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Health Issues Relevant to the Proposed Basin Reserve Flyover:
Information for the Basin Reserve Schools

This report provides general information to assist the schools in the Basin Reserve area to 
consider health effects from the proposed Basin Reserve Flyover. Schools would need to 
obtain expert advice to assess the direct impact the Flyover might have on their specific 
school.

Introduction

Over the past two decades a sizable body of research has identified that health effects occur 
in proximity to major roads.  Air pollution, noise and contamination of surrounding 
vegetation and soil is has been well documented and these impacts have a significant effect 
on health.  This report seeks to provide a brief summary of main findings and highlight some 
of the process and policy issues which have been prevalent in other applications for resource 
consent made by the NZTA.   Further details of research findings have been attached as an 
appendix.

A recent literature review prepared for the Board of Inquiry into the Kapiti Expressway 
(O’Sullivan 2012) identified that air pollution produced by traffic volumes is associated with 
a number of significant health effects.  While some of the studies reviewed incorporated 
traffic volumes higher than would be expected in New Zealand, many did have traffic flows 
consistent with New Zealand conditions and several were conducted in local areas. A 
Christchurch study revealed that all cause mortality has been shown to increase with 
exposure to traffic pollutants with respiratory mortality most affected. Traffic pollutants 
associated with diesel trucks have been shown to increase respiratory disease, particularly 
asthma, with a strong case being made for nitrogen dioxide (NO2) as a causative factor in this 
disease (Janssen, 2003;  WHO, 2005;  Gauderman, 2005; O’Connor, 2007; 2008; Brugge et 
al 2007).   Children appear to be differentially affected by exposure to traffic pollutants and 
evidence also suggests that living next to busy streets in infancy, while lungs are still 
developing, is a causative risk factor for asthma.  Low birth weights are also associated with 
exposure to traffic pollution.  

Life time exposure to traffic pollutants is a focus of concern for the Public Health sector.  
Long term effects when studied through cohort studies and other time serious investigations 
have clearly established the link between these ongoing exposures and poor health. The link 
between traffic pollutants and adverse health effects does not appear restricted to major 
freeways.  The Netherlands study conducted by Hoek et al (2002) established that major 
urban roads can also be associated with adverse health effects.  This large study found 
participants were almost twice as likely to die of a pulmonary or cardiovascular event if they 
lived next to a major road.  Rapid elevation of blood pressure has been found in association 
with exposure to particulate matter, which is also fine enough to pass through the lungs and 
cause macrophage damage to the heart.  The development of atherosclerosis is also associated 
with exposure to traffic pollutants. Therefore residential properties and schools in the vicinity 
of the proposed Basin Flyover and tunnel upgrades are likely to be affected by reduced air 
quality from this major road.  Further research findings on air quality in relation to major 
roads can be found in appendix A to this report.

Noise from this project may also cause significant impacts, both in relation to construction 
noise and operational noise when the Flyover is complete. Children are more affected by 
background noise such as traffic noise and this has a detrimental effect on learning and ability  
to understand speech  (Kujala & Brattico & Johnson (2000).  Maxwell and Evans (2000), 
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Hygge 2003, Lercher et al 2003, Kempen et al 2012. Kozou et al (2005) found the more 
varied the background noise the greater the effect on cortical discrimination processing.  
Hence, noise from a variety of vehicles can significantly disrupt cortical auditory processing.  
Monotonous background noise appears more easily ignored.   Noise is also known to raise 
blood pressure and cause other physiological stress reactions (Fyhri & Aasvang, 2010;  
Willich et al 2005), which can result in adverse health impacts for both students and teachers. 

Further details of research findings on noise can be found in appendix A of this report.

Pertinent to any discussion of the Basin Flyover and tunnel upgrade in relation to the Basin 
Reserve schools is the location of tunnel vents, which extract a high concentration of vehicle 
emissions.  Visually these vents cannot be described as attractive, rapidly accumulating 
deposits of black carbon and are reminiscent of early industrial smoke-stack architecture, as 
illustrated by the artists impression of the Waterview project ventilation stack below.  

These vents discharge large concentrations of particulate matter, nitrous oxides, carbon 
monoxides and benzene into the surrounding area. (See table of emissions and their effects in 
Appendix A) Note that there is no safe level of benzene, hence no air quality guidelines 
associated with it.  In the Waterview project, particular concern was expressed to the Board 
of Inquiry regarding the location of these vents alongside the playing fields of Waterview 
primary school, seen in the above illustration.  Despite the acknowledgement that regional air 
quality guidelines for PM2.5 were regularly exceeded, NZTA’s public health expert, Dr 
David Black, assured the board of inquiry that: “This proposal is not a concern in the overall 
protection of public health."

