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Preface

Australia: Sate d the Environme 1996 (the first ever independetrend
comprehensivessessmerf the date d Australias environmenf was
presentedo the CommonwealtrEnvironmert Minister in 1996. This
landmarkreport which draws ypon the expertie d a broad sction of

the Australian scientific and technical community, was prepared by
severexpelt referene goups working unde the broad drection o an
independent State of the Environment Advisory Council. While
preparing the report, the Department of the Environment, Sport and
Territories,on behaf of the referene goups commissiond a umber

of specialist technical papers. These have been refereed and are now
beingpublishel & the State d the Environmen TechnichPape Series.
Reflectingthe thene chaptes d the report the papes relae © human
settlementshiodiversity the @amosphergand resourcesnlard waters,
estuaries and the sea, and natural and cultural heritage. The topics
covered range from air and water quality to sea grasses and historic
shipwrecks.
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Abstract

The objective of this paper was ‘the preparation of an analysis of the current state of air quality
in a range of indooenvironments in Australia, the identification of human-induced pressures on
indoor air quality and the assessment of responses to pressures on indoor air quality’. The term
indoor air was taken to include the air inside residential buildings and accessible public indoor
areasof workplaces. This paper focuses on non-industrial workplaces and industrial workplaces
are discussed only in relation to the operation and enforcement of occupational exposure
standards for air. The scope of the paper was specified by the State of the Environment
Atmosphere Reference Group.

Summary measures is presented in Table 1. In general, it is
considered that many of these pollutants have not
Poor indoor air quality is widely regarded as a been sufficiently researched to determine both
significant health, environment and economic exposure levels for the Australian population and the
problem.There is no authoritative definition of indoor most appropriate strategies to reduce exposure.
air quality either in Australia or internationally. This
paper uses a broad definition by Wesolowski (1987)The more significant pollutants are considered to be
which is ‘the totality of attributes of indoor air that €nvironmental tobacco smoke, house dust mites and
affect a person’s health and well-being’. Indoor air Nitrogen dioxide—based on the observation of high
quality indicators must thereby determine how well indoor levels; and respirable suspended particles,
indoor air (a) satisfies thermal and respiratory microbials and volatile organic compounds—based
requirements(b) prevents unhealthy accumulation of ©n their potential for high indoor levels but lack of
pollutants, and (c) allows for a sense of well-being. INvestigation.

While these factors are all considered, most emphasiﬁ_|igh levels of environmental tobacco smoke have
is placed on the unhealtlaccumulation of pollutants, been found in recreational buildings where

since this is considered more relevant to the palloer’S‘r'nechanical ventilation systems are not capable of

SCOpe. removing this pollutant, even when these systems
Overseas studies have established the occurrence gomplywith Standards requirements. House dust mite
a range of building-related illnesses, many with allergen levels are very high in residences from
identifiable and diverse causes. A subset of thesecoastal areas and may present a particular health
illnesses—termed the ‘sick building syndrome’ problem  for  Australia. ~ Nitrogen  dioxide
(SBS)—includes mainly subjective symptoms (mild concentrations have been found to be high in many
irritation of eyes, nose and throat, headaches,residences and schools with unflued gas heaters.
lethargy). SBS symptoms are believed to arise fromWhile rectification programs have commenced for
multiple causes which, while not clearly understood, government schools in New South Wales, a vast
are associated mainly with air-conditioned office number of these heaters are used without control in
buildings.Australian studies in these areas have beensomeother States ancefritories.

limited, but suggest a common occurrence of
building-related illnesses, SBS-like symptoms and
dissatisfactiorwith office air environments.

Sectors of the population differ markedly in their

sensitivities to pollutants. Infants and children are
more vulnerable to respiratory illnesses associated
A large number of pollutants have been investigatedwith environmental tobacco smoke, house dust mites
in Australian buildings, some in great detail but, for and gas combustion products such as nitrogen
others,few observations are available. A summary of dioxide. Asthmatics are sensitive to a variety of

pollutants, their major sources and current responseollutantswhich act as inducers and triggers.



Table 1: Pollutants measued in Australian buildings

Pollutant

Indoor concentration range

Major sources

Control

Asbestos fibres

Radon

Environmental
tobacco smoke (ETS

Respirablesuspendec
particulates

Legionellaspp.

House dust mites

Microbial

Formaldehyde

\olatile organic
compounds

Pesticides

Nitrogen dioxide

Carbon monoxide

Carbon dioxide

Ozone

<0.002 f/mL

Conventional dwellings:
99.9% <200 Bg/fh

Earth-constructed dwellings:
~91% <200 Bg//

High in recreational buildings

)

1 Poorly characterised

30% of population exposed

Coastal areas 10-4@®/g Der pl

100s to 18000 CFU/fn

Conventional buildings <100 pp
(1-3 days average)
Mobile buildings 100-1000 ppb

Poorly characterised

Limited data, median
<5ug/m3

Up to 1000 ppb

~10% >9 ppm

Poorly characterised

Poorly characterised

D

Friable products

Soil under building

Earth walls

Cigarette smoke

ETS, cooking, fuel
combustion

Water cooling towers

Bedding, carpet, furniture

Moist/damp surfaces

Pressed-wood products

‘Wet’' synthetic materials

Major sources unknown

Unflued gas heaters

Unflued gas heaters

Exhaled air

Poorly characterised

Risk management, removal

Siting of building

Material selection

Prohibition, designated
smoking area

Poorly characterised

Maintenance, siting

Removal of habitat
(humidity control)

Control moisture/ mould

Source emission control,
ventilation

Source emission control,
ventilation

Floor structure, inspection
clean-up

Source emission control,
flued systems ventilation

Source emission control,
flued systems ventilation

Qutdoor air ventilation

Source emission control,
ventilation

The question ofmultiple chemical sensitivity and the

indoor air quality indicators foresidential, health and

The two major pressures on indoor air pollution are:

(a) (low) building ve

ntilation rates; and

(b) (high) emission from pollutant sources.

Data on ventilation rates in Australian buildings are
limited but indicate ventilation rates have become

lower in residential buildings constructed in recent
possible influence of indoor air pollutants is under years and may be low in mechanically ventilated
debate. The protection of sensitive sectors of thebuildings constructed to the low-ventilation codes of
population is considered appropriate when selectingthe 1980s. Attention should be given to limiting the
impactof enegy conservation measures on minimum
educational building categories. Indicators for other ventilation rates in residences. Design, operation and
building categories will need to consider the likely maintenance of mechanical ventilation systems have
accesgo them by sensitive sectors of the population. all contributed to indoor air pollution problems in the
past and all of these aspects need to be addressed for
new constructions and retrospectively for current
buildings. Improved ventilation methods and codes
are being introduced in other countries. Adoption in
Australia has been slow due to inadequate research
fundingand expertise in the industry



Major indoor air pollutants typically occur at much preventaerosol drift intaair inlets (assumed to be
higher concentrations than found outdoors, or are widely used)

completely different pollutants from those outdoors. (c) reductionof exposure to house dust mite ajens

Pollutants that Originate outdoors generally reach by removing mite habitats (usm asthmatics) or
indoor air at much reduced concentrations due t0  reducing indoor humidities (recognised need but

deposition losses as outdoor air infiltrates buildings.  procedureyet to be developed)
Unlessthese pollutants also arise indoors, prevention
of exposure requires limitations on outdoor rather control microbial contaminants (recognised need
than indoor concentrations. Pollutants that originate for some commercial buildings)

indoors build to elevated concentrations in response

_— . . in rial development of low-emission interior

to emission from sources under restrained (even |f(e) dustrial developme .t ot ‘ow-emission terio

. " products to control indoor concentrations of
acceptableyentilation conditions.

formaldehyde and volatile organic compounds
Significant sources of pollutants of indoor air in (becoming used)
Australiahave been: (f) use of low-NQ; heaters (used by NSW public

(a) asbestos released from friable asbestos products, SCN00Is) or flues and local exhaust (used by few
particularly asbestos ‘fluff’ which was a unique ~ States) to minimise gas combustion products

(d) prevention of moist and damp interior surfaces to

useof raw asbestos to insulate theilings of 100 indoors.

ACT and 100 NSW residences Regulatory actions related to indoor air quality are
(b)radon emitted from some soils in a small limited, especially in comparison to regulation of

proportion of earth-constructed buildings outdoor air quality and industrial workplace air—a

featurealso common overseas. While some guidance
hasbeen provided by authorities such as the National
Healthand Medical Research Council (NHMR&)d
'the National Occupational Health and Safety
Commisssion (NOHSC), there is a need for a more
(e) formaldehyde in  mobile buildings using structured approach for evaluation and control of
pressed-wood  products and  conventional indoor air quality. A severe limitation is the absence
buildings insulated with urea formaldehyde foam of 5 single government authority with responsibility
insulation for indoor air quality. Harmonisation of occupational
(f) nitrogen dioxide emitted from unflued gas standardsnd environmental guidelines is desirable in
appliances, particularly heaters in residences andorder to clarify their roles in different indoor

(c) environmental tobacco smoke from tobacco
smoking,particularly in recreational buildings

(d)house dust mite allergens in residences
particularlyin coastal climates

schools environments. Development of improved ventilation
(g) termiticides applied to the foundations of codes, voluntary reduction of pollutant emissions
buildings with ‘leaky’ floors. from manufactured products, and improved public

education should be used to improve indoor air

Control of pollutant emission from sources is widely quality, but have been adopted to only a limited extent
accepted as the optimum response for improving;, australia.

indoorair quality Examples of control measures that

are being used or encouraged and which will reduce/ndoor air quality indicators should be related to a
exposureso indoor air pollutants in the future are: ~ Systematic process of building investigation, should
reflectcomfortand ventilation of the building aiand

(a) prohibition of smoking in buildings or its pe measured in relation to the presence of critical
restriction to appropriately designed areas soyrces rather than applied to all buildings. Building
separate from non-smokers (widely used) investigation, particularly for commercial buildings,

(b) control ofLegionellaby regular maintenance and shoulduse the following structured step-wise strategy
treatment of cooling towers and their location to in Figure 1.



Figure 1: Strategy for investigation of indoor air quality

Gathering information
plans, specifications, occupant systems

'

Walk through inspection

operation and maintenance, sources, air
distribution, measure T, RH, air velocity

'
'

Ventilation system evaluation

Initial review

air intake/exhaust/cooling tower separatian
system faults, condensation, water pooling
maintenance schedule

'

Measure ventilation rate

air supply and distribution, carbon
dioxide levels

Identify and measure
Indoor air pollutants

source-related pollutants

'

Interim review and selection

}7 Solution A————»

SolutionB————»

SolutionC—————»

SolutonD————»

of control action

Monitor effectiveness
of control

- » . .- - -

Final review }

The following indicators (and their critical sources (c) sourceindicators
whereapplicable) could be used within this strategy:

(a) comfort indicators

thermal comfort criteria

optimal humidity range 40-60% relative
humidity

occupant symptom questionnaire

(b) ventilation indicators

concentration of carbon dioxide under
steady-state conditions: residences less than
1000ppm, commercial buildings less than 800

ppm

10

asbestos fibres: use applicable codes and
regulations for hazard assessment of products

radon: measure for earth-constructed
residence®sr habitable basements

environmental tobacco smoke: use nicotine or
respirable suspended particulates (RSPs) as
indicators for areas with heavy smoking;
robustindicator needed for other situations

RSPs: reserved, pending more knowledge

Legionella use applicable codes and

regulationsyetrospective application



house dust mite: measure allergens in dust to
determine if below ten percentile level for
particulararea

microbials: moist or damp surfaces with or
without visible growths are unacceptable; no
presence of confirmed pathogens or toxigenic
fungi in air or surface samples

formaldehyde: measure in new buildings or
caravans and mobile buildings with other than
small usage of pressed-wood products

volatile organic compounds: a total VOC
concentration above 50@g/m® indicates
significant sources; determine concentrations
of carcinogens and irritants if potential sources
arepresent

pesticides: measure concentrations if residues
found or building has ‘leaky’ floor, especially

for  post-construction
termiticides

nitrogendioxide: measure concentrations in all
buildings (but particularly residences, schools
and hospitals) where unflued gas appliances
areused (particularly heaters)

carbon monoxide: measure concentrations in
all buildings with unflued gas heaters
(particularlyresidences, schools ahdspitals)
and in enclosed parking sites not designed to
AS 1668.2-1991

carbon dioxide: measure concentration in
mechanically ventilated buildings under
steady-state conditions as an indicator of
outdoorair ventilation rates

ozone: measure concentrations in rooms with
heavy-use electrostatic photocopiers, laser
printers and other sources, and at outlets from
ozone-basedir sterilisers.

application  of

11



1 Introduction concentrations affecting occupant health and since
this has more relevance to this paper it will receive
Indoor air quality is recognised as a significant more emphasis, but not to the exclusion of other
environmental and health problem in most countries.factors.
Modern populations typically spend 80—-90% of their
time indoors, whether at home, work or elsewhere.
Coupled with the common research finding that
pollutants in indoor air occur more frequently and at
higher concentrations than in outdoor air, it is clear
that indoor air is the major source for environmental
exposureo air pollutants. The resutf such exposure
is a spectrum of illnesses ranging from mild to severe
effects (e.g. mild irritation/lethargy, impaired 2  Air quality in Australian indoor
respiratory development, asthma, cancer) that cost environments
communities heavily in suffering and economic loss.
For example, US estimates of annual economic loss) 1] Subjective symptoms in
due to poor indoor air quality are several tens of A
billions of dollars (Environmental Protection Agency bUIldIng occupants
1994). Similar estimates have not been made forHealth effects that are experienced by the occupants
Australia but it can easily be calculated that for a 3% of certain buildings range from severe effects
productivity loss by Australian office workers (a (asthmaallemic response, cancer risks) to a series of
figure found in some overseas studies) an annual lossnild symptoms, generally non-specific in nature,
of $3 billion is incurred. The national cost of asthma which exhibit an association with the indoor
in Australia is better known and estimated to be $750environment, particularly indoor air. Collectively, all
million annually, with two million people suffering such health effects are termed ‘building-related

Informationwas gathered frompublished reports and
conferences up to the end of 1994 and by requesting
unpublished information from approximately 100
government bodies, universities, consultants and
public groups. Those who provided information are
acknowledged in Appendix 1.

from the disease (Institute for Child HeaResearch, illness’ and many arise from identifiable causes, for
pers. comm.) and indoor air being a contributory example specific pollutants, poor ventilation,
factor. humidifier fever, poor thermal comfort, poor lighting,

. ) o ) ) . psychosociafactors. Howeveiit has been found that
There is no universal definition of indoor air quality a range of subjective symptoms, termed the ‘sick
(Speng_ler and Samet 1991) nor one accepted 'rbuildingsyndrome’ by the Wd HealthOrganisation
Australia. (WHO 1982), occur in a high proportion (30% or

The NHMRC (1992) defined indoor air as ‘air within More) of occupants of specific buildings (generally,
abuilding occupied for a period of at least one hour by PUt not exclusively, air-conditioned offices) without

peopleof varying states of health’. Buildingsvered clearly identified causes. Raw (1992) summarised
by this definition were homes, schools, restaurants,SBSsymptoms as:

public buildings, residential institutions and offices, imitated, dry or watering eyes (sometimes

but not premises (e.g. workplaces) or parts of  gescribed as itching, tiredness, smarting, redness,
premises otherwise covered by occupational health  yrning, difficulty wearing contact lenses)

standards. It did not define indoor air quality. While .
many definitions have been proposed by researchers,
this paper uses a broad definition by Wesolowski
(1987)which is ‘the totality of attributes of indoor air
that affect a person’s health and well-being’. Under ® dry or sore throat (sometimes described as
such a definition, indoor air quality indicators must ~ i'mitation, oropharyngeal symptoms, upper airway
determine how well indoor air satisfies thermal irritation, difficulty swallowing)

requirements and respiratory requirements, prevent® dryness, itching or irritation of the skin,
unhealthy accumulation of pollutants, and allows for  occasionally with rash (or specific clinical terms
asense of well-being. A narrower definitioninfloor such as erythema, rosacea, urticaria, pruritis,
air quality is the occurrence of pollutants at xerodermia)

irritated, runny or blocked nose (sometimes
described as congestion, nosebleeds, itchy or
stuffy nose)

12



e less specific symptoms such as headacheunacceptably stuffy, drowsy conditions. Eighty-two
lethargyi,irritability and poor concentration. per cent of the buildings failed to meet current

Despite much investigation into SBS, it is now ventilationguidelines (lagely due to changes in these

regarded as probable that it has multifactorial causeduidelines after the buildings were constructed). A
with no single cause showing a clear association to thesimilar incidence has been observed for inadequate
symptomgSykes 1989). Raw (1992) summarised the ventilation of commercial buildings in Perth (K.

current but limited knowledge on potential causes asCOllins, BCA Consultants, Perth). Also it has been
follows: reported(D. McKenna, Community and Public Sector

Union, unpublished paper) that a multi-State survey
* ventilation rate—in some cases symptoms haveof 511 Commonwealth Governmentfizk workers in
been reduced by increasing fresh air intake but1990 found that 91% experienced discomfort or
there is little evidence that this will be effective jjnessassociateavith poor ventilation or temperature
where the ventilation rate already meets current gntrol. Complaints included: too hot (72%), too
guidelines stuffy (72%), drowsiness (48%), headaches (48%),
¢ ventilation systems—air conditioning is strongly and sore throat (55%).

associated with SBS but mechanical ventilation ) )
andhumidification arenot; the association may be ROWe €t al. (1993) determined sick leave absences

due to poor air distribution, poor maintenance, or oM six Sydney dice buildings containing a totaf
creationof an environment conducive to growth of 500 occupants and with different design ventilation
micro-organism&nd dust mites rates (3.5-11 L/person/second) and no previous

. . . evidence of occupant illness. They found no

* airborne che_mlcal pollution—many - pollutants correlation between sick leave absence and design
probablycontribute ventilation rate. However, the appropriateness of

* micro-organisms and particulates—evidence is ysing sick leave absences as a measure of the
increasing that an important role is played by a gccurrence of mild symptoms in the workforce
mixture of organic and non-organic dust from (sykes1989) and the small sample size involved limit
poorly maintained air-conditioning systems and the significance of this finding. A British study has
furnishings foundan efect on sick leave only when amdividual

e temperature—temperatures above°@1 have  worker experiences several SBS symptoms
been shown to increase symptoms but possibly(Robertson et al. 1990). However, Rowe et al.
only where humidity is low or under particular observed significant differences between the

conditionsof air movement buildings that were consistent over separate study
« humidity—relativehumidities below 30% may be periods, suggesting some role of building-related
associateavith symptoms factors. Rowe and Wilke (1994) investigated

occupant perceptions of thermal comfort and indoor
air quality vectors ireight ofice buildings in Sydney
and suburbs. They found that more than 45% of
occupants of each building were dissatisfied with
either vector, the greatest dissatisfaction being found
in six buildings that were mechanically ventilated.

