar and Vapi, the average lead and
nickel concentrations are higher above the CPCB

http://japh.tums.ac.ir



56 S. Nihalani, et al. Source characterization of PM , ...

limits of 500 ng/m? and 20 ng/m?, respectively.
The elements Ni, Cu, Ti, and V have a natural and
anthropogenic source, while Fe, Si, Mn, and K
are found to have crustal origins. The enrichment
factors for the marker elements Cr, Zn, S, Br, and
Pb showed that their source is anthropogenic.
When assessing the sources that contribute to
PM, , mass, a well-known receptor model (CMB)
is used and the best-fitting source profiles include
fossil fuel combustion including industrial
sources, crustal or soil dust, vehicle emissions,
biomass burning, and secondary aerosols.
According to the CMB model for Ankleshwar,
source contributions are 27.85% from crustal
or soil dust, 26.31% from burning fossil fuels,
21.06% from vehicle emissions, 14.20% from
secondary 9.30%
biomass, and 1.20% from industrial emissions.
According to the CMB model findings for Vapi,
the contribution from fossil fuel combustion,

aerosols, from burning

including industrial sources, is 35%, followed
by contributions from crustal or soil dust (23%),
biomass burning (19%), automobile emissions
(16%), and secondary aerosols (7%). The current
study is limited to the winter season because
in the study area, winter is considered as worst
climate scenario since dispersion of air pollutants
is limited in winter season [34]. In developing
countries, the generation of source profiles for
specific areas takes long time. Hence, source
apportionment study using the CMB model
can give us a brief insight about source profiles
present in the study area. The current research
helps to estimate the pollutant load in the study
region and creates a strategy for improving urban
air quality. Further CMB, receptor model can be
applied for PM, , in the future to study the health
impact on the workers and people residing in
nearby areas.

Financial supports

Not applicable. No funding is received for
conducting this study.

Competing interests

The authors declare they have no conflicts of
interest or competing interests.

Acknowledgements

The authors would like to thank the editor in
handling this paper, and also acknowledge the
anonymous reviewers for their great comments
and edits which helped us to improve the quality
of this paper significantly.

Ethical considerations

“Ethical issues (Including plagiarism, Informed
Consent, misconduct, data fabrication and/
double and/
or submission, redundancy, etc) have been
completely ob-served by the authors.”

or falsification, publication

References

1. Das R, Khezri B, Srivastava B, Datta S,
Sikdar PK, Webster RD, Wang X. Trace element
composition of PM, ; and PM, from Kolkata—a
heavily polluted Indian metropolis. Atmospheric
Pollution Research. 2015 Sep 1;6(5):742-50.

2. Belis CA, Karagulian F, Larsen BR,
Hopke PK. Critical review and meta-analysis of
ambient particulate matter source apportionment

using receptor models in Europe. Atmospheric
Environment. 2013 Apr 1;69:94-108.

3. Nabizadeh R, Yousefi M, Azimi F. Study
of particle number size distributions at Azadi
terminal in Tehran, comparing high-traffic and
no traffic area. MethodsX. 2018 Jan 1;5:1549-55.

4, Nihalani SA, Khambete AK, Jariwala
ND. Receptor modelling for particulate matter:
review of Indian scenario. Asian Journal of

Water, Environment and Pollution. 2020 Jan
1;17(1):105-12.

5. Saradhi IV, Prathibha P, Hopke PK,
Pandit GG, Puranik VD. Source apportionment

http://japh.tums.ac.ir



Journal of Air Pollution and Health (Winter 2023); 8(1): 43-58 57

of coarse and fine particulate matter at Navi
Mumbali, India. Aerosol and Air Quality Research.
2008;8(4):423-36.

6. Hopke PK, Ito K, Mar T, Christensen WF,
Eatough DJ, Henry RC, Kim E, Laden F, Lall
R, Larson TV, Liu H. PM source apportionment
and health effects: 1. Intercomparison of source
apportionment results. Journal of exposure
science & environmental epidemiology. 2006
May;16(3):275-86.

7. Pant P, Harrison RM. Critical review of
receptor modelling for particulate matter: a case
study of India. Atmospheric Environment. 2012
Mar 1:;49:1-2.

8. Parthasarathy K, Sahu SK, Pandit GG.
Comparison of two receptor model techniques
for the size fractionated particulate matter

source apportionment. Aerosol and Air Quality
Research. 2016 Jun;16(6):1497-508.

9. Viana M, Kuhlbusch TA, Querol X,
Alastuey A, Harrison RM, Hopke PK, Winiwarter
W, Vallius M, Szidat S, Prévot AS, Hueglin C.
Source apportionment of particulate matter in

Europe: a review of methods and results. Journal
of aerosol science. 2008 Oct 1;39(10):827-49.

10. Sudheer AK, Rengarajan R. Atmospheric
mineral dust and trace metals over urban
environment in western India during winter.
Aerosol and Air Quality Research. 2012
May;12(5):923-33.

11. Sharma SK, Mandal TK, Jain S, Sharma
A, Saxena M. Source apportionment of PM,
in Delhi, India using PMF model. Bulletin of
environmental contamination and toxicology.
2016 Aug;97:286-93.

12. Matawle J, Pervez S, Dewangan S, Tiwari
S, Bisht DS, Pervez YF. PM, , chemical source
profiles of emissions resulting from industrial
and domestic burning activities in India. Aerosol
and Air Quality Research. 2014 Jul;14(7):2051-
66.

13. Srimuruganandam B, Nagendra SS.
Source characterization of PM,  and PM2. 5 mass
using a chemical mass balance model at urban
roadside. Science of the total environment. 2012
Sep 1;433:8-19.

14. CSIR-NEERI, PM & and PM,. source
apportionment study and development of
emission inventory of Twin cities Kolkata and
Howrah of west Bengal, 2019.

15. Clements AL, Fraser MP, Herckes P,
Solomon PA. Chemical mass balance source
apportionment of fine and PM,  in the Desert
Southwest, USA. AIMS Environmental Science.
2016;3(1):115-32.

16. Gadkari N,
apportionment of personal exposure of fine

Pervez S.  Source
particulates among school communities in India.
Environmental monitoring and assessment. 2008
Jul;142:227-41.

17. Selvaraju N, Pushpavanam S, Anu N.
A holistic approach combining factor analysis,
positive matrix factorization, and chemical
mass balance applied to receptor modeling.
Environmental monitoring and assessment. 2013

Dec;185:10115-29.

18. Chowdhury Z, Zheng M, Schauer JJ,
Sheesley RJ, Salmon LG, Cass GR, Russell
AG. Speciation of ambient fine organic carbon
particles and source apportionment of PM, , in

Indian cities. Journal of Geophysical Research:
Atmospheres. 2007 Aug 16;112(D15).

19. Thammadi SP, Pisini SK, Shukla SK.
Estimation of PM,. emissions and source
apportionment using receptor and dispersion
models. International Journal of Environmental
and Ecological 2018  Jun

1;12(7):513-9.

20. Behera SN, Sharma M. Reconstructing
primary and secondary components of PM,
composition for an urban atmosphere. Aerosol Science
and Technology. 2010 Sep 30;44(11):983-92.

Engineering.

http://japh.tums.ac.ir



58 S. Nihalani, et al. Source characterization of PM , ...

21. Behera SN, Sharma M. Reconstructing
primary and secondary components of PM,
composition for an urban atmosphere. Aerosol
Science and Technology. 2010 Sep 30;44(11):983-
92.

22. Pipal AS, Jan R, Satsangi PG, Tiwari S,
Taneja A. Study of surface morphology, elemental
composition and origin of atmospheric aerosols
(PM,; and PM, ) over Agra, India. Aerosol and
Air Quality Research. 2014 Jun;14(6):1685-700.

23. Chakraborty A, Gupta T. Chemical
characterization and source apportionment of
submicron (PM1) aerosol in Kanpur region,
India. Aerosol and Air Quality Research. 2010
May;10(5):433-45.

24. CPCB, In: C.P.C.B (Ed.), Air Quality
Assessment, Emissions Inventory, and Source
Apportionment Studies Bangalore, India. The
Energy and Resources Institute, India. 2010.

25. Srivastava A, Jain VK. Seasonal trends in
coarse and fine particle sources in Delhi by the
chemical mass balance receptor model. Journal of
Hazardous Materials. 2007 Jun 1;144(1-2):283-
91.

26. CPCB, In: C.P.C.B (Ed.), Air Quality
Assessment, Emissions Inventory, and Source
Apportionment Studies Delhi, India. National
Environmental Engineering Research Institute,
India; 2010.

27. Gummeneni S, Yusup YB, Chavali M,
Samadi SZ. Source apportionment of particulate
matter in the ambient air of Hyderabad city, India.
Atmospheric Research. 2011 Aug 1;101(3):752-
64.

28. Guttikunda SK, Kopakka RV, Dasari
P, Gertler AW. Receptor model-based source
apportionment of particulate pollution in
Hyderabad, India. Environmental monitoring and
assessment. 2013 Jul;185:5585-93.

29. CPCB, In: C.P.C.B (Ed.), Air Quality

Assessment, Emissions Inventory and Source
Apportionment Studies for Kanpur City,
India. Indian Institute of Technology Kanpur,
India;2010.

30. Gupta AK, Karar K, Srivastava A.
Chemical mass balance source apportionment of
PM,, and TSP in residential and industrial sites
of an urban region of Kolkata, India. Journal of
hazardous materials. 2007 Apr 2;142(1-2):279-
87.

31. Keerthi R, Selvaraju N, Alen Varghese
L, Anu N. Source apportionment studies for
particulates (PM, ) in Kozhikode, South Western
Indiausing a combined receptor model. Chemistry
and Ecology. 2018 Oct 21;34(9):797-817.

32. Chelani AB, Gajghate DG, Devotta S.
Source apportionment of PM, j in Mumbai, India
using CMB model. Bulletin of environmental

contamination and toxicology. 2008 Aug;81:190-
5.

33.  Pipalatkar P, Khaparde VV, Gajghate DG,
Bawase MA. Source apportionment of PM2. 5
using a CMB model for a centrally located Indian
city. Aerosol and Air Quality Research. 2014
Mar;14(3):1089-99.

34, Li TC, Yuan CS, Huang HC, Lee CL,
Wu SP, Tong C. Inter-comparison of seasonal
variation, chemical characteristics, and source
identification of atmospheric fine particles on

both sides of the Taiwan Strait. Scientific reports.
2016 Mar 14;6(1):1-6.

http://japh.tums.ac.ir



‘;‘.u‘-lA&,

L

74

wewedl
%\
"y
“ gy

%
e

0, >N

" of Enyiron™®

Journal of Air Pollution and Health (Winter 2023); 8(1): 59-76

Auvailable online at http://japh.tums.ac.ir

L
None g

v
O
Vs,
0
O

Original Article

07
O XX

07
O
AN

Road traffic-induced particle matter dispersion in a calm wind
environment at the main roundabout in Douala, central Africa

Yannick Cedric Ngangmo®"’, Cyrille Mezoue Adiang'?, Arti Choudhary’, David Monkam'*

! Laboratory of Fundamental Physics, Faculty of Science, University of Douala, Douala, Cameroon
2 National Higher Polytechnic School of Douala, University of Douala, Douala, Cameroon
? Centre of Environment Climate Change and Public Health, Utkal University Bhubaneswar Odisha, India

ARTICLE INFORMATION

ABSTRACT

Article Chronology:
Received 27 December 2022
Revised 28 January 2023
Accepted 28 March 2023
Published 29 March 2023

Keywords:
Particulate matters (PM); Pollution in
central Africa; Calm wind; Re-suspension

phenomenon

CORRESPONDING AUTHOR:

yannickngangmo9 1 @yahoo.com
Tel: (+237) 694454411
Fax: (+237) 694454411

Introduction: Road traffic emissions are among the most significant sources
of pollution in Douala, Cameroon's economic town, alongside industrial
operations. The morning and the evening are two times of the day when
traffic is heavier and the winds are also at their calmest. The majority of the
non-exhaust Particulate Matters (PMs) produced by autos is re-suspended
road contaminants. The purpose of this research is to estimate fine particle
dispersion in conditions of calm winds.

