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Expert Statement to West Gate Tunnel
Project Assessment Committee
Prepared by Dr Diane Keogh

Summary
Due to the well-known and widely publicised severe potential health risks associated with exposure
to particulate matter and diesel exhaust generated by motor vehicles, it is essential that the West
Gate Tunnel Project measure the full size range of particles generated by motor vehicles. This size
range spans from ultrafine size to PM2.5 and PM10 and measurements are needed close to the
freeway, in the tunnels and at relevant distances from the source to assess the potential health risks
to human populations. Modelling outputs are useful however they do not quantify actual particulate
matter emission levels when compared to measurements conducted close to the source.
In addition, implementation of effective mitigation strategies are also critical to reduce exposure to
dust, air pollution and noise pre and post construction. It is unclear what specific mitigation actions
the Project has planned to offset the effects of additional particulate matter and other pollution this
Project will generate in the region, aside from tunnel ventilation and advising people using the
tunnels to wind up their car windows.
World’s best practice for managing exposure to the detrimental health effects of vehicle-related
pollution includes adoption of ambient air quality standards; installation of ventilation and filtration
systems in tunnels; prescribing separation distances from busy roads for sensitive populations (eg.,
schools and childcare centres); and adoption of lower polluting vehicle standards and fuels to reduce
emissions. Citizens in the European Union are even entitled under European law to demand action
plans be developed rapidly by local authorities to address air pollution (Wolff & Perry, 2010).
Australia lags the developed world in adopting the majority of these strategies to protect human
health from particulate matter pollution.
The Project’s Air Quality Impact Assessment (AQIA) forms the basis of its health impact
assessment and the methodology used to predict PM2.5 and PM10 emissions generated by the
motor vehicle fleet appears to be severely flawed, calling into significant question the validity and
accuracy of their modelled predictions.
Their method used to derive emission factors for PM2.5 and PM10 particulate matter emissions were
‘guess-estimated’ using inappropriate ratios, multipliers and summing of distinctly different particle
size fractions which have different particle sources. The emission factors used were not based on
relevant measurement studies for these two different sized fractions.
Emission factors are values used to represent the amount of a particular pollutant a vehicle may
generate eg, for each kilometre driven. This amount will vary depending on the vehicle and fuel type
and maintenance regime, amongst other factors. For motor vehicles exhaust emission factors (also
referred to as tailpipe emissions), and non-exhaust (tyre and brake wear) emission factors are used.
Emission factors derived from on-road measurement studies will generally include both exhaust and
non-exhaust emissions.
Emission factors are a critical input to the modelling of the AQIA, and the Project has failed to
disclose the values of emission factors used in their modelling which were derived using a nonrigorous, non-scientific basis.
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The AQIA did not model non-exhaust emissions, or in-tunnel emissions. It used obsolete background
monitoring data from the Footscray EPA monitoring station and 2010 Victorian fleet data, which is
not likely to represent up to date current background pollution levels and vehicle fleet numbers. It
did not present measurement data to enable comparison and assessment of the AQIA model skill,
amongst other factors discussed below.
By not modelling non-exhaust particulate matter emissions the Project may have substantially
underestimated particulate matter pollution levels associated with the Project; as the Australian
Motor Vehicle Emission Inventory reported that non-exhaust particulate matter can contribute 26%
of total emissions from road transport (Smit, 2014).
The AUSROADS model used to model surface roads in the Project did not include non-exhaust
emissions in their modelling estimates, which suggests that pollution levels may be substantially
underestimated.
“A number of assumptions were made when modelling motor vehicle emissions using
AUSROADS ….. Motor vehicle emissions were from the tailpipe only. VOC evaporative
emissions and particulate matter from brakes, tyres and road dust resuspension were not
considered” (Golders, 2017).
•

The AQIA should be redone using relevant real world particle emission factors for exhaust
and non-exhaust emissions and be subject to a rigorous independent review by a relevant
academic institution.

•

This Project is increasing pollution levels in a region which already experiences exceedances
of the ambient air quality standards for PM2.5 and PM10, even though the standards require
there be no exceedances, and therefore highly accurate results are critical to assess potential
risks and health effects.

Particulate matter emissions
Motor vehicle fleets generate gaseous and particulate matter pollution from the exhaust (tailpipe
emissions) and non-exhaust emissions from brake and tyre wear. From a health perspective
particulate matter exposure poses the greatest risk to human health; and there is no threshold
below which damage to human health from exposure to particulate matter is not observed (WHO,
2016).
Particles generated by motor vehicles span a very wide size range, from ultrafine size (particles with
diameters less than 0.1µm) to PM2.5 and PM10 (particles with aerodynamic diameters less than
2.5µm and 10µm respectively). The majority of these particles are ultrafine size.
Current worldwide ambient air quality standards, including in Australia, regulate PM2.5 and PM10
sized particles, however there is growing evidence of the health effects of ultrafine particle exposure
and moves internationally to introduce ambient standards for ultrafine particles.
Most ultrafine particles are generated from combustion sources, such as motor vehicles,
PM2.5
from a mix of combustion and mechanically generated sources, and PM10 from natural and manmade mechanical processes that break, wear or grind material eg., brake and tyre wear or from
resuspended dust.
•

As motor vehicles are the main source of ultrafine particles in urban areas, and most

•

particles generated by motor vehicle fleets are in this size range, it is therefore important to
measure not only PM2.5 and PM10, but also ultrafine particles in relation to this Project.
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•

The Project has no known plans to monitor ultrafine particle emissions, which will provide the
most informative and accurate measurement data on the levels of vehicle particle emissions
pollution, and contribute to development of ongoing scientific knowledge and
epidemiological studies of health effects.

•

The Project has also no known plans to permanently monitor PM2.5 and PM10 to assess
potential health effects of the Project at the Donald McLean Reserve or other sensitive
locations at Spotswood.

Diesel exhaust can cause lung cancer
Background levels of air pollutants tend to occur 300-500 metres from the road, so people located
within these distances can suffer health effects from exposure to particulate matter under certain
conditions.
•

Diesel exhaust is a declared human cancer-causing agent and the World Health Organization
has concluded there is sufficient evidence that exposure to diesel exhaust is associated with
an increased risk for lung cancer (IARC, 2012).

•

The Project lacks effective planned actions to mitigate this risk and the risk posed by
particulate matter emissions generated by the Project.

Mitigation activities planned by the project include ventilation in the tunnels and the Project’s
Human Health Impact Assessment report advises tunnel users wind up windows and switch
ventilation to recirculation. These are very limited mitigation activities.
Trucks using the Hyde Street ramp will carry dangerous goods and as most will be diesel-fuelled
this will bring diesel exhaust plumes 20 metres closer to the Donald McLean Reserve, which is
right next to the present freeway, and within 200 metres of the Emma McLean Kindergarten,
which is far too close from a human health perspective to these existing sensitive land use sites in
Spotswood.
•

People exercising, such as at the Donald McLean Reserve, will tend to have higher breathing
rates which mean they can inhale more polluted air and are more susceptible to suffering
health effects.

•

Children’s lungs are underdeveloped and they have a faster breathing rate than adults
(USEPA, 2015), increasing their intake of polluted air. They are particularly susceptible to the
effects of air pollution and studies have found such exposures in childhood can decrease
children’s lung function (HEI, 2013, cited in USEPA, 2015).

•

Due to their ability to penetrate cell members ultrafine particles are generally associated
with more severe toxicity compared to coarse and fine particles (PM10 and PM2.5 respectively)
and children exhibit more susceptibility to these effects due to their inhalation rates and
underdeveloped respiratory and immune systems, amongst other factors (Rufo et al., 2015).

The problem is that the Hyde Street truck ramp will not be enclosed and will be used by Australia’s
ageing truck fleet, which is a high polluter of particulate matter and particularly of ultrafine particles.
The fleet is principally diesel-fuelled and examination of vehicle kilometres travelled by the Victorian
fleet in 2016 revealed that less than a third of rigid trucks and less than half of articulated trucks met
current Australian standards (Euro V or higher compliant) (ABS, 2016). In Europe Euro VI/6 is already
in force which prescribes engine emission standards for particle number (ultrafine particles),
however this Euro has not yet been adopted by Australia.
•

Given the unreasonably close proximity of the Hyde Street truck ramp carrying dangerous
goods to the Donald McLean Reserve and Emma McLean Kindergarten, if the Hyde Street
truck ramp is not enclosed and fitted with a full deluge system (to manage spills and
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accidents) users of the Reserve will be directly breathing diesel exhaust, and the diesel and
particulate matter plume can reach residents and children attending the Kindergarten, who
are aged only 3-5 years, and who can spend up to 10 hours per day outside at the Centre. At
the very least a decent barrier and tree planting should be constructed on the southern Hyde
Street Ramp as barriers combined with tree planting can significantly reduce pollution.
•

Given the expected increase in traffic volumes on the West Gate Freeway west of Melbourne
Road of 37,000 vehicles per day the temporary monitoring station on Donald McLean
Reserve should be made permanent and handed over to the EPA. It is imperative that the
current data from this monitoring station be made publicly available immediately. A study
involving respiratory physicians and air quality experts should be developed to monitor the
children’s health at the Kindergarten. All this data should be made publicly available in a
timely manner.

•

Given the large number of trucks forecast to use the tunnels, it is critical that filtration and
ventilation systems be installed, regularly maintained and cleaned in the tunnels to protect
the health of tunnel users and ensure best practice in management. This should be
complemented by the introduction of PM2.5 and PM10 air quality standards for tunnels
administered by the Victorian EPA.

•

The Project’s Human Health Impact Assessment report advises that tunnel users wind up
windows and switch ventilation to recirculation (AECOM, 2017). These are insufficient
mitigation strategies from a public health perspective to manage particulate matter
emissions. Filtration systems that are regularly cleaned, in addition to planned ventilation,
are essential to ensure a healthy environment for tunnel users and will bring the Project in
line with world’s best practice.

Lack of adequate separation distances for sensitive populations from very
high traffic volumes
Little effort is expended in Australia on protecting sensitive populations, such as schools and
childcare centres, from the harmful effects of exposure to air pollution generated on busy roads.
Some examples include initiatives implemented in NSW, such as NSW Local Government controls for
childcare centres near roads which include installing double glazing on windows, air conditioning,
locating play areas away from noise, restricting placement of childcare centres within 200 metres of
a service station or 100 metres of mobile phone towers or high voltage transmission lines ‘or the
like’ unless hazard risk assessments are undertaken (Wickham, 2012).
The West Gate Tunnel Project is a massive project that is expanding the freeway and building
tunnels and truck ramps in an area that, on occasion, already exceeds ambient air quality standards
for particulate matter in Victoria, even without the addition of this Project.
Traffic volumes on the West Gate Freeway close to Spotswood exceed 200,000 vehicles per day
which is a very large volume of traffic, and widening of the freeway is predicted to attract an
additional 37,000 vehicles per day (GHD, 2017).
In the United States when traffic volumes exceed 50,000 or 100,000 vehicles per day, this triggers
recommended separation distances for schools of 500-1000 feet (152-305 metres) (Wickham, 2012).
In California it is recommended that schools be located at least 1,500 feet (457 metres) from
roadways transporting diesel, propane, gasoline, oxygen, chlorine, pesticides, or other poisonous
gases or combustible (USEPA, 2015).
•

Existing traffic volumes on the West Gate Freeway are more than double these traffic
volumes and yet there is no legislation in Victoria to protect these sensitive populations from

5
the harmful effects of exposure to traffic emissions, by way of recommending or prescribing
separation distances from busy roads, or requiring health assessment studies.
•

Sensitive populations located within 300-500 metres of busy roads require individual air
quality impact assessments and mitigation strategies to protect the health of these
populations from the detrimental effects of exposure to traffic pollution, including for the
Donald McLean Reserve and the Emma McLean Kindergarten.

It is noted that at the time of writing the Project has not made publicly available the results of
temporary air pollution monitoring, including of particulate matter emissions, at the Donald McLean
Reserve.