¢ lighting—certain symptoms may be promoted by
poorlighting, absence of windows or flicker from
fluorescentubes operated at 50 Hz

e personal and organisational factors—symptoms
are more frequent among women, workers in
routine jobs, those with a history of allergy,
workers at video display units, and those who pingle and Olden (1992) investigated a new,
perceive they have poor control over their indoor o r-jevel office building in Perth where occupants
environment. complained of strong chemical odours and SBS-like

Assessment of building-related illnesses in Australiasymptoms. They applied a  self-response

has been very limited and is restricted to studies ofquestionnaire to 44 occupants selected randomly

office environments. Williams (1992) investigated from the building’s 126 office workers. Symptoms

ventilation system adequacy in 228 suburban,and their incidences were: dry eyes (65%), tired and
low-rise office buildings in Melbourne and, while strained eyes (54%), reflection/glare (41%), fatigue
illness was not specifically assessed, it was reported57%), sore throat (28%) and migraine (36%). Factors
that occupants of 62% of buildings experienced that were identified as possible contributors to these
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symptoms were window glare and high indoor widely from bodies aroundustralia. Pollutants were
temperatures. Kemp and Dingle (1994) described aselected on the basis of their known occurrence in
rangeof SBS-like symptoms i20—-40% of occupants indoor air and their association with indoor sources.
from a neweight-leveloffice building in Perth where  Measurements are compared to indoor air goal
occupants complained of strong chemical odours.concentrations recommended by the NHMRC,
Rabone et al. (1994) found no association betweerprovided in Table 2. Pollutants arising from outdoor
recent occupant mental distress and work-relatedair and entering buildings by air infiltration and
symptomsn 401 occupants of a ‘sick’ fdée building ventilationare discussed in section 3.3.

in Sydney. Instead, the symptoms were strongly

associated with ‘stuffiness’ of the air—supporting a 2.2.1 Asbestos fibres

role of building factors rather than human factors in Asbestosuilding products have besvidely used in
the cause of symptoms. Australia (see section 3.1.1) and include friable

insulation products that easily release airborne
2.2 Concentrations @ major asbestos fibres when physically disturbed. Indoor air

poIIutants in indoor air _conce_ntra_tion§ of asbesFos fibre_s r_lave received little

investigation in Australia, but it is assumed that
This section will provide a perspective on indoor overseas findings will be indicative of behaviour in
pollutant concentrations found in Australian Australian buildings. Overseas investigations of
buildings as well as relative data found in other buildings containing asbestos insulation products
countries. It was considered that many of the were extensively reviewed by the Health Effects
measurementyade in Australia might not have been Institute—Asbestos Research (1991). It concluded
published and so unpublished data were soughthat:

Table 2: NHMRC air quality goals for indoor air

Pollutant Goal concentration Status
Radon 200 Bg/n® (1 year) Final
(action level)
Formaldehyde 100 ppb (ceiling) Final
(residences, schools)
Lead 1.5ug/m3 (3 month) Interim
Carbon monoxide 9 ppm (8 hour) Interim
Nitrogen dioxide — Under review
Total volatile organic compounds 500ug/m3 (1 hour) Level of concern
Single volatile organic compounds <50% Total volatile organic compounds | Level of concern
Sulphates 15ug/md (1 year) Interim
Sulphur dioxide 500 ppb (10 minute) Interim
250 ppb (1 hour) Interim
20 ppb (1 year) Interim
Total suspended particulates 90 ug/m3 (1 year) Interim
Ozone 120 ppb (1 hour) Interim
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Table 3: Exposules to airborne asbestos in buildings and lifetime lung cancer and mesothelioma risk

Exposure scenario— Indoor air concentrations Lifetime risk per million people exposed

1. Lifetime outdoor exposure

e 0.00001 f/mL (rural) 4

e 0.0001 f/mL (urban) 40
2. Exposure in ashestos-containing school, age 5-18 years

e 0.0005 f/mL (average) 6

e 0.005 f/mL (high) 60
3. Exposure in asbestos containing public building, age 25-45 years

e 0.0002 f/mL (average) 4

e 0.002 f/mL (high) 40
4. Occupational exposure, age 25-45 years

e 0.1 f/mL (current exposure standard) 2000

e 10 f/mL (historical industrial exposure) 200000

(a) activities of general occupants are unlikely to occupied areas of 22 office and plant buildings
resultin elevated asbestos fibre concentrations butcontainingasbestos insulation products were:
routine activities of maintenance workers may

. . . 0.022 f/mL 1 sample (loose asbestos
leadto localised elevation of concentrations;

in roof space)

(b) damaged friab_le (see ;ectipp 3.1.1) -sprayed 0.003 f/mL 3 samples
asbestos—particularly with visible debris—has 0.002 f/mL 5 samples
oftenbeen associated witdevated asbestos fibre ' P
concentrations in indoor air whereas the  0-001f/mL 22 samples

undamagegbroduct rarely shows thessociation; <0.001 f/mL 162 samples
and While these results are numerically similar to the
(c) accessible friable asbestos products have a higt'iesun_S in Table 3, th.e different measurement
probability of being damaged. techniques prevent relative assessment of the data
sets.

Therewew summarisedsbestos flbrg concentrations Most asbestosuilding products other than insulation
(fibres longer than fim per mL of air (f/mL) from

i oy X productsare non-friable and releaasbestos fibres as
analytical transmission electron microscope (TEM)

i i k aresult of intermittent machiningrocesses that break
measurements) in the '”‘?'OF“ air of 108 l_JS' 26 jownthe product (e.g sawingrinding and sanding).
Canadian and 64 _UK buildings and the risks to Asbestos concentrations (by the membrane filter
occupantss shown in dble 3. method) in the breathing zone of building occupants
carrying out such processes with some non-friable

Asbestodibre concentrations Australian buildings . :
productsare summarised inable 4.

werereported by Altree-\illiams and Presto(i1985).
They used scanning electron microscope/energyNote that these are short-term concentrations in
dispersive X-ray analysis for asbestos identification responseo specific work operations and their impact
andcounting but this methogould not detect the fine  on long-term concentrations such as those presented
fibores measured in analytical TEM methods. in Table 3 will depend on the frequency of the
However their findings for 193 air samples from the operations and build-up of residues.
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Table 4: Asbestos fibe concentrations during work with asbestogement (AC) products and vinyl floor tiles

Work operation Asbestos fibre concentration (f/mL)
Sawing and hammering AC interior cladding 0.9-15
Hand sawing AC sheet and pipe 2-4
Machine sawing AC products
e without local exhaust ventilation 2-20
e with local exhaust ventilation <2
Machine buffing of vinyl floor tiles 0.02-0.3

Sources: AC products (Brown 1981)
Vinyl floor tiles (Martin and Edwards 1993)

2.2.2 Radon orders of magnitude and this was considered the
critical factor underlying variation in radon
concentrations in the air of US buildings rather than
different ventilation levels (Samet 1991). Large,
non-randonsurveys olUS dwellings have shown that
the geometric mean concentration is approximately

55 Bg/m’ but that three million residences (4% of

Radon concentrations in Australian buildings have
been widely investigated and found to be well below
acceptedndoor air goals in nearly all buildings. This

is in marked contrast to the USA and the UK where
large numbers of buildings exceed radon
concentration goals. This difference is believed to . S
resultfrom differencesn building practice, soil types total) exceeded a USEPA action guideline of 150

and the coastal proximity of much of Australian Bg/m* and one million exceeded an action limit of
housing. 300 Bg/nv'.

Radon(radon—222) is an inert gas which is the decay
product of radium-226, the fifth daughter of
uranium-238. Uranium-238 and radium-226 are
present in most soils and rocks, although to widely
different levels. Since radon is gaseous it leaves the
soil or rock and enters surrounding air or water and
hence is ubiquitous in indoor and outdoor air. Radon
decay leads to emission of alpha particles which can
damagdive tissue, such as that of the lung if radon or
its daughters are inhaled. Radon has been classified as
a Class 1 (human) carcinogen following studies of
lung cancer incidence in miners (International
Agency for Research on Cancer (IARC) 1993).

Radon entry into building air is generally via the soil @

under a building but less significant sources such as

natural gas for cooking/heating or some building

materials are also known (Wadden and Scheff 1983) Figure 2: Geometric mean radon activity
Radon concentrations in indoor air will exceed those concentrations (Ba/n¥) in dwellings from each
outdoors due to the restricted dispersion of air in State or Territory

buildings.Radium levels in soils can vary over several Source: (Langroo et al. 1990)

,,,,,,,,,,,,,,,
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A survey of radon levels in 3413 Australian dwellings ETS from cigarettes is produced primarily by the
was carried out in 1988 by the Australian Radiation smokereleased at the burning end (sidestream smoke)
Laboratory (ARL)(Langroo et al. 1990; Solomon and smoke exhaled by the smoker (mainstream
1990). The dwellings were randomly distributed and smoke).The smoke is quickly diluted and dispersed in
wereselected from all States with numbers biased forbuilding air and changes rapidly in jpgysiochemical
population. It was found that the geometric mean properties, especially in the decreased proportion of
radon activity concentration was 8 Bg/mationally, constituentgound in the particle phase relative to the
which was approximately one-half of the world vapour phase. Chemical composition also changes
average. Levels found feach State are presented in dueto the way that constituents respond to ventilation
Figure 2. andcontact with indoor surfaces (Guerin etl#92).

An exposure standard for ETS has not been
exceeded 200 Bganthe indoor air quality goal and determined (NOHSC 1994) and several components
have been measured as markers of ETS—most

action limit set by the NHMRC (Table 2). It was ; | bustion-derived icul
estimated that 2000—-3000 dwellings across Australia requently combustion-derived particulate matter

may exceed this level. Further surveys of 1000 WestsmC(.e a high proportloq is of re§p|rable Siz€. .US
Australiandwellings (Bussaint 1994) and 44 Sydney §tud|es have found respirable particle concentrations
dwellings (Ferrari et al. 1988a) found similar results I the presence of ETS of 40-7@/m* (24-hour
to the ARL survey. Another more limited survey Sample) in residences and 200-35@y/m’
compared radon activity concentrations in three (<30-minute samples) in public entertainment areas
typical  cavity-brick wall  dwellings  with (Samet and Spengler 1991). Typical background
concentrations in 11 earth-constructed dwellings |€Vels in non-smoking public buildings have been
(Baggs and Wong 1987). Significantly higher estimated as a few tensygd/m* while typical levels
concentrations were found in the latter, reflecting thein smoking public buildings are 12@/m°* or less

source in soils and the degree of sealing of internal(Guerinet al. 1992).

earth walls—one building exceeding the 200 BY/m \jicotine concentration is a more specific marker of
level. the presence of ETS. Nicotine concentrations in US

It has been suggested that radon levels in high-risémmeSNIth smokmg werg found to a\{erage ag/mf
buildings may become elevated due to stack effectscOmpared with 0.8g/m’ in homes without smoking
(Persily 1993). Measurements in three low to (Henderson et al. 1989). Levels in public buildings
high—rise office buildings in Melbourne averaged Were usually 1Qig/m’ or less and levels in high
15 Bg/n (Hocking and Joyner 1994) and 30 Bg/m €Xposure settings (entertainment areas and _poorly
in two high-rise buildings in Perth (W. Tossaint, wa Ventilated areas) could be 2 to 10 times higher.

RadiationHealth Branch, pers. comm.). Higher levels Difficulties can arise ithe use of nicotine as an ETS
(but still below the action limit) were observed in marker for areas where smoking is intermittent since

upperfloors as well as basements of the buildings.  Nicotine deposited previously on surfaces may be
re-emittedto the indoor air (Guerin et al. 1992).

Three of the dwellings (0.09% of survey population)

Limited measurements of respirable suspended
particulates (RSP) from smoking have been carried

Environmentatobacco smoke (ETS) the term used out in Australian dwellings (Ferrari et al. 1988) and
to describe a complex airborne mixture of gases and€creational buildings (Bannister et al. 1994).
particles that results from tobacco smoking in Cummings et al. (1990) and Cummings (1991)
buildings.Most measurements of ETS components in measured concentrations of several components of
Australia have been in recreational buildings, where ETSin 80 recreational buildingsnainly clubs, hotels
smoking is still commonly allowed. High levels of andtrains) in SydneySignificantly elevated levelst

ETS components were found in these buildings evenhicotine(20-140ug/m°), total suspended particulates
where accepted ventilation engineering practice was(16-1600 ug/m’) and polycyclic —aromatic
used.More investigation is needed for other buildings hydrocarbons (20-220 ng/in were observed,
dueto the paucity of information available. indicating that the air cleaning methods in use were

2.2.3 Environmental tobacco smoke
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inadequate to ensure acceptable indoor air quality.
Collins (1994) summarised many measurements in
Perthbuildings where80% of occupants smoked and
accepted ventilation engineering practice was used.
RSP concentrations ranged from 150 to Ag#n’

and nicotine concentrations from 21 to 4g/m?°.
Gaughan (1990) reported that RSP concentrations in
the Adelaide casino during peak occupancy ranged
from 110 to 43Qg/m* but carbon monoxide
concentrations were less than 6 ppm. He determined
that installation of electrostatic and activated carbon
filtration systems and increased ventilation rates
would be necessary to reduce RSP concentations to o g

3 3
below 150ug/m-. @(0.6)

,,,,,,,,,,,,,,,

2.2.4 Respirable suspended particulates Figure 3: Number of notifications (and

; ; «a i INCidences per 10000 population) of
Respirable suspendgdrticulates (RSP) also arise in Legionnaires' disease for each Statedm 1991 to

mdoo_r air from fuel-based_heatlng appllance_s and1994 (Communicable Diseases
cookingstoves although the impact of these on indoor Network—Australia New Zealand—National

air quality hasnot yet been well described (Samet and Notificable Diseases Surveliance System)
Spengler 1991). Wood-burning heaters and kerosene(\pers_ comm.)

heaters can elevate RSP concentrations to short-term o . _ _
levels similar to those described earlier for ETS by Colonisation of cooling tower water varies with
either leakage or re-entrainment of polluted outdoor S€aSOn—probablin response to diérentLegionella

air. Airtight wood heaters will limit indoor leakage but 9rowth rates with water temperature changes
still contribute substantially to outdoor air pollution. (Broadbenend Bentham 1992). The combined action
Ferrari et al. (1988) found an average ‘respirable’ Of water sprays and air movement in the cooling
particle concentration of 86g/m® in eight Sydney ~ OWers (or other water-containing —equipment)
dwellings with wood fires compared to 28/m’ prqduces a dr'opl'et aer'os.ol contalnlng_the bacteria
found in four dwellings without wood fires. which may drift into air inlets. Inhalation of the

. . . aerosol can lead to development of Legionnaires’
Short-term concentrations during cooking (fuel . : . ;
o 5. diseasea pneumonia that has a high mortality rate and
unspecified) averaged 4203/m> in seven Sydney

) . . represents 1% of pneumonia cases in Australia
dwellings. Ingress of outdoor respirable partlculates(of_ﬁce of the Commissioner for the Environment
into indoor air due to air infiltration may also 92)
contribute to indoor particulates but these may vary '
significantly (e.g. amount of soot and acid aerosols)Legionnaires’ disease occurs sporadically in

from those generated indoors (Dockery and PopeAustraliabut evidence indicates frequent exposure to
1994). the bacteria has occurred without illness in healthy

people,(e.g. a serological survey of healthy people in
South Australia found 31 % had evidence of
subclinicalinfections (Pitt et al., referenced by Munro
The occurrence of Legionnaires’ disease has beeret al. 1994). It has been estimated that 5% of those
well-documented in Australia. It is largely a result of exposed to airborneegionelladevelop the disease,
Legionellagrowth in small cooling tower systems and andthat the illness is fatal for 10-1566these people
evidence indicates frequent exposure to the(Denis, referenced by Commission of European
population.Legionellaspp. are pathogenic bacteria Communitie CEC) 1993). Disease outbreaks t&n
that are ubiquitous in soil and water in low numbers, significant and are notifiable in all States and
but their numbers can grow significantly in warm Territories.The number of notifications for each State
environmentsuch as cooling tower water or Territory from 1991 to 1994 is presented in

2.2.5Legionellaspp.
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Figure 3. While most outbreaks in the US have furniture) have been used. It has been suggested that
resulted fromlLegionellain tempered water supplies, at allergen levels above®) of Der p 1 per gram of
mostoutbreaks irAustralia have been associated with fine dust (equivalent to 100 HDM per gram of fine
cooling towers, particularly small systems operated dust), there is an increased risk of sensitisation,
after a period of shutdown (Broadbent et al. 1994). bronchial reactivity and symptomatic asthma; at
levels above 1@g of Der p 1 per gram of fine dust
(500 HDM/g) the risk of acute or severe asthma
attacksis increased (Platts-Mills and dec¢k 1988).

Pontiac feveralso caused by a numberlafgionella
spp., is milder and appears as epidemics of
non-pneumonic fever which last 2-5 days.
Ninety-five per cent of those exposed become ill but Sincemites require humidities above 40-50% relative
no fatalities have been reported and the overallhumidity for survival at normal indoor temperatures,
incidenceis laigely unknown (CEC 1993). thelevel of mite allegens in very dry or cold climate
regions (Stockholm, Arizona) is generally less than
2 ug/g, whereas in regions with one season suitable
for population growth (coastal Europe and USA) the
House dust mites (HDMs) are a major source oflevelhas a meahetween 2 and 1gg/g. Regions with
allergenin common house dust from indoor furniture a climate suitable for mite populations for mwdtthe
andfurnishings. Allegens in the indooenvironment ~ year (coastal areas of Australia and South America)
are significant pollutants since they can sensitisehave mean allergen levels of 10 to d@/g (Tovey
various organs such that an inflammatory reaction1992).

occurs on repeat exposure. Allergic reaction in the .
P P 9 A summary of HDM allergen measurements in

lung I_ead-s.t.o.qsthma, n the nose, .to hay fever australia is presented in Figure 4 and should be
allergicrhinitis; in the skin, to dermatitis or a form of

eczemaResearch in recent years has shown that highregarded only as indicative of distribution since

: . . significantvariations in assays can lead to 2- to 5-fold
levelsof HDM allegens occur in dwellings icoastal variations in field measurements (Tovey 1994). Mite
areas of Australia, and may present a partidutaith y !

