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The total number of cases attributable to exposure to particulate matter (where a linear dose-
response is assumed) can be calculated as:

E=AF x B x P … Equation 4

Where:
B = baseline incidence of a given health effect (eg mortality rate per person per year)
P = relevant exposed population

The above approach (while presented slightly differently) is consistent with that presented in
Australia (Burgers & Walsh 2002), US (OEHHA 2002; USEPA 2005, 2010) and Europe (Martuzzi et
al. 2002; Sjoberg et al. 2009). Where a linear dose-response is assumed (as is the case in this
assessment), the calculations are equivalent to the following:

The calculation of an increased incidence (ie number of cases) of a particular health endpoint is not
relevant to a specific individual, rather this is relevant to a statistically relevant population. This
calculation has been undertaken for populations within the suburbs surrounding the proposed
project. When considering the potential impact of the project on the population, the calculation has
been undertaken using the following:

n Equation 1 has been used to calculate a relative risk. The relative risk has been calculated
for a population weighted annual average incremental increase in PM2.5 concentrations. The
population weighted average has been calculated on the basis of the smallest statistical
division provided by the Australian Bureau of Statistics within a suburb (i.e. mesh blocks –
which are small blocks that cover an area of approximately 30 urban residences). For each
mesh block in a suburb the average incremental increase in PM2.5 concentration has been
calculated and multiplied by the population living in the mesh block (data available from the
ABS for the 2011 census year). The weighted average has been calculated by summing
these calculations for each mesh block in a suburb and dividing by the total population in
the suburb (i.e. in all the mesh block).

n Equation 3 has been used to calculate an attributable fraction.
n Equation 4 has been used to calculate the increased number of cases associated with the

incremental PM2.5 impact evaluated. The calculation is undertaken utilising the baseline
incidence data relevant for the endpoint considered and the population (for the relevant age
groups) present in the suburb.
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The above approach can be simplified (mathematically, where the incremental change in particulate
concentration is low, less than 1 µg/m3) as follows:

E=β x B x ∑ (∆  x ) … Equation 5

Where:
β = slope coefficient relevant to the per cent change in response to a 1 µg/m3 change in
particulate matter exposure (as per Table 5-1)
B = baseline incidence of a given health effect per person (eg annual mortality rate)
ΔXmesh = change (increment) in PM10 or PM2.5 exposure concentration in µg/m3 as an average
within a small area defined as a mesh block (from the ABS – where many mesh blocks make
up a suburb)
Pmesh = population (residential – based on data form the ABS) within each small mesh block

An additional risk can then be calculated as:

Risk=β x ∆X x B … Equation 6

Where:
β = slope coefficient relevant to the per cent change in response to a 1 µg/m3 change in
particulate matter exposure (as per Table 5-1)
ΔX = change (increment) in PM10 or PM2.5 exposure concentration in µg/m3 relevant to the
project at the point of exposure
B = baseline incidence of a given health effect per person (eg annual mortality rate)

This calculation provides an annual risk for individuals exposed to increased PM emissions from the
project at specific locations (such as the maximum, or at specific sensitive receiver locations).

For the assessment of potential lung cancer risks associated with exposure to diesel particulate
matter, a non-threshold cancer risk is calculated. Non-threshold carcinogenic risks are estimated as
the incremental probability of an individual developing cancer over a lifetime as a result of exposure
to a potential non-threshold carcinogen. The numerical estimate of excess lifetime cancer risk is
calculated as follows for inhalation exposures (USEPA 2009a):

Carcinogenic Risk (inhalation) = Exposure Concentration in Air x Inhalation Unit Risk

5.3.2 Quantification of short-and long-term effects

The concentration-response functions adopted for the assessment of exposure are derived from
long and short-term studies and relate to short or long-term effects endpoints (eg change in
incidence from daily changes in particulate matter, or chronic incidence from long-term exposures to
particulate matter).

Long-term or chronic effects are assessed on the basis of the identified exposure-response function
and annual average particulate matter concentrations. These then allow the calculation of a chronic
incidence of the assessed health endpoint.

Short-term effects are also assessed on the basis of an exposure-response function that is
expressed as a percentage change in endpoint per µg/m3 change in particulate matter exposure.
For short-term effects, the calculations relate to daily increases in particulate matter exposures and
changes in daily effects endpoints. While it may be possible to measure daily incidence of the
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evaluated health endpoints in a large population study specifically designed to include such data, it
is not common to collect such data in hospitals nor are effects measurable in smaller communities.
Instead these calculations relate to a parameter that is measurable, such as annual incidence of
hospitalisations, mortality or lung cancer risks. The calculation of an annual incidence or additional
risk can be undertaken using two approaches (Ostro 2004; USEPA 2010):

1. Calculate the daily incidence or risk at each receiver location over every 24-hour period of
the year (based on the modelled incremental 24-hour average concentration for each day of
the year and daily baseline incidence data) and then sum the daily incidence/risk to get the
annual risk; or

2. Calculate the annual incidence/risk based on the incremental annual average concentration
at each receiver (and using annual baseline incidence data).

In the absence of a threshold, and assuming a linear concentration-response function (as is the
case in this assessment), these two approaches result in the same outcome mathematically
(calculated incidence or risk). Given that it is much simpler computationally to calculate the
incidence (for each receiver) based on the incremental annual average, compared with calculating
effects on each day of the year and then summing, this is the preferred calculation method. It is the
recommended method outlined by the WHO (Ostro 2004).

The use of the simpler approach, based on annual average particulate matter concentrations should
not be taken as implying or suggesting that the calculation is quantifying the effects of long-term
exposure.

Hence for the calculations presented in this technical working paper, for both long-term and short-
term effects, annual average concentrations of particulate matter have been utilised.

5.3.3 Population exposed

The population exposed to emissions derived from the operation of the project are located in areas
close to the southern and northern interchanges (as discussed further in Section 3).

The AQIA has identified the maximum predicted level in proximity to the ventilation facilities as well
as the potential impacts within the local suburbs surrounding the project. In addition data is available
from the AQIA on potential impacts at a number of sensitive receivers identified within the local
community as listed in Table 3-1 and Table 3-2.

The calculations presented for an increased annual risk is not dependent on the population
exposed. However the calculations undertaken for the increased incidence (or number of cases) in
the population exposed. This calculation is undertaken on a population level as outlined in
Section 5.3.1.
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5.3.4 Baseline incidence

The baseline incidence of the key health endpoints considered in this assessment has been derived
from health statistics relevant to the area evaluated. As discussed in Section 3.4.3 the baseline
incidence of the key health endpoints addressed in this assessment are based on data for NSW.
This data is considered to overestimate the incidence of these health endpoints in the smaller
populations of interest in this project (refer to discussion in Section 3.4.3), however, in the absence
of relevant and reliable data for the populations of interest the NSW data is considered to be
appropriate.

5.3.5 Calculated health impacts – Southern and northern ventilation
facilities alone

Incremental risk calculations
On the basis of the approach outlined above, and for the key health endpoints considered in relation
to exposure to PM2.5 and PM10 (derived from the project), incremental risks have been calculated for
scenarios 2a (2019) and 2b (2029) based on data from the AQIA. The calculations have been
undertaken for the maximum predicted concentrations as well as concentrations predicted at each
of the sensitive receivers.

Table 5-2 and Table 5-3 present a summary of the predicted increased annual risks relevant to the
primary health indicators addressed in this assessment, for scenarios 2a (2019) and 2b (2029).

The calculations are not presented in these tables for all the individual sensitive receivers (but are
presented in Appendix B) as the health endpoints are not considered to be relevant for the receiver
evaluated, eg hospitalisations for people aged 65 years and over is not a relevant health endpoint
for evaluating impacts at a childcare centre or school.

Table 5-4 to Table 5-5 present a summary of the predicted increased annual risks relevant to the
secondary health indicators, for scenarios 2a (2019) and 2b (2029). Detailed calculations of these
health impacts are presented in Appendix B.

The calculations presented in these tables are considered accurate to one significant figure only
due to the level of uncertainty within all aspects of the assessment presented.

Increased incidence of health effects
Based on analysis of the potential health impacts on the population adjacent to the northern and
southern ends of the project based on the ventilation facilities alone, the calculated increased
population incidence, or number of cases, for the primary health endpoints associated with PM2.5
exposure are summarised in Table 5-6. These calculated values are considered accurate to one
significant figure only due to the level of uncertainty within all aspects of the assessment presented.

Calculations are presented in Appendix C, including calculations for the secondary endpoints
(where the calculated increased incidence is similar to and lower than presented for the primary
health endpoints).
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Diesel particulate matter
The calculated incremental lifetime risk of cancer associated with potential exposure to diesel
particulate matter (assuming 100 per cent of the PM2.5 derived from the tunnel is diesel particulate
matter), at the maximum impacted location is calculated to be 5x10-6 (scenario 2a, 2019)) and
3x10-6 (scenario 2b, 2029) for the southern interchange and 4x10-6 (scenario 2a, 2019) and
4x10-6 (scenario 2b, 2029) for the northern interchange.

5.3.6 Assessment of all project impacts

The calculations presented in Sections 5.3.1 to 5.3.5 are associated with impacts of predicted
emissions of particulate matter on the local community from the operation of the ventilation facilities
at the southern and northern interchanges alone. The calculations presented do not take into
account changes (primarily) reductions in emissions (and concentrations of particulate matter) that
would occur along the existing road corridor of Pennant Hills Road (and associated feeder roads) as
a result of the project. Impacts associated with the project would not only involve an increase in
concentrations of PM2.5 and PM10 in areas adjacent to the northern and southern interchanges, but
also decreases in concentrations along Pennant Hills Road from the Hills M2 Motorway to the M1
Pacific Motorway (due to the reduction in traffic using this section of road).

To evaluate all the impacts from the proposed project (increases and decreases) the air modelling
conducted for the various project scenarios have been combined as follows:

n Step 1: Modelling conducted to evaluate emissions from the southern and northern
ventilation stacks (scenarios 2a and 2b) has been combined with modelling of emissions for
the predicted reduced number of vehicles proposed Pennant Hills Road for the years 2019
and 2029.

n Step 2: Scenario 1 has modelled emissions and impacts along Pennant Hills Road (and
feeder roads) if the project does not go ahead for the years 2019 and 2029.

n Step 3: Impacts form the overall project have been calculated by overlaying (subtracting or
adding) impacts form the project (Step 1) with the impacts that would have occurred if the
project did not go ahead (Step 2).

The incremental change in annual average PM2.5 concentrations in the community adjacent to the
whole project has been calculated on the basis of the above approach. Figure 5-1 and Figure 5-2
present plots of the predicted change in annual average concentration in the project area for the
years 2019 and 2029. The plots (and associated calculations) show that concentrations of PM2.5

within the community adjacent to Pennant Hills Road are predicted to be lower with the completion
of the tunnel. This is because the project is expected to improve traffic flows along Pennant Hills
Road, which would be expected to improve air quality along that road corridor. There are some
areas at the northern and southern ends of the proposed tunnel where an increase is predicted. It is
noted that the increased impacts predicted are lower than the reduction in impacts along the
corridor of Pennant Hills Road.

To provide some measure of the overall health impact of the whole project on the population
(adjacent to the southern and northern interchanges and along Pennant Hills Road) the change in
risk (increase or decrease) for the primary health endpoints have been calculated based on the
population weighted average change in PM2.5 concentration (annual average) for each suburb (or



Technical Working Paper: Human Health Risk Assessment - NorthConnex 90 | P a g e
Ref: ARM/14/M1M2R001-E

part of a suburb relevant to the road corridor) and the total population. In addition the total
population incidence has been calculated for all the suburbs combined. The calculated risks and
population incidence calculated for 2019 and 2029 (for Scenario 2) are presented in Table 5-7.
Values presented as a negative (-) are associated with a decreased risk (and decrease in incidence,
cases per year over the whole population) while values presented as positive are associated with an
increase in risk. Calculations for these health endpoints as well as the relevant secondary health
endpoints are included in Appendix D.

Where the whole project is considered in relation to health impacts associated with PM2.5, the
following can be concluded from the calculations undertaken:

n There are some small increases in population risk for some suburbs located around the
southern interchange and southern end of Pennant Hills Road. The increased risks
calculated are all less than or equal to 1.5x10-6, which are considered to be negligible.

n For most of the suburbs located adjacent to Pennant Hills Road, and adjacent to the
northern interchange the overall population risk decreases. The decreased levels of risk in
these areas range from 1.7x10-7 to 4.2x10-5. The decreased risks are more significant than
the increases noted above.

n The change in incidence of the primary health endpoints on the whole population, located
adjacent to the southern and northern interchanges as well as along Pennant Hills Road is a
decrease. The change in incidence is less than 1 so it is considered to be small (and not
likely to be measurable within the populations). However the change does indicate the
potential for a decrease in the incidence of PM2.5 related health effects within the population
located along the corridor.
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Table 5-2 Summary of calculated incremental risks for primary health indicators: Exposure to PM2.5 – Southern ventilation
facility only

Scenario: Scenario 2a (2019) Scenario 2b (2029)
Particulate fraction: PM2.5 PM2.5 PM2.5 PM2.5 PM2.5 PM2.5

Health endpoint: Mortality – All Causes,
Long-term, ≥ 30 years

Hospitalisations –
Cardiovascular, Short-

term, ≥ 65 years

Hospitalisations –
Respiratory, Short-

term, ≥ 65 years

Mortality – All Causes,
Long-term, ≥ 30 years

Hospitalisations –
Cardiovascular, Short-

term, ≥ 65 years

Hospitalisations –
Respiratory, Short-term, ≥

65 years
Baseline incidence: 1087 per 100,000 23352 per 100,000 8807 per 100,000 1087 per 100,000 23352 per 100,000 8807 per 100,000

Location Risk Risk Risk Risk Risk Risk
Southern Interchange only
Maximum 7X10-6 2X10-5 4X10-6 8X10-6 2X10-5 5X10-6

Maximum for sensitive receivers in surrounding suburbs, and suburb average (residential)
Carlingford
Childcare 9X10-7 1X10-6

Schools 1X10-6 1X10-6

Community 2X10-6 5X10-6 1X10-6 2X10-6 7X10-6 1X10-6

Residential* 2X10-6 5X10-6 1X10-6 2X10-6 6X10-6 1X10-6

West Pennant Hills
Childcare 6X10-7 7X10-7

Aged Care 5X10-7 2X10-6 3X10-7 6X10-7 2X10-6 3X10-7

School 2X10-6 2X10-6

Community 2X10-6 5X10-6 9X10-7 2X10-6 5X10-6 1X10-6

Residential* 1X10-6 3X10-6 6X10-7 1X10-6 4X10-6 7X10-7

Beecroft
Childcare 2X10-6 2X10-6

Aged Care 2X10-6 5X10-6 1X10-6 2X10-6 6X10-6 1X10-6

School 1X10-6 1X10-6

Community 2X10-6 5X10-6 1X10-6 2X10-6 7X10-6 1X10-6

Residential* 1X10-6 4X10-6 7X10-7 2X10-6 5X10-6 9X10-7

North Rocks
School 3X10-7 4X10-7

Residential* 3X10-7 9X10-7 2X10-7 4X10-7 1X10-6 2X10-7

Epping
School and Residential* 2X10-7 7X10-7 1X10-7 3X10-7 8X10-7 2X10-7

*Residential calculations are based on the average exposures in each suburb
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Table 5-3 Summary of calculated incremental risks for primary health indicators: Exposure to PM2.5 – Northern ventilation
facility only

Scenario: Scenario 2a (2019) Scenario 2b (2029)
Particulate fraction: PM2.5 PM2.5 PM2.5 PM2.5 PM2.5 PM2.5

