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Professor Barnett warned that air 
pollution ‘standards’ confuse many 
people because they do not represent 

‘safe’ levels of pollution. Allowing pollution 
to increase to current ‘standards’ would 
substantially increase ill-health.1 

A good example is the current standard of 
500 ng/m3 for airborne lead, which might be 
considered inadequate. After leaded petrol 
was banned in 2002, pollution in most urban 
areas has been well below this value, e.g. the 
maximum 24-hr lead concentration in 2012  
in the mining town Muswellbrook, NSW, was  
20.1 ng/m3, with 42% coming from burning 
painted timber in domestic wood-heaters.2 

As well as calculating health damages from 
allowing increased pollution, an important 
public health issue is to understand the 
health damage from current levels of air 
pollution, so that the costs and benefits 
of pollution-reduction strategies can be 
considered.

In 2013, the World Health Organization 
(WHO) recommended concentration-
response functions (CRF) for three major 
pollutants: fine particles (PM2.5), ozone (O3) 
and nitrogen dioxide (NO2) in its Health Risks 
of Air Pollution in Europe (HRAPIE) report.3 
Effects were classified into two groups: 
group A (pollutant-outcome pairs for which 
enough data are available to enable reliable 

quantification of effects); and group B 
(pollutant–outcome pairs for which there is 
more uncertainty about the precision of the 
data used to quantify the effects).3 Subsets 
were then chosen to identify pollutants 
whose effects were considered to be additive. 

Table 1 shows HRAPIE’s group A subset 
for mortality, which was said to dominate 
the cost-benefit analyses. Also shown are 
average pollutant concentrations in Sydney 
and estimated increases in deaths based on 
HRAPIE’s CRF and those from an analysis of 
short-term effects of air pollution on daily 
mortality in Sydney, Melbourne, Brisbane and 
Perth.4

The calculations using HRAPIE’s CRF for PM2.5 
(from a meta-analysis of all long-term effects 
published up to 2013)5 suggest that PM2.5 
exposure above background levels caused an 
estimated 877 premature deaths in Sydney 
in 2013 (Table 1). This is higher than previous 
estimates, partly because the NSW EPA 
replaced its TEOM PM2.5 monitors (which were 
known to under-estimate measurements in 
areas affected by wood smoke) with improved 
equipment (BAM) in 2012. 

The highest 1-hr NO2 measurement in Sydney 
(68 ppbv at Bargo on October 21) was only 
about half the current Australian standard. 
Despite this, results in Table 1 suggest that 
NO2 is also a significant concern. Estimates 

differ according to whether the WHO’s 
recommended CRF (197 premature deaths) or 
that from the Australian study (465 premature 
deaths) is used. 

The WHO recommended using CRF for short-
term effects of both NO2 and O3 to avoid 
possible overlap with PM2.5. The evidence for 
PM2.5 was considered more reliable because 
of the large number of studies of long term-
effects of PM2.5. Although no effects of long-
term exposure to NO2 were identified for the 
half million subjects in the American Cancer 
Society study,6 the relatively high estimate of 
premature deaths from short-term exposure 
in the Australian study, together with 
emerging evidence of potential long-term 
effects,5 suggest that current levels of NO2 are 
detrimental to health.

NO2 and NO (collectively known as NOx) and 
volatile organic carbons (VOC) are ozone 
precursors, so tackling NO2 might also help 
reduce O3, which was significantly related 
to respiratory (but not total) mortality in the 
Australian study. Ozone concentrations above 
background (about 25 ppb at Cape Grim)7 
were estimated to cause about 40 premature 
deaths per year (Table 1). The WHO’s CRF 
for total mortality produced a similar 
estimate of 43 premature deaths, because 
the HRAPIE experts recommended a cut-off 
concentration of 35 ppb to reflect greater 
confidence in the significant relationship 
above 35 ppb.3 