S allergenlevels appear to be highest in coastal regions,
problemin this country (Vdolcock1991). Many other 9 Ppe gr alreg
. i . andbecome lower inland and virtually zero in central
biological materials can act as allergens—for

. . . _Australia.
example animal dander, cat saliva, cockroach saliva

and faeces, dried urine from rats and mice (EPA
1988). However, these are not discussed here since
levels in Australian buildings are unknown. Black
(1993) suggested that HDMs were more likely to
cause sensitisation than pollens or fungi since HDM
exposure is perennial rather than seasonal and the ‘
level of alleigen exposure can be 20 ng/hourHtidM 2-20*
compared to 1 mg/season for pollen and fungi. 'g Pt T 7)40-60

2.2.6 House dust mites

The predominant species in Australia is 4-20*
Dermatophagoides pteronyssinugTovey 1992)
although other species may be common in some
buildings (Colloff et al. 1991). Most of the allergen D
residesn mite faeces which are 10—4in in diameter

andbecome airborne when dust deposits are disturbed

(e.g. during cleaning, housework or other disruptive Figure 4: Geometric mean HDM allergen levels
activities).Generally exposure to HDM altpens has  (Der p 1 ng/g fine dust) in dwellings fom

been difficult to assess using airborne allergen different regions of Australia (*range estimated
measurements and as alternatives the allergerff OM mite numbers)

concentrationge.g. Der p 1, the allgen specific td.

pteronyssinus or the numbers of mites in Sources: Domrow 1970, Colloff et al. 1991, Tovey 1992, Peat
accumulated dust (vacuumed from carpet or1994.
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For any region, mite allergen levels fluctuate widely outdoorair. Such reservoirs may act as amplifiers for
between dwellings for unknown reasons, althoughbacteria, while fungi can grow in relatively dry
indoor humidity is a possible controlling factor environments (e.g. at relative humidities above 75%
(Tovey 1993; Brown et al. 1994). Limited studies of (Solomon and Burge 1984)). Airborne dispersion is
public buildings in Sydney (Green et al. 1992) and relatively easy for microbes found in building
Melbourne (Brown 1994) have shown virtually zero ventilation systems (e.g. fungal and bacterial spores)
HDM levels comparetb nearby dwellings. This may or contaminated carpet.

be due to greater ventilation rates and lower indoor

humidities in public buildings, but these factors have Airborne assessment of microbes is complicated by

yetto be investigated. the selection of appropriate sampling techniques, the
variety of species that are present and their temporal
2.2.7 Microbial contaminants fluctuations, the high potential contribution from

outdoor sources and the limited knowledge of
species-specific health effects (although
inflammation and allergic response predominate).
Several recent studies suggest that indoor air
microbialsmay have a more common role in 8BS
than previously thought (Rylander 1993, 1993a).
'Specific guidelines were supplied by the American
Conference of Governmental Industrial Hygienists
(ACGIH 1989). These relied primarily on site
inspection for potential sources of microbes, and air
In order for airborne disease transmission to occursampling was regarded as a secondary or last resort
from microbes in buildings, there must be a source oraction where occupant illness had occurred. Any
reservoir for the microbes, some means for theindoor air sampling must be performed relative to
microbes to multiply (amplifiers) and a mechanism outdoor air sampling and must determine both taxa
for theirrelease and dispersion into indoor air @ur and concentrations. The World Health Organization
and Feeley 1991). The major reservoir indoors is(WHO 1990) guidelines for assessment of hazardous
stagnant water or wet interior surfaces thatindoor airborne fungi used a similar approach, as
accumulate microbes which enter the building with summarisedn Table 5.

These include viable and non-viable microbiological
matter such as viruses, bacteria, fungi, protozoa
insectfaeces and pollenkegionnellaspp. and house
dustmites fall within this classification but have been
discussedeparately since there is more knowledfe
their occurrence and health effects. By comparison
theimpact of other microbial contaminants on indoor
air quality in Australia has received little
investigation.

Table 5: Guidelines for assessing airborne fungi

Result of air sampling Acceptable level

A. Confirmed pathogens (e.gspergillus fumigatysor toxigenic fungi (e.gStrachybotrys Not acceptable
atra and toxigenid®enicillium, Fusariumspecies)

B. Only one species other th@tadosporiumor Alternaria < 50 CFU*/m3

C. A mixture of species reflective of outdoor flora < 150 CFU*/n?

D. Primarily Cladosporiumor other common phylloplane fungi < 500 CFU*/n?

Source: (WHO 1990)
* CFU colony forming units
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Published studies in Australian buildings have beenseveral months when the foam has dried, the
limited. Godish et al. (1993) investigated airborne formaldehydeconcentrations argenerally below the
mould and bacteria levels in 40 dwellings in the NHMRC goal. Concentrations in new or renovated
Latrobe Valley, Victoria. All dwellings had one or buildingshave received little investigation.
moreoccupants with persistent respiratory symptoms
suchas asthma or allgy. Seventy-five per cent of the
housedad evidence of indoor mould growth, 25% of
the houses_had one or more reoms where viable moul resins which are widely used in indoor materials and
concentrationexceeded 2000 CFU/Mand 13% had 1, consumer products, particularly pressed-wood and

concentrations exceeding 10 000 CFU/@utdoor  piiding products such as particleboard and medium

mould levels contributed to indoor levels but indoor density fibreboard. Formaldehyde is also emitted by
sampleshad much highdevels ofPenicilliumspp. A gasstoves and in tobacco smoke.

current study of 30 dwellings in the same area found o )
indoorviable mould levels ufo 18 000 CFU/mwith Much of the initial concern over formaldehyde in
medianlevels (in diferent seasons) between 500 and indoor air arose in the early 1980s from the use of

. : UFFI as a wall and ceiling cavity insulation (see
1150 CFU/m (M. Garrett, Monash University, pers. . . )
comm.). Seneviratne et al. (1994) reported NHMRC 1982 in Appendix 4). UFFl was used in

measurements in three Sydney office buildings with 50000 to 70000 Australian dwellings and occupant

. . 0
histories of SBS symptoms. Two buildings exhibited health complalnf[s arose In less than .1/0 OT these.

. S Formaldehyde indoor air concentrations in the
low colony counts which were primarily

. . - 1000 ppb range could occur soon after installation of
Cladosporium Aspergillus and Penicillium The .
. . UFFI although after several months concentrations
third, a building found to have damp walls but no

visible mould growth, exhibited similar species but at were typically less than 100 ppb, the indoor air goal

recommended by the NHMRC (Brown 1991).
high airborne levels (6002500 CFUJm Cliff 4 ( )
(SIMTARS, Queensland, pers. comm.) determined Concentrationgn the 1000 ppb range also occurred in
viablemould concentrations in threefiog buildings, ~ US dwellings using pressed-wood  products,
7-15 years old and with occupant complaints. particularly those using large quantities and low
Concentrations ranged from 19 to 1230 CF&/m Ventilation rates—such as mobile homes and
(44 measurements) and averaged 340 CFy/m ca&ravans (Marbury and Kreiger 1991). Typical
outside concentrations were 500-1000 CFU/@® averageconcentrations in US and Canadawellings
measurements) Adamczyk  (Department  of have been 30-140 ppb for conventional homes and
Administrative Services Centre for Environmental 160-400ppb for mobile homes. Concentrations found

Management (DASCEM), pers. comm.) reported in Australian buildings are summarised iable 6.

total viable species in two office buildings from 9 to Formaldehyde concentrations in conventional

730 CFU/m, the 66 measurements averaging 170 Australian buildings appear somewhat lower than

CFU/m3. those reported in North America while those in
mobile buildings are similar

Formaldehyde is an irritating gas with a pungent
odour and readily dissolves in water. Its major
dindustrialapplication isn the production of diérent

2.2.8 Formaldehyde 2.2.9 Volatile organic compounds

Formaldehyde concentrations have been found to bdn contrast to other countries, volatile organic
low in conventional, established residences andcompounds (VOCs) have received very little
offices but exceeded the NHMRC goal in mobile investigation in Australian buildings of any type,
buildings, probably due to their high content of although a CSIRO project aims to commence such
pressed-wood products and low ventilation rates.measurements. Despite this situation, there is an
Concentrations exceeding the goal have also beerindoor‘level of concern’ for VOCs established the
observed in residences recently insulated with ureaNHMRC (Table 2). It is unknown whether Australian
formaldehyddoam insulation (UFFI), although, after buildingscomply with or exceed this level.
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Table 6: Formaldehyde concentrations in Australian buildings

Building type Study Number of Formaldehyde concentration (ppb)
buildings
range mean
Conventional dwelling Dingle et al. (1992) 100 0-97 26
Hooper et al. (1994) 40 3-73 23
McPhail (1991) 39 10-33 26
Caravan Dingle et al. (1992) 20 20-280 90
Caravan/mobile home McPhail (1991) 24 80-1200 310
Conventional office Dingle et al. (1992) 3 15-70 21
Cliff (Simtars, QId) 4 20-120 66
Ruksenas 8 10-80 40
(Noel Arnold & Assoc)
Mobile office Dingle et al. (1992) 12 420-830 710

VOCs are organic compounds with boiling points (c) 90 percentile concentrations of TVOC were
between 40-6 and 260C (excluding pesticides) approximately 4000 ug/m’ in established
that arise from the large number of materials, residences and 18 0Q@/m?® in new buildings,
equipment and consumer products used in buildings.  levels that are comparable to those observed to
Generally, in any building, 50 to 150 of such  cause irritation to human subjects (Molhave
compounds are found using the sensitive analytical  1990).

methods (detecting concentrations aroungglm?) o ) ) )
now available. It has been postulated that the Limited data exist for VOC concentrations in
individual compounds have an interactive effect on Australian buildings. CSIRO Division of Building,
sensory irritation and should be considered togethelConstruction and Engineering, Highett, has a project
as a total VOC (TVOC) concentration (Molhave and to characterise VOC concentrations in buildings and
Nielsen 1992). A common definition for TVOC is preliminary results are presented in Table 7 together

lacking, especially one relevat occupant exposure with qther measurer.ne'nts. Notel that differences in
and health effects, although the European analytical methods limit comparison of these data.
Commission will have examined a guideline Furtherinvestigation is needed to determine the level

definition for TVOC by the end of 1995 (M. De of exposure to VOCs for Australian populations.

Bortoli, EC Joint Research Centre, ltaly, pers.
comm.). A review of TVOC measurements overseas? 2 10 Pesticides

(Brown et al. 1994) found that:
Indoor air pesticide concentrations have been

investigated recently in small samples of Australian

dwellings treated with termiticides. No investigation

appears to have addressed other pesticide sources.
ug/m?); Australian and overseas studies indicate indoor air

(b) mean TVOC concentrations in new buildings termiticide concentrations are greater for dwellings
were approximately 400Qg/m?, indicating the  treated after construction or with floor constructions
major source was new building products and conducive to accumulation and ingress of pesticide
contents; and vapoursinto living spaces.

(@) mean TVOC concentrations in established
residences were 1130g/m?®, greatly exceeding
individual VOC concentrations (less than 5 to 50
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Table 7: VMOC concentrations in Australian buildings

Data source Building type Complaints TVOC Major compounds
(yes/no) concentration
(ng/m?)
CSIRO Dwelling Yes 32 Limonene, acetone
CSIRO Dwelling No 143 (9 outdoor)| Limonene, alkanes, pinene
CSIRO Library
* new carpet No 210-340 Styrene, 4—phenyl
e 6 months later | No 44 cyclohexene, toluene, xylene
CSIRO Office No 69 (outdoor 27)| Limonene, ethanol, toluene
Healthy_BuiIdings 18 office Unknown av. <90 Toluene, xylene, 1,1,1-trichloroethane
International max[2700 Dichloromethane, toluene,
1,1,1-trichloroethane
Simtars (D. Cliff, | 3 office Yes 88-527 Toluene, xylene, trichloroethane,
pers. comm.) av. <190 chloroform, acetone, dichloromethang,
tetrachloroethylene
Noel Arnold & 3 office Yes 10-2000 Unknown
Assoc. (J.
Ruksenas, pers.
comm.)
DASCEM 1 office Unknown 20-1250 Toluene, hexane
(Z. Adamczyk, av. 550

pers. comm.)

Generally, exposure to pesticides in dwellings is Investigations into pesticide levels in Australian
believed to occur through the use of consumerbuildings are relatively recent. Dingle et al. (1994)
products, intrusion of termiticides from foundations reportedthat pesticides werdetected in the indoor air
and contamination of house dusts. Exposure canof 19 of 22 dwellings treated with termaticides several
occurby inhalation and by absorption through k& years previously. Mean concentrationgi{m?) were
after contact with treated surfaces and so airbornechlorpyrifos 2.2, heptachlor 1.2, aldrin 0.4, and
concentrations are not the only indicators for chlordane/dieldrir0.1. Gun etl. (1994) summarised
occupanexposure. Misuse of pesticides is consideredthe findings of a two-year study into indoor air and
to provide the greatest potential for exposure and is arblood dieldren levels after 29 constructed dwellings
‘all too frequent’ occurrence (Lewis and Wallace weretreated with aldrin tprevent termite infestation
1987). using Australian Standard practice. The airborne

. . o . . aldrin concentrations one to six weeks after the
There is no Australian guideline for indoor air

pesticide concentrations but the US National treatmen'rgnged from 0.08 to 5[Lg/3m3,.W|th meghan
Academy of Sciences (NAS 1979) set guidelines o SONCentrations of 0.7 tg 2.g/m°. Six dwellings
indicate the presence of pesticides rather than healtffxceeded a concentration of 1@/m’ after one
effects (Table 8). The US armed forces study of week, two dwellings exceeded this level after six
chlordane in over 10000 dwellings found the months, and one dvv.eIIi.ng exceeded it after one year.
guideline was exceeded in 276 dwellings (Wallace PoOr sub—floor ventilation and a ‘leaky” floor were
1991).The incidence of contamination was greater in imPortant contributors to indoor air pollution by
houses built on soil treated after construction ratherd/drin (Pisanielio et al. 1993). Blood dieldren levels of
than before construction (Lillie and Barnes 1987). occupantshowedan increase of borderline statistical

Wallacealso summarised measurementsn 200 US  significance after the treatment. This was largely due
housegTable 8). to results from the two most heavily contaminated
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dwellings where occupants showed clear andannualmean concentrations were 20—-30 ppb. Annual

sustainedncreases in blood dieldrin levels. mean indoor concentrations were higher than
outdoors by 100 ppb in kitchens and 60 ppb in
2.2.11 Nitrogen dioxide bedrooms for dwellings with gas cooking (seldom

vented in the US). Ten per cent of the dwellings
receivedmuch investigation idwellings and schools exhibited concentrations exceeding the US National

in Australia, particularly in New South aéés (NSW) Ambient A|r Quahty .Standa.rd of ?00 ppb.
where unflued gas heaters have been widely used'Concentratlons in dwellings with elgctrlc cooking
High concentrations have been found in many of theseVere lower than outdoor concentrations. A recent
buildings and while an extensive rectification
programis ongoing in NSW government schools, it is
expected that similar concentrations will occur in a MINKS.

large number of similar buildings in other States

which have not yebeen evaluated. Assessment of the For Australia, the NHMRC recommends an ambient
significance  of  indoor  nitrogen  dioxide hitrogen dioxide goal concentration of 160 ppb
concentrationss limited by uncertainties about health (one-hour average) but a goal for indoor air has been
effects at low levels and the absence of an NHMRCunder review over many years. In November 1994,
indoor air goal, although recent child health studiesthe WHO International Program for Chemicgéfety
indicatean ugent need for these issues to be clarified. Task Group (Review of Environmental Health
Criteria for Oxides of Nitrogen) met in Melbourne
and set a health-related exposure guideline for
nitrogen dioxide in indoor or outdoor air. This
guideline is confidential until the criteria document
has been published, probably late in 1995. The
NHMRC will consider these criteria and all other

Indoor air concentrations of nitrogen dioxide have

study (Brauer and Spengler 1994) identified the high
potential exposure that could occur in US ice skating

Nitrogendioxide and nitric oxide occur in building air

due to indoor combustion sources, but nitrogen
dioxide is the oxide of principal health concern since
it is known to cause lung damage at high
concentrations. Nitrogen dioxide is an oxidant gas
deposited primarily in the_ large aqd smqll ainways of evaluations in its review process (L. Heiskanen,
the lung. _Other pot_er_mtlally toxm_derlvatlves of NHMRC, pers. comm.). Two recent Australian
nitrogenoxides (e.g. nitric acid and nitrates) may also

. o . tudies have demonstrated statistically significant
be generated but their presence in indoor air andS y °ig

) espiratorysymptom increases in childrerho live in
?géfr:]g?;nr:jegggngzercg 92‘;“/(9 not been addresseéresidences with gas stoves or unflued gas heaters

(Volkmer et al. 1994) or lives in residences or attend
Spengler et al. (1983) measured nitrogen dioxideschools with unflued gas heaters that lead to
averageconcentrations over a one-ygmariod in 137  maximum one-hour nitrogen dioxide concentrations
US dwellings from a rural community where outdoor greaterthan 80 ppb (Pillott@t al. 1997, pers. comm.).

Table 8: Average pesticide concentrations in US houses

Pesticide Average pesticide concentrationy{g/m3)

NAS Guideline Florida Massachusetts
Chlorpyrifos 10 0.23 0.01
Chlordane 5 0.26 0.12
Heptachlor 2 0.13 0.02
Diazinon - 0.21 0.03
Propoxur - 0.30 0.02
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Most measurements in Australia have been made in _100

NSW where unflued natural gas space heaters areg 800 o’gyﬁggg;n
widely used without restriction. Unflued gas heaters, g Range of
especiallyliquefied petroleum gas (LPG), are used in 8 600- concentration)
most other States with little restriction (see section g 400 gfg‘ﬂf”"l‘g |
4.2.2)and so NSW findings will have some relevance § oD Is 5 5 - >eneo s
to these. Twenty per cent of Sydney dwellings are &' 200- o .
estimated to use unflued gas heaters. Average < I

nitrogen dioxide concentrations in 64 Sydney O Nsw SA WA ACT
dwellingsfor 2—3 hoursafter unflued gas heaters were

lit exceeded 160 ppb in 50% of cases and 300 ppb in

20%. It was concluded that unflued gas heaters were

asignificant source of indoor air pollution by nitrogen Figure 5: Nitrogen dioxide concentrations during
dioxide (Ferrari et al1988). lyall (1993) reported on  Wwinter periods in Australian buildings with

a 1992 winter nitrogen dioxide survey of 195 unflued gas heaters and nogmediation actions

dwellings that used unflued gas heaters in Sydney,to the heaters

Adelaide and Perth. Similar to the findings of Ferrari |, response to the findings, in 1990 the Department of
etal., 20% of the Sydney homes exceeded 300 ppb buscho| Education (NSW) instituted a major program
only 4-5% of Adelaide and Perth dwellings did SO qf gas |eak rectification in all schools and introduction
(thismay have reflected heater size limitations and the y¢ low-NOy heaters (still unflued). McPhail and Betts
requiremenfor fixed wall vents for the latter (section (1992) reported that subsequent nitrogen dioxide
4.2.2)). Median (and range) concentrations were:concentrations in 2645 rooms with conventional
Sydney 200 ppb (30-830 ppb), Adelaide 100 ppbnfiyedheaters exceeded 100 ppb in 20% of cases and
(0-340 ppb) and Perth 100 ppb (30-600 ppb).300 ppb in 2.5% of cases: for rooms with 437
Evaluationof the 21 Sydney dwellings exceedi®@0 low-NOy heaters, the exceedances were 7.6% and
ppb found that servicing of radiant heaters and 0%, respectively. This program in NSW schools is
modifying ~ convection heaters could reduce gngoing and all heaters found to cause nitrogen
concentrations, although not to levels much below gigxide concentrations above 300 ppb and heaters in
300 ppb. colder areas of the State have been replaced with
low-NOy heaters. To date 17500 heaters have been
A 1989 investigation abver 700 NSW school rooms replaced which is 38% of unflued heaters in NSW
with unflued gas heaters (most with a window or door public schools. The intention is to eventually replace
open) found the concentrations averaged 145 ppball unflued gas convection heaters. Between 1990 and
exceedingl60 ppb in 23% of cases and 3§ib in 7% 1994, the program has measured nitrogen dioxide
(McPhail and Betts 1992). The major factorfeeting concentrations in schoolrooms with 14000 unflued
these levels were gas leaks in the heaters (causingas convection heaters and found the median
greater nitrogen dioxide production) and room concentration to be 50 ppb with 11% exceeding
ventilation levels. In some room trials, creating 160 ppb and 3% exceeding 300 p(¥ote that these
cross-ventilation by opening windows and doors measurements were subsequent to the gas leak
reducecconcentrations from 1000 ppb to 300 pbbt rectification and heater maintenance program for all
the practicality of such an approach under winter NSW public schools and an Education Department
conditions is open to question. Riley (ACT directive requiring windows to be opened while
Government  Analytical Laboratory, personal heaters were operating. This may explain why the
communication) reported that nitrogen dioxide concentrations are significantly lower than those
concentrations in ACT schools with unflued gas measuredn 1989 by McPhail and Betts). In the same
heaterganged from 20 to 200 ppb. A summary of all period, measurements in schoolrooms with 519
resultspresented above is provided in Figure 5, which low-NOy heaters (often two to a room) exhibited a
shows that the NHMRC ambient goal for nitrogen median concentration of 40 ppb with 4% of
dioxide of 160 ppb was commonly exceeded in thesemeasurements exceeding 160 ppb and 0.5%
buildings. exceeding300 ppb. All low-NQ; heaters were fuelled
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by LPG and preliminary investigation by NSW Public exceeded the NHMRC goal but this proportion was
Works indicated some supplies had a non-propanenot reported.
content which caused higher nitrogen dioxide
emission (Margaret Rodanska, NSW Public Works
pers.comm.).