Health endpoint: Mortality – All
Causes, Long-term, ≥

30 years

Hospitalisations –
Cardiovascular, Short-

term, ≥ 65 years

Hospitalisations –
Respiratory, Short-

term, ≥ 65 years

Mortality – All
Causes, Long-term, ≥

30 years

Hospitalisations –
Cardiovascular, Short-

term, ≥ 65 years

Hospitalisations –
Respiratory, Short-term, ≥

65 years
Baseline incidence: 1087 per 100,000 23352 per 100,000 8807 per 100,000 1087 per 100,000 23352 per 100,000 8807 per 100,000

Location Risk Risk Risk Risk Risk Risk
Northern Interchange only
Maximum 5X10-6 2X10-5 3X10-6 7X10-6 2X10-5 4X10-6

Maximum for sensitive receivers in surrounding suburbs, and suburb average (residential)
Wahroonga**
Childcare 3X10-6 3X10-6

Aged Care 3X10-6 1X10-5 2X10-6 4X10-6 1X10-5 2X10-6

School 3X10-6 4X10-6

Hospital 2X10-6 5X10-6 1X10-6 2X10-6 6X10-6 1X10-6

Residential* 2X10-6 6X10-6 1X10-6 2X10-6 7X10-6 1X10-6

North Wahroonga
Residential* 2X10-6 5X10-6 1X10-6 2X10-6 6X10-6 1X10-6

Waitara
Childcare 3X10-6 3X10-6

Aged Care 2X10-6 5X10-6 9X10-7 2X10-6 5X10-6 1X10-6

School 3X10-6 4X10-6

Residential* 2X10-6 6X10-6 1X10-6 2X10-6 7X10-6 1X10-6

Hornsby
Childcare 2X10-6 2X10-6

Aged Care 3X10-6 7X10-6 1X10-6 3X10-6 9X10-6 2X10-6

School 1X10-6 1X10-6

Hospital 2X10-6 6X10-6 1X10-6 2X10-6 7X10-6 1X10-6

Residential* 2X10-6 4X10-6 9X10-7 2X10-6 5X10-6 1X10-6

Normanhurst
Childcare 1X10-6 1X10-6

Aged Care 1X10-6 4X10-6 7X10-7 1X10-6 4X10-6 8X10-7

School 1X10-6 1X10-6

Residential* 1X10-6 3X10-6 6X10-7 1X10-6 4X10-6 7X10-7

*Residential calculations are based on the average exposures in each suburb,   ** The one receiver (school) located within the adjacent suburb Warrawee has been included in the calculations for Wahroonga
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Table 5-4 Summary of calculated incremental risks for secondary health indicators: Exposure to PM2.5 and PM10 – Southern
ventilation facility only

Scenario: Scenario 2a (2019) Scenario 2b (2029)
Particulate fraction: PM10 PM2.5 PM2.5 PM2.5 PM2.5 PM10 PM2.5 PM2.5 PM2.5 PM2.5

Health endpoint: Mortality -
All Causes,

Short-Term, All
ages

Mortality -
All Causes,

Short-Term, All
ages

Mortality –
Cardiopulmonary

Long-term, ≥ 30
years

Mortality –
Cardiovascular

Short-Term, All
ages

Mortality –
Respiratory,
Short-Term, All

ages

Mortality - All
Causes,

Short-Term, All
ages

Mortality -
All Causes,

Short-Term, All
ages

Mortality –
Cardiopulmonary

Long-term, ≥ 30
years

Mortality –
Cardiovascular

Short-Term, All
ages

Mortality –
Respiratory,
Short-Term, All

ages

Baseline incidence: 670 per
100,000

670 per
100,000 490 per 100,000 164 per 100,000 57 per 100,000 670 per 100,000 670 per

100,000 490 per 100,000 164 per 100,000 57 per 100,000

Location Risk Risk Risk Risk Risk Risk Risk Risk Risk Risk
Southern Interchange only
Maximum 5X10-7 7X10-7 7X10-6 2X10-7 1X10-7 5X10-7 8X10-7 8X10-6 2X10-7 1X10-7

Maximum for sensitive receivers in surrounding suburbs, and suburb average (residential)
Carlingford
Childcare 6X10-8 9X10-8 9X10-7 2X10-8 2X10-8 7X10-8 1X10-7 1X10-6 3X10-8 2X10-8

Schools 8X10-8 1X10-7 1X10-6 3X10-8 2X10-8 9X10-8 1X10-7 1X10-6 4X10-8 2X10-8

Community 1X10-7 2X10-7 2X10-6 4X10-8 3X10-8 2X10-7 2X10-7 2X10-6 6X10-8 4X10-8

Residential* 1X10-7 2X10-7 2X10-6 4X10-8 3X10-8 1X10-7 2X10-7 2X10-6 5X10-8 4X10-8

West Pennant Hills
Childcare 4X10-8 6X10-8 6X10-7 2X10-8 1X10-8 5X10-8 7X10-8 7X10-7 2X10-8 1X10-8

Aged Care 4X10-8 5X10-8 5X10-7 1X10-8 9X10-9 4X10-8 6X10-8 6X10-7 2X10-8 1X10-8

School 1X10-7 2X10-7 2X10-6 4X10-8 3X10-8 1X10-7 2X10-7 2X10-6 4X10-8 3X10-8

Community 1X10-7 2X10-7 2X10-6 4X10-8 3X10-8 1X10-7 2X10-7 2X10-6 5X10-8 3X10-8

Residential* 7X10-8 1X10-7 1X10-6 3X10-8 2X10-8 8X10-8 1X10-7 1X10-6 3X10-8 2X10-8

Beecroft
Childcare 1X10-7 2X10-7 2X10-6 4X10-8 3X10-8 1X10-7 2X10-7 2X10-6 5X10-8 4X10-8

Aged Care 1X10-7 2X10-7 2X10-6 4X10-8 3X10-8 1X10-7 2X10-7 2X10-6 5X10-8 4X10-8

School 7X10-8 1X10-7 1X10-6 3X10-8 2X10-8 8X10-8 1X10-7 1X10-6 3X10-8 2X10-8

Community 1X10-7 2X10-7 2X10-6 4X10-8 3X10-8 2X10-7 2X10-7 2X10-6 6X10-8 4X10-8

Residential* 9X10-8 1X10-7 1X10-6 3X10-8 2X10-8 1X10-7 2X10-7 2X10-6 4X10-8 3X10-8

North Rocks
School 2X10-8 3X10-8 3X10-7 9X10-9 6X10-9 3X10-8 4X10-8 4X10-7 1X10-8 7X10-9

Residential* 2X10-8 3X10-8 3X10-7 7X10-9 5X10-9 2X10-8 4X10-8 4X10-7 9X10-9 6X10-9

Epping
School and Residential* 2X10-8 2X10-8 2X10-7 6X10-9 4X10-9 2X10-8 3X10-8 3X10-7 7X10-9 5X10-9

*Residential calculations are based on the average exposures in each suburb
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Table 5-5 Summary of calculated incremental risks for secondary health indicators: Exposure to PM2.5 and PM10 – Northern
ventilation facility only

Scenario: Scenario 2a (2019) Scenario 2b (2029)
Particulate fraction: PM10 PM2.5 PM2.5 PM2.5 PM2.5 PM10 PM2.5 PM2.5 PM2.5 PM2.5

Health endpoint: Mortality -
All Causes,

Short-Term, All
ages

Mortality -
All Causes,

Short-Term, All
ages

Mortality –
Cardiopulmonary

Long-term, ≥ 30
years

Mortality –
Cardiovascular

Short-Term, All
ages

Mortality –
Respiratory,
Short-Term, All

ages

Mortality - All
Causes,

Short-Term, All
ages

Mortality -
All Causes,

Short-Term, All
ages

Mortality –
Cardiopulmonary

Long-term, ≥ 30
years

Mortality –
Cardiovascular

Short-Term, All
ages

Mortality –
Respiratory,
Short-Term, All

ages

Baseline incidence: 670 per
100,000

670 per
100,000 490 per 100,000 164 per 100,000 57 per 100,000 670 per 100,000 670 per

100,000 490 per 100,000 164 per 100,000 57 per 100,000

Location Risk Risk Risk Risk Risk Risk Risk Risk Risk Risk
Northern Interchange only
Maximum 3X10-7 5X10-7 5X10-6 1X10-7 9X10-8 4X10-7 7X10-7 7X10-6 2X10-7 1X10-7

Maximum for sensitive receivers in surrounding suburbs, and suburb average (residential)
Wahroonga**
Childcare 2X10-7 3X10-7 3X10-6 7X10-8 5X10-8 2X10-7 3X10-7 3X10-6 9X10-8 6X10-8

Aged Care 2X10-7 3X10-7 3X10-6 8X10-8 6X10-8 3X10-7 4X10-7 4X10-6 1X10-7 7X10-8

School 2X10-7 3X10-7 3X10-6 8X10-8 6X10-8 3X10-7 4X10-7 4X10-6 1X10-7 7X10-8

Hospital 1X10-7 2X10-7 2X10-6 4X10-8 3X10-8 1X10-7 2X10-7 2X10-6 5X10-8 3X10-8

Residential* 1X10-7 2X10-7 2X10-6 5X10-8 3X10-8 2X10-7 2X10-7 2X10-6 6X10-8 4X10-8

North Wahroonga
Residential* 1X10-7 2X10-7 2X10-6 5X10-8 3X10-8 1X10-7 2X10-7 2X10-6 5X10-8 4X10-8

Waitara
Childcare 2X10-7 3X10-7 3X10-6 7X10-8 5X10-8 2X10-7 3X10-7 3X10-6 8X10-8 6X10-8

Aged Care 1X10-7 2X10-7 2X10-6 4X10-8 3X10-8 1X10-7 2X10-7 2X10-6 5X10-8 3X10-8

School 2X10-7 3X10-7 3X10-6 8X10-8 6X10-8 3X10-7 4X10-7 4X10-6 1X10-7 7X10-8

Residential* 1X10-7 2X10-7 2X10-6 5X10-8 3X10-8 2X10-7 2X10-7 2X10-6 6X10-8 4X10-8

Hornsby
Childcare 1X10-7 2X10-7 2X10-6 5X10-8 3X10-8 2X10-7 2X10-7 2X10-6 6X10-8 4X10-8

Aged Care 2X10-7 3X10-7 3X10-6 6X10-8 4X10-8 2X10-7 3X10-7 3X10-6 7X10-8 5X10-8

School 6X10-8 1X10-7 1X10-6 2X10-8 2X10-8 7X10-8 1X10-7 1X10-6 3X10-8 2X10-8

Hospital 1X10-7 2X10-7 2X10-6 5X10-8 4X10-8 2X10-7 2X10-7 2X10-6 6X10-8 4X10-8

Residential* 1X10-7 2X10-7 2X10-6 4X10-8 3X10-8 1X10-7 2X10-7 2X10-6 4X10-8 3X10-8

Normanhurst
Childcare 6X10-8 1X10-7 1X10-6 2X10-8 2X10-8 7X10-8 1X10-7 1X10-6 3X10-8 2X10-8

Aged Care 9X10-8 1X10-7 1X10-6 3X10-8 2X10-8 1X10-7 1X10-7 1X10-6 4X10-8 3X10-8

School 8X10-8 1X10-7 1X10-6 3X10-8 2X10-8 9X10-8 1X10-7 1X10-6 4X10-8 2X10-8

Residential* 7X10-8 1X10-7 1X10-6 3X10-8 2X10-8 9X10-8 1X10-7 1X10-6 3X10-8 2X10-8

*Residential calculations are based on the average exposures in each suburb,  ** The one receiver (school) located within the adjacent suburb Warrawee has been included in the calculations for Wahroonga
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Table 5-6 Summary of calculated increased population incidence (additional cases per year): Exposure to PM2.5 – Primary
indicators for southern and northern ventilation facilities only*

Health Endpoint: Mortality - All Causes, Long-term Hospitalisations – Cardiovascular, Short-term Hospitalisations - Respiratory, Short-term
Age Group: ≥ 30 years ≥ 65 years ≥ 65 years

Baseline Incidence: 1087 per 100,000 23352 per 100,000 8807 per 100,000
Scenario 2a -
2019

Scenario 2b -
2029

Scenario 2a - 2019 Scenario 2b - 2029 Scenario 2a - 2019 Scenario 2b - 2029

Southern interchange only: Suburbs
Carlingford 0.007 0.008 0.005 0.006 0.001 0.001
West Pennant Hills 0.008 0.009 0.005 0.005 0.001 0.001
Beecroft 0.006 0.007 0.005 0.006 0.001 0.001
North Rocks 0.001 0.001 0.0009 0.001 0.0002 0.0002
Epping 0.004 0.005 0.003 0.003 0.0005 0.0006
Total over all suburbs 0.03 0.03 0.02 0.02 0.004 0.004
Northern Interchange only: Suburbs
Wahroonga 0.01 0.02 0.01 0.01 0.002 0.003
North Wahroonga 0.001 0.001 0.001 0.001 0.0001 0.0002
Warrawee 0.001 0.001 0.0008 0.0009 0.0001 0.0002
Waitara 0.005 0.006 0.003 0.004 0.0007 0.0008
Hornsby 0.009 0.01 0.005 0.006 0.001 0.001
Normanhurst 0.003 0.003 0.002 0.003 0.0004 0.0005
Total over all suburbs: 0.03 0.04 0.02 0.03 0.005 0.005

* The calculations presented in this table are for incremental impacts from the southern and northern interchanges only. The impact of the whole project needs to be considered in
conjunction with changes to emissions and exposures along the Pennant Hills Road corridor, presented in Table 5-7.

What do the population incidence numbers mean in Tables 5-6 and 5-7:
When only the northern and southern ventilation facilities are considered an increased annual incidence between 0.0001 and 0.04 has been calculated as presented in Table 5-6.
An increased annual incidence of 0.001 in a suburb (eg North Wahroonga or North Rocks) means that the population would need to live in the same homes in this suburb for 1000
years for 1 extra case (of the health indicator assessed) to occur in the population.
An increased annual incidence of 0.04 in a number of suburbs (eg all suburbs assessed adjacent to the northern interchange) means that the entire population would need to live in
the same homes in this area for 25 years for 1 extra case (of the health indicator assessed) to occur in the population.

