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ABSTRACT 
 
The indoor air quality is a very important issue and it generally depends on the airtightness of the 
shell, the ventilation rates, the deposition and the resuspension rates of the particles and the internal 
sources as well.  
The whole experimental procedure took place in a PASSYS test cell, which is located at the University 
Campus of Athens. At the internal door of the test cell, a blower door system was mounted, in order to 
control the pressure difference between the internal and external environment as well as the 
equivalent airflow through the internal of the test cell.  
The aim of this study is the investigation of the balance of the particles’ concentration in two cases; 
firstly, by keeping the pressure difference between the external and the internal environment near to 
zero and then by changing the pressure difference as follows: 0.1–4 Pa, 4.1-8Pa, 8.1-12Pa. The 
calculations of the deposition velocities have been performed for the following ranges of aerodynamic 
diameter: values less than 1µm, 1-2.5 µm, 2.5-5 µm, 5-10 µm.   
In order to measure the infiltration rates the tracer gas decay method has been used with INNOVA 
1312 tool. The particles’ concentration has been measured through the HANDHELD 3016 IAQ as well.  
The deposition velocities range from 0.027m/h for values of particles less than 1µm to 0.670m/h for 
particles of 5-10 µm, in case of zero pressure difference. The deposition velocities have also been 
calculated for the cases that the pressure difference varies in a specific range. 

 
1. INTRODUCTION 

 
The indoor air quality is very important issue, as people spend a lot of time indoors. 
In order to define the indoor air quality, it is necessary to study all the procedures that 
take place indoors as well as the source and the fate of particles, [1], [2].  
The indoor concentration can be calculated as: 
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where Cin is the indoors concentration of particles (mg*m-3), Lfi is the mass loading of 
particles (mg*m-2), Afi is the surface area of floors(m2), R the resuspension rate of 
particles  from floors (h-1),  is the air exchange rate, C0 is the outdoor concentration 
(mg*m-3), P is the penetration factor of particles in the building, V is the volume of the 
building (m3), G is the generation rate of particle indoors (mg*h-1), Ad is the total 
surface area for deposition (m2) and ud is the deposition velocity  (m*h-1). The 
equation does not take into account the effects of evaporation, condensation and 
coagulation.  
In the first part of the experimental procedure, the deposition velocities are defined in 
steady state conditions, while in the second part they are defined in different 
pressure differences between inside and outside the test cell.  
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In the first part of the experimental procedure, an indirect method is performed, in 
order to evaluate the deposition velocities for all size ranges of particles. More 
specifically, an artificial increase of the particles’ concentration is noticed into the 
building, after an excessive number of cigarettes smoked.  The building is remained 
empty and there are not internal sources of particles.     
Based on equation 1, the elements Lf Af R, G can be considered negligible. Also the 
term of infiltration PVC0 can be ignored, while the exfiltration is much higher 
because of the higher indoor concentrations.  
The variation of particles’ concentration is exclusively due to exfiltration phenomenon 

as well as to deposition. Equation 1 is converted to 
inindd

VCCuA =  (2) so the 

variation rate of concentration can be calculated by the equation (3) 
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and finally the deposition rate is given from equation (4).  
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The deposition velocity is defined from the deposition rate from the equation 
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As it can be seen from the equation above, it is necessary to measure the particles 
concentration inside the building as well as the infiltration rate at regular steps. Also, 
these parameters must be measured for each particle size (<1µm, 1.0-2.5 µm, 2.5-
5.0 µm, 5.0-10.0 µm), while they vary according the particle size. Regarding the 
infiltration rate , it is defined by the tracer gas method, which is based on the decay 
of an ejected gas concentration (N2O) and it is evaluated from the equation below. 
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K,K0 are the final and the initial concentrations of the gas N2O (at the moment t and 
to) [7]. Small time steps are selected, in order to minimize the weather effect. 
Also, it is noticed that the meteorological conditions are considered steady during the 
experiments. The ambient temperature, the wind speed velocity and direction, the 
relative humidity, the indoor temperature as well as the pressure difference between 
inside and outside are measured enduringly in order to verify the steadiness of 
meteorological conditions.  
In the second part of the experimental procedure, the variation of the particles 
concentration can be calculated from the equation: 
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C  is the exfiltration term, 
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 represents the concentration of income particles through the fan, fan is the 
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airflow through the fan as it is recorded in the DM4 manometer and finally 
0
C  is the 

infiltration term. The deposition – resuspension term is finally given by the equation:  

ininin

fan

dr
C

C

dt

dC

CVC

C
00 1

+=  (8) 

 
2. EXPERIMENTAL PROCEDURE 
 
2.1. The test cell description 
 
The experimental procedure took place in a test cell, which is situated in the 
University Campus of Athens. The test cell is constituted from an auxiliary space and 
a main space where the experiment was performed. The volume of the main room is 
about 38m3 (5.00m x 2.76m x 2.75m) and the total internal surfaces area is about 
70m2. The test cell is well insulated and the conditions inside are controlled.  
 

 

 

Picture 1. The test cell building 
(southwest elevation). 

Picture 2. The interior of the test cell 
building. 