Pollution-reduction strategies

Table 1 shows that PM2.5 is associated with 
the highest number of premature deaths. 
Effective legislation is reducing PM2.5 
emissions from some sources (e.g. Euro 5 
standards for diesel vehicles). However, PM2.5 
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Table 1: Current air quality guidelines and standards, pollution measurements in Sydney in 2013, and estimated health effects based on concentration-response functions for 
mortality from the WHO HRAPIE subset of group A air pollutants3 and an Australian study.4

Pollutant description and 
concentration-response function used 
(WHO3 or the Australian study4)

WHO guideline 
(from 2005)

Current 
Australian 
standard

Sydney, mean 
of all sites in 

2013

Background 
pollution

Increased risk 
(%) per unit 

increase

Estimated mortality 
increase (exposure 
above background)

Estimated mortality 
increase (all exposure)

% No. % No.
PM2.5 annual mean, µg/m3, WHO 10.0 8.0 8.49 3.1a 0.620 3.36 877 5.27 1,375
NO2 daily max 1-hr, ppbv, WHO 106.3 120 16.7 1.9b 0.051 0.75 197 0.85 222
NO2 daily max 1-hr, ppbv, Aus 106.3 120 16.7 1.9b 0.120 1.78 465 2.01 524
O3, daily max 8-hr, ppbv, WHO 50.9 2.86c 35c 0.057  0.16 43c 1.76 459
O3, daily max 4-hr, ppbv, Aus 80 30.9 25d nsd  0.14d 37d 0.74d 193d

a. Average PM2.5 in Sydney was reported to be 6.3 µg/m3 in 2008 and PM2.5 above background was reported to increase mortality by 2.0% (522 premature deaths). The concentration-response function (CRF) was similar to that in Table 1,17 
implying that PM2.5 above background was 2%/.62% = 3.2 µg/m3 and the background concentration was 6.3 – 3.2 = 3.1 µg/m3.

b. Lowest NO2 measurement in the Australian study.4

c. WHO recommendation is for daily max 8-hr concentrations >35 ppbv.  The table was calculated using max 4-hr concentrations because max-8 hr concentrations are not readily available.  The average of max 4-hr concentrations over 35 ppbv 
was 2.86 ppbv. 

d. Effects of O3 were significant for respiratory mortality (0.25% increase in per unit increase in O3) but not total mortality.  Increased mortality was calculated as the increase in respiratory mortality, assuming it accounts for 9.55% of total 
deaths.  Background O3 values are measurements at Cape Grim, Tasmania.7  
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from domestic wood-heating in Sydney (used 
by 4.3% of Sydney households as the main 
form of heating in 20088) increased by 954 
tonnes from 2003 to 2008. The 5,457 tonnes 
of PM2.5 (50.6% of Sydney’s man-made PM2.5 
emissions) from domestic wood-heating in 
2008, exceeds the 1,553 tonnes from on-
road vehicles, 1,935 from industry, 952 from 
off-road vehicles and 881 tonnes from other 
sources.9 Increasing use of wood-heaters 
(from 70,700 Sydney households using wood 
as the main form of heating in 2008 to 83,300 
in 2011), and average emissions of 20 kg 
PM2.5/heater/year (more than the annual 
PM2.5 emissions of 1,000 passenger cars), 
implies that current wood-heating emissions 
are likely to be higher than in 2008. 

A cost-benefit analysis for the NSW EPA 
concluded that wood smoke is an $8 billion 
health problem in NSW but that three simple 
measures: 1) not permitting the installation 
of new wood heaters (until a health-based 
emissions standard has been developed); 
2) requiring existing heaters to be removed 
before houses are sold; and 3) annual licence 
fees to fund education programs and assist 
neighbours whose health or lifestyle is 
adversely affected by a neighbour’s smoke; 
would save about $6 billion of the $8 billion 
health damages for minimal cost.10 A report 
by the UN Environment Program and World 
Meteorological Association recommended 
phasing out log-burning heaters in 
developed countries to reduce climate 
change as well as improve health.11 In 2014, 
NSW Chief Medical Officer Kerry Chant said 
wood heaters were so detrimental to health 
she supported banning and phasing them 
out in built-up urban areas.12