Pontin et al. (1994) measured carbon monoxide
' concentrationgn four central-Pertland one suburban
office building with no known carbon monoxide
. sources other than underground parking. The
2.2.12 Carbon monoxide concentrationsaried with peak tréit flow outdoors

Carbon monoxide concentrations have beenand hourly averages ranged from 1 to 8 ppm,
measured in Australian dwellings with unflued gas €ight-houraverages from 1 to 5 ppm. Cummingsiet

heaters but the proportion exceeding the NHMRC (1990)found that carbon monoxide concentrations at
indoor air goal is unclear. Concentrations in other 80 sites in recreational buildings with smoking
buildings have received little investigation, an Permitted ranged from 0-24 ppm and generally
inadequacy that should be addressed for enclose@xceeded 9 ppm during peak activity periods, largely
carparks and adjacent areas since overseadue to a significant contribution by outdoor levels.

experience has shown these may experience high o
concentrations. 2.2.13 Carbon dioxide

Humans exhale carbon dioxide and in a building this
fuel combustion (e.g. gas or wood-burning exhaled gas can be removed only by dilution with

appliances, car exhausts) or infiltration of polluted outdoor air. The carpon Q|QX|de concentrations
outdoor air. Outdoor levels in rural areas have beengenerally encountered in buildings have no adyerse
measured to be below 1 ppm (Health and Welfarehealth effepts. However, the concentrations
Canada 1989) but levels as high as 50 ppm, butmeasure.d, in the absenc;e of other sources (e.g.
typically 1012 ppm, have been measured for Vehiclecombustlon processes), will be closely related to the
occupants in heavy traffic (Coultas and Lambert ventilation rate relative to the number of occupants

1991). Very high indoor residential concentrations and puilding volume. This _relation has, been
have been measured in poisoning accidents Whichestabhshed overseas such that carbon dioxide levels

g are used as indicators of the adequacy of ventilation
for air quality evaluation. Howevethere has been no
investigation into its application in Australian

Indoor carbon monoxide concentrations are expectedbuildings.

to generally follow outdoor levels except where

combustion sources occur in buildings without full

venting. The NHMRC indoor (and outdoor) air goal
concentration for carbon monoxide is 9 ppm

Carbon monoxide is produced indoors primarily by

generally resulted from malfunctioning or misuse
combustiorappliances.

Typical outdoorconcentrations are 350—450 ppm but
concentrations around 3000 ppm can be exceeded in
poorly ventilated rooms from exhaled air alone. The

(eight-hour average). Levels higher than this haveoccupatlonal exposure s'Fandard (ACGIH 1994) S
been experienced overseas in indoor parking area5000 bpm, to protect against undesirable changes in

and building locations attached to these (Coultas anoflh € amd;base ba:gnce OI thg bod%ZtMany Stuc:'etf] (:f
Lambert 1991). occupant perceptions of air quality suggest tha

concentrations above 800-1000 ppm indicate an
Ferrari et al. (1988) measured carbon monoxideinadequate supply of fresh air in mechanically
concentrations in 52 Sydney dwellings, mostly with ventilated buildings (Health and Welfare Canada
unfluedgas heaters arfdund that three exceeded the 1987). Consequently carbon dioxide concentration
NHMRC goal, possibly due to poor building has been used as a surrogate measure of ventilation
ventilation or appliance servicing. Lyall (1993) raterelative to its influencen indoor air quality (see
measured carbon monoxide concentrations in 195section 3.2.2.1) and may be used as the sensor in
dwellings in Sydney, Adelaide and Perth-all with demand-controlled ventilation systems (Reardon and
unflued gas heating. Median concentrations (andShaw1993). Carbon dioxide concentrations have also
measured range) were Sydney 6 ppm (1-47 ppm)been used to estimate effective ventilation rates for
Adelaide 0.6 ppm (0-37 ppm) and Perth 5.3 ppmbuildings but can only be used in this way under
(0.3-22 ppm). Clearly, a proportion of the dwellings specific building/occupancy conditions. The most
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importantconditionis the maintenance of steady-state 1992a).Many of the suppliers of such equipment limit
ventilation conditions—which is difficult to achieve o0zone emissions by use of charcoal filters on
for buildings operating at low ventilation rates (White exhausts—but these must be replaced regularly. The
1994). NOHSC (1989) noted that a combination of heavy
use, poor maintenance and inadequate ventilation

While  no  research into  carbon dioxide .o qresultin excessive ozone levels. Little research
concentration—ventilation rate interaction has been;

X ' ) into ozone exposure in modern office buildings
carriedout in Australia, several consultants have used appears to have been carried out as yet, but emission
concentration measurements

( ntra nts inoffice  building jimits have been proposed for office equipment (see
investigations to determine the adequacy 0f gectiong.4). Riley (ACT Government Analytical Lab,
ventilation.Results submitted by these consultamts pers. comm.) reported that ozone concentrations

presented in Table 9 but have not been related tGneaqyred in ACT offices were typically less than 10
building  ventilation  rates, limiting their ppb.

interpretation.

2.3 Sensitive sectors of the
2.2.14 Ozone population

Ozone is a strong oxidiser formed in outdoor air by Some sectors of the population are known to exhibit
photochemical reactions and is an irritant that affectsgreater sensitivity to airborne pollutants. These
the mucous membranes, other lung tissues and lungectorscommonly include thgery young, the old and
function. Indoor sources were considered of minor the infirm, and examples of these will be cited.
significance 10 years ago (Wadden and Scheff 1983However, other sectors to be discussed will be
but this may change with the increased use ofasthmatics and individuals who have become
electrostatiqhotocopiers and laser printersoifices, sensitised to specific pollutants, resulting in an
which have been reported to emit substantialimmunologic response even at very low
guantities of ozone (Cutter Information Corporation concentrations.

Table 9: Carbon dioxide concentrations in office buildings investigated by Australian consultants

Consultant Building Number of Concentration (ppm)
measurements
range mean

Z. Adamczyk (DASCEM) A 75 350-600 440

B 44 700-1250 1000
J. Archibald (ACS) C 20 400-600 430
D. Cliff (SIMTARS) D (complaint) 64 300-600 420

E (complaint) 22 300-650 450

F (non—complaint) 20 300-500 410
J. Ruksenas (Noel Arnold & | 9 complaint - 360-1210 -
Assoc.)

18 non—complaint - 360-1130 -
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In their first few months of life, infants appear to be decades and it has been estimated by some that 90%
more vulnerable and sensitive to pollutants. of asthma has indoor origin, whether it be in the home
Consistent with this is evidence that induction of or workplace (Green 1994).

asthmaoccurs as a result of specific ajenexposure , . -

in the first years of life (Hurry et al. 1988; Landau Sections  of a_d_u!t populations appear to exhibit
1993).Similarly, parental smoking has been found to unusual s.e.n_5|t|V|ty to _some indoor p.olllutants.
increasesignificantly the frequency of bronchitis and Hypersensitivitypneumonitis (HSP) can exhibit as an

pneumonia during the first year of life and chest acute or chronic form, .the former be|ng_eaS|er o
illness in older children (Samet et al. 1991), and recognise. Shortly after inhaling an offending agent,
exposure of a large population of Australian the person experiences chills, fever and shortness of

pre-school children to unflued gas appliances hasbreath and their chest X-rays mimic pneumonia. In

been found to increase symptoms of respiratorythe_ '”dF’Or enqunlment, a tl)road raniqe of mha[ed
illness (\olkmer et al. 1994). antigenic materials (mostly complex organic

particles) can cause HSP. Fungi suchAlisrnaria,
Penicillium and Aspergillusspp. and avian proteins
from pet birds and simple reactive chemicals (e.qg.
toluene diisocyanate, diphenylmethane diisocyanate)
have been documented as causative agents
E(|Weissman and Schuyler 1991). HSP is not common
in the UK but has been welescribed in the US from
mechanical ventilation systems (Pickering 1994),
where it has been suggested to be quite common but
unrecognised (Rose 1994).

Groups at particular risk from exposure to carbon
monoxide are those with cardiovascular,
cerebovascular and peripheral vascular disease
foetuses, the newborn, pregnant women and peopl
living at high altitudes (Health and Welfare Canada
1987). Nutritional status is another factor—for
example, individuals with diets deficient in selenium
or vitamin E may undergo greater lung damage from
ozone exposure (Maroni 1994). Studies of the
mortality effects of particulate pollution in outdoor air Evidence indicates that a portion of modern
have found the strongest effects in the elderly populations may develop ‘multiple chemical
(Dockery and Pope 1994). sensitivity’ (MCS) although the existence of this
effect remains a matter of dispute among medical
Asthmatics are clearly at risk from pollutant bodies (Collins 1993; Brooks 1992; Hodgson 1993).
exposures. Landau (1993) defined asthma as arCullen (1987) defined MCS as an acquired disorder
episodic cough or wheeze in a clinical setting where characterised by recurrent symptoms from multiple
asthma is most likely and other serious conditionsorgansin response to demonstrable exposure to many
have been excluded. He noted that predisposition taunrelated chemicals at doses far below those
asthmawasgenetically determined and was probably established as harmful to the general population (e.g.
presenin up to one-third of the Australigzopulation. less than 1% of occupational exposure standards).
The disease asthma is present once the pathologicaAshford and Miller (1991) identified four clusters of
process responsible for altered airways peoplewith heightened chemical reactivity:
responsiveness has developed. In Australia, it is
estimated that 8-9% of the population suffers from
asthma, with asthma being experienced at some timéb) occupants of ‘sick’ buildings
by one in four childrengne in seven adolescents and (c) communities whose air or water is contaminated
one in ten adults (Asthma Foundation of Victoria, by chemicals
pers. comm.). A range of inducers and triggers have(
been identified—such as environmental tobacco
smoke (ETS), grass pollens, house dust mite and cat
dander. Ostro et al. (1994) reported that adults withThe incidence of MCS has been estimated to be as
moderate to severe asthma exhibited increasedigh as 15% in the US (Collins 1993) but this must
morbidity associated with several domestic depend on definition and diagnosis of the condition
combustiorsources (gas and wood stoves, fireplaces,(which are uncertain factors at the moment). In
ETS). In general, the incidence of asthma in thecontrast to Ashford and Miller, Cullen differentiated
developed world has increased markedly in recentMCS from sickbuilding syndrome on the basis of the

(a) industrial workers

d) individuals who have had unique exposures to
variouschemicals.
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pattern of dose-related symptoms that are observed invorkplaceslt has been estimated that $300 million is
co-workerswith the latter spent annually removing asbesiasulationproducts

) from Australian buildings (Rogers 1991). It is clear
Miller (1994a) called for greater knowledge of MCS . recent overseas studies that removal must

and its development so that strategies to preventyn.ompass stringent precautions and that it can lead
sensitising events could be developed rather than, ejevated indoor asbestos concentrations for a
‘over-regulation’ of environmental exposures to prolonged period after removal (Kominsky et al.

protectthe sensitised individual. 1994).
. Australia experienced a unique source of indoor
3 Human-induced pressures and asbestos which was used as a domestic ceiling space
trends insulation. A specific ACT contractor installed

unbound asbestos ‘fluff’, largely amosite but also
3.1 Major indoor pollutant sources crocidolite in some (five to ten) cases, in the ceiling
spaces of approximately 1100 ACT houses and
For each of the major indoor pollutants described gpproximately 100 houses (Rist 1993) from nearby
earlier, one or more major sources of pollutant NSW towns (e.g. Queanbeyan, Finley). The
emission are known. The identity of these sources,installationswere carried out between 1968 and 1979

their changes in the past and possible changes in thand are believed to be localised to this area of
future will be described in this section. Australia.

3.1.1 Asbestos fibres

Asbestos fibres were used widely in many building &
products in Australia up to the early 1980s and muct ,‘5’—1-
of these remain in place in tiearrent building stock. b =
The major building products manufactured (Brown| &
1981) were asbestos-cement (AC) sheet products fc
interior andexterior cladding, flooring products (high '
density underlay sheets, vinyl-asbestos floor tiles: *
‘cushion’ vinyl flooring) and fire, thermal or acoustic = ¢ N
insulation products (asbestos millboard, sheet ani
pipe pre-formed insulation panels, sprayed asbestc
insulation).These productgaried greatly in the types
and amounts of asbestos and binders that were ust
and in consequence exhibit large differences in thei
physicalintegrity (particularly friability). Friability is
the ability of the material to be broken down to dust, .=+
Mostinsulation products areonsidered friable, many
sprayed asbestos insulation products being highl
friable such that minor disturbance can result in &
largeairborne release of asbestos fibres.

-

Sprayed asbestos insulation products were widel
used in commercial and industrial buildings in
Australia and can act as a major source of asbestg
fibre exposure if the products are damaged or

deteriorated—particularly during building Figure 6a: Asbestos fluff contaminating roof tile
maintenance activities (Brown 1981). Local State battens of ACT house

regulationsand guidance from the NOHSC (19&8§ Source: (S. Brown, CSIRO Division of Building,

in place to manage risks from such products in Construction and Engineering)
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Asbestos concentrations (by the membrane filter cavities (roof, wall and sub-floor) prior to
method, NOHSC 1988) were reported to be less than removal, as shown in Figure 6;

0.01 f/mL in the living spaces of 16 ACT houses (p) dwellingsfrom which asbestos had been removed
where measurements were made (W. Riley, ACT  prior to the Asbestos Program still contained
Boardof Health, pers. comm.). significantquantities of asbestos (these wiater

In 1988 the Federal Government decided to remove recleaned under the Program); and

the asbestos fluff from the ACT houses in a $100 (C) the stringent requirements of the Program (no
million Domestic Ashestos Program which operated ~ Visible or accessible asbestosrémain) were met

from 1989 to 1993. In a review of the Program (Brown  In most locations with the exception of internal
andMartin 1991) it was found that: walls and the unsealed undersides of some roof

timbers(work procedures were modified to ensure
(a) large amounts of asbestos fibres had moved from full sealing of all timbers; no action was taken on
the ceiling space and contaminated most building  residuesn internal walls).

Figure 6b: Asbestos fluff contaminating sub-floor area of ACT house

Source: (S. Brown, CSIRO Division of Building, Construction and Engineering)
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680000). Environmental emission of asbestos from
AC products is more likely to occur from outdoor

products (particularly roofing) than indoor products,

due to surface degradation of the former (Brown
1987). Asbestos concentrations around such
buildings are generally extremely small and little

different from ambient levels in other urban areas,
although they are persistent over time (Felbermayer
and Ussar 1980; Western Australian Advisory

Committee on Hazardous Substances 1990).

3.1.2 Radon

The major source of radon in indoor air is the soil
under buildings. For the USA, it is believed that
variationof radium levels in soils is the critical factor

underlying radon concentrations in indoor air rather

Figure 7: Proportion (%) of private dwellings in than ventilation differences (Samet 1991). Such

each State in 1981 with asbestos cement sheet information is currently being gathered by the
external walls Australian Geological Survey Organisation and is

available for approximately one-half of rural areas
across Australia (lan Hone, AGSO, pers. comm.).
This information may aid siting of future buildings

It is believed that no removal program is planned for limit radon ingress or the selection of materials for
the nearby NSW houses also insulated with asbestogarth-constructefuildings.

fluff. Queanbeyan Shire has advertised for ]

homeownerso supply insulation samples and this has 3-1.3 Environmental tobacco smoke

led to seven positively identified cases. It has Clearly, the major source of environmental tobacco
provided advice on procedures to isolate thesmoke (ETS) is tobacco smoking within an indoor
insulation from living spaces by the sealing of gaps spaceand ETS can be fefctively prevented by use of
and openings and avoiding entry into the roof space.a smoking prohibition policy (Cummings 1991).
The insulation must be removed by a licensed Presently, approximately 80% of large workplaces in
asbestos contractor if the building is altered or Victoria (Mullins and Gibbs 1994) and over 70% in
demolished (R. Whitworth, Queanbeyan Shire, pers.other States (ASH 1995) are smoke-free. A recent
comm.). guidance note by the NOHSC (1994) considered that

Another aspect of Australian building practice tisat SNC® ETS s a carcinogen, the principle of
differentfrom other countries is the widespread use of €limination, — whenever  practicable,  applies.

