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MODELING AND MEASUREMENT OF POLLUTANTS
INSIDE HOUSES IN PITTSBURGH, PENNSYLVANIA

Cliff I. Davidson, James F. Osborn, and Roy C. Fortmann
Depts. of Civil Engineering, Biomedical Engineering. and Engineering & Public Policy
Carnegie-Mellon University, Pittsburgh, PA 15213 USA

Abstract

Mathematical models for predicting indoor pollutant levels are being developed and
compared with measured concentrations in three residential dwellings: -a relatively new |
townhouse constructed according Llo rigid energy-conservation guidelines, a similar
townhouse containing an air-to-air heat exchanger, and a 50-year old house without
weatherization. Thus far, efforts have focused primarily on the first residence. The
results show that NO, NO_, and CO emitted from a gas-operated kilchen stove are rapidly
mixed thronghout the firsi story of the townhouse, although transport to the upstairs is
slower. Concentrations of NO and CO decay slowly with lime after the stove is turned
off; NO, levels decrease much more rapidly. Measurement of emission rates from the
stove and estimates of air exchange rates with SF, have been used as inpuls lo a simple
one-compartment mass balance model for predicting CO levels, Results of the modeling
effort agree remsomably well with measured concentration dala, assuming removal of CO
only by exfiltration. Besides NO, NO_, and CO. additional modeling and measurement
efforts are currcotly underway for 03. SO, formaldeliyde, respirable and inhalable
parlicles, and volatile orgamic species. B

Introduction

Air pollution levels in the ambienl atmosphere have been investigated extensively
aver the past few decades. Research programs have provided information on sources and
sinks, control strategies, atmospheric transport, and human exposure. Our understanding of
ambient pollutants is fairly comprebensive in many areas.

In contrast, air pollution in the indoor environment is not well understood. Fewer
studies have been conducted, and factors influencing indoor concentrations appear to be
even more complex than those affecting ambient levels. Examples of such factors include
aspects of building design, indoor sources and sinks, occupant behavior, and outdoor
pollutant levels (3).

The current emergy problems have increased the need for indoor air pollution studies.
Minimizing infiltration during the heating season is a major energy conservation strategy.
yet infiltration plays an important role in keeping air poilutants generated indoors at
tolerable levels. Developing energy conservation techniques while maintaining clean indoor
air is a considerable challenge; a much better understanding of factors influencing indoor
air pollution is neceded to cope with this problem.

Development of mathematical models, ard detailed experimentalion to test the
models, are necessary to further our understanding of indoor air quality. The models
must account for all of the Ffactors having major influence on indoor pollutant
concentrations; if key factors are absent or improperly quantified, reliable predictions of
air quality in a variety of residences may be impossible. Such comprehensive models are
not yet available. . z
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Figure 2. Concentrations of NO, NO2, and CO inside three rooms of
the Pittsburgh townhouse under investigation.
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Figure 3. Comparison of calculated and measured concentrations of

CO in the townhouse.

Data for an air infiltration measure-

ment using SFg are also shown.
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