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Abstract—Particulate matter (PM) in ambient air is responsible
for adverse health effects in adults and children. Relatively little is
known about the concentrations, sources and health effects of PM in
indoor air. A monitoring study was conducted in Ankara by three
campaigns in order to measure PM levels in indoor and outdoor
environments to identify and quantify associations between sources
and concentrations. Approximately 82 homes (1st campaign for 42,
2nd campaign for 12, and 3rd campaign for 28), three rooms (living
room, baby’s room and living room used as a baby’s room) and
outdoor ambient at each home were sampled with Grimm
Environmental Dust Monitoring (EDM) 107, during different
seasonal periods of 2011 and 2012. In this study, the relationship
between indoor and outdoor PM levels for particulate matter less than
10 micrometer (µm) (PM10), particulate matter less than 2.5µm
(PM2.5) and particulate matter less than 1.0µm (PM1) were
investigated. The mean concentration of PM10, PM2.5, and PM1.0 at
living room used as baby’s room is higher than living and baby’s
room (or bedroom) for three sampling campaigns. It is concluded that
the household activities and environmental conditions are very
important for PM concentrations in the indoor environments during
the sampling periods. The amount of smokers, being near a main
street and/or construction activities increased the PM concentration.
This study is based on the assessment the relationship between indoor
and outdoor PM levels and the household activities and
environmental conditions.

Keywords—Indoor air quality, particulate matter (PM), PM10,
PM2.5, PM1.0.

I. INTRODUCTION

T

HE indoor air quality (IAQ) as assessed by particulate
matter (PM) has become one of the most important topics
of air pollution research. This is because most people spend
most of their time in various indoor environments (homes,
schools, offices, shopping mall, restaurants etc.). Usually, in
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health studied, particulate matter (PM) has been measured as
the mass of particle smaller than 10 µm, PM10 or smaller than
2.5µm, PM2.5 [6]. These findings were especially pronounced
for inhalable thoracic particles (particles of aerodynamic
diameter less than 10µm, PM10) and fine particles (particles
smaller than 2.5µm, PM2.5 [2], [3], [5], [13], [16], [17].
Many studies have found that the concentrations of
suspended particulate matter were higher indoors than
outdoors when there were sources of indoor particulate in
domestic homes [4], [8], [7], [19], [21]. Incremental
concentrations of fine particles were attributed to tobacco
smoking and operation of gas stoves for cooking. Reference
[19] found that concentrations of fine particle were as high as
300µg/m3 when a smoker kept smoking for up to 30min until
the cigarette had burnt out, also the 24h average
concentrations of fine particles could be elevated by 20µg/m3.
As most time is spent at indoors, information on the
indoor/outdoor (I/O) relationship of particulate concentrations
is important. Indoor levels can be influenced by outdoor levels
and by particle generation indoors [22]. Not only emission
sources, but also human activities (e.g. cleaning, working,
cooking etc.) and even the mere presence of people at home
lead to increases in particulate levels indoors [19].
A variety of studies on I/O relationships have been
conducted in the USA. Overall, the I/O ratios ranged from 0.5
to 2 and greater [9]-[11], [18]. In homes with indoor sources
(e.g. gas-cooking, smoking) I/O ratios were generally found to
be greater than 1, showing that the exposure of subjects to
particulates can be greater than outdoors.
A dose-concentration relationship was found for fine
particulates with the number of cigarettes smoked at home
[14]. Reference [15] investigated I/O relationships in Finland,
where the ratios were less than 1 in homes without any indoor
sources but greater than 1 in homes with smokers. For fine
particulates, Reference [12] found I/O ratios between 0.6 and
2. Without indoor sources, an almost linear indoor/outdoor
relationship was observed. In all homes no air conditioning is
used and ventilation is conducted mechanically by opening
windows.
In this study, approximately 82 homes (1st campaign for 42,
nd
2 campaign for 12 and 3rd campaign for 28), three rooms
(living room, baby’s room and living room used as a baby’s
room) and outdoor ambient at each home were sampled with
Grimm Environmental Dust Monitoring (EDM) 107, during
different seasonal periods of 2011 and 2012. The relationship
between indoor and outdoor PM levels for particulate matter
less than 10µm (PM10), particulate matter less than 2.5µm
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(PM2.5) and particulate matter less than 1.0µm (PM1) were
investigated. Also, the study demonstrates a few representative
cases of I/O investigations with the emphasis on reference
conditions (homes without indoor source and activity), indoor
sources (e.g. smoking, heating type, nearby construction) and
elevated human indoor activity in the absence of indoor
sources. The objectives of this study were to: (i) compare fine
and course PM exposure for the measurement environment
(living room, baby’s room, outdoor) and the measurement
champagnes, and (ii) discuss possible sources that influence
indoor and outdoor PM concentrations for the homes.