When the whole project is assessed, presented in Table 5-7, an overall decrease in annual incidence between 0.03 and 0.3 has been calculated for the whole population.
A decrease in annual incidence of 0.3 (for the whole population considered) means that the whole population would need to live at the same homes in this area for 3 years for 1
less case (of the health indicators assessed) to occur within this population.
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Table 5-7 Summary of calculated risk (for each suburb) and total population incidence (cases per year)* – Exposure to PM2.5
for whole project (southern and northern ventilation facilities and changes to Pennant Hills Road) – Primary
Indicators

Health Endpoint: Mortality - All Causes, Long-term Hospitalisations – Cardiovascular, Short-term Hospitalisations - Respiratory, Short-term
Age Group: ≥ 30 years ≥ 65 years ≥ 65 years

Baseline Incidence: 1087 per 100,000 23352 per 100,000 8807 per 100,000
2019 2029 2019 2029 2019 2029

Increased population annual risk/incidence – whole project
Carlingford -  risk 4.7X10-7 4.9X10-7 1.4X10-6 1.5X10-6 2.7X10-7 2.8X10-7

- population incidence 0.005 0.005 0.004 0.004 0.0007 0.0007
North Rocks -  risk 1.7X10-7 1.8X10-7 5.0X10-7 5.4X10-7 9.8X10-8 1.0X10-7

- population incidence 0.0006 0.0006 0.0004 0.0005 0.00008 0.00009
Epping/North Epping - risk 2.3X10-7 2.5X10-7 6.9X10-7 7.4X10-7 1.3X10-7 1.4X10-7

- population incidence 0.001 0.001 0.0009 0.001 0.0002 0.0002
Decreased population annual risk/incidence – whole project
West Pennant Hills - risk -2.0X10-6 -2.5X10-6 -5.9X10-6 -7.4X10-6 -1.1X10-6 -1.4X10-6

- population incidence -0.01 -0.02 -0.009 -0.01 -0.002 -0.002
Pennant Hills/Cheltenham - risk -1.2X10-5 -1.2X10-5 -3.7X10-5 -3.6X10-5 -7.1X10-6 -7.0X10-6

- population incidence -0.1 -0.1 -0.09 -0.09 -0.02 -0.02
Wahroonga/Warrawee - risk -3.0X10-7 -1.2X10-6 -9.0X10-7 -3.6X10-6 -1.7X10-7 -7.0X10-7

- population incidence -0.003 -0.01 -0.003 -0.01 -0.0005 -0.002
Hornsby/Waitara - risk -5.1X10-7 -7.3X10-7 -1.5X10-6 -2.2X10-6 -2.9X10-7 -4.2X10-7

- population incidence -0.006 -0.008 -0.003 -0.004 -0.0006 -0.0008
Normanhurst/Thornleigh/Westleigh - risk -1.3X10-5 -1.4X10-5 -4.0X10-5 -4.2X10-5 -7.7X10-6 -8.0X10-6

- population incidence -0.09 -0.1 -0.08 -0.09 -0.02 -0.02

Total change (decrease) in annual risk –
whole population

-3X10-5 -3X10-5 -8X10-5 -9X10-5 -2X10-5 -2X10-5

Total change (decrease) in annual
incidence (cases per year) – whole
population:

-0.2 -0.3 -0.2 -0.2 -0.03 -0.04

*Calculations presented are based on the maximum modelled annual average PM2.5 concentrations (increase or decrease) for the emission years modelled and the meteorological data
considered. The concentrations utilised in the calculations are the population weighted concentrations for each suburb (or part of suburb).
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Figure 5-1 Relative change in annual average PM2.5 due to project (with project - expected traffic flows (2019)
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Figure 5-2 Relative change in annual average PM2.5 due to project (with project - expected traffic flows (2029)
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5.4 Acceptability of health risk impacts

5.4.1 General

Based on the assessment outlined and presented in Sections 5.1 to 5.3, potential health impacts
associated with the project have been assessed on the basis of two calculations:

1. Calculation of an annual risk for each health endpoint. This is an incremental risk over and
above the baseline risk (or incidence) of the effect occurring for any member of the
population, where exposed to the particulate matter concentration estimated.

2. Calculation of an increased incidence of the health effect occurring within the population
exposed. This calculates the increased number of cases (mortality or hospitalisations) that
may occur for the population assumed to be exposed to the particulate matter concentration
estimated.

To determine if the calculated annual risk or increased incidence within a population associated with
particulate matter impacts from the project may be considered to be acceptable a number of factors
need to be considered. These are further discussed in the following sections.

5.4.2 Acceptable risk levels

General
The acceptability of an additional population risk is the subject of some discussion as there are
currently no guidelines available in Australia, or internationally, in relation to an acceptable level of
population risk associated with exposure to particulate matter. More specifically there are no
guidelines available that relate to an acceptable level of risk for a small population (associated with
impacts from a specific activity or project) compared with risks that are relevant to whole urban
populations (that are considered when deriving guidelines). The following provides additional
discussion in relation to evaluating calculated risk levels.

“The solution to developing better criteria for environmental contaminants is not to adopt
arbitrary thresholds of ‘acceptable risk’ in an attempt to manage the public's perception of
risk, or develop oversimplified tools for enforcement or risk assessment. Rather, the solution
is to standardize the process by which risks are assessed, and to undertake efforts to narrow
the gap between the public's understanding of actual vs. perceived risk. A more educated
public with regard to the actual sources of known risks to health, environmental or otherwise,
will greatly facilitate the regulatory agencies' ability to prioritize their efforts and standards to
reduce overall risks to public health.” (Kelly 1991).

Most human activities that have contributed to economic progress present also some
disadvantages, including risks of different kinds that adversely affect human health. These risks
include air or water pollution due to industrial activities (coal power generation, chemical plants, and
transportation), food contaminants (pesticide residues, additives), and soil contamination
(hazardous waste). Despite all possible efforts to reduce these threats, it is clear that the zero risk
objective is unobtainable or simply not necessary for human and environmental protection and that
a certain level of risk in a given situation is deemed "acceptable" as the effects are so small as to be
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negligible or undetectable. Risk managers need to cope with some residual risks and thus must
adopt some measure of an acceptable risk.

Much has been written about how to determine the acceptability of risk. The general consensus in
the literature is that "acceptability" of a risk is a judgment decision properly made by those exposed
to the hazard or their designated health officials. It is not a scientifically derived value or a decision
made by outsiders to the process. Acceptability is based on many factors, such as the number of
people exposed, the consequences of the risk, the degree of control over exposure, and many other
factors.

The USEPA (Hoffman 1988) "surveyed a range of health risks that our society faces" and reviewed
acceptable-risk standards of government and independent institutions. The survey found that "No
fixed level of risk could be identified as acceptable in all cases and under all regulatory programs...,"
and that: “...the acceptability of risk is a relative concept and involves consideration of different
factors”. Considerations may include:

n The certainty and severity of the risk.
n The reversibility of the health effect.
n The knowledge or familiarity of the risk.
n Whether the risk is voluntarily accepted or involuntarily imposed.
n Whether individuals are compensated for their exposure to the risk.
n The advantages of the activity.
n The risks and advantages for any alternatives.

To regulate a technology in a logically defensible way, one must consider all its consequences, i.e.
both risks and benefits.

10-6 as an ‘acceptable’ risk level?
The concept of 1x10-6 (10-6) was originally an arbitrary number, finalised by the U.S. Food and Drug
Administration (FDA) in 1977 as a screening level of "essentially zero" or de minimus risk. The term
de minimus is an abbreviation of the legal concept, "de minimus non curat lex: the law does not
concern itself with trifles." In other words, 10-6 was developed as a level of risk below which risk was
considered a "trifle" and not of concern in a legal case.

This concept was traced back to a 1961 proposal by two scientists from the National Cancer
Institute regarding methods to determine "safety" levels in carcinogenicity testing. The FDA applied
the concept in risk assessment in its efforts to deal with diethylstilboestrol as a growth promoter in
cattle. The threshold of one-in-a-million risk of developing cancer was established as a screening
level to determine what carcinogenic animal drug residues merited further regulatory consideration.
In the FDA legislation, the regulators specifically stated that this level of "essentially zero" was not to
be interpreted as equal to an acceptable level of residues in meat products. Since then, the use of
risk assessment and 10-6 (or variations thereof) have been greatly expanded to almost all areas of
chemical regulation, to the point where today one-in-a-million (10-6) risk means different things to
different regulatory agencies in different countries. What the FDA intended to be a lower regulatory
level of "zero risk" below which no consideration would be given as to risk to human health, for
many regulators it somehow came to be considered a maximum or target level of "acceptable" risk
(Kelly 1991).
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When evaluating human health risks, the quantification of risk can involve the calculation of an
increased lifetime chance of cancer (as is calculated for diesel particulate matter in this assessment)
or an increased probability of some adverse health effect (or disease) occurring, over and above the
baseline incidence of that health effect/disease in the community (as is calculated for exposure to
particulate matter).

In the context of human health risks, 10-6 is a shorthand description for an increased chance of
0.000001 in 1 (one chance in a million) of developing a specific adverse health effect due to
exposure (over a lifetime or a shorter duration as relevant for particulate matter) to a substance. The
number 10-5 represents 1 chance in 100,000, and so on.

Where cancer may be considered, lifetime exposure to a substance associated with a cancer risk of
1x10-6 would increase an individual’s current chances of developing cancer from all causes (which
is 40 per cent, or 0.4 – the background incidence of cancer in a lifetime) from 0.4 to 0.400001, an
increase of 0.00025 per cent.

For other health indicators considered in this assessment, such as cardiovascular hospitalisations
for people aged 65 years and older (for example), an increased risk of 10-6 (one chance in a million)
would increase an individual’s (aged 65 years and older) chance of hospitalisation for
cardiovascular disease (above the baseline incidence of 23 per cent, or 0.23) from 0.23 to
0.230001, an increase of 0.00043 per cent.

To provide more context in relation to the concept of a one in a million risk, the following presents a
range of everyday life occurrences. The activity and the time spent undertaking the activity that is
associated with reaching a risk of one in a million for mortality are listed below (Higson 1989; NSW
Planning 2011).

n Motor vehicle accident – 2.5 days spent driving a motor vehicle to reach one in a million
chance of having an accident that causes mortality (death).

n Home accidents – 3.3 days spent within a residence to reach a one in a million chance of
having an accident at home that causes mortality.

n Pedestrian accident (being struck by vehicles) – 10 days spent walking along roads to reach
a one in a million chance of being struck by a vehicle that causes mortality.

n Train accident – 12 days spent travelling on a train to reach a one in a million chance of
being involved in an accident that causes mortality.

n Falling down stairs[1] – 66 days spent requiring the use of stairs in day-to-day activities to
reach a one in a million chance of being involved in a fall that causes mortality.

n Falling objects – 121 days spent in day-to-day activities to reach a one in a million chance of
being hit by a falling object that causes mortality.

This risk level should also be considered in the context that everyone has a cumulative risk of death
that ultimately must equal one and the annual risk of death for most of one’s life is about one in
1000.

[1] Mortality risks as presented by: http://www.riskcomm.com/visualaids/riskscale/datasources.php
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While various terms have been applied, it is clear that the two ends of what is a spectrum of risk are
the “negligible” level and the “unacceptable" level. Risk levels intermediate between these are
frequently adopted by regulators with varying terms often used to describe the levels. When
considering a risk derived for an environmental impact it is important to consider that the level of risk
that may be considered acceptable will lie somewhere between what is negligible and
unacceptable, as illustrated below.

The calculated individual lifetime risk of death or illness due to an exposure to a range of different
environmental hazards covers many orders of magnitude, ranging from well less than 10-6 to levels
of 10-3 and higher (in some situations). However, most figures for an acceptable or a tolerable risk
range between 10-6 to 10-4, used for either one year of exposure or a whole life exposure. It is
noteworthy that 10-6 as a criterion for "acceptable risk" has not been applied to all sources of
exposure or all agents that pose risk to public health.

A review of the evolution of 10-6 reveals that perception of risk is a major determinant of the
circumstances under which this criterion is used. The risk level 10-6 is not consistently applied to all
environmental legislation. Rather, it seems to be applied according to the general perception of the
risk associated with the source being regulated and where the risk is being regulated (with different
levels selected in different countries for the same sources).

A review of acceptable risk levels at the USEPA (Schoeny 2008) points out that risk assessors can
identify risks and possibly calculate their value but cannot determine what is acceptable.
Acceptability is a value judgment that varies with type of risk, culture, voluntariness and many other
factors. Acceptability may be set by convention or law. The review also states that the USEPA aims
for risk levels between 10-6 and 10-4 for risks calculated to be linear at low dose, while for other
endpoints, not thought to be linear at low dose, the risk is compared to Reference
Dose/Concentrations or guideline levels. The USEPA typically uses a target reference risk range of
10–4 to 10–6 for carcinogens in drinking water, which is in line with World Health Organization (WHO)
guidelines for drinking water quality which, where practical, base guideline values for genotoxic
carcinogens on the upper bound estimate of an excess lifetime cancer risk of 10–5.

Unacceptable

Negligible

Broadly acceptable

Tolerable

AcceptableIncreasing
level of risk
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There are many different ways to define acceptable risk and each way gives different weight to the
views of different stakeholders in the debate. No definition of ‘acceptable’ will be acceptable to all
stakeholders. Resolving such issues, therefore, becomes a political (in the widest sense) rather than
a strictly health process.

The following is a list of standpoints that could be used as a basis for determining when a risk is
acceptable or, perhaps, tolerable.

The WHO (Fewtrell & Bartram 2001) address standards related to water quality. They offer the
following guidelines for determining acceptable risk. A risk is acceptable when:

n It falls below an arbitrary defined probability.
n It falls below some level that is already tolerated.
n It falls below an arbitrary defined attributable fraction of total disease burden in the

community.
n The cost of reducing the risk would exceed the costs saved.
n The cost of reducing the risk would exceed the costs saved when the ‘costs of suffering’ are

also factored in.
n The opportunity costs would be better spent on other, more pressing, public health

problems.
n Public health professionals say it is acceptable.
n The general public say it is acceptable (or more likely, do not say it is not).
n Politicians say it is acceptable.

In everyday life individual risks are rarely considered in isolation. It could be argued that a sensible
approach would be to consider health risks in terms of the total disease burden of a community and
to define acceptability in terms of it falling below an arbitrary defined level. A problem with this
approach is that the current burden of disease attributable to a single factor, such as air pollution,
may not be a good indicator of the potential reductions available from improving other environmental
health factors. For diseases such as cardiovascular disease where causes are multifactorial,
reducing the disease burden by one route may have little impact on the overall burden of disease.

Overall
It is not possible to provide a rigid definition of acceptable risk due to the complex and context-
driven nature of the challenge. It is possible to propose some general guidelines as to what might
be an acceptable risk for specific development projects.

If the level of 10-6 (one chance in a million) were retained as a level of increased risk that would be
considered as a negligible risk in the community, then the level of risk that could be considered to
be tolerable would lie between this level and an upper level that is considered to be unacceptable.

While there is no guidance available on what level of risk is considered to be unacceptable in the
community, a level of 10-4 for increased risk (one chance in 10,000) has been generally adopted by
health authorities as a point where risk is considered to be unacceptable in the development of
drinking water guidelines (that impact on whole populations) (for exposure to carcinogens as well as
for annual risks of disease (Fewtrell & Bartram 2001)) and in the evaluation of exposures from
pollutants in air (DEC 2005b).
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Between an increased risk level considered negligible (10-6) and unacceptable (10-4) lie risks that
may be considered to be tolerable or even acceptable. Tolerable risks are those that can be
tolerated (and where the best available, and most appropriate, technology has been implemented to
minimise exposure) in order to realise some benefit.

In a societal context, risks are inevitable and any new development will be accompanied by risks
which are not amenable or economically feasible to reduce below a certain level. It is not good
policy to impose an arbitrary risk level to such developments without consideration of the myriad
factors that should be brought into play to determine what is ‘tolerable’.

When considering the impacts associated with this project, it is important to note that there are a
range of benefits associated with the project (refer to Section 2.5) and the design of the project has
incorporated measures to minimise exposures to traffic-related emissions in the local areas (as
outlined in Chapter 5 of the environmental impact statement). Hence for this project the calculated
risks have been considered to be tolerable when in the range of 10-6 and 10-4 of increased risk and
where the increased incidence of the health impacts are considered to be insignificant (refer to
discussion in Section 5.4.3).

5.4.3 Determination of significance of incremental impacts

The assessment of potential health impacts associated with emissions to air from the project has
not only calculated an increased annual risk, relevant to the health endpoints considered, but also
an increased incidence, ie the additional number of cases, of the adverse effects occurring within
the population potentially exposed. The calculated increased incidence need to be considered in
terms of what may be significant.

In relation to the increased impact of PM10 and PM2.5 concentrations, the AQIA predicted increased
concentrations in the local community of around 0.1 µg/m3 as an annual average and 1.3 µg/m3 to
2.1 µg/m3 as a 24-hour average. These increases would not be detectable above the variability in
daily PM10 and PM2.5 measurements and are at or below the reported precision of the equipment
that is used to measure PM10 and PM2.5 (reported to vary from five per cent to 15 per cent
depending on the equipment used, eg for the most common equipment used for measuring ambient
PM2.5 concentrations the precision of the data is ± 1 µg/m3).