Perhaps because of stricter vehicle standards, 
the current decline in NO2 concentrations is 
expected to continue as Euro 5 (from 2013-16) 
and Euro-6 (2017-18) vehicle standards are 
phased in. The relatively low concentrations at 
which effects were detected in the Australian 
study suggest that, as well reducing outdoor 
pollution, the much higher NO2 levels 
inside homes with unflued gas heating are 
of concern. In Australia, NO2 standards for 
outdoor (ambient) air are 30 ppbv (annual 
average) and 120 ppbv (1-hr max), yet when 
industry developed ‘low-NOx’ unflued gas 
heaters, the standard (NO2 emissions < 5 ng/J) 
was based on a target indoor concentration 
of 300 ppb.13 In South Australia, asthmatic 
children in primary schools in classrooms with 
unflued gas heaters (mean NO2 concentration 
47 ppb) had worse symptoms than those in 

classrooms where the unflued heater was 
replaced (mean NO2 concentration 15.5 ppb).14 

Although people can choose what form of 
heating to buy, they (like the professionals 
evaluating the effects of new roads and coal 
trains1) may be misled into a false sense of 
security by current ‘standards’ that seemingly 
imply indoor NO2 concentrations of 300 ppbv 
are ‘safe’ and that, despite the relatively high 
numbers of premature deaths from PM2.5 
in Sydney (Table 1) and other urban areas,15 
‘standards’ permitting wood-heaters to emit 
more PM2.5 per year than 1,000 to 2,000 
passenger cars are acceptable.

Professor Barnett’s advice about requiring 
cost-benefit analyses before allowing new 
sources of pollution is just as important for 
regulations concerning new home-heating 
systems as new cars, roads or coal trains. A 
review of air quality standards is underway.16 
Health professionals should consider how 
new standards for both outdoor air quality 
and home-heating appliances should be 
formulated and explained to the public 
to achieve the best possible public health 
protection.

Developments where the health costs are 
likely to exceed the benefits, including 
unflued gas heaters and domestic log-
burning heaters should be questioned.15 The 
phasing out of lead in petrol demonstrates 
what can be achieved. 

References
1. Barnett AG. It’s safe to say there is no safe level of air 

pollution. Aust N Z J Public Health. 2014;38(5):407-8.
2. Hibberd M, Selleck P, Keywood M, Cohen D, Stelcer E, 

Atanacio A. Upper Hunter Valley Particle Characterization 
Study: Final Report [Internet]. Aspendale (AUST): CSIRO 
Marine and Atmospheric Research; 2013 [cited 2015 
May 3]. Available from: http://www.environment.nsw.
gov.au/aqms/uhaqmnfpcs.htm

3. World Health Organisation. HRAPIE Project: 
Recommendations for Concentration–response Functions 
for Cost–benefit Analysis of Particulate Matter, Ozone and 
Nitrogen Dioxide [Internet]. Copenhagen (DNK): World 
Health Organization Regional Office for Europe; 2013  
[cited 2015 May 3]. Available from: http://www.euro.
who.int/__data/assets/pdf_file/0006/238956/Health-
risks-of-air-pollution-in-Europe-HRAPIE-project,-
Recommendations-for-concentrationresponse-
functions-for-costbenefit-analysis-of-particulate-
matter,-ozone-and-nitrogen-dioxide.pdf

4. Simpson R, Williams G, Petroeschevsky A, Best T, 
Morgan G, Denison L, et al. The short-term effects of 
air pollution on daily mortality in four Australian cities. 
Aust N Z J Public Health. 2005;29(3):205-12.

5. Hoek G, Krishnan RM, Beelen R, Peters A, Ostro B, 
Brunekreef B, et al. Long-term air pollution exposure 
and cardio-respiratory mortality: A review. Environ 
Health. 2013;12(1):43.

6. Pope CA 3rd, Burnett RT, Thun MJ, Calle EE, Krewski D, 
Ito K, et al. Lung cancer, cardiopulmonary mortality, and 
long-term exposure to fine particulate air pollution. 
JAMA. 2002;287(9):1132-41.