Materials and methods: In one of Douala's roundabouts, the Gaussian
Plume model is employed to calculate the PM concentration under calm
winds conditions. Different vehicle classes (HDV: Heavy Duty Vehicles,
LDV: Light Duty Vehicles, PC: Passenger Cars) are used to figure out
the amount of PMs they produce. Measurements of ambient fine particle
concentrations are made with the OC-300 laser dust particle detector.
Results: The results made it possible to compare actual measurements
of PM,, PM ; (300+150 pg/m* and 650+150 pg/m’, respectively) with
simulated values (PM, ., PM, : 310 pg/m’ and 631 pug/m’, respectively). The
difference between in-situ and computed values can range from 10 to 132
ug/m3. From 6 to 10 AM, the population's exposure to PM pollution is more
severe. It has also been demonstrated that there is a significant association
between traffic flow and PM Concentration during the dry season (R=0.921).
With increased traffic flow intensity, particle concentration levels rise.
Conclusion: The concentration threshold stays above the World Health
Organization (WHO) limits regardless of the approach. Furthermore, this
paper provides important information about Douala's pollution levels.

Introduction

Particulate Matter (PM) is a complex mixture
of solid and liquid particles, including dust, dirt,

soot, smoke and liquid droplets [1]. The World
Health Organization (WHO) has documented the
negative effects of air pollution, particularly in
metropolitan areas, on human health, and other
researchers have documented the regional and
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worldwide repercussions of poor air quality [2,
3]. This collection of data serves as a guide for
policymakers who want to take steps to clean up
the environment. The majority of these research
looked at background pollution levels, or levels
of pollutants measured at locations far from
any known sources (industrial or automotive).
This background pollution also results from
long distance transports from the dispersion of
pollutants emitted locally heating, road traffic,...
[4-6].

In West African countries, Saharan dust is a
major contributor to local background pollution.
However, the source is unrelated to local economic
activity, and the consequences for air quality and
human health have received far less attention [7,
8]. Cities in Sub-Saharan Africa (SSA) and other
emerging regions have the highest fine particle
concentrations on the planet [9]. The dearth of
studies in SSA could be explained mostly by the
limited data emanating from the region.

In terms of health effects, several epidemiological
studies have found that an increase in bient
levels of atmospheric particles is linked to both
short-term (acute punctual exposure) and long-
term (chronic exposure) effects on morbidity and
mortality, particularly fine particles (i.e. PM, ),
which can more easily enter the lungs and thus are
more likely to increase the incidence of respiratory
and cardiovascular disease [10, 11]. These small
particles can transport hazardous and carcinogenic
substances, such as Polycyclic Aromatic
Hydrocarbons (PAHs), metals, and soot carbon, that
can overcome the physiological barrier and reach
the blood vessels and important organs, even at low
quantities [12]. In terms of health effects, several
epidemiological studies have found that an increase
in ambient levels of atmospheric particles is linked
to both short-term (acute punctual exposure) and
long-term (chronic exposure) effects on morbidity
and mortality, particularly fine particles (i.e. PM, ),
which can more easily enter the lungs and thus are
more likely to increase the incidence of respiratory

and cardiovascular disease [10, 11]. These negative
effects of PM on human health are particularly
pronounced in urban areas because of the high
population density, intense anthropogenic activities,
and the proximity of local sources of combustion
(e.g. road traffic) [13].

There is an urgent need for the comprehensive
studies on this scourge. Till date, several reported
research works are focused on identification and
categorization of pollutants sources, determination
of pollutants concentrations and their mode of
dispersion in the air. Therefore, with the aim
of assessing the effect of these pollutants on the
population, inrespect of World Health Organization
(WHO) guides values, the steady state Gaussian
plume dispersion models are applied with calm
wind conditiontoassessair pollution concentrations
in Douala city. The Gaussian plume dispersion
model is utilized to come up with a realistic
description of dispersion because of its simplicity,
ease of usage, and reliability. The model represents
an analytical solution to the diffusion equation
for concentrations of non-reactive contaminants
moving through wind-induced advection [14].
The meteorological circumstances (values of wind
speed and direction, temperature, and atmospheric
stability) fed into the Gaussian plume as inputs are
connected to the emission description within the
study area.

Due to higher traffic activity, which occurs
generally in morning and evening, and calm
meteorology made the surrounding air quality
worst. The calm wind condition in association with
cool air, limit the dispersion of traffic emission
during morning rush hour [15, 16]. Using models,
different scenarios can be tested in order to reduce
or optimize pollutants emissions. These modeling
studies can then provide the base to the scientists,
needed to develop effective environmental public
policies. For a good modeling of the atmospheric
dispersion of PMs, it is important to distinguish the
spatio-temporal scales in which the consequences
of this phenomenon are manifested. It's especially
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about the scale: the global scale (global) with
global warming and the destruction of the ozone
layer, the regional (continental) scale with
hurricanes and cyclones, the local scale (country)
with the degradation of the air quality which is the
root cause of public health problems [3, 17].

The objective of this study is to compute PM
concentration due to road traffic under calm
wind conditions. Based on the main source of
fine particles (traffic flow), the PM’s emission
factor estimation was estimated, for all categories
of vehicles. Secondly, to estimate the PMs
concentration for the calm wind condition of
the city of Douala, in the tropics, which occurs
frequently in the morning and evening [18].
Further, to calculate the emissions load of PMs by
taking into account parameters of influences.

Materials and methods

Study area

Douala, the economic capital of Cameroon is a city

recognized for its growth. This city listed among the
most popular cities in Central Africa, with several
activities carried out within it, one of the main
economic activity is road traffic and maritime.
Further, the transfer of goods to other countries of
the sub-regions (Chad, Central African Republic,
and Republic of the Congo) with its innumerable
heavy-duty trucks significantly increases the
vehicular emission in the local vicinity. Douala is
a coastal city located at the bottom of the Gulf of
Guinea which shares almost 65 km of coastline with
the Atlantic Ocean. It is located 19m altitude at sea
level and has geographic coordinates, 4°02°53”’N
and 9°42°15”E. It has a hot and humid climate
base of the active Mount Cameroon volcano at an
altitude of 4100 m. Douala city is covers around
210 km? and has a population of around 4.0 million
in 2020 [19]. The Deido roundabout is one of the
most used intersections for road traffic in the city
of Douala (Fig. 1), it is the crossroad connecting
several districts of the city, indicating high density
and emission intensive intersection.
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Fig. 1. Map of Cameroon illustrating the Deido roundabout in the city of Douala, Cameroon
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Therefore, road traffic at this intersection was
considered for estimation of dispersion of fine
particles due to road traffic turbulence created
by the movement of vehicles in calm wind
conditions (wind speed lower than 1 m/s). Real-
time air quality monitoring instruments was used
in this study, for analysis of air quality in the
study area, which is the case more developing
countries [20, 21]. PM, and PM, ; ground level
concentration (at 1.5 m from the ground) were
monitored at the Deido roundabout, a highly
circulated square roads in the city (4°3’52”°N
and 9°42°25”E). In order to estimate the level
of pollution during this season, a fixed point
of data monitoring at the intersection road was
suggested all across the dry season, specifically
in March 2021, for two consecutive days.
Public and private transport both cars and two
wheelers, may directly influence the automatic
PM measurements using OC-300. The OC-300
Laser dust particle detector is a direct reading and
mobile, aerosol monitoring device, which allows
simultaneously measurement of four different
sizes fine particles concentrations 10um, 5 pm,
2.5 ym and 1.0 pum, respectively [22]. These
types of instruments are also developed to have
low cost devices that can measure air quality
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data with acceptable accuracy. From this point
of view, a hybrid measurement kit for Real-time
air quality monitoring was constructed in Dakar,
Senegal [21]. Concerning PM detectors, it has
been found that the laser scattering is the best
technique for the precise detection of PMs [23].

Meteorology and traffic flow

Douala is a city on Cameroon's coast that is
about 5 meters above sea level and close to the
Atlantic ocean. Weather data for the Douala P30
Airport station (WMO station number 64910,
latitude 04° 03'16" N, longitude 09° 43'53" E,
altitude 5 m above sea level) were received from
the Cameroon Meteorological Department. The
temperature ranged from 20 to 40 °C, with an
average of 29 °C and an 85% relative humidity.
Between 06-10 a.m., the calm wind was seen
by roughly 29.70 percent, as shown in Fig. 2a
(because adequate data was available for the
selected period 2004-2009) [18]. The prevailing
wind direction was south-west, most likely due
to the Atlantic's closeness. In Douala, the plotted
wind rose during the month of May, 2020,
showing more than 50% quiet wind. Fig. 2b
shows a view of the wind direction and speed in
the city.
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Fig. 2. a) Wind rose at Douala 2004-2009, and b) wind rose at Douala May 2020
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The city of Douala's road traffic is diverse, with
trucks, tanks, vans, taxis, buses, two- and three-
wheel vehicles, and other types of vehicles sharing
the road. Vehicles are divided into three categories
for our research: Heavy Duty Vehicles (HDV),
Light Duty Vehicles (LDV), and Passenger Cars
(PC). The volume, form, and weight of vehicles
are used to classify them. Vehicles weighing
more than 7.5 tons are classified as HDV, 2.5 tons
are classified as LDV, and less than 1.4 tons are
classified as PC.

The different categories of cars were counted at
the Deido roundabout crossroads by taking into
account all vehicles crossing the intersection in
all directions. The traffic figure is based on a
2008 research of mobility in Douala, which was
published in the literature [24]. Fig. 3 shows a
diagram of this intersection. The traffic counts
were done in both directions for each lane. The
traffic count was conducted from 6 to 10 a.m.,
when the wind is typically calm and traffic
density is at its highest.

J
IR

The traffic flow in Deido roundabout
resembling other cities of Douala is
heterogeneous in nature, having different type
of vehicles present at the same time in the road.
Tablel summarizes the traffic flow during
four hours: 6-10 AM. Bicycles and other
non-engine locomotives are included under
"Others". The histogram (Fig. 4) shown that
road traffic is dominated by PCs. The higher
share of PCs indicating that peak period (6-10
AM) of traffic flow, PCs (taxi, two-wheeled
motorcycles) are the main transport mode used
by Douala community. The highest traffic
count was observed for period of 7-8 AM,
which is time of office, school and workers to
move for their respective work place (Fig. 5).
All vehicle groups taken together, the average
daily traffic can be calculated to be roughly
2,422 vehicles. This number falls under the
Low-ADT category (Low Average Daily
Traffic) [25].