The Board however disagreed, and required that the location of the vents be moved away 
from residential areas as a condition of granting resource consent for the project.
Further technical details can be found at: 
http://www.nzta.govt.nz/projects/completing-wrr/docs/docs-enquiry/board/7s42a-final-air-
quality-review.pdf  

That document is a technical report on air quality produced by the aptly named Emission 
Impossible consultancy for NZTA.  However, an independent report questioned the validity 
of the technical data submitted:
http://www.aktnz.co.nz/2011/01/19/report-slams-official-waterview-claims/

As was also found at the Board of Inquiry into the Kapiti Expressway, air quality effects 
appeared to be underestimated.  Any estimates for the Basin Flyover project should be 
carefully examined, therefore, as they may be based on a simple snapshot study over a small 
area.  These technical reports also tend to omit any analysis of long term health impacts and 
ignore cumulative effects.  The inner city bypass, hailed as a solution to reduced traffic 
congestion and improved air quality is now one of the most congested and polluted areas of 
Wellington city and this air quality within the same airshed may also combine with increased 
emissions to exceed guidelines (see appendix B). In addition, Riddiford St has one of the 
highest levels of nitrous oxides in the Wellington region (Mitchell, 2012), which may also 
contribute to cumulative effects in this area.  
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The Basin Reserve Schools should also be aware that health effects occur at levels below air 
quality guidelines, which are to some extent a lagging indicator of air quality and health.  
Recent claims by NZTA that these guidelines will protect the most vulnerable are not 
supported by the epidemiological evidence, nor is there any evidence to support the agency’s 
claim that these roading projects will result in less traffic congestion and improved air 
quality.  Analysis of other projects such as the inner city bypass (Appendix B) indicate that 
the result is the reverse of NZTA’s claims, with more congestion and reduced air quality 
apparent.  

While improvements in fuel efficiency and engine technology have lead to energy savings, 
these have not translated into fewer health impacts.  In fact, concentrations of nitrogen 
dioxide have increased with the use of catalytic converters and the removal of lead from 
petrol has introduced another pathogenic additive, that of benzene, known to cause luekemia 
and bone marrow suppression.  Diesel is also now acknowledged as a known carcinogen with 
increased rates of cancer associated with exposure to traffic pollution. There is even emerging 
evidence that inflammatory processes associated with exposure to traffic pollution are a 
contributory factor in neurodegenerative diseases such as dementia.  Increasing 
concentrations of nitrogen dioxide have serious implications for the development of asthma 
in children, exposure to other pollutants is known to affect the unborn child and older 
residents are also more vulnerable to the effects of degraded air quality from proximity to 
motorways.     

Dr Marie O’Sullivan

28 February 2013
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Appendix A: Literature Review of Air Quality and Noise:

Evidence relating to proximity to Major Roads 1

The WHO defines air pollution as made up of primary and secondary air pollution.  Primary 
air pollution consists of sulfur dioxide, nitrogen oxide, carbon monoxide, volatile organic 
compounds (VOC) and particulate matter.  Secondary pollution arises from the chemical 
reactions of primary pollutants, often with the natural compounds found within the 
environment.  They can include nitrogen oxide, ozone, and secondary particulate matter.  
Major sources of pollution come from the combustion of petrol or diesel producing an 
exhaust gas which contains a number of pollutants potentially harmful to health.  These 
typically include Carbon monoxide (CO), Nitrogen dioxide (NO2), Volatile organic 
compounds (VOC) and fine particulate matter (PM10, PM2.5).  Other chemicals are also 
present as detailed in table 1.
Table 1:  Impact of Motor Vehicle Emissions On Health

(Source:  Kjellstrom T & Hill S, (2002).  New Zealand Evidence for Health Impacts of 
Transport, a background paper prepared for the Public Health Advisory Committee.)

