


TABLE 1 - Examples of Indoor Pollutants, Sources, and I/O Ratios

Pollutant

Major Emission Sources 1/0

ORIGIN: PREDOMINANTLY OUTDOORS

Sulfur oxides Fuel combustion, Smelters <1
Ozone Photochemical reactions <1
Pollens Trees, Grass, Weeds, Plants <l
Organic substances Petrochemical solvents, Natural sources, <1

Vaporisation of unburned fuels

ORIGIN; PREDOMINANTLY INDOORS

Radon

Soil, Water, Building construction >1

materials (concrete, stone)

Formaldehyde

Particleboard, Paneling, Insulation >1

Furnishings, Tobacco smoke

Organic substances

Adhesives, Solvents, Cooking, Cosmetics >1

Consumer products

Ammonia Metabolic activity, Cleaning Products >1
Polyeyclic hydrocarbons, Tobacco smoke >1
Arsenic, Nicotine,
Acrolein, and so forth
Aerosols Consumer products >1
Microorganisms People, Animals, Plants >1
Allergans House dust, Animal dander, Insect parts >1

mild irritation to death (e.g. about 1000
persons die accidentally each year in the
US from CO poisoning and it has been
estimated that about 10,000 get lung
cancer from radon).

The above discussion demonstrates
that people spend most of their time
indoors, exposed to toxic contaminants
which often have concentrations
greater than outdoors. This is why I[AQ
is such an important environmental
health problem.

THE APPROACH

Any approach to the IAQ problem
should profit from the commonality
with the occupational and outdoor air
quality fields. However, it is also
important to note the differences
among these fields. These differences
are found in all facets of the problem,
including policy issues, sources, pop-
ulation at risk, and measurement needs.
A major policy issue is that, whereas
occupational and outdoor air are
“Public Goods” in that a large number
of people benefit from improving the air
quality, the costs and benefits of
improving indoor air are borne by a few
individuals. Thus the role of govern-
ment in this case is unclear. The health
status of the populations at risk are also
different in that all categories of health
status, including the aged and infirm,
are represented in the indoor environ-
ment. Occupational sources of con-
taminants are process orientated, and
outdoor sources are either mobile or
stationary, but indoor sources are more
diverse, and include infiltration of out-
door air, consumer products, building
materials, people, and pets. There are
also differences in the diversity of the
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measurements needed and the require-
ments of the instrumentation used.
Indoor instruments must be portable,
quiet, unobtrusive, and because of the
large number of microenvironments to
be characterised, they must be
relatively inexpensive. The diversity is
best illustrated by the measurements
that must be made in a “sick building™.
These include data collection on air
exchange, chemicals, biologicals,
health symptoms, and psychosocial
parameters. It should also be clear from
the above discussion that the IAQ pro-
blem requires a multi-disciplinary
approach.

These differences, and the need for a
multi-disciplinary approach, can lead
to difficulties in understanding and
cooperation among the various agen-
cies responsible for protecting the
public health from pollutants in
occupational, outdoor, or indoor air.
Yet poor air quality is poor air quality
regardless of the specific microenviron-
ment considered. Therefore, sound
public health policy demands that the
various agencies integrate their efforts.

Perhaps a reasonable degree of
cooperation and understanding can be
achieved if the total exposure concept

is accepted by all agencies as the guid-
ing scientific principle in protecting the
public against poor air quality.

The concept simply states that in
order to understand potential health
effects of a specific pollutant through
the air vector one must take into
account the exposure in all microen-
vironments. This can be expressed by
the equation:

N

Ei= =
J=1
where E] = total exposure to
pollutant, C1J = concentration of
pollutant] in environmentJ, and ATj =
interval of time spent by subject in

environmentj.