(a) Deido roundabout towards Bessengue /
Bessengue towards the Deido

(b) Deido roundabout towards Akwa / Akwa
towards Deido roundabout

(c) Deido roundabout towards Bonaberie /
Bonaberie to the Deido roundabout

(d) Deido roundabout towards Akwa Nord /
Akwa Nord to the Deido roundabout

Fig. 3. Simplified image of the Deido roundabout
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Table 1. Summary of the different categories of vehicle counts corresponding to the hours of the day based on
CUD data, 2008

Categories of vehicles

Time (h) LDV PC HDV Others

6-7 AM 1407 7498 209 80
7-8 AM 2852 10616 266 90
8§-9 AM 3034 8611 311 32

9-10 AM 2369 7641 358 31

| ov
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8000 y
7000 i
6000 1
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Fig. 4. Traffic flow of the different categories of vehicles at the roundabout Deido between 6-10 AM
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Fig. 5. Vehicle counts at the Deido roundabout between 6-10 AM

Traffic activity and emission

A number of studies, in developed and developing
apportioning the sources of air
pollution put the transport sector atop, both from
direct exhaust and indirect road dust [5, 26-28].

The growing number of vehicles on the road

countries,

(two and three wheelers, passenger cars, buses,
and lorries) increases the amount of pollution
produced. Vehicle travels are considered per
mode or category in this activity. The histogram
in Fig. 5 depicts the activity trends of the various
groups of vehicles. A surge of traffic was noted
between the hours of 7 and 8 a.m., indicating
high road traffic. In general, the higher the traffic
density, the more fine particles in suspension,
which adversely raises pollution levels [29].

The general methodological principle for

calculating emissions is based on the basic Eq. 1.

Q=EFxA (1)

Where Q is the emission, generally expressed
in mass (g), A is the activity of the transmitters
(generally expressed in vehicles.km), EF is
the emission factor (g.(veh,km)?). For the
estimation of emission factor from the re-
suspension of PMs due to road traffic several
variables required, vehicle size or category is
one of the main parameters that consider in the
equation of emission factor (the emission factor
is proportional to the category of the vehicle
even if it is assumed that the vehicles will
have the same travel speed). Several empirical
expressions are reported in the literature. For
example, researchers of two study applied Eq. 2
and Eq. 3 to estimate emission factor, it consider
specific parameters such as vehicle weight and
silt loading, respectively.

1.02

EF, =k, (sL)"" (W) )

B =k, (1) 1) 1 o
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Eq. 2 and 3 are almost identical, the only
difference is that, Eq. 3 accounts the rainfall,
greatly influences the emission load.

Where: o represents the different types of
particles according to their aerodynamic radius
(PM , PM, etc....).

EF represents the emission factor of the particle,
k, represents the default size of the particle a.
Generally, the size of particles was
Koy, =0.62ug.(vehkm) ' and  kp,, =0.15
ug.(vehkm) ™ [30], sL: is the silt loading and
according to the report by the US EPA (United
States  Environmental Protection Agency,
2011,Chap.5), this term refers to the mass of
sedimentary material of size equal to or less than
75 micrometers of physical diameter per unit area
of'aroute considered. The total amount of the dust
on the road surface is made up of different loose
materials which can be collected through a sweep
and vacuum system. W represents the weight of
each vehicle category, P is the number of days
during which the precipitation was greater than
0.254 mm over a given period (months, days,
hours), N is the number of days in the period
considered (year, season, month),i represents
vehicle category (HDV,LDV and PC).

Air quality modeling

Air quality modeling is a complex phenomenon
which involves studying any parameters that
can influence the dispersion of fine particles
(wind speed, precipitation, and the temperature
inversion phenomenon). In this study a Gaussian
model adapted for the calm wind conditions.
Several studies have already been carried out as
part of the dispersion of particles in low wind
conditions [31, 32]. Assuming that the average
wind speed is less than a certain threshold (0.1
m/s), the horizontal spread of the plume covers
360°; thus proposed empirical Eq. 4. It takes
into account the contribution of the vertical and
horizontal component of the plume of the linear
source [33].

C/w(x,y,Z)Z\/% OxFlz)xb, )

2nuc,

h —z h+z _
Where:F(z):exp(%J-kexp(%j ]and 6’s =
tan™! =N +tan”! Y=

X X '

Where C (x,y,z) is the concentration of
pollutants at the location of the receptor (x, y, z)
in pg/m’, x is the distance from the source along
the wind direction in m, y and z are the wind
distances along of the transversal with respect to
the midline of the plume in m, Q is the amount
of emission of fine particles in (g or ug), 6 is
the angle which connects the linear source from
the receiver in degree, u is the wind speed in
m/s, ¢ _is the standard deviation representing the
dispersion of pollutants in the wind direction in
urban area. The present study considers only the
standard deviations that belong to the interval
corresponding to calm winds (class A or A-B), it
is calculated here with the setting of Briggs with
the mathematical expression [34]:

o.(z)=ax(1+fx) =024x1+0.001x (5

Where a, f and yare constants which depend on
the Pasquill stability class.

Results and discussion

Emission factor

Using Eq. 3, which is an adapted equation
proposed by someresearchers used to estimate the
emission factors of particles as a function of the
different vehicle categories and also according
to the season in our case study. The PM, . and
PM,, emission factors for each vehicle type are
calculated using Eq. 3 and reported in Table 2.
The analysis shows that the emission factor is
proportional to the vehicle's weight, hence the
emission factor is higher when the particle size
is larger.
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Table 2. The emission factors by vehicle category and by particle size pg/veh.km

Vehicle categories
PC
LDV

HDV

PM PM> 5
0.038 0.009
0.046 0.015
0.19 0.049

Table 3. Emission load of PM , and PM . as a function of the particle size (ug)

Vehicle categories
PC
LDV

HDV

PMi PM> 5
1305.56 309.21
618.36 144.93
217.36 56.05

Estimation of fine particulate matters emission
load

By combining the Egs. 1 and 3, Eq. 6 was
obtained.

P
A=AAXk SL 091 ' 1.02 1__ 6
0, = Ak, (L) (1) 1-5 ©
Where, i represent the different categories of
vehicles. More explicitly according to the vehicle
category emission load was estimated by applying
Egs. 7, 8 and 9.

‘ ‘ P
QHDV = AHDV X ka (SL)091 (WHDV )1 ” (1 - m) (7)

A . P
Orpy = Appy ¥k, (SL)O " (VVLDV )1 " (1 _HJ ®

Opc = Ape ¥k, (SL)O-91 (W )1-02 (1 - %j )

The parameter «, depend on the size of the
particle that is considered (PM  or PM, ).

For the purposes of this study, a period of 6
months, or 181 days, will be taken into account,
which corresponds to the dry season from January
2008 to June 2008. This is based on information
provided by the Douala P30 Airport station
(WMO station number 64910, latitude 04° 03'16"
N, longitude 09° 43'53" E, altitude 5m above sea
level). We notice that during the period of the six
months, there are approximately 32 days with
precipitation totaling more than 0.254 mm: P=32
days and N=181 days. One of the key variables
used to compute dust re-suspension is the silt
load (sL). The default setting for the parameter sL
corresponds to a daily traffic density of roughly
0.40 g/m? . From Egs. 8, 9, 10 emission load was
estimated for PM,, and PM , reported in the
Table 3.

10°
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As shown in Table 3, the emission load is directly
proportional to the vehicle activity. Because the
activity of HDV is very low compared to PC, the
emission load is inversely related to the vehicle
weight. As a result, the emission load falls even
though the overall emission is proportionate to
the vehicle category (Fig. 4). HDV traffic is lower
between 6 and 10 a.m. (morning hours), whereas
PC (taxis, motorbikes with two wheels) traffic
is highest between 6 and 10 a.m., because it is

the most convenient mode of transportation in
Douala. This justifies the fact that PC has a much
higher emission load than other categories. Other
categories such as: LDV (large bus, minibus);
HDV (two-axle trucks, trucks with more than two
axles, semi-trailer) are less in count during this
period, which justifies the various results in Table
3. Fig. 6 shows the particle emission load of PM
and PM,  depending on the vehicular activity in
study area.
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Fig. 6. Traffic flow and emission load of PM, ; and PM at the Deido roundabout during 6-10 AM
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Computation of fine particulate matter
concentration

The PM concentration was estimated in
the study using the Gaussian plume model
under calm wind conditions (Eq. 5) and
considered traffic flow as the principal source
contributing to the emission burden. Fig. 7
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shows the PM,, concentration trend from 6
to 10 a.m. under a calm wind situation. High
PM, . concentrations are displayed in orange
coloration in Fig. 7 (a-d), with a threshold of
257.20 pg/m?. It was observed that a minor
dispersion of PM, | exceeding the radius of the

roadway set at 10 m.
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Fig. 7. Dispersion of PM, , between 6-10 AM (a-d) at the Deido roundabout
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During 7-8 AM PM, threshold was found
around 358.10 pug/m?® (Fig. 7b). The sharp
increase in concentration during this period is
due to the increase in vehicle activity, more
specifically passenger’s cars (taxi, motorbikes
two or three wheels), which is the most
commonly used mode of travel at this time.
During 8-9 AM PM, threshold was found
332.60 ug/m? (Fig. 7c). It is observed that a
considerable decrease in concentration at this
time is due to decrease in vehicular activity,
especially among PCs, because at this time
most of the users reached to their respective
work place. The pollution threshold during
9-10 AM is estimated 290.10 ug/m? (Fig. 7d).
Alike to PM,,, PM, depicting similar

Table 4. Summary of traffic flow, PM concentrations (PM

Time (h) Traffic flow
(veh/h)
6-7 AM 9.185
7-8 AM 13.811
8-9 AM 11.988
9-10 AM 10.399

dispersion trend in calm wind condition during
6-10 AM at roundabout, the only difference
in magnitude is observed (Fig. 8 a-d). Such
as during 6-7 AM, 7-8 AM,8-9 AM and 9-10
AM PM emission threshold value was 513.00
ug/m?, 771.50 pg/m?, 668.90 pug/m?, and
572.30 ug/m’, respectively (Fig. 8a, b, ¢ and
d, respectively).

As a summary on the modeling of PMs at the
Deido roundabout the average concentrations
of the PMs (PM,,, PM, ) was around CM_PM
631.42 ug/m? and CM_PM, . 310.00 ug/m?,
respectively which is much higher from the
values set by the World Health Organization
(WHO) which are 60 ug/m?® for PM  and 20
pug/m? for PM, ..

PM, ,) during 6-10 AM

10°

Concentration (pg/m?)
PM; PMys
513.00 257.20
771.50 358.10
668.90 332.60
527.30 290.10
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It can be concluded from the Table 4, summarizes  similar findings are reported by other researchers.
the results of study that concentration of fine  The exposure of the population to air pollution on
particles increases with the traffic flow. The  the roads is more intense during 6-10 AM, since
concentration levels of PMs are higher with  the level of particles concentration is higher for
higher traffic activity (Fig. 9). The highest PM  highest traffic flow as compared to the lower
concentrations is observed between 7-9 AM, traffic flow condition.
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Fig. 8. Dispersion of PM, , during 6-10 AM (a-d) at the Deido roundabout

http://japh.tums.ac.ir



72 YC. Ngangmo, et al. Road

traffic-induced particle ...

Evolution and prediction

It is well known that most of the developing
countries having the higher traffic flow rate and
consequently higher traffic activity, roadway
transportation is the 24 h mobile and most
dynamic sector, particularly in large cities.
Furthermore, the quantity of vehicles (passenger

cars, light commercial vehicles, heavy goods
vehicles) increases by 10% each year [18]. By
considering the fact of 10% annual growth of
all categories of vehicles, the present study
extrapolated the data of average concentrations,
which is used to estimate the possible thresholds
pollution up to 2021 (Fig. 10).
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Discussion

In practically every country on the planet, road
transportation contributes significantly to rising
levels of air pollution. This study modelled
the dispersion of PMs from the re-suspension
of particles from vehicle movement or the re-
suspension of PMs previously deposited on the
roadway and re-suspension by vehicle movement
in calm wind conditions to understand the current
time contribution of PMs in Douala, Central
Africa. Further, proposed equationused to estimate
the amount of specific emission to each category
of vehicles (HDV, LDV, and PC) and by particles
size (PM,, and PM, ) with the known input of
the traffic flow. The present study only account
emission load by re-suspension, and assumes that
presence of background pollution, and modeling
the dispersion of PMs concentration during calm
wind conditions. Thus, results will be suggestive
about the risks in-linked to PM exposure, to the
society. Using Dust track real time analyzer, the
daily average concentration of PM,  and PM, ; is
obtained 391.81 ug/m?® and 183 pug/m? in dry
season, respectively [35].

