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DISCLAIMER 
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reflect those of the United States Government or any agency thereof or the Regents of the 
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~nd rr Env irr nment grram 

The forty-five chemists, physicists, 
biologists, architects, engineers, 
s taff, and students of the Indoor 
Environment Program are all work
ing to solve the problems of indoor 
air quality, health, comfort, and 
energy use associated with the 
indoor environment. A common 
thread throughout this work is the 
importance of ventilation- both 
for its role in supporting human 
health and comfort as well as for its 
liability in requiring large amow"ltS 
of energy to heat and cool it. 

The importance of understanding 
these interactions can be illustrated 
by two examples: the health and 
productivity of workers (Fisk and 
Rosenfeld, 1996) and the perfor
mance of sensitive equipment in 
clean room environments 
(Faulkner, et al ., 1996). During the 
past year, we estimated the magni
tudes of health and productivity 
gains that may be obtained by pro
viding better indoor environments 
(see table). The ratio of the poten
tial financia l benefits of improving 
indoor environments to the costs of 
the improvements ranges between 
20 and 50. 

A second example is from our 
Clean Room Energy Efficiency 
Study: Clean rooms utilize large 
amounts of electricity to operate 
fans that recirculate air at very high 
flow rates through particle filters . 
Usually, the fans operate continu
ously at full speed, even when the 
clean room is unused. To reduce 

Improve me nt in indoor 
e nvironme nta l qua lity 

Reduced respirato ry disease 

Reduced allergies and asthma 

the energy use in a research clean 
room, the rate of air rec irculation 
was controlled in response to rea l
time measurements of pa rticle con
centration. With this new control 
system, fan energy use decreased 
by 65% to 85% while maintaining 
particle concentrations below the 
allowab le limits except during 
occasional one-minute periods. The 
estimated payback period for this 
technology is one to four years. 

Highlights from 1996 

Energy Efficiency- Sing le
Fa mily Residentia l Build ings 

A major effort has been to character
ize single-family residential ventila
tion liabilities for the U.S. by climate 
and housing characteristics. Blower 
door measurements of the air tight
ness of single-family dwellings, col
lected from state weatherization 
programs, were used with the 
LBNL infiltra tion model to estimate 
national ventilation energy liabili
ties. There are significant differ
ences among climate zones (see fi g
ure). 

Newer houses are more airtight 
and energy efficient than older 
homes. Weatheriza tion programs 
targeted a t older houses in colder 
climates offer the potential to 
reduce ventilation energy by about 
2.6 Quads annually (about 30% of 
residential energy use) while still 

Pote ntia l U.S. a nnual 
savings or productivity 
ga ins (1993 $US billions) 

Reduced "sick building syndrome"symptoms 

Improved worker performance from changes 

$6- $19 

$1-$4 

$10- $20 

in thermal environment; changes in lighting $12- $125 

Environmenta I Energy Tech no I og ies Divis ion, LB N L 

Research Overview 

Our research can be divided into 
three areas: 
1) Projects that have energy effi
ciency as their focus, 

1

2) Activities that s tudy the 
dynamic behavior of indoor air 
pollutants- radon, volatile 
organic chemicals, and 
environmental tobacco smoke, as 
well as the development of air 
quality control technologies, 
3) Investigations into the expo
sure and risk associated with 

I pollutants, and methods to 
reduce risks. Examples of some 

I 

of our research activities within 
each of these areas are listed 
below: 

Energy-Efficiency 

• Energy and ventilation 
liabili ties in single-family 
housing 

• Therma l energy distribution 
systems 

• Multizone buildings 
• UV Waterworks 

Indoor Air Qua lity 

• Indoor air quality 
in new houses 

• Radon entry into buildings 
• Transport of volatile organic 

compounds in contaminated 
soil gas into buildings 

• En vironmental tobacco smoke 

Exposure and Risk Ana lysis 

• The High Radon Project 
• Carbon monoxide passive 

dosimeter 
• Tritium exposure and risk 

a assessment 
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Estimated annualized cost of infiltration and ventilation in U.S. single-family residences 

meeting the ASHRAE standard for 
ventilation and indoor air quality 
(Sherman and Matson, 1996). 

Energy Efficiency- Multizone 
Buildings 

There are approximately 1 million 
ap artment buildings and over 4 
million commercial buildings in the 
U.S. Assessments of potential ener 
gy savings from. reduced ventila 
tion are more difficult and chal
lenging to es tima te for such build
in gs; however, som.e of the tools we 
have developed, such as the 
MultiTracer Mass Spectrometer, for 
short-term measurements, and the 
use of dis tributed tracer diffusion 
sources as a low-cost, convenient 
measurement method for longer 
periods, will be useful in these 
efforts. Research in a multistory 
residential building in Chelsea, 
MA, has shown tha t Lmbalanced 
airflows can lead to substantial 
hea t losses as well as air quality 
problems (Diamond, et a! ., 1996). 
The Chelsea building was modeled 

using the COMIS multizone air
fl ow model previously develop ed 
in the Program (Feustel, 1996). To 
charac terize the effectiveness of 
ventilation in controlling indoor 
p ollutant concentrations in large 
buildings, we have develop ed a 
new, convenient index of ventila
tion, the Pollutant Concen tra tion 
Index. 