Flaws in the Air Quality Impact Assessment Methodology
The most concerning aspect of the Project’s Environment Effects Statement is their Air Quality
Impact Assessment which I believe has serious flaws, and lacks credibility and scientific rigour in its
PM2.5 and PM10 emission predictions.
This air quality assessment is likely to have significantly underestimated particulate matter pollution
levels in the region for all scenarios modelled. A number of these serious flaws are outlined below:1. The AQIA did not report the actual values of the emission factors used to model surface
roads and emissions from tunnel ventilation structures. The assessment lacks transparency.
2. The same emission factors (unpublished) were used to model surface road and tunnel
emissions at the ventilation stacks, even though these are two different environments which
require the use of emission factors based on measurement studies relevant to these
different conditions.
3. For surface roads only tailpipe (exhaust) emissions were modelled, non-exhaust emissions
(brake and tyre wear) were not modelled which can account for around 26% of total vehicle
emissions.
4. Most concerning was how they derived emission factors to use in the modelling. The
method used ‘guess-estimated’ PM2.5 and PM10 emission factors which is highly
inappropriate and lacks scientific rigour. They extrapolated and calculated values for
emission factors by applying ratios and multiplication factors to emission factors for
unrelated vehicle fuel types and different particle size fractions when real world emission
factor values for PM2.5 and PM10 emission factors are available in the published literature.
5. The AQIA report states that they derived their own emission factors for petrol fuelled
passenger cars (PCP) and diesel fuelled passenger cars (PCD) as follows:
a. Emission factors for petrol passenger cars were derived from diesel passenger car
emission factors, scaled by a ratio, based on a 2008 emission estimation manual
published by the National Pollutant Inventory.
“PCP PM2.5 emission factors were derived from the PIARC PCD PM2.5 emission
factors, scaled by the ratio of PCP to PCD PM2.5 emission factors contained in the
National Pollutant Inventory (NPI) Emission Estimation Technique Manual for
Combustion Engines Version 3.0, June 2008 (NPI 2008)”.(Golders, 2017)
These derived values for emission factors lack scientific rigour and are inappropriate
for modelling PM2.5 and PM10 emissions. Diesel and petrol vehicles have different
engine processes, use different fuels and generate different quantities of particulate
matter size fractions. PIARC emission factors are used to model tunnel emissions
and PIARC do not have, or publish, exhaust emission factors for PM2.5 and PM10 for
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motor vehicles. PIARC only publish non-exhaust emission factors for motor vehicles
and PM (particulate matter) emission factors for different vehicle types which are
not segregated into PM2.5 and PM10 size fractions (PIARC, 2012).
b. The Project’s emission factors are not based on measurement studies and are not
scientifically robust or relevant.
c. PM10 emission factors were derived from the sum of PIARC PM2.5 exhaust and nonexhaust emission factors, multiplied by a factor of 1.8 which was based on in-stack
emission data for one existing Australian road tunnel.
“PM10 emission factors were derived from the sum of PIARC PM2.5 exhaust
and non-exhaust emission factors, multiplied by a factor of approximately
1.8. This factor was based on in-stack emission data for an existing
Australian road tunnel.” (Golders, 2017)
Adding any PM2.5 exhaust and non-exhaust emission factors then multiplying them
by a factor of 1.8 to derive emission factor values for PM10 is totally inappropriate, as
PM2.5 and PM10 are particles generated from different processes and sources and in
different quantities.
As mentioned above, PIARC does not publish emission factors for PM2.5 exhaust
emissions for motor vehicles, so what are they referring to in their method?
Again, these emission factors are not based on measurement studies for these two
different size fractions and are not scientifically robust.
A comprehensive review by the authors of the AQIA of the published literature
would have identified suitable, real world emission factors for surface roads and
tunnels that include exhaust and non-exhaust emission factors that are size
segregated for PM2.5 and PM10 suitable for use in their modelling.
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Obsolete background monitoring data for pollution levels at the Footscray monitoring
station for the period 2009-2013 were used, even though more recent data for the period
2013-2017 is available at the Victorian EPA. This means that the data used does not
represent up to date background pollution levels in that area.
2010 Victorian fleet data was used with copert emission factors for air toxics although 2016
ABS vehicle census data is available. Again, this is out of date data used in the modelling
which could have significantly underestimated pollution levels.
“… the West Gate Tunnel Project model was configured on a state based level, including
vehicle fleet mix and mean fleet mileage statistics for Victoria in 2010. This information
developed as part of the NPI Australian Motor Vehicle Emissions Inventory (MVEI) and
compiled in a COPERT Australia input file.” (Golders, 2017)
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No historical measurement data was presented in the assessment to compare model
predictions with historical data to assess model skill.

Given that the outputs from the AQIA form the basis for conclusions in the Project’s Health Impact
Assessment, and the seriousness of the flaws in the modelling, it is highly recommended that the
AQIA assessment be redone, taking account of issues identified in this statement and other
submissions received by the Committee, and the remodelling be independently reviewed by an
appropriate academic institution.
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Further detail and recommendations are contained in Appendix B.

--00-I declare that I have made all the enquiries that I believe are desirable and appropriate and
that no matters of significance which I regard as relevant have to my knowledge been
withheld from the Committee.

Dr Diane Keogh
2/6-8 Mayfair Road
Port Macquarie, NSW, 2444
20 July 2017
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Expert Evidence
1. This report is prepared by Dr Diane Keogh of Port Macquarie, NSW, 2444.
2. I have the following qualifications;
a. PhD Aerosol Science, Queensland University of Technology
b. Bachelor of Business, University of Southern Queensland
3. My current appointments are:
a. Academic Board Member, Royal Winthrope College, Brisbane
b. Sessional Academic, Queensland University of Technology, Oodgeroo Unit, Brisbane
c. Sessional Academic, Charles Sturt University, Indigenous Student Support Unit, Port
Macquarie
4. My area of expertise is in particulate matter pollution related to motor vehicle fleets.
I developed the world’s first comprehensive particle emissions inventory for a motor vehicle fleet
covering the full size range of particles generated by motor vehicles, from ultrafine to PM10-sized
particles, and a comprehensive set of average particle emission factors for different vehicle types
suitable for use in developing inventories and health impact assessments in developed countries,
based on a large body of published emission factor data.
5. My experience includes;
a. 11 years’ research experience in academia and government, Australia
b. Close to 2 years’ experience as an Air Quality Scientist, New Zealand
c. 7.5 years teaching at University and College, Australia
d. 24 publications including in high impact international journals relating to particulate
matter air pollution, air quality, evaluation of applied climate forecasts in agriculture and
climate change adaptation
6. As per the instructions of the Spotswood South Kingsville Residents Group (attached).
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Letter of Engagement
Dear Dr Keogh,
RE: EXPERT OPINION ON THE POTENTIAL HEALTH IMPACTS OF THE WEST GATE TUNNEL PROJECT ON
LOCAL RESIDENTS AND AMENITY USERS – INCLUDING USERS OF THE DONALD MCLEAN RESERVE
AND CHILDREN ATTENDING THE EMMA MCLEAN KINDERGARTEN AT SPOTSWOOD
Thank you for agreeing to provide a report to us and an expert witness statement for consideration
by the West Gate Tunnel Project Inquiry and Advisory Committee (IAC) and to attend to address
questions at the public hearings regarding the proposed West Gate Tunnel Project.
We confirm that the witness statement is due to be provided by 24 July 2017.
The dates for the public hearings and conclave of experts are still to be confirmed through directions
from the IAC
INDEPENDENCE
I disclose that the Spotswood South Kingsville Residents Group Inc, and its individual members have
no professional or social association with you and that your opinion is completely independent and
based on your expertise.
OPINION BEING SOUGHT
We request the opinion be based on your expertise in particulate matter pollution related to motor
vehicle fleets. We would like an analysis of the Air Quality Impact Assessment in the Environment
Effects Statement for the West Gate Tunnel Project and expert opinion on the potential health
effects on human health of particulate matter and diesel exhaust exposure. We would also like your
opinion on the relevance of ultrafine particle monitoring for the project.
We ask that you deal specifically with the potential health impacts on areas of special land use
within the project specifically in relation to the children attending Emma McLean Kindergarten and
those participating in social and active recreation on the Donald McLean Reserve. We also ask you to
provide an opinion on the impact on air quality and human health by the expansion of the West
Gate Freeway and the inclusion of ventilation stacks for the tunnels within the West Gate Freeway.
This is not intended to limit the scope of your opinion and we encourage you to raise any matters
you see as significant in relation to the opinion(s) you provide. To satisfy its purpose, your opinion
must be limited to areas within your expertise, unless otherwise clearly stipulated and, where
stipulated, supported by materials or information on which you based that part of the opinion.
ASSUMPTIONS
Please assume that the project will largely accord with the designs and information contained in the
West Gate Tunnel Project Environment Effect Statement prepared by consultants for the Western
Distributor Authority, the project proponents, released in May 2017 for public exhibition and
consultation.
SSKRG Inc. in their submission has queried a number of assumptions in the studies included in the
EES. In arriving at your opinion, we encourage you to interrogate the data and question the
assumptions of these studies within your expert ability to do so.
In order for the report to comply with the requirements of the Committee, please ensure that the
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report states your opinion or opinions and states, specifies or provides —
(a) your name and address;
(b) your qualifications and experience;
(c) a statement identifying your area of expertise to make the report;
(d) a statement identifying any other significant contributors to the report and where
necessary outlining their expertise;
(e) all instructions that define the scope of the report (i.e. include this letter)
(f) the identity of the person who carried out any tests or experiments upon which you have
relied on and the qualifications of that person (referencing for journal articles should
suffice)
Yours sincerely
Rosa McKenna
Secretary
Spotswood South Kingsville Residents Group Inc
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Dr Diane Underwood Keogh

DOB 27th November 1955

Qualifications
•
•

BBus 1997, Bachelor of Business, Toowoomba, Queensland (double majors Logistics and
Operations Management and End-User Computing)
PhD in Aerosol Science, 2009, Queensland University of Technology, Brisbane
(Thesis: Development of a particle number and particle mass inventory for the Brisbane
urban motor vehicle fleet)

Present Appointments
•
•
•

Academic Board Member, Royal Winthrope College (AIBT), Brisbane, 2016 to present
Sessional Academic, Queensland University of Technology, Oodgeroo Indigenous Unit,
Brisbane, 2013 to present
Sessional Academic, Charles Sturt University, Indigenous Student Support Unit,
Port Macquarie, 2017 to present

Past Appointments
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Sessional Academic, University of Southern Queensland, College for Indigenous Studies,
Education and Research, Toowoomba, 2014-2017
Lecturer, Australia Institute of Business & Technology (AIBT), Brisbane, 2015-2016
Sessional Academic, Griffith University, Gumurrii Indigenous Support Unit, Brisbane, 20132014
Trainer/Tutor, Evocca College, Brisbane, 2014-2015
Scientist – Air Quality, Auckland Council, Auckland, New Zealand, 2011-2013
Sessional Academic, Queensland University of Technology, Oodgeroo Indigenous Unit,
Brisbane, 2008-2011
Tutor/Lecturer, Queensland Institute of Business Technology, Brisbane, 2010-2011
Lecturer, CQUniversity, Gold Coast and Brisbane, 2009-2011
Post-Doctoral Research Fellow, University of Southern Queensland, Toowoomba, 2009-2010
Research Associate, International Laboratory for Air Quality and Health, Queensland
University of Technology, 2008-2009
Policy Officer, Senior Research Officer, Queensland Transport, Brisbane, 2003-2005
Evaluation Officer, Queensland Department of Natural Resources (NRM), 1998-2003
Policy Officer, Queensland Transport, Brisbane, 1998, then Secondment to NRM
Contract Data Analyst, Russell Mineral Equipment, Initiating Explosive Systems, Toowoomba,
1996-1997
A number of the university and college contracts from 2008 were concurrent.

Reviewer for International Journals
•
•
•
•

Atmospheric Environment
Atmospheric Pollution Research
Australian Journal of Agricultural Research
Environmental Modelling and Assessment
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•
•

Journal of Environmental Management
Natural Hazards

Recent Training
•

TAE40110 Certificate IV in Training and Assessment, Chris Morton Powerful Seminars,
Brisbane, 2014

Past Memberships
•
•

Associate Fellow - Australian Institute of Management, 1992-2008
Member - Australasian Evaluation Society, 2003-2003

Awards
•

Initiating Explosive Systems (division of ICI) award - IES Mission Award for Innovation and
Excellence for work on a company database, 1997

Publications
Please see Appendix A.