                                               
1 From:  O’Sullivan, (2012).  An Equity-focussed Health Impact Assessment of the Proposed McKays to Peka-
Peka Expressway:  Available online:  www.Savekapiti.co.nz
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In New Zealand each year there are a total of 1,921,000 restricted activity days, that is the 
number of days lost due to people being exposed to air pollution. A 2005 study in 
Christchurch found that a 10 microgram increase in 24hr PM10 was associated with a 1% 
increase in all cause mortality, 4% increase in respiratory mortality and a 3% increase in 
hospital respiratory admissions of adults and children. Kjellstrom and Hill (2003) showed 
that lifetime exposure to PM10 increases total mortality by 1.6%. More recent analysis from 
the HAPINZ study (Fisher, Kjellstrom, Kingham, Hales & Shrestha, 2012) suggests that 
mortality increases per 10ug/m3 PM10 may be as high as 5-10%.  Exposure to pollutants is 
largely beyond the control of the individual and so the state has a responsibility to consider 
the control of exposure to air borne pollutants in the planning and implementation of a major 
road. 

The type of vehicle traffic also affects the concentration of air pollutants. Janssen et al (2003)
found truck traffic increased indoor and outdoor PM2.5 concentrations and soot more than 
car traffic while Ciccone et al (1998) found average NO2 concentrations were higher in 
streets with high truck volumes than in streets where trucks were reported as infrequent. 
Truck traffic flow in several centers throughout Italy was recorded within a mean range of  
98-167 vehicles per hour, giving an estimated 2,353 – 4008 trucks per day.  These levels are 
comparable with New Zealand conditions. Ciccone also found that a high frequency of trucks 
was associated with an increased risk of respiratory problems, with strong associations found 
with increased bronchitis (odds ratio (OR) 1.69), bronchiolitis (OR 1.74), pneumonia (OR 
1.84) and severe wheezing limiting speech (OR 1.86). Persistent phlegm also showed strong 
associations with frequency of truck traffic, with an odds ratio of 1.68. Hence residents were 
68% more likely to experience persistent phlegm with exposure to truck traffic (if symptoms 
were the same as residents not exposed to truck traffic, the odds ratio would have been 1.) . 

Traffic movement is also a factor in air pollution. Ryan et al ( 2005) sampled for PM2.5 and 
black carbon in traffic and found that during stop-and-go traffic, levels of air pollutants 
increased significantly. In a review of 21 studies, results showed traffic that was not 
traveling at a constant speed (i.e. constantly accelerating and decelerating) was associated 
with higher emissions of air pollutants compared to traffic traveling at a constant speed. 
Hence air pollution from traffic is likely to be higher around areas where interchanges and 
intersections occur, where vehicles are exiting and entering the motorway with acceleration 
and deceleration occurring.

Speeding traffic also contributes to air pollution, along with increased noise levels.  Long 
straight roads encourage higher speeds and drivers tend to drive to road conditions rather than 
imposed speed limits (Hanworth & Rechnitzer, 1993; Brown & Cotton, 2003).   These 
conditions can also include the speed of other drivers (Haglund& Aberg, 2000). Long straight 
roads also lower perception of crash risk (Brown & Gould 2012).  In addition, speeding 
drivers are optimistic regarding the chances of a crash or injury to others (Delhomme, 
Verlhiac & Martha, 2009).

Pedestrians are also not exempt from exposure to traffic related pollution.  Briggs, de Hoogh, 
Morris and Gulliver (2008), found mean exposures to PM10 – PM 2.5 while walking in 
London were greatly in excess of  those found from driving the same route.  Mean exposures 
for walking trips were greater than driving by a factor of 4.7 for PM10.   They concluded that 
more effort is needed to increase the separation between road vehicles and pedestrians to 
avoid the negative health effects associated with traffic related pollution.  These results are 
supported by other studies showing pedestrian exposure to traffic pollutants in the city of 
London is high (Kaur et al 2005;  Wang et al, 2011).
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Prevailing winds are also known to effect concentrations of pollutants.   Zhu et al (2002a;  
2002b) measured wind speed and direction, traffic volumes and pollutant gradients 
downwind of a highway and found concentrations decreased exponentially between 17-150m 
downwind, while at 300m, concentrations matched those of upwind sites.  Zhang et al (2004) 
found that condensation, evaporation and dilution alter size distribution of particles, which 
grew larger 30-90m downwind.  Beyond 90m, there was continued particulate growth as well 
as particulate shrinkage due to evaporation.  Thus, there is no one-to-one direct linear drop 
off in chemical pollutant gradients as distance from the highway increases.  Hitchins et al 
(2000) found the distance at which pollutant gradients decreased by 50% varied from 100-
375m dependent on wind speed and direction.