In relation to the calculated increased incidence of an adverse health effect occurring in a
population, the following is noted for the primary health indicators (based on statistics available from
NSW Health):

n In relation to mortality (all causes), the health statistics available show that for the year 2010
– 2011 the variability in all admissions data reported (based on the 95 per cent confidence
interval for data reported in northern Sydney) is around ± two per cent. This is the variability
in the data reported in one year. Each year the mortality rate also varies with around
three per cent variability reported in the mortality rate (number reported for all causes)
between 2009/10 and 2010/11. Based on the baseline incidence of mortality considered in
this assessment a variability of two to three per cent equates to a variability of around one
case per year (where the maximum impacts are considered). Hence any estimation of
mortality in the population less than one case per year could not be detected (above normal
variability) in the health statistics.
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n In relation to cardiovascular disease hospitalisations, the health statistics available show that
for the year 2011 – 2012 the variability in all admissions data reported (based on the 95
percent confidence interval for data reported in northern Sydney) is around ± 1.5 percent.
This is the variability in the data reported in one year. Each year the rate of hospitalisations
(all ages) also varies with around three per cent variability reported in the number of
hospitalisations for people aged 65 years and older between 2010/11 and 2011/12. Based
on the baseline incidence of cardiovascular hospitalisations considered in this assessment
for individuals aged 65 years and older a variability of 1.5 per cent equates to a variability of
around 40 cases per year (where the maximum impacts are considered). Hence any
estimation of increased incidence of cardiovascular hospitalisations in the population aged
65 years and older less than 40 cases per year could not be detected (above normal
variability) in the health statistics.

n In relation to respiratory disease hospitalisations, the health statistics available show that for
the year 2011 – 2012 the variability in all admissions data reported (based on the 95 percent
confidence interval for data reported in northern Sydney) is around ± 1.5 percent. This is the
variability in the data reported in one year. Each year the rate of hospitalisations (all ages)
also varies with around three-four per cent variability reported in the number of
hospitalisations (all ages) between 2010/11 and 2011/12. Based on the baseline incidence
of respiratory hospitalisations considered in this assessment for individuals aged 65 years
and older a variability of 1.5 per cent equates to a variability of around 17 cases per year
(where the maximum impacts are considered). Hence any estimation of increased incidence
of cardiovascular hospitalisations in the population aged 65 years and older less than 17
cases per year could not be detected (above normal variability) in the health statistics.

Where changes arising from an individual project are well below one case per year and are not
detectable in the normal fluctuations in health statistics such impacts are considered to be
negligible.

5.5 Discussion of potential health impacts from the project

5.5.1 General

The assessment presented in this section has focused on the quantification of health impacts
associated with exposure primarily to PM2.5 (as the source of the emissions is derived from vehicle
emission), but also to PM10. Incremental annual risk and increased incidence for a range of primary
and secondary health indicators associated with exposure to PM2.5 and PM10 have been calculated
and are presented in Section 5.3.5.

The assessment of health impacts addresses impacts that may occur to all members of the
community including young children, the elderly and individuals with pre-existing health conditions.
The exposure-response relationships are based on effects identified in large urban communities and
while some of the health indicators used have focused on age groups where the exposure-response
relationships are the most robust, there are a number of health indicators that address all ages of
the population. Hence the calculations undertaken, and the discussion presented in this section are
relevant to all the individual receivers assessed (as listed in Section 3.2) including young children
attending day-care and schools in the area, the elderly in aged care, individuals with health
conditions at hospital facilities or in the community and all members of the public living in the area. A
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more specific assessment of the impact of the project on asthma in young children has been
presented separately in Section 5.7.2.

The following discussion relates to a review of the calculated health impacts within the context of the
discussion presented in Section 5.4.

5.5.2 Primary health indicators

In relation to the primary health indicators considered in relation to exposure to PM2.5 derived from
the project, the following can be noted:

n For the assessment of mortality from all causes (for people aged 30 years and over) the
following has been calculated (for scenarios 2a (2019) and 2b (2029)):

o The increased annual risks (mortality) are calculated to be:
§ 5x10-6 to 8x10-6 for the maximum project impact locations adjacent to the

southern and northern interchanges; and
§ ≤5x10-6 for the individual sensitive receivers located in the community

surrounding the southern and northern interchanges.
o The increased annual incidence within the local population is calculated to be 0.04

for the population around the northern interchange and 0.03 for the population
around the southern interchange.

Based on the discussion presented in Section 5.4.2, the calculated risks are within
the range of tolerable risks associated with impacts from a specific project.

With further consideration of the calculated increased population incidence of
mortality as discussed in Section 5.4.3, the calculated increased risks are
considered to be negligible.

n For the assessment of cardiovascular hospitalisations (for people aged 65 years and
over) the following has been calculated (for scenarios 2a (2019) and 2b (2029)):

o The increased annual risks (cardiovascular hospitalisations) are calculated to be:
§ 2x10-5 for the maximum project impact locations adjacent to the southern and

northern interchanges; and
§ ≤2x10-5 for the individual sensitive receiver located in the community

surrounding the southern and northern interchanges.
o The increased annual incidence within the local population is calculated to be 0.03

for the population around the northern interchange and 0.02 for the population
around the southern interchange.

Based on the discussion presented in Section 5.4.2, the calculated risks are within
the range of tolerable risks associated with impacts from a specific project. With
further consideration of the calculated increased incidence of cardiovascular
hospitalisations as discussed in Section 5.4.3, the calculated increased risks are
considered to be negligible.
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n For the assessment of respiratory hospitalisations (for people aged 65 years and over)
the following has been calculated (for scenarios 2a (2019) and 2b (2029)):

o The increased annual risks (respiratory hospitalisations) are calculated to be:
§ 3x10-6 to 5x10-6 for the maximum project impact locations adjacent to the

southern and northern interchanges; and
§ ≤3x10-6 for the individual sensitive receivers located in the community

surrounding the southern and northern interchanges.
o The increased annual incidence within the local population is calculated to be 0.005

for the population around the northern interchange and 0.004 for the population
around the southern interchange.

Based on the discussion presented in Section 5.4.2, the calculated risks are within
the range of tolerable risks associated with impacts from a specific project. With
further consideration of the calculated increased incidence of respiratory
hospitalisations as discussed in Section 5.4.3, the calculated increased risks are
considered to be negligible.

5.5.3 Secondary health indicators

In relation to the secondary health indicators considered in relation to exposure to PM2.5 and PM10

derived from the project:

n For the assessment of mortality from all causes (all ages) and from cardiopulmonary (ages
30 years and over), cardiovascular (all ages) and respiratory disease (all ages) the following
has been calculated (for scenarios 2a (2019) and 2b (2029)):

o The increased annual risks are calculated to be:
§ 9x10-8 to 8x10-6 for the maximum project impact locations adjacent to the

southern and northern interchanges; and
§ ≤5x10-6 for the individual sensitive receivers located in the community

surrounding the southern and northern interchanges.

Based on the discussion presented in Section 5.4.2, these risks are negligible for
some health indicators with the reminder within the range of tolerable risks
associated with impacts from a specific project.

5.6 Qualitative assessment of other key issues

5.6.1 In-tunnel exposures

Concentrations of carbon monoxide, oxides of nitrogen, total volatile organic compounds, total
polycyclic aromatic hydrocarbons, PM2.5 and PM10 have been estimated within the tunnel itself
during normal operations (scenarios 2a (2019) and 2b (2029)).  Concentrations in the tunnel vary
depending on:

n Time of day.  Pollutant concentrations within the main alignment tunnels have been
estimated to vary by a factor of up to nine times (depending on the particular pollutant and
location within the main alignment tunnels) from periods of low traffic to peak traffic.
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n Location within the main alignment tunnels.  Concentrations of pollutants would gradually
increase from the tunnel portals to around the offtake to the ventilation outlets.  Average
exposure for a motorist would be around half of the maximum concentration within a main
alignment tunnel.

The assessment of potential exposures that may occur in the tunnel has been undertaken with
consideration of these factors. In addition the following has also been considered:

n The time spent within the tunnel would be limited, taking around six minutes to travel the full
distance of the tunnel (when travelling at 80 kilometres per hour). During peak times the time
of travel may be slightly longer depending on the speed of traffic flow in the tunnel. As the
concentrations are not the same in all parts of the tunnel, with concentrations increasing with
distance from the start, the amount of time exposed to the maximum concentration would be
much lower (around one to two minutes). The average exposure through the whole tunnel
would be lower than, approximately half, the maximum (at the end of the tunnel).

n The concentration of pollutants within the vehicle itself, particularly where all windows are
closed when inside the tunnel, as most vehicles have filters on the air intake. Where the air
conditioning/ventilation in the car is set to recirculation this would limit the contribution of air
derived from within the tunnel to the air within the vehicle. Measurements conducted by
NSW Health in relation to the M5 East Tunnel (NSW Health 2003) identified that closing car
windows and switching the ventilation to recirculation can reduce exposures by
approximately 70-75 per cent for carbon monoxide and nitrogen dioxide, 80 per cent for fine
particulates and 50 per cent for volatile organic compounds.

In-tunnel emissions were also estimated using internationally-recognised vehicle emission factors
prepared by the World Road Association (PIARC, 2012), which provide Australian-specific
emissions based on fleet distribution data and emission standards relevant to Australia. PIARC
emission factors were developed for the purpose of defining the minimum air flows required to
achieve adequate air quality within road tunnels rather than for the purpose of developing emissions
inventories, so a safety margin is added to the emission factors within PIARC. This is expected to
result in conservative emissions estimates when used for inventory purposes. A review of the
emissions inventory for this project has been provided to Pacific Environment Limited for peer
review, which included a comparison using the NSW Environment Protection Authority’s published
emission factors. This was conducted to assess the conservatism of the PIARC emission factors
and its reasonableness for use. The outcome of the review concluded that the emissions inventory
adopted was conservative, particularly in the case of PM10 and PM2.5 (where concentrations from
PIARC were found to be twice as high as estimated from the NSW Environment Protection
Authority). Further detail on the emissions inventory, and the findings of the Pacific Environment
review, can be found in technical working paper: air quality (AECOM, 2014).

The following provides further discussion on the range of concentrations predicted within the tunnel.
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Carbon monoxide
Figure 5-3 presents the predicted hourly concentration of carbon monoxide in the northbound and
southbound tunnels at different distances from the start of the tunnel, for different times of the day,
for scenario 2a (2019) and scenario 2b (2029).

Southbound Scenario 2a (2019) Southbound Scenario 2b (2029)

Northbound Scenario 2a (2019) Northbound Scenario 2b (2029)

Figure 5-3: Predicted in-tunnel concentrations of Carbon Monoxide
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Review of Figure 5-3 indicates the following:

n The concentrations predicted in the project tunnel are <1 mg/m3 at the start of the tunnel
increasing to levels of 2 to 4.6 mg/m3 towards the end of the southbound tunnel during the
peak times and middle of the day and 4 to 8 mg/m3 towards the end of the northbound
tunnel during the peak times and middle of the day;

n Based on the maximum in-tunnel concentrations estimated, average exposure for a motorist
using the southbound tunnel in peak periods19 is estimated to be approximately 2 mg/m3 for
a duration of approximately six minutes with windows open and 0.6 mg/m3 with windows
closed and ventilation set to recirculation mode.

n Based on the maximum in-tunnel concentrations estimated, average exposure for a motorist
using the northbound tunnel in peak periods is estimated to be approximately 4 mg/m3  for a
duration of approximately six minutes with windows open and 1.2 mg/m3 with windows
closed and ventilation set to recirculation mode.

n The NHMRC (2008) has published measured concentrations of carbon monoxide from a
range of tunnels in Sydney and around the world. The measured concentrations come from
a number of different studies where the averaging time for the collection of the data varies
significantly. This makes it difficult to directly compare the range of reported concentrations
with the concentrations predicted in this assessment (ie not comparing data reported over
similar averaging/exposure periods). While noting this difficulty in comparing the data, the a
range of average concentrations of carbon monoxide have been reported from 6 to 44
mg/m3 (NHMRC 2008).

n The maximum concentration (8 mg/m3), and likely average concentration (half the maximum,
or around 4 mg/m3) predicted in the project tunnel is lower than the WHO guidelines20 for 15-
minute exposures of 100 mg/m3, and 30-minute exposures of 57 mg/m3.

n These concentrations are also lower than the USEPA guidelines for in-tunnel exposures that
range from 40 mg/m3 for 45-60 minute exposures to 138 mg/m3 for peak period for traffic
(<15 mins) (NHMRC 2008).

19 Refer to the technical working paper: air quality (AECOM, 2014) for more details in relation to concentrations estimated
in the tunnel in peak periods (at each kilometre through the tunnel).

20 The guidelines are presented in ppmv by the referenced organisation. These concentrations have been converted to
mg/m3 for use in this report based on the molecular weight of the compound and standard temperature and pressure.



Technical Working Paper: Human Health Risk Assessment - NorthConnex 113 | P a g e
Ref: ARM/14/M1M2R001-E

Nitrogen dioxide
Figure 5-4 presents the predicted hourly concentration of nitrogen dioxide in the northbound and
southbound tunnels at different distances from the start of the tunnel, for different times of the day,
for scenario 2a (2019) and scenario 2b (2029). The non-linearity of nitrogen oxides chemistry in
road tunnels makes the estimation of the potential levels of nitrogen dioxide in the tunnel complex.
Regardless of the complexities, the concentration of nitrogen dioxide has been estimated assuming
that 10 per cent of the total nitrogen oxides comprise nitrogen dioxide (PIARC 2012).

Southbound Scenario 2a (2019) Southbound Scenario 2b (2029)

Northbound Scenario 2a (2019) Northbound Scenario 2b (2029)

Figure 5-4: Predicted in-tunnel concentrations of Nitrogen Dioxide
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Review of Figure 5-4 indicates the following:

n The hourly concentrations predicted in the project tunnel are <0.1 mg/m3 at the start of the
tunnel increasing to levels of approximately 0.2 to 0.4 mg/m3 towards the end of the
southbound tunnel during the peak times and middle of the day and 0.4 to <1 mg/m3 towards
the end of the northbound tunnel during the peak times and middle of the day;

n Based on the maximum in-tunnel concentrations estimated, average exposure for a motorist
using the southbound tunnel in peak periods21 is estimated to be approximately 0.2 mg/m3

for a duration of approximately six minutes with windows open and 0.06 mg/m3 with windows
closed and ventilation set to recirculation mode.

n Based on the maximum in-tunnel concentrations estimated, average exposure for a motorist
using the northbound tunnel in peak periods is estimated to be approximately 0.5 mg/m3  for
a duration of approximately six minutes with windows open and 0.15 mg/m3 with windows
closed and ventilation set to recirculation mode.

n The NHMRC (2008) has published measured concentrations of nitrogen dioxide from a
range of tunnels in Sydney and around the world. The measured concentrations come from
a number of different studies where the averaging time for the collection of the data varies
significantly. This makes it difficult to directly compare the range of reported concentrations
with the concentrations predicted in this assessment (ie not comparing data reported over
similar averaging/exposure periods). While noting this difficulty in comparing the data, the
NHMRC (2008) have reported a range of average concentrations of nitrogen dioxide in
tunnels that range from 0.09 to 0.5 mg/m3 with levels up to 0.75 mg/m3 reported during peak
periods. These levels are based on data with averaging times that vary from 30 seconds
during travel through a tunnel, six minute averages, to long term data with (unspecified
averaging times). At the downstream end of a tunnel (where exposure is very short, ie
minutes) levels up to 1.5 mg/m3 have been reported.

n There are very few studies that have evaluated health effects associated with very short
duration exposures to nitrogen dioxide. A study conducted in Stockholm (Svartengren et al.
2000) involved exposing 20 adults with mild asthma to air quality inside a car in a tunnel for
30 minutes, where levels of nitrogen dioxide ranged from 0.2 to 0.462 mg/m3 (noting
exposure to particulate matter and other pollutants inside the tunnel occurred at the same
time). The study showed an increase in bronchial response to allergens several hours after
exposure for individuals with allergic asthma. These results are similar to other studies
where individuals with mild asthma were exposed to 0.5 mg/m3 nitrogen dioxide for
30 minutes (Barck et al. 2002; Strand et al. 1998), a range of concentrations from 0 to
1 mg/m3 for 30 minutes (Bylin et al. 1988) or for 15 minutes on one day and then repeated
twice in the following day (Barck et al. 2005), followed by an allergen inhalation challenge.
None of the available studies have considered individuals with moderate or severe asthma.
The data suggest that exposure to elevated concentrations of nitrogen dioxide in a

21 Refer to the technical working paper: air quality (AECOM, 2014) for more details in relation to concentrations estimated
in the tunnel in peak periods (at each kilometre through the tunnel).
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congested tunnel is associated with an increased risk of adverse effects for those with
asthma (NHMRC 2008).

n There are no guidelines in Australia for levels of nitrogen dioxide in tunnels. Guidelines 22 for
in-tunnel levels of nitrogen dioxide are available from Belgium (0.9 mg/m3 for exposures
<20 minutes), France (0.75 mg/m3 for a 15 minute average exposure period), Norway
(Norwegian Public Road Admiration (NPRA) guidelines of 1.4 mg/m3 at the tunnel midpoint
and 2.8 mg/m3 at the tunnel ends, based on a 15-minute average) and Sweden (where the
WHO guideline of 0.2 mg/m3 for a 1-hour average exposure has been adopted). The PIARC
has proposed a level of 1.9 mg/m3 (as a threshold limit for healthy people). The average
expected exposures in peak periods discussed above are lower than the available short term
(15-minute to 20-minute average)  guidelines.