Track record: Top 5 publications in the last 9 years
1. Morawska L, Ristovski Z, Jayaratne ER, Keogh DU, & Ling Z. (2008). Ambient nano and ultrafine
particles from motor vehicle emissions: characteristics, ambient processing and implications on
human exposure, Atmospheric Environment 42(35), 8113-8138.
2. Morawska L, Keogh DU, Thomas S, & Mengersen KL. (2008). Modality in ambient particle size
distributions and its potential as a basis for developing air quality regulation, Atmospheric
Environment 42(7), 1617-1628.
3. Keogh DU, Apan A, Mushtaq S, King D, & Thomas M. (2011). Resilience, Vulnerability and Adaptive
Capacity of an Inland Rural Town Prone to Flooding: A Climate Change Adaptation Case Study of
Charleville, Queensland, Australia. Natural Hazards 59(2), 699-723.
4. Keogh DU, Ferreira L, & Morawska L. (2009). Development of a particle number and particle mass
vehicle emissions inventory for an urban fleet. Environmental Modelling & Software 24(11), 13231331.
5. Keogh DU, Kelly J, Mengersen K, Jayaratne R, Ferreira L, & Morawska L. (2009). Derivation of
motor vehicle tailpipe particle emission factors suitable for modelling urban fleet emissions and air
quality assessments. Environmental Science and Pollution Research – International. Published
online, doi 0.1007/s11356-009-0210-9.
Diane Keogh has worked for over twenty years in academia and government in research, evaluation,
policy and science roles and is a published Researcher, including in international high impact
journals.
Diane Keogh is an Air Quality Scientist who has also worked as a Business Lecturer and Researcher in
aerosol science (air quality and particulate matter vehicle emissions), evaluation of applied climate
forecasts in agriculture, climate change adaptation and transport and environmental policy.
Diane has recently spent many years working directly with Australian Indigenous students as a
Personal Tutor guiding and mentoring indigenous students studying business degrees at universities
in Queensland.
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Appendix A
Publications – Dr Diane Keogh
King, D, Bird, D, Haynes, K, Boon, H, Cottrell, A, Millar, J, Okada, T, Box, P, Keogh, D, Thomas M.
(2014) Voluntary relocation as an adaptation strategy to extreme weather events, International
Journal of Disaster Risk Reduction, 8, pp. 83-90. http://dx.doi.org/10.1016/j.ijdrr.2014.02.006.
King, D, Apan, A, Keogh D, Thomas M., (2013) Adaptation and resilience in two flood prone
Queensland communities in Natural Disasters and Adaptation to Climate Change, S. Boulter, J.
Palutikof (Editors), Cambridge University Press, IBSN 978 1 10701 016 1
Keogh DU, Apan A, Mushtaq S, King D, Thomas M (2011) Resilience, Vulnerability and Adaptive
Capacity of an Inland Rural Town Prone to Flooding: A Climate Change Adaptation Case Study of
Charleville, Queensland, Australia. Natural Hazards 59(2), 699-723.
Thomas M, King D, Keogh DU, Apan A, Mushtaq S (2011) Resilience to climate change impacts: a
review of flood mitigation policy in Queensland, Australia. The Australian Journal of Emergency
Management, 26 (1), 8-17, ISSN 1324-1540.
Keogh DU, Sonntag D (2011) Challenges and Approaches for Developing Ultrafine Particle Emission
Inventories for Motor Vehicle and Bus Fleets. Atmosphere, 2(2), 36-56. Published online
doi:10.3390/atmos2020036.
Keogh DU (2011) Developing Motor Vehicle Emission Inventories and Air Quality Regulation for
Ultrafine Particles in Advances in Nanotechnology, Z. Bartul and J. Trenor (Editors), vol. 8, Nova Science
Publishers Inc., New York, 383-400, ISBN: 978 1 61324 062 5.
Apan A, Keogh DU, King D, Thomas M, Mushtaq S, Baddiley P. (2010). The 2008 Floods in
Queensland: A Case Study of Vulnerability, Resilience and Adaptive Capacity. Report for the National
Climate Change Adaptation Research Facility, NCCARF Publication 16/10, Gold Coast, Australia. ISBN:
978-1-921609-18-3.
Keogh DU, Kelly J, Mengersen K, Jayaratne R, Ferreira L and Morawska L (2009) Tailpipe particle
emission factors derived for motor vehicles for application to transport modelling and health impact
assessments of urban fleets in Traffic Related Air Pollution and Internal Combustion Engines, S. Demidov
and J. Bonnet (Editors), Nova Science Publishers Inc, New York, 69-10,. ISBN: 978 1 60741 145 1.
Keogh DU, Kelly J, Mengersen K, Jayaratne R, Ferreira L, Morawska L (2009) Derivation of motor
vehicle tailpipe particle emission factors suitable for modelling urban fleet emissions and air quality
assessments. Environmental Science and Pollution Research – International. Published online, doi
0.1007/s11356-009-0210-9.
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Keogh DU, Ferreira L, Morawska L (2009) Development of a particle number and particle mass
vehicle emissions inventory for an urban fleet. Environmental Modelling & Software 24(11), 13231331.
Morawska L, Keogh DU, Thomas S, Mengersen KL (2008) Modality in ambient particle size
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Overview
I have addressed six key air quality issues I believe require critical attention in the final project
design.
These include:
1. Modelling in the Air Quality Impact Assessment Report is flawed
2.
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3. 2.

Improved Air Quality Monitoring

4. 3

Ongoing Air Quality Monitoring of PM2.5 and PM10

5. 4

Protection of Sensitive Land Use Areas

6. 5

Improving Emissions of Ageing Truck Fleet Using Project

7. 6

Measures in Place for Exceeding the Ambient Air Quality Standards

These issues and recommendations are discussed below.
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1

Modelling in the Air Quality Impact Assessment Report is flawed

I propose that the modelling results of the AQIA are invalid and highly erroneous. The assessment is
based on flawed assumptions, uses inappropriate data and must be redone.

1.1

Current Situation based on EES

The AQIA forms a key focus of the health impact assessment of this Project, therefore it is critical
that results are as accurate as possible.
Most importantly Golder Associates have not been transparent and provided details of the specific
values of the emission factors they used in their modelling for different vehicle types and pollutants.
Historical measurements are also not presented to enable comparison and assessment of the AQIA
model skill.
The AUSROADS model was used to model each road section and only considered tailpipe emissions
and not non-exhaust particle emissions generated by motor vehicles including brake and tyre wear.
These non-exhaust emissions can account for up to an additional 55% of PM2.5 and PM10 particle
mass emissions (Grigoratos & Martini, 2014); and the Australian Motor Vehicle Emission Inventory
estimated that non-exhaust particulate matter emissions (brake, tyre and road wear) contributed
26% of total emissions from road transport (Smit, 2014).
The AQIA did not consider non-exhaust emissions in the surface road modelling, but only tailpipe
emissions, this suggests there is a significant underestimation of particle pollution levels in all their
modelling scenarios, which in turn affect the health impact conclusions.
AUSROADS provides for different classifications of vehicle type. The traffic count data provided by
GHD to Golder Associates and used in this AQIA assessment was based on four AUSROADS
classifications: Classes 1 & 2 cars, 3 Light Commercial Vehicles and 4 Heavy Duty Vehicles (Tony
Frodsham, personal communication, June 19, 2017). However the AQIA provides no details of the
different values of emission factors used in the modelling for these four different vehicle classes and
their associated traffic volumes.
Any claims made in the AQIA that conservative values for emission factors have been used cannot be
substantiated because the actual values of emission factors used in their modelling have not been
revealed.
The AQIA made erroneous assumptions and used inappropriate emission factors which are
inaccurate and not fit for purpose. Furthermore, they have not provided the value of the emission
factors they used in their modelling, nor specified the specific contribution of diesel truck emissions
to the Project, a polluter of great concern to the community.
In addition, how were the AQIA model outputs validated, against which measurement studies, how
accurate were the predictions when compared to relevant measurement studies? This is not
addressed.
A number of critical flaws were identified in the AQIA modelling which significantly call into question
any conclusions made based on these results in relation to anticipated levels of pollution and
therefore potential health impacts and risks associated with this Project.
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1.2

Why this proposal in the EES is unacceptable

Air quality modelling that informs an AQIA for this Project must be based on current vehicle fleet
data, the most recent background data available from the Footscray monitoring station, and
emission factors which are relevant to the vehicle, fuel type and conditions, including roadways,
ramps and tunnel structure being modelled. Emission factors must be based on current scientific
knowledge and studies and be fit for purpose. This is clearly not the case for the AQIA.
The serious flaws and inaccuracies in the AQIA modelling are described below.

1.2.1 Obsolete background monitoring data and dubious projections for
2022 and 2031
The AQIA has used out of date background monitoring data for PM2.5 and PM10 concentrations from
the EPA Victoria’s Footscray monitoring station for the period 2009 to 2013, and assumed this data
as background concentration levels in their scenario modelling for 2022 and 2031:
“A number of conservative assumptions were made in conducting the air quality
impact assessment. These include:
Background pollutant concentrations for 2022 (anticipated year of project
opening) and 2031 were assumed to remain at levels recorded during the period
2009 to 2013.
Vehicle emission factors for 2022 and 2031 were assumed to remain at levels
predicted for 2020.” (Golders, 2017)
The AQIA report provides no reason or rationale in their report to support or justify using outdated
background monitoring data from EPA Victoria’s Footscray monitoring station. I contend that a more
relevant five year data set, such as 2011-2015 or 2012-2016, should be used in a rerun of the
modelling, to reflect more accurately recent air quality conditions.
EPA Victoria has confirmed that appropriate background monitoring data for the Footscray
monitoring station for PM2.5 and PM10 for the period 2014-2017 is available (Jason Choi, personal
communication, May, 30, 2017).
It can be reasonably assumed that during the period that followed 2009-2013 there would have
been increased levels of traffic volumes on the West Gate Freeway and surrounding roads. For
example traffic volumes on the West Gate Freeway near Spotswood have increased from 184,200 in
2013 to 204,000 in 2016 (VicRoads, 2017), a substantial increase.
Therefore use of outdated background data in modelling predictions for the AQIA may render any
predictions and conclusions inaccurate and suggestive of underestimated pollution levels. The
periods of background data should also match the periods of vehicle count data used.
As the health impact assessment for this Project relies on the outputs of the AQIA modelling, it is
critical that predictions and modelling be as accurate as possible. People’s health, well-being,
morbidity and mortality depend heavily on these conclusions.
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Clearly, the AQIA should have used more recent, up to date background data from the EPA Victoria’s
Footscray monitoring station than 2009-2013 in their modelling.
As traffic volumes have increased substantially since the 2009-2013 period, I therefore have
considerably less confidence in the relevance and representativeness of their predictions, and the
EES’s health impact assessment must be based on accurate modelling data.
It is very strongly recommended that this AQIA be redone using more recent background monitoring
data, which EPA Victoria has indicated is available.

1.2.2 Non-scientifically based emission factors
The emission factors used in the AQIA modelling appear to have been chosen based on convenience,
rather than on a rigorous literature review of current representative emission factors available in the
published scientific literature. They have derived emission factors based on incorrect fuels and
particle sizes, and made very erroneous assumptions. The values of the emission factors used have
also not been provided in their report
The AQIA used the same emission factors for surface roads and tunnel emissions modelling and
these have limitations (GHD, 2017). Golder Associates have not been transparent in listing the actual
values of the emissions factors they used in modelling different vehicle types and pollutants.
In addition, non-exhaust brake and tyre wear emissions generated by motor vehicles have not been
modelled for roads and tunnels. These emissions can account for up to approximately 55% more
PM2.5 and PM10 emissions (Grigoratos & Martini, 2014); and the Australian Motor Vehicle Emission
Inventory reports that non-exhaust particulate matter emissions (brake, tyre and road wear) can
contribute 26% of total emissions from road transport (Smit, 2014).
The AQIA lacks considerable rigour and does not consider recent changes in fleet mix, variations in
vehicle speeds, and the inherent differences in emission factor values relevant to the three different
environments being modelled - namely tunnel, surface road and ramps. Non-exhaust emissions
from brake and tyre wear which contribute significantly to ambient and in-tunnel PM2.5 and PM10
particle emission levels have also not been appropriately considered.

