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ABSTRACT

Forinaldehyde is a common air pollutant that tends to be found in elevated
concentrations in indoor air. Exposure to formaldehyde has the potential to
impact on respiratory health, particularly amongst sensitive individuals and
populations, including children. Children spend most of their time indoors at
home, however, there are very little data on the contribution of formaldehyde
concentrations in homes to personal exposure in children. The principal aim of
this cross sectional study was to investigate whether the domestic environment is

the most significant source of personal exposure of formaldehyde in children.

Forty-one primary school children (aged between 8 and 12) were recruited from
two areas of Perth, Western Australia. FEach child wore a personal passive
formaldehyde sampler over a 24 héur period on two separate occasions, winter
and summer. Samplers were also located indoors at home, outdoors at centralised
locations and indoors at school for the corresponding period. A questionnaire
about lifestyle and behaviour and a daily activity diary were completed for each
participant.  Passive samplers used filter papers impregnated with 2,4-
dinitrophenylhadrazine (DNPH), with formaldehyde detected using high pressure
liquid chromatography (HPLC).

In winter there was a wide range of personal exposure concentrations, with
geometric mean concentrations of 9.7ppb at Duncraig and 11.5ppb at Calista.
Indoor geometric mean concentrations at Duncraig were 10.1ppb, with outdoor
and classroom concentrations below the analytical limit of detection (4ppb). At
Calista, mean indoor concentrations were 14.2ppb. The outdoor concentrations

were below the limit of detection and school concentrations were 8.0ppb.

Summer monitoring occurred during mild meteorological conditions and were
very similar to winter results. Geometric mean personal exposure concentrations
were 9.2ppb at Duncraig and 8.0ppb at Calista. Indoor geometric mean
concentrations at Duncraig were 9.0ppb, with outdoor and classroom
concentrations below the limit of detection (4ppb). At Calista, mean indoor
| concentrations were 9.9ppb, outdoor was below detection limit and school

concentrations were 15.2ppb.



There were strong correlations between personal exposure and domestic
cohcentrations at both Duncraig and Calista in winter (r2 = (.73 and 0.88,
respectively) and in summer (r2 = 0.67 and 0.84, respectively). The correlation

for both seasons combined was significant, with a coefficient of r* = 0.78.

A time weighted model estimated personal exposure concentrations for each
participant using stationary measures in combination with time activity data.
These estimates of exposure correlated significantly with measured personal

exposure concentrations, with a coefficient of r*= 0.80 for all data combined.

The indoor domestic environment was found to be the most important source of
formaldehyde exposure for children. Time weighting was found to provide a
stronger estimate of personal exposure than indoor air monitoring alone,
although the time weighted model was not a significant improvement over the

indoor measure alone.




DECLARATION

1 certify that this thesis does not, to the best of my knowledge and belief:

(i) incorporate without acknowledgement any material previously submitted for a
degree or diploma in any institution of higher education;

(ii) contain any material previously published or written by another person
except where due reference is made in the text; or

(iii) contain any defamatory material.

I also grant permission for the Library at Edith Cowan University to make
duplicate copies of my thesis as required.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Victoria I‘Jazenby Date




ACKNOWLEDGMENTS

This thesis would not have been possible without my supervisofs, Dr Andrea
Hinwood and Dr Peter Franklin. They have guided, encouraged and badgered
me as necessary from start to finish and I am greatly indebted to them. In
particular I wish to thank Andrea for being a friend, mentor and huge support for

the past few years.

Many others have helped along the way and I particularly thank the children who
participated in this study, as well as their parents. I wish to acknowledge the

staff at Glengarry and Calista Primary Schools, Cherhistry Centre of WA and the
| Air Quaﬁty Branch at the Department of Environment and Conservation for their
assistance. I also could not have completed my analyses without the invaluable

assistance received from the laboratory staff at the School of Natural Sciences.

This project would not have been possible without the financial assistance of the
Centre for Ecosystem Management and the Air Quality Branch at the

Department of Environment and Conservation.




TABLE OF CONTENTS

1.0 Introduction
1.1 Background
1.2 Formaldehyde Sources and Concentrations
1.2.1 Indoor. Environment
1.2.1.1 Sources
1.2.1.2 Indoor Concentrations
1.2.2 Outdoor Environment
1.2.2.1 Sources
1.2.2.2 Outdoor Concentrations
1.2.3 Microenvironmental variation
1.3 Health Effects of Formaldehyde
1.3.1 Carcinogenicity and genotoxicity
1.3.2 Respiratory impacts
1.4 Exposure Assessment
1.4.1 Direct methods for measuring exposure
1.4.1.1 Measuring air pollution :
1.4.1.2 Measuring formaldehyde

1.4.1.3 Measuring and calculating exposure concentrations
1.4.2 Indirect methods for estimating human exposure

1.5 Personal Exposure to Air Toxics Studies
1.6 Conclusion and Rationale for Study
1.7 Aims

2.0 Study Design and Methodology
2.1 Study Design

2.2 Study Population

2.3 Study Location

2.4 Recruitment

_2.5 Data Collection

2.5.1 Formaldehyde Passive Sampling

2.5.1.1 Meteorological Data

2.5.2 Questionnaire

2.5.3 Daily Activity Diary
2.6 Chemical Analyses

2.6.1 Quality Assurance and Quality Control
2.7 Data Handling
2.8 Statistical Analyses

2.8.1 Sample Size

2.8.2 Analyses and Interpretation of Results
2.9 Ethics Approvals and Confidentiality
2.10 Feedback to Participants

O O 00 0 h W W W =

ek
[ T—Y

12
17
17
17
18
19
20
23
28
30

31
31
31
33
34
34
36
37
38
39
40
41
41
41
42
44
45



3.0 Results
3.1 Demographics, Behavioural and Dwelling Characteristics of Study
Population

3.2 Time Activity Patterns -

3.3 Meteorological Data

3.4 Measured Formaldehyde Concentrations

3.5 Factors Influencing Residential Formaldehyde Concentrations
3.5.1 Dwelling Characteristics and Indoor Concentrations

3.6 Factors Influencing Personal Exposure Concentrations
3.6.1 Time Activity Patterns and Personal Exposure Concentrations
3.6.1.1 Questionnaire Responses for Time Activity Patterns
3.6.1.2 Diary Time Activity Patterns
3.6.2 Regression Analyses

3.7 Models for Estimating Exposure

3.7.1 Indoor Sampling as a Surrogate for Personal Exposure and Time
Weighted Model

4.0 Discussion

4.1 Study Population

4.2 Time Activity Impacts

4.3 Formaldehyde Exposure Sources
4.4 Factors Affecting Personal Exposure

4.4.1 Relationships ~ between  Personal  Fxposure and
Microenvironmental Concentrations

4.4.2 Indoors Sources and Personal Exposure

4.4.3 Personal Exposure, Indoor and Outdoor Concentration
4.4.3.1 Comparison with Australian and Overseas Data
4.4.4 Appropriate Models for Estimating Exposure