22 The guidelines are presented in ppmv by the referenced organisation. These concentrations have been converted to
mg/m3 for use in this report based on the molecular weight of the compound and standard temperature and pressure.
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Fine Particulates (PM2.5)
Figure 5-5 presents the predicted hourly concentration of PM2.5 in the northbound and southbound
tunnels at different distances from the start of the tunnel, for different times of the day, for scenario
2a (2019) and scenario 2b (2029). Given the key source of the particulates within the tunnel is from
combustion emissions, the focus of this review is on fine particulates as PM2.5.

Southbound Scenario 2a (2019) Southbound Scenario 2b (2029)

Northbound Scenario 2a (2019) Northbound Scenario 2b (2029)

Figure 5-5: Predicted in-tunnel concentrations of fine particulates (PM2.5)
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Review of Figure 5-5 indicates the following:

n The in-tunnel concentrations for the project have been estimated based on the predicted
traffic volume using the tunnel and emission factors from PIARC. These emission factors
(when compared with those published by the NSW Environment Protection Authority) are
conservative particularly in relation to the assessment of particulate matter (PM10 and PM2.5)
(refer to technical working paper: air quality (AECOM, 2014)).

n The hourly concentrations predicted in the project tunnel are <0.1 mg/m3 at the start of the
tunnel increasing to levels of around 0.25 to 0.35 mg/m3 towards the end of the southbound
tunnel during the peak times and middle of the day and 0.25 to 0.55 mg/m3 towards the end
of the northbound tunnel during the peak times and middle of the day.

n Based on the maximum in-tunnel concentrations estimated, average exposure for a motorist
using the southbound tunnel in peak periods23 is estimated to be approximately 0.2 mg/m3

for a duration of approximately six minutes with windows open and 0.04 mg/m3 with windows
closed and ventilation set to recirculation mode.

n Based on the maximum in-tunnel concentrations estimated, average exposure for a motorist
using the northbound tunnel in peak periods is estimated to be approximately 0.3 mg/m3 for
a duration of approximately six minutes with windows open and 0.06 mg/m3 with windows
closed and ventilation set to recirculation mode.

n The NHMRC (2008) has published measured concentrations of particulates (as PM2.5 and
PM10) from a range of tunnels in Sydney and around the world. The measured
concentrations come from a number of different studies where the sampling methodology
and averaging time for the collection of the data varies significantly. This makes it difficult to
directly compare the range of reported concentrations with the concentrations predicted in
this assessment (ie not comparing data reported over similar averaging/exposure periods).
While noting this difficulty in comparing the data, the range of average concentrations of
PM2.5 reported typically range from around 0.03 to 0.343 mg/m3 (AMOG 2012; NHMRC
2008). These levels are based on data with averaging times that vary from one hour
averages, peak hour averages, daytime averages to 24-hour averages.

n The exposure-response relationships for particulate matter that have been established on
the basis of adverse health effects from short-term exposures relate to changes in the health
effects associated with variability in 24-hour average concentrations of PM2.5 in urban air.
They do not relate to much shorter variations in PM2.5 exposure that may occur within a 24-
hour period, where there may be exposures over a few minutes to higher levels of PM2.5. No
guidelines are currently available for assessing potential health effects that may occur as a
result of exposures to particulates that may occur for minutes (or even an hour).

n Recent review (WHO 2013a) of available studies in relation to short-duration (less than 24-
hour) exposures to particulates indicates the following:

o Epidemiological and clinical studies have demonstrated that sub-daily exposures to
elevated levels of particulate matter can lead to adverse physiological changes in the

23 Refer to the technical working paper: air quality (AECOM, 2014) for more details in relation to concentrations estimated
in the tunnel in peak periods (at each kilometre through the tunnel).
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respiratory and cardiovascular system, in particular exacerbation of existing disease.
This is generally consistent with the outcome of studies reviewed and considered by
the USEPA (USEPA 2009b).

o The studies available do not cover a range of exposure concentrations, nor do they
adequately address other variables such as co-pollutants (gases) or repeated short-
duration exposures.

o The studies have not determined if a 1 hour exposure would lead to a different
response than a similar dose spread over 24-hours, or if an exposure-response can
be determined.

o Exposures that occur during the use of various transportation methods (such as in-
vehicles) have been found to contribute to and affect 24-hour personal exposures.

The urban epidemiology studies (upon which exposure-response relationships are based
and have been used in this assessment) utilise health data for adverse health effects from
an urban population, where the urban population will have been exposed to ambient levels
of particulate matter (as measured by air monitoring stations) as well as fluctuations that
occur throughout the day during various daily activities including in-vehicle exposures (and
others such as cooking). These large urban studies have related health effects to regional
ambient (urban) air concentrations. They have not measured daily (or longer term) personal
exposures to particulate matter, but such fluctuations would occur within the population
exposed and would be expected to be accounted for within the health data considered in the
epidemiology studies. Specific health effects from the short duration variations in particulate
exposures throughout any specific day cannot be determined from these studies. It is
therefore important to consider if exposures to PM2.5 in the project tunnel would be
consistent with other tunnels or in-vehicle exposures (during commuting in an urban
environment).

n Exposure to particulate matter within vehicles varies with the intensity of the traffic, the age
of the vehicle the choice of ventilation used within the vehicle and the type of fuel used
(Knibbs, de Dear & Morawska 2010). Levels of PM2.5 reported in vehicles in Europe (ETC
2013) vary from 0.022 to 0.085 mg/m3 for passenger cars and 0.026 to 0.13 mg/m3 for bus
travel.

n Levels of PM2.5 that have been measured within cars while commuting in Sydney (where
tunnel travel was not part of the study) range from 0.009 to 0.045 mg/m3 (NSW Health 2004).

n Keeping windows closed and switching ventilation to recirculation has been shown to reduce
exposures inside the vehicle by up to 80 per cent (NSW Health 2003). While noting no
guidelines are availability for very short duration exposures, this would further reduce
exposure to motorists.

Polycyclic aromatic hydrocarbons
n The hourly concentrations of total polycyclic aromatic hydrocarbons predicted in the project

tunnel are <0.00001 mg/m3 at the start of the tunnel increasing to levels of approximately
0.00007 mg/m3 towards the end of the southbound tunnel during the peak times and middle
of the day and 0.0001 mg/m3 towards the end of the northbound tunnel during the peak
times and middle of the day;
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n Based on the maximum in-tunnel concentrations estimated, average exposure for a motorist
using the southbound tunnel in peak periods is estimated to be approximately 0.00003
mg/m3  for total polycyclic aromatic hydrocarbons and 0.3 ng/m3 for carcinogenic polycyclic
aromatic hydrocarbons (as a BaP TEQ where speciated as outlined in Section 0)  for a
duration of approximately six minutes with windows open (lower with the windows closed
and on recirculation).

n Based on the maximum in-tunnel concentrations estimated, average exposure for a motorist
using the northbound tunnel in peak periods is estimated to be approximately 0.00016
mg/m3  for total polycyclic aromatic hydrocarbons and 1.4 ng/m3 for carcinogenic polycyclic
aromatic hydrocarbons (as a BaP TEQ where speciated as outlined in Section 0)  for a
duration of approximately six minutes with windows open (lower with the windows closed
and on recirculation).

n While difficult to directly compare due to a wide range of averaging times for the different
studies (varying from hours to 24-hour averages), the concentrations of carcinogenic
polycyclic aromatic hydrocarbons in other tunnels (in Sydney and around the world) have
been reported to range from 0.9 to 11.8 ng/m3 (NHMRC 2008).

n There are no short-term peak guidelines for exposure to polycyclic aromatic hydrocarbons
(as the health effects associated with these compounds relates to chorionic exposures only)
that would be relevant for assessing the very short duration of time likely to be spent within
the tunnel. However it is noted that the calculated incremental carcinogenic risks for a very
short duration exposure (of minutes) to carcinogenic PAHs at the maximum levels reported
would be less than 1x10-6 and would be considered to be negligible.

Volatile organic compounds
n The hourly concentrations of total volatile organic compounds predicted in the project tunnel

are <0.1 mg/m3 at the start of the tunnel increasing to levels of approximately 0.38 mg/m3

towards the end of the southbound tunnel during the peak times and middle of the day and
0.7 mg/m3 towards the end of the northbound tunnel during the peak times and middle of the
day;

n Based on the maximum in-tunnel concentrations estimated for total volatile organic
compounds, average exposure for a motorist using the southbound tunnel in peak periods24

is estimated to be approximately 0.2 mg/m3 for a duration of approximately six minutes with
windows open and 0.1 mg/m3 with windows closed and ventilation set to recirculation mode.

n Based on the maximum in-tunnel concentrations estimated for total volatile organic
compounds, average exposure for a motorist using the northbound tunnel in peak periods is
estimated to be approximately 0.4 mg/m3  for a duration of approximately six minutes with
windows open and 0.2 mg/m3 with windows closed and ventilation set to recirculation mode.

n The peak period exposure concentrations for the total volatile organic compound
concentrations are higher than assessed previously in relation to acute exposures (refer to
Section 4.2). Utilising the approach adopted for speciating individual VOCs (as outlined in

24 Refer to the technical working paper: air quality (AECOM, 2014) for more details in relation to concentrations estimated
in the tunnel in peak periods (at each kilometre through the tunnel).
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Section 4.2), assuming windows are down, taking into account a 6 minute exposure period
(compared with 60 minute average guidelines) and the acute (60 minute, or hourly average)
health based criteria presented in Table 4-6, all potential exposure concentrations of
individual volatile organic compounds (and all compounds together) are below the acute
guidelines. Hence no adverse health effects are expected for the short duration of exposure
to volatile organic compounds in the tunnel.

n Where speciated out to individual VOCs (as per Section 4.2) the maximum hourly average
peak period exposure concentration (windows down) of benzene is estimated to be 0.01
mg/m3, toluene is estimated to be 0.02 mg/m3 and formaldehyde is estimated to be 0.02
mg/m3.

n The average concentrations reported in other tunnels in Sydney and around the world for
benzene, toluene and formaldehyde (NHMRC 2008) range from:

o For benzene - 0.008 to 0.33 mg/m3.
o For toluene - 0.03 to 0.63 mg/m3

o For formaldehyde - 0.013 to 0.056 mg/m3.
The reported levels  vary based on  differing averaging times (varying from hours to 24-hour
averages) and sample locations in the tunnels (NHMRC 2008).

n The concentrations predicted are also consistent with (and slightly lower than) the levels
measured within cars (NSW Health 2004) (during commuting in Sydney, where tunnel travel
was not part of the study) for benzene (mean ranged from 0.04 to 0.07 mg/m3) and toluene
(mean ranged from 0.1 to 0.2 mg/m3). Hence exposure to these VOCs during use of the
tunnel is not expected to be different to the exposure that would occur within a car during
normal commuting within Sydney.

Overall Assessment
In-tunnel concentrations have been estimated based on the predicted traffic volume using the tunnel
and emission factors from PIARC. These emission factors (when compared with those published by
the NSW Environment Protection Authority) are conservative particularly in relation to the
assessment of particulate matter (PM10 and PM2.5).

The duration of exposure to vehicle emissions within the project tunnel is limited (minutes, rather
than hours, only) and where guidelines are available for short duration exposures in tunnels, the
likely exposure concentrations (representative of the average concentrations from start to end) are
generally within or below these guidelines. Short-duration exposure guidelines are not available for
nitrogen dioxide or particulate matter (assessed as PM2.5). In relation to nitrogen dioxide exposures
studies are available that suggest in situations of congested traffic (including delayed traffic in a
tunnel) there is an increased risk of adverse health effects amongst individuals with asthma.
Particulate matter exposures within the tunnel are estimated to be similar to those expected within
other vehicle tunnels, are of limited duration (minutes) and are consistent with expected variability of
exposure to PM2.5 throughout any day where a range of activities are undertaken.

For regular users of tunnels in Sydney, and regular commuters in heavy traffic, repeated short
duration exposures to elevated concentrations of pollutants from vehicle emissions would contribute
to a higher level of overall (daily) exposure and may be associated with increased risks for
asthmatics. Drivers who regularly use tunnels or drive in congested traffic in Sydney can minimise
exposure to vehicle emissions by keeping windows up and air conditioning on recirculation when in
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tunnels or heavy traffic conditions. Keeping windows closed and switching ventilation to recirculation
has been shown to reduce exposures inside the vehicle by up to 80 per cent.

5.6.2 Impact of project on asthma

A common concern in relation to exposure to particulate matter relates to the potential for impacts
on children with asthma. The available studies that have evaluated the potential impact of exposure
to particulate matter with asthma indicators (hospital visits and medication use) are more limited,
and considered to be less robust (showing less statistical significance); however they have shown
the presence of potential adverse effects (and relationship) for particulates, particularly PM2.5 in the
range 9.7 µg/m3 to 30 µg/m3 (USEPA 2012).

Background PM2.5 concentrations exceed the current levels of PM2.5 in ambient air in Sydney, and
exceed the predicted cumulative (background plus incremental) concentrations of PM2.5 for this
project. Hence any use of relationships established for levels of exposure in excess of what is being
considered in this assessment should be done with caution. Due to this limitation, along with the
issue that much of the necessary baseline data is limited in availability, the outcomes of any
assessment of particulate matter exposures and asthma are only considered to be qualitative.

Review by the WHO in the report “Effects of Air Pollution on Children's Health and Development”
(WHO 2005b) concluded that the evidence on asthma and air pollution is sufficient to suggest a
causal link between air pollution, in particular where living in proximity to traffic, and aggravation of
asthma. One way of measuring aggravation of asthma is through the monitoring the use of
bronchodilators (also known as asthma relievers).

The most of the available studies in relation to increased medication use for these relievers and
exposure to particulate matter relate to PM10. This is mainly due to the nature of the available
studies where coarse particulate matter levels were measured in air rather than the finer PM2.5. In
this study it is recognised that most of the PM10 impacts predicted comprise significant levels of
PM2.5 due to the source being vehicle emissions.

Review of available data by the WHO (Anderson et al. 2004), as summarised for Europe (EC 2011)
identified relative risk of a 0.4 per cent (95 per cent confidence interval:-1.7 per cent to 2.6 per cent)
increase in bronchodilator days per 10 µg/m3 increase in PM10 for children aged 5 – 15 years.
Based on this study a β coefficient of 0.0004 can be determined and applied for the age group 5 –
14 years considered in this assessment (age group where data on asthma use and population are
available). This relationship was established following analysis of data from studies conducted in
Europe, including panel studies of children with existing asthma symptoms.