1.2.3 AQIA method for developing particulate matter emission factors
The AQIA report used PIARC emissions factors which do not include emission factors for PM2.5 for
petrol fuelled passenger cars, nor PM10, NO2, PAHs (Polycyclic aromatic hydrocarbons) or VOCs
(Volatile organic compounds) for any vehicle class (Golders, 2017).
Golder Associates (2017) derived their own emission factors for petrol fuelled passenger cars (PCP)
and Diesel fuelled passenger cars (PCD):
“PCP PM2.5 emission factors were derived from the PIARC PCD PM2.5 emission factors, scaled
by the ratio of PCP to PCD PM2.5 emission factors contained in the National Pollutant
Inventory (NPI) Emission Estimation Technique Manual for Combustion Engines Version 3.0,
June 2008 (NPI 2008).”
“PM10 emission factors were derived from the sum of PIARC PM2.5 exhaust and non-exhaust
emission factors, multiplied by a factor of approximately 1.8. This factor was based on instack emission data for an existing Australian road tunnel.” (Golders, 2017, pp.97-98)
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In other words Golder Associates (2017) have derived a value for PM2.5 emission factors for petrol
fuelled passenger cars based on PM2.5 emission factors for diesel fuelled passenger cars, scaled using
a ratio. Diesel and petrol vehicles have completely different engine processes, use different fuels
and generate different quantities of particulate matter and gaseous pollutants.
It should also be noted that PIARC emission factors are used for modelling tunnel emissions and
PIARC do not have, nor publish, vehicle exhaust emission factors for PM2.5 and PM10 for motor
vehicles. PIARC only publish non-exhaust emission factors for motor vehicles, and PM (particulate
matter) emission factors for different vehicle types which are not segregated into PM2.5 and PM10
size fractions (PIARC, 2012).
The emission factors derived for the AQIA are not based on measurement studies, nor are
they particle size segregated, therefore they are not scientifically robust or relevant.
For PM10 emission factors they appear to have added PM2.5 emission factors for exhaust and nonexhaust (eg., brake and tyre wear) and then multiplied them by 1.8, on the basis of in-stack emission
data for one road tunnel. PM2.5 and PM10 particulate matter emissions are generated by completely
different processes and are different metrics.
Where did they source PIARC PM2.5 exhaust emission factors, as these do not exist?
Applying a multiplier of 1.8 to convert PM2.5 emission factors to PM10 emission factors for light duty
vehicles is never appropriate, as they are different particle size fractions and this method has no
scientific basis.
An extensive review conducted of more than 600 emission factors published in the international
literature for particle number, particle volume, total particle mass, PM1, PM2.5 and PM10 for motor
vehicle tailpipe emissions and analysed using advanced statistical analysis revealed a particle
emission factor for light duty vehicles of 33 mg/km for PM2.5, compared to 46-454 mg/km for PM10,
on different road types – clearly a substantially higher difference than a factor of 1.8 times the
emission factor for PM2.5; the emission factor derived for tunnels was 14 mg/km (Keogh et al., 2010,
Table 4, p. 16). Basing such a rough calculation for two different particle sizes on in-stack emissions
for one Australian tunnel seems highly inappropriate.
There is little mention in the AQIA report of the values of emissions factors used for buses and heavy
duty diesel trucks, nor the age of the vehicle fleets.
The above method is highly inappropriate for deriving emission factors and lacks any rigorous
scientific basis. These are ‘guess-estimates’ that bear no resemblance to representative emission
factors derived from rigorous, real world scientific measurements and studies. They are very rough
‘guesses’, and highly inaccurate substitutes for real world emission factors.

1.2.4 Brake and Tyre Wear PM2.5 and PM10 emissions modelling omitted
Golder Associates have not modelled nor considered non-exhaust PM2.5 and PM10 particle mass
emissions generated from motor vehicle brake and tyre wear which can contribute significantly to
total emissions from vehicles, as mentioned previously, and have considered only rough estimates of
engine exhaust emissions generated by motor vehicles. The AUSROADS model modelled each road
section and considered only tailpipe emissions (exhaust emissions), particulate matter from brake
and tyre wear was not considered (Golders, 2017)
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In effect, the AQIA underestimates particle emissions for the Project by between up to 26-55% by
not including brake and tyre emissions in their modelling estimates in all their modelled particle
emission estimates including for future scenarios.
Particles generated from brake wear can account for 16-55% by mass of PM10 emissions by
passenger cars in urban areas and approximately 5%–30% from tyres, with peaks in bimodal size
distribution on both PM2.5 and PM10 size ranges (Grigoratos & Martini, 2014).
Both PM2.5 and PM10 non-exhaust particle emissions can amount to around 6–7 mg/km (Grigoratos &
Martini, 2014) which is close to the current engine emission standards for particulate matter for
Euro 5 and 6 passenger cars of 5 mg/km (Hooftman et al., 2016).
Predictions for 2020 estimate that more than 70% of average urban PM10 emissions by passenger
cars will be non-exhaust emissions and a very small proportion will relate to engine exhaust
emissions (Rexeis et al., cited in Hooftman et al. 2016). Such considerations should be considered in
the AQIA future scenario modelling estimates.
If the AQIA used ‘real world’ emission factors in their modelling the quantities of brake and tyre
emissions for PM2.5 and PM10 mass fractions would have been included in the values of emission
factors derived from real-world measurements of vehicle emissions conducted near roads and in
tunnels.
The PM2.5 and PM10 emission factors used in the AQIA modelling were estimated using rough rulesof-thumb calculations and derived based on very significantly flawed and inaccurate assumptions.
For example, petrol fuelled passenger car emission factors for PM2.5 were ‘estimated’ based on diesel
fuelled passenger car emission factors, scaled by a ratio.
The PM10 emission factors were ‘estimated’ by summing PIARC PM2.5 exhaust and non-exhaust
emission factors and multiplying them by a factor of approximately 1.8, based on in-stack emission
data for one Australian road tunnel.
This is a highly inaccurate and inappropriate method for deriving or selecting emission factors and
has zero scientific basis.
They also used the same emission factors for surface roads and tunnel emissions.
Golder Associates did not reveal any of the values of emission factors they used in their modelling,
nor did they include non-exhaust emissions from brake and tyre wear in modelling emissions on
roads, ramps and tunnels which can account for up to 55% of PM2.5 and PM10 particle emissions.
Results of the AQIA modelling using these emission factors should definitely not be used as a basis
for health impact assessments in this Project as the modelled data is highly inaccurate and
erroneous.

1.2.5 Real world emission factors were not used, calling into question the
Project’s health impact conclusions
The AQIA has not used real world emission factors derived from relevant studies in different road,
ramp and tunnel environments for their modelling.
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The mass sized fractions for particulate matter of PM2.5 and PM10 are extremely important to assess
human health risks and, as discussed above, the AQIA has provided inaccurate emission factors in
the modelling which is completely unacceptable and inaccurate from a scientific perspective.
There are numerous real world studies that have published emission factors derived from rigorous
scientific methods that are relevant for modellers to use to quantify more accurate estimates of
PM2.5 and PM10 emissions based on vehicle, fuel and road types, including at least one study relevant
to Australian conditions (Keogh et al., 2010, Table 4, p. 16).
An extensive, informed and up to date literature review should have been undertaken for the AQIA
so that relevant, real world and appropriate emission factors for particulate matter pollution were
used in the modelling representative of the different road, tunnel and ramp environments. This
supports the suggestion that Golder Associates need to redo their modelling.

1.2.6 Other limitations in relation to emission factors used
The PIARC emission factors used in the AQIA only project to 2020, however their model predictions
for concentrations are for 2022 and 2031(GHD, 2017); rendering this choice of emission factors less
relevant, and suggesting there may be additional inaccuracies in their modelled predictions.
Moreover, relying on expected advances in vehicle technologies in coming years to explain away the
differences could be considered a stretch, and this can be very easily offset by increases in vehicle
fleet numbers. More consideration should have been given to this discrepancy.
In addition, the COPERT emission factors used in the AQIA have limitations in that they do not
correct for road gradient (GHD, 2017). The AQIA states that the air toxics modelling for the Project
using COPERT was configured based on the Victorian fleet mix and average fleet statistics for 2010
(Golders, 2017). Clearly this data is significantly out of date and irrelevant in terms of the time period
for the West Gate Project air quality impact assessment. More up to date motor vehicle census data
for 2016 is currently available from the Australian Bureau of Statistics.
A recent tunnel study in Brisbane assessed the accuracy of the COPERT Australian motor vehicle
emission model using statistical analysis of vehicle emission tunnel data (high speed, free flow
conditions) and found that the model, depending on the pollutant, underestimates pollutant
emissions by 2 to 36%, substantially under predicts diesel truck emissions, and light and heavy diesel
vehicle emissions are strongly and consistently associated with errors in prediction across all
pollutants (Smit et al., 2015).
It is also noted that in the AQIA vehicles were assumed to be travelling at 80km per hour for 2022
(Scenarios A) and B (2031) (Golders, 2017). Particle matter emissions for vehicles travelling at
higher speeds, such as 80km per hour, inherently have lower values than those at lower speeds.
Their assumptions concerning an NO2 to NOx ratio, an important vehicle pollutant, could have
benefited from sourcing scientific literature on the ratio suitable for Australian road tunnel project
conditions (GHD, 2017, p. 11).
I respectfully challenge the assertion by GHD that because EPA Victoria agreed to these emission
factors this makes them appropriate (GHD, 2017).
The Golder Associates are expert modellers who should thoroughly investigate new and up to date
scientific knowledge in terms of available and suitable emission factors which accurately replicate
and represent the road, tunnel and ramp conditions they are modelling. They should not have
developed scaling and multiplier factors and applied them to incorrect data to derive their own
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‘rough’ PM2.5 and PM10 emission factors on which to base their modelling.
The AQIA modelled predictions have no validity and should not be used as the basis for the health
impacts assessment in this Project.

1.2.7 In-Tunnel concentrations were not modelled
As noted by GHD in their peer review of the AQIA report, in-tunnel concentrations have not been
considered, and it is maintained that tunnel operating procedures and regulatory means will control
pollutant concentrations in the tunnel (GHD, 2017, p. 16). This is a nice thought but may not
necessarily be reality. This is a substantial weakness of the AQIA, particularly in light of Australia’s
aged truck fleet which will be using the tunnel. The Australian diesel truck fleet are gross emitters of
pollution, particularly of ultrafine particles; and diesel exhaust is a declared cancer-causing agent
that is associated with an increased risk of lung cancer (IARC, 2012).
Notably, in 2014 around 30% of the Australian truck fleet (above 4.5t GVM) were registered and
manufactured pre-1996 when there were no emission standards, and only about 12.5% were Euro V
(ADR80/03) or higher compliant (Truck Industry Council, 2015), hence the truck fleet using this
tunnel is a major source of diesel exhaust pollution which should not be ignored. Examination of the
truck fleet registered in Victoria in 2016 in terms of vehicle kilometres travelled, shows that only
29% of rigid trucks (> 3.5t GVM) and 47% of articulated trucks were manufactured in 2011 or later
(Euro V or higher compliance) (ABS, 2016) supporting the notion that the fleet are gross polluters.
Despite the fact that ventilation systems will be used in the tunnel, it is nevertheless critical we
understand the concentration levels of all vehicle-related pollutants generated in the tunnel,
including particulate matter. This should be quantified using appropriate emission factor, traffic
volumes and projected fleet composition data. In-tunnel concentrations represent the pollution
plume users of the tunnel are exposed to, irrespective of ventilation, and this level of pollution must
be quantified, not ignored.
I further contend that advice provided in the Project’s Technical Report J on Human Health Impact
Assessment that tunnel users wind up windows and switch ventilation to recirculation are
insufficient mitigation strategies from a public health perspective (AECOM, 2017). More needs to be
done by the Project to reduce and assess risk, including regular measurements in-tunnel to assess
‘real world’ pollution levels and installation of filtration systems which should be maintained and
regularly cleaned.
Standards for in-tunnel PM2.5 and PM10 emissions should also be introduced by EPA Victoria to
regulate in-tunnel concentrations, as there are known major health effects associated with exposure
to this pollutant, including morbidity and death, amongst other serious respiratory and
cardiovascular health effects.
The health risk to tunnel users who will be exposed to pollutant concentrations inside the tunnel,
irrespective of operating fans, cannot be ignored, and people inside the tunnel and near the
ventilation stacks should not be exposed to unfiltered polluted air.
Modelled estimates should be made of concentrations inside the tunnel – modelled both with, and
without, tunnel ventilation.
In-tunnel modelling should be conducted for emissions for all vehicle-related pollutants using
appropriate speed-related emission factors, up-to-date fleet characteristic data and traffic volumes,
and scenarios relating to proposed tunnel opening, and predictions for 2022 and 2031.
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The EPA Victoria should introduce in-tunnel air quality standards for PM2.5 and PM10 emissions to
regulate this important pollution source.

1.2.8 No exceedances are permitted under the standards
Victoria’s current ambient air quality standards for particulate matter prescribe that no
exceedances of PM2.5 or PM10 are allowable (Australian Government, 2016). This excludes events
deemed exceptional by the EPA Victoria (Jason Choi, personal communication, June, 13, 2017).
I dispute the assertion in the AQIA that the exceedances, or otherwise, predicted in the modelling
support the fact that the Project satisfies the air quality EES Evaluation Objective and complies with
the Environment Protection Act 1970 and accompanying policies (Golders, 2017).
The ambient air quality standards prescribe that no exceedances of PM2.5 and PM10 should occur.
The argument presented in the AQIA report suggesting that background levels in the region are high
to begin with is not a sufficient enough argument to support this Project, which will increase air
pollution and does not form part of a multimodal transport offering a less-polluting solution.
The above discussion suggests that Golder Associates did not undertake an extensive review of the
published scientific literature to identify more suitable, and up-to-date emission factors to use in
modelling surface roads, ramps and tunnel for the Project.
The ‘estimates’ for PM2.5 and PM10 emission factors used in their work are clearly erroneous and
have likely significantly underestimated particulate matter pollution risk. They have also completely
ignored and failed to model in-tunnel concentrations, and have used outdated background data
from the Footscray monitoring station.
These are serious flaws in their data.
Real world on-road, ramp and tunnel emission factors should have been used in the modelling.
The AQIA has erroneous assumptions and uses inappropriate emission factors which are not
accurate, nor fit for purpose, and therefore their modelling should be completely redone following
an extensive literature review to find suitable emission factors and correct other inaccurate
assumptions.