concentrations and size distributions since this kind of monitor
is lightweight, easy to operate, and effective for time
resolution.
The Grimm Aerosol Spectrometer measures the number of
particles per unit volume of air using light-scattering
technology. The number concentration of aerosol particles
detected by the spectrometer is converted into a mass
concentration via mathematical extrapolation with a correction
factor. The relationship between the mass concentration and
number concentration can be expressed as
m(dpi)=CF(π/6)d3pin(dpi)

(1)
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II. MATERIAL AND METHODS
A. Sampling Site and Data Collection
Ankara is the capital of Turkey and the country's second
largest city after Istanbul. In this study, the sampling locations
located in different neighborhoods of Ankara district. The
locations of the sampling sites are shown in Fig. 1.

Fig. 1 Sampling locations

Within the scope of this study, three measurements
campaigns were performed on different time periods. The first
measurements campaign carried out between April 20, 2011 to
July 26, 2011, second campaign between October 24, 2011 to
December 28, 2011 and the third campaign between April 19,
2012 to July 02, 2012.
Approximately 82 homes (1st campaign for 42, 2nd
campaign for 12, and 3rd campaign for 28), two rooms (living
room and baby room) and outdoor ambient were sampled.
Indoor air samples were collected both in living and baby’s
rooms (or bedroom). In some homes, the living room is used
as a baby room. In situations such as this, the only one
measurement was performed for indoor ambient sampling. For
the outdoor measurements, samples were taken at balconies, in
front of the windows or near to the front of the homes. During
the sampling studies, PM monitoring device was placed in the
middle of the sampled rooms in the 50cm above the floor on a
horizontal surface.
B. Monitoring Equipment and Analysis
In this study, Grimm Series 1.107 Aerosol Spectrometer
(Grimm Technologies, Inc., Douglasville, GA, USA), a
portable optical counter, was utilized to measure particle mass
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where i is channel number of the optical particle counter; dpi is
the arithmetic mean diameter of the upper and lower
boundaries for channel i; m(dpi) is the mass concentration in
channel i; n(dpi)is the number concentration in channel i; and
CF is a correction factor. In this study, measurement raw data
are reported based on the default correction factor of 1.0 [23].
This instrument provides four operational modes:
environmental, occupational health, mass distribution and
count distribution. The instrument measures particle
concentrations in an optical size of 0.25–32µm in 31 channels
with differently sizes with a concentration range of 1–
2,000,000 particles/L (for count distribution mode) or a mass
concentration range of 0.1 to 1.500µg/m3 (for mass
distribution and environmental and occupational health
modes).
The Grimm EDM107 dust monitor takes a continuous air
sample with a flow controlled pump. The particles are
measured by the physical principle of orthogonal light
scattering. Here particles are illuminated by a laser light and
the scattered signal from the particle passing through the laser
beam is collected at approximately 90° by a mirror and
transferred to a recipient diode. Each signal of the diode is fed,
after a corresponding reinforcement, to a pulse height analyzer
then classified to size and transmitted in each size channel.
These counts are converted each 6 seconds to a mass
distribution from which the different PM values derive.
The data is also stored and retrieved for PC display with our
software for mass distribution in µg/m3 for PM10, PM2.5, and
PM1. Remote data access is also possible.
In this study, the spectrometer was operated in mass
distribution mode to produce mass concentrations versus time.
The measured real-time mass concentration data are
transferred at 6 seconds intervals to a data storage card.
Measurement data were then downloaded from the storage
card via the Grimm 1.177 program on mass distribution mode
and environmental mode, respectively. The particle mass
concentrations in 31 different sizes can be produced at mass
distribution mode. Additionally, PM10, PM2.5, and PM1.0 levels
can be generated directly when environmental mode was
selected.
During the sampling period, carbon dioxide (CO2), relative
humidity (RH) and temperature (T) levels also recorded. The
Indoor air IQ-410 quality probe was used to measure CO2,
CO, T and RH parameters. These parameters and
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concentrations of PM10, PM2.5, PM1.0, were measured at each
environment for a period of 15min interval. The measurements
were performed non-simultaneously in indoors and outdoors.
Addition to air quality parameter records, the questionnaire
study also have been carried out. The questionnaire containing
30 questions about building conditions, residential life-style
and indoor situations was completed by the participants during
the sampling period. The questionnaire also asked about the
distance of the residence from a main street, amount of smoker
at household, smoking places at homes, distance to the
construction works etc.