This study performed a numerical simulation in
calm wind conditions using traffic data of year
2008. It is found that simulated concentrations are
twice of the measured value. The measurement

PMs concentration using the OC 300 Laser dust
particle detector in 2021 during 6-10 AM for
calm wind condition, was found around 650+150
pg/m’ and 300+150 pg/m® for PM,, PM,
respectively (Table 5). The prediction for the city
of Douala up to 2021 is based on 2008 traffic
flow statistics, with a 10% annual increase in
vehicle fleet. The expected results are higher than
those obtained during the measuring campaign,
according to the study (Fig. 10). The study also
emphasizes the significance of weather variables
on PM dispersion. It is obvious that when a strong
wind blows, particles disperse over a vast area,
lowering the pollutant concentration threshold
in the area under consideration. In contrast, in
calm wind conditions, particles disperse less
and are very dense on a small area, magnifying
the concentration of fine particulate pollutants,
while higher traffic flow periods amplify the
concentration of fine particulate pollutants. The
conclusion drawn from the results is consistent
with study in Libya, which shows that emissions,
especially those produced at low and moderate
wind speeds, cause a dispersion with high
concentration levels in the vicinity of the emission
source [36]. The findings also demonstrate that
the confidence interval widens as air pollution
concentration increases; the observation error
significantly affects the confidence interval [37].

Table 5. The average concentrations of measured and simulated PMs at the Deido roundabout in dry weather

conditions

Average Daily measurement Calm wind period simulated Relative error
concentration 2018 measurement 2021
CM PM 391.81 pg/m3 650 + 150ug/m? 631.42 pg/m?3 2.94 %
CM_PM:; s 183.43 ug/m? 300 + 150pg/m? 310.0 pg/m3 3.23%
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Conclusion

In metropolitan areas, particles re-suspended by
autos account for half of the pollution limitations.
The study's average concentrations were
discoveredtobehigherabovethe WHO's threshold
limits. The increased pollutant concentrations
calculated by numerical simulation are also due
to the calm wind conditions, as particles scatter
less in a calm wind, resulting in higher pollutant
concentrations. The particles matters seen in an
isotropic medium with no preferential dispersion
direction plainly justify a higher particle
concentration in one region (demonstrated with
strong orange color). This research shows how
wind speeds affect fine particle dispersion in
the atmosphere. Particles matters, molecules,
and other chemicals are transported more easily
by the wind, which might change pollutant
concentration thresholds.
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evaluate oxidative stress biomarkers and liver tissue function in workers
occupationally exposed to CS during their activities.
Materials and methods: In this study, the biomarkers of oxidative stress
were evaluated in 40 workers in silica mines of Azandarian region (Hamadan
province, Iran) with occupational exposure to CS, as the case group and 40
Keywords: workers without any silica-exposure as controls.

Results: A significant higher serum levels of Malondialdehyde (MDA),
Reactive Oxygen Species (ROS) and Alanine Transaminase (ALT) were
observed in the silica-exposed group compared to the controls. Moreover,
in the serum of the silica-exposed cases, the total antioxidant capacity was
lower than that of the control group. Based on findings chronic exposure to
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. industrial sources [1]. From non-industrial sources
Introduction - o o

exposures can point to mining and grinding of
sandstone, ceramic, silica grinding, granite and
Repairable Crystalline Silica (RCS) as acommon  quartz crushing that have many effects the human

mineral found in the earth's crust canbe considered  health [2]. The non-industrial source exposures
an environmental and occupational pollutant.  are naturally occurred in the environment such as
RCS exposure may occur in industrial and non-  sandstorms in deserts, which are harmful to health
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[3]. In developing countries, there are active
silica crushing units that cause chronic exposure
to RCS in the workplaces [4]. Although many
efforts accomplished to control the exposure of
workers to RCS, millions of workers in various
industries are occupationally exposed to RCS at
their workplaces [5].

It has been reported that occupational exposure to
RCS is associated with a wide range of disorders
such as pulmonary obstructive, silicosis,
pulmonary fibrosis, chronic bronchitis, kidney
diseases and Systemic Autoimmune Rheumatic
Disease (SARD) [6]. The International Agency
for Research on Cancer (IARC) and the World
Health Organization (WHO) have reported
that 3.2 million workers are exposed to RCS
in the European Union and have classified this
compound as carcinogenic to humans [3, 7]
Although the lung is the main target of damage
due to chronic exposure to silica dusts (RCS),
many studies have shown that prolong exposure
to this compound is associated with a wide range
of adverse effects on other organs [6]. Although
the molecular mechanisms in the pathogenesis of
silicosis are still not entirely known, accumulating
evidence suggested that the phagocytosis of RCS
causes an active inflammation and oxidative
stress that plays an important role in the various
diseases in the exposed individuals.

Depending on the duration and exposure
concentration of silica dusts, silicosis can occur
as acute, progressive, chronic, and conglomerate
(advanced progressive
complex silicosis) [8]. After exposure to RCS,

silicosis silicosis or
the dusts are able to reach the alveoli, inducing
oxidative stress by the formation of Reactive
Oxygen (ROS) and Nitrogen Species (RNS) [9].
As mentioned abundantly excess generation of
free radicals can eventually lead to the damage
of cellular lipids, proteins, and DNA, inhibiting
their functions and also decrease of antioxidant
enzymes such as Glutathione S-Transferase
(GST), Catalase (CAT), Superoxide Dismutase

(SOD) as first line of defense against free radical
[10].

The many studies have conducted on the
assessment of health risk of exposure to RCS
in workers of various occupations, including
coal miners, pottery, cement, stone crushers and
granite foundry [3, 10, 11]. For example, some
researchers indicated the workers working in
high-risk units such as stamping machine operator
and stone separation operator are more likely to
suffer from adverse health complications such
as silicosis, lung cancer and other respiratory
complications [3]. Other researchers concluded
exposure of humans to cement dust is capable
of inducing free radicals, marked hazardous
alterations in some enzymatic activities, liver
functions and some biochemical parameters
[10]. Therefore, given the actual exposure of
workers to RCS in silica mines of Azandarian
region (Hamadan province, Iran) and the lack
of a determined method for early detection and
screening of high risk workers before occurring
silicosis, the present study aimed to evaluate the
biochemical parameters of liver enzyme activity
and oxidative stress as potential early peripheral
biomarkers for investigating the health status of
the silica-exposed workers in silica mines.

Materials and methods

Human subjects

The current case—control study was performed in
different parts of industrial production units of
silica in Azandrian region, Hamadan province in
West of Iran, during spring, 2021. In this study, in
the first step, all workers in various units of silica
production agreed to participate in the study
and were asked to sign a consent form. Next, all
workers were asked to complete a questionnaire
containing health status and demographic
information including income, education,
lifestyle, smoking, alcohol consumption, intake
of drug, or/and supplement and diet. Moreover,
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to identify any type of chronic diseases include
(diabetes, blood pressure, cardiovascular
diseases, chronic kidney disease, immune system
disorders, cancer, respiratory diseases including
bronchitis, epilepsy, hearing loss, digestive
diseases, asthma, etc.) all the participants
were asked to complete clinical examination.
All subject with alcohol, chronic diseases and
antioxidants less than six months in silica
production units were excluded from the study.
Therefore, eighty participants were included
in the study and classified into two groups,
including 40 workers exposed to RCS working
in various units of silica production as the case
group (or exposed group) and 40 well-matched
workers whiteout any exposer to silica dusts
who were working in food distribution industry.
Current study was approved by the Research
Ethics Committee of Hamadan University of
Medical Sciences (IR.UMSHA.REC.1400.384).
All volunteers provided informed consent prior
to participation in this study.

Sample collection

Blood samples from study subjects were drawn
by venipuncture. Samples were centrifuged
immediately at 800 g for 15 min to obtain
plasma and kept in —80 °C for further analyses.
All the participants were sampled on the
same day. Complete blood analysis was done
to determine Alanine Transaminase (ALT),
Aspartate aminotransferase (AST) and Alkaline
Phosphatase (ALP).

Biochemical analysis

Analysis of chemical biomarkers of liver enzyme
activity suchas (ALT), (AST) and (ALP) was done
using Pars Azmun commerical kits (Tehran,Iran,
Cat. No: KSOD91).

Measurement of oxidative and anti-oxidative
stress markers in serum

Measurement of malondialdehyde level (MDA)
and ROS in serum

The lipid peroxidation was evaluated using
spectrofluorometrically as Thiobarbituric Acid
(TBA) reactive substances. The reaction of
TBA with MDA led to the formation of TBA
reactant substances, which can be considered
as biomarkers of oxidative at acidic pH and
high temperature. The maximum absorbance
measurement at 532 nm indicated the MDA
level. MDA content was considered as (nmol/L)
[12]. Kiazist kit (KTOS96), which works based
on oxidation of ferrous iron to ferric iron in
the presence of oxidant factors, was used for
detecting ROS in serum as another indicator of
oxidative stress by. ROS levels were expressed
as (mM/L).

Evaluation of total antioxidant capacity (TAC)
and CAT in serum

TAC measurement was done manually using
ferric-reducing ability of serum (FRAP) method.
The method is based on the capacity of sample
to reduce Fe’" (Ferric) ions to Fe?" (Ferrule) in
the presence of TPTZ (Tripyridyl-s-triazin). The
interaction of Fe?" - TPTZ complex produces
a blue color. Maximum absorption of optical
density was measured at 593 nm [13]. Catalase
(CAT) i1s important antioxidant enzymes. The
activities of this enzyme are measured by kiazist
kits of KSOD94.

Statistical analysis

Tocompare qualitativedata fromthe Kolmogorov—
Smirnov test was used. For determining
normal distribution from Independent t-test
and Mann- Whitney were used to compare the
mean difference between the RCS exposed and
control groups in quantitative data. All data were
analyzed using SPSS software (Version 20). The
results were presented as mean + SD and p<0.05
was considered as statistically significant.
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Results and discussion

Table 1 presents the demographic data of the
subjects. Based on findings, there were no

statistically significant difference between
the case and control groups in term of age,
duration of work, weight, place of residence
(p>0.05).

Table 1. Comparison of demographical data between case and control groups

Demographical data Case Control
Mean+SD Mean+SD p-value
age 30.53 +£7.74 33.32 +8.64 0.076*
weight 78.66 +£8.22 78.53 £9.06 0.927°
N (%) N (%) P-value °
Residence
City 55 (69.6) 54 (68.4) 0.863
Village 24 (30.4) 25 (31.6)
Work experience
1-5 years 9(11.4) 16 (20.3) 0.060
6-10 years 15 (19.0) 20 (25.3)
11-15 years 27 (34.2) 29 (36.7)
>15 years 28 (35.4) 14. (17.7)

a. Mann-Whitney, b. Independent t-test, c. Chi-square

Table 2. Comparison of blood factors analyses between exposed workers and controls

Number Mean +SD
of Case
AST® 80 19.27 +7.85
ALT® 80 18.82 +7.02
Alp? 80 221.77 £57.13

Mean +SD P-value®
of Control
19.27+9.23 0.798
16.71 = 6.05 0.041
237.04 £ 53.37 0.125

a.Mann- Whitney, d. Aspartate aminotransferase, c. Alanine aminotransferase,

d. Alkaline phosphatase
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The concentration of ALP, ALT and AST in
serum

As shown in Table 2, blood factors analyses
showed a significant difference (increasing trend)
in the ALT levels between the exposed cases
and controls (p<0.001), while no significant
difference was observed in term of other blood
factors (e.g. ALP and AST) (p>0.05).