1.3

Recommendations

HIGH PRIORITY RECOMMENDATIONS
AQ 1. The AQIA should be rerun using more recent background data from the Footscray
monitoring station and relevant, real world emission factors sourced from an extensive
review of the published scientific literature. The values of the emission factors they use
should also be reported. Calculations and assumptions relating to NO2 to NOx ratios should
also be reviewed and adjusted to reflect Australian conditions.
AQ 2.

In-tunnel concentrations should be modelled for a range of different scenarios using
relevant emission factors sourced from the published scientific literature and fleet
characteristics, including projected concentrations for all pollutants, including particulate
matter, both with and without ventilation fans, for the year of tunnel opening, 2022, 2031
and on an annual basis. Accurate data is critical to assess human health effects in-tunnel as
the nature of the external pollution plume emanating from the ventilation stacks is sourced
from in-tunnel emissions in any case. We need a sound understanding of the whole tunnel
environment, in-tunnel and at the ventilation stacks for comparison purposes and to
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evaluate the effectiveness, or otherwise, of the ventilation fans once the tunnel is operating.
This knowledge is critical to inform the Project’s health impact assessment.
AQ 3.

The EPA Victoria should implement regulatory standards for in-tunnel concentrations of
PM2.5 and PM10 to monitor this important pollutant exposure which has serious health
effects for tunnel users. The Project should also be required to install a filtration system that
is regularly cleaned and maintained to reduce tunnel user exposure to the negative health
effects of dangerous air pollutants, particularly diesel exhaust.
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2.

Improved Air Quality Monitoring

2.1

Current Situation based on EES

In terms of particulate matter emissions, I think ultrafine particulate matter and black carbon also
need to be monitored.

2.2

Why this proposal in the EES is unacceptable

I argue that ultrafine particulate matter should be monitored as part of this project and the reasons
are outlined below. Sources of particulate matter and Europe’s particle number (ultrafine particle)
engine emission standards which are currently in force are also discussed.
Ambient air quality monitoring and air quality impact assessments need to be based on current
scientific knowledge and the needs of the community.
The air quality monitoring planned for the Project and the AQIA meet neither of these objectives.

2.2.1

Importance of monitoring ultrafine particles

2.2.1.1

Ambient Aerosol

Ambient aerosol comprises liquid and solid particles suspended in ambient air (Sioutas et.al, 2005);
and particles have a greater effect on humans than any other pollutant (WHO, 2016).
Ambient air quality standards worldwide include mass standards for PM2.5 and PM10 (particles with
aerodynamic diameters less than 2.5µm and 10µm respectively). These particles are significantly
larger than ultrafine particles and have greater weight; hence they are measured in terms of particle
mass (weight). Ultrafine particles are prolific in terms of numbers and so are measured in terms of
particle number. Most of the particles generated in urban areas are ultrafine size and generated by
motor vehicles.
Particulate matter generated by motor vehicle fleets spans a very wide size range, from ultrafine to
coarse particles (PM10) (CSIRO, 2013), hence it is critical that all these size ranges, including ultrafine
particles, are measured to quantify motor vehicle particle pollution.
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2.2.1.2

Ultrafine particles

Without undertaking a baseline measurement level for ultrafine particles there will never be a way
of knowing the full impact of this road project on the health of nearby residents and Melbourne as a
whole. It may be the case that there are currently insufficient epidemiological studies to determine
a safe level for ultrafine particles however this information will be available in the near future and at
the very least we need to know the baseline levels before this Project is built.
Ultrafine particles in the ambient environment, in terms of their numbers account for more than
90% of particle number concentrations (Sioutas et al., 2005). They are mainly generated from
combustion processes, are very tiny with diameters less than 0.1µm and measured in terms of
particle number (Morawska et.al., 2004).
In tunnels and close to roads motor vehicles are the major source of particle number emissions and
ultrafine particle concentrations can reach over ten times higher than background levels, whereas
PM2.5 and PM10 mass concentrations near roads have been found to be no greater than 25-30%
above background levels (Morawska et al., 2004).
People working or living close to urban arterial roads are therefore likely to be exposed to well
above normal ambient levels of ultrafine particles, and only somewhat elevated levels of PM2.5 and
PM10 (Morawska et al., 2004). This makes ultrafine particle monitoring very important.
Exposure to particulate matter has known serious health effects, including death; and ultrafine
particles differ from larger particles due to their potential to deposit in the lung and translocate to
different parts of the human body (HEI, 2013). There is rapidly increasing epidemiological evidence
linking exposure to ultrafine particles to respiratory health effects (Sioutas et al., 2005).
Most of the particles generated by diesel vehicles are ultrafine size; and diesel engine exhaust is a
classified human cancer-causing agent that has been found to increase the risk of lung cancer (IARC,
2012).
Heavy duty vehicles can generate up to 20 times more ultrafine particles than petrol-fuelled vehicles
(Keogh et al., 2009) and diesel-fuelled vehicles can generate an even higher order of magnitude
(Morawska et al., 2004).
To understand the full extent of particulate matter pollution generated by motor vehicle fleets,
including diesel vehicles, on roads, ramps and in tunnels it is critical that ultrafine particles, in
addition to PM2.5 and PM10 emissions be measured.
It is unacceptable that only temporary monitoring of PM2.5 and PM10 is mentioned in the EES because
most of the particulate matter generated by motor vehicles is ultrafine size. Monitoring of all three
size fractions should be undertaken on an ongoing basis to protect the health of road and tunnel
users, residents and those located in sensitive land use areas, such as the Donald McLean sports oval
and the Emma McLean childcare centre.
This data will contribute significantly to scientific knowledge and the potential for epidemiological
studies to determine risk and potential health effects for nearby resident populations, road and
tunnel users, and provide an alert in the case of the need for urgent mitigation strategies to be
enacted to reduce severe health risks and even deaths.

30

This monitoring is particularly important near the tunnel ventilation stacks, where a spike in ultrafine
particles will alert authorities to the likely need to undertake maintenance on filtration or ventilation
systems.

2.2.1.3

Sources of Ultrafine Particles

The main source of ultrafine particles in urban areas is motor vehicles (Kumar et al., 2014); mainly
generated from combustion processes and they are very small with diameters less than 0.1 µm
(Morawska et al., 2004). They are traditionally defined as relating mainly to sources of freshly
generated emissions and account for more than 90% of particle number concentrations (Sioutas et
al., 2005). These particles are able to penetrate deep into the human respiratory system and can
move directly into the blood and brain (Eeftens et al., 2015).
Most man-made combustion activities emit particles with diameters < 1μm (Jamriska & Morawska,
2000), such as burning fuels, and this size range is dominated by ultrafine particles (particles with
diameters < 0.1μm). PM1 (particles with diameters less than 1μm) is made up largely of ultrafine
particles, hence this particle mass metric is not commonly monitored.
High temperature combustion processes or the forming of particles in the atmosphere from
atmospheric gases produce ultrafine particles, and those produced by combustion comprise trace
metals, sulphates and elemental carbon (Hime et al., 2015). Typical sources include motor vehicle
fleets and power plants; and the main source of ultrafine particle emissions near major roadways is
traffic (DieselNet, 2015).
Per unit mass, ultrafine particles have orders of magnitude higher particle numbers, larger surface
areas than larger-sized particles, and greater concentration of condensed or adsorbed air pollutants
that are toxic, including transition metals, organic compounds and oxidant gases (Sioutas et al.,
2005).
There is overwhelming evidence of the detrimental health effects of exposure to particulate matter
emissions; and although considerable toxicological evidence exists on the potential adverse health
effects of exposure to ultrafine particles, there is currently insufficient epidemiological evidence to
establish an exposure-response relationship and guideline concentration (WHO, 2006).
This, however, does not abrogate the responsibility of the Project to monitor ultrafine particle
emissions. The Project has a duty of care, in light of the current health evidence of the effects of
ultrafine particles, to adopt the precautionary principle and monitor ultrafine particles.

2.2.1.4

Health effects of Ultrafine particles

Studies have found that ultrafine particles can contribute to negative health effects in extrapulmonary organs and the respiratory tract (Oberdorster et al., 2005).
Ultrafine particles can reach deep into the human lung (Poepping & Ginda, 2010) and cause a hazard
in terms of inflammation and oxidative stress (Balakrishna et al., 2009; Karlsson et. al., 2005;
Oberdorster et al., 2005). Possible health effects observed with oxidative stress response can include
lung cancer, chronic obstructive pulmonary disease, exacerbation of pneumonia and asthma and
initiation and progression of atherosclerosis (Hime et al., 2015).
There is rapidly increasing epidemiological evidence linking exposure to ultrafine particles to
respiratory health effects (Sioutas et al., 2005), including studies by:-
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•

Peters et al. (1997) which demonstrated that the association between respiratory health in
adults suffering asthma is stronger with exposure to ultrafine particles, compared to coarse
and fine particles.

•

Pekkanen et al. (1997) showed there are associations between ultrafine and fine particles
and deficits in peak expiratory flow of children with asthma.

•

Penttinen et al. (2001) found a negative association between the average daily
concentrations of mainly ultrafine particles and peak expiratory flow; and

•

Wichmann et al. (2000) found both ultrafine and fine ambient particles had comparable
positive associations with cardiovascular mortality.

Ultrafine particles are important because they have orders of magnitude higher surface area,
number concentrations and concentrations of condensed and adsorbed pollutants such as
transition metals, oxidant gases and organic compounds when compared with larger-sized
particles per unit mass (Sioutas et al., 2005).

2.2.1 5

Europe has particle number (ultrafine particle) vehicle standards

Ultrafine particle engine emissions standards have been in force in Europe for several years, and the
current engine emission standards are Euro VI and Euro 6 (ICCT, 2016).
These standards prescribe particle number (ultrafine particle) limits for diesel and gasoline light duty
vehicles and heavy duty diesel vehicles which require emission reduction technology (ICCT, 2016).
The emission standard limits are 6 x 1011 particle number per km for light duty vehicles and 6 or 8 x
1011 particle number per kilowatt hour (depending on the drive test cycle used) for heavy duty diesel
vehicles (ICCT, 2016).
Clearly particle number (ultrafine particle) emissions are recognised internationally as a serious
emission control issue evidenced by the particle number vehicle engine standards in place. However
currently Australia has not adopted Euro VI or Euro 6 standards.
Due to the fact that Australia has no current emission standards in relation to ultrafine particles, the
need to measure ambient levels is even greater. The health impacts of ultrafine particles are well
known and yet in Australia our current vehicle standards do not specifically regulate ultrafine
particles in terms of engine emissions, nor are ambient levels measured. This Project should at the
very least undertake baseline monitoring for ultrafine particles.

2.2.1.6

Sources of PM2.5

Outdoor sources of PM2.5 include emissions from motor vehicles, buses and trucks and other
operations burning fuels, as well as natural sources such as grass and forest fires (Department of
Health, 2011). PM2.5 is commonly referred to as the fine mode, and includes a mix combustion and
mechanically generated sources, whereas ultrafine particles mainly comprise combustion-generated
particles (eg, from motor vehicles and power plants).
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2.2.1.7

Sources of PM10

Most particles in this size range, referred to as the course mode, are sourced from natural and manmade mechanical processes that break, wear or grind material, or from resuspended dust
(Morawska et al., 2008). This includes vehicle brake and tyre wear.
A recent review of brake wear particles found that contributions to total traffic-related emissions of
PM10 are almost equally split between non-exhaust (such as brake wear) and exhaust sources
(engine exhaust) and estimates approximately half of total brake wear is generated as PM10
(Grigoratos & Martini, 2015).
PM2.5 and PM10 standards are ineffective for controlling combustion emissions such as motor vehicle
and truck emissions.
PM2.5 and PM10 ambient air quality standards are measured in terms of particle mass (weight) and
are ineffective for measuring particle emissions from combustions sources such as power plants and
motor vehicles because these sources tend to emit very small particles in the submicron range
(diameters less than 1 µm), which contribute very little to particle mass concentrations (Morawska
et al., 2008).