baby’s room is the same) and outdoor were 66±9 and 63±8,
51±5 and 58±17 (%) respectively.
Table II shows the indoor and outdoor levels of CO2,
temperature and relative humidity measurement results
obtained in the living rooms, baby’s rooms, the rooms that
living and baby’s room is the same and outdoor of residence.
TABLE II
INDOOR AND OUTDOOR CONCENTRATIONS OF CARBON DIOXIDE (CO2),
TEMPERATURE (T), AND RELATIVE HUMIDITY (RH) FOR 2ND SAMPLING
CAMPAIGN
2nd Sampling
n
CO2 (ppm)
n
T (˚C)
n
RH (%)
Campaign
Living Room
968±228
21±2
66±9
8
Minimum
10
708
9
18
56
Maximum
1370
23
79
Baby’s Room
1075±319
21±2
63±8
Minimum
10
436
9
18
9
46
Maximum
1567
26
74
Outdoor
487±144
16±5
58±17
1
Minimum
14
358
13
8
36
3
Maximum
931
29
93
Living room &
746±144
22±2
51±5
Baby's room
4
4
4
Minimum
530
21
46
Maximum
828
26
56
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III. RESULTS AND DISCUSSION
A. The Results of Carbon Dioxide (CO2), Relative Humidity
(RH) and Temperature (T) Measurements
For the 1st campaign of sampling studies, the average CO2
concentration in living rooms ranged from 459 to 1118ppm
with an average of 742ppm. In the baby’s rooms, the mean
CO2 concentrations ranged from 488 to 1176ppm with an
average of 741ppm. During the 1st sampling campaign, 40
percent of indoor measurement was carried out at rooms
which are same using of both living and baby’s room. In the
case of the common used areas, the mean CO2 concentrations
ranged from 455 to 1473ppm with an average of 947ppm.
The average temperature (T) level in outdoor ranged from
10 to 23oC with an average of 16oC. Table I shows the indoor
and outdoor levels of CO2 and the results of outdoor
temperature measurement obtained in the living rooms, baby’s
rooms, the living room used as a baby’s rooms of residence.
TABLE I
INDOOR AND OUTDOOR CONCENTRATIONS OF CARBON DIOXIDE (CO2),
TEMPERATURE (T), AND RELATIVE HUMIDITY (RH) FOR 1ST SAMPLING
CAMPAIGN
1st Sampling
RH
n
CO2 (ppm)
n
T (˚C)
n
Campaign
(%)
Living Room
742±208
Minimum
35
459
Maximum
1118
Baby’s Room
741±187
Minimum
35
488
Maximum
1176
Outdoor
455±107
16±4
Minimum
43
304
45
10
Maximum
1115
23
Living room &
947±374
Baby's room
8
Minimum
455
Maximum
1473
-