4.4.5 Seasonal Variation in Personal Exposure

4.5 Limitations of this Study

5.0..Conclusions

6.0 References

Appendices

Appendix A Ethics and Other Approvals
Appendix B Information Pack for Participants
Appendix C  Questionnaire

. Appendix D Daily Activity Diary

Appendix E “Additional Results

46

49
50
51
53
53
54
54
54
56
56

58
58

61
62
63
65
65

65
66
68
72
73
74

77

79



Figures
Figure 2.1 - Location map of Duncrazg and Calista in Perth, Western Australia
Figure 2.2 SKC UMEx100 passive formaldehyde sampler

Figure 3-1 Scatter graph of time weighted average and indoor concentrations
against personal exposure concentrations (ppb) for all participants

Tables

Table 2-1 Number of passive formaldehyde samples collected for each season
of sampling

Table 2-2 Formaldehyde standards used for calibration in HPLC analyses
Table 2-3 Summary of Field and Laboratory QA/QC

Table 3-1a Demographics of study population (%)

Table 3-1b Dwelling characteristics of study population (%)

Table 3-1c Chemical use in households of participants (%)

Table 3-2 Characteristics between Duncraig and Calista participants
identified as being significantly different using Students T-test (SPSS)

Table 3-3 Percentage of time in a 24 hour period spent in key
microenvironments

Table 3-4 Meteorological data for each sampling day, with data from the
meteorological stations at Perth and Jandakot

Table 3-4 Mean monthly meteorological data from Perth and Jandakot
meteorological stations

Table 3-6 Summary of passive formaldehyde monitoring results by area and
season (ppb)

Table 3-7 Summary of all passive formaldehyde monitoring results by season
(ppb)

Table 3-8 Significance values of key dwelling characteristics on indoor
Jormaldehyde concentrations, using ANOVA

Table 3-9 Significance values of key transport and time activity estimate

~—characteristics on personal exposure formaldehyde concentrations, using
ANOVA for full dataset

Table 3-10 Significance values (<0.05) between diary based time activity

patterns and personal exposure formaldehyde concentrations, using ANOVA

Table 3-11 Initial multiple regression results, including all variables with a

significant relationship with personal exposure concentrations of less than

0.25

Table 3-12 Final multiple regression results, indicating significant variables

impacting on personal exposure

Table 3-13 Correlation coefficients between personal exposure measures and

exposure estimation techniques

32
36
60

35

40
40
46
47
48
49

50

51

51

52

53

54

55

56

57

58

59



1.0 INTRODUCTION

1.1  Background

Formaldehyde is an air toxic that is produced from a variety of sources, resulting
in its presence in both indoor and outdoor air. Classified as a priority air toxic as
part of the Air Toxics Program (Environment Australia 2001), formaldehyde is
an important contributor to air pollution. While ubiquitous, formaldehyde has
been shown to be elevated in indoor air and this is recognised as the key
environment for potential human exposure (WHO 2002). This is of particular
relevance to people in the developed world as the majority of people spend over

90% of their time indoors (Wigle 2003).

Formaldehyde, or HCHO, is the simplest of the aldehyde class of chemicals. A
gas at room temperature, yet readily soluble in water, it is more reactive than
many other aldehydes. It will degrade readily in the atmosphere to form formic
acid and carbon monoxide, usually within 24 hours (Atkinson 2000). Occurring
naturally in the environment, it is a common compound in the synthesis of more
complex compounds in industry (Lowe et al 1980). Formaldehyde is most often
used to create polymers for resin production, with these resins often releasing

formaldehyde gas for several years after production (Brown 2002).

There are a number of potential health impacts associated with inhalation
exposure to formaldehyde. It is an irritant of the upper respiratory tract at

~ relatively low concentrations and has been associated with asthma development

and asthma symptom exacerbation, particularly in children (Garrett er al 1999;
Arts et al 2008). It is also associated with occupational asthma in adults
(Horvath et al 1988; Godish 1990). It is also classified as a human carcinogen by
the International Agency for Research on Cancer based on toxicological data and
longitudinal retrospective studies of occupational exposure (IARC 2004). It
should be noted that the validity of the key study on which this classification was
based has been queried (Marsh et al 2007), due to the findings being dependant
on the data analyses methods utilised, with the findings not supported if different

methods are applied.



In recent years, many epidemiological studies have focused on the respiratory
health impacts associated with non-occupational exposure. - These have included
asthma development and exacerbation, increased atopy and sensitisation and
irritation of the upper respiratory tract (Ritchie & Lehnen 1997; Godish 1990;
Norbick et al 1995; Garrett ef al 1996; Suh et al 2000; Arts et al 2008).

Despite the number of sources of formaldehyde there is currently no Australian
standard to regulate formaldehyde concentrations, either indoors or outdoors. To
address this a National Environment Protection (Air Toxics) Measure (NEPM)
has been developed to aid in gathering information for five priority air toxics,
including formaldehyde, with the aim of developing national air quality
standards (National Environment Protection Council 2004). There are, however,
interim indoor air quality goals which have been suggested by various
institutions. The National Health and Medical Research Council (NHMRC)
recommended that indoor concentrations of formaldehyde do not exceed 100
parts per billion (ppb) (NHMRC 1982). Although this document has been
rescinded, it was rescinded as it was no longer an area for which the NHMRC
was responsible and not due to any errors or technical issues with the document
(NHMRC 2005). The more recent National Industrial Chemicals Notification
and Assessment Scheme (NICNAS) document suggests an indoor standard of
80ppb would be more appropriate (NICNAS 2006). Although aimed at
information gathering, the NEPM suggests that for ambient concentrations a 24
~hour average concentration should not exceed 40ppb (National Environment

Protection Council 2004).

While further data collection within Australia is occurring as part of the NEPM,
this focuses on outdoor air only. As formaldehyde is predominantly an indoor air
quality issue, the NEPM does not target this key area of concern. Furthermore,
there is limited research or monitoring within Australia for formaldehyde

exposure, particularly in relation to children, who are particularly vulnerable to



the health impacts associated with exposure (Garrett et a/1999; Rumchev et al

2002).