Energy Efficiency- Th erma l 
En ergy Distribution 

Previous research demonstrated 
that reducing energy losses associ
ated with thermal-conditioning 
duct systems is a significant oppor
tunity to reduce energy use. Air 
leaks in duct sys tems, as well as 
hea t gains and losses, have been 
measured and characterized . An 
internal access duct sealant teclmol
ogy, based on injection of aerosol 
into the ducts, was developed to 
cost-effectively elimina te duct leak
age. Over the past year, p rotocols 
for aerosol sealing were successful
ly field-tested in more than 200 

houses. Field measurements, in 
combination with laboratory exper
iments, have demonstrated that the 
seals last for at leas t 2 to 4 years 
and that the teclmology is cost
effective. In addition, a protocol for 
estimating residential thermal dis
tribution system efficiency from 
measurements of duct leakage and 
simple sys tem descriptors has been 
incorp orated into a draft ASHRAE 
standard (152P). This s tandard is 
being incorpora ted into the 
California regulations for Home 
Energy Ra ting Systems. Efforts to 
commercialize the duct sealant 
technology for residential buildings 
have been initiated and applica
tions of the teclu1ology in small 
commercial buildings will be an 
important research and teclu1ology 
development focus over the nex t 
few years. (Modera, eta/., 1996; 
Walker, et al., 1996; Jump, et a/. , 
1996. 



Energy Efficiency
UV Waterworks 

In the developing world, wa ter
borne diseases, e.g., cholera and 
dysentery, kill more than 400 chil
dren worldwide every hour and 
result in the loss of billions of 
hours of worker productivity. 
Disinfecting water by boiling it 
over cookstoves increases the bur
den on those collecting the fuel
wood- mostly women and chil
dren - and also places stress on 
the biomass resources. Gathering 
wood also occupies time that might 
be spent productively in other 
activities. To address this signifi
cant public health and energy prob
lem, we developed a water-purifi
cation system that uses an ultravio
let light that is durable, easy to use, 
inexpensive, and can be construct
ed and maintained locally. The pro
totype device, called UV 
Waterworks, can disinfect drinking 
water for 2rt p er ton of water, 
including the cost of elec tricity and 
consumables and the annualized 
capital cost of the Lmit (see Figure). 
Its first cost is about $300, and, 
using only 40 watts of electricity, 
provides four gallons of disinfected 

drinking water per minute. The 
disinfection process uses approxi
ma tely 20,000 times less primary 
energy than the standard alterna
tive of boiling water over a cook
stove. The UV Waterworks is now 
being field tes ted (Gadgil, et al., in 
press) . 

Indoor Air Quality 

Indoor Air Qua lity 
in New Houses 

Research on residential ventilation 
liabilities indicated that newer, 
more energy-efficient houses are 
much more airtight. During 1996, 
we began investigating the indoor 
air quality of such houses. 
Measurements in five houses (in 
three states) indica ted that this 
sample of houses was much tighter 
than older housing, with air 
exchange rates ranging from less 
than 0.1 to 0.45 air changes per 
hour. Indoor concentrations of 
formaldehyde were generally 
below 0.05 ppm, a level at which 
Jess than 1 % of the population is 
expected to exp erience irritant 
symptoms. The measurements 
indicate the success of energy-effi-

UV Waterworks Water Purifier 

I ''fit' 

Environmenta I Energy Techno I ogies Div is io n , LBNL 

cient building codes in reducing air 
leakage and the successful efforts 
of manufacturers to reduce 
formaldehyde emissions from 
building materials and furni shings. 
However, abnormally high concen
trations of total vola tile organic 
compounds (TVOC), up to 12 
mg/m3

, were measured in several 
houses . High concentrations of 
odorou s and irritant compow1ds 
were fow1d to persis t over a period 
of up to two years in two other 
houses . The sources and building 
practices that produced this prob
lem are under investigation. 

Radon Entry into Buildings 

In 1996, we completed our multi
year research to develop an under
s tanding of the advective transport 
of radon in soil gases into houses. 
When we began this effort, the 
models underpredicted actual 
radon entry rates into an experi
mental basement by almost a factor 
of ten . Through development of the 
dual-probe soil permeability mea
surement method and improved 
modeling, the difference between 
model and measurement was 
resolved to within a factor of two 
(Garbesi, et al., 1995). In the past 
year we completed research on 
radon entry into buildings driven 
by a tmospheric pressure fluctua
tions, a previously neglected entry 
process that helps to explain the 
higher-than-expected radon con
centrations during the summer 
(Robinson, et al ., 1997) . We also 
completed experiments demon
strating that passive stack radon 
mitiga tion systems can fail because 
the pressures genera ted at the roof 
of a house by w ind. We have also 
developed new, energy-efficient 
radon mitigation technologies. 
Field tests have demonstrated that 
these new control teclu1ologies use 
approximately 30% of the energy of 
conventional radon mitigation 
technologies. (Fisk, et al ., 1995) . 