Ciy ATg

THE CALIFORNIA PROGRAM

Recognising the need for research to
better understand the problem, Califor-
nia adopted legislation in 1982 which
designated the Department of Health
Services as the lead agency in the area
of nonindustrial IAQ. The Department
was instructed to carry out research to
determine the nature and extent of the
problem, to determine appropriate
mitigating measures, and to promote
and coordinate the efforts of other
California agencies involved in IAQ
(2). The legislature also funded a per-
manent research unit within the
Department to carry out this effort. A
number of other states, as well as
university, private, and national
laboratories, also are active in specific
IAQ research areas. The California
program is unique in government
because a lead agency has been
established, and because a multi-
disciplinary approach is used to attack
the problem.

THE INTEGRATED APPROACH

There are a number of IAQ research
programs in various countries, most
focusing on a few specific aspects of the
problem. Although this researchis very

TABLE 2 - Health Effects of Selected Indoor Pollutants

Polluants

Possible Health Effects

Carbon Monoxide
Nitrogen Oxides
Asbestos

Radon
Formaldehyde

Lung Cancer

Headache, Nausea, Unconsciousness, Death
Headache, Nausea, Pulmonary edema
Asbestosis, Lung Cancer, Mesothelioma

Eye and upper respiratory irritation, Headaches, Nausea,

Sensitisation, Cancer

Organic Compounds
Particles (dust, spores,
pollens, bacteria, viruses)

Eye and respiratory irritation, Headaches, Nausea, Cancer
Allergic reactions, Eye and upper respiratory irritation,
Cancer, Infections
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important, a comprehensive under-
standing of the IAQ problem demands
that all aspects be addressed. It is dis-
concerting to find, for example, so
many building-related iliness studies
carried out with relatively careful
environmental measurements, but with
only anecdotal health information. In
order to avoid a “myopic” view of the
TIAQ problem, an integrated approach
has been attempted in the design of the
California program. There are two
major aspects of the approach.

The first aspect of the integrated
approach is the establishment of the
California Interagency Working Group
on Indoor Air Quality. The purpose of
the group is to insure that the various
state agencies and universities that deal
with IAQ issues do so in a coherent and
harmonious manner.

The second aspect is multi-discipli-
nary staffing. Besides carrying out the
traditional environmental measure-
ments, the program is also developing
health questionnaires, as well as
methods for measuring toxic chemicals
in humans. In general, body burdens,
particularly of organic compounds, are
difficult to measure. Thus a separate
but related legislative mandate in 1982
established a California Human Mon-
itoring (HM) program to develop
improved body-burden measurement
methods.

The core of the integrated IAQ/HM
Program consists of eleven technical
staff, eight in the JAQ program and
three in the HM program. Among the
professional disciplines represented
are chemistry, microbiology, bio-
chemistry, electron microscopy, ven-
tilation engineering, epidemiology,
statistics, and psychology. The pro-
gram was placed in the Department of
Health Services, an agency with a
tradition of dealing with complex
health issues which require a broad
spectrum of scientific and medical
talent. The IAQ/HM program is a part
‘of the Air and Industrial Hygiene
‘Laboratory, a unit with responsibilities
in outdoor and occupational environ-
ments. This lab, in turn, is part of a
laboratory complex, including other
environmental labs, (water, hazardous
waste, etc.), a clinical chemistry lab, a
virus lab, and a microbial disease lab.
Thus, the core program has a broad
spectrum of expertise readily available
on a consulting basis. It is believed that
this multi-disciplinary staffing will

Clean Air/August 1987
Vol. 21/3

allow for a comprehensive integrated
approach to IAQ problems.

COMPONENTS OF THE IAQ
PROGRAM

The three basic components of the IAQ
program are research, education, and
response to citizen complaints. It is the
policy of the group notto be involved, in
general, in private residence problems,
unless specifically requested by a
County Health Officer. However, in
order to offer useful advice to citizens
who seek our assistance, we survey
indoor air quality assessment capabili-
ties within the private sector. The
results of these periodic surveys,
including services offered and costs,
are published and made available to
interested parties.

The education component consists
of workshops, technical conferences,
the compilation and dissemination of
brochures on IAQ topics, etc.

The major areas of the research com-
ponent will be discussed in the rest of
the paper.