AC sheet products. It has been estimated that, untif\térnatively it recommended that smoking be
production ceased in 1983, 1300 million square isolatedto ‘designated smoking areas’ within internal

metres of AC building sheets were produced (Brown areas of workplaces which have separate mechanical

1994a). Approximately one-half of this produce, if Ventilation and operate under negative pressure
still installed in buildings, is over 30 years old. These (unspecified) compared to adjacent areas of the

products contained chrysotile, with lesser quantitiesPUilding. An evaluation of ETS pollutants in US
of amosite or crocidolite (the latter until the late officeswith five smokingpolicies lends support to the

1960s). The sheets were used for exterior cladding!S€ ©f designated smoking areas as an optimum
(roofing and walls) and interior lining of buildings of strategynext to the prohibition of smoking (Hedge et

all types. Usable statistics on specific applications areal' 1983).

only available for external wallsf private dwellings, It might be thought that mechanical ventilation to
as presented in Figure 7—hbut these demonstrate th&S1668.2—-1991 will control ETS by dilution
wide usage of these products (the total number ofventilation (see section 3.2.2.1). Measurements in
private dwellings with AC external walls was Australian buildings (section 2.2.3) show this is not

Source: (ABS 1981 Census of Population and Housing)

31



thecase. An analysis of such a strategy by Repace antuilding ventilation levels in response to the energy
Lowrey (1984) found it required impractically huge crisis of the 1970s (Korsgaard 1992).

ventilation rates or uneconomically expensive

filtration equipment to control ETS. Cain et al. (1983) 3.1.7 Microbial contaminants

found that for odour control of ETS alone, dilution
ventilation incurred a heavy energy penalty. Recent
legislation in the ACT-Fhe Smoke-free Areas

Overseas research has shown that microbial
contamination of indoor air resulted from moisture

. problems (past or present) in buildings (e.g. leaks to
_(Enclo;etﬂ PUE“C PEC;S) A(E)t 1 pptgars tothave ‘ porous materials, stagnant water in ventilation
|gn§r? N 3 ove fin mgfs y exemlr()_ 'ng reshe_lg_rtgn ssystems, condensation on building surfaces). Careful
:am /Icensed premises irom Smoking pronibition o ) inspection and surface sampling is considered
provided they are fitted with equipment capable of

i tainingai lity i q mustrali the most effective method to identify microbial
maintaningarr qu'al y I accordance wiiustrafian sources and deal with indoor air quality problems
Standard 1668.2’.

(Nevalaineret al. 1994).

3.1.4 Respirable suspended particles 3.1.8 Formaldehyde

Respirable suspended particles (RSPs) have manyhe major source of formaldehyde in indoor air has
potential sources in buildings—none clearly been pressed-wood products such as particleboard,
outstanding relative to others. Sources include plywood and medium density fibreboard which use
tobacco smoke, cooking and cooking appliances,formaldehyde-based resins. The amount of products

wood heaters and kerosene heaters. used indoors and the level of building ventilation are
significant factors in concentrations achieved.
3.1.5Legionellaspp. Manufacturers in Europe and the USA have been

) ) L reducingformaldehyde emission from these products
Most Australian outbreaks of Legionnaires dlseasefor several years. Similar activity has occurred in

have been traced to cooling towers (especially Sma”AustraIia, steered by the Australian Wood Panels

units) and to a lesser extent spa baths. This diﬂerSAssociation (Bruce Steenson, AWPA, pers. comm.)
somewhat from overseas experience where large ho;O that 85-90% of current products meet European

Wat_er systems in hotels a_nd the like have been thg,, omissioniimits with all products tayeted to meet
major source of the _bacterla (Broadbent et al. 1994) 4 jimits by June 1995. Indoor air concentrations
Many overseas bodies have recommended that SUChe such” products are first installed may reach

hot water systems operate at a temperature abovggq ppb in poorly ventilated spaces (CSR Wood
60°C, be designed to minimise dead legs in lines, orpane|41993) but concentrations found in typical new
be replaced by smaller, instantaneous type systemgjgings using these products are unknown. Use of
(Broadbent 1987). imported products from countries without these
product emission controls are expected to result in
3.1.6 House dust mite higher indoor formaldehyde concentrations, but this
aspect has not been investigated in published

The major sources of house dust mite (HDM) |
literature.

allergensn indoor air have beemedding, carpets and
furniture in dwellings located in coastal rather than
central areas of Australia (see Figure 4). Peat (1994
found that the risk of HDM-sensitised children in The major sources of volatile organic compounds
NSW having current asthma correlated strongly with (VOCs) in indoor air are believed to be wet
Der p 1 levels sampled from mattresses. Limited construction products (paints, adhesives, sealants) in
evidencerom public buildings indicates these are not new buildings and a mixture of wet household
anormal source of HDM allgen exposure (Green et products and other materials in established buildings
al. 1992; Brown 1994). It is unknown what the trends (Brown 1994b). The major reduction of VOC
are in HDM allergen levels in Australian dwellings, emissions from new materials overseas has been for
but Denmark was reported to experience a largecarpets in the US where a ‘Carpet Dialog’ was
growth in allergen levels following reduction of establishedbetween government and industry (Carpet

)3.1.9 Volatile organic compounds
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Policy Dialogue Group 1991). This led to being exceeded is unknown. Enclosed carparks
industry-wide testing of carpet, reduction of constructed since introduction of AS 1668.2-1991
emissions and the establishment of a ‘green’ carpetMechanical ventilation for acceptable indoor air

labeling scheme in 1992. Formal programs for otherquality’ have specific requirements for natural or

materialsare unknown but VOC emission limits far ~ mechanical ventilation. It is optional for the latter to

wide range of materials have been specified in thebe controlled to maintain concentrations of carbon
State of Washington (Black 1993a) and Germanymonoxide (from petrol engines) or nitrogen dioxide

(Cutter Information Corporation 1992b) and have (from diesel engines) below 80% of occupational
been called for in Australia (Gilbert 1993) (see exposurestandards.

Section 4.4).
3.1.13 Carbon dioxide

3.1.10 Pesticides In the absence of unvented combustion processes,

Since limited research has been carried out intoPuilding occupants are the major source of indoor
pesticidelevels in indoor ajrthere is littleinformation ~ carbon dioxide and the concentrations attained are
on major sources. Meaklin (1992) recommended thelargely a function of building ventilation rates and
following measures to reduce exposure to pesticidesOccupancyevels.
suggestingermiticides can be a major source:

ggesting : 3.1.14 Ozone

Potential indoor sources of indoor ozone are
electrostatiphotocopierslaser printers, electrostatic
precipitators for air cleaning and ozone-based air
sterilisersput the contribution from these sources has
receivedittle attention.

(a) new buildings in termite prone areas should be
treatedbefore construction;

(b) buildingsshould be vacant for at least one day and
preferably longer when liquid termiticide
treatmentsre used in existing buildings (also, the
building sub-floor space should be well ventilated

andlow-volatility chemicals should be used); 3.2 Building ventilation rates and
(c) siteinspection and clean-up should be undertaken trends
for each treatment; and

(d) buildings should be ventilated after some indoor
pesticide applications and the use of certain
pesticide products avoided.

Ventilation rates of buildings (whether domestic or
commercial) have varied greatly in recent decades
due to a range of factors such as energy conservation
practice,changes to building regulations and building
3.1.11 Nitrogen dioxide practices,_ al_ﬁd varia_tions in ventile_ttio_n standards ar_1d
codes. Limited evidence now indicates that air
It is clear from Australian investigations infiltration rates in some new Australian dwellings are
(section 2.2.11) that the major source of nitrogen pelow levels considered overseas as essential for
dioxide in the indoor air of a large number of good indoor air quality. Also, commercial buildings
dwellings and schools is unflued gas heating constructed in the 1980s may not meet current
appliances and probably cooking appliances as wellstandards (see section 2.1, Williams 1992). Moves to
(US studies suggest that gas cooking appliancesntroduce new ventilation methods and codes to
(seldom vented in the US) are a major source in thaimproveindoor air qualithave commenced overseas
country). Nitrogen dioxide concentrations have beenput not in Australia where practical research into
lowered in schools where traditional unflued gas puilding ventilation has been lacking in recent years.
heaters have been replaced with low-Nnflued
heaters. 3.2.1 Air infiltration into Australian

dwellings

The Building Code of Australia (1990) requires that
Major indoor sources of carbon monoxide are unflued all buildings haveadequate ventilation and air quality

gas heating appliances in dwellings and enclosed caby providing permanent openable windows or
parking sites in commercial buildings, although the mechanical ventilation to Australian Standards. With
extent to which these lead to goal concentrationswindows closed or ventilation systems off, air enters

3.1.12 Carbon monoxide
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buildings by infiltration. Infiltration is the leakage of concentratiorof the tracer gas is measured and related
air through cracks, spaces and ventilators in theto infiltration rate. An alternative technique is to
building envelope. The rate of infiltration is pressurise or depressurise the building and measure
determined by pressure differences between thethe air flow rate required to maintain the indoor to
inside and outside of the building. These pressureoutdoorpressure dference at fixed level, usually 10
differences drive air through the building envelope or 50 Pa. This latter technique can be performed on
eitherinto or outof the building. Pressure tifences  single rooms or complete houses and provides a
can be caused by wind flowing over the building, well-controlled and repeatable experiment for
which creates regions of higher pressure (usually oncomparison of infiltration differences between
the windward side of the building) and low pressure houses. However, it leads to air change rates that are
(on the leeward side), or they can be caused bymuch larger than are experienced due to normal
thermaleffects. For these reasorsy, infiltration will infiltration.

vary markedly over time—depending on outdoor

meteorological conditions and operating conditions njey building materials, alternative construction

of the building. Additionally, the building ventilation techniques, and changing standards (such as the
rate will vary markedly, depending on window and remgyal of the requirement for wall vents) have had
door openings and/or operation of ventilation 4 gignificant influence on the resultant infiltraticate
systems. Infiltration rate is the minimum air change ¢ aystralian dwellings. Biggs efl. (1986) measured
rate that can occur in a building. Generally, it iS (he pressurised infiltration rates of a variety of
desirable to minimise the infiltration rate of Aysiralian house designs, ranging from those more
mechanically ventilated buildings in order 10 y3n30.years-old to contemporary ones. The designs
minimise the energy losses from the building. jncluded brick veneer, cavity brick, weatherboard
However, for other buildings- with low infiltration cladding, fibre-cement sheet cladding, suspended
rates,odours, vapourssarbon dioxide and other gases  imper floor and concrete slab floor. Infiltration rates
which are released into the building will not be \ere very high in older style houses with fixed wall
adequately removed when windows and doors areents, heing approximately double that for houses
shut. without wall vents. Houses without wall vents had
The rate of infiltration can be measured in an similar infiltration rates to those reported in New
individual room of a home using tracer gas Zealand, Netherlands and UK, libtee times higher
techniques. A gas is introduced into the building at arates than for houses reported from Canada and
controlled rate, and the rate of change of the Sweden.

Table 10: Infiltration rates (air changes hour) through houses for 50 Pa pressardifference

Country Number of houses Mean air change/hour
Australia (Sample 1) 10 26.3
Australia (Sample 2) 12 12.2
New Zealand 10 11.0
Netherlands 130 12.0
United Kingdom 19 13.9
Canada 60 4.4
Sweden 205 3.7

(Biggs and Bennie 1988)
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Biggs et al. (1987) measured pressurised infiltration winter, generallymeasured during evening heating by
rates in unoccupied houses in Melbourne, andunflued gas heaters and with windows and doors
correlated the results with wind speed. They generally closed. Air change rates varied from 0.2 to
estimated that the background infiltration (for no 2.3 ACH and averaged 0.9 ACH. Significantly, a
wind) was 0.33 air changes per hour (ACH) on subset of dwellings less than five years old exhibited
averagewhich increased with increasing wind speed. anaverage infiltration rate of 0.33 ACH.

The empirical equations and wind data were used to o ) )
estimate the average natural infiltration rate for the The ayerage vent|Ie_1t|on rates actually.achleved In an
test houses if they were located in major Australian OCCUp'_Ed _housg will be somewhat higher than the
cities. Their estimates were 0.44 ACH in Canberra, abovefindings since:

0.55 ACH in Sydney and Hobart, and 0.57 ACH in (a) it has been shown (Kvisgaard 1985) that the
Melbourne. These values were higher than the infiltration rate is about three times larger for
0.2-0.4ACH in Sweden where building practices had  occupied than for unoccupied dwellings (most of

led to very tight construction famegy conservation, the above data was for unoccupied dwellings);
but lower than the 0.7 ACH reported in the UK and

USA.

Biggs and Bennie (1988) summarised previous
measurements on 32 dwellings in Sydney and
Melbourne. They concluded that infiltration rates

were approximately halved as a result of combined _ S

aluminium windows, weather-stripping exterior increase by 70% after the first year of occupancy
doors and using concrete slab floors. A comparison dué to timber shrinkage and the movement of
between pressurised infiltration rates in Australian ~ timberwindows and doors after initial usage.
dwellings and those from other countries is shdlwn' While there are no minimum ashange rates required
Table10. Note that these should not be confused withj, aystralian houses, the measured infiltration rates
thenormal infiltration rates discussed above. should be compared with the minimum ventilation
The Australian Sample 1 houses exhibited higherrates either suggested or implemented throughout
infiltration rates than Sample 2 houses primarily due Europe. The proposed rates are 0.5 air changes per
to the use of fixed wall vents in the former. More hour in Norway, Sweden, Finland, Denmark and
recent unpublished results from Energy Victoria Iceland,0.8 inGermanyand 0.5-1.0 in the UK. Based
indicate even lower infiltration rates for houses with on our limited data for Australian dwellings, it
andwithout wall vents. appears that some new dwellings may exhibit

Harrison (1985) measured infiltration rates for nine Minimum ventilation rates lower than these levels
new houses in Perth using the tracer gas techniqueVhen windows and doors are closed.

The houses were of brick veneer, tile roof, concrete

slab floor and single storey construction and did not3.2.2 Mechanical ventilation of buildings

use fixed wall vents. They were not significantly

differentfrom the houses selected for study by Biggs. 3.2.2.1 Codes

Infiltration raf[es ranged from 0.05 to 0.41 ACH an(,j The Building Code of Australia (1990) (and current
are substantially lower than the results from Biggs's 5nq previous State building regulations over recent
studies. Pressurisation measurements at 50 Pa bMecades) requires that all occupied rooms have

Harrisonwere in the rang20-15 ACH, which are in - «54equate flow-through or cross-ventilation and air
good agreement with the results of Biggs (Table 10,4,,5jity’. This must be provided by natural ventilation

Sample2 houses). This good agreement suggests thag,m permanent, openable windows, doors or other
the Perth and Eastern States houses have similgfeyices with an aggregate openable size of not less
infiltration rates. than5% of the floor area of the room to be ventilated,
Ferrari(1991) reported the infiltration rates (by tracer or a mechanical ventilation system conforming to AS
decay)of the living rooms of 4Bydney dwellings in  1668.2 and AS 3666 (see Appendix 4).

(b) mechanical ventilation and fixed vents were
disabledduring the field measurements;

(c) induced ventilation through flued heating
appliances will increase the effective building
ventilation; and
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Table 11: Ventilation requirements for various versions of ASHRAE Standard 62

Occupied Space Outdoor Air Ventilation Requirement (L/sec/person)

1973 version 1981 version 1989 version

minimum recommended | non-smoking smoking ventilation
rate

Dance venues 7.5 10-13 35 18 12.5
Bars 15.0 18-20 5.0 25 15.0
Beauty shops 12.5 15-18 10.0 18 12.5
Classrooms 5.0 5-8 25 13 7.5
Dining areas 5.0 8-10 35 18 10.0
Hospital patient rooms 5.0 8-10 35 18 125
Conference rooms 10-13 13-20 35 18 10.0
Offices 7.5 8-13 2.5 10 10.0
Residences 25 4-5 5.0 5 0.35 ACH
Retail stores 35 5-8 2.5 13 1.0-1.5L/sec/rh
Smoking lounges - - - - 30.0
Spectator areas 10.0 13-15 35 18 7.5
Theatres 25 3-5 35 18 7.5
Transport waiting rooms 7.5 10-13 35 18 7.5

Generally, residences in Australia rely on natural Airconditioning Engineers (ASHRAE), Standard 62,
infiltration and openable windows for ventilation and so the history of this code should be reflected in
while commercial buildings rely on mechanical changego the Australian Standard.
ventilation.However there is no restriction for either

class of building on the selection of ventilaton %4

methods. At present, there is an increasing trend foré‘ 50

new dwellings to use ducted central heating or 5,

refrigerative  cooling systems. For example, %

approximately 85000 dwellings now use such § %

systems (Leon Condon, Honeywell Australia, pers. 1\3 20

comm.)although these are recirculation systemith “ 0

no outdoor air intake and represent a very small

proportionof Australias four million residences. 5 10 15 20 25 30 35 |,S‘.5tandard;rson

Ventilation rate (q)
Generally, mechanical ventilation is the norm for

large commercial buildings in Australia, without Figure 8: Peceived air quality (% dissatisfied)

humidity control since this is regarded as unnecessanyy  standard person at different ventilation
in the lagely temperate climate. Australiatandards  rates

have taken guidance from the US code of the
American Society of Heating and Refrigerating Source: (CEC 1992, Appendix 3)
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Comfortair-conditioning first became widely used in outdoor air ventilation rates for smoking-permitted
theUS in the 1920s for pictutbeatres and gradually and smoking-prohibited conditions but these proved
spread to other building types (Ludwig and Turner to be confusing and were removed from Standard
1991). Ventilation rates from the 1940s were 62-1989, which recommended single rates allowing
influenced by the research of Yaglou and Witheridge for ‘reasonable’ smokintgvels. A comparison of the
(1937) who evaluated the outdoor air dilution ventilation requirements for the different versions of
ventilationrates necessary for an occupied room suchStandard 62 (Meckler 1991) is shown in Table 11.
that 80% of visitors to the room did not find body Generally, these show that minimum mechanical
odours in the room objectionable. They determinedventilation rate specifications for buildings designed
that a minimum outdoor air ventilation rate of five during the 1980s were somewhat reduced from those
litres per second per person was required. Moreof other times. Fisk (1994) suggested that Standards
recently,Fanger (1988) has found a somewhat similar primarily affect the average minimum ventilation
ventilation requirement using different methods, asrates in the building stock. However, for individual
presentedn Figure 8. buildings there would be poor control and
measurement, casual adjustments by building
ASHRAE Standard 62-1973 specified minimum and operators and poor understanding of operation—so
recommended ventilation requirements for most that for any Standard there could remain buildings
buildings. These were believed to have worked well with low rates of outdoor air ventilation.
until the eneagy crisis in the late 1970s when building
operators lowered the amount of outdoor air broughtSimilar to Standard 62-1989, AS 1662-1991
into buildings (Ludwig and Turner 1991). The specifies the quality of outdoor air for use in
Standardwvas revised in 1981 to Standard 62—1981 to ventilation of buildings, as presented in Table 12. If
dealwith indoor airquality as well as odour issues and these levels are exceeded, the outdoor air must be
wasrevised again in 1989. AS 1668.2 (1991) reflects treatedo bring itwithin the levels. Similarlyrecycled
this last revision. Standard 62-1981 recommendedair should not exceed these levels.