1.2  Formaldehyde Sources and Concentrations

1.2.1 Indoor Environment

1.2.1.1 Sources

The range of potential sources of formaldehyde is extensive due to the
prevalence of formaldehyde as a chemical additive in many industrial processes,
and its presence as a by-product of combustion (LoWe et al 1980; Bettelheim &
March 1995). The primary use of formaldehyde is the production of resins
which are used as adhesives in the production of particleboard, fibreboard and
plywood, with these products common materials in almost all homes and indoor
environments (McPhail 1991; Kelly 1999; Dingle et al 2000; Jiang 2002).
Formaldehyde is used in moulding, paper treating, paper coating, textile treating
and in surface coating (NICNAS 2006). The use of formaldehyde in the
production of urea foam insulation is widespread, although production
methodologies have improved since the 1980’s to reduce emissions (USEPA

1997).

Formaldehyde is also an additive in a range of other chemical processes, such as
a preservative in some paints, permanent pressing of fabrics, a preservative in
cosmetics and as an additive in some household chemicals (Suh et al 2000;
NICNAS 2006). It is also used in a range of medical applications for purposes

such as embalming, skin disinfectants, cough drops, general disinfectants, and in

industrial applications such as leather tanning, corrosion inhibition, gasoline

stabilisation and as a chemical intermediate (NICNAS 2006).

While all of these applications are potential sources of formaldehyde, there are
also a range of processes that create formaldehyde as a by-product. It is a
product of fuel and wood combustion and is a compound in vehicular exhaust,

wood fire smoke and exhaust from fuel burning appliances such as gas stoves



and heaters (Lowe et al 1980; Holgate er al 1999; WHO 2002; Reisen & Brown
2009).

As formaldehyde resins are used in the production of particleboard, which is
widely used in housing, furniture and construction, there have been numerous
studies which have assessed the relationship between particleboard and
formaldehyde concentrations in indoor air. Brown (1999) undertook dynamic
environmental chamber experiments to measure formaldehyde emissions from
common building materials and office furniture. This study found that
reconstituted wood based panels (RWP), such as particleboard and medium
density fibreboard (MDF), emitted high concentrations of formaldehyde when
new, above the then current NHMRC guidelines. The emission rates initially
followed a first-order exponential decay which subsequently slowed, resulting in
a constant emission source for extended periods. The study also found that office
furniture emitted similar levels of formaldehyde to RWP despite laminate covers
on RWP, with heat fusing adhesives the likely source. Increased ventilation was
shown to increase formaldehyde emission rates from particle board and MDF

(Brown 1999).

Hodgson et al (2002) undertook a small-scale chamber test of a range of
materials used in manufactured homes, including particleboard countertops and
cabinet cases, frame lumber, doors and plywood subfloors. Materials were
placed in a small chamber for 48 hours and the chamber exhaust analysed to

identify major formaldehyde emitters. The study found that, of the materials

tested, cabinetry materials, passage doors and plywood subfloors were the most
significant emitters of formaldehyde in new manufactured homes (Hodgson et al

2002).

Studies measuring formaldehyde in the indoor air of portable buildings and
caravans found that the use of large amounts of RWP in the construction resulted
in elevated formaldehyde concentrations in these buildings (McPhail 1991;
Scmidt 1991; Brown 1999; Hodgson et a/ 2002). McPhail (1991) found that



caravans and portable buildings had substantially elevated levels of indoor
formaldehyde, compared with conventional homes, with the studies by Scmidt

(1991) and Hodgson et al (2002) reporting similar findings.

A number of other studies which have measured formaldehyde in conventional
buildings found significant relationships between certain dwelling characteristics
and indoor formaldehyde concentrations. A study of 833 English homes by Raw
et al (2004) measured formaldehyde in bedrooms for a 3 day sampling period,
finding that newer homes and homes with barticleboard flooring had
significantly higher formaldehyde concentrations. Smedge & Norback (2001)
measured formaldehyde in 181 classrooms in Sweden and found that classes with
more fabric and more open shelves had higher formaldehyde concentrations.
The possible relationship between the open shelves and formaldehyde
concentrations is not discussed and is not clear, although it may be due to the use

of greater amounts of particleboard for use in shelving in the classrooms.

Motor vehicle cabins can also contain significant | concentrations of
formaldehyde. Materials such as plastics used in vehicle fittings can emit
significant concentrations of many volatile organic compounds (VOCs),
including formaldehyde (Yoshida & Matsunga 2005). Closed vehicles parked in
the sun can develop particularly elevated concentrations as emission rates from
formaldehyde containing products increase at higher temperatures (Brown 1999).
However, Fedoruk & Kerger (2003) reported elevated concentrations present in
_stationary hot cars were rapidly dissipated under normal working conditions,
including when the air-conditioning was on recirculation mode. There is also
potential for vehicle exhaust to be a contributor to in-cabin concentrations of

formaldehyde (Yoshida & Matsunga 2005).

1.2.1.2 Indoor Concentrations
A number of international studies have been published which report indoor air
concentrations of formaldehyde. Jurvelin et a/ (2001) reported low mean

concentrations of formaldehyde in dwellings (12.8ppb) and in workplaces



(12.0ppb) in a study in Helsinki, although the study is limited by the small
sample size of 15 individuals. Samples were collected over a 48 hour sampling
period in the main living area of the participants dwelling. Gustafson et af
(2005) measured formaldehyde in 65 bedrooms in Sweden, with the study
collecting 24 hour samples in Campaign A (n=24) and 6 day samples in
Campaign B (n=40), with the two campaigns undertaken in different cities. The
study reported median indoor formaldehyde concentrations of 18.7ppb in
Campaign A using a 24 hour sampling period, while Campaign B reported a
median indoor concentration of 23.6ppb with a 6 day sampling period. As there
are no reported differences in the dwelling characteristics between Campaign A
and Campaign B, the difference in median concentrations between campaigns
appears to be a result of the different sampling periods. The 6 day sampling
periods included weekends and were started on random days, although the
impact of weekday versus weekend activities on measured concentrations was
not discussed. If any factors were identified that would cause the Campaign B
indoor concentrations to be higher, these additional sources of formaldehyde are

not discussed or evident in the data presented in the Gustafson ef al (2005) study.

A study undertaken in Mexico City collected indoor air samples in 30 residences
over a 24 hour sampling period, with a median formaldehyde concentration of
16.0ppb reported (Serrano-Trespalacios et al 2004). A comprehensive study
conducted across three cities in the United States collected 48 hour passive
samples of formaldehyde concentrations indoors in a number of homes, with a

total of 398 indoor air samples collected (Weisel et al 2005). The study reported

an average indoor concentration of 17.6ppb for all samples (Weisel et al 2005).