Concentration of MDA and ROS in serum of the
exposed worker

In this step, the serum levels of MDA (nmol/L) and
ROS (mM/L), as an oxidative stress biomarkers
were measured and compared between the

exposed and non-exposed workers. As shown
in Fig. 1, there were significant increases in the
ROS and MDA levels in the exposed workers
compared to the control group (p<0.01 and
p<0.001, respectively).

Concentration of TAC and CAT in serum of the
study groups

As shown in Fig. 2 concentrations of TAC
(mmol/L) in serum were statistically significantly
lower in the case group when compared to that
of the control group (P<0.05). However, no
statistical difference was found in the CAT level
in serum samples of groups (P>0.05).

2/5
2
1/5
E
B
1
0/5 i
0
MDA

* %
ROS

I case M control

Fig. 1. Serum levels of MDA and ROS in the exposed workers and controls (as mean+standard deviation).
Difference between exposed and control groups was considered significant at p-value<0.001 (¥**), p<0.01(**)

180

pM/L

*
160
140
120
100
80
60
40
20
0
TAC

CAT

I case M control

Fig. 2. Concentration of TAC and CAT in serum of case and control groups, Results is represented as
meansstandard. Difference between control and other groups is significant at p-value<0.05 (*)
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RCS is an important material that is widely used
in a wide range of industries and is associated
with many health problems in different organs.
In this study, we focused on biomarkers of
oxidative stress and liver function in serum
of the exposed-workers in various units of
silica mines of Azandarian region (Hamadan
province, Iran) and their results were compared
with non-exposed group as controls. Silicosis as
an occupational respiratory disorder is generally
occurred due to chronic exposure (occupational
exposure) RCS.

Itisnoteworthy that several studiesinrecent years
have reported several silicosis cases with non-
occupational exposure. It is described chiefly by
huge pulmonary fibrosis due to proliferation and
progressive increase in connective tissue, which
is substituted for normal functional parenchyma
[14]. Although the main target tissue in toxicity
with silica crystalline is the lung, but abnormal
of blood cells, hematologic injury, breakage of
chromosomal, complications including liver
dysfunction, cancer and reduced in mitotic
index are still the topic of various studies [15,
16]. RCS particles penetrate the worker's organs
mainly through the respiratory and skin routes
and rarely through ingestion. [17]. Until now, the
mechanism underlying the induction of fibrosis
and silicosis of lung tissue has been severally
studied.

Evidence shows that stress oxidative damage
plays a key role in developing fibrotic lung
disease, and hence maybe used as an indicator
[18]. Our study clearly indicated the function
of liver enzyme (ATL level) was significantly
decreased in the silica-exposed group compared
to the control, while no significant changes were
observed in other liver enzymes (ALP and AST)
(as can be seen in Table 2). Liver tissue is one of
the most important organs that play an important
role in the detoxification of endogenous and
exogenous compounds in the body. Serum levels
of liver enzymes are identified as an estimation

of liver function [19]. ALT enzyme is known as
a serum dysfunctional enzyme due to the hepatic
cell injury [20], while AST enzyme is biomarker
of liver tissue damage and is abundantly found
in heart, kidney, skeletal muscle and liver [21].
Moreover, ALP is typically concentrated in
liver and plays a key role in the detoxification,
metabolism and biosynthesis of energetic
macromolecules for various essential functions
[22]. During cellular degeneration or destruction
of liver, these enzymes are released from the
cytosol into the bloodstream [10]. Consistent
with our results, many researchers, indicated
that in silica-exposed workers (in cement
factories), there was an association between
the level of liver enzymes and the duration of
exposure [15]. Other researchers stated that
ALT level was higher among cement exposed
workers compared with the control group, but
no statistically significant [17]. In a study, it
was showed that the activities of AST , ALP and
ALT in plasma of exposed workers in cement
factory had an increase compared to the control
group [10]. Moreover, a significant increase can
occur in the activity of ALP in plasma due to the
change in permeability of plasma membrane or
cellular necrosis [23].

According to published studies, oxidative stress
occurs due to the imbalance between oxidant
and antioxidant status in the body [24]. A large
body of experimental work indicated exposure
with RCS can induce ROS on epithelial cells
and extracellular components (macrophages)
and lead to activation of cell signaling pathways,
specific transcription factors and increased
oxidative stress biomarkers [25]. ROS are active
molecular species containing oxygen, such
as superoxide anion (O?"), Hydroxyl radical
(HO") and Hydrogen peroxide (H,0,), which
offer a higher chemical activity compared with
molecular oxygen [26]. Various antioxidant
systems are present in the human body to protect

against destructive effects from activated

http://japh.tums.ac.ir



Journal of Air Pollution and Health (Winter 2023); 8(1): 77-86 83

Reactive Oxygen Species (ROS). As mentioned
in previous studies, O’ generation can convert
to H,0, by SOD and then by CAT enzymes alter
to oxygen and water [27].

Considering the important role of oxidative
stress, evaluation of biomarkers of oxidative
stress and its relationship with liver function in
RCS-exposed workers can help in early diagnosis
of silicosis. In our study, an increase was
observed in oxidant stress biomarkers (MDA and
ROS) and a decrease in the antioxidant system
parameters (TAC) in the exposed workers, while
there was no significant difference in serum level
of CAT in the silica-exposed workers. Prolonged
exposure with silica crystals might cause ROS
production and membrane lipid peroxidation.
Corroborating our results, several studies reported
the involvement of lipid peroxidation in plasma,
after crystalline silica exposure. In two studies,
it was indicated an significant increase in MDA
plasma levels of workers in the field of ceramics
and glass sandblasters exposed to RCS compared
to the non-exposed workers, respectively [28,
29]. Other researchers indicated statistical change
in plasma MDA levels cement-exposed workers
than control group [30]. In a study, it was found
that plasma concentration of MDA were much
higher in asbestos-exposed workers compared to
non-exposed individuals [31].

CAT enzymes have important role in the
detoxification of superoxide anion and hydrogen
peroxide (H,O,), which protect the cell against
ROS-induced injury [30]. This enzyme, along
with Total Antioxidant Capacity (TAC) constitutes
a major defense against oxidative damage. TAC
as valuable antioxidant can be useful as an early
marker of oxidative stress to monitor antioxidant
status in body. TAC indicate an important index
of the total amounts of enzymatic and non-
enzymatic antioxidants in body which can the
activity of one or two enzymes, and also be
various dietary antioxidants such as ascorbic acid
and a-tocopherol [32]. Our research indicated

a statistical significant reduction in serum
levels of TAC in RCS-exposed workers that
can be attributed to the production of reactive
oxygen species caused by the exposure to RCS
in their workplaces. Free radicals produced can
be eliminated by TAC and the decrease in the
activity of this antioxidant show that exposure to
crystalline silica can increase oxidative stress in
body [33]. In line with our results, a previous study
reported a reduction in TAC content in workers
with direct exposure to cement [11]. In another
study, it was showed a slight increase in levels
of TAC among the exposed-workers compared
to controls [17]. Unlike in other studies, it was
reported that there was no significant difference
in the level of TAC between the groups [34] .The
conflicting findings mentioned in this study in
levels TAC can be related to intensity of exposure,
protective equipment, and nutritional status [17].
In general, there were some limitations in this
study; for instance, the levels of RCS dusts did
not measured in different parts of the workplace.
Moreover, other enzymatic antioxidants such as
superoxide dismutase, glutathione peroxidase and
other non-enzymatic antioxidants (e.g. ascorbic
acidand tocopherol) did notdetermined. However,
of the evaluation of the studied parameters in
several exposed workers in different work units
with various exposure levels can be mentioned as
strength of the study.

Conclusion

The present study showed that occupational
exposure to RCS dusts can lead to damage to liver
enzyme activity and oxidative stress as evidenced
by increased serum levels of MDA, ROS and ALT
and reduction in the level of TAC. To overcome
these oxidative stresses, supplementation with
dietary antioxidants, including ascorbic acid and
A-tocopherol may suggestion beneficial health
effects in the exposed workers. However, it is
recommended to protect the health of workers
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against silica dust they be use from industrial
masks and proper ventilation system should be
installed in the environment.
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Introduction: Rapid urbanization and industrial growth are the primary
causes of deteriorating urban air quality in developing countries, including
India. Vehicular emission is a significant cause of the degradation of air
quality. It includes Air Pollution like carbon monoxide, hydrocarbons,
oxides of nitrogen, oxides of sulfur, Suspended Particulate Matter (SPM),
respiratory Particulate Matters (PM, ; and PM, ), and lead.

Materials and methods: The study has considered land use,land cover,
land surface temperature, vegetation, literacy rate, vehicle population,
population density, and households, finding the responsible causes of
air pollutionfor the analysis. Supervised classification using ArcGIS for
extracting land use and land cover, Least Slack Time (LST) algorithms have
used to extract land surface temperature, spatial interpolation methods like
Inverse Distance Weighting (IDW) using ArcGIS for identifying the spatial
distribution of Literacy rate, vehicle population, population density and
households and finally the multivariate statistical model applied to identify
the major responsible factor for air pollution using SPSS.

Results: The study reveals that the particulate matter is below the standard
value prescribed by the central pollution control board. The Highest air
pollution is primarily responsible for vehicle population and industries.
Wednesday and Thursday are the maximum pollution in Chennai, whereas
it was recorded as very low on Sunday as compared to other days.
Conclusion: Regression shows that the vehicle population is responsible
for air pollution, followed by the population.

Introduction

Vehicle exhaust, on-road

cooking and heating, and some seasonal sources

re-suspended
dust owing to vehicles, industrial fumes,
construction dust, waste burning, residential

such as agricultural field residue burning and
dust are all contributing to urban air pollution
[1]. An increase in urban and industrial areas
significantly contributes to deteriorating urban
air quality, particularly in developing countries
like India. Vehicular emission is a significant
cause of the degradation of air quality. It
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includes Air Pollutants (APs) like Particulate
Matter (PM), Oxides of Nitrogen, carbon
monoxide, Oxides of Sulfur, hydrocarbons,
Suspended Particulate Matter (SPM), and lead
[2]. Most remarkably, the re-suspension of
road dust due to rubber wheels and brake wear
also generates large amounts of PM  [3]. An
insufficient change in the physical, chemical,
or biological characteristics of air that
impedes life and may cause health problems
is called air pollution [4]. Air Pollution, in
particular, irritates the eyes, lungs, nose, and
throat. It also causes respiratory problems and
aggravates pre-existing conditions like asthma
and emphysema. The risk of cardiovascular
disease escalates when humans are constantly
exposed to air pollution. The harmful health
effects of air contamination depend on the
pollutant source, the source's potency, and
the potentially exposed individual's behavior
[5]. Air pollution has been projected to cause
over 4 million premature deaths each year, and
levels of air pollution are still rising in certain
places [6].