 

 

 

2.2. Experimental Instrumentation 
    

The particles’ concentration is measured by HANDHELD 3016 IAQ. This instrument 
can measure particles ’size of 0.3, 0.5, 1, 2.5, 5  10µm with airflow 0.1cfm. At the 
same time, temperature and relative humidity sensors are connected with the 
instrument in order to register the indoor parameters. The software Lighthouse Data 
Transfer stores all the data.  
A multi gas analyzer (Innova 1312), which makes use of the photoacoustic infrared 
spectroscopy technique, was used in order to evaluate the infiltration rate of the 
building , by using the decay method.  The tracer gas used in this experiment is 

2 .  
Indoor temperature and relative humidity were measured by temperature and relative 
humidity sensors (EBRO data loggers). 
A basic blower door system including a calibrated fan, a door panel system and a 
device to measure fan flow and building pressure was used in order to vary the 
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pressure difference between the interior and the exterior of the building and define 
the airflow inside the building at the same time. 
The pressure difference as well as the airflow inside the building was measured by 
DM4 dual digital manometer.  
 
2.3. Results of the experimental procedure 
    
2.3.1. Calculation of the deposition velocities under steady state conditions 

The deposition velocities of all particles’ ranges are calculated by the indirect 
method, which is described above. According to this method, an artificial increasing 
of particles concentration was realized after a successive number of smoking 
cigarettes [3], [4]. During the experiment, the entrance door of the test cell remained 
closed. The experimental procedure took place at noontime, at summer period in 
order to keep the weather conditions constant. The experimental procedure was 
repeated five times [5], [6]. 
The particles’ concentration with diameter <1.0 µm, 1.0-2.5 µm, 2.5-5.0 µm, 5.0-10.0 
µm was recorded with time step 5 minutes for eight hours. The infiltration rate was 
determined by the tracer gas method and the average infiltration rate value was 
calculated about 0.2ACH.    
The average deposition velocities for all particle ranges are presented in Table 1 and 
in Figure 1.  
 

Table 1: Average deposition velocities ud (m/h) for all particle ranges. 

Deposition velocity of particles (m
3
/h) 

Particles size/ 
Date 

<1.0 µm 1.0-2.5 µm 2.5-5.0 µm 5.0-10.0 µm 

17-9-07 0.016 0.061 0.108 0.604 

5-10-07 0.023 0.121 0.169 0.665 

18-10-07 0.040 0.142 0.198 0.730 

19-10-07 (a) 0.034 0.121 0.202 0.733 

19-10-07 (b) 0.022 0.107 0.179 0.620 
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Figure 1: Deposition velocities for all size ranges of particles 

 
2.3.2. Calculation of the deposition velocities under specific pressure differences  
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In the second part of the experimental procedure, the particle mass balance was 
investigated as a function of the pressure difference between indoors and outdoors. 
A blower door system is mounted on the entrance of the test cell, in order to study 
the particles’ concentration balance under specific pressure differences (0.1-4Pa, 
4.1-8Pa, 8.1-12Pa). The pressure differences as well as the airflows inside the test 
cell were recorded with DM4 dual digital micromanometer. 
 
The experimental procedure was repeated five times. The duration of each 
measurement balanced from two to three hours. 
The infiltration rate is calculated again and its average value is equal to 0.27ACH. 
  
Table 2: Average deposition velocities ud (m/h) for all particle ranges, under specific pressure 

differences 

 
Average value of dr 

Particles 
size/pressure 

difference 
<1.0 µm 1.0-2.5 µm 2.5-5.0 µm 5.0-10.0 µm 

0.1-4Pa 1.12 2.37 2.97 6.86 

4.1-8Pa 2.93 4.58 5.40 9.64 

8.1-12Pa 3.75 5.95 6.92 10.68 

 

 
3. CONCLUSIONS 
 
The particle mass balance was investigated in steady state conditions where the 
pressure difference between indoors and outdoors was assumed near to zero and 
under specific pressure differences.  
In both cases, the concentration reduction rate of particles is higher depending on the 

size of particles. The deposition velocity is increased when the aerodynamic diameter 

of particles is increased. It is noticeable that under specific pressure differences the 

deposition-resuspension factor is increased as the aerodynamic diameter is 

increased. Finally, the deposition-resuspension factor is increased as the pressure 

difference between outdoors and indoors is increased.   

 
4. REFERENCES 
 

1. A concentration rebound method for measuring particle penetration and deposition in the indoor environment, Tracy 
Thatcher, Melissa Lunden et al, Aerosol Science and Technology, 37, 847-864, 2003. 

2. Deposition, resuspension and penetration of particles within a residence, Thatcher, Layton, Atmospheric 
Environmment Vol 29, No 13, pp1487-1497, 1995 

3. Prediction of indoor concentrationof 0.5-4µm particles of outdoor origin in an unhabited apartment, Thomas 

Schneider, Keld Alstrup Jensen et al, Atmospheric Environment, 38, 2004, 6349-6359. 
4. Penetration coefficient and deposition rate as a function of particle size in non smoking naturally ventilated 

residences, Cristopher Chao, M.P. Wan, Eddie C.K. Cheng, Atmospheric Environment 37. 2003, 4233-4241 

5. Protecting museum collections from soiling due to the deposition of airborne particles, William Nazaroff, Glen R. 
Cass, Atmosph. Environment Vol 25A, PP841-852, 1991. 

6. Indoor particle dynamics, W.W. Nazaroff, Indoor Air 2004, 14, 175-183.   

7. Use of personal-indoor outdoor sulfur concentrations to estimate the infiltration factor and outdoor exposure factor for 
individual homes and persons, Lans Wallace and Ron Williams, Environ.Sci.Technol 2005, 39, 1707-1714 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