In Australia there have been very few studies that have measured indoor
formaldehyde concentrations. Garrett et al (1997) measured formaldehyde in
Victorian homes, with concentrations reported being quite low and largely below
the 1982 NHMRC interim goal of 100ppb, with a median of 12.6ppb. Passive
sampling techniques were used and sampling media were exposed for 4 days

within the participant’s home. There was a significant relationship between




formaldehyde indoor concentrations and the presence of fibreboard,
particleboard, unvented gas heaters and age of home, with dwellings less than 10
years old having higher concentrations. The study measured concentrations in 80
homes with sampling repeated on four occasions, with this sample size large
enough to ensure that there is statistical strength in the conclusions and data

analyses.

Dingle & Franklin (2002) collected data on potential formaldehyde bearing
materials and formaldehyde sources in 185 Perth homes, with formaldehyde
measured in four indoor locations in each home. Sampling was undertaken using
passive sampling techniques, with two rounds of sampling conducted and
sampling media exposed for a three day sampling period. The study reported a
geometric mean indoor air concentration of 22.8ppb for all homes and found that
age of home and season were the only significant factors relating to indoor
concentrations. Homes in this study tended to be newer than Perth homes on
average (46% less than 10 years old in this study, compared with 30% of homes
less than 10 years old across Perth on average) (Dingle & Franklin 2002).

A similar study was undertaken by Rumchev e a/ (2002) which monitored 192
Perth homes using passive sampling methods, with samples collected over 8 hrs
from 9.00 am to 5.00 pm in both the living room and a child’s bedroom.
Rumcheyv et al (2002) reported mean concentrations of 24.5ppb in bedrooms and
22.4ppb in the living room. This study reported a significant relationship

between indoor air concentrations and season, indoor air temperature, the

presence of unflued gas heaters and new carpets (Rumchev er al 2002).
However, the use of an 8 hour measure collected during the day has some
limitations as it may not be representative of concentrations present during the
evening and night time, which are generally the main periods when people are
indoors at home. Concentrations of formaldehyde in a room may differ between
day and night time due to variability in factors such as ventilation or use of
sources such as gas stoves, gas heating, wood heating or smoking. Furthermore,

many inhabitants would not be home at all during this period, so the results may



not be an accurate representative of indoor formaldehyde concentrations

individuals may be ‘exposed to.

1.2.2 Outdoor Environment

1.2.2.1 Sources

Naturally occurring formaldehyde in ambient air is emitted from sources such as
forest fires, animal wastes and plant volatiles (Bettelheim & March 1995; Martin
et al 1999; de Vos et al 2008; Reisen & Brown 2009). Most organisms will
produce small amounts of formaldehyde as a metabolic intermediate (WHO
2002). It is also an intermediate in the process of oxidation, or combustion, of
methane and other carbon compounds (Bettelneim & March 1995).
Formaldehyde forms in the atmosphere as a result of photochemical oxidation of
reactive organic gases in polluted atmospheres (Bettelheim & March 1995).
Formaldehyde will degrade to carbon monoxide and formic acid quickly in

ambient air, usually within 24 hours (Atkinson 2000).

Estimates of total emissions into the Australian ambient environment indicate

that 69.5% is due to domestic solid fuel burning and motor vehicle emissions

(NPI 2005).

Formaldehyde can form in water due to irradiation of humic substances by
sunlight (Kieber et al 1990). It can also be present in water due to bacteria, algae
plankton and vegetation emissions (Nuccio er al 1995). Formaldehyde has a

longer half life when present in water, of between two to 20 twenty days

(Howard et al 1991).

Other outdoor air sources include manufacturing plants that use or produce
formaldehyde, industries and refineries which require fuel combustion of any
sort, including boilers, furnaces, incinerators and engines, and smoking and
tobacco products (United States Environmental Protection Agency 1997,
Environment Australia 2001; NPI 2005).




1.2.2.2 Outdoor Concentrations

Outdoor concentrations of formaldehyde have been measured in a number of
studies, with the concentrations reported much lower than indoor concentrations.
Ambient air monitoring conducted by Australian government agencies have
reported ambient concentrations of 1.4ppb in Perth (DEC 2006) and 0.9 — 4.1ppb
in Melbourne (EPA Victoria 2008).

Outdoor monitoring conducted by Garrett et al (1997) in Victoria reported
outdoor concentrations of 0.2 — 12.4ppb, with a median of 0.6ppb. Studies
conducted overseas have also reported low outdoor concentrations, with Jurvelin
et al (2001) reporting a mean of 2.6ppb in Helsinki, Gustafson et al (2005)
reporting median outdoor concentrations of 3.3ppb in Sweden, Serrano-
Trespalacios et al (2004) reporting a median of 4.2ppb in Mexico City, and
Weisel et al (2005) reporting a median of 2.4 — 5.3ppb across several cities in the
United States. Outdoor concentrations have been found to be higher in urban
than in rural areas, and are even further elevated outdoors in high density urban
areas with significant ambient sources, such as Seoul or México City (Son et al
2002; Serrano-Trespalacios et al 2004).  This elevation of ambient
concentrations is likely a result of both an increase in number of primary sources,
such as vehicles and heavy industry, and also due to secondary formation from

photochemical smog (Lowe et al 1980; NICNAS 2006).

1.2.3 Microenvironmental variation

Adr quality and concentrations of chemicals in ambient air can vary significantly
over relatively short distances, resulting in the occurrence of different
concentrations between microenvironments. Microenvironments are discrete
areas which are distinguished by factors such as concentrations of chemicals
present, physical barriers, proximity and strength of sources, ventilation rates or
the activities undertaken in an area (Nieuwenuijsen 2003). These
microenvironments can vary in size from quite small aréas, such as the area

around an operational gas stove, to quite large areas, such as a whole suburb.



The variation in concentrations of pollutants between microenvironments can be
significant, with this variation particularly evident for some chemicals, including
formaldehyde. The reasons for these differences in concentrations are varied, but
can be due to the large number of potential sources and their rates of emission,
the fype/s of sources present and physical characteristics such as ventilation and
temperature. Microenvironments are often grouped into three broad categories
based on the locations in which people spend the majority of their time, being
indoors at home, outdoors and indoors at work or school (Lee et al 2000;
Jurvelin et al 2001; Gustafson et al 2005). h

Formaldehyde concentrations have been found to be highest indoors, particularly
in homes (Jurvelin et al 2001; Garrett et al 2002; Serrano-Trespalacios et al
2004; Gustafson et al 2005; Weisel 2005). However, stationary monitoring in an
indoor environment may not accurately reflect concentrations encountered
indoors or even in a single room, due to small scale microenvironmental
variation. Concentrations within a single room can fluctuate significantly over
relatively small distances, with formaldehyde sources potentially creating
microenvironments with elevated concentrations within a single room and/or
building (Wolkoff et al 1991; Brown 2002; Glas et al 2004).