For the 2nd campaign of sampling studies, the average CO2
concentration in living rooms ranged from 708 to 1370ppm
with an average of 968ppm. The mean CO2 concentrations in
the baby’s rooms ranged from 436 to 1567ppm with an
average of 1075ppm. In the case of the common used areas,
the mean CO2 concentrations ranged from 530 to 828ppm with
an average of 746ppm.
The average temperature (T) level in living room ranged
from 18 to 23oC with an average of 21oC.
Average RH measurements level and standard deviation
(SD) in indoor (living room, baby’s room, the room living and
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For the 3rd campaign of sampling studies, the average CO2
concentration in living rooms ranged from 429 to 975ppm
with an average of 618ppm. The mean CO2 concentrations in
the baby’s rooms ranged from 410 to 1575ppm with an
average of 591ppm. The average temperature (T) level in
living room ranged from 23 to 33oC with an average of 27oC.
Average RH measurements level and standard deviation
(SD) in indoor (living room, baby’s room) and outdoor were
31±7 and 30±8 and 25±7 (%) respectively. Table III shown
the indoor and outdoor levels of CO2, temperature and relative
humidity measurement results obtained in the living rooms,
baby’s rooms and outdoor of residence.
TABLE III
INDOOR AND OUTDOOR CONCENTRATIONS OF CARBON DIOXIDE (CO2),
TEMPERATURE (T), AND RELATIVE HUMIDITY (RH) FOR 3RD SAMPLING
CAMPAIGN
3rd Sampling
RH
n
CO2 (ppm)
n
T (˚C)
n
Campaign
(%)
27
27
27
Living Room
618±148
27±2
31±7
Minimum
429
23
17
Maximum
975
33
53
27
27
27
Baby’s Room
591±235
28±3
30±8
Minimum
410
24
12
Maximum
1575
43
53
Outdoor
27
443±36
27
28±4
27
25±7
Minimum
392
20
10
Maximum
548
35
40

According to the CO2 results, the CO2 levels belong to the
1st sampling period performed at common use room and the
levels of living room and baby’s room belong 2nd sampling
periods did exceed the Level of Guide on Air Quality
Certification Scheme for Offices and Public Places of
excellent class 800ppmy, as shown in Table IV.
The commonly accepted the average ideal room
temperature is between 20 to 25.5°C. In the period of 3rd
sampling, the levels of room temperature in living room and
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TABLE V
THE SUMMARY OF INDOOR AND OUTDOOR PM10, PM2.5 AND PM1.0
MEASUREMENTS FOR 1ST CAMPAIGN (µG/M3)
st
1 Sampling
n
PM10
n
PM2.5
n
PM1.0
Campaign
Living Room
116±40
31±11
18±8
Minimum
41
52
41
15
41
5
Maximum
224
63
47
Baby Room
96±38
30±12
18±7
Minimum
40
43
40
13
39
5
Maximum
215
72
40
Outdoor
Minimum
Maximum
Living room &
167±74
66±57
47±57
Baby's room
7
7
7
Minimum
65
24
18
Maximum
289
192
178
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baby’s room did exceed the average room temperature levels
(Table III, IV).
Although Ankara does not have a sea cost, the relative
humidity plays a large role in determining people comfort
level. The relative humidity results show that the relative
humidity levels did exceed the level of excellent class of
Indoor Air Quality guideline value for Japan (Law of
Maintenance of Sanitation in Building) and South Korea
(Public Sanitary Law) on the period of 3rd sampling [1].
TABLE IV
A GUIDE ON INDOOR AIR QUALITY CERTIFICATION SCHEME FOR OFFICES AND
PUBLIC PLACES, 2003
8-hour average a
Air Parameter
Unit
Excellent Class
Good Class
Carbon dioxide (CO2)
ppmv
<800b
<1000c
o
d
Room Temperature
C
20 to <25.5
<25.5d
Relative Humidity
%
40 to <70e
<70
Respirable suspended
3
f
µg/m
<20
<180g
particulate (PM10)
a In some cases, it may not be practicable to take 8-hour continuous
measurement. In these circumstances, surrogate measurement (i.e. an
intermittent measurement strategy based on the average of half-an-hour
measurements conducted at four time-slots) is also accepted.
b US EPA (1996), Facilities Manual: Architecture, Engineering, and
Planning Guidelines. Maximum Indoor Air Concentration Standards.
c Indoor Air Quality guideline value for Australia (Interim National Indoor
Air Quality Goals), Canada (Indoor Air Quality in Buildings: A Technical
Guide), Japan (Law of Maintenance of Sanitation in Building), South Korea
(Public Sanitary Law), Singapore (Guidelines for Good Indoor Air Quality in
Office Premises/building), Sweden (Ventilation Code of Practice) and
Norway (Recommended Guidelines for Indoor Air Quality).
d EMSD (1998), Guidelines on Energy Efficiency of Air Conditioning
Installations
e Indoor Air Quality guideline value for Japan (Law of Maintenance of
Sanitation in Building) and South Korea (Public Sanitary Law).
f Finnish Society of Indoor Air Quality and Climate (2001), Classification
of Indoor Climate 2000: Target Values, Design Guidance and Product
Requirements.
g EPD (1987), Hong Kong Air Quality Objectives under the Air Pollution
Control Ordinance (Cap. 311)