FIELD SURVEYS

The first major field survey was a cross-
sectional study of health problems
associated with formaldehyde
exposure in California mobile homes.
Week-long integrated HCHO concen-
trations were measured using passive
monitors in 470 mobile homes during
the summer of 1984 and the winter of
1985 while residents continued normal
activities. Information on demographic
variables, smoking, respiratory dis-
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eases and physical symptoms were
obtained. ZHCHO concentrations
ranged from under the limit of detection
(0.01ppm) t00.46 ppm (cf. Fig. 1). We
estimate that over half a million
California mobile home residents are
exposed to HCHO concentrations
greater than 0.05 ppm, about 180,000
to concentrations exceeding 0.1, and
about 900 to concentrations over 0.4
ppm. The relations among physical
symptoms and indoor HCHO
exposures were analysed using a logis-
tic regression procedure. Although
average HCHO concentrations were
lower than those of other studies (pro-
bably because other sample designs
were not random), irritant effects
among all residents were associated
with HCHO exposure even after con-
trolling for age, sex, and smoking.
Furthermore, much higher rates of
several symptoms were identified
among residents with  asthma,
emphysema, hay fever or allergy pro-
blems when exposed to HCHO con-
centrations >0.05 ppm.

A field study is underway to obtain
an estimate of the extent of asbestos
contamination in more than 40,000
public buildings in the state. Public, in
this context, refers to any building
owned or leased by the State, by any
county or city within the State, or by the
University of California. A thorough
inspection will be made of a small
(~200), but hopefully, representative
sample of buildings, and estimates will
be made of the costs and timetables
involved in carrying out a Statewide
asbestos abatement program.

The IAQ program, in what can be
considered a relatively novel coopera-
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tive effort, is assisting a California
newspaper, The Los Angeles Times, in
a study to obtain the radon concentra-
tion frequency distribution in a number
of counties centered in the Los Angeles
area (representing about half the pop-
ulation of the State). From the 8000
employees of the newspaper, 600 will
be chosen to provide information rep-
resentative of all geographic areas.
Each selected employee will be sup-
plied with track-etch detectors (to be
placed in their residences for 3 mon-
ths), and a questionnaire on building
and soil characteristics. The Times will
also carry out a telephone survey of
randomly selected households within
the study area, using the same question-
naire given to their study participants,
in order to weigh the results of their
study to match the housing and soil
characteristics of the general housing
stock within the area.

SICK BUILDING STUDIES

The IAQ group usually does not inves-
tigate individual building complaints.
However, it does carry out studies on
specific buildings if such studies can
address generic problems. One such
study will be discussed here.

To prevent building-related illness
caused by offgassing of volatile organic
compounds (VOC) from new building
furnishings and materials, California’s
Office of the State Architect has
recommended that new state office
buildings undergo a bake-out. In this
procedure the air temperature is
elevated while ventilation is main-
tained.” A bake-out was carried out for
two floors (1900 m2?) of a newly
renovated seven-story office building
for 24 hours at temperatures between
33 and 39°C. Measurements of tem-
peratures and VOC were carried out at
two indoor and one outdoor location
before, during and after the bake-out.
Ventilation rates taken at the fresh air
intakes before and after bake-out were
1.6 and 1.2 h™', respectively. VOC
was measured by a continuous
photoionization detector as well as by
Tenax followed by GC/MS.

Fig. 2 shows the reduction (= 25%)
of VOC as aresult of the bake-out. For-
maldehyde concentrations, which were
low (about 0.03 ppm) were essentially
unchanged. It appears that longer bake-
out times may be necessary to achieve
large reductions in VOC. More
buildings will have to be studied before
general conclusions can be drawn.