To calculate the change in annual incidence, or change in use of medication each year for the
population of concern in this assessment, additional information is required as follows:

n Changes in concentration of PM10 (annual average):
o The assessment presented has considered the impact of the ventilation facilities

alone as well as the project as a whole (where changes in exposures occur as a
result of the ventilation facilities as well as the change in use of Pennant Hills Road).
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o For this assessment the change in PM10 concentration, as a population weighted
change in concentration, in the suburbs of West Pennant Hills (southern end) and
Wahroonga (northern end) has been considered.

o The change in PM10 population weighted concentration (maximum change for the
years 2019 and 2029) for these suburbs is as follows:
§ West Pennant Hills  = 0.02 µg/m3 for the southern ventilation facility alone

= - 0.04 µg/m3 (ie decreased concentration) for the
whole project

§ Wahroonga = 0.03 µg/m3 for the northern ventilation facility alone
= - 0.02 µg/m3 (ie decreased concentration) for the
whole project

n Population exposed: It is assumed that the number of children currently with asthma is
15.4 per cent of the total population of children. The per cent of children with asthma is
based on the NSW rate of current asthma reported by NSW Health25 for children aged
2 – 15 years for 2012. This rate has been adopted for assessing children aged 5 – 14 years.

n It is too conservative to assume that 100 per cent of the children aged 5 – 14 years in the
whole of the Hornsby South statistical area is present at the location of maximum
incremental PM10 impacts. For this calculation the number of children aged 5 – 14 years
present in West Pennant Hills (2103 children) and Wahroonga (2462 children) have been
considered. If 15.4 per cent of the children in these areas have asthma, this results in 324
children in West Pennant Hills and 379 children in Wahroonga with asthma.

n Based on data from Australia (assumed to be relevant to Northern Sydney) for 2002 – 2004,
the rate of daily use of reliever medications by children aged 5 – 14 years was 7.2 per cent
(ACAM 2007). This incidence is multiplied by 365 to obtain the annual incidence of asthma
medication use, ie 0.072 x 365 = 26.28.

n Based on the above the number of additional days per year of bronchodilator use by children
associated with the incremental PM10 concentration predicted is calculated to be:

o West Pennant Hills, additional days of bronchodilator use
= 0.07 days per year for southern ventilation facilities only
= - 0.1 days per year for whole project – ie a decrease in number of days per
year.

o Wahroonga, additional days of bronchodilator use
= 0.1 days per year for northern ventilation facilities only
= -0.08 days per year for whole project – ie a decrease in number of days per
year.

Where the project is considered as a whole an overall decrease in the number of days of
bronchodilator use by young children is predicted. It is noted that the estimated change in
bronchodilator is very low and would not be measurable within the local community.

25 NSW Health Statistics for current asthma in children aged 2-15 years. The rate for NSW of 15.4 per cent is equivalent to
that reported for Northern Sydney (15.3 per cent). Data available from http://www.healthstats.nsw.gov.au/
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5.7 Uncertainties

5.7.1 Particulate concentrations

The modelling of particulate impacts involves the use of a number of assumptions in relation to the
operation of the project and activities that result in the emission of dust to air. In addition the
determining the dispersion of particulate matter from the ventilation facility outlets to the surrounding
environment has utilised air dispersion models. While the approach adopted in the AQIA utilised
published peer-reviewed emission estimation techniques, the currently available site-specific data
on the operation of the project, site-specific meteorology and terrain data and approved models for
the quantification of impacts in the surrounding areas, the overall approach adopted is generally
conservative to ensure that where uncertainties are present, the impact is overestimated.

5.7.2 Assessment of the effects of exposure to particulate matter

The available scientific information provides a sufficient basis for determining that exposure to
particulate matter (particularly PM2.5 and smaller) is associated with adverse health effects in a
population. The data is insufficient to provide a thorough understanding of all of the potential toxic
properties of particulates to which humans may be exposed. Over time it is expected that many of
the current uncertainties will be refined with the collection of additional data, however some
uncertainty will be inherent in any estimate. The influence of the uncertainties may be either positive
or negative.

Overall, however, the epidemiological and toxicological data on which the assessment presented in
this technical working paper are based on current and robust for the assessment of risks to human
health associated with the potential exposure to particulate matter from combustion sources. When
drawing conclusions in relation to the assessment presented, the following also need to be
considered.

Exposure-response function
The choice of exposure-response functions for the quantification of potential health impacts is
important. For mortality health endpoints, many of the exposure-mortality functions have been
replicated throughout the world. While many of these have shown consistent outcomes, the
calculated relative risk estimates for these studies do vary. This is illustrated by Figure 5-6 to
Figure 5-8 that show the variability in the relative risk estimates calculated in published studies for
the US (and Canadian) population that are relevant to the primary health endpoints considered in
this assessment (USEPA 2012). A similar variability is observed where additional studies from
Europe, Asia and Australia/New Zealand are considered.
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Figure 5-6 All-cause mortality relative risk estimates for long-term exposure to
PM2.5 (USEPA 2012, note studies in red are those completed since 2009)
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Figure 5-7 Per cent increase in cardiovascular-related hospital admissions for a
10 µg/m3 increase in short-term (24-hour average) exposure to PM2.5

(USEPA 2012, note studies in red are those completed since 2009)
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Figure 5-8 Per cent increase in respiratory-related hospital admissions for a
10 µg/m3 increase in short-term (24-hour average) exposure to PM2.5

(USEPA 2012, note studies in red are those completed since 2009)

The above figures illustrate the variability inherent in the studies used to estimate exposure-
response functions. The variability is expected to reflect the local and regional variability in the
characteristics of particulate matter to which the population is exposed.

Based on the available data, and the detailed reviews undertaken by organisations such as the
USEPA (USEPA 2010, 2012) and WHO (WHO 2003, 2006b, 2006a) and discussions with NSW
Health, the adopted exposure-response estimates are considered to be current, robust and relevant
to the characterisation of impacts form PM.

Shape of exposure-response function
The shape of the exposure-response function and whether there is a threshold for some of the
effects endpoints remains an uncertainty. Reviews of the currently available data (that includes
studies that show effects at low concentrations) have not shown evidence of a threshold. However,
as these conclusions are based on epidemiological studies, discerning the characteristics of the
particulates responsible for these effects and the observed shape of the dose-response relationship
is complex. For example, it is not possible to determine if the observed no threshold response is
relevant to exposure to particulates from all sources, or whether it relates to particulates from
combustion sources only. Most studies have demonstrated that there is a linear relationship
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between relative risk and ambient concentration however for long-term exposure-related mortality a
log-linear relationship is more plausible and should be considered where there is the potential for
exposure to very high concentrations of pollution. In this assessment the impact considered is a
localised impact with low level incremental increases in concentration. At low levels the assumption
of a linear relationship is considered appropriate.

Co-pollutants
It is likely that some of the health effects observed relate to both particulate matter and other
related/correlated pollutants. Many of the pollutants evaluated come from a common source (eg fuel
combustion) hence the use of only particulate matter as an index for the mix of pollutants is
reasonable but conservative, particularly where there are multiple sources, or the scenario being
evaluated is not from a source type that is likely to have dominated the studies underlying the
relative risk values used in the risk assessment.

Selected health outcomes
The assessment of risk has utilised exposure-response functions and relative risk values that relate
to the more significant health endpoints where the most significant and robust positive associations
have been identified. The approach does not include all possible subsets of effects that have been
considered in various published studies. However, the assessment undertaken has considered the
health endpoints/outcomes that incorporate many of the subsets, and has utilised the most current
and robust relationships.

Application of exposure-response functions to small populations
The exposure-response functions have been developed on the basis of epidemiological studies
from large urban populations where associations have been determined between health effects
(health endpoints) and changes in ambient (regional) particulate levels. Typically these exposure
response functions are applied to large populations for the purpose of establishing/reviewing air
guidelines or reviewing potential impacts of regional air quality issues on large populations. When
applied to small populations (less than larger urban centres such as the whole of greater Sydney)
the uncertainty increases.

In addition it is noted that the exposure-response functions relate changes in health endpoints with
changes in regional air quality measurements. They do not relate to specific local sources (which
occur within a regional airshed), or daily variability in exposure that may occur as a result of various
different activities that may occur in any one day.

Diesel particulate matter evaluation
The health hazard conclusions associated with exposure to diesel particulate matter are based on
studies that are dominated by exhaust emissions from diesel engines built prior to the mid-1990s.
With current engine use including some new and many older engines (engines typically stay in
service for a long time), the health hazard conclusions, in general, are likely to be applicable to
engines currently in use. However as new and cleaner diesel engines, together with different diesel
fuels, replace a substantial number of existing engines; the general applicability of the health hazard
conclusions may require further evaluation. The NEPC (NEPC 2009) has established a program to
reduce diesel emissions from the Australian heavy vehicle fleet. This is expected to lower the
potential for all diesel emissions over time.
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Section 6. Review of noise and vibration impacts
6.1 Overview of the noise and vibration assessment

6.1.1 General

This section presents a summary of the technical working paper: noise and vibration (AECOM,
2014) (NVTP) that relates to construction and operational impacts for noise and vibration associated
with the project. The assessment has been reviewed to determine if the predicted impacts have the
potential to affect the health of the surrounding community, and if impacts are predicted, if they can
be effectively mitigated.

The NVTP provides a more detailed evaluation of all the activities, and the duration of those
activities, associated with construction and operation of the proposed tunnel that may give rise to
noise or vibration impacts in the surrounding community.

In general the existing noise environment in the areas surrounding the project is dominated by
existing road traffic noise. To undertake the noise assessment required for the project, the existing
background noise quality is required as the guidelines that relate to noise impacts from a specific
project are based on levels allowable above background (refer to Section 6.1.2 for further detail).
Background noise levels were measured at 23 locations throughout the study area. The measured
noise levels were used with consideration of the existing road traffic flows to calibrate the
operational noise model and also to establish construction noise management levels relevant for the
project.

Noise levels that are measured, or modelled, refer to noise levels over a specified period of time
and are presented as LA1, LA10, LA90, LAmax and LAeq levels of the noise environment. The LA1, LA10

and LA90 levels are the levels exceeded for one percent, 10 per cent and 90 per cent of the sample
period respectively. The LAmax is indicative of maximum noise levels due to individual noise events.
The LA90 is taken as the rating background noise level (RBL). The LAeq is the energy averaged noise
level over a defined period.

The background noise levels in each of the 23 monitoring locations varies, depending on the
location of each of these relative to existing noise sources (in particular major roadways).
Background noise levels were established for the day (7am to 6pm, varying from 41 to 59 dB(A)),
evening (6pm to 10pm, varying from 38 to 54 dB(A)) and night-time (10pm to 7am, varying from 30
to 45 dB(A)) periods (as LA90, 15 minute).

6.1.2 Noise assessment criteria

Noise issues in NSW are managed by the NSW Environment Protection Authority. They have
prepared a number of guidance documents with regard to the types of noise that are considered in
relation to construction and operation of the project. The NSW Industrial Noise Policy (Environment
Protection Authority, 2000), the NSW Road Noise Policy (RNP) (Department of Environment,
Climate Change and Water, 2011), and the Interim Construction Noise Guideline (ICNG)
(Department of Environment and Climate Change, 2009) are all relevant to the assessment of noise
generated by this project. In all these policies there is discussion of the need to balance the
economic and social benefits of activities that may generate noise with the protection of the
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community from the adverse effects of noise. The noise assessment criteria adopted relate to levels
of noise that can be tolerated or permitted above background before some adverse effect
(annoyance, discomfort, sleep disturbance or complaints) occurs.

For the assessment of noise impacts from the project a range of guidelines and criteria have been
adopted:

Construction noise
General

The ICNG has been adopted for the assessment of noise during construction works. In relation to
these guidelines, noise impacts from the project are predicted at sensitive receivers and compared
with the criteria, referred to as management levels, outlined in the ICNG. Where an exceedance
occurs the guidelines advises that the proponent apply all feasible and reasonable work practices to
minimise impacts. The management levels are based on levels of noise above background that may
result in reactions (or complaints) by the community. The levels are based on some reaction (noise
affected) and a strong reaction (highly noise affected).

Levels of noise allowable outside standard work hours, particularly at night, are lower. The ICNG
recommended that where construction works are planned to extend over more than two consecutive
nights a sleep disturbance assessment is required to be undertaken. Based on the available
information on the levels of noise that result in sleep disturbance, a maximum internal noise level
below 50-55 dB(A) is considered unlikely to cause awakening. The project has considered that a
closed window provides up to 10 dB(A) attenuation of noise, and hence an upper limit of outside
noise of 65 dB(A) has been adopted for the assessment of sleep disturbance.

The assessment of noise impacts during construction has been undertaken based on 16 noise
catchment areas (assumed to have background noise levels consistent with the background noise
monitoring location within that catchment area)

Ground-borne noise

Noise from activities such as tunnelling are assessed on the basis of criteria outlined in the ICNG for
the day-time and night-time. These criteria are based on amenity and sleep disturbance when
people are at home.

Vibration criteria

Guidelines for vibration from construction activities that are based on structural damage and human
comfort (as tactile vibration or regenerated noise) have been adopted in the assessment. The
structural damage guidelines adopted are the German Standard DIN 4150 (as there are no
Australian Standards available).
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In relation to human comfort, intermittent vibration has been evaluated on the basis of the
Environment Protection Authority guideline Assessing Vibration: A Technical Guideline (Department
of Environment and Conservation, 2006), which is based on vibration dose values (VDV). The
criteria for VDV are based on the potential for annoyance (based on the level of vibration over the
assessment period). Guidelines for continuous and impulsive vibration are dependent on the time of
day and the activity taking place. The criteria established for these vibration types are based on the
potential for adverse comment (complaint) and disturbance to building occupants.

Blasting

Construction blasting has been assessed for air blast and ground vibration, which have the potential
to result in discomfort as well as damage to structure and services. Guidelines adopted for the
assessment of these effects are from ANZECC and Australian Standards. The ANZECC guidelines
are based on minimising annoyance and discomfort to persons at sensitive locations caused by
blasting. The guidelines also have recommendations that can be implemented to minimise impacts
of blasting at sensitive receivers. The guidelines presented in the Australian Standards are
consistent with those presented in the ANZECC guidelines but also specifically address structural
damage issues.

Blasting activities, if required, will only occur underground and are proposed to be managed such
that the criteria are not exceeded.

Operational Noise
Operational noise impacts have been evaluated on the basis of the EPA’s RNP, with additional
guidance and criteria provided within Roads and Maritime’s Environmental Noise Management
Manual (ENMM) (Roads and Traffic Authority, 2001). This requires consideration of the following:

n Whether the road is in a new or existing road corridor.
n Whether the receivers have an existing road traffic noise exposure. A receiver is subject to

existing road traffic noise exposure if the existing noise levels exceed a daytime LAeq(15hour) of
55 dB(A) or a night-time LAeq(9hour) of 50 dB(A).

n Whether the road would introduce road traffic noise from a new direction compared with the
existing road traffic noise exposure.

The road noise considered in the assessment has considered receivers along the Hill M2 Motorway,
M1 Pacific Highway, Pacific Highway and Pennant Hills Road as receivers subject to existing road
noise. The operation of the tunnel itself, while it is a new road, would have the road noise
attenuated by the tunnel. Receivers adjacent to the southern and northern portals are located within
the existing road corridor.

Within the RNP, the criteria have been developed to provide protection inside and immediately
around permanent residences and at schools, hospitals and other sensitive land uses close to
roads. The criteria are based on a level where 90 per cent of residents should not be highly
annoyed by the noise from traffic.