Ambient airborne Particulate Matter (PM),
which occurs in various sizes and chemical and
biological components, is a major scientific
and policy problem [7]. PM is responsible
for most of the illness burden related to air
pollutants, with more than half relating to
ambient inhalation exposures. Among the
significant risk factors threatening human
health globally concerning its disease burden,
PM has recently been ranked fifth and thus first
among environmental risks. The current levels
of city air pollution need to be evaluated and
managed to givethe residents a healthy urban
air environment.Numerous studies on outdoor
land plants or vegetation as interventions
capable of protecting our health from ambient
air pollution at various scales have been inspired
by rapid urbanization and increased awareness
of the effects of the natural environment on our

health [8, 9]. In India, air pollution is the third
leading cause of death among health risks, and
as a result, life expectancy has decreased by 2.6
years. As a result, it has become increasingly
important to control pollution and effectively
educate people affecting air quality to maintain
a healthy standard. Temperature is another
parameter that will increase air pollution
with temperature increases. Extreme heat
and stagnant air during a heat wave increase
particulate pollutants. Demographic factors
such as population density, household size, and
literacy rate also affect the air pollution standard
[10]. Thus, investigating the assessment of air
pollution exposure and its influencing factors
will benefit community health and well-being.
This information will inevitably
personal responses to pollutants or a specific
harmful agent [11]. Theseair pollutants of

PM, . and PM  have been used in conjunction

improve

with GIS to analyze and visualize spatial and
temporal impacts of air pollution in Chennai
[12]. Spatial interpolation methods like
Inverse Distance Weighting (IDW) have been
extensively used to foresee the concentration
of air pollution [13-15].

Study area

The state executive and legislative headquarters
are principally housed in the Secretariat
Buildings on the Fort St George complex in
Chennai, which serves as the capital of Tamil
Nadu. The Chennai Metropolitan Development
Authority (CMDA) is the central agency in
charge of planning and development in the
Chennai Metropolitan Area, which spans 1,189
km? (459 sq mi) and includes parts of the
Tiruvallur and Kanchipuram districts. Although
it is the smallest of the state's districts, it has the
highest population density. The city has an area
of 426 km?. Chennai is the 4th most populated
city, the 6th most densely inhabited city in
India, and the 31 biggest urban in the world.
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The area of the city possesses the rank of 27 out
of 640 cities in India. It is the 'Gateway to South
India' and is well-connected globally. Chennai
1s northeast of Tamil Nadu, on the east shore,
next to the Bay of Bengal. It lies between the
12°50'43.615"N and 13°13'49.196"N latitudes
and 80°8'37.79"E and 80°19'52.827"E

longitude (Fig. 1). It extends 25.6 km along the
bay coast, from Thiruvanmiyur in the south to
Thiruvottiyur in the north. It runs inwards in
a robust semicircular shape. It limits the east
with the Bay of Bengal and the other three
sides with the districts of Kanchipuram and
Thiruvallur (Fig. 1).
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Fig. 1. Study area—Chennai city
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Materials and methods

For finding the Land Surface Temperature (LST)
of the study region, Landsat 8 Operational Land
Imagers (OLI) and Thermal Infrared Sensor
(TIRS) images with 143 paths and 51 row has
used. These images have been downloaded from
USGS (United States Geological Survey), which
contains 11 bands with different wavelengths.
These satellite images have been utilized to
estimate the LST and vegetation. Particulate
Matter (PM,, and PM, ) air pollution data has
been gathered from the Central Pollution Control
Board (CPCB) for 2021. Demographic data
like population, literacy rate, Household, and
population density from the census of India,
Chennai for the year 2011.

The satellite photos were preprocessed by
extracting images based on the research region
using the ArcGIS 10.2 extract by mask tool.
The research region and accompanying satellite
pictures are obtained after preprocessing for data
analysis. Only bands 10, 4, and 5 are used to
calculate the Land Surface Temperature in this
study (LST). Thermal Infrared Sensor (TIRS)
band 10 has a wavelength of 10.60 to 11.19, red
band 4 has a wavelength of 0.64 to 0.67, and
Near Infrared (NIR) band 5 has a wavelength
of 0.85 to 0.88. The land surface temperature
of the research region was determined using the
following algorithm.

Calculation of top of atmospheric (TOA)

The introductory course of action for retrieving
land surface temperature is estimating the spectral
radiance of TOA.

TOA (L) =My, * Qcgy + AL — O; (1)

Where ML precise band’s
multiplicative rescaling factor, Q _ signifies the

signifies the

Quantized and calibrated standard product pixel
values (DN), AL signifiesthe precise band’s

Additive rescaling factor, and O, is the band
correction from Table 1 [16].

Calculation of Brightness Temperature (TB)

The next step is transforming spectral reflectivity
to TB wusing metadata's constant
The reflectance was converted to brightness
temperature using the equation below.

values.

K
m[(FR)+1]

Where K, and K, signify the specific band’s
thermal conversion constants, L signifies the
Top of the atmosphere. In order to achieve the
outcome value in Celsius, the radiant temperature
is adjusted by summing the absolute zero

(-273.150 C).

TTB = -273.15 )

Calculation of land surface emissivity (LSE)

Since the LSE is a proportionality factor that
scales blackbody radiance (Planck's law) to
forecast emitted radiance, and it is the competence
of transporting thermal energy across the surface
into the atmosphere, it is necessary to know the
LSE factor in order to compute the LST [17].
As a result, the emissivity is computed using the
equation below.

e=¢,P + &(1— PB,)+ de 3)

Where ¢ signifies the emissivity of the vegetative
of the region and ¢ signifies the emissivity of the
soil, P signifies the proportion of vegetation of the
region [18]. Following a research., the ultimate
emissivity for the Landsat 8 image is specified by
the equation given below [19].

€ =10.004 Pv + 0.989, 4)

Where 0.004 signifies the standard deviation
of 49 soil spectra, 0.989 signifies the average
emissivity of the region's soil (0.97) and the
region's vegetation's emissivity (0.99).
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Table 1. Metadata for the Landsat 8

Constant Factor
Mo Band’s rescaling feature
AL Band’s rescaling feature
Ky Thermal constant value
K, Thermal constant value
Oi Correction

Band Value
10 0.000342
10 0.1
10 1321.08
10 777.89
10 0.29

Calculation of vegetation and its share

The share of vegetation of a region (P ) is
estimated based on the following given equation
[20].

P, :( NDVI— NDVIpin )2 (5)

NDVIygx— NDVigin

With the use of Landsat visible (band 4) and NIR
(band 5) data, the following equation is used to
determine the Normalized Difference Vegetation
Index (NDVI). When identifying the LST, the
amount of vegetation present is crucial [21].

NIR—Red (6)

NDVI =
NIR+Red

Calculation of land surface temperature (LST)

The concludingprocedure for calculating the LST
is based on the following equation [22].

TB

LST = °C (7)

Where A signifies the wavelength of emitted
radiance by Landsat 8, which is 10.8 (given by
NASA), ¢, signifies the emissivity of the land
surface, p is given by the equation given below,

p=h==14388 umK ®)

Where h signifies Planck’s constant (6.626 X103 Js)

, 6 signifies the Boltzmann constant (1.38 x 10
J/K), and c signifies the velocity of light (2.988
x 108 m/s) [20]. The land Surface Temperature
for the study region has been done for March
2021.

Statistical model

SPSS was used to develop a statistical model
using multiple linear regression (statistical
package for the social science).

Y=a+ ﬁlxl + ﬁzxz + ﬁ3X3 (9)

Where Y signifies the dependent variable, o
signifies the intercept, B, ....... are regression
coefficients of the independent variables, x, , |

.. are independent variables which would be
the predictor of the dependent variable.

A supervised signature extraction with the
maximum likelihood algorithm was employed
to classify the digital Land use Land cover
mapping for 2021. An extensive field survey was
conducted throughout the research area utilizing
Global Positioning System (GPS) equipment
before the preprocessing and classification
of satellite pictures began. This survey was
conducted to acquire accurate locational point
data for each Land Use Land Cover class in the
categorization method, establish training sites,
and generate signatures. The NRSC (National
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Remote Sensing Centre) categorization system
was used to classify land use/land cover
(agriculture, built-up, wetlands, and wasteland).
Using the picture interpretation element (such
as tone, texture, shape, pattern, and association)
and Arc-GIS software, the Indian Remote
Sensing Satellite (IRS) data were visually and
digitally interpreted. Before the theme maps
were finalized, adequate field checks were
performed.

Results and discussion

Distribution of particulate matter

Spatio-temporal distribution of air pollutant
PM, , for Chennai city has shown in Figure
2. Spatially northern parts of Chennai have
high pollution of PM,, as compared to the
southern part. Wednesday and Thursday show
the maximum PM,,, and Sunday records
are low as compared to other days. Manali
village has a high average of PM, ,, followed
by Kodungiyur and Arumbakkam, whereas
Manali has recorded a low, followed by
Perugudi shown in Figure 3. Spatio-temporal
distribution of air pollutant PM,  for Chennai
city has shown in Figure 3. Spatially northern

parts of Chennai have high pollution of PM

as compared to the southern part. Wednesday

and Thursday show the maximum PM , and

10°
Sunday records are low as compared to other
days. Manali village has a high average of
PM,, followed by Manali and Arumbakkam,
whereas Velachery has a recorded low,
followed by Perugudi and Royapuram, showed
in Figure 5. Particulate matter (PM, , and PM )
is below the standard value prescribed by the
Central pollution control board given in Table
2. Similarly, some resaearchers have reported
that PM, | has increased to 10 units from the
normal period to the vacation period, whereas
PM, has increased to 22 units during the same

period in Latin America Megacity [23].

Population and density

Chennai is one of the largest cities in South
India, with a population of 72,53,531. The
city's population increased from 17,49,000
(1966) to 72,53,531 (2011), and its area
increased from 128.83 km?in 1961 to 426 km?
in 2011, with the population density increasing
from 128.83 to 17027 during the same period.
Being an important commercial centre of the
state, Chennai's population has experienced
rapid population growth.

Table 2. National Ambient Air Quality Standards

S. No Pollutant
1 PMio
2 PM, 5

Source: CPCB, 2019

Concentration in air (ug/m?)
100

60
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Chennai has become an important destination
for trade and tourism in recent years. Due to its
economic viability and available infrastructure, the
city was referred to with enormous potential for
industrial growth. According to the 2011 Census
for Chennai, the population density is 26,553
people per km?. Around 175 km? of the area is
urban, though no rural area exists. Moreover, Anna
Nagar, Tondairpet, Kodambakkam, and Teynampet
zones had very high population density and female
population density compared to Chennai city
zones (Fig. 6). Researchers in a study reported that
the population in urban area significantly impacts
the air quality in China [24].

Households

According to the 2011 census, the Chennai district
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has 1.1 million families, with 51% in rented houses.
Household is also very high in Thiru vi ka Nagar
zone when comparing other zones in Chennai city
followed by Royapuram, Kodambakkam and anna
nagar zone. The lowest household population is in
Sholinganallur and Manali zone, in the south and
north extreme, respectively.

Literacy Rate

The mean literacy ratio in 2001 was 85.33 %, and
90.33 % in 2011. It is expressed much higher than
the national mean of 79.5 %. Out of 3,776,276
literates, 1,968,079 were males (93.7%), while
1,808,197 were females (86.64%) in the Chennai
district. Adyar, Kodambakkam, and Teynampet
zones had very high female literacy rates when
comparing other zones in Chennai city (Fig. 7).
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Fig. 8. Land surface temperature and vegetation - 2021
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Land surface temperature (LST)

The land surface temperature has been identified
using band 4, band 5 and band 10 of the Landsat
image, a satellite image from the United State
Geological Survey (USGS). Chennai city is
located in a tropical region that receives maximum
solar radiation, which triggers the land surface
temperature, which will be regulated due to
various reasons such as vegetation and water body.
The Chennai region has been classified into three
categories based on high, moderate and low land
surface temperature. High LST is a region above
370C; moderate LST regions are between 360 C
to 370 C; low LST is a region below 360 C. High
LST occupies 108 sq. km (23%), moderate LST
occupies 275 km? (24 %). Low LST occupies 44
sq. km (10 %) (Fig. 8). Similarly, some researchers
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have reported that the temperature in urban area
significantly impacts the air quality in China [24].