7. National Environment Protection Council. National 
Environment Protection (Ambient Air Quality) Measure. 
Summary of Submissions on Preliminary Work for 
the Ozone Standard [Internet]. Canberra (AUST): 
Standing Council on Environment and Water National 
Environment Protection Council; 2005 [cited 2015 
May 3]. Available from: http://www.scew.gov.au/
system/files/resources/9947318f-af8c-0b24-d928-
04e4d3a4b25c/files/aaq-sumsubissppr-summ-subs-
ozone-review-issues-paper-200510.pdf

8. Australian Bureau of Statistics. 4602.0.55.001 
-  E n v i r o n m e n t a l  I s s u e s :  E n e r g y  U s e  a n d 
Conservation - Data Cube [Internet]. Canberra 
(AUST): ABS; 2008 [cited 2015 May 3]. Available 
from: http://www.abs.gov.au/AUSSTATS/abs@.
n s f / D e t a i l s P a g e / 4 6 0 2 . 0 . 5 5 . 0 0 1 M a r % 2 0
2008?OpenDocument

9. New South Wales Enviroment Protection Authority. Air 
Emissions Inventory for the Greater Metropolitan Region 
in NSW [Internet]. Sydney (AUST): NSW EPA; 2013 [cited 
2015 May 3]. Available from: http://www.epa.nsw.gov.
au/air/airinventory.htm

10. AECOM Australia. Economic Appraisal of Wood Smoke 
Control Measures [Internet]. Sydney (AUST): New South 
Wales Office of Environment and Heritage; 2011 [cited 
2015 May 3]. Available from: http://www.environment.
nsw.gov.au/woodsmoke/smokecontrolopts.htm

11. United Nations Environment Programme. Near-term 
Climate Protection and Clean Air Benefits: Actions for 
Controlling Short-Lived Climate Forcers [Internet]. Nairobi 
(KEN): UNEP; 2011; p. 78 [cited 2015 May 3]. Available 
from: http://www.unep.org/pdf/Near_Term_Climate_
Protection_&_Air_Benefits.pdf

12. Gilmore H. State’s top doctor says we should consider 
banning wood fire heaters. Sydney Morning Herald 
[Internet] 2014 July 5 [cited 2015 May 3]. Available 
from: www.smh.com.au/nsw/states-top-doctor-says-
we-should-consider-banning-wood-fire-heaters-
20140705-zsx92.html

13. Brown SK, Mahoney KJ, Cheng M. Room chamber 
assessment of the pollutant emission properties of 
(nominally) low-emission unflued gas heaters. Indoor 
Air. 2004;14:84-91.

14. Pilotto LS, Nitschke M, Smith BJ, Pisaniello D, Ruffin 
RE, McElroy HJ, et al. Randomized controlled trial 
of unflued gas heater replacement on respiratory 
health of asthmatic schoolchildren. Int J Epidemiol. 
2004;33(1):208-11.

15. Robinson DL. Woodsmoke: Regulatory failure is 
damaging public health. Air Qual Clim Change. 
2014;48(4):53-63.

16. National Environment Protection Council. Draft 
Variation to the National Environment protection 
(Ambient Air Quality) Measure. Impact Statement 
[Internet]. Canberra (AUST ): Department of 
Environment; 2014 [cited 2015 May 3]. Available from: 
http://www.environment.gov.au/protection/nepc/
nepms/ambient-air-quality/variation-2014/impact-
statement

17. Morgan G, Broome R, Jalaludin B. Summary for Policy 
Makers of the Health Risk Assessment on Air Pollution 
in Australia [Internet]. Canberra (AUST): Department 
of Environment National Environment Protection 
Council; 2013 [cited 2015 May 3]. Available from: http://
www.environment.gov.au/protection/nepc/nepms/
ambient-air-quality/variation-2014/impact-statement

Correspondence to: Dr Dorothy L. Robinson, 
School of Environmental and Rural Science,  
JSF Barker Building, University of  
New England, Armidale, NSW 2351;  
e-mail: drd.robinson@gmail.com