B. PM Mass Concentration Results
Statistical calculations were performed using the Stat
graphics Centurion Statistical Software. The continuous
particle concentration data and other environmental
parameters were initially investigated by descriptive statistics
(mean and standard deviation).
All measurements were conducted for the approximately 3
weeks in Ankara. Table V to VII showed the average
concentrations of particulates indoors and outdoors at homes
in PM10, PM2.5, and PM1.0 size fractions respectively for three
measurement periods. For the 1st and 2nd sampling periods, it
is observed that the mean concentration of PM10, PM2.5, and
PM1.0 at the common use rooms is higher than living and
baby’s room (or bedroom). In the 3rd sampling period, PM10,
PM2.5, and PM1.0 concentration measured on the living room is
higher than the baby’s room PM concentrations. During the 1st
sampling period, average PM10 concentration and standard
deviation (SD) in indoor (living room, baby’s room and
common use rooms) were 116.4 ± 40µg/m3, 96±38µg/m3, and
167, ± 74µg/m3 respectively. In the first sampling period, the
outdoor measurements were not carried out.
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In the 2nd sampling period, average PM10 concentration and
standard deviation (SD) in indoor (living room, baby’s room
and common use rooms) and outdoor were 133 ± 57µg/m3,
104±49µg/m3, 133±70µg/m3, and 107±32µg/m3 respectively
(Table VI). The 2nd sampling was carried out during the fall
season. It could be conclude that the highest PM values were
observed during this period due to general ventilation is not
enough in most of the home hence the general point of view of
parents was to protect the babies from the cold weather
conditions.
TABLE VI
THE SUMMARY OF INDOOR AND OUTDOOR PM10, PM2.5 AND PM1.0
MEASUREMENTS FOR 2ND CAMPAIGN (µG/M3)
nd
2 Sampling
n
PM10
n
PM2.5
n
PM1.0
Campaign
Living Room
133±57
40±20
27±15
Minimum
12
63
12
16
12
9
Maximum
243
88
66
Baby Room
104±49
39±22
29±18
Minimum
10
44
10
18
10
9
Maximum
193
91
74
Outdoor
107±32
23±5
17±8
3
3
3
Minimum
82
18
10
Maximum
144
28
26
Living room &
133±70
32±22
21±17
Baby's room
2
2
2
Minimum
63
16
9
Maximum
163
48
33

In the 3rd sampling period carried out on the spring-summer
period, average PM10 concentration and standard deviation
(SD) in indoor (living room and baby’s room) and outdoor
were 93±58µg/m3, 67±26µg/m3, and 59±33µg/m3 respectively
(Table VII).
TABLE VII
THE SUMMARY OF INDOOR AND OUTDOOR PM10, PM2.5 AND PM1.0
MEASUREMENTS FOR 3RD CAMPAIGN (µG/M3)
3rd Sampling
n
PM10
n
PM2.5
n
PM1.0
Campaign
Living Room
28
93±58
28
24±15
28
16±12
Minimum
43
7
3
Maximum
354
76
62
Baby’s Room
28
67±26
28
22±14
28
16±13
Minimum
26
8
3
Maximum
152
67
63
Outdoor
28
59±33
28
16±8
28
11±6
Minimum
17
4
2
Maximum
139
39
23
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Following the searches, PM10 levels except the results of the
common use room during the 1st sampling period did not
exceed the limit value of National Ambient Air Quality
Standards (NAAQS) for particulate matter: 24 hour
concentration standard of 150µg/m3, as shown in Fig. 2 (Table
VIII).