Table 12: Recommended maximum accepted concentration of pollutants in outdoor air used in AS
1668-1991

Pollutant Concentration (ug/m3) Reference
Total suspended 90 (1 year) NHMRC
particulates 260 (24 hour) USEPA
Suspended matter 40 (1 year) WHO
Acid gases 60 (1 year) WHO
Sulphur dioxide 365 (24 hour) USEPA
60 (1 year) NHMRC
Sulphates 15 (1 year) NHMRC
Carbon monoxide 40000 (2 hr, max) WHO/USEPA
9900 (8 hour) WHO/USEPA
Nitrogen dioxide 340 (1 hour, max) NHMRC
100 (1 year) USEPA
Ozone 240 (1 hour, max) NHMRC/USEPA
Non-methane hydrocarbons 160 (3 hour, max) USEPA
Lead 1.5 (90 day) NHMRC/USEPA
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%A failed to meet the Australian Standard. A similar
incidence has been indicated for Perth offices

50

(K. Collins, BCA Consultants pers. comm.).
40+ Investigationof 102 commercial buildings, sométh
304 subjective complaints by occupants, found that 9%

had no outdoor air intake and 42% were ventilated
below the Standard requirement (J. Robertson,
Healthy Buildings Australia, pers. comm.). These
findings are not surprising in view of the recent

‘ ‘ ‘ ‘ > increases in ventilation requirements by Standards
500 1000 1500 2000 2500 ppm

204 PD = 395+exp(-15.15+,>°)

% dissatisfied (PD)

104

Mezsured carbon dioxide above outdoorsdg since they do not apply retrospectively to existing
buildings.
Figure 9: Peceived air quality (% dissatisfied) as 3.3 Impact of outdoor air
a f_un_ction of carbon dioxide concentration in poIIutants
buildings

Outdoorpollutants are those that arise predominantly
Source: (CEC 1992) outdoors and so typically occur at greater
concentrations in outdoor air than indoor air

One of the major changes evident in Standardyesolowski 1987). Such pollutants will occur in
62-198%nd AS 1668.2-1991 is the need to maintain jnqoor air due to air infiltration and ventilation by

a minimum outdoor air ventilation rate, which was outdoor air, but pollutant deposition on interior

increased from 2.5 litres per second per person ingyfaces generally leads to partial reduction in
1981to 7.5 litres per second per person currefiie  concentrationsDockery and Spengler (1981) showed

rationale for the current ventilation rate was 10 {hat the average concentration of a stable pollutant
maintain levels of indoor carbon dioxide exhaled by during a sufficiently long sampling periad[l],, is

occupants below 1000 ppm (see Section 2.2.13), thigg|atedio its average outdoor concentratie [ by:
being used as a surrogate for unacceptable body

odoursto 20% of visitors entering an occupied space, 1] =m[O] +b
as shown in Figure 9. Odours from other sources ! !
require greater ventilation rates, particularly in the

case of environmental tobacco smoke which was m = PA[xA + k
found to require an outdoor air ventilation rate of

50 litres per second per smoking person (Cain et al. b=S,/Vxa+k

1983). It has been recommended that local exhaust . _
ventilationis the preferred method for environmental WhereP is the penetration of the outdoor pollutant (0

tobacco smoke odour control (Bearg and Turners P < 1), A is the ventilation ratek the indoor
1987). deposition rateV the interior volume ands, the

h hanical lati q time-varying rate for pollutant emission from indoor
New approaches to mechanical ventilation co essourcesm is referred to as the pollutant infiltration

have been developed in Europe (CI_EC 1992, Clau_serfactor since it is the indoor/outdoor pollutant ratio in
1994) and are under development in the USA (F'Sktheabsence of indoor sourcéewis and Zweidinger

1994)and will be discussed in Section 4.3. (1992)used this approach to apportion indaerosol,
VOC and aldehyde species in ten US dwellingsey
found thatm equalled 1 for several volatile organic
While not systematically investigated, limited compounds (VOCS) indicating no deposition or
measurements indicate that a large proportion ofsource emission occurred indoors, while other VOCs
commerciabuildings in Australia do not comply with  exhibited large source values. Fine particle
AS 1668.2-1991. Williams (1992) investigated the concentrations for several metal species, including
ventilation system adequacy of 228 low-rise office lead, showed the infiltration contribution was
buildings in suburban Melbourne and found 82% dominant but withm = 0.66. Indoor aldehyde

3.2.2.2 Measurements in Australian buildings

38



concentrations exceeded outdoor concentrations forelationships and distinguished between pollutants
virtually every measurement pair demonstrating aand their sources according to the three groupings
dominance of indoor sources, particularly for shown in Table 13. His review concentrated on
formaldehyde and acetaldehyde. Overall, the studyGroups | and Il pollutants for which meaningful
showed that the relative importance of indoor andindoor—outdoor relationships could be discussed. A
outdoor sources to indoor pollutant concentrationssummary of his review findings is presented in
varied greatly between pollutants and betweenTable 14, from which Yocom concluded that indoor
dwellings. air quality is substantially different from outdoor air
quality and that standards for the latter did not
Yocom (1982) reviewed indoor—outdoor pollutant adequatelyserve the goal of protecting human health.

Table 13: Classification of pollutants according to source

Pollutant group Pollutants Sources

I.  Predominantly outdoor sources | Sulphur oxides Fuel combustion, nonferrous smelters

Ozone Photochemical reactions
Pollens Plant life
Lead, manganese Automobiles

Calcium, chlorine, silicon, cadmium | Suspension of soils or

industrial emissions

Organics Petrochemicals, natural sources

1. Indoor and outdoor sources Nitrogen oxides, carbon monoxide Fuel combustion

Carbon dioxide

Particles

Water vapour

Asbestos and mineral fibres
Organics
Ammonia

Polynuclear aromatic hydrocarbons,
nicotine, acrolein

Mercury
Viable organisms

Allergens

Human exhalation, fuel combustion

Resuspension, condensation of vapo
and combustion products

Perspiration, combustion, evaporation

gas stoves, furnishings
Insulation products
Synthetic materials
Metabolic products, cleaning products

Environmental tobacco smoke

Fungicides in paints
Infectious agents

House dust mites, cat dander

Source: (Yocom 1982)

39

Organics Synthetic materials, evaporation,
combustion
Spores Fungi, moulds
IIl. Predominantly indoor sources Radon Soil, water, construction materials
Formaldehyde Pressed-wood products, tobacco smake,



Table 14: Relationship between indoor/outdoor (I/0O) pollutant concentrations

Pollutant I/0 Ratio Comment
Sulphur dioxide 0.1-1.0 Lowest ratios observed when [O] highest—in winter when ventilation
minimised
Total particulate matter 0.1-3.5 Dependent on ventilation system and indoor activities; in absence of |latter,
ratios tend to range 0.1-1.0
Carbon monoxide 1.0 Long-term average in the absence of indoor sources; short-term ratios may
be >1 due to transient outdoor levels
1.2-4.8 Buildings with gas stoves, unflued heaters or smoking
Nitrogen dioxide 1.0 In the absence of indoor sources
>1-5.0 Presence of unvented gas stoves
Ozone 0.1-0.7 No indoor sources in use at times of studies
Hydrocarbons 1.5-2.3 Dominated by indoor sources
Lead 0.6-0.8 Typical non-air-conditioned houses
0.3-0.5 Air-conditioned buildings
Respirable suspended 1.1-5.0 High ratios associated with tobacco smoke
particulates
Sulphates, nitrates 0.5-1.0 Homes with gas stoves can show nitrate O
Formaldehyde 5.0-30 Related to indoor products

Source: (Yocom 1982)

3.4 Future potentia| for exposure to Theachievement of health-related indoor air gdats
indoor air poIIutants residential, school and hospital exposures should be

theprime aim of pollutanteduction in order to protect
It is likely that future exposure to indoor pollutants Sensitivesectors of the population.
will be reduced as a consequence of:

(a) greater knowledge about the souraemdoor air 4 Response to pressures on indoor

pollutants (Section 3.1); air quality
(b) industry initiatives to reduce pollutant emissions There have been a range of responses to indoor air
from sources (Section 4.4); quality in Australia, such as State Government

(c) development of new approaches to building activities, development of standards and guidelines,
ventilation (Section 4.3): and changedo ventilation codes and pollutant sourees

_ _ . o improvedbuilding design or community education. It
(d) mtroducnon of ady|sory goals for critical indoor vl be seen that in contrast workplace and ambient

air pollutants (Sections 4.2.2, 5.3, 5.6). air environments, there have been no regulations
developedspecifically for indoor ai{non-workplace)
environments—deature also common overseas. It is
believed there are several reasons for this lack of
regulation:

Thetimeframe for this reduction is fiult to predict

but it is observed that the process of exposure
reduction has already commenced for several
pollutants (e.g. asbestos, ETSLegionella
formaldehyde, nitrogen dioxide) and may soon (a) private indoor environments such as residences
commence for others (e.g. house dust mites, VOCs, areregarded by the public as sacrosanct, requiring
microbials). minimumimposition of regulations;
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(b) enforcement of regulation in residences would be The Victorian EPA has responsibility under the State

impossibledue to their lage number; Environment  Protection Policy (The Air
(c) no single government authority has responsibility Environment) only for the external environment but
for indoor air quality; and reviewed indoor air quality in residential buildings

(Victorian  EPA  1993) in response to
recommendations by Streeton (1990). Also in
Victoria, the Office of the Commissioner for the
Environment (OCE) was established in 1986 to
identify key environmental indicators and produce
State of the Environment reports. It produced a
consultant's report ‘A Review of Air Quality
Indicators and Monitoring Procedures in Victoria’
Ratherthan developndoor air regulations, the United (OCE 1992) which addressed both indoor anddoor
States Environmental Protection Agency (EPA) pollution. The OCE has since been abolished.

stated a clear preference to control indoor air quality

by research and development, technical assistancé.2 Standards and guidelines
andeducation (Spengler and Samet 1991). In Canada4
it was decided that indoor air qualitgntrol should be '
determined on the basis of non-regulatory guidelinesA large number of standards and guidelines have been
which define a quality of aithat is conducive to good developedverseas. Those from international bodies,
health and comfort (Tobin et al. 1993). Australia OF with specific interest to thigeview are summarised
appears to be in the process of adopting a similar butn Appendix 3.

less structured approach. .
PP 4.2.2 Australia

4.1 StateGovernment activities Exposure of building occupants to pollutants in
workplace air, whether industrial or non-industrial,

Healthandenvironmental regulations in Australia are falls within the requirements of occupational health

the responsibility of specific State Government and safety legislation that is set at State level, as
departmentswhich also mayindertake advisory and  described earlier. Exposure to pollutants in outdoor
public education roles. Most have specific health andgajr is controlled by environmental regulations.

safetyacts suctas the YctorianOccupational Health  Exposure to pollutants in residences is controlled by
and Safety Act 1985Thisdefines a workplace as ‘any no specific legislative requirements and it has been
place,whether omot in a building or structure, where  syggested such legislation would be considered by
employees or self-employed persons work'. the general public as unacceptable interference.
Occupational exposure standards from NOHSCHowever, performance-based regulations are
(1991) are adopted by most State Governments an@énforced for some aspects of residences and will
some States develop specific regulations—for influence indoor air pollution. Often these refer to

example, Victoria has produced regulations for Standardsndcodes and a summary of those relevant

asbestos whether present in buildings or in industrialto indoor air quality is presented in Appendix 4.
processes (Department of Labour 1992).

(d) indoorair quality involves a complex set fafctors
(e.g. building and ventilation system design,
constructionpperation and maintenaneajtdoor
climate/pollutant sources; a diverse range and
mixture of pollutants; multiple indoor pollutant
sources; diverse health effects; protection of a
variable population).

2.1 Overseas

State occupational health and safety practices are
State Environmental Protection Authorities have influenced by the activities of the National
probably been the most active in indoor air quality Occupational Health and Safety Commission
issues, although the approach has been(NOHSC),Worksafe Australia, established in 1985 to
non-regulatory. The NSW State Pollution Control develop, facilitate and implement a national health
Commissiorwas the only environmental authority to and safety strategy. The NOHSC (1991) declares
carry out research into indoor air quality (Ferrari national occupational exposure standards and to date
1991). The Commission was later subsumed by thehas done so for over 600 substances. These serve as
NSW Environmental Protection Authority which guides and have no legal status until incorporated in
does not have indoor air quality within its area of Commonwealth, State or Territory legislation. The
responsibility (S. McPhail, NSWEPA, pers. comm.). Occupational Medicine Unit within NOHSC is
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currently studying indoor air quality in ‘sick’ office  draft guidelines for the control of indoor air quality
buildingsin a research capacityith emphasis on its  which are believed to have just been published.

|an|:Jence upon stress, pSyChO_SOIC""}I probl-emsl;.alndBu”ding regulations and relategttivities impinge on
pollutant  exposures  (particularly  microbia indoor air quality. The Building Code of Australia

pol:u(tjar:jt;). g;andgaGrds rl((elateq to indoor ai(; mday 26(1990) has specific ventilation requirements by the
includedin 1995-96 work environment standards (S. provision of openable windows or the installation of

Rabone, NOHSC, pers. comm.). The application of 5 1o canical ventilation system conforming to AS
different exposure stapdardg to ess_entlally. smlar 1668.2-1991. The Australian Gas Association
workplace populations in offices and industries is & (AGA) produces codes for installation of gas

matter of contention, which Lunau (1993) SUQQeStedappliances which are generally adopted in State

requi.res a management rather than IegiSIativeGovernmentegulations. AGA Code 601-1992 refers
solution. Emmett (1994) noted that the boundaryto the installation of unflued natural gas space

between indoor air goals.and -oc-cupatio-nal exposure(UNGS) heaters in buildings and has no general
standardecame blurred in buildings which acted as requiremenfor provision of building ventilation. The

one persc_)n’s Workplace and another'_s public place,Codehas been adopted by all States except:

and that indoor air goals must consider somewhat

different exposure factors, critical health end-points (&) Victoria, which effectively prohibits UNGS

and acceptable risk levels. A need was noted for a heaters in dwellings by requiring they be at least

harmonisatiorbetween these standards and the use of 2.5m above floor level (this allows

transparenprocesses in standards setting. commercial/industriaheaters to be installedgnd

(b) South Australia and Western Australia, which
limit the size of heater and require installation of
fixed wall vents in the heated room.

Thel National Health of Medical Research Council
(NHMRC) advises the Commonwealth Government
on matters in relation to health and directs research

funding_ The NHMRC has made recommendationsThe Australian L|QU|d Petroleum Gas Association
for indoor air pollutants which are presented in nhominallyrefers to AGA Codes but these ardom

Table 2. enforced and it is believed that unflued LPG gas
] ] heaters in rural Australia are common but not

The Austraha and New Zealanql Env'lronment effectively regulated, even in Victoria where it has

Council (ANZEC 1990) produced a discussion paper been estimated that over 100 000 have been installed

on indoor air quality that has not been formally (C. Fong, Gas and Fuel Corporation otdgria, pers.
approved by the ANZEC Ministerial Council. It

concluded that indoor air quality was not being _
adequately addressed in Australia and recommende&nergy labelling schemes are currently under

comm.).

a strategy comprising three broad approaches: development by Energy Victoria and the Department
) ) _ of Primary Industry and Engy for application to both
(&) community education and awareness; residential and commercial buildings. It is believed

(b) control of sources of indoor air pollutants; and  that these will not specify minimum ventilation rate
(c) reduction of potential for indoor air pollutant requirementsor naturally ventilated buildings and do
problemsin the future. not address the impact of energy conservation on

indoor air qualit
The National Buildings Health Environment Task g ¥

Groupwas active from 1988 to 1992 and consisted of4_3 Development of improved
representatives from all State Government tilation codes
departments of Public Works and Health and ventl
Community Services. Its goal was to establish codesThere appear to be no actionstastralia directed at

of practice to ensure healthy, energy-efficient and specifying minimum ventilation (infiltration) rates in
cost-efficient public buildings. A report by Gilbert residential buildings. In fact, the removal of
(1993)and establishment ofBuilt Environment Unit  requirements for fixed wall vents (which occurred in
in the Queensland Administrative Services Victoria in 1984 and in NSW somewhat earlier), the
Department arose from this activity. The Building improvement of construction methods and materials
Owners and Managers Association have producedand the move to energy conservation in buildings

42



appear to have reduced minimum ventilation rates to(d) the elimination of return air ducting and fans
levels (Section 3.2.1) that are in the lower range of reducesnstallation costs.
those recommended for countries with SomeWhatDispIacement ventilation is now installed in

colder climates than Australia. Most of these gcandinavian countries in 25% of commercial
reductions have resulted from the removal of wall 1y ;jidings and 50% of industrial buildings (Svensson
vents and the use of sheet and concrete slab roor|n91989)_ It is particularly effective in tall building

Further reductions are considered unlikely from spaces, theatres, atria, restaurants, supermarkets,
current and future activities in relation to energy \yarehouses. factories and in some office
conservatior(J. Symons, CSIRO, pers. comm.). environments. While this emerging technology has
potential for improving indoor air quality for many
buildings, it has clear limitations. The process can
. L . . only be used for cooling, it may not provide thermal
Conditionedair is introduced intohe occupied space comfort conditions with high internal heat loads, and

and mixes with room air to provide uniform oo gctive in tall buildings. In buildings with
temperature throughout the room. Exhaust air is . .
low ceiling heights, cool draft problems can be

returned to the air-conditioning plant for recooling
. . . encountered.

and mixing with approximately 10-30% outdoor

(fresh) air make-up to dilute polluted air from the While there is good environmental potential for this

building. In thisway, pollutants are circulated through technology, it has been slow to be taken up locally.

the building many times. Computational fluid There has been no Australian research because there

dynamics modelling, such as that developed atis a lack offunding, the existing computerised design

CSIRO Division of Building, Construction and tools used by consulting engineers are not

Engineering, can be used to predict air and pollutant2Ppropriate, and there is limited expertise in the

flows in building spaces, and to identify areas with industry.

poor distribution or recirculation of stale air. It has AS 1668.2—1991 is unlikely to be revised for some

also demonstrated the advantages of systems oth@fears. In contrast, ventilation codes overseas are

thandilution ventilation. being revised and strengthened with respect to
_ o o improvement of indoor air quality. Commission of

A new, alternative _bund_lng ventll_atlon system _has EuropearCommunities (1992) produced ‘Guidelines

emergedrom Scandinavian countries. The technique 5, yentilation requirements in buildings’ which

is called displacement ventilation and is designed t0acknowledged that not only the occupants but the
provide simultaneously, energy-efficient cooling and 1)j|ding itself could be a major pollutant source and

improved ventilation of the building. Displacement 4t ventilation must be proportional to this total
ventilationintroduces cool fresh air at low velocity at pollutant load. Procedures were provided to estimate
floor level. External surface heat loads and internal\eniijation rates based on pollutant emissions from

heatsources within t.h.e room warm the_ ai_r WhiCh. rises sources. The guidelines have two goals: there should
and thermally stratifies. The fresh air rises without negligible health risks to occupants and the

mixing with the stale air in the occupied region, and occupants should perceive the air as fresh and
pushes the room pollutants upwards to be eXhaUSte%leasant rather than stale, stuffy and irritating.

to the atmosphere. The advantages of displacemengrentlythe guideline has no regulatcsiatus but is

ventilationinclude: likely to enter the European standard processes in the

(a) the heat generated in the building is exhausted tonear future (Clausen 1994).

the atmosphere; It has been reported that ASHRAE Standard 62 is in

) ] the process of revision and that it too will emphasise
(b) coollr;ge_negy copsumlrl)tlgman bireduczd by up the control of indoor air pollution sources (Levin
to 50% in some installations (Chen and van Der1992). The revision may require ‘additional

Kooi 1990; King and Clements 1993); ventilationrates'to be added to the current minimum
(c) freshair ventilation is vastly improved because all rates if the building designer does not minimise

supply air is fresh and mixing with return air is pollutant emission from sources in the building. The
avoided; and aim of this approach is to encourage the use of low

Conventional building air-conditioning systems are
designed as mixing (dilution) ventilation systems.
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emission materials in order to maintain current  formaldehyde 50 ppb
minimum/levels of ventilation. TVOC 500ug/m?