An investigation by Phillips et al (2005) was undertaken to develop generalised
methods for estimating personal exposure to ambient air pollutants, with the
study measuring indoor and outdoor VOC concentrations in 42 homes in

Oklahoma. The study found that residential indoor concentrations of many

VOCs, including formaldehyde, were higher than outdoor concentrations and
were not correlated with the permeability of the residence. This was seen as an
indication that indoor pollutant concentrations were representative of localised,

short term emissions within the dwellings studied.
Using stationary measures to assess variation between outdoor and various

indoor locations, Garrett et al (1997) found that season was a significant factor in

microenvironmental variation, with higher levels recorded in summer than in

10




other seasons. The study also reported that concentrations were higher in
bedrooms than in living areas and kitchens; however Dingle & Franklin (2002)
found no significant difference between rooms. Both these studies used passive
techniques, similar exposure times (3 to 4 days) and measured multiple rooms (4
to 5 rooms). However, Garrett et al (1997) undertook four rounds of sampling,
compared to Dingle & Franklin’s (2002) two rounds, and the larger dataset of the
Garret et al (1997) study may have provided greater statistical strength to
identify these differences.

A study by Sabin er al (2005) looking specifically at children’s pollution
exposure during school bus transport demonstrates some of the variation that can
be present within a single environment. The study found higher concentrations
of formaldehyde inside bus cabins than in the outdoor ambient air, with
concentrations higher when the windows were closed than when partially open
and also higher in buses fuelled by natural gas, which contains formaldehyde,

than in diesel fuelled buses (Sabin et al 2005).

These studies indicate some of the variability experienced in airborne
formaldehyde concentrations between microenvironments. While some
microenvironments which are key to exposure have been identified, short term
exposures to elevated source concentrations in a range of locations has also been
identified as important to exposure, as they are potentially the key exposure
periods during which health impacts may occur (Nieuwenhuijsen 2003; Sabin et

al 2005; Phillips ef al 2005).—

1.3 Health Effects of Formaldehyde

1.3.1 Carcinogenicity and genotoxicity

The International Agency for Research on Cancer (IARC) released a monograph
on formaldehyde which reviewed data from several retrospective cohort studies
and case-control studies on occupational exposure and health impacts (IARC
2004). These studies reported a statistically significant increase in the number of

deaths of exposed industrial workers by nasopharyngeal cancer. Based on the
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research r’eviewed, IARC (2004) found sufficient evidence of the carcinogenicity
of formaldehyde in humans to classify it as ‘carcinogenic to humans’. This
classification is solely based on toxicological data and occupational exposure
studies, and there is no evidence that low concentrations in the domestic
environment result in exposures resulting in carcinogenic impacts. Subsequent
to this classification some articles have been published which state that the IARC
classification may not be appropriate. This is based on other cohort studies
which have not identified an increase in deaths from nasopharyngeal cancer in
association with occupational exposure to formaldehyde (Marsh et al 2005) and
due to increased uncertainty in the outcomes when the same cohort data is

analysed in different ways (Marsh et al 2007).

Toxicological studies have also indicated that formaldehyde is genotoxic in
bacterial and mammalian cells, by mechanisms including increased frequency of
chromatid and chromosome aberrations, sister chromatid exchanges and gene
mutations (Kligerman et al 1984; Kitaeva et al 1990; Cassee et al 1996). A
recent study found that formaldehyde induced DNA-protein crosslinks and sister
chromatid exchanges in human blood cells, causing gene aberrations in daughter
cells (Schmid & Speit 2007).

A study by Titenko-Holland et al (1996) collected buccal and nasal cells from
mortuary students exposed to embalming fluid containing formaldehyde. The
study found an increased number of epithelial cells with chromosome fragments

following exposure, a finding which is consistent with the reported genotoxic

effects of formaldehyde, such as chromosome aberrations or sister chromatid
exchanges (Titenko-Holland et al 1996).

1.3.2 Respiratory impacts

Formaldehyde’s impact as a respiratory irritant is widely known, with these
irritant effects on eyes, mucous membranes and the upper respiratofy tract well
documented when inhalation exposure occurs (Stenton & Hendrick 1994; Suh et

al 2000; Thompson et al 2008). These impacts can occur with some severity
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following acute exposures with concentrations above 100ppb shown to cause
immediate irritation of the eyes, nose and throat (Suh et al 2000; Arts ef al 2008).
Concentrations of 100ppm or greater are immediately threatening to life and
health (Suh et al 2000). Chronic exposures in occupational environments have
been shown to irritate the eyes, nose and throat and to cause respiratory
symptoms (WHO 2002; Aalto-Korte et al 2008; Arts et al 2008). Exposures to
elevated domestic indoor concentrations, such as those experienced in portable
dwellings, caravans and buildings with significant amounts of formaldehyde
containing materials, can also cause chronic respirétory effects resulting from
irritation of the upper respiratory tract (Ritchie & Lehnen 1987; Godish 1990;
Ezratty et al 2007).

Godish (1990) measured a range of respiratory symptoms in conjunction with
formaldehyde concentrations in both conventional and portable homes in the
United States. This study found a significant relationship between indoor
formaldehyde concentrations and the severity of 16 respiratory symptoms,
including eye irritation, sore throat, headaches and sinus irritation. The health
effects were measured based on the participants judgement and recall only, so
may be subject to recall bias (Godish 1990). However, the formaldehyde
concentrations were significantly higher than those reported in Australian
studies, with medians of 120ppb in mobile homes and 70ppb conventional homes

with particleboard subflooring (Godish 1990).

A relationship between chronic exposure to formaldehyde in the domestic

environment and impacts on both the upper and lower respiratory tracts has also
been identified. These impacts have included tightness of chest, increased
asthma, and increased asthma-like symptoms (Thun et al 1982; Krzyzanowski et
al 1990; Norbick er al 1995; Garrett et al 1996; Franklin et al 2000; Venn et al
2003). This is potentially of concern for sensitive populations, such as children,
the elderly and people with pre-existing respiratory concentrations (Arts et al
2008). In particular, the impact of formaldehyde exposure on the lower

respiratory system in children, including the presence of asthma, has received
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1.5 Personal Exposure to Air Toxics Studies

There have been few personal exposure studies undertaken in Australia and
overseas which measured the personal exposure of individuals to a range of
pollutants. Within Australia there have been no studies measuring personal
exposure to formaldehyde in either adults or children. These studies generally
follow the approach outlined above, with the collection of personal exposure
measures, the collection of several stationary measures (i.e. indoors at home,
outdoors at home, indoors at work) and completion of detailed questionnaires

and time activity diaries.