Fig. 2 Concentrations and the limit value of PM10 in the measurement
environment

When it is considered 2nd sampling period carried out
during the fall season, it is clear that PM2.5 levels on living and
baby’s room did exceed the limit value of National Ambient
Air Quality Standards (NAAQS) for particulate matter: 24
hour concentration standard of 35, as shown in Fig. 3 (Table
VIII) [20].

Fig. 3 Concentrations and the limit value of PM2.5 in the
measurement environment
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TABLE VIII
NATIONAL AMBIENT AIR QUALITY STANDARDS (NAAQS) FOR PARTICULATE
MATTER FOR 2012 (µG/M3)
Averaging
Level
Primary/
Indicator
Form
Secondary
Time
(µg/m3)
Annual arithmetic
Primary
Annual
12
mean, averaged over
3 years (1), (2)
Annual arithmetic
PM2.5
Secondary
Annual
15
mean, averaged over
3 years(1), (2)
Primary
98th percentile,
and
24-hour
35
averaged over 3
Secondary
years (3)
Not to be exceeded
Primary
more than once per
and
24-hour (4)
150
PM10
year on average over
Secondary
a 3-year period
(1) TSP = total suspended particles.
(2) The EPA tightened the constraints on the spatial averaging criteria by
further limiting the conditions under which some areas may average
measurements from multiple community-oriented monitors to determine
compliance.
(3) The level of the 24-hour standard is defined as an integer (zero decimal
places) as determined by rounding. For example, a 3-year average 98th
percentile concentration of 35.49µg/m3 would round to 35µg/m3 and thus
meet the 24-hour standard and a 3-year average of 35.50µg/m3 would round to
36 and, hence, violate the 24-hour standard.
(4) The EPA revoked the annual PM10 NAAQS in 2006.

C. Relationship between Indoor Environment PM Levels
and Outdoor Ambient PM Levels
The I/O relationships depend on the type of ventilation and
the outdoor climate. Local climatic conditions influence
ventilation habits. The ratio of indoor-to-outdoor
concentrations (I/O) may give an insight on the relative
contribution of indoor and outdoor sources to the indoor
concentration levels. As most time is spent at indoors,
information on the indoor/outdoor (I/O) relationship of
particulate concentrations is important. Indoor levels can be
influenced by outdoor levels and by particle generation
indoors [22]. Not only emission sources, but also human
activities (e.g. cleaning, working, cooking etc.) and even the
mere presence of people at home lead to increases in
particulate levels indoors
For the 2nd sampling campaign, the calculated I/O ratios at
the under study residence were equal to 1.2 for PM10, 1.7 for
PM2.5 and 1.5 for PM1.0. For the 3rd sampling campaign, the
calculated I/O ratios at the under study residence were equal to
1.5 for PM10, 1.5 for PM2.5 and 1.4 for PM1.0. When the I/O
ratio is over 1, the presence of indoor sources is considered to
be significant. The results showed that the ventilation is not
enough during the day at homes (Table IX).
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TABLE IX
THE INDOOR/OUTDOOR RATIOS OF PM10, PM2.5 AND PM1.0 MEASUREMENTS
ND
RD
FOR 2 AND 3 CAMPAIGN
Measurement
I/O
I/O
I/O
PM10
PM2.5
PM1.0
Environment
Ratio
Ratio
Ratio
Living Room
133±57
40±20
27±15
(2nd Campaign)
1.2
1.7
1.5
Outdoor
107±32
23±5
17±8
(2nd Campaign)
Living Room
93±58
24±15
16±12
(3rd Campaign)
1.5
1.5
1.4
Outdoor
59±33
16±8
11±6
rd
(3 Campaign)