2.2.1.8

Diesel Exhaust

Figure 1 below depicts a typical particle size distribution for diesel exhaust particulate matter
presented on a logarithmic scale and shows that almost all of these diesel particles are significantly
smaller than 1µm in diameter, and represent a mix of nanoparticles (diameters <0.05µm), ultrafine
(diameters <0.1µm) and fine particles (PM2.5, aerodynamic diameters <2.5µm) (DieselNet, 2002).
The figure shows that essentially diesel exhaust comprises many very small particles with little mass,
with few larger-sized particles accounting for most of the total particle mass, and a small fraction can
be seen in the coarse mode (PM10).
This makes it critical that ultrafine particles are measured on roadways, ramps and tunnels used by
heavy duty diesel vehicles.
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Figure 1 Diesel particulate matter size distribution (Source: DieselNet, 2002)

The dominance of diesel exhaust particulate matter emissions in the ultrafine size range clearly
supports the very important need to monitor ultrafine particles (particle number) in the West Gate
Tunnel Project, due to the dangerous health effects associated with breathing in diesel exhaust,
including its classification as a cancer-causing agent and association with an increased risk of lung
cancer.

2.3 Recommendations
HIGH PRIORITY RECOMMENDATIONS
AQ 4 Conduct baseline measurements of ultrafine particulate matter emissions pre-Project
commencement because without these baseline measurements we will never truly know the
environmental and health impacts of combustion-generated emissions from this road
project. Unless ultrafine particles are monitored, the Project is not measuring the full size
range of particles generated by motor vehicle fleets and most of the particles generated by
vehicles are in the ultrafine size range.
OTHER RECOMMENDATIONS
AQ5
Ultrafine particle measurement protocols follow contemporary best practice as outlined by
Swiss and German authorities, and relevant international Particle Groups involved with
ultrafine particle research. Measurement data be made available via live stream to EPA
Victoria, and analysed data to an Air Quality Community Consultative Committee (please
refer AQ10 below) and the public.
AQ6

Once baseline values of ultrafine particles are determined, a research project be funded to
derive a best estimate for a preventative limitation of emissions guideline for ultrafine
particle emissions relevant to the West Gate Tunnel Project for use in analysis of ultrafine
particle measurements, to inform potential epidemiological studies and the scientific, policy
and public communities.

AQ7

Annual, ongoing ultrafine particle measurements be undertaken in the tunnel and at various
distances from the freeway, truck ramps and close to sensitive land use areas such as the
Donald McLean Reserve and the Emma McLean Kindergarten to build scientific knowledge,
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for epidemiological studies, monitoring and comparison purposes to assess the impact, if
any, of the Project.
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3

Ongoing Air Quality Monitoring of PM2.5 and PM10

3.1

Current Situation based on EES

An Environmental Performance Requirement of the Project is to undertake ambient air quality
monitoring for at least one year prior to Project opening, as well as post-opening. However I note
that the monitoring period post-opening may be up to 5 years, or a lesser period depending on the
EPA Victoria (Golders, 2017).
I believe that ongoing monitoring of the impacts of the road on surrounding residents, recreational
facilities, and sensitive land use areas is essential and should continue for at least 5 years.

3.2

Why this proposal in the EES is unacceptable

The Project is building a road network, tunnel and truck ramps which can accommodate significantly
greater numbers of vehicles than the current West Gate freeway, which already has very high traffic
volumes of around 200,000 vehicles per day.
This Project is being constructed without any restrictions in terms of land use planning for sensitive
land uses; and currently there is no legislation in Victoria requiring certain buffer distances apply
between sensitive land use areas and busy roadways.
These increased traffic volumes mean that more air pollutants, including particulate matter, will be
generated by the vehicle fleet and it is therefore imperative that ambient air quality be measured
close to the road, in the tunnel, and near the ramps and sensitive land use areas to protect the
health of both residents and road users.
It is essential that PM2.5 and PM10 continue to be monitored for the life of the project and data be
made publicly available, given the serious health effects of exposure to particulate matter, and
expected high traffic volumes expected, including thousands of trucks on the ramps, and the close
proximity of residents and sensitive land uses.

3.2.1 Need to measure ‘real world’ emissions
Without ‘real world’ measurement data for the West Gate Tunnel Project for ultrafine particles,
PM2.5 and PM10 near the freeway, truck ramps, sensitive land use areas and inside the tunnel
undertaken on an ongoing basis, we have no knowledge about the potential health effects to road
and tunnel users and those living or in the general vicinity of this busy vehicle route. Air quality
models generally exhibit less rigour and accuracy, and provide only modelled estimates, not
quantifications, and are heavily dependent on a range of limited assumptions.

3.2.2 West Gate Tunnel Project has a duty of care to continue monitoring
The West Gate Tunnel Project will create increased traffic volumes in and around an already busy
freeway and therefore to understand the full extent of motor vehicle particulate matter pollution
and potential health effects, or otherwise, it is critical that ongoing monitoring of PM2.5 and PM10
continues for the life of the project.
The EPA currently has standards for PM2.5 and PM10 and it is only with ongoing monitoring beside the
road that we will know whether pollution from the road is causing air quality standards to be
exceeded. Data should be collected to make sure the pollution from the road does not go above the
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Victorian EPA standards, thus data needs to be collected on a 24 hour and annual basis. Please see
current ambient air quality standards for particulate matter for Victoria in Table 1 below.
Table 1– Current ambient air quality standards in Victoria for particulate matter
Pollutant

Item

1

Particles as PM10

Averaging
period

Maximum
concentration
standard

1 day
1 year

2

Particles as PM2.5

1 day
1 year

Maximum
allowable
exceedances

50 µg/m

3

None

25 µg/m

3

None

25 µg/m

3

None

8 µg/m

3

None

(Source: Australian Government, 2016).

3.2.3 PM2.5 air quality categories
The Victorian EPA displays all one-hour average PM2.5 data on EPA AirWatch using air quality
categories. 24-hour rolling average data from portable PM2.5 air monitors is also displayed using
these categories. Please see Table 2 below. I believe that reporting from these additional sites
should be conducted in line with this existing system.

3.2.4 Black Carbon Measurement
Measuring black carbon can be useful for discriminating between different vehicle types on
measurement campaigns. Black carbon particles have been associated with mortality and morbidity
and can serve as a marker for diesel exhaust, as an additional useful air quality indicator to evaluate
health risks in ambient air dominated by primary combustion particles (Janssen et al., 2011).
Table 2 EPA Victoria Air Quality Categories for PM2.5

Air quality category

24-hr PM2.5
µg/m3

One-hour PM2.5
µg/m3

Very good

0–8.2

0–13.1

Good

8.3–16.4

13.2–26.3

Fair

16.5–25.0

26.4–39.9

Poor

25.1–37.4

40–59.9

Very poor

37.5 or greater

60 or greater

(EPA, 2016).
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The Project should apply the precautionary principle and demonstrate a duty of care toward the
public’s health by regularly monitoring PM2.5 and PM10 levels.
This monitoring can alert government and the public to unhealthy risk levels, inform potential
epidemiological studies examining health effects, and monitor the impact of the project in the
longer term.
The Project’s current five temporary monitoring sites measuring PM2.5 and PM10 in and around the
Project should be continued to protect the health of the road users and local community, and
measurements should be extended to include sites inside the tunnel and at the Emma McLean
Kindergarten.

3.2.5 Health Effects Evidence
There is no known safe level of exposure to particulate matter; and no threshold below which
damage to health from exposure to particulate matter is not observed (WHO, 2016).
We are all susceptible to the detrimental health effects of exposure to particulate matter pollution;
and those who are most sensitive include older adults, children and people with heart or lung
disease and asthma (NSW EPA, 2013).
Particulate matter has a greater effect on humans than any other pollutant, and a country’s burden
of disease from stroke, heart disease, lung cancer, acute and chronic respiratory disease, including
asthma, can be lessened by reducing its level of air pollution (WHO, 2016).
There are numerous health effects associated with exposure to particulate matter and a large
number of measurement studies have been carried out in urban and traffic-influenced regions for
the three particle fractions, including for ultrafine particles. For example:•

many epidemiological studies link particle exposure to increased hospital admissions,
mortality, cardiovascular and respiratory disease (Pope & Dockery, 2006);

•

an association has been found with lung cancer (Pope et al., 2002) and heart attacks (Brook
et al., 2002);

•

particles can penetrate the cell membranes and enter the bloodstream, even reach the brain
(Oberdörster et al., 2004);

•

diesel exhaust is a classified human carcinogen (cancer-causing agent) (DieselNet, 2014;
IARC, 2012, Swiss Clean Air Act, 2000) and

•

The International Agency for Research on Cancer (IARC), World Health Organization
concluded there is sufficient evidence that exposure to diesel exhaust is associated with an
increased risk for lung cancer (IARC, 2012).

•

Inflammatory changes in the airways can occur; acute effects include irritation of eyes and
nose, changes in respiratory and lung function; chronic exposures associated with sputum
production and cough (Sydbom et al., 2001).

3.2.6 Cost of Health Effects
Australia is trailing global standards in its regulatory system for vehicle emissions management and
is not keeping pace with community expectations or science in responding to health issues
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(Cormack, 2015). Three thousand premature deaths occur in Australia each year costing close to
$24.3 billion a year in health costs (Cormack, 2015).
Particulate matter exposure is a significant cause of morbidity and mortality in Australia, and in NSW
alone it is estimated the health cost exceeds $4 billion per annum (CSIRO, 2013).
The Age highlighted findings in a report by the Victorian Auditor General which found that deaths in
Australia attributed to air pollution have increased 69% in five years, while deaths in 20 other similar
nations, including the USA, UK and Germany, have declined, citing 1483 air-pollution related deaths
in Australia in 2012, up from 882 deaths in 2005, and an annual cost for pollution-related deaths of
$5.8 billion in 2010, half of which is attributable to road transport (Gough, 2014).

3.3 Recommendations
HIGH PRIORITY RECOMMENDATIONS
AQ8
AQ Ongoing ambient monitoring of PM2.5 and PM10 should continue and the temporary
Project monitoring station on Donald McLean Reserve should be made permanent. This
data should be used to ensure source pollution from the road does not exceed the EPA
Victoria PM2.5 and PM10 ambient air quality standards.
AQ9

Regular, ongoing PM2.5 and PM10 measurements be undertaken in the tunnel and at various
distances from the freeway, truck ramps and close to sensitive land use areas such as the
Donald McLean Reserve, Emma McLean Kindergarten and other relevant sensitive land use
locations to assess any impacts the Project is having on human health.

AQ10 Establish an Air Quality Community Consultative Committee (AQCC) with an air quality
representative nominated by the community, and representatives from Council, EPA
Victoria, VicRoads, the Victorian Health Department, academia and other relevant
stakeholders. The role of this Committee will be to review air quality monitoring data, and
oversee the penalty and fine system imposed on the West Gate Tunnel Project for ambient
air quality standard exceedances by the Project.
AQ11 Live data be fed to EPA Victoria and data analysed by EPA Victoria be made promptly
available to the Air Quality Community Consultative Committee (refer AQ10) and the public
on the EPA website.
OTHER RECOMMENDATIONS
AQ 12 Black carbon be monitored to assist with discrimination between car and truck emissions
and as a marker for diesel exhaust; and cooperation be sought from the Victorian Transport
Department to install cameras for remote sensing of vehicle types during measurement
campaigns.
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4

Protection of Sensitive Land Use Areas

4.1

Current Situation based on EES

The Project is creating an increased pollution source without protecting populations at sensitive land
use areas such as kindergartens, child care centres and sports fields.

4.2

Why this proposal in the EES is unacceptable

The Project will increase traffic volumes on the West Gate Freeway by 37,000 vehicles per day and
approximately 1,600 trucks a day will use the ramps. The proposed Hyde Street ramp for placard
trucks is being constructed too close to two key sensitive areas in Spotswood, namely adjacent to
the Donald McLean Reserve and only approximately 200 metres from the Emma McLean
Kindergarten. Children aged 3-5 years attend this Centre.
In the United States the California Department of Education recommend distances for schools of at
least 1,500 feet (approx. 457 metres) from roadways that transport diesel, propane, gasoline,
oxygen, chlorine, pesticides, or other poisonous gases or combustible gases are transported (USEPA,
2015a). The Hyde Street truck ramp has been designed for trucks transporting these types of
dangerous and flammable goods and its close proximity to these two sensitive land users will expose
these populations to elevated concentrations of air pollution, including particulate matter; and
diesel exhaust, is a declared cancer-causing agent by the World Health Organisation (IARC, 2012).
People exercising at the Reserve will have higher respiration rates, thus taking more polluted air into
the lungs. The children at the childcare centre will be at risk also; because young children do not
have fully developed lungs, tend to be more active and have faster breathing rates than adults
(USEPA, 2015a) and will be susceptible to developing lung cancer and other health effects. Added to
which these children can spend up to 10 hours per day outside while at the centre.