MEASUREMENTTECHNIQUES
Measurement techniques should be
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FIGURE 2 - Concentrations of selected
organics in an office building before, during,
and after bake-out.

geared to the needs of the environmen-
tal program they serve (e.g. indoor, out-
door or occupational) and, indeed,
within a given program, to specific
tasks (e.g. monitoring, mitigation, etc.).
Although indoor air quality (IAQ)
studies have appeared in the literature
for years, only recently have numerous
and extensive field and laboratory
studies been reported. Thus, a solid
tradition of method development,
quality assurance, and standardisation
has not been established for this fledgl-
ing field. Although there is much com-
monality among the outdoor, indoor,
and occupational air quality fields,
there also are many differences, some
of which influence the direction of
emerging measurement technologies.

MEASUREMENT
DIFFERENCES

One can characterise outdoor air pollu-
tion with a relatively small number of
research or monitoring stations located
within an air basin. However,
occupational and indoor programs, and
particularly the latter, demand that a
rather large number of microenviron-
ments be sampled to characterise air
quality. This results in a greater need
for inexpensive measurement methods
than required by outdoor programs.

There are differences in measure-
ment needs due to differences in the
sources of pollution. Occupational
sources are process-orientated, out-
door sources are mobile or stationary,
while indoor sources are more varied
and can include outdoor infiltration,
consumer products, building materials,
pets, and people and their activities.
These differences demand different
emission measurement approaches.
Consider, for example, the differences
in measuring emissions from
automobiles (gm/mile), industrial
stacks (gm/hr), and building materials
(gm/hr/m?2).

Instrumentation requirements are
more stringent for IAQ studies. First,

they must be portable, unobtrusive,
relatively inexpensive, and quiet.
Second, a greater range of
measurements is required besides the
traditional chemical concentration
measurements. JAQ studies can
require measurements of air exchange,
biological materials (fungi, molds, bac-
teria, viruses), and environmental
tobacco smoke. Many methods used in
outdoor studies are inadequate in an
indoor setting. For example, a High-
Volume particulate sampler is not only
too noisy and large to be used indoors,
but also has such a high flow rate that it
would act as an air cleaner, lowering
the very concentration values it is sup-
posed to measure.

EMERGING MEASUREMENT
TECHNOLOGIES

Although many measurement methods
can be adapted from the outdoor and
occupational fields for use in indoor
studies, the various differences dis-
cussed above as well as the needs uni-
que to the indoor field demand that new
approaches be developed.

For example, the need for small,
inexpensive, and quiet instruments has
lead to improvements in passive (re-
quiring no pump) samplers. Passive
samplers are now available for CO,
CO,, NO,, HCHO, SO,, radon,
organic vapors, and other pollutants.
Their long integrating times (days, and
in the case of radon, months) make
them particularly useful in chronic
health effect studies. The use of passive
samplers, in surveys conducted by
mail, allows for large scale IAQ field
studies. However, biases may be
introduced as a result of low response
rates and/or high dropout rates by the
volunteer residents. These rates may
depend on the specific pollutant being
studied. For example, 44% of about
1900 California mobile home
occupants contacted by mail in the
California IAQ program HCHO study
chose to participate, though no
inducements were offered (4). On the
other hand, a mailing to about 800 con-
ventional home residents in the San
Francisco Bay Area asking them to
participate in a radon study yielded a
response rate of only 14% (radon was
relatively unpublicised at the time).
Another concern is the care with which
participants follow the instructions for
placing and using passive monitors.
Thus the quality of IAQ data bases will
depend critically on the ability of the
scientists carrying out the studies to
communicate effectively with the sur-
veyed population.

This interaction is even more crucial
when scientists investigate so-called
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sick buildings (a better descriptor might
be “complaint buildings™). To deter-
mine whether a physical problem exists
and to seek the cause one must collect
not only traditional air quality data, but
also data on labour management
relations, lighting, noise, etc. Of par-
ticular importance are data on health
symptoms, for these are used to deter-
mine whether a physical problem exists
and to seek the cause one must collect
not only traditional air quality data, but
also data on labor management
relations, lighting, noise, etc. Of par-
ticular importance are data on health
symptoms, for these are used to deter-
mine whether the symptoms and com-
plaints are more prevalent than one
would expect from a building popula-
tion of the size being studied. Often less
than half the occupants return the ques-
tionnaire, thus resulting in the probable
bias in the direction of overestimating
the symptoms and complaints.
Furthermore, the mere presence of the

investigators ~ and/or  monitoring
instruments may influence the
occupants’ perceptions of their

environment and symptoms. Thus, the
traditional measurement methodologies
cannot be separated from the overall
sick building investigation protocol.