3 
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Transport of VOCs in 
Contaminated Soil Gas 
into Build ings 

Vola tile organic compounds 
(VOCs) in contaminated soil gases 
can also be advectively transported 
into buildings. At a si te con tami
nated with gasolin e, we found evi
dence tha t microbial degrada tion 
can greatly reduce the concentra
tions of VOCs that enter into a 
building. There, a low diffusivity 
layer with a microbial population 
restricted the fl ow of gasoline 
vapors into the building. In and 
above this layer, it appeared that a 
microbial population consumed a 
substantial fraction of the gasoline 
vapors that diffused from deeper in 
the soil. The rema ining contami
nants were drawn into the building 
from the subslab region as a conse
quence of building depressuriza
tion caused by wind on the build
ing, and also entered the building 
by diffusion through the slab floor 
(Fischer, eta!., 1996). 

Environmenta l Tobacco Smoke 

We have continued research to 
understand the dynamic behavior 
of environmental tobacco smoke 
(ETS), a complex mixture of parti
cles, gases, and vapors, in indoor 
environments (Daisey, et al., 1996). 
We fo und that 80% or more of the 
nicotine emitted from cigarettes, a 
widely used tracer for ETS, is 
rapidly deposited onto walls, ceil
ings, and floors, with some re-emis
sion of airborne nicotine as the 
room is ventilated (Van Loy, et al. , 
1996). We also observed rapid sur 
face deposition losses of other 
semi-volatile organic compounds 
in ETS. It has conunonly been 
assumed that the chemical compo
sition and toxicological properties 
of ETS and sidestream smoke, from 
which ETS origina tes, are equiva 
lent. These results indicate that tox
icological experiments and expo 
sure assessments based on this 
assump tion are seriously flawed. 
In related studies, we demonstra t
ed that 3-ethen ylpyridine and pyr-

Indoor Environment Program- 1996 

role are good tracers for estimating 
the contributions of ETS to the 
VOC concentra tions in buildings 
with smokers (Hodgson, et al., 
1996). 

Exposure and Risk Ana lysis 

The High Radon Project 

The high radon project has success
fully developed a new sta tis tical 
methodology to identify counties 
and smaller areas of the U.S. most 
likely to have very high indoor 
concentrations of radon, e.g., 
equivalent to occupa tional expo 
sures. This s ta tistical approach uses 
ex is ting information on geology, 
housin g characteristics, and meteo
rology, w ith existing, but very lim
ited, radon concentra tion data. The 
methodology will enable states to 
target their radon mitigation efforts 
to areas likely to have the highest 
exposures. In 1997, we will begin 

h·ansferring this new methodology 
to s ta te health departments (Price 
and Nero, 1996, Price, et al ., 1996). 

Carbon Monoxide 
Passive Dosimeter 

A field model of a passive occupa
tional dosimeter for carbon monox
ide was designed and developed 
this yea r (Figure 3). The dosimeter 
has a range of 10 to 800 ppm-hours, 
an accuracy of ±20% and a preci
sion of ±10 ppm-hour. Low emis
sion materials were tested and 
selec ted for use in the body of the 
dosimeter and the holder for the 
sensor disk was redesigned. 
Interferences from other indoor air 
pollutants are being investigated 
and field tests are planned for early 
1997. The dosimeter cost is estimat
ed to be under $20 when fully 
developed and commercialized. 

LBNL!QGI carbon monoxide passive occupational dosimiter 
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Tritium Exposure and Risk 
Assessment 

We are working with the 
Env ironmental Hea lth and 
Safety Group a t LBNL to devel
op a site-specific model to assess 
both occupational and residen
tial exposures and hea lth risks 
associated with LBNL tritium 
releases. This model includes 
environmental transport, 
indoor I outdoor exposure 
assessmen t, pharmacokinet
ics / metabolism, and radiologi
cal risk components. In 1996, we 
carried out detailed s tatistical 
comparisons of the performance 
of the model against a signifi
cant amow1t of relevant site-spe
cific data including measured 
levels of tritium in air, rainwa
ter, soil, runoff, ground wate1~ 
soil, vege tation, grazing ani
mals, and urine levels from 
workers in several buildings. 
The modeled values were in 
very good agreement with mea
sured values . These results sup
port the model premise that the 
soil acts as a reservoir control
ling air concentrations of tritium 
(McKone, and Brand, 1996) 
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