The EXPOLIS program, measuring population exposures to key air pollutants in
six cities across Europe, has provided significant research in this field since the
late 1990°s (Gauvin et al 1999; Rotko et al 2000; Jurvelin et al 2001; Edwards et
al 2001; Lai et al 2004; Gustafson et al 2005). One research program from
EXPOLIS measured personal exposure and microenvironmental concentrations
of formaldehyde and acetaldehyde over two 48 hour periods in Finland (Jurvelin
et al 2001). The study had a small sample size of 15 adults randomly selected
from the population. Other contaminants, including PM, 5, VOCs and NO, were
also measured as part of the research undertaken as part of this study, although
these results were reported elsewhere (National Public Health Institute of Finland
2007). Using active sampling with DNPH impregnated silica cartridges, the
study collected personal exposure, indoor at home, outdoor at home and indoor at
work measures. The study reported mean personaﬂ exposure concentrations of
formaldehyde of 21.4pp, which significantly correlated with indoor residential
formaldehyde concentrations. Indoor concentrations were slightly higher than
personal exposure, and a time-weighted model did not improve indoor
concentrations alone as an estimation technique. The study was limited by the
small sample size (n=15), with factors such as smoking (27% of participants, or
n=4, smoking), significantly impacting on results even though the actual numbers

are small.
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Gustafson et al (2005) undertook an investigation into formaldehyde exposures
in Sweden as part of the EXPOLIS program. This study measured personal
exposure along with simultaneous measures from indoors and outdoors at home,
for 64 randomly selected adults. Passive samplers were deployed over 24 hours
for a study in one city (Campaign A, n=24) and over 6 days in another city
(Campaign B, n=40). The median personal exposure concentrations were
17.9ppb in Campaign A and 18.7ppb in Campaign B (Gustafson et al 2005).
Indoor concentrations were higher than personal exposure, although the two
measures were significantly correlated. The indoor concentrations from
Campaign A (18.7ppb) were more closely correlated with the personal exposure
concentrations for the 24 hour measure, with the indoor concentrations for the 6
day Campaign B measures (23.6ppb) not as closely correlated. This indicates
that shorter duration weekday indoor sampling provides a more accurate measure

of personal exposure than longer duration sampling.

Using time-weighting provided a slight improvement on indoor measures alone
as an estimation technique, although outdoor measures were only collected for 20
participants in Campaign B (Gustafson et al 2005). The study design for this
investigation is complex, with sampling from two separate towns, different
sampling periods in each town, sampling in different locations (outdoors samples
collected at 50% of Campaign B homes only) and repeated measures only on
50% of individuals from each campaign. This makes it difficult to identify if the
conclusions being drawn are appropriate for the whole study population.

Furthermore, the 6 day sampling period (Campaign B) would reduce the ability

of the study to assess time activity impacts. This is due to potential for increased
errors and recall bias in the completion of diaries, and the overall averaging out
of weekdays and weekend days. Short duration activities that may result in
elevated exposure, such as time in vehicles or in proximity to tobacco smoke,
may also be ‘lost’ in the 6 day sampling period. The impacts of these short but
potentially elevated exposures can be more readily distinguished from a shorter

sampling period such as 24 hours.
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The Relationship of Indoor, Outdoor and Personal Air (RIOPA) Study collected
microenvironmental and personal exposure data on a range of chemicals across
four cities in the United States (Weisel et a/ 2005). - The study collected data on
VOCs, carbonyls and PM;s using both active and sampling techniques, with
personal exposure monitoring of both adults and children (Weisel et al 2005).
Forty-eight hour simultaneous passive measures of formaldehyde indoors,
outdoors and of personal exposure were collected, with concentrations of 16.4,
5.3 and 16.7ppb recorded for adult participants, respectively (Weisel et al 2005).
These measures were also repeated using active sarripling methods, with indoor,
outdoor and adult personal exposure concentrations of 19.1, 2.4 and 19.1 ppb,
respectively (Weisel et al 2005). The personal exposure concentrations for
children were 16.4ppb using passive methods and 15.3ppb using active methods
(Weisel et al 2005). These results indicate that the children participants
experienced lower personal exposures, despite them being exposed to the same
indoor air concentrations as the adults. As all participating households were non-
smoking, impacts from sources such as gas cooking, vehicles or at work are
possible sources of more elevated exposures for the adults. This was a
comprehensive investigation that would have required significant resources and
planning. The resulting dataset is suited to the subsequent detailed analyses to
identify suitable estimation techniques, as well as potential sources of the
pollutants measured. The study also reported passive samplers to be as effective

as active samplers.

Serrano-Trespalacios et al (2004) conducted a study measuring
microenvironmental and personal exposure concentrations for a number of
VOCs, including formaldehyde.  Personal exposure concentrations were
monitored for a 24 hour sampling period, along with indoors at home, outdoors
at home and central area outdoor locations. 90 adults from 30 households across
Mexico City participated in the study. Significant correlations between indoor
and personal exposure concentrations were reported for a number of VOCs,
including formaldehyde. Personal exposure concentrations were relatively low

compared with other investigations, at 12.7ppb (Serrano-Trespalacios et al
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2004). As this study reported more elevated outdoor concentrations than have
been reported in many other investigations (Section 1.2.2.2), although still
relatively low at 4.2ppb, the importance of indoor sources to exposure rather than

outdoor sources is evident.

A study measuring personal exposure to benzene, toluene, ethylbenzene and
xylenes (BTEX) was undertaken across four cities in Australia (Hinwood et al
2007). This study passively monitored personal exposure to BTEX using
thermal desorption tubes (TDT) for a 5 day sampling period over two seasons,
with questionnaires and daily diaries completed by participants. Mean exposure
concentrations were relatively low compared with guideline values and
international studies. However, TDT are generally used for active sampling,
with air pumped through the sorbent packed inside the stainless steel tube, which
measures approximately 10cm long with a 0.7cm diameter. The use of TDT for
passive personal exposure monitoring may be problematic as air flow into and
through the sorbent material inside the tube may be limited, particularly when the
tube is hanging close to or against a person. While this may have resulted in
concentrations which are lower than actual exposures, information on time
activity patterns and sources of exposure are still valid. Participants spent the
majority of their time indoors at home (15.4-16.7 hrs per day) and BTEX
personal exposure was found to significantly increase with motor vehicle related
activities, including repair and machinery use, and time spent undertaking craft

and woodwork activities (Hinwood et al 2007).

A study conducted in Korea measured personal exposure to BTEX and 6 other
VOCs, in combination with indoor and outdoor sampling, across two cities (Son
et al 2002). Passive sampling was undertaken over 24 hours, with 30
participants recruited from the two cities. Although the study did not report
formaldehyde concentrations, the VOCs data had similar patterns to those
reported in other studies on VOCs which have reported formaldehyde
concentrations (Serrano-Trespalacios et al 2004; Weisel er al 2005).