4.2.1 Children’s Exposure to Traffic Pollution
Children are particularly susceptible to the effects of air pollution and studies have found such
exposures in childhood can decrease children’s lung function (HEI, 2013, cited in USEPA, 2015a).
Exposure to both indoor are outdoor pollutants are a concern (USEPA, 2015a).
Due to their ability to penetrate cell members ultrafine particles are generally associated with more
severe toxicity compared to coarse and fine particles (PM10 and PM2.5 respectively) and children
exhibit more susceptibility to these effects than adults due to their children’s rates of inhalation and
underdeveloped respiratory and immune systems, amongst other factors (Rufo et al., 2015).

4.2.2 Large number of sensitive receptors within the Project Boundary
Sensitive land uses can include schools, hospitals, childcare and aged care facilities, playgrounds
close to roads on regional freight networks (Wickham, 2012). The number of reserves, recreational
areas and educational and childcare centres listed in AQIA as sensitive receptors is quite marked. In
fact, they list 69 discrete sensitive receptors located within one kilometre of the project boundary
(Golders, 2017). The report maintains that beyond this boundary air quality impacts from upgraded
roads and tunnel ventilation are unlikely to be significant (Golders, 2017).
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These 69 sensitive populations represent a significant number of children and adults who will be
adversely affected by pollution, including exposure to diesel exhaust, which could severely affect
their health, and even cause death.
Clearly there is a very strong case here of incompatible land use and sensitive populations, which
necessitates careful and extensive mitigation strategies be implemented to protect children and
adults from dangerous particulate matter emissions and diesel exhaust from trucks.
This large number of sensitive populations, in itself, constitutes a strong basis for not going ahead
with the current design of the Project.

4.2.3

Best Practice Protection of Sensitive Land Use Areas

Background levels of particle emissions tend to occur 300-500m from the roadway (Bell & Ashenden,
1997; Gilbert et al., 2003; Zhu et al., 2002); not 200m from the direct emission source, and young
children and people exercising are particularly vulnerable to the detrimental health effects of
exposure to particulate matter.
In California planning legislation requires School Boards work with local agencies to identify any
incompatible land uses within 400m of a proposed new school site (Wickham, 2012). These
incompatible land uses include freeways and busy traffic corridors (>50,000 vehicles per day in rural
areas and >100,000 in urban areas) and in these cases health risk assessments & other actions are
necessary (Wickham, 2012).
In order to bring the Project’s air quality monitoring planning up to date with current scientific
knowledge PM2.5 and PM10, ultrafine particles, black carbon and nitrogen dioxide should be regularly
monitored at the Donald McLean Reserve and the Emma McLean Kindergarten to effectively assess
both vehicle, bus and diesel truck emissions.

4.2.3.1

Donald McLean Reserve

The addition of traffic lanes and trucks ramps to the West Gate freeway will expose users of this
sports field to higher levels of particulate matter emissions. Protection measures should be applied
to the oval, including the installation of a barrier on the southern ramp and the planting of suitable
vegetation barriers, including relevant mixed species, and a permanent monitoring station
established to ensure any potential health risks can be quickly identified and managed.
The freeway will be located at a substantial height above the sports field and therefore a careful
study of wind direction, site geometry, meteorological conditions, road configuration and suitable
tree and plant species, amongst other relevant criteria, would be needed to design effective
vegetation barriers that reduce pollution exposure.

4.2.3.2

Vegetation Barriers installed along the length of the Freeway and
ramps

Installing vegetation barriers near heavily trafficked roads can reduce pollution and prevent it from
reaching pedestrians and those in the vicinity of the roads (Al-Dabbous & Kumar, 2014). For roads
in open areas, they have been found to improve air quality near roads (Baldauf et al., 2011; Heist et
al., 2009). Vegetation barriers of certain species can also have the added benefit of sequestering
carbon and reducing noise.
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A combination of sound walls and vegetation can reduce motor vehicle pollution downwind of roads
by close to 60% (Bowker et al., 2007). Vegetation such as plants and trees can act as a physical
barrier between roads and schools and can filter particles, their effectiveness will depend on
vegetation height, density, species and age, and wind speed amongst other factors, and needs to be
appropriate for the area and maintain its structure year-round; and the US Department of
Agriculture provides a tree species tool to aid vegetation selection (USEPA, 2015a). Factors such as
the likelihood of causing allergies should also be considered. Further detail on vegetation barriers
can be found in USEPA (2015a).

4.2.3.3

Emma McLean Kindergarten

This kindergarten services around 65 families per week, caring for children aged 3-5 years. The
children spend between 2-60 hours per week at the centre and can spend up to 10 hours per day
outside participating in the Centre’s Outside Education Program.
Given the proposed placard truck ramps, future increased traffic volumes of the West Gate Project
and the kindergarten’s close proximity within 200 metres of the freeway, it is critical that if the
Centre cannot be relocated to at least a distance of 500 metres from the Project, air quality be
monitored on an ongoing basis, both indoor and outdoor at this Centre and that protection
measures for the Centre be put in place prior to Project completion. An independent air quality
expert should be employed to look at ensuring every possible air quality measure that can be put in
place is put in place for Emma McLean Kindergarten and Donald McLean Reserve. This must include
the building of a barrier on the southern Hyde Street ramp and planting of trees.

4.2.3.4

Protection Measures for Children and Air Pollution Exposure

The numerous benefits associated with children attending forest or nature-based kindergartens such
as the Emma McLean Kindergarten are well documented, however what is less well described are
the potential negative health effects of exposure to dangerous levels of air pollutants, such as traffic
emissions and diesel exhaust, for kindergartens located near busy roads or truck routes.
Communities and schools across the United States employ a range of protection measures to reduce
exposure to the harmful effects of air pollution, such as locating classrooms at greater distances
from pollution sources; improving site layout, installing vegetation and/or solid barriers to block
emissions, upgrading classroom filtration systems and moving air intake away sources of pollution;
avoiding vigorous physical activities during peak traffic times; providing staff and students with
training on indoor air quality and ventilation; and taking steps to reduce vehicle idling in close
proximity (USEPA, 2015b).
US local and state air pollution agencies also offer assistance to schools in conducting overall
environmental evaluations of their schools to determine whether there are any impacts from trafficrelated pollution (USEPA, 2015a).
Recent research has shown that relatively small increases in air pollution levels over a short time
frame can lead to significant cognitive declines in children (Sunyer et al., 2017). We know that air
pollution increases as proximity to the source increases, thus a truck ramp that brings diesel exhaust
fumes from 800 trucks closer to children is likely to increase air pollution impacts for children at
Emma McLean Kindergarten. A systematic review looking at the relationship between exposure to
green space and cognitive function suggests exposure to green space benefits cognitive
development in childhood and their resulting cognitive function in adulthood (de Keijzer et al.,
2016). This research suggests that providing additional green space as an off-set for additional
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pollution may at least help to mitigate the impacts of pollution. Thus in line with the precautionary
principle and in order to provide adequate compensation to children attending Emma McLean
Kindergarten and residents living in the vicinity of the ramps and Simcock Avenue, the industrial land
on Simcock Avenue should be rehabilitated and turned into open space.

4.2.3.5

Recommended Buffer Distances between Schools and Busy Roads

The USEPA’s guide Best Practices for Reducing Near Road Pollution Exposure at Schools summarises
a range of recommended citing distances for schools which include:•

new schools not be located within 500 feet of major roads with traffic volumes in excess of
50,000 vehicles per day (California Air Resources Board);

•

new schools not be built within 500 feet of a major transport corridor or freeway (more than
100,000 vehicles a day (Los Angeles Unified School District).

•

a buffer distance of not less than 500 feet, and as much as 1,000 feet between major roads
and schools (South Coast Air Quality Management District); and

•

distancing schools at least 1,500 feet from roadways that transport diesel, propane,
gasoline, oxygen, chlorine, pesticides, or other poisonous gases or combustible gases are
transported (California Department of Education)

(USEPA, 2015a)
Clearly these recommended buffer distances for citing schools in relation to busy roads, are highly
relevant to the Emma McLean Kindergarten and other education centres located within 500-1000
feet (approx. 152-305 metres) of the West Gate Freeway, and highlight the extreme health risks for
these children.
The California Department of Education recommend distances for schools of at least 1,500 feet
(approx. 457 metres) from roadways transporting diesel, propane, gasoline, oxygen, chlorine,
pesticides, or other poisonous gases or combustible gases (USEPA, 2015a) is of particular relevance
in this case.
The proposed Hyde Street truck ramps on the West Gate Freeway catering for placard trucks
carrying dangerous and flammable goods will be located within 200 metres of the Emma McLean
Kindergarten and this is unacceptable without any protection measures in place.

4.2.3.6 Installation of Filtration Systems
Elevated levels of traffic pollution can be found inside classrooms and generally tend to be within
about 150 metres of a road, and background levels at about 600 metres depending on a number of
factors such as topography, time of day, pollutant (Karner et al., 2010, cited in USEPA, 2015a). Wind
direction, meteorological conditions and other factors can also influence pollution levels, as well as
school practices which may include leaving windows and doors open during operating times.
Studies have found that installing filtration systems in schools can result in improved air quality
indoors, and can reduce particle pollution concentrations by up to 97% compared to concentration
levels outdoors (McCarthy et al., 2013, cited in USEPA, 2015a) The correct type of filtration system
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needs to be selected and maintained, and open doors and windows can reduce effectiveness with
some systems.
A brief summary of ventilation and mitigation systems is shown in USEPA’s guide in Table 1 (2015a).

4.3

Recommendations

HIGH PRIORITY RECOMMENDATIONS
AQ13 The possibility of relocating the Emma McLean Kindergarten to at least 500m from busy
roads and the Project should be investigated and discussed with the council, kindergarten
committee and local community.
AQ14

Barriers that are designed to reduce air pollution at Donald McLean Reserve and Emma
McLean Kindergarten be built on the southern ramp that runs within 200m of Emma McLean
Kindergarten and Donald McLean Reserve.

AQ15

An independent air quality expert be employed to look at ensuring every possible air quality
measure that can be put in place is put in place for Emma McLean Kindergarten and Donald
McLean Reserve.

AQ16

The industrial land on Simcock Avenue should be rehabilitated as part of this project and
turned into open space, creating additional open space is the only reasonable off-set for the
building of a new truck ramp next to a reserve and kindergarten.

AQ17

Establish an anti-idling policy for trucks involved in construction of the West Gate Tunnel
Project, particularly within 500m of sensitive land use areas.

AQ18

Continuous monitoring of pollutants should continue at the Donald McLean Reserve and
commence inside and at relevant locations outside the Emma McLean Kindergarten.
Ultrafine particles, black carbon and nitrogen dioxide monitoring should be added to the
campaigns to fully assess motor vehicle and diesel exhaust pollution.

AQ19

Vegetation barriers be installed between the Hyde Street on- ramp, Donald McLean Reserve
and the Emma McLean Kindergarten to reduce air pollution exposure. Local Council
Arborists, Ecologists, Site Surveyors, Air Quality and other relevant experts should be
consulted on appropriate vegetation species selection, and a careful study made of suitable
plant species, wind direction, site geometries, local meteorological conditions, road
configuration, amongst other relevant criteria, to ensure effective design.

AQ20

Fixed barriers should be installed at Emma McLean Kindergarten (eg., brick walls, or clear
solid barriers eg., made of clear Perspex or relevant clear material, to give the appearance of
an open space) to block and limit the children’s exposure to air pollution.

AQ21

A comprehensive review should be undertaken to identify whether there are any other
sensitive land use areas within 500 metres of the Project (eg., Sanctuary Child Care Centre)
that need to be considered in terms of risk from air pollution health effects.

OTHER RECOMMENATIONS
AQ22 An additional low cost but effective particulate matter and other pollutant monitoring
system be installed both inside and at relevant positions in the playground at the Emma
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McLean Kindergarten which issues an alert to staff and the EPA Victoria in the event that
pollutants concentrations levels reach harmful levels.
AQ23 An air quality monitoring project be implemented which assesses air pollution levels pre and
post construction of the Project at the Emma McLean Kindergarten, that includes
consultation with respiratory physicians and air quality specialists. With the agreement of
children’s parents at the Emma McLean Kindergarten children be given the option to wear
small, portable air quality monitors whilst at the Centre, as some children can spend up to 10
hours per day outside at the Centre.