The indoor environment may offer
an organic measurement challenge
greater than the outdoor environment
since the variety of organics is usually
greater indoors than outdoors, par-
ticularly for office buildings. Thus,
besides compound specific methods, it
will be useful to have methods with
broad specificity which detect classes
of compounds. Although such sur-
rogate methods are certainly useful in
occupational and outdoor programs,
the special needs of IAQ programs may
provide a major driving force to the
measurement community to develop
and standardise these methods.

One such surrogate method is the
Ames bioassay, since it canbe used as a
relative measure of the mutagenic
potential of a chemically complex mix-
ture in indoor air. Using a more sensi-
-tive modification of the original Ames
'assay, we have measured the
‘mutagenicity in a non-smoking office
building (with no complaints) using an
automated dichotomous sampler (50
1/min). The modified Ames test is sen-
sitive enough to achieve 2 hour resolu-
tion (5).

Because of the need for simple,
rapid, and inexpensive methods for the
detection and quantitation of organics,
efforts are being made to modify
immunoassay techniques commonly
used in virology to detect viruses, and in
clinical chemistry to detect drugs, so
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that they can be used to measure
organics in environmental and human
samples. Immunoassays use antibodies
as probes for detecting naturally occur-
ring antigens such as viruses and bac-
teria. Although there are a number of
different types of immunoassays, they
all have as a basis the measurement of
the competition for binding to antibody
between an unknown amount of the
specimen and a known amount of
labelled antigen. The antigens are
usually labelled with radioactive or
fluorescent  molecules to  aid
detection.

We developed monoclonal antibody-
based immunoassays to the nitrated
derivatives of PAH, the nitroarenes,
because of their importance in diesel
exhaust, their presence in ambient air,
and their carcinogenic potential (5,6).
The first step in the production of
antibodies is to prepare the antigensin a
form capable of eliciting an immune
response in a mouse. Small organic
compounds, such as 3-nitrofluoranthene
(3-NF) and 2-nitrofluoranthene (2-
NF) must first be chemically con-
jugated to carrier proteins before they
become immunologically competent to
stimulate the animals to produce
antibodies. Several days after inocula-
tion the animal is sacrificed and cells
teased from the spleen. These cells are
then “immortalised” by fusion with
mouse myeloma cells (these immor-
talised cells are called hybridomas).
Next, a screening procedure is used to
find cells producing antibodies to 3-NF
and 2-NF. Cells which had the greatest
reaction with the antigen of interest and
the least competition (i.e. interference)
from similar antigens are then cloned in
order to select individual hybridoma
cells which secrete the desired
antibody. These cells are then grown as

single clones.

A number of antibodies have been
produced thus far. Some are relatively
specific to individual isomers of nit-
roarenes, while others cross-react with
avariety of compounds of similar struc-
ture. An example of high specificity is a
clone which produces antibody highly
reactive with 3-NF, but with negligible
reactivity with 2-NF.

Because it is also desirable to
measure the body burden of toxic
chemicals and their metabolites, pre-
ferably in readily accessible fluids such
as urine, we also have antibodies which
react with the metabolites of 2-NF. The
metabolites were made by incubating
2-NF with a rat enzyme liver extract
(S9). The predominant metabolites
made, as determined by GC-MS, were
8-hydroxy-2-NF and 9-hydroxy-2-
NF. Human urine was spiked with
these compounds, and a competition
radioimmunoassay was run on the
urine. The results showed that less than
10ng of either metabolite give 50%
inhibition of antibody bindling to
radiolabelled 3NF. Although the
development of such monoclional
antibodies requires a significant
research effort, once operational such
assays should permit the analysis of
hundreds of samples per day without
the need of highly skilled workers or
expensive equipment.