In addition to the RNP criteria, the ENMM identifies a category of highly affected noise sensitive
receivers, which are termed as ‘acute’ receivers. Where receivers experience noise levels that
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would be greater than or equal to LAeq(15hour) 65 dB(A) and LAeq(9hour) of 60 dB(A) as a result of existing
or future road traffic noise, they would be classified as ‘acute’. In these instances, noise mitigation in
accordance with practice note IV of the ENMM would be necessary.

In addition guidelines are available for assessing noise impacts from fixed facilities (that would
include the ventilation facilities at the southern and northern interchanges) that are based on the
following:

n To assess the potential for disturbance (referred to as an intrusive criterion). This criteria is
based on existing noise levels measured as RBL (LA90, 15-minute, dB(A)) at sensitive receivers
(adjusted to account for potentially annoying noise characteristics). This criterion applies to
the assessment of residential areas only; and

n To manage noise amenity relevant to specific land uses (referred to as an amenity criterion).
This criterion is designed to preserve noise amenity of the land use and protect against
noise impacts such as community annoyance and speech interference. The criterion is
based on existing ambient and background noise levels (LAeq, 15-minute) at receivers not
affected by industrial noise. This criterion applies to all land uses considered in the
assessment.

6.2 Impacts during construction

6.2.1 Noise impacts

Noise during construction has focused on the following key works:

n Hills M2 integration works.
n Main tunnel alignment works.
n Development of the southern interchange and northern interchange.
n Works inside ancillary construction compounds, ranging from site establishment to the

construction of permanent operational ancillary facilities, where relevant.

During standard working hours the assessment has identified a number of sensitive receivers in the
community adjacent to the southern interchange and the Hills M2 Motorway integration works,
northern interchange and M1 Pacific Highway tie-in works where the Noise Management Limits
(NMLs) are exceeded with a smaller number of receivers identified as highly affected noise
receivers. During some activities receivers adjacent to the Wilson Road compound, Trelawney
Street compound, northern interchange compound, Bareena Avenue compound and the Pioneer
Avenue compound also exceed the NMLs with some considered to be highly noise affected.

Out of hours works have also been evaluated with a number of sensitive receivers located in the
community surrounding the southern interchange and the Hills M2 Motorway integration works,
southern interchange compound, Wilson Road compound, Trelawney Street compound and
northern interchange compound where the Noise Management Limits (NMLs) are exceeded. A
small number of receivers have been identified as highly noise affected along the Hills M2 Motorway
integration works.

A number of sensitive receivers have been identified where ground-borne noise levels exceed the
adopted criterion during the evening and night-time.
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A number of sensitive receivers have been identified in areas surrounding the M2 Hills Motorway
integration works (bridgeworks), southern interchange compound, Wilson Road compound,
Trelawney Street compound and Northern interchange compound where the criteria for sleep
disturbance is exceeded.

Review of the impact of construction road traffic on noise levels has identified that the predicted
increased during the morning and afternoon peak periods (less than 2 dB) meets the recommended
noise goal. Exceedances of the recommended noise goal have been predicted during night-time
periods, and the use of local roads by heavy vehicles during night-time periods would be reviewed
during construction planning.

As a result of the assessment undertaken for noise during construction works, specific mitigation
should be proposed for each construction activity where required before construction begins in the
form of a Construction Noise and Vibration Management Plan. The Construction Noise and
Vibration Management Plan will also need to consider any cumulative noise impacts in the
surrounding community from other major works being undertaken in the area, including the Epping
to Thornleigh Third Track and the North West Rail Link. Details of the Construction Noise and
Vibration Management Plan (addressing management and mitigation measures as well as
requirements for noise monitoring) are outlined in the NVTP.

The issues associated with construction fatigue for receivers located adjacent to the M2 Hills
Motorway (where major construction works have only just been completed) were identified and
these issues would be required to be managed through community consultation.

6.2.2 Vibration impacts

A range of management measures have been identified to monitor and manage vibration impacts
associated with surface works. During tunnelling operations a number of sensitive receivers were
identified where the night-time vibration criteria (preferred criteria based on human comfort [not
structural damage]) were exceeded. No predicted vibration levels exceeded the maximum criteria
for these works which are related to structural damage.

Impacts associated with vibration are to be addressed, mitigated or managed, using measured to be
outlined in the Construction Noise and Vibration Management Plan.



Technical Working Paper: Human Health Risk Assessment - NorthConnex 134 | P a g e
Ref: ARM/14/M1M2R001-E

6.3 Noise impacts during operation
In relation to noise impacts from the operation of the project the assessment identified the following:

n Southern interchange and Hills M2 Motorway integration:
o Noise impacts have been identified at a number of sensitive receiver locations

associated with road traffic noise.
o During the design year (Year 2029), a total of 134 receivers exceed the LAeq(15hour)

daytime noise criteria of 60 dB(A). A total of 264 receivers exceed the LAeq(9hour) noise
criteria of 55 dB(A) during the night-time period.

o Of these sensitive receivers, 47 receivers would be eligible for consideration for noise
mitigation. Of the 47 receivers, 46 receivers have been identified as acute. However,
these receivers would be considered to be acute in the absence of the project.
Additional noise mitigation is also identified for Early Childhood Intervention Australia
in North Rocks.

o For this project, all road design and traffic management options have been
considered. A low-noise pavement in the form of stone-mastic asphalt has been
included in the design. Noise barriers already partially line both sides of the Hills M2
Motorway corridor. Further mitigation in the form of increased height noise barriers
and architectural treatment on individual homes is recommended to achieve
compliance with the applicable noise goals. A list of properties that require additional
architectural treatment (such as upgraded windows and doors) is provided in the
technical working paper.

n Northern interchange:
o Noise impacts have been identified at a number of receiver locations associated with

road traffic noise.
o During the design year (Year 2029), a total of 106 receivers exceed the LAeq(15hour)

daytime noise criteria of 60 dB(A). A total of 184 receivers exceed the LAeq(9hour) noise
criteria of 55 dB(A) during the night-time period.

o Of these sensitive receivers, 82 receivers would be eligible for consideration for noise
mitigation. Of the 82 receivers, 69 receivers have been identified as acute. The
majority of these receivers would be identified as acute in the absence of the project.
Additional noise mitigation is also identified for St Pauls Church on Pearces Corner,
Wahroonga.

o For this project, all road design and traffic management options have been explored.
Low-noise pavements have been included in the design. Noise barriers already line
both sides of the M1 Pacific Motorway road corridor. Further mitigation in the form of
increased height noise barriers and architectural treatment on individual homes is
recommended to achieve compliance with the applicable noise goals. A list of
properties that require additional architectural treatment (such as upgraded windows
and doors) is provided in the technical working paper.
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6.4 Health outcomes relevant to noise
Environmental noise has been identified (I-INCE 2011; WHO 2011) as a growing concern in the
growth of urban areas because it has negative effects on quality of life and well-being and it has the
potential for causing harmful physiological health effects. With increasingly urbanised societies
impacts of noise have the potential to increase within the community.

Deciding on the most effective noise management option in a specific situation is not just a matter of
defining noise control actions to achieve the lowest noise levels or meeting arbitrarily chosen criteria
for exposure to noise. The goal should be to achieve the best available compromise between the
benefits to society of reduced exposure to community noise versus the costs and technical
feasibility of achieving the desired exposure levels. On the one hand there are the rights of the
community to enjoy an acceptably quiet and healthy environment. On the other are the needs of the
society for a new or upgraded facilities, industries, roads, recreation opportunities, etc, all of which
typically produce more community noise (I-INCE 2011; WHO 2011).

Sound is a natural phenomenon that only becomes noise when it has some undesirable effect on
people or animals. Unlike chemical pollution, noise energy does not accumulate either in the body
or in the environment but it can have both short-term and long-term adverse effects on people.
These health effects include (WHO 1999, 2011):

n Sleep disturbance.
n Annoyance.
n Hearing impairment.
n Interference with speech and other daily activities.
n Children’s school performance (through effects on memory and concentration).
n Cardiovascular health.

Other effects for which evidence of health impacts exists, but for which the evidence is weaker,
include:

n Effects on mental health (usually in the form of exacerbation of existing issues for vulnerable
populations rather than direct effects).

n Effects on the performance of cognitive tasks.
n Some evidence of indirect effects such as impacts on the immune system.

Often, annoyance is the major consideration because it reflects the community’s dislike of noise and
their concerns about the full range of potential negative effects.

There are many possible reasons for noise annoyance in different situations. Noise can interfere
with speech communication or other desired activities. Noise can contribute to sleep disturbance,
which can obviously be very annoying and has the potential to lead to long-term health effects.
Sometimes noise is just perceived as being inappropriate in a particular setting without there being
any objectively measurable effect at all. In this respect, the context in which sound becomes noise
can be more important than the sound level itself.

Different individuals have different sensitivities to different types of noise and this reflects
differences in expectations and attitudes more than it reflects any differences in underlying auditory
physiology. A noise level that is perceived as reasonable by one person in one context (for example
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in their kitchen when preparing a meal) may be considered completely unacceptable by that same
person in another context (for example in their bedroom when they are trying to sleep). In this case
the annoyance relates, in part, to the intrusion from the noise. Similarly a noise level, which is
considered to be completely unacceptable by one person, may be of little consequence to another
even if they are in essentially the same room. In this case the annoyance depends almost entirely
on the personal preferences, lifestyles and attitudes of the listeners concerned.

It is against this background that regulators in various communities have established sound level
criteria above which noise is deemed to be unacceptable and below which it is deemed to be
acceptable. Any assessment of noise impacts needs to consider the relevant criteria established for
a new or existing (or upgraded) facility or activity. Where there are impacts in excess of these
guidelines an assessment of noise mitigation is required to be undertaken.

In relation to the project, potential noise impacts have been assessed against Australian (more
specifically New South Wales) criteria that have been established on the basis of the relationship
between noise and health impacts. The criteria developed for use in the assessment for control of
noise come from policy documents developed by the NSW Government including the NSW
Industrial Noise Policy, the NSW Interim Construction Noise Policy, and the NSW Road Noise
Policy. All of these policies are based on the health effects of noise, and are based on guidance and
reviews published in the following:

n World Health Organisation- Guidelines on Community Noise – Health effects of noise (WHO
1999).

n World Health Organisation – Night Noise Guidelines for Europe (WHO 2009).
n Environmental Health Council of Australia - The health effects of environmental noise – other

than hearing loss (enHealth 2004).

Various attempts have been made to assess the effect (measured by average reported annoyance,
sleep disturbance or a similar type of effect) from community noise (measured by long term average
sound levels) to develop exposure-response relationships. As individual reactions to noise are so
varied, these studies need large sample sizes to obtain reasonable correlation between the noise
exposure and the response. Any dose-response relationship determined from large studies over a
range of communities and cultures will not necessarily represent the reaction of individuals or small
communities. These exposure-response relationships are of value for macro-scale (ie whole urban
environment scale) strategic assessment purposes where individual differences are not important,
however they are not useful when considering potential impacts to a small population located close
to a specific project/activity. Hence these macro-scale relationships cannot be applied (in any
meaningful way) in this assessment.

As guidelines/criteria are available for construction and operational noise impacts associated with
this project, that are based on the protection of health (including annoyance), the assessment of
potential health impacts has focused on whether the guidelines/criteria established can be met.
Noise levels that do not comply with these guidelines/criteria would have the potential to have
negative health outcomes for the community adjacent to the Hills M2 Motorway integration works,
southern interchange and northern interchange.
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Currently, the worst case assessment predicts that noise criteria would be exceeded at a number of
properties in these areas without additional noise mitigation measures.

Construction
During construction it is important that proposed measures for mitigation, management and
monitoring be included and detailed in the Construction Noise and Vibration Management Plan.
Measures that have been recommended to mitigate the construction noise impact at adjacent
sensitive receivers include:

n Completion of a construction noise and vibration management plan
n Community consultation
n Appropriate selection and maintenance of equipment
n Use of noise barriers
n Scheduling of work for less sensitive time periods
n Situating plant in less noise sensitive locations
n Training of construction site workers
n Construction traffic management
n Noise monitoring
n Respite offers, and
n Alternative accommodation.

Feasible and reasonable mitigation measures would be detailed within the construction noise and
vibration management plan to manage predicted noise levels at sensitive receivers.  Consultation
with the affected community would also occur prior to and during construction

Operations
During operation of the project within much of the community surrounding the project, predicted
noise impacts meet the criteria established that are based on the protection of health. There are
some properties where additional mitigation measures (that include the use of low noise road
pavement, replacement and improvement of noise barriers and implementation of architectural
treatments on individual homes) are required to ensure that noise impacts are reduced where
feasible and reasonable to meet the established criteria/guidelines. The recommended mitigation
measures would ensure that the levels of road traffic noise experienced by residents would be
reduced as low as is feasible and reasonable. The requirements and the form of noise mitigation
would be confirmed when assessed against the detailed design.

For a number of individual properties architectural treatment has been identified to mitigate noise
impacts indoors, so that the noise criteria can be met. While these mitigation measures are required
to ensure that the environment where people spend most of the day is not associated with adverse
health impacts it does assume that residents take up these measures and where they do, they keep
external windows and doors shut and have minimal use of outdoor areas.

In urban areas particularly where noise is dominated by road traffic noise, access to outdoor green-
space areas that are not (perceived to be) impacted by noise (eg where there is a quiet side of a
specific property or there is access to a quiet green space areas close to the residential home) have
been found to significantly affect well-being and lower levels of stress (Gidlöf-Gunnarsson &
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Öhrström 2007). Impacts on the use and enjoyment of outdoor areas due to increased noise may
result in increased levels of stress at individual properties.

Where specific residents/properties do not take up the recommended architectural treatments to
mitigate noise indoors there is the potential for noise levels at these properties to exceed the
relevant guidelines/criteria. In these situations there is the potential for adverse health effects,
particularly annoyance and sleep disturbance, to occur.

Community consultation will be an important part of the process in addressing noise impacts for the
project as there are a number of individual homes where architectural treatment is required to
enable the noise criteria to be met, and minimise the potential for adverse health effects associated
with the project.
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Section 7. Conclusions
An assessment of health impacts associated with emissions to air as well as noise and vibration
resulting from the construction and operation of the project has been undertaken.

In relation to impacts to air quality, potential health impacts have been evaluated on the basis of
appropriate health based guidelines (that are protective of public health), or, in the case of exposure
to PM2.5 and PM10 conducting a detailed assessment of the impact of the emissions on key
community health indicators. All predicted concentrations of carbon monoxide, nitrogen dioxide, key
individual volatile organic compounds and polycyclic aromatic hydrocarbons are below health based
guidelines. For the assessment of potential impacts of PM2.5 and PM10 from the operation of the
tunnel, potential health impacts are low and essentially negligible in proximity to the ventilation
outlets. Overall, taking a significant number of vehicles, in particular trucks off the existing road
corridor along Pennant Hills Road, and managing emissions via the tunnel ventilation system, would
lead to a net benefit to health within the community.

In relation to noise and vibration, potential impacts during construction and operation have been
considered. During construction potential impacts of noise and vibration on the local community can
be managed and/or mitigated through the implementation of a range of measures. For construction
noise and vibration, these management and mitigation measures (including the requirement for
noise monitoring) are to be outlined in detail within the Construction Noise and Vibration
Management Plan.

During operation of the project a number of individual homes located adjacent to the northern
interchange as well as the southern interchange and the Hills M2 Motorway integration works where
noise impacts, in excess of the health based guidelines adopted, have been identified. The
recommended mitigation measures would ensure that the levels of road traffic noise experienced by
residents would be reduced as low as feasible and reasonable. The requirements and the form of
operational noise mitigation would be confirmed when assessed against the detailed design. This
would include consideration of the feasibility of noise barriers with consideration to engineering
considerations, and the outcomes of consultation with the affected community
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Appendix A Summary of existing asthma health
statistics
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A1 Asthma in children

The following graphs are reproduced from the NSW Population Health Survey, 2006 – 2006 Report
on child health published by NSW Health (2008).
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Appendix B PM2.5 and PM10 calculations for primary
and secondary health indicators
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Appendix C Calculation of population incidence for
exposure to PM2.5 (scenarios 2a and 2b)
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Appendix E Calculations for design analysis A
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E1 General

This appendix presents calculations relevant top predicted health impacts associated with design
analysis A, the theoretical maximum peak hour traffic flow.