4.4 Reduction d pollutant 4-phenylcyclohexene (carpet only) G&/m’

emissions fran indoor sources The TyOC requirement was _considered a
‘generalised’ VOC control mechanism and there
Many indoor air pollutants have clearly identifiable were additional requirements for the emission rates
sources and it is now widely accepted that sourceand predicted building concentrations to be reported
emission control is the most important strategy for for compounds (a) listed as carcinogens or teratogens,
achieving improved indoor air quality (Tucker 1990; (b) predicted to exceed 1/10th of occupational
CEC 1992; EPA 1990). Modest-size CrOSS-SeCtiona|exposure standards, or (c) listed as primary or
surveys of commercial buildings in the US have secondanypollutants in Nationahmbient Air Quality
shown that indoor pollutant concentrations show no Standards.

correlation to ventilation rates (Turk et al. as
described by Fisk 1994, see Figure 10). This finding = 60
reflectsthe much greater variation in source emission 55+
rates(e.g. over several orders miagnitude, Brown et 50+
al. 1992) in comparison to thariations in ventilation 45|
rates. 40
351 %
304

Emphasis on source control is currently growing in
theUS and Europand to a small extent in Australia.
Tucker (1990) described US activities and provided
source emission limits (Table 15) to prevent
increments of total volatile organic compound 157
(TVOC) concentrations above 5@@/m?* per source
or of ozone concentrations above |2ffm?>.

The State of Washington (Black 1993a) established

criteria for pollutant emissions from interior Figure 10: Formaldehyde concentration versus
materials, manufactured products and other pollutantventilation rate measurements in 20 commaeial
generators in commercial buildings. The emission buildings in the US

criteria were required to prevent building air

concentrationsifter 30 days that were greater than:  Source: (Fisk 1994)

Formaldehyde concentration (ppb)

Air exchange rate (H

Table 15: Recommended emission limits for low-emitting materials and pducts for commecial buildings

Material or product

Maximum emission

Floor materials or coatings
Wall materials or coatings
Movable partitions

Office furniture

Office machines (central)

Office machines (personal)

600ug TVOC/mé/hour
400ug TVOC/n/hour
400ug TVOC/n?/hour
2500ug TVOC/hour/workstation

250ug TVOC/hour/n? of space
10 ug ozone/hour/m of space

2500ug TVOC/hour/n? of space
100ug ozone/hour/m of space

Source: (Tucker 1990)
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In a voluntary program by the Carpet and Rug of Building, Construction and Engineering has
Institute (Carpet Policy Dialogue Group 1991), the recently developed environmental chambers and
majority of US manufacturers periodically submit analytical facilities for research into formaldehyde
product samples for determination of emission ratesand VOC emissions from indoor materials. It is
of TVOC, styrene, 4-phenylcyclohexene and interacting with researchers usisignilar facilities in
formaldehyde. Each manufacturer is able to attach a@he US, Canada and Europe, and is in the process of
certified ‘green label’ to their product if emission discussions with Australian manufacturers on
ratesare below specified limits. applications to low-emission materials (author’s

In  Europe, the Commission of European note).

Communitie§McLaughlin and Knoppel994) has an  Similarly, voluntary initiatives by the gas industry
ongoingproject to develop procedures for evaluating have reduced nitrogen dioxide emissions from new
pollutant emissions from building materials. It is unflued gas heaters. Current AGA emission rate
worth noting that this type of work is well-advanced limits—5 ng/J (previously 15-30 ng/J) for unflued

in Europe with regard to formaldehyde emisdiam heatersand 15 ng/J for stoves—have been set with the
pressed-woogroducts (see Appendix 3), andrrent ~ aim of preventing indoor nitrogen dioxide
emphasis is towards VOC emissions. An example isconcentrations above 300 ppb, a design level set by
seen in a Danish research group’s approach toAGA (Campbell and Saxby 1994). At present, a
evaluate the health significance of building products nitrogen dioxide indoor air goal does not exist in
basedon emission testing (Nielsen et al. 1994). Australiabut has been ‘under review’ by the NHMRC
for some years (see Section 2.2.11). The NHMRC's
ambient air goal for nitrogen dioxide is 160 ppb
(hourly average)—not to be exceeded more than once
a month. Recent child health studies have observed
effects even at this concentration (Section 2.2.11).
The NSW Department of School Education has a

(a) import of wood products (or furniture containing largeprogram ofunflued gas heater replacement with

wood products) that emit more than 100 ppb low-NOy heaters and this has reduced indoor
formaldehyden a test chamber; concentrations considerably (Section 2.2.11).

(b) import of cleaning products containing more than Howgver, Iarge. ngmbers of unflued gas heaters are
0.2% formaldehyde; usedin other buildingghroughout Australia (Section
’ o . 4.2.2) and so in agreement with Ferrari (1991), it is
(c) use of substances containing more than 0.1%cqnpsiderecprudent that the use of unflued combustion

Several German regulations (Cutter Information
Corporation1992b) aim to prevemtublic exposure to
carcinogenic/OCs from building materials bigture
development of product emission goals and current
imposition of bans on:

4-aminodiphenybr 1% benzene; heaters and cookers should be discouraged, and the
(d) production of dyes that contain more than 1% use of flued heaters and low-NGCheaters and
2-naphthylamine or 4-nitrodiphenyl; and externally vented cookers encouraged.

(e) productionuse or imporbf substances containing o _
more than 1% carbon tetrachloride, 1,1,2,2- or4.5 Improved building design

1,1,1,2-tetrachloroethane or pentachloroethane. o .
Several activities in recent years have been directed

In Australia there have been recommendations toto specifying aspects of the design of buildings so as
control pollutant emissions from sources by ANZEC to minimise indoor air quality problems in the future.
(1990), Brown et al. (1992), Gilbert (1993) and An example is the use of several methods in the UK
NHMRC (1993). Voluntary initiatives by industry undera voluntary scheme called BREEAM (Building
have been undertaken for formaldehyde emissionResearch Establishment Environmental Assessment
from pressed-wood products (see Section 3.1.8) forMethod). The most successful has been the method
several years (B. Steenson, Australian Wood Paneldor new ofices, and a method for existingioés has
Association, pers. comm.) and it is understood thatbeen recently introduced (Prior 1993; Baldwin et al.
future Australian Standards for these products will 1993).The methods identify design issues and criteria
include formaldehyde emission limits (Chinam Si, for environmental design of buildings in regard to
Standards Australia, pers. comm.). CSIRO Division global, local and indoor issues. Similar activities are
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in process in several European countries, USA, Sources, Which pollutants are common in
CanadaSouth Africa and New Zealand. Australia, How to tell if you're being affected,
How to improve the air quality in your home);

h(d) a 1994 brochure titled ‘Reducing allergens which
can cause asthma in your home’ and
‘Specification for an asthma friendly house’ from
the Asthma Foundation of Victoria (Headings
were: Major allergens, Choosing furnishings,

The CSIRO Division of Building, Construction and
Engineering has sought industry support for suc
methods in Australia and currently has a watching
brief on the activities overseas. Less detailed building
designschemes have been promotedustralia such

asthe Breathe Easy home design (Geraldine Elliott, .
AsthmaFoundation of \ttoria, pers. comm.) and the How can the design of your homdeatt asthma?,

‘Green Home’ by the Australian Conservation I.External.enwronment); and
Foundation. (e) information sheets (1-2 pages) produced by the

CSIRO Division of Building, Construction and
Engineering Examples are: Asbestos in the home,
Improving home acoustics, Condensation in
Public education is an important tool for improving ~ houses, Hints on curing a smoking fireplace,
indoor air quality, especially in residences. It should  Improving sub-floor ventilation, Prevention and
be based on information derived from research control of termite attaCk, Static eIeCtriCity in
findings in Australia or overseas that demonstrate  buildings,How safe is CCA-treated timber?).
where indoor air quality problems may occur, their

causesand how to remedy the problergis willbe 5 Indicators of indoor air quality
necessary in order to avoid unnecessary (andA
wasteful)actions by the public in the complex indoor
air quality scenario. Ferrari (1991) recommended

4.6 Public education

s described in the Introduction, indoor air quality
indicators must determine how well indoor air
’ : . X satisfies thermal requirements and respiratory
public education as the first action to be encourageqequirements, prevents unhealthy accumulation of

for improving indoor air qual'ity bqt noted it had not pollutants, and allows for a sense of well-being. The
been successfgl to thgt time in Australia. I:""IStindicators need to be applied to a large and complex
examplesof public education are: range of environments. The way an indicator is
(a) an8—page booklet ‘Reducing indoor aollution’ selected and applied will be an important factor for
by the California Environmental Protection evaluationand control of indoor air quality and #os
Agency (Headings were: Evaluating the risk, factoris also considered in this review
What is indoor air pollution?, Health effects, ) )
Sensitive groups, Economic costs, What can you5-1 Categories of indoor

do about indoor air pollution?); environments

(b)an educational campaign over two years from QOverseas surveys have usually found that people
1986 by the Commonwealth Department of spend70-90% of their time indoorsyhether at home,
Health.Over 60000 copies of two documents were work or recreation. Australians behave similarly and
circulated. These were titled ‘How healthy is the have been found to spend 50-80% of their time at
air in your home?’ and ‘Pollution—is your home home (Australian Bureau of Statistics 1988). This
safe?’ Also, a video ‘Indoor Air Pollution’ was rajses questions about the relevance of outdoor
madeby Film Australia (video no. 86157) and was pollutantexposures to indoor pollutant exposures and
circulated to schools and doctors’ geries. While  thereis universal agreement that the greatest source of
the campaign and its products were immenselyexposure to airborne pollutants is the indoor
popular, no subsequent actions have been takeRnyironment. However, the indoor environment
(L. Heiskanen, Deputy Director, Environmental consistsof a range of categories accordioghe type
Health, Commonwealth Department of Human of puilding and the activities within it. This review
Servicesand Health); excludes industrial workplaces from the indoor air

(c) a 1989 brochure from the State Pollution Control environment since these utilise a well-defined
Commission titled ‘How clean is the air in your population of workers with exposure to specific
home?’ (Headings were: Indoor air pollution, pollutantsover what is generallg predictable period.
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Occupational

exposure standards and specificsuggest such effects may occur. These effects are

guidance on their application exist to protect the significant for two reasons:

health of industrial workers (NOHSC 1991).Other
indoorenvironment categories are:

e residential

e commercial (private, public)

e retall

e health

e educational

(b) since

(a) they will complicate and limit the outcome of

epidemiological investigations of the effects of
singlepollutants; and

indoor air pollutant species vary
significantly from those outdoors, interactive
effects may limit transposing findings from one
environment to the other (Peterson 1988).

Examples of interactive fefcts are:

e recreational

(a) the synergistic effects on lung cancer of tobacco

e transport.
Occupational regulations generally apply to all

smoking and exposure to asbestos (Selikoff et al.
1968) or radon (Pershagen et al. 1994);

workplaces and these are defined as ‘any placep)synergistic effects on odour from exposure to

whether or not in a building or structure, where
employees or self-employed people work’ (Victorian
Occupational Health and Safety Act 1%85

Essentially, occupational regulations could apply to
all of the above environments (depending on their
practicaloccupancy) and yet all could have occupants
who are either residents, workers, or non-workers

formaldehyde with air extracted from a ‘sick’
building (Ahlstrom et al. 1986);

(c) interactive effects of exposure to a VOC mixture

and different air temperatures and their influence
on nasal volumes, sensory irritation and comfort
(Jorgensert al. 1993);

(visitors). A different portion of each of these (d)Feron et al. (1992) summarised possible

populations is likely to fall within a category
considered sensitive to pollutant exposure (see
Section 2.3). Emmett (1994) noted that while
occupationaktandards are applicalidg regulation to

all workplaces, non-mandatory environmental goals
may be required in practice to protect then-workers
who enter some workplaces.

This leaves a somewhat complex picture of
environment—occupant—health effect interaction and
raises questions about the practicality of selecting
indoorair quality indicators to protect the sensitive in
all indoor air locations. It is believed that indicators
should be selected on such a basis for residential,
health and educational categories since greate
protection for the sensitive is warranted for these.
Indicators for other categories could be judged on a
case-by-case basis, the prime considerations being
the likely access by the sensitive and the presence of
indoor pollutant sources.

5.2 Interactive effects é pollutants

The Norwegian Health Directorate (1990) noted that
there was an almost complete lack of information
regarding interactive effects of pollutants on health.
This situation still largely prevails, although several
studieshave identified interactiveffects while others

mechanisms for synergism/interactions and gave
examples of effects, such as synergistic toxicities
to sprayers of some pesticide combinations and
synergistic effects on lung damage by ozone or
nitrogen dioxide and sulphuric acid aerosol; they
noted that indoor air pollutants that occurred

below ‘minimum-observed-adverse effect levels’

with a large safety margin would probably not

exhibitinteractive dkcts;

(e) additivity of nasal pungency (irritation) by VOC

mixtures as observed in many experiments by
Molhave(1990) and supported mechanistically by
Cometto-Muniz and Cain (1993);

(f) Miller (1994) summarised interactions between

inorganic and microbiological pollutants and
noted that: (a) pre-exposure to ozone reduced the
amountof antigen required to induce a response in
house dust mite—sensitive asthmatics by three
times (Devlin et al. 1994); (b) exposure of rats to
5 ppm nitrogen dioxide significantly increased
serum IgE and inflammatory lung effects from
immunisation with house dust mite antigen
(Gilmour 1994); (c) exposure to bacterial
endotoxin and house dust mites exhibited
significantinteractionsn effects on lung function,
andclinical and immunological criteria (Michel et
al. 1991); and
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(g) Burge and Feeley (1991) noted that nitrogene Homes: significant contributors are
dioxide and ozone exposures have been shown to formaldehyde, nitrogen dioxide and inadequate
increase the rate of infection and decrease the ventilation
survival time of mice exposed to pathogenic
bacteria and that effects on humans were under
investigation.

Homes: possible contributors are carbon
monoxide, radon, particles/PAHs, ETS, asbestos,
dustmites, ozone, pestisides and VOCs

Offices: contributors are formaldehyde, VOCs,

5.3 Selection of indoor ai quality microbials ETS, asbestos, ozone

indicators _ . :
e Public places: contributors are ETS, traffic

5.3.1 Relevance of outdoor air pollutants pollutants and nitrogen dioxide.

In general it is considered that indicators of outdoor The Office of the Commissioner for the Environment
air pollution will be of little use asdicators of indoor ~ (1992)identified two types of indicators:

air pollution since: o o o
(a) coreindicators—representative air quality in all

(a) indoorair contains a complex range of pollutants, types of buildings; and
most of which originate indoors and differ
considerably from the pollutants found outdoors
(seeSections 2.2, 3.1 and 3.3);

(b) someindicators of outdoor air pollution have been Core indicators were further divided into three
selected on criteria irrelevant to indoor air and sub-groups:
human health—for example, total suspended
particulates in relation to visibility reduction, ® Ventilaton —core indicators: temperature,
non-methane hydrocarbons in relation to humidity; carbon dioxide as surrogate foutdoor

photochemical smog reduction (Peterson 1988);  air ventilation rate

(c) unlessalso generated indoors, levels of outdoor air *  singlepollutant core indicators: carbanonoxide;
pollutants are generally reduced to lower levels formaldehyde; nitrogen dioxide; ozone
indoors due to deposition and other losses of the, multi-pollutant  core  indicators:  VOCs:

pollqtants from outdoor air-as it infiltrates or microbials;ETS; respirable particulates.
ventilatesbuildings (see Section 3.3);

(b) indoor specific indicators—unique to certain
types of indoor environments.

Indoor-specific  pollutants  recommended as

(d) indoorair quality and outdoor air quality cannot be ™
tlndlcatorswere:

considered as a continuum of the air environmen
because of the substantial differences in
pollutants, their concentrations and temporal
variationsand the proportion of time people spend * lead

in each environment; and « fibrous particles

acid gases

(e)it is logical to control pollutants in the
environmentgrom which they are generatezhd
so pollutants generated outdoors that reach® class 2 & 3 indicators undeidforian SEPP
unacceptable indoor concentrationsiadicative . paHs
first and foremost of poor outdoor air quality

non-methane hydrocarbons

(Peterson 1988). * radon
e sulphur dioxide
5.3.2 Previous approaches to indoor air « pesticides.

uality indicators . . . . :
q y Various bodies have recommended indoor air quality

A discussion paper by the Australia and New Zealandgoal concentrations for specific pollutants, generally
Environment Council (1990) identified contributors on a health-related basis. These are summarised in
to reduced indoor air qualitfhese are: Table 16.
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Table 16: Comparison of indoor air quality guideline concentrations for pollutants

Indoor air pollutant Goal concentrations (Lg/m3 unless specified)
NHMRC H&W Canada NHD WHO
(1993) (1987) (19907 (1987)
(indoor) (residential) (indoor) (indoor)
Asbestos - - Source control carcinogen
Synthetic mineral fibres | — - No free fibres -
Radon 200 Bg/n¥(1y)d 800Bq/nmi(1y) 200-800 Bg/m carcinogen
ETS - - Prohibited -
RSP TSP90(1y) PMZ100 (1h) 40 (8h) 100
Legionella - 25 - -
HDM - - lug/g Derp 1 -
Microbes - - No pathogens or odour —
Formaldehyde 120 (ceiling! 60-120 60 100
VOC TVOC 500 (1hf - Irritants, TVOC 400 Some VOCS
VOC 250 (1h
Pesticides - - - -
Nitrogen dioxide Review 480 (1h) 200 (1h) 400 (1h)
Carbon monoxide 9 ppm (8h) 11 ppm (8h) 9 ppm (8h) 9 ppm
Carbon dioxide - 3500 ppm 1000 ppm (max) 1000 ppm
Ozone 240 (1h) 240 (1h) - 150 (1h)
Sulfur dioxide 700 (1h) 1000 (5 min) - -
Lead 1.5 (3mo) - - 0.5-1.0
Mercury - - - 1.0 (1y)
Rel. Hum.% - 30-80 - -

Values averaged over 24 hours unless specified.
Short-term exposure averages.
1,2 dichloroethane 700, dichloromethane 3000, styrene 800 (70 odour), tetrachloroethylene 5000, toluene 8000 (1000 odour)

Final goals for radon and formaldehyde; level of concern for TVOC and VOC,; other goals are interim goals using ambient air
goals.

o O T o

5.3.3 Types of indicators strategy (e.g. temperature, humidity, air velocity,
Many authorities around the world recommend g carbon dioxide or ventilation rate) and progress to

structured step-wise strategy for indoor air quality spegific air-pollutfant -indicato_rs if needed WiFhin the
investigations  (Brown 1992), especially for partlgular mvestlgatlpn. This approa.ch is both.
commercial buildings (see Figure 1). sen_S|bIe and conserving of resources since there will
It is seen that indoor air pollutant measurements.be“tﬂe.us.'e from. mgqsuremeqt ofange of pollutants
commence with some broad indicators early in them a building while it is operating to below acceptable
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ventilationrates. Also, prior inspection of the building 5.5 \/entilation indicators

and investigation of occupant complaints should
g P P As discussed previously (Section 3.2.2.1), indoor

provide direction on what pollutants should be bon dioxid rai id f
measured (e.g. according to observed sources) aniar on dioxide concentrations provide a measure o

where they should be measured. t € adquacy of outdoor air supply to occ_up?ed

buildings in the absence of other carbon dioxide
Indoor air indicators should be compatible with this sources. This is strictly true under steady-state
strategy and so there is a need to consider two typesonditions of building ventilation and these must
of indicators: (a) comfort/ventilation indicators; and persist for several hours for measurements at low

(b) source indicators. ventilation rates (Bearg et al. 1993). Also, outdoor
concentrations must not be elevated. Under these
5.4 Comfort indicators conditions, a carbon dioxide concentration of

o ) 1000 ppm or less is regarded as an acceptable
Comfort indicators will be generally relevant 10 \ensijation indicator for residential buildings and
non-residentabuildings.For mechanically ventilated g5 ppm or less for other building types (T.

buildings, it is recommended that comfort indicators \athanson. Public Works Canada pers. comm.).

include factors such as thermal comfort criteria and However,caution is needeith using the above figure
occupant symptoms reported by questionnaire. for residential buildings since most of the datatis

While thermal comfort criteria are well known and indicator have come from non-residential buildings
widely applied in building air-conditioning designs, With different ventilation systems and occupancy
the degree to which they are met in practice is notratesfrom residences @bin et al. 1993; Lunau 1993).
clearlyknown. A lage field study in the US found that .