Significantly higher indoor and outdoor concentrations of VOCs were reported in
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the largér city, Seoul, and time activity modelling was found to uhderestimate
measured‘ personal exposure concentrations. Although this study had a small
sample size and no repeat measures, it does repoft expected patterns and
occurrence of these pollutants, with the more urbanised centres experiencing
more elevated pollution levels. This pattern supports the expectation that much
of Australia will report lower VOC concentrations than those found in Korea or
other highly urbanised areas (NPI 2007; Hinwood et a/ 2008)

A study by Sexton et al (2004) was conducted to determine the value of
estimation techniques versus personal exposure monitoring of VOCs. Personal
exposure measures for 14 volatile organic compounds (VOCs) were collected
from adults along with indoor at home and outdoor in central neighbourhood
location measures. The samples were collected using passive charcoal based
samplers, for 48 hour periods and repeated over three seasons. Questionnaire
data and time activity diaries were collected to identify the importance of
demographic, household characteristics and different environments to personal
exposure.  Personal exposure was significantly correlated with indoor
concentrations, although indoor concentrations were generally lower. As with
previous studies (Jurvelin et al 2001; Gustafson et al 2005) a time-weighted
model did not significantly improve over indoor measures alone as a method for

estimating exposure.

Glas et al (2004) conducted a study looking at inter-building and inter-individual
variation in personal exposure to a number of pollutants for office workers in
Sweden. The study measured personal exposure concentrations of 79
participants working in eight buildings, with sampling occurring only while the
individual was in the office. The active sampling was conducted for a range of
pollutants, being VOCs, ozone, aldehydes, particles, NO, and amines. The study
found that inter-individual differences in personal exposure concentrations
accounted for the large majority of variance in exposure to VOCs and aldehydes,
including formaldehyde, with large differences in exposures among individuals

working within the same building. This inter-individual variation is reflective of
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the range of microenvironments with different concentrations encountered within

a single building.

The majority of personal exposure studies have assessed exposure of adults to the
pollﬁtant of interest. There is very little available research which has measured
personal exposure in children, despite the fact that they are likely to be more
susceptible to the health effects of air pollution (Wigle 2003). The study by
Weisel et al (2005) discussed above is the only currently available publication
with any personal exposure data for children and formaldehyde, and there is
limited data available for personal exposure of children to other VOCs or air

toxics.

A study specifically assessing children’s exposures to VOCs was undertaken in
the United States by Adgate er al (2004), although formaldehyde was not
measured in this study. Personal exposure measures of 15 VOCs were collected
from 113 participants, with corresponding measures collected indoors at home
and school and outdoors at school. Monitoring was undertaken once in summer
and once in winter using charcoal based passive samplers. Generally, indoor
domestic concentrations were the highest, with outdoor and school
concentrations relatively low and having the least impact on personal exposure.
A time-weighted model did not significantly improve on the use of indoor at

home measures as an estimation technique for exposure.

1.6 Conclusion and Rationale for Study

There are significant health impacts associated with inhalation exposure to
formaldehyde. The effects range from mild irritative effects of the upper
respiratory tract at low concentrations, through to carcinogenic and genotoxic
impacts associated with high concentrations and long term exposures. These
impacts have been well documented in toxicological and epidemiological studies,
with the majority of epidemiological studies focusing on occupational exposures
and adult populations. However, respiratory impacts, which can occur at

concentrations experienced in some domestic environments, are of particular
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concern due to the ubiquitous nature of formaldehyde. This is particularly
relevant for children’s health, due to their potentially increased sensitivity to
respiratory irritants (Wigle 2003) and due to the large amount of time they
potentially spend in microenvironments associated with elevated concentrations

of formaldehyde (Wigle 2003).

There has been some limited research undertaken in the field of children’s health
and formaldehyde, with some useful research undertaken within Australia
(Garrett et al 1999; Franklin et al 2000; Rumchev et al 2002). These studies,
which investigated children’s respiratory health in relation to formaldehyde
exposures based on stationary indoor measures, have indicated that respiratory
impacts can occur at relatively low concentrations, as are found in conventional
Australia homes (Garrett et al 1999; Franklin et al 2000). This further supports
the need to more directly quantify the actual concentrations of formaldehyde
children are being exposed to. This will aid in identifying if children are being
exposed to concentrations of formaldehyde that may be harmful to their health,

during their normal day to day activities.

While some data collection measuring formaldehyde concentrations in homes
has occurred, these studies have focused on using stationary indoor measures as a
surrogate for exposure. Exposure studies conducted on adults have indicated
that, despite a strong correlation between indoor and personal exposure
concentrations for a range of pollutants, including formaldehyde, personal
exposure monitoring is a more accurate method of quantifying inhalation
exposures to air pollution than stationary measures. Hence, there is a need to
more accurately determine children’s exposure to formaldehyde to better assess

the risks of exposure.

To date there have been no studies published which measure personal exposure
formaldehyde concentrations for children in Australia. While certain patterns
are evident in a number of exposure studies conducted on adults and overseas, a

comprehensive formaldehyde exposure study has not been conducted with

29



children. - This lack of information extends to data on microenvironmental

concentrations and children’s time activity patterns.

Furthermore, exposure concentrations of children are likely to be different than
those experienced by adults, particularly due to different behaviour patterns such
as their potentially increased proportion of time spent indoors at home. Due to
the potential for increased sensitivity of children to health impacts from
formaldehyde, the need to gather information directly relating to children’s
exposure is evident. This study will aid in addressing this knowledge gap, as

well as identifying potential surrogates for personal exposure measures.

1.7 Aims

The principal aim of this study was to determine whether the domestic
environment is the most significant source of personal exposure to formaldehyde
in children. The study used passive sampling techniques to measure personal
exposure and microenvironmental concentrations of formaldehyde, as
experienced by children. With this data, the study aims to identify the
relationship between the concentrations measured and the proportion of time
spent indoors and outdoors. This was assessed through comparison of personal
exposure concentrations with:

1. Activities undertaken on different days and during different seasons; and

2. Microenvironmental characteristics and variation.

The specific aims of this study were to:

1. Determine formaldehyde personal exposure concentrations in children.

2. Determine whether the indoor home environment is the most significant
source of personal exposure to formaldehyde in children.

3. Investigate whether other measures of formaldehyde exposure provide a
good estimate of personal exposure.

Secondary aims:
4. Investigate seasonal variations in personal exposure
5. Determine indoor and outdoor factors that contribute to increased

concentrations of formaldehyde.
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20 STUDY DESIGN AND METHODOLOGY

2.1 Study Design

The project was a cross sectional study of formaldehyde exposure in children
aged 9 to 12 years living in Perth, Western Australia. The study was conducted
over two seasons, summer and winter, to investigate seasonal variations in
exposure. The study measured personal exposure as well as indoor and outdoor
formaldehyde concentrations using passive sampling techniques. During the
sampling period children completed a time activity diary and a questionnaire to

collect information about the indoor and outdoor environment.

