
Transport of Outdoor Pollutants into 
the Indoor Environment

Haoran Zhao

Jihad Zeid



Overview of Indoor Air Pollution

• Pollution usually related to outdoors

• Many sources of indoor pollution

• Can penetrate from outdoors to indoors

• Particle pollution can have adverse health effects

• We will focus on particle and ozone infiltration



Particle and Ozone Infiltration

• Indoor pollution affected by outdoors through a variety of factors

• These factors affect certain mathematical factors:
– Air Exchange Rate, AER (λ)

– Penetration Factor (P)

– Deposition Rate (k)



Measuring Concentrations
• Particulates and ozone measured through different instruments

• Particle measuring equipment:

Optical Particle Sizer (OPS)

Size range: 0.3 – 10 μm

Dusttrak Aerosol Monitor

Size range: 0.1 to 10 µm

Condensation Particle Counter 
(CPC)

Size range: 0.01 to >1.0 µm

Nanoscan SMPS Nanoparticle
Sizer

Size range: Down to 10nm

•Ozone measuring equipment:

2B Brand Model 211 Ozone Monitor 2B Brand Model 205 Ozone Monitor



Our Experimental Setup

• Indoor and outdoor concentrations measured simultaneously

• Swagelok brand switching valves used to switch environments

• AER measured alongside particles and ozone

• 3rd story Carman Hall apartment test site

• Only one major test done
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Source SS       df MS

Number of obs = 125

Model 464058132  23202906.3 R-squared     = 0.9992

Residual 36114.05123  293.610141Adj R-squared = 0.9992

Root MSE      = 17.13506

Total 46441927125  371535.413Res. dev.     = 1063

cin Coef.
Std. Err.      
t P>t     [95% Conf. Interval]

/p 0.497306
.0602505     
8.25 0.000     .3780439 0.616568

/loss 0.161096
.0447889     
3.60 0.000     .0724395 0.2497531



154 Source SS       df       MS

Number of obs = 125

Model
19688730.2     2  
9844365.11 R-squared     = 0.9974

Residual
51915.8204   123  
422.079841 Adj R-squared = 0.9973

Root MSE      = 20.54458

Total
19740646   125  
157925.168 Res. dev.     = 1108.368

cin Coef.   Std. Err.      t P>t     [95% Conf. Interval]

/p
1.01652   .2461727     
4.13 0.000     .5292366 1.503804

/loss
.0963151   .1037351     
0.93 0.355    -.1090222 0.3016524



0.52 Source SS       df MS

Number of obs = 87

Model 65238296 2  32619147.9 R-squared     = 0.9997

Residual 20276.32 85  238.544888 Adj R-squared = 0.9997

Root MSE      = 15.4449

Total 65258572 87  750098.531 Res. dev.     = 721.1585

cin Coef. Std. Err.      t P>t     [95% Conf. Interval]

/p 0.843971 .1267107     6.66 0.000     .5920361 1.095906

/loss 0.10809 .0462042     2.34 0.022     .0162234 0.199956



1.55 Source SS       df MS

Number of obs = 125

Model 145657.2 2  72828.6118 R-squared     = 0.9926

Residual 1085.002 123  8.82115731 Adj R-squared = 0.9925

Root MSE      = 2.970043

Total 146742.2 125  1173.93781 Res. dev.     = 624.8626

cin Coef. Std. Err.      t P>t     [95% Conf. Interval]

/p 0.894406 .2158249     4.14 0.000     .4671939 1.321618

/loss 0.275244 .1005813     2.74 0.007     .0761498 0.474339
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Problems solved

• Connections and leakage

• Dead volume 

• CO2 tank PM emission



Current problems

• Instruments 

• Blank interval (200nm-300nm)

• Zero value(PM) & negative value (ozone)



• Set up the ozone measuring equipment

• Compare the long term test with the short
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