Vegetation

The NDVI is a dimensionless index that reflects
the variation in vegetation cover's visible and
near-infrared reflectance and can be used to assess
the density of green on a piece of Land. High
vegetation in Chennai city occupies 39 km?, 13%
of'the total area. Moderate vegetation occupies 195
km?, which is 45% of the total geographical area of
Chennai city. Low vegetation occupies 173 km?,
40% of the total geographical area. Vegetation is
maximum in the northern part and southern parts
of Chennai (Fig. 8). Researchers has reported
that the vegetation in the urban areasignificantly
impacts the air quality in China [24].
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Fig. 9. Land use land cover and vehicle population-2021
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Land use land cover (LULC)

LULC for Chennai has performed for 2021
with type 1 classification based on National
Remote Sensing Corporation (NRSC). LULC
classification of vegetation, built-up, water
body and Barren Land has been demarcated.
Vegetation features cover 34 km? which
occupies 8% of the total area; built features are
covered the maximum area of Chennai city with
357 sq. km, which is 83% of the total Chennai
area. The water body covers 21 km? with 5% of
the total area. Finally, the Barren land feature
covers 14 km?, which is 3.5% of the total area of
Chennai city. Chennai city has three rivers: the
Kosasthalaiyar river, with a total length of 136
km; the Cooum river, with a total length of 64
km; and the Adyar river, which runs 42 km (Fig.
9).Similarly, researchers have reported that the
buildup area has significantly impacted the air
quality in China [24].

Vehicle population

Overall, Chennai the vehicle population
is moderate level. In the Adyar, Alandur,
Kodambakkam, and Valassaravakkam
regions, the vehicle population is high,
whereas, in Shozhinganallur and Tondiarpet,
the vehicle population is less shown in
Fig. 9.

Prediction model

The model performed based on multiple regression
shows that the model predicting the responsible
factor for PM, ; is significant with a correlation of
0.769, which is high. It reveals that the dependent
variable is 76.9% predicting the air pollution
for PM, .. Similarly, the model predicting the
responsible factor for PM,  is significant, with a
correlation of 0.854, which is high. It reveals that
the dependent variable is 85.4% predicting the air
pollution for PM, ; shown in Table 3. Researchers
has studied that automobile exhaust gas is
discharged into the air, causing severe air pollution
in Beijing, China [25].

The parameters such as LST and Vegetation
has not significant in both pollutants (PM, , and
PM, ), revealing that neither LST nor Vegetation
is not determining the air pollution in Chennai
city. Literacy rate and Land use, land cover, and
vegetation show negative values on both pollutants,
which means air pollution and literacy rate,
LULC and vegetation are inversely proportional.
In contrast, households, population density, and
vehicle population are directly proportional to air
pollution, particularly PM,, and PM, . Vehicle
population has more responsible for particulate
matter, followed by density, households and
population shown in Table 4.

Table 3. Model summary

Model R
PMz s 7692
PMio .8542

R? Sig. F Change
448 .000
729 .000
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Table 4. Coefficient of regression

PMys
Parameters
B
(Constant) 18.237
Households 1.128
Densityof Population 1.573
Literacy Rate -1.434
Population 0.611
LST 0.186
LULC -0.232
Vegetation -0.065
Vehicle Population 14.000

PMio
Sig. B Sig.
0.000 55.476 0.000
0.000 5.074 0.000
0.000 3.910 0.000
0.000 -7.281 0.000
0.000 0.617 0.030
0.151 0.126 0.669
0.013 -0.512 0.016
0.475 -0.095 0.648
0.001 22.000 0.005

The prediction model for PM is:

PM;5=18.23 +1.12*households+1.57*Density of
population-1.43*literacy rate+0.61 *Population

-0.23 * LULC +14.00*Vehicle Population

The prediction model for PM | is:

PM0=55.47 +5.07*households + 3.91 *Density
of population-7.28*literacy rate+0.61*Population
-0.51* LULC+22.00*Vehicle Population

Conclusion

The study reveals that the particulate matter
is below the standard value prescribed by the
Central pollution control board. The highest air
pollution in Chennai city is primarily responsible
for vehicle population and industries. Wednesday
and Thursday recorded maximum pollution

in the study area, whereas Sunday was very
low compared to other days. Regression shows
that the vehicle populationis responsible for air
pollution, followed by the population.Regression
also reveals that vehicle population is highly

responsible for PM, , followed by PM, ..

10°
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upper respiratory tract and has the potential to be transmitted to other people.
It depends on the causative pathogen and home environmental factors which
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Review

tract disease caused by infectious agents

transmitted from human to human [1]. Bacteria

Acute Respiratory Infection (ARI) is an infection
that attacks the lower or upper respiratory tract
and has the potential to be transmitted to other
people so that it can cause an expansion of the
disease ranging from asymptomatic to severe, the
spread of the disease depends on the pathogen,
environmental factors and host factors. However,
ARI is also often defined as an acute respiratory

are the main cause of respiratory tract infections,
whereas the bacteria that causes Streptococci
pneumonia is the most common cause of
pneumonia. However, most acute respiratory
infections are caused by viruses or a mixture of
viruses and bacteria. Acute respiratory infections
have the potential to become endemic or even
pandemic and may pose a public health risk [2].
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Acute Respiratory Tract Infection (ARI) causes
the largest single infectious death in children
worldwide. Data from World Health Organization
(WHO) states that around 808,694 children
under five died from ARI in 2017, accounting for
around 15% of deaths of children under five. ARI
is most common in South Asia and sub-Saharan
Africa [3]. Based on what has been explained by
the World Health Organization (WHO), Acute
Respiratory Infection (ARI) is the main cause
of morbidity and mortality due to infectious
diseases in the world. Nearly 4 million people
die from this infection yearly, of which lower
respiratory tract infections cause nearly 98% of
these deaths. Deaths from respiratory infections
are usually at higher risk for infants, young
children, and the elderly, especially those in low-
and middle-income countries. ARI is one of the
main causes of consultation or treatment in health
care facilities, especially children's services [2].
The result from Indonesia Basic Health Research
(Riskesdas) in 2013 showed that the incidence
of ARI was 25%, while the highest occurred in
the age group 1-4 years, namely 25.8%, 2014
ARI cases in toddlers were recorded at 657,490
cases or equivalent to 29.4% [4]. Data from the
Indonesian Health Profile in 2019 shows an
increase in the number of ARI cases in children
under five, whereas, in 2019, 52.9% of ARI cases
were found [5]. The mortality rate caused by ARI
in children under five is 0.12% [6]. The research
results showed that most ARI patients were
found in the 12-60 month age group [7]. Based
on the Indonesia Health Post in 2021, the scope
of discovery of acute respiratory infection (ARI)
cases still does not meet the target, meaning that
many cases still have not been found. In 2021 the
mortality rate due to pneumonia in toddlers was
0,16%. The mortality rate due to pneumonia in
the infant group is almost double that in a group
of children aged 1-4 years [8].

World Health Organization divides several
factors that influence the occurrence of ARI. One

of the causes is environmental conditions such
as air pollution, household density, humidity,
cleanliness, season, and temperature [9]. The
incidence of ARI is influenced by environmental
conditions, namely air pollution and home
ventilation. Based on the results of research
conducted in Padang, West Sumatra, that place
of residence influences the incidence of ARI [7].
Another study stated that one of the environmental
factors that affect the incidence of ARI is
residential density [10]. Occupancy density is not
a single factor that can affect the occurrence of
ARI based on the results of research conducted
in Mimika Papua showing that house ventilation
has a significant relationship with respiratory
tract infections in infants [11].

Physical components home environment is an
important factor in impacting the health status
of the house's occupants. Health requirements
are needed because they are used for housing
construction, which greatly influences the
improvement of health status. Several factors
that influence ARI to include nutritional status,
exclusive breastfeeding, completeness of
gender, ventilation, lighting,
humidity, floors, walls, roofs, residential density,

immunization,

cooking fuel, smoking family members, mother's
education, mot and her's occupation, and
family income (Ministry of Health, Indonesia
2009). Research in Muna Regency shows that
the condition of the home environment has a
significant relationship with respiratory tract
infections in infants [12].

This study aims to analyze the relationship
between home environmental conditions,
including ventilation, humidity, floors, and
residential density, with the incidence of Acute
Respiratory Infection (ARI) in Toddlers in
Indonesia by conducting a meta-analysis of data
from various research articles. Using the Meta-
analysis method, researchers can combine a
smaller study and make it a larger study so as to

show the effect. In addition, meta-analysis can
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improve the accuracy of the results.

Methods

The type of research that will be conducted
is a meta-analysis study, a systematic study
accompanied by statistical techniques to calculate
several research results regarding the quality
of home ventilation with ARI in toddlers. The
study's literature searched was limited to only
those who conducted research in Indonesia from
2017 to 2021.

The meta-analysis method has the advantage of

being objective compared to other study methods
and can estimate the effect size quantitatively and
its significance. However, it is difficult to use this
study to conclude because the combined studies
were of different quality, there was publication
bias, and the limitations of the data collected. So
the meta-analysis research must apply several
selections in the selected journal articles.

The data is then compiled and analyzed to be
used as a solution to the problems carried out by
the Meta-Analysis. The Fig. 1 is an image of a
literature scattering diagram.

Science Direct, Springer
Google Scholar dan PubMed
(n=227) (n =20)
\ Article screening:
a. Time span from 2017 —
A 2021

Results Articles found (n = 247)

y

b. Articles that are open
access or can be
downloaded full text

Screening Artikel (n=112)

I N

Full text article and can be b.
downloaded (n = 77)

A

Selected articles that met
the criteria for meta-
analysis (n= 25) d

Article Inclusion Criteria:

Article with original research with cross-sectional

design

There is a study on the condition of the home

environment and smoking habits with respiratory

tract infections in infants in Indonesia.

c. Articles are articles that are indexed at least by
Sinta, Google Scholar, or Garuda or International
Journals indexed by Google Scholar and
International Journals Index Scopus
Articles can be accessed for free.

Exclusion criteria

e. Articles other than research on environmental

conditions, smoking habits, and ARI in toddlers

f.  Articles with research designs other than cross-

sectional

Fig. 1. An image of a literature scattering diagram
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The articles that have been obtained are then
carried out by a meta-analysis, with 25 research
articles obtained. The analysis was carried out to
obtain the pooled odds ratio estimate using the
Mentel-Haenszel method for the fixed effect
analysis model and the DerSimonian—land
method for the random-effects model analysis.
Meanwhile, if the variation between the variables
is heterogeneous or the p-value of heterogeneity
is smaller than 0.05, the analysis model used is
the random-effects model. The meta-analysis
calculates the Prevalence Ratio (PR) value as
follows:

1. If the PR value>1 and the confidence
interval range is not more than 1, the variable
has a risk factor between House Environmental
Conditions with respiratory tract infections in
infants.

2. If the PR value<l and the range of
confidence intervals exceeds 1, this variable is a
protective factor between the condition of house
environmental conditions with respiratory tract
infections in infants.