This design analysis has been conducted to ensure that the project’s ventilation system is
adequately sized to cater for tunnel full of traffic. It assumes that during peak hours, the
maximum number of vehicles that can fit into the tunnel (4,000 passenger car units per two lane
main alignment tunnel adjusted for speed). This design analysis represents the physical limit of
the main alignment tunnels and is based on forecast traffic volumes that are unlikely to
eventuate due to a range of factors.

The calculations presented are associated with the assessment of pollutants as presented in the
main body of the report.

E2 Assessment of Key Pollutants

On the basis of the guidelines identified and outlined in Section 4.2 of the main report the following
can be noted in relation to potential exposures to nitrogen dioxide and carbon monoxide for design
analysis A:

Nitrogen dioxide

n The maximum 1 hour average cumulative (background plus the project) concentration is
predicted to be 182 µg/m3, which is below the acute health based guideline of 246 µg/m3.

n The maximum annual average cumulative (background plus project) concentration is
predicted to be 42.6 µg/m3, which is below the chronic health based guideline of 62 µg/m3.

Carbon Monoxide

n The maximum 1 hour average cumulative (background plus the project) concentration is
predicted to be 3 804 µg/m3, which is below the acute health based guideline of 30 000
µg/m3.

n The maximum 8-hour average cumulative (background plus project) concentration is
predicted to be 2 684 µg/m3, which is below the chronic health based guideline of 10 000
µg/m3.

All the concentrations of nitrogen dioxide and carbon monoxide are well below the relevant health
based guidelines. Hence there are no adverse health effects expected in relation to exposures
(acute and chronic) to nitrogen dioxide or carbon monoxide in the local area surrounding the project.

E3 Assessment of Exposure to polycyclic aromatic hydrocarbons and
volatile organic compounds

On the basis of the speciation of individual polycyclic aromatic hydrocarbons and volatile organic
compounds, and the acute and chronic guidelines identified and outlined in Section 4.3 of the main
report the following has been calculated in relation to potential exposures to these compounds for
this scenario:
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Table E1 Evaluation of potential acute impacts in local area – design analysis A

Key VOC

Proportion
of total

VOCs (%)* Health based acute guideline, and
basis (µg/m3)

Maximum predicted 1-hour average
concentration from project** and calculated HI

for each interchange

Northern interchange Southern interchange

20
19

20
29 Max

Conc.
(µg/m3)

HI
Max

Conc.
(µg/m3)

HI

 Total VOCs 7.4 9.0

Benzene 3.3 3.8

29A1 to 170T1 (lower value adopted)
A1: Acute guideline (1hr to 14 day
exposure), based on immunological effects
in mice.
T1: Acute 1 hour health based guideline,
based on depressed peripheral
lymphocytes and depressed mitogen-
induced blastogenesis (mice study)

0.24 0.0084 0.30 0.010

Toluene 5.6 6.7

4500T2

Acute 1 hour health based guideline,
based on eye and nose irritation,
increased occurrence of headache and
intoxication in human male volunteers

0.42 0.000093 0.51 0.00011

Xylenes 4.6 5.5

2200T3

Acute 1 hour health based guideline,
based on mild respiratory effects and
subjective symptoms of neurotoxicity in
human volunteers

0.34 0.00016 0.42 0.00019

1,3-Butadiene 0.9 1.0
660O1

Acute 1 hour health based guideline,
based on developmental effects

0.067 0.000102 0.081 0.00012

Formaldehyde 4.9 3.9

15T4

Acute 1 hour health based guideline,
based on eye and nose irritation in human
volunteers

0.36 0.024 0.44 0.029

Acetaldehyde 2.1 1.6

470O2

Acute 1 hour health based guideline,
based on effects on sensory irritation,
bronchoconstriction, eye redness and
swelling

0.15 0.00032 0.18 0.00039

Total HI 0.033 0.040

Notes:
* Percentage of each individual volatile organic compound is based on a weighted average of emissions from the range of

vehicle types proposed to be used on the project in 2019 and 2029 (refer to discussion above table)
** Concentrations presented for the 1 hour average are the predicted incremental 99.9th percentile concentrations (as provided

from the AQIA)
A1: Acute inhalation guideline (for exposures from 1 hour to 14 days) from review by ATSDR 2008 for benzene
T1: TCEQ 2007, Benzene, Development Support Document. Texas Commission of Environmental Quality, 1 hour average

guideline value (include additional 3.3 fold safety factor). This acute guideline is lower than that derived by the OEHHA (based
on older studies)

T2: TCEQ 2008, Toluene, Development Support Document. Texas Commission of Environmental Quality, 1 hour average guideline
value (include additional 3.3 fold safety factor)

T3: TCEQ 2009, Xylenes, Development Support Document. Texas Commission of Environmental Quality, 1 hour average guideline
value (include additional 3.3 fold safety factor)

T4: TCEQ 2008, Formaldehyde, Development Support Document. Texas Commission of Environmental Quality, 1 hour average
guideline value (include additional 3.3 fold safety factor). This guideline is noted to be lower than the acute guideline available
from the WHO (2000a, 2010) of 100 µg/m3 for formaldehyde

O1: OEHHA 2013, Acute (1 hour average) guideline derived by the California Office of Environmental Health Hazard Assessment.
The guideline developed is lower than developed by TCEQ (2008) based on the same critical study

O2: OEHHA 2008, Acute (1 hour average) guideline derived by the California Office of Environmental Health Hazard Assessment
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Table E2 Evaluation of potential chronic impacts in local area – design analysis A

Key VOC
Proportion of
total VOCs*
(%)

Health based chronic guideline
and basis (µg/m3)

Maximum predicted annual average
concentration from project** and calculated

HI for each interchange

Northern interchange Southern
interchange

Max Conc.
(µg/m3) HI

Max
Conc.

(µg/m3)
HI

2019 2029  Total VOCs 0.20 0.21

Benzene 3.3 3.8

1.7W1

Benzene is classified as a known
human carcinogen by IARC. Chronic
guideline based on excess risk of
leukaemia

0.0066 0.0039 0.0070 0.0041

Toluene 5.6 6.7

5000U1

Chronic guideline based on
neurological effects in an occupational
study (converted to public health value
using safety factors)

0.0113 2.3X10-6 0.0120 2.4X10-6

Xylenes 4.6 5.5

220A1

Chronic guideline based on mild
subjective respiratory and neurological
symptoms in an occupational study
(converted to public health value using
safety factors)

0.0093 0.000042 0.0099 0.000045

1,3-Butadiene 0.9 1.0

0.3U2

1,3-Butadiene is classified by IARC as
a probable human carcinogen. Chronic
air guideline based on an excess risk
of leukaemia

0.0018 0.0061 0.0019 0.0064

Formaldehyde 4.9 3.9

3.3T1

Formaldehyde is classified by IARC as
carcinogenic to humans. The guideline
developed is based on the protection
of all adverse effects including cancer
and non-cancer (including short term
effects)

0.0098 0.0030 0.010 0.0031

Acetaldehyde 2.1 1.6

9U3

Chronic guideline based on nasal
effects (in a rat study) (converted to a
public health value using safety
factors)

0.0041 0.00046 0.0044 0.00048

B  Total PAHs 3.8X10-5 5.0X10-5

Naphthalene 70

3U4

Chronic guideline based on nasal
effects (in a mouse study) (converted
to a public health value using safety
factors)

2.7X10-5 8.9X10-6 3.5X10-5 1.2X10-5

Acenaphthylene 4.9 200U5S

Refer to notes for
ref U5

1.9X10-6 9.4X10-9 2.5X10-6 1.2X10-8

Acenaphthene 2.0 200U5 7.7X10-7 3.8X10-9 1.0X10-6 5.0X10-9

Fluorene 5.0 140U5 1.9X10-6 1.4X10-8 2.5X10-6 1.8X10-8

Phenanthrene 3.4 140U5S 1.3X10-6 9.3X10-9 1.7X10-6 1.2X10-8

Anthracene 0.49 100U5 1.9X10-7 1.9X10-9 2.5X10-7 2.5X10-9

Fluoranthene 0.45 140U5 1.7X10-7 1.2X10-9 2.3X10-7 1.6X10-9

Pyrene 0.71 100U5 2.7X10-7 2.7X10-9 3.6X10-7 3.6X10-9
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Key VOC
Proportion of
total VOCs*
(%)

Health based chronic guideline
and basis (µg/m3)

Maximum predicted annual average
concentration from project** and calculated

HI for each interchange

Northern interchange Southern
interchange

Max Conc.
(µg/m3) HI

Max
Conc.

(µg/m3)
HI

Benzo(a)pyrene
TEQ 4.6

0.00012W2

BaP is classified by IARC as a known
human carcinogen, which relates to
BaP as well as all the other
carcinogenic PAHs assessed as a
BaP toxicity equivalent value. The
chronic guideline is based on
protection from lung cancer for an
occupational study

1.8X10-6 0.015 2.3X10-6 0.019

Total HI (VOCs + PAHs) 0.028 0.033

Notes:
* Percentage of each individual volatile organic compounds and polycyclic aromatic hydrocarbons is based on a weighted

average of emissions from the range of vehicle types proposed to be used on the project in 2019 and 2029, and for normal
traffic flow or congested traffic flow (refer to discussion above table)

** Concentrations presented for the annual average are as provided from the AQIA
B Polycyclic aromatic hydrocarbon speciation data for congested traffic flow – utilised in the assessment of the worst-case

emissions
W1: WHO 2000 Air Quality Guidelines, value for benzene is based on non-threshold carcinogenic effects (excess lifetime risk of

leukaemia). Guideline value based on incremental cancer risk of 1x10-5, consistent with guidance provided by NEPM (1999
amended 2013) and enHealth (2012)

W2: WHO 2010 Guidelines for Indoor Air Quality, value for BaP is based on non-threshold carcinogenic effects from occupational
study of coke workers (lung cancer is critical effect). Guideline value based on incremental cancer risk of 1x10-5, consistent with
guidance provided by NEPM (1999 amended 2013) and enHealth (2012)

T1: TCEQ 2008, Formaldehyde, Development Support Document. Texas Commission of Environmental Quality. The air guideline
is derived on the basis of irritation of the eyes and airway discomfort in humans, with review of carcinogenic and other non-
carcinogenic effects found to be adequately protected by this guideline. The guideline is more conservative than derived by the
WHO (2010)

A1: ATSDR 2007, Toxicological Profile for Xylene, chronic inhalation guideline derived is the most current robust evaluation
U1: USEPA evaluation for toluene (most recently reviewed in 2005). This is the most current evaluation of effects associated with

chronic inhalation exposure to toluene and is consistent with the value used to derive the NEPM (1999 amended 2013) health
based guidelines

U2: USEPA evaluation of 1,3-butadiene (most recently updated in 2002) with the chronic guideline adopted as the lower from the
evaluation of non-threshold carcinogenic effects and non-cancer effects. This is the most conservative evaluation of this
compound. A more recent review by TCEQ (2013) on the basis of the same critical studies as well as more current studies
resulted in a higher chronic air guideline value.

U3: USEPA evaluation of acetaldehyde (most recently updated in 1991). The guideline established is lower than more recent
reviews undertaken by the WHO (2000) and the Californian OEHHA where less conservative evaluations are presented.

U4: USEPA evaluation of naphthalene (most recently updated in 1998). The guideline established is and is consistent with the
value used to derive the NEPM (1999 amended 2013) health based guidelines

U5: Guideline available from the USEPA. Chronic guidelines for non-carcinogenic polycyclic aromatic hydrocarbons are based on
criteria derived from oral studies (for critical effects on the liver, kidney and haematology) which are then converted to an
inhalation value (relevant for the protection of public health, including the use of safety factors) for use in this assessment. The
value presented in the above table has been converted from an acceptable dose in mg/kg/day to an acceptable air
concentration assuming a body weight of 70kg and inhalation of 20 m3/day (as per (USEPA 2009a))

U5S: No guideline available for individual polycyclic aromatic hydrocarbon, hence a surrogate compound has been used for the
purpose of screening. The surrogate compound is a polycyclic aromatic hydrocarbon of similar structure and toxicity. In relation
to the surrogates adopted in this evaluation, acenaphthene has been adopted as a surrogate for acenaphthylene, fluoranthene
has been adopted as a surrogate for phenanthrene
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Review of the acute assessment indicates that during the design analysis A, the maximum short-
duration peak (1 hour average) concentrations of volatile organic compounds (assessed as the key
individual volatile organic compounds and as a sum of all the individual volatile organic compounds)
in air surrounding the northern and southern interchanges are well below the relevant acute health
based guidelines. The maximum HI calculated for acute exposure to the volatile organic compounds
is 0.040, well below the target HI of 1 (around 25 times lower than the target HI).

Review of the chronic assessment indicates that during the design analysis A, the maximum long-
term average (annual average) concentrations of volatile organic compounds and polycyclic
aromatic hydrocarbons (assessed as the key individual volatile organic compound and polycyclic
aromatic hydrocarbon compounds and as a sum of all the individual volatile organic compounds and
polycyclic aromatic hydrocarbons) in air surrounding the northern and southern interchanges are
well below the relevant long-term (chronic) health based guidelines. These are guidelines that are
based on the protection of public health for inhalation exposures all day (24 hours), every day (365
days per year) for a lifetime (at least 70 years). The maximum HI calculated for exposure to the
volatile organic compounds and polycyclic aromatic hydrocarbons is 0.033, well below the target HI
of 1 (around 30 times lower than the target HI).

E4 Assessment of cumulative impacts from particulates

On the basis of the guidelines identified and outlined in Section 4.4 of the main report and the
detailed evaluation presented in the AQIA, the operation of the project is not predicted to result in
any additional days of exceedance (over and above exceedances of the guidelines that occurs as a
result of bushfires etc).

E5 Assessment of incremental impacts from particulates

On the basis of the approach outlined in Section 5 of the main report the following can be noted in
relation to potential incremental exposures to particulate matter (where a maximum annual average
incremental increase in PM2.5 = 0.16 µg/m3 and 0.25 µg/m3 for the northern and southern
interchanges respectively) for design analysis A, for the primary health indicators:

n Mortality, all causes (≥30 years): calculated risk = 1x10-5 for the northern interchange and
1.6x10-5 for the southern interchanges.

n Cardiovascular hospitalisations (≥65 years): calculated risk = 3x10-5 for the northern
interchange and 5x10-5 for the southern interchange.

n Respiratory hospitalisations (≥65 years): calculated risk = 6x10-6 for the northern interchange
and 9x10-6 for the southern interchange.

The predicted increase in risk for these health endpoints remains within the range of tolerable risks
identified and outlined in Section 5.4 of the main report. This scenario is not considered likely to
occur and if it were to occur it would not be every day of the year. Hence the calculations
undertaken in relation to increased risk from the northern and southern interchanges do not change
the assessment presented in the main report.
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In 2012, the NSW Government received an unsolicited proposal from Transurban and the 
Westlink M7 Shareholders (Sponsors) to design, construct, operate, maintain and finance a 
tolled motorway linking the M1 Pacific Highway at Wahroonga to the Hills M2 Motorway at 
the Pennant Hills Road interchange at West Pennant Hills, known as NorthConnex.

Roads and Maritime Services is the Proponent for the environmental impact statement and 
lodgement of an application for environmental and planning approval. Roads and Maritime is 
working with the Sponsors on the community consultation and public exhibition of this 
environmental impact statement.
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