D.The Relationship of Indoor Particulate Matter
Concentrations with Questionnaires’ Results
The parents of the infants were asked to complete a
questionnaire about activities in the house during the sampling
periods and about specified household characteristics with a
potential effect on the indoor and outdoor air PM
concentration. In this section, it is observed that the
relationship of 1st sampling period of PM10 measured on living
room with the case of floor of the houses, amount of smokers,
and 3rd sampling period of PM10 measured on outdoor with the
case of the situation of being close to the construction works.
1. The Floor of Houses – PM10 Concentration (1st Sampling
Period-Living Room)
The levels of houses’ floor was specified in three case as (i)
ground floor, (ii) 1st, 2nd, and 3rd floor and (iii) more than three
floor houses’.
The table given below shows various statistics for PM10 for
each of the all cases of Houses’ Floor. The one-way analysis
of variance is primarily intended to compare the means of the
different levels, listed here under the average column (Table
X).
TABLE X
HOUSES’ FLOOR – PM10 CONCENTRATION LEVELS (µG/M3)
Houses’ Floor
n
Average
Standard
Min.
Deviation
Ground Floor
21
110.8
35.7
66.1
1st, 2nd and 3rd Floor
15
137.7
42.3
55.2
More than 3 Floor
4
78.3
22.0
52.4

Max.
195.6
224.7
100.4

Ground Floor

1st, 2nd and 3rd

>3 Floor

0

40

80

120

160

200

240

Fig. 4 The box and Whisker Plot of Houses’ Floor and PM10
Concentration Levels (µg/m3)

2. The Amount of Smokers – PM10 Concentration (1st
Sampling Period-Living Room)
The levels of amount of smokers from the household was
specified in three case as (i) non-smoker, (ii) only one smoker
and (iii) more than one smoker at homes.
The table given below shows various statistics for PM10 for
each of the all cases of the amount of smokers from the
household. The one-way analysis of variance is primarily
intended to compare the means of the different levels, listed
here under the average column (Table XI).
TABLE XI
THE AMOUNT OF SMOKERS FROM HOUSEHOLD – PM10 CONCENTRATION
LEVELS (µG/M3)
The amount of smokers
n
Average
Standard
Min.
Max.
Deviation
Nonsmoker
21
107.7
38.7
52.4
170
1 smoker
14
119.4
37.7
69.5
195.6
More than 1 Smoker
5
154.5
44.1
08.6
224.7

The results show that the houses have more than one
smoker from the household have higher PM10 results than nonsmoking and only one smoking houses. There is a statistically
significant difference at the 95.0% confidence level between
having more than one smoker houses and non-smoker. The
box and whisker plots are shown on Fig. 5.

The results show that the houses place in 1st, 2nd, and 3rd
floor have higher PM10 results than placed in ground floor
houses and more than three floor houses and there is a
statistically significant difference at the 95,0% confidence
level between the houses place in (i) 1st, 2nd and 3rd Floor and
(ii) ground level and more than three floor houses’. The box
and whisker plots are shown on Fig. 4.

Non-Smoker

1 Smoker

>1 Smoker

0

40

80

120

160

200

240

Fig. 5 The box and Whisker Plot of amount of smoker and PM10
Concentration Levels (µg/m3)
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3. The Distance to Construction Works – PM10
Concentration (3rd Sampling Period-Outdoor)
In this part, the relationship is examined between distance
of construction works to the homes and the outdoor PM10
concentrations of 3rd Sampling period.
The levels of distance to construction works of the
household was specified in two cases as (i) close to the
construction work, and (ii) not close to the construction work.
The table given below shows various statistics for PM10 for
both case of close to the construction works or not. The oneway analysis of variance is primarily intended to compare the
means of the different levels, listed here under the average
column (Table XII).
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[7]
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[8]
TABLE XII
THE CASE OF BEING TO THE CONSTRUCTION WORKS – PM10 CONCENTRATION
LEVELS (µG/M3)
Distance of
n
Average
Standard
Min.
Max.
Construction
Deviation
14
76.8
36.0
35.9
139.6
YES*
13
43.5
19.5
17.2
94.3
NO**
*YES: There is construction works close to the household.
**NO: There is no construction works close to the household.

The results show that the situation of being close to the
construction works were concluded a very effective result.
There is a statistically significant difference at the 95.0%
confidence level between the case of (i) close to the
construction works, and (ii) not close to the construction
works. The box and whisker plots are shown on Fig. 6.

[9]
[10]

[11]
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[13]
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[15]

[16]

YES

[17]
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NO

[20]
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Fig. 6 The box and Whisker Plot of the situation of distance to the
construction works and PM10 Concentration Levels (µg/m3)
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