3. If the PR value=1 and the confidence
interval range is not more than 1, then the variable
has no significant relationship.
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Fig. 2. An image of the result of Forest plot diagram about house environmental conditions (ventilation,

occupancy density, humidity, lighting) with respiratory tract infections in infants
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Fig. 2. An image of the result of Forest plot diagram about house environmental conditions (ventilation,
occupancy density, humidity, lighting) with respiratory tract infections in infants
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Fig. 2. An image of the result of Forest plot diagram about house environmental conditions (ventilation,
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Relationship of home environmental conditions
(ventilation, occupancy density, humidity, lighting)
with respiratory tract infections in infants

a. Meta-Analysis of the Relationship between
Occupancy Density and the incidence of ARI in
Infants

The p-value in the heterogeneity test is smaller
than the value of or less than 0.05, namely
p=<0.001, which means that some of these studies
have heterogeneous data, so the analysis uses a
random-effects model. The results of the forest
plot in Fig. 2a shows that the value of pooled PR
=¢e%31=1.138 (95% CI -0.20 — 0.82).
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Fig. 3. An Image of the Funnel plot diagram occupancy density with the incidence of ARI in infants

Based on Fig. 3, it can be seen that several points
come out of the triangle area, which means that
there are indications of publication bias.

The p-value in Egger's test is greater than or more
than 0.05, namely the p-value = 0.234, meaning
there is no indication of publication bias.

The condition of the home environment, in this
case, the density of housing that does not meet
the requirements, has a risk of 1,138 times
greater for with respiratory tract infections in
infants compared to the condition of the density
of housing that meets the requirements with a CI
value of 95% and does not exceed the number 1
so that the difference between the two groups is
a statistically significant risk. From the results of

the meta-analysis in this study, poor ventilation
can affect the incidence of ARI in infants by 1.138
times greater than good ventilation. This is in line
with research that has been conducted, which
shows that occupancy density has a significant
relationship between ventilation quality and the
incidence of ARI in toddlers [13].

This research is also in line with the results of
research conducted in the coastal area of Kore
village, where the research showed a relationship
between settlement density and the incidence of
ARI in toddlers [14]. In contrast, several studies
conducted in Sorong, Papua, did not show a
relationship between occupancy density and the
incidence of ARI. The p-value was 0.519 or more
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which means there was no relationship. A study
conducted in Bangladesh showed that the risk
of hospitalization for ARI in children increased
in children who lived with high occupancy
densities, with a 3.6 times greater chance of
having an infection compared to children who
lived with low occupancy densities (COR 3.61,
95% CI 2.29-5.74) [15]. Based on research
conducted in Nagas Raya Regency showed that
occupancy density related to the events of acute
respiratory infections with p-value<0.05 (0.006)
and occupancy density of 1,845 times the chance
of causing ARI in toddlers (PR 95% CI 1,184
-2,876) [16]. Other studies also showed the same
results, where the density of occupancy has a
relationship that follows the incidence of ARI

with p-value<0.05 (p-value = 0.001) and 14.35
times can cause the risk of ARI in children under
five (OR CI 95% 2.69-17.04) [17]. Another
study conducted in Donggala showed that
occupancy density had a significant relationship
with respiratory tract infections in infants with a
p-value<0.05 (p-value=0.003) [18].

b. Meta-analysis Relationship of ventilation
quality with respiratory tract infections in infants
The p-value is less than 0.05, meaning the p-value
15 <0.001 or less than 0.05, so it can be concluded
that the air quality data with the incidence of ARI
is heterogeneous. When the data is heterogeneous,
the analysis uses a random-effects model. The
results from the forest plot in Fig. 2b show that
the Pooled PR=e=1.568 (95% CI 0.09-0.81).
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Fig. 4. An image of Funnel plot diagram of ventilation quality with respiratory tract in infants
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Based on the picture above, it can be seen
that there are points outside the triangle,
which means that there is an indication of
publication bias on the ventilation variable
with the incidence of ARI.

The p-value value is less than 0.05, which
means that there is an indication of publication
bias on the natal variable with the incidence
of ARI in toddlers.

The risk of ARI occurrence in infants with
inadequate ventilation is 1.568 times greater
than that of infants with adequate ventilation
with a 95%
interval of not more than 1, so the quality

Cl value and a confidence

of ventilation has a significant relationship.
Home ventilation is one of the factors that
can affect the development of bacteria and
viruses in the house, so it can potentially
increase the incidence of ARI in toddlers.
This is to the results of the meta-analysis
that has been carried out that poor ventilation
quality in the house can cause a 1,568 times
greater risk of ARI in children under five.

Based on the results of research on Sapuli
Island, South Sulawesi, that poor household
ventilation 1s associated with ARI in
toddlers, where the results of the study
show a P-Value of 0.002 (<0.05) [19]. In
line with the research above, the research
conducted in Sibolga showed that there was
a significant relationship between the quality
of home ventilation and the incidence of
ARI in toddlers where the P-Value value was
0.019 or less than 0.05, with a PR value of
1.208 which means that toddlers living in
houses with ventilation that do not meet the
requirements have a 1,208 times greater risk
of getting ARI [20]. Another study conducted
in Jakarta showed the same results, namely
that home ventilation is related to the
incidence of ARI in infants; it can be seen

that the p-value is 0.000 (<0.05) with a PR
value of 5.193, meaning that ventilation is
a risk factor for respiratory tract infections
in infants [21]. Another study showed that
ventilation that did not meet the requirements
had a significant relationship with respiratory
tract infections in infants with a p-value of
0.000 (<0.05) [22].

In Africa, fossil fuels are still widely used for
cooking, heating, and lighting equipment, but
this is not accompanied by proper ventilation.
Poor ventilation can increase the risk of ARI
occurrence. In Ethiopia, a study conducted
showed that those who live in houses that
do not have windows significantly affect the
incidence of ARI (Maor 4.03, 95% CI 1.74-
9.35) [23, 24]. Another study conducted
in Indonesia showed that ventilation had
a significant relationship (p-value<0.05)
with the incidence of respiratory infections,
namely pneumonia in infants with P-Value =
0.000 [25]. So it can be concluded that home
ventilation is a risk factor for the incidence
of ARI in infants and toddlers who live in
homes whose ventilation does not meet the
requirements have a risk of getting ARI and
a risk of admission to the hospital.

C. Meta-analysis of the relationship
between house humidity and with respiratory
tract infections in infants

The results of the forest plot in Fig. 2¢ shows
that the value of pooled PR=e?-*' =1.665 (95%
CI-0.33—-1.35). In the humidity variable with
ARI, the publication is not biased because,
in this variable, the meta-analysis data is not
more than 10.

The humidity of the house that does not meet
the requirements has a 1.665 times greater
risk of ARI in children under five compared
to the humidity of the house that meets the
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requirements. The results of the forest plot
test above shows that the 95% CI value is
more than 1, meaning that the humidity
variable is a protective factor in this study.
This means that the house's humidity can
reduce the risk of ARI in toddlers.

Humidity in the house can affect the humidity
of the floor of the house. Research conducted
in Bilang Muko explained that moist floors
are related to the incidence of ARI in toddlers
[26]. Research on house humidity with the
incidence of ARI in Toddlers has a significant
relationship with respiratory tract infections
in infants with a p-value value 0 0.039 or less
than (0.05) with a PR value=1.3 which means
that house humidity that does not meet the
requirements has a risk 1.3 times more likely
to cause ARI in Toddlers [26]. The results of
the study showed that the average heat index
could also affect the severity of respiratory
diseases, and high heat temperatures in the
house can affect the humidity in the house
[27]. Humidity in the home environment
has a 5-fold risk of causing ARI in toddlers
(OR=5.00; CI 95% 0,79-31,51) [17].
Unqualified home humidity can cause the
risk of ARI in Toddlers. Research conducted
in Lampung Tengah, Indonesia, shows
that flatness has a significant relationship
(p-value<0.05) with the incidence of ARI in
toddlers (p-value 0.001) [28].

d. Meta-Analysis of the relationship between
house floor conditions and the incidence of
ARI in Toddlers

In the heterogeneity test, it can be seen that
the p-value value is less than 0.05 or no more
than, which means that the variable data on
floor quality with the incidence of ARI is
heterogeneous, so it must use a random effect
model analysis.

In the Forest plot test in Fig. 2d, the value of
Pooled PR=¢°27=1.309 (95% CI1-0.13-0.68),
which means that the quality of the floor of
the house does not meet the requirements
has a risk of 1.309 times greater influence
with respiratory tract infections in infants
compared with the quality of the floor that
meets the requirements. In this case, the 95%
CI value is not more than one, so the quality
of the floor of the house with the incidence
of ARI has a significant relationship. There is
no publication bias on this variable because
the data that did the meta-analysis were not
more than 10.

This study shows that floors that do not meet
the requirements have a risk of developing
ARI in toddlers. This is in line with research
conducted in Jakarta that the condition
of the floor of the house has a significant
relationship with respiratory tract infections
in infants, where the p-value value is 0.019
or less than 0.05 with a PR value of 1.665
which means that the floor condition has a
risk of 1.665 more. Causes the incidence of
ARI in Toddlers [21].

This study is also in line with research
conducted in Sibolga that the condition of
the floor of the house is associated with
respiratory tract infections in infants with
a p-value of 0.013 or less than 0.05 with a
PR value of 1.33 which means that it has a
relationship of 1.33 times greater than good
floor conditions [20]. Research conducted
in Bilang Muko also shows that the quality
of the floor of the house has a relationship
with respiratory tract infections in infants
with a p-value value of 0.014 or less than
0.05 with a PR value of 1.9 meaning that
poor floor conditions cause 1,9 times greater
incidence of ARI in children under five. Poor
house floors cause dusty and damp floors,
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increasing the risk of ARI [26].
Toilet facilities, cooking gas, and taking
intestinal parasite drugs are slightly related
to ARI. Meanwhile, ARI has a significant
with  (p-value<0.20)

stunting, economic

relationship age,

gender, conditions,
living environment conditions, maternal age
in childbirth, level of education, and Body
Mass Index (BMI) of the mother [29]. The
study showed that home environmental
factors have a significant relationship with
the incidence of ARI, so it can be concluded
that home environmental factors such as
house floors, ventilation, and others have a
relationship in causing ARI.

So that the variable of home environmental
conditions with the highest risk of causing
the incidence of ARI in toddlers

humidity, the results of the meta-analysis of

1s air

house humidity with the incidence of ARI in
toddlers have a 1.665 greater risk of causing
the incidence of ARI. House humidity has
a Pooled PR wvalue greater than several
other variables, namely occupancy density,
ventilation, and house floors. However, in
a meta-analysis, house humidity is also a
protective factor in the incidence of ARI.
This is because the 95% CI value exceeds 1,

which means it is a protective factor.

Conclusion

Based on the results of the meta-analysis,
the highest risk factor for environmental
conditions with respiratory tract infections
in infants is the house humidity variable
with a value of PR = ¢°3!' =1.665 (95% CI-
0.33-1.35). In contrast, the lowest variable
is environmental conditions. House with

respiratory tract infections in infants is the

variable density of occupancy with a value of
PR =¢%3' =1.138 (95% CI-0.20-0.82).

Efforts that can be made to minimize the
incidence of ARI are to control the risk of
ARI, namely by not smoking in the house,
keeping the house from being humid, and
making good home ventilation so that it can
minimize the occurrence of ARI in toddlers,
for policyholders to conduct a healthy home
survey and help the underprivileged in
maintaining a healthy home environment, as
well as providing education about the dangers
of smoking in the house by family members.
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