Microenvironmental measurements were taken to coincide with the personal
exposure measures, with samplers located in the main indoor living area of

homes, outdoors at central neighbourhood locations and indoors at school.

2.2 Study Population

Children aged between 9 and 12 were the target age group for the study due to
the susceptibility of children to health impacts from air pollution. The aim was
to recruit 40 children in this age group (see sample size calculation in Section
2.8). This age group was considered appropriate as similar health studies have
been conducted in this age group (Norback er al 2000; Weisel et al 2005).
Furthermore, children this age are old enough to operate and maintain the
personal exposure monitors but are still primary school aged. Personal exposures

to formaldehyde have not been previously assessed in this age group.

2.3 Study Location

The study was undertaken in two suburbs of Perth, Calista and Duncraig. These
areas were selected as they are representative of different outdoor pollution
sources, being heavy industry in Calista and traffic emissions and domestic wood

smoke in Duncraig.
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Calista is situated approximately 40km south of the Perth CBD near the Kwinana
industrial strip (Figure 2.1). The Kwinana industrial strip is the location of many
of the key heavy industries in Perth, such as power generation, alumina refining
and industrial chemical production. These industries produce a range of

pollutants, including formaldehyde (NP1 2007).

Duncraig is situated approximately 15km north of the Perth CBD (Figure 2.1),
with the suburb situated beside a major freeway and experiencing wood smoke
related air quality issues in winter due to a large number of domestic wood fires
(DEP 2000). The Department of Environment and Conservation (DEC)
monitoring station and much of the suburb are located in a depression in the
landscape, with the local topography exacerbating the air quality impacts

resulting from the wood smoke haze and traffic pollution (DEP 2000).

Figure 2.1 Location map of Duncraig and Calista in Perth, Western Australia
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2.4 Recruitment

A centraliy located primary school was identified in each of the two target areas.
The school principal was approached in each area to request the involvement of
children from their school in the study. This approach was chosen as it was
considered an efficient method of recruiting children of similar ages in similar
areas. To facilitate this process, approval was obtained from the Department of
Education and Training (DET) to recruit participants through primary schools in

Western Australia, with police clearance also obtained (Appendix A.1).

Glengarry Primary School in Duncraig was selected as it was located directly
next to the Department of Environment and Conservation (DEC) air quality
monitoring station and was in close proximity to the freeway. The school’s
principal was contacted in September 2005 and was provided with a range of
information, including a copy of all of the written materials to be provided to the
students, as well as all documents relating to approvals from the DET and the
Edith Cowan University Human Research Ethics Committee (ECU HREC)
(Appendix A.2). Upon the principal providing a signed consent form, students in
years 4, 5 and 6 were provided with an information package, which included an
introductory letter, an information sheet with further detail and a consent form
(Appendix B). If both parent and child were interested in participating the
consent form, signed by both parent and child, was returned and the parents were

contacted directly.

A total of 128 children were spoken to at Duncraig and from those students, 24
contact details forms were returned, with a subsequent 20 individuals’ agreeing
to participate in the study, giving a final recruitment rate of 15.6%. The
questionnaire was completed and instructions provided on the use of the

samplers through one-on-one meetings at the participant’s home.
The process of recruiting in the Calista area varied from the method utilised in

Duncraig. Several schools declined involvement when initially approached;

however Calista Primary School expressed an interest in participating in the
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study when approached in February 2006. The school agreed to run the prbject
as a class science project for selected year 6 and 7 students, however, minor
changes to the data collection methods and instructions were required due to the
wariness of some parents to home visits from an unknown individual. Children
were still required to provide a consent form signed by both the child and their
parent, but all instructions regarding questionnaire completion, sampler use and
diary completion were provided to the children as a school group. A science
teacher was present to facilitate and to provide assistance at school when the
sampling was conducted. The recruitment rate was much higher at Calista due to
this approach, with 21 participants recruited from the 34 year 6 and 7 students
who were addressed (61.8%).

2.5 Data Collection

2.5.1 Formaldehyde Passive Sampling

The formaldehyde monitoring was undertaken for two 24 hour periods over two
seasons, winter (June) and summer (November) in 2006. While previous studies
have measured exposure to pollutants for periods ranging from 8 hours to 6 days
(Rumchev et al 2002; Gustafson et al 2005), a 24 hour sampling period was
preferred due to the practicalities of dealing with children who are more likely to
overlook completing the diary for an extended period, and to minimise recall
bias. This sampling period was also chosen to aid in creating stronger
associations between measured formaldehyde concentrations and daily activities.
Passive sampling was the preferred methodology due to the potential constraints

of dealing with children, in particular the difficulties children may face in

wearing and operating active sampling equipment.

Monitoring was undertaken simultaneously for personal exposure, indoors at
home and outdoors at central neighbourhood locations for each 24 hour period.
Sampling was also conducted for 8 hours indoors at school. The number of

samples collected in each location for both suburbs and seasons is presented in
Table 2.1.
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Table 2-1 Number of passive formaldehyde samples collected for each season of
‘ ‘ sampling

Number of passive samplers deployed

Personal Indoor -  Outdoor —  Indoor —
Exposure  Domestic Central School
Winter Duncraig 20 20 5 2
Calista 21 21 5 2
Summer Duncraig 17 17 3 1
Calista 16 16 5 2

The personal exposure samples were collected from within the breathing zone of
the participant, with the sampler attached to the participant’s collar during the
day, and placed next to their bed as they slept. The indoor sample from their
home was collected from the main living area, with samplers located towards the
centre of the room, in a well ventilated location away from any direct sources
such as heaters. The school samples were collected from a location towards the
centre of the room, also in a well ventilated location away from any direct

Sources.

The outdoor samples were collected from backyards of selected participants
homes. Approximately 5 outdoor samples were collected from each area for
each sampling round. The number of samples collected from outdoor locations
was reduced from an initial plan to sample every participant’s domestic outdoor
environment, to sampling selected central neighbourhood outdoor locations.
This was based on the results from the DEC air quality monitoring station results,
which indicated very low concentrations of formaldehyde were present in the
ambient air (approximately 1.4ppb). This would result in very little variation
between household outdoor concentrations due to the low concentrations present.
The houses where outdoor samples were collected were chosen based on their
being central to several participants’ homes, with the 5 locations spread across
the target suburb. Locations were at least 2m away from the dwelling in a well

ventilated, shaded area.
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Both personal and stationary sampling was undertaken using SKC UM<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>