22% of indoor conditions in winter and 50% in 5.6 Source indicators

summer were outside ASHRAE’s thermal comfort Theseare indicators for indoor air quality that should
zone (Schiller et al. 1988). Apart from thermal generally be measured in response to inspection of a
comfort criteria, temperature, humidity and air building and identification of possible pollutant
velocity may have further significance to occupant sourcesy the strategy described in section 5.3.3. The
comfort. Low humidities below 30% may dry oeyes  selection of some of these indicators will be
and nasal membranes, causing discomfortstraightforward while for others it will be more
particularly for wearers of contact lenses (Bruenis complex, particularly where the pollutants are less
and de Groot 1988). Such humidities may also source-specific than others (e.g. VOCs and
contribute to greater rates of infection by infectious microbials).

aerosols, especially under low ventilation conditions
(Burge and Feeley 1991) and may aggravate skin
itching and redness (Guest 1991). Humidities in this
range are common for buildings in inland Australia
suchas in Canberra (Percival 1992). High humidities
(above 70-80%) may lead to microbial problems in
buildings. Overall, 30-70% is viewed as the thermal
comfort zone for humidity but 40—60% is considered
the optimal range for indoor air quality

Note that this approach is advisable for all indoor
non-industrial environments and that discrimination
accordingto the category of environment may need to
be made by assigning different exposure guidelines
for a pollutant. The selection of an indicator for
assessment should be made on the basis of observed
pollutant sources rather than category of indoor
environment.

Local air velocities also are important to occupant 2-6-1 Asbestos fibres

perceptions. ASHRAE Standard 55-1981 ‘Thermal Asbestosoncentration ifndoor air is not useful as an
Environment Conditions for Human Occupancy’ indicator since it will be a less reliable measure of
recommendethe optimal winter condition at 22 to exposurepotential from friable products than product
be an air velocity less than 0.15 m/sec and for summeiinspectionand hazard assessment. These products are
at 24 C, less than 0.25 m/sec. Limited findings have most likely to give rise to hazardous concentrations
indicated that feelings of ‘stuffiness’ can occur in when damaged. A guidance note for inspection and
buildings where air velocities are very low (Raw assessment of friable asbestos products has been
1992). available for some years (NOHSC 1988). It is
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believed it would be strengthened if it incorporated In conclusion, an indicator for ETS exposure is
recent developments in specifications for available only for indoor environments with heavy
encapsulants (ASTM 1992; Brown 1990) and, more smoking (e.g. public recreation places). Generally,
particularly, procedures for visual inspection of the principle of elimination of ETS should be

abatemensites (ASTM 1993). followed using NOHSC (1994) as a guide.
Alternative indicators for ETS exposure need to be
5.6.2 Radon developedor indoor environments not using NOHSC

guidanceand where smoking is less than heavy
Experience has shown that radon concentrations in . )
virtually all Australian buildings are low compared to 5.6.4 Respirable suspended particles
exposure guidelines, except in some Apart from ETS, respirable suspended particles
earth-constructed residences. Radon is useful as afRSPs)mayarise from a range of sources and so vary
indicator only for earth-constructed residences or for physically and chemically and in their influence on
basements that serve as residences. A map of soliealth. Since these particles are by their definition
uraniumconcentrations that is being assembled by thedeposited deeply in the lungs where they may have
AustralianGeological Survey @anisation shoulte toxic effects, their presence in indoor environments
used to provide guidance on areas of highrequires attention. However, there are current
radioactivityand the siting of buildings or their design inadequacie:
to minimise radon ingre_ss l:_)y methods described by(a) knowledge of the physical
ASTM (ASTM Standardization NewMarch 1991,
18-19).

properties and
chemicalcomposition of these particulates;
(b) knowledge of their health effects (assuming

_ effectsof outdoor RSP are not applicable to indoor
5.6.3 Environmental tobacco smoke RSP because of physical and chemical

differences); and
(Sc) methods for measuring RSP accurately at
guideline levels established elsewhere (e.g. NHD
1990 recommended a guideline of &im?).

If smoking is permitted in a building, environmental
tobacco smoke (ETS) indicators may be necessary t
evaluate the effectiveness of ventilation systems or
designated smoking areas in preventing exposure of
building occupants. ETS is a complex mixture of It is recommended that an indoor air quality indicator
pollutants that changes rapidly with time, preventing for RSPs be reserved until these inadequacies are
most of them from being used as indoor air quality addressed.

indicators. Nicotine and RSP may be adequate for ]

environments with heavy smoking but will 9.6.5Legionellaspp.

underestimate (2- to 5-fold) and overestimate There are several guidelines and codes for control of
(2-fold), respectively, environments where smoking Legionellain cooling towers and other sources (see
is moderate to light (Eatough 1993). Robust indicators Appendix 4). Use of these guidelines and codes is
for other smoking environments are yet to be expectedo be a better indicator fdvegionellacontrol
developed (Guerin 1993) although measurements othan routine air or water sampling for the bacteria.
ultraviolet-absorbing  particulate  matter and Such sampling is resource-intensive and may be a
fluorescing particulate matter show promise for poor predictor of Legionella entering buildings.
selective determination of ETS-derived particulate However, sampling is useful in explaining disease
matter (Guerin et al. 1992). Repace and Lowrey outbreaks to ensure remedial action at responsible
(1993)modelled lung cancer mortality risk from ETS sitesand for correct diagnosef the disease to ensure
exposure and derived an ‘acceptable risk’ indoor airappropriate medical treatment (CEC 1993). One of
quality exposure standard of 7.5 ng/micotine in the prime requirements of guidelines is the siting of
workplaceair for a working lifetime of 40 years. This coolingtowers relative to building air inlets to prevent
might prove a useful indicator of the effectiveness of ingress of aerosol drift into building air. A minimum
control strategies if measured over long time periodsseparation of six metres is specified but this may be
to minimise the influence of deposition/re-emission difficult to realise in buildings constructed prior to the
on measurements. guidelinesdue to space limitations.
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5.6.6 House dust mites Tovey (1992) suggested that a level <Qglg may be
regarded as ‘safe’ although ambitious for many
residencesHe proposed a more practical interim goal
would be to achieve the ten percentile level for
residence# a particular community

House dust mites (HDMs) are considered a
significant health and indoor air problem in
Australianresidences where HDIsllergen levels are
oftensignificant. Limited data from Australia (Green
et al. 1992) and overseas (CEC 1993) indicate HDM
allergen levels are small in office buildings while
information for types of buildings other than Theimpact of other microbial contaminants on indoor
residences is practically non-existent. CEC (1993)air quality in Australia has received little
recommended HDMs be considered an indoor airinvestigation However moisture angnoulds may be
pollutant for residences, schools and hotels. Air common in Australian houses. A national survey of
sampling for HDM allergen will be relevant to occupants of 3046 houses in 1993 found that 33% of
measurement of allergen exposure but has beerouses had visible mould (26% reported mould in
seldom used (Price et al. 1990) since it requires longbathrooms, 8% in bedrooms) (Dulux Australia,
sampling periods (2-24 hours) and may be unpublished data). Engineering consultants have
unrepresentative of the short periods of exposure tareported substantial contamination associated with
high allergen concentrations that are clinically moisture in poorly designed and maintained
important (CEC 1993). mechanical ventilation systems. This mirrors
experienceoverseas, although the prevalencsuth
0Problems is unknown.

5.6.7 Microbial contaminants

Theindicator forHDM exposure (CEC 1993) should
be the allergen levels in accumulated dust vacuume
by standard methods from mattresses, carpets andvhile WHO (1990) has provided guidelines for
furniture and analysed by an immunochemasgay  assessing hazardous airborne fungi indoors (see
preferably enzyme-linked immunosorbent assaysection 2.2.7), CEC (1993) concluded that no
(ELISA) for Der p 1. health-basedirborne guidelinesould be adequately
set for biological particles. It was also concluded that
sampling and analysis methods were not
; well-standardised but could enable sources and their
de Weck (1988) or categories (based on measuredgative importance to be assessed. Consistent with
values in residences rather than health riskihe present approach to indoor air quality indicators,
evaluation) recommended by CEC (1993), both 0f j; \yas recommended that a walk-through inspection
whichare presented inable 17. by specialised investigators should be made before
considering sampling for microbial contaminants.
Visible mould growth was regarded as unacceptable.

The indicator could be evaluated against hygienic
threshold limits (HTL) proposed by Platts-Mills and

Table 17. Evaluation of measuements of Der p 1in Nevalainen et al. (1994) noted that microbial growth
accumulated dust was not always visible in a building and that

concentrations of fungi in indoor air were not

necessarily high even when mould was visible. Holt
Category Der p 1 (ug/g dust) (1994) found that airborne microbial concentrations
variedwidely in thesame building on a daily basis and

concluded their usefulness was suspect; he
HTL for sensitisation 2 recommended building inspection instead. While
differences between problem and normal houses

CEC—very low <05

CEC—low <® could be found by careful analysis of fungal

HTL for acute attacks of asthma 10 concentrations and genera, Navalainen et al.

CEC—intermediate <15 recommendethe following asndicators of potential
indoorair microbial exposure:

CEC—high <20

CEC—very high 220 (a) carefulinspection of buildings for the presence of

moist or damp surfaces or visible moulds; and
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(b) sampling of surfaces with sterile swabs where effects and practical analytical parameters (a
moisture or mould was suspected. working group will have addressed this issue at

Healthy Buildings ‘95 (Milan); also, CEC (Ispra)

hasproposed to developdgefinition by late—1995

(M. De Bortoli, CEC Joint Research Cenfpers.

comm.); and

(a) the presence of moist or damp surfaces with Or(c) concentrations of specific VOCs that are

without presence of visible mould; and carcinogensr are irritants at low levels should be
(b) the presence of confirmed pathogens or toxigenic  determinedvhen potential sources are present.
fungi (see &ble 5) in airborne or surface samples.

Attention is drawn to recent suggestions for 9-6.10 Pesticides

measuring microbial ‘biomass” in indoor air (Miller - pesticide concentrations should be measured as
1994) that may prove to be better indicators in theindoor air quality indicators to assist site clean-up

In summary, the following indicators for
unacceptable microbial contamination of indoor air
are recommended:

future. whenbuilding inspection identifies pesticidesidues
in or around the building, especially for the
5.6.8 Formaldehyde post-construction application of termaticides at

Measurements have shown that formaldehydebuildings with ‘leaky’ floors.
concentrations in  conventional, established _ o
residences and offices seldom exceed 100 pptp.6.11 Nitrogen dioxide

measured over several days. However the NHMRCyiyogen dioxide concentrations should be measured

indoor air goal is 100 ppb as a ceiling concentration 4 indoor air quality indicators in all buildings (but

and few measurements appear to have been made %'hrticularly residences, schools and hospitals) which
s

this basis except those of Hooper et al. (1994) and ,qo\nflued gas appliances, particularly heaters.
Cliff (SIMTARS, unpublished). Also, concentrations

in buildings at first occupancy are not known even 5.6.12 Carbon monoxide

though manufacturers suggest these could reach
500 ppb(see Section 3.1.8). Carbonmonoxide concentrations should be measured

F ldehvd rati . bi as indoor air quality indicators in all buildings using
horma ed y eb_lcocr;icen rha |onsl n lca;)ravani, mot ! eunﬂuedgasheaters—particuIarIy residences, schools
omesand mobtie dices have clearly been Shown to g hospitals—and in enclosed car parking sites

gxceed the NHM_RC_ goal but !t IS not‘known _hO\_N t? without ventilation to AS1668.2—-1991.
interpret these findings relative to ‘low-emission
productscurrently manufactured in Australia. 56.13 Carbon dioxide

It is recommended that until these issuegeselved,
formaldehyde concentration should remain as an
indoor air quality indicator in buildings using other
than small quantities of pressed-wood products.

Carbon dioxide concentration should be measured as
an indoor air quality indicator in mechanically
ventilatedbuildings when operated under steady-state
conditions and as a measure of the adequacy of
outdoor air ventilation rate relative to the number of

5.6.9 Volatile organic compounds building occupants (see section 5.5.).

Since little is known about volatile organic
compounds (VOCSs) in indoor air in Australia, it is 5.6.14 Ozone

recommendedn the basis of overseas studies that: ]
Ozone concentrations should be measured as an

(a) TVOC be used as an indicator for the presence ofndoorair qualityindicator in rooms with heavy use of
significantVOC sources; electrostatic photocopiers, laser printers or other

(b)a definition for TVOC be developed that is sources, and in the air outlet from ozone-based air
relevant to occupant exposure, possible healthsterilisers.
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57 Emerging issues Many pollutants may interact in their health effects
andthe understanding of this interaction is limitatt
This review identified a number of issues related to may remain so for complex pollutant mixtures. It has
indoor air quality which are either poorly understood peen reported that a mouse bioassay (measuring
or areas of rapidly developing knowledge that could sensory and pulmonary irritation according to
not be reviewed. The intent in this section is to ﬂag decrements in respiration rates) can be used to
merelythese issues for further consideration. quantify the irritancy of building air samples
associated with human complaints (Anderson and
Coogan1994). Furthestudies to verify these findings
areneeded.

Limited surveys of occupant health have been
performedin Australia to determine the prevalerafe
building-related illnesses. Symptom questionnaires
offer a means to gather more easily information in Smoking in public recreation buildings continues
relation to environmental factors, particularly in largelyunchecked in Australia, although it is believed
relation to sick building syndrome. However, the a NOHSC code of practice is to be developed. Unless
questionnaires must be well-designed and applied ifsmoke-freeor designated smoking areas mreluded
they are to gather useful information. Many different in this code, the adequacy of ventilation systems to
questionnaires have been used by researchergemoveETS from building air will become an issue.
internationally, making interpretation of findings
difficult. A need for a ‘standardised’ symptom
guestionnaire was determined during working
sessions of ‘Indoor Air: An Integrated Approach’,
26 November — 1 December, Gold Coast. The
International Society for Indoor Air Quality and
Climatehas undertaken to coordinate this activity

Leadin old paint from houses presents health risks to
occupants, especially children, due to flaking and
chalkingof the paintand also to homeowners during
renovations. The Select Committee upon Lead
Pollution (1994) identified lead abatement in public
housing, child-care centres and lower
socio-economidiousing as tgetareas. Penny (1994)
Questions have arisen about the adequacy ofdiscussed the issues from the paint industries’
ventilation rates of Australian buildings, especially perspective and recommended the products be
for mechanically ventilated buildings constructed in managed in-place by using purpose-designed
the 1980s and residential buildings constructed inencapsulants rather than removal. The adoption of
recent years. The interaction of energy conservationabatement strategies and the specification of these
measures and the ventilation levels of the building encapsulantand their €ectiveness will be important
stock needs to be better understood and coordinatedfactorsin these activities.
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Appendix 2: List of Initialisms and Measurement Units
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Appendix 4: Standards and Codes in Australia
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AS1837(1976)—Code of practice for application of
ergonomics to factory and office work.

AS4073(1993)—Urea formaldehyde foam thermal
insulation. In situ set foam.

AS4074 (1993)—Methods of testing raw materials

AS4075(1993)—Urea formaldehyde foam thermal
insulation. Installation requirements for in-situ
set foam

AS3660(1993)—Protection of buildings from
subterranean termites—Prevention, detection
and treatment of infestation.

AS3666(1989)—Air-handling and water systems of
buildings-microbial control.

SAAHB23(1992)—Control of microbial growth in
air-handling and water systems in buildings.

AS2985(1987)—Workplace atmospheres—methods

for sampling and gravimetric determination of
respirable dust.

AS3580—Methods for sampling and analysis of
ambient air

AS2986(1987)—Working atmospheres—Organic
vapors—Sampling of solid adsorption
techniques.

NHMRC

1982—Urea formaldehyde foam insulation. Report
of 93rd Session, June.
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1988—Australian guidelines for the control of
Legionella and Legionnaires’ disease. AGPS,
Canberra.

1988—Asthma in Australia-strategies for reducing
morbidity and mortalityNHMRC, Canberra.

1989—Code of practice for the safe use of
termaticides. Approved by 108th Session,
November.

1989a—Indoor—air quality. Report of 108th Session,
November.

1990—Radon in houses. Report of the 109th
Session, May

1993—\blatile oiganic compounds in indoor air.
Report of 115 Session, June.
NOHSC

1988—Guide to the control of asbestos hazards in
buildings in buildings and structures.

1988—Code of practice for the safe removal of
asbestos.

1988—Guidance note on the membrane filter
method for estimating airborne asbestos dust.

1989—L egionnaires’ disease and related illnesses.
AGPS, Canberra.

1991—Exposure standards for atmospheric
contaminants in the occupational environment.
AGPS, Canberra.

1994—Guidance note on passive smoking in the
workplace [NOHSC:3019], AGPS, Canberra.