A special measurement need of the
IAQ field is for microorganisms, and
particularly the concentration of
specific classes in non-complaint
buildings, since such baseline data are
needed to draw conclusions from
measurements made in problem
buildings. The IAQ group has begun a
long term study of bacteria and fungi in
a new one-bedroom apartment, using
single stage Anderson impactors. Sam-
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ples were collected in various rooms
and outdoors before occupancy and at
three-month intervals thereafter. The
preliminary data displayed in Figure 3
show the differences in concentrations
as a function of time of occupancy for
two classes of fungi, both indoors and
outdoors.

The above discussion should have
demonstrated that the measurement
needs of the indoor environment are
different in many aspects from the out-
door and occupational needs. Much
method development research is
required and new measurement
technologies will emerge to compli-
ment the traditional physico-chemical
approaches. Thus, leading IAQ
laboratories of the future must have a
multi-disciplinary staff and view.
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NEW PRODUCTS

ASBESTOS-WASTE PROBLEM
SOLVED

The answer to one of the world’s major
environmental problems, the hazard of
deadly asbestos waste, has been found
by scientists at a British firm, it is
claimed.

Their process transforms the asbes-
tos into a totally harmless glass sub-
stance which remians forever safe even
if broken or melted.

Unlike methods which merely seal

120

e

PO Box 88

ENVIRONMENTAL &
INDUSTRIAL POLLUTION
CONTROL

Stack. ambient & in-plant air testing
Analytical services

Air pollution control design
Occupational health and safety
Industrial noise and vibration

Peter W. Stephenson

& Associates Pty. Ltd.
(Incorporated in NSW)

Suite 4, 569 Pacific Highway

Chatswood NSW 2067
Telephone (02) 411 2114

toxic wastes inside other materials, the
process eliminates environmental and
health problems by physically chang-
ing the asbestos. In the process the
asbestos waste is melted in a furnace
with cullet and other additives at
around 1400°C. The asbestos is
absorbed into the glass producing a
totally safe glass material.

Recent trials at a power-station
demolition site proved completely suc-
cessful and the firm now envisages pro-
viding both portable units for on site use
and permanent units to process all
types of asbestos from a variety of
sources.

The cost of disposing of asbestos
safely by the ‘Vitrifix’ process is said to
be virtually the same, if not cheaper,
than the current risky bagging and
dumping system. The process involves
the use of waste glass (cullet), possibly
from bottle banks.

The world’s first Vitrifix furnace was
used recently to process 150 tonnes of
asbestos material at the Faslane Tri-
dent submarine base in Scotland. This
system incorporated a 5 t per day fur-
nace, but furnaces of virtually any size
from 1 to 100 t per day are possible.

The company would welcome
enquiries from prospective agents.
(Vitrifix Limited, 39 Scotland Street,
Sheffield, England S3 7BT. Telephone:
+44 742 727107. Telex: 547359.
Contact: Mr. M. Hinds).

REMOTE SWITCHING SYSTEM

McLean Automation has dcveloped a
remote control 240v switching system

using a proven digital coded ratio unit
for use in any application where
machinery needs to be switched
without control cables.

Applications include:

— Control of plant from a central loca-
tion with wire in transmitters.

~ Emergency/safety shutdowns from
any location within a 500 metre
radius using hand held transmitters.

— Multi channel and computer con-
trolled systems for reducing energy
costs in situations such as large
building air conditioning or lighting,
and plantroom control in distributed
industrial complexes.

— Special long range systems for pump

control in rural applications.

Many applications for this approach
to switching are not immediately
obvious. A case in point was a hand
held library illumination controller for
a leading tertiary educational institu-
tion. The university estimate they will
recoup the cost of their unit, in the form
of reduced power bills, within twelve
months.

For further information contact:
McLean Automation, 364 Terrace
Road, Freemans Reach, 2756,
Telephone (045) 79 6365.
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