5

Improving Emissions of Ageing Truck Fleet Using Project

5.1

Current Situation based on EES

The Australian truck fleet is aged and thus a gross emitter of particulate matter, especially ultrafine
particles. Most heavy-duty vehicles use diesel fuel and exposure to diesel exhaust causes cancer and
increases the risk of developing lung cancer.
In 2014 30% of the Australian truck fleet (above 4.5t GVM) were registered and manufactured pre1996 when there were no emission standards, and only about 12.5% were Euro V (ADR80/03) or
higher compliant (Truck Industry Council, 2015). The majority of these pre-1996 trucks are known to
operate in urban areas of greater Melbourne, Brisbane and Sydney, Melbourne and Brisbane (Truck
Industry Council, 2015).
The Australian truck fleet represents a very significant and dangerous polluter which needs
initiatives, such as financial incentives or behaviour change programs, to convince the industry to
upgrade their fleets to Euro V and VI, or retrofit trucks with emissions control technical to reduce
emissions.

5.2

Why this proposal in the EES is unacceptable

No special explanation is made in the AQIA concerning this major polluter, nor of the specific level of
contributions of all pollutants by the truck fleet to the Project. .
Because the majority of Australian trucks use diesel fuel, it is critical that they be monitored and
actions taken to try to reduce the level of diesel exhaust people in the area are exposed to.

5.2.1 How polluting is our Australian Truck Fleet?
The greater proportion of the Australian truck fleet is neither Euro V, nor Euro VI compliant; and the
average age is 13.84 years (Truck Industry Council, 2015).
As shown in Figure 2 below in 2014 around 87% of the Australian truck fleet were not Euro V or
higher compliant and 30% were manufactured when there were no emissions standards. The
Australian truck fleet represents a significant source of air pollution and diesel particle emissions
that will be using the West Gate Tunnel Project.
When examining trucks registered in Victoria in 2016 in terms of vehicle kilometres travelled, only
29% of rigid trucks (> 3.5t GVM) and 47% of articulated trucks were manufactured in 2011 or later
(Euro V or higher compliance) (ABS, 2016).
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Figure 2 Australian Truck Fleet Age by Engine Emission Standard, above 4.5t GVM
(ABS, 2014, as cited in Truck Industry Council, 2015)

The AQIA has made no specific mention of the contribution of the truck fleet to modelled pollution
levels.
The Australian truck fleet using the West Gate Tunnel Project’s truck ramps, freeways and tunnel is
aged and a very large proportion are not even compliant with current Australian standards, Euro
V(ADR80/03), hence they are likely to be a very significant emitters of diesel particulate matter.
Initiatives are needed to encourage the truck fleet to improve the quality of the fleet by eg.,
retrofitting older vehicles with diesel particle filters or upgrading to newer Euro VI-complaint
vehicles.

5.2.2 Remote Sensing to alert truck drivers to their polluting behaviour
Considering the age of the Victorian and Australian truck fleets I propose that a remote sensing
campaign should be considered to identify vehicle types during measurement campaigns; and large
billboards installed on the placard truck ramps to display real time, on-road emission rate
information for trucks and other vehicles about their pollution levels to influence their behaviour.
(Please see Figure 3 for an example).
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Figure 3 Composite visualization of a Remote Sensing Campaign (adapted from Xie et al., 2004)

5.3 Recommendations
HIGH PRIORITY RECOMMENDATIONS
AQ24 The project team be asked to provide a report showing the contributions of the truck fleet to
total air pollutant concentrations, for all pollutants, and all modelling scenarios (including
individual roads, ramps, tunnel and roadways, 2022 and 2031) they have undertaken for the
project, and to state the value of emission factors used in this and their previous modelling.
OTHER RECOMMENDATIONS
AQ25 Large electronic billboards be erected near the truck ramps (please see example in Figure 3)
display real time emission rate information relevant to individual vehicles and trucks as they
drive past the sensor, to alert truck drivers as to their polluting behaviour, or otherwise, and
encourage behavioural change, such as adopting more regular vehicle servicing, retrofitting
with diesel particle filter emission technology, and purchase of Euro VI compliant vehicles.
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6

Measures in Place for Exceeding the Ambient Air Quality Standards

6.1

Current Situation Based on the EES

Currently the Victorian EPA has no penalties or taxes if air quality standards are exceeded, there is
only a requirement to report if standards are exceeded. Considering this project could potentially
lead to air quality standards being exceeded I believe there should be measures in place if this
occurs.

6.2

Why this Proposal in the EES is unacceptable

There are no penalties whatsoever that relate to exceeding ambient air quality standards for the
Project, with the exception of those applying to their tunnel licence. This is unacceptable.
Given the currently high traffic volumes on the West Gate Freeway and the expected increased
traffic volumes once the Project is completed, it is critical that penalties or taxes be applied if levels
of PM2.5 and PM10 and other pollutants regulated by the Victorian EPA exceed the averaging periods
and maximum ambient concentration levels they set out.
Golder Associates (2017) in their AQIA predict that the West Gate Freeway and several other roads
will have increased levels of particulate matter, even reaching intervention levels, in particular
predicting in 2022 24 hour average PM10 reach intervention levels for the West Gate Freeway,
Williamstown Road, Whitehall Street and Millers Road; and maximum 24 hour average PM10
concentrations are predicted to increase on the West Gate Freeway, Millers Road and Geelong Road;
and in 2031 exceedances of 24 hour average PM10 intervention level on five roads – the West Gate
Freeway, Williamstown Road, Whitehall Street, Blackshaws Road and Millers Road; and PM2.5
concentrations will increase on Blackshaws Road, Millers Road and Geelong Road) (2017, p. v-vi).
The West Gate Freeway and Millers Road are expected to have PM2.5 levels above the current annual
standard of 8.0µg/m3 as a result of this project in 2031 (AECOM, 2017, p. 101) This evidence puts
into question whether the West Gate Tunnel Project should be allowed to proceed, particularly
when we consider that the aim of the National Environment Protection Council (2017)is to reduce
the annual average PM2.5 standards to 7 μg/m3 by 2025.
As Golder’s assessment does not include estimation of in-tunnel concentrations for particulate
matter and other pollutants, we have no idea about the exposure levels of tunnel users, even with
the proposed ventilation system.
The tunnel structure should also be subject to air quality standards for particulate matter and, as
mentioned earlier in this report, the Project’s Technical Report J on Human Health Impact
Assessment suggesting tunnel users wind up windows and reticulate circulation are ineffective
mitigation strategies from a public health perspective. More needs to be done by the Project to
assess risk and reduce pollution levels inside the tunnel by continuously monitoring pollutants and
installing filtration systems that are regularly maintained and cleaned.

6.2.1 Examples of Air Pollution Taxes and Measures Worldwide
A wide range of strategies are employed worldwide to reduce vehicle emissions. Examples include
congestion charging, bans on personal and commercial vehicles with certain licence plate numbers
at different times and days, car free days, LEZs (low emission zones) and court action by the
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European Union at the European Court of Justice with accompanying hefty daily fines for countries
exceeding ambient air quality standards and putting citizen health at risk.
Currently the United Kingdom is reportedly considering introducing a £20 daily ‘toxin tax’ which
could affect 10 million drivers of diesel vehicles in the UK in 35 cities and 25 towns in an effort to
reduce pollution from diesel vehicles (Smith, 2017). European Union citizens are entitled under
European law to demand action plans be developed rapidly by local authorities to address air
pollution (Wolff & Perry, 2010). In Australia, however, there are currently no such entitlements.

6.3

Recommendations

AQ26

Considering the project modelling shows that the project will be exceeding annual air
quality standards there should be a thorough assessment as to whether the project should
be able to continue in its current form.

AQ27

If the daily or annual ambient PM2.5 or PM10 air quality standards are exceeded, then
measures should be put in place to reduce pollution. Included in these measures should be
the taxing of diesel vehicles, at varying rates for articulated, heavy and medium rigid
trucks, and passenger cars.

AQ28

These fines can be channelled to help fund initiatives to improve the quality of the truck
and vehicle fleets, with a focus on trucks to encourage and support eg., retrofitting of
particle emission reduction technology, more regular servicing or incentives such as
purchasing of newer Euro VI/6-compliant vehicles.

7

Conclusions

This report presents 28 recommendations to protect the general public and sensitive populations
from the harmful effects of dangerous pollutants generated by motor vehicles, including diesel
exhaust.
The review of the AQIA revealed that their modelling was highly erroneous and extremely flawed.
They ‘guess-estimated’ PM2.5 petrol fuelled passenger car emission factors based on diesel fuelled
passenger cars emission factor values using a scaling ratio; and derived PM10 emission factors from
the sum of exhaust and non-exhaust PM2.5 emission factors multiplied by a factor of 1.8 (based on instack emissions for one Australian tunnel) and ignored non-exhaust brake and tyre emissions
generated by motor vehicles which can account for up to an additional 55% of PM2.5 and PM10
emissions.
These emission factors are highly inappropriate and have no scientific basis. They estimated and
combined particle emission factor values from completely different particle sources and particle size
ranges, different fuel types and vehicle engine operating systems. They did not use relevant, up to
date emission factors in their modelling sourced from the published scientific literature. Golder
Associates also used the same emission factors for roads and tunnels and did not reveal in their
report the value of any of the emission factors they used in modelling, including for diesel trucks.
Given that the health effects assessment is based on Golder Associates modelling this is completely
unacceptable. Out of date background data has been used and in-tunnel emissions have not been
modelled, amongst other major flaws in their work.
The results of the AQIA can therefore not be relied upon to form the basis of any health impact
assessment for this Project.
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I highly recommend the Project team be asked to redo their assessment using more up to date and
relevant scientifically-based emission factors as outlined in this report. They should also provide a
report detailing the specific contribution of the diesel truck vehicle fleet to the total modelled
concentrations for all pollutants on all sites, including individual roads, the freeway, ramps and
tunnel. This knowledge is critical in order to assess health effects relating to exposure to diesel
exhaust.
Regulatory Standards for PM2.5 and PM10 in-tunnel emissions are needed and should be
implemented by EPA Victoria. Temporary ambient air quality monitoring needs to continue for at
least another 5 years, if not longer, and be expanded to include the Emma McLean Kindergarten,
and other sensitive land use areas within 500 metres of the Project.
Baseline ultrafine particle monitoring should be commenced so that the full size range of particles
generated by motor vehicles is being assessed, not just the mass fractions, and funding allocated to
estimate a preventative limit of emissions guideline for ultrafine particles. This data will be
invaluable in informing future epidemiological studies and scientific understanding and development
of ambient air quality standards. Monitoring black carbon is also recommended as a marker for
diesel exhaust to assess health effects.
An Air Quality Community Consultative Committee should be established to regularly review
monitoring data made available to the public online, and also oversee a fine system for diesel
vehicles when ambient air quality standards are exceeded.
The buffer distance between the Donald McLean Reserve, adjacent to the freeway, and the Emma
McLean Kindergarten of 200 metres, is not sufficient to mitigate against pollution from the Hyde
Street ramps which will likely be transporting dangerous goods such as diesel, petrol, propane,
oxygen, chlorine, pesticides, or other poisonous gases or combustible gases. In the United States
they recommend schools be sited at least 457 metres (or 1500 feet) away from roads transporting
these goods (USEPA, 2015a).
A review should be undertaken of exposure to traffic emissions for other sensitive land use areas
within 500 metres of the Project which may require protection and mitigation measures
implemented. Considering the proximity of the Freeway to Donald McLean Reserve the temporary
monitoring station on the reserve must be made permanent and upgraded to include monitoring for
nitrogen dioxide and black carbon.
In the event that the Emma McLean Kindergarten cannot be relocated to at least 500 metres from
the Project and busy roads, appropriate ventilation, fixed and vegetation barriers should be
installed. An independent air quality expert should be engaged to look at ensuring every possible air
quality measure that can be put in place is put in place for Emma McLean Kindergarten and Donald
McLean Reserve. Additional open space is a suitable off-set for the building of a new truck ramp
next to a reserve and kindergarten. A barrier should be installed on the southern Hyde Street ramp
to reduce air pollution on the Donald McLean Reserve and the Hyde Street ramps. Vegetation
should also be planted along the southern ramp.
The ramps need to be fully enclosed and fitted with a full deluge system, and filtration systems
which are regularly cleaned. Large electronic billboards should be installed near the ramps at an
appropriate location which remotely sense individual vehicle and truck emissions and display real
time emission information eg “Your Emissions are Poor” in order to change driver behaviour and
encourage, in particular, truck drivers to retrofit their vehicles with diesel particle filters, undergo
more regular servicing or purchase newer lower polluting vehicles.
As there are no specific and effective planned mitigation activities by the Project to control vehicle
emissions, nor are ambient vehicle emissions regulated by any Australian government authority,
fines and penalties should be applied to diesel drivers of the West Gate Tunnel Project for
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exceedances of the ambient air quality standards. These funds could be used to help fund initiatives
to improve the truck and vehicle fleets to encourage purchase of lower polluting vehicles and
practices which lead to reductions in emissions, such as retrofitting diesel particle filters on trucks.
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