Use of noise bunds along highways produces an impact on air pollution levels and their 
distribution.  These structures create a surge of air pollutants or “hot zone” further downwind 
of the highway, approximately 80-100m from the road (Bowker, 2007; Baldauf, 2008; Heist, 
2009).  These concentrations then carry further at distances of 250-400m, compared to 150-
200m at sites with no noise barriers.  Hence, residents within 400m of highways with noise 
bunds have been shown to experience worsening air pollution (Ning et al 2010). While 200m 
is generally regarded as the yardstick for extinction of air pollutants from highways, other 
studies suggest a wider margin of safety is needed.  Gauderman (2007) found reduced lung 
function in children living 500m from a freeway.  Janssen et al (2003) found children 
attending 24 schools within 400m of major roads had increased respiratory symptoms in 
response to truck traffic.

Health equity is concerned with the fact that not everyone is affected in the same way by the 
same impacts.  Peled (2011) in a review of high risk factors for health effects related to air 
pollution, concluded that older people, young infants, people with pre existing allergies, 
pulmonary and heart disease, pregnant women and new born babies along with low socio-
economic populations are all considered populations at risk.  Brugge, Durant and Rioux  
(2007) in a review of epidemiological evidence for health risks associated with living near 
major highways, concluded that the weight of evidence established an elevated health risk.  
They cite a number of studies which found elevated risk for development of asthma and 
reduced lung function in children living within 30m of major roads (Brunekreef et al 1997; 
Venn et al 2001; Kim et al 2004; McConnell et al 2006).  Studies of particulate matter have 
also showed strong associations with cardiac and pulmonary mortality (Miller et al., 2007) 
with a risk ratio of 1.76 (95%CI, 1.25-2.47).  Some evidence was also found for an 
association between lung cancer and highways (Dockery et al 1993; Pope et al 1995).  More 
recently studies have established stronger evidence for the association of traffic pollutants 
and lung cancer.  Particulate matter contains polycyclic aromatic hydrocarbons (PAH) many 
of which are known to be carcinogenic and increase risks of lung cancer (Slezakova et al 
2011).  In 2002 the US Environmental Protection Agency also classified diesel exhaust as a 
carcinogen.  In a recent Canadian study, a dose response relationship was found between 
cumulative exposure to diesel engine emissions and lung cancer (OR 1.68 for large cell 
carcinoma), Villeneurve et al 2011).  Similarly, Olsson et al (2010) reported a 30% increase 
in relative risk of lung cancer for those exposed to diesel engine emissions.  It is the level of 
exposure rather than the conditions in which it occurs that appear to increase risk.  Cancer 
typically takes many years to develop, hence a lifetime exposure carries significant risk.  

Hoek, Brunekreef, Goldbohm, Fischer & Brandt (2002) investigated traffic related air 
pollution in the Netherlands using a random sample of 5000 people.  Long  term exposure to 
traffic related air pollutants was estimated based on the participants home address.  
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Participants within 100 meters of a freeway or 50 meters from a major urban road were 
compared with those who lived further away.  Exposures to pollutants were not large and 
comparable to NZ readings.  These were estimated at black smoke concentrations of 
4.4.ug/m3 and NO2 at 11 ug/m3 for participants in close proximity to a freeway.  For 
participants near a major road, concentrations of 13 ug/m3 for black smoke and 8 ug/m3 for 
NO2 were used. Mortality was assessed over 8 years. 

The study found that cardio-pulmonary  mortality was associated with living near a major 
road , with a relative risk of 1.95.  That is, participants who lived near a major road were 
almost twice as likely to die of a cardio-pulmonary event than those who lived at a distance
from a major road.  

Health Impacts on Children

Children are especially vulnerable to the effects of air pollution as their lungs and immune 
system are still developing (WHO 2005). Outdoor play means that they spend more time in 
the polluted environment and at times when peak traffic flows may occur. They are also more 
likely to have respiratory infections, increasing their susceptibility to air pollution and 
exacerbating their symptoms. Children living along the proposed route therefore, will have an 
uncontrollable increase in exposure to the air pollutants generated. 

The findings from the Netherlands study (Hoek et al, 2002) mirror that of Edwards, Walters 
& Griffith (1994), who demonstrated that chronic respiratory disease in children is associated 
with distances from busy streets.  Studies assessing the risk of developing asthma due to 
proximity to major roads have evolved over time to present an increasingly precise picture of 
health impacts.  Early studies, frequently reliant on measures such as self-report, often failed 
to reach significance.  However with the advent of GIS and methods which include air 
monitoring, modeling and proximity to traffic, more precise information has emerged.  
Evidence suggests health impacts of living next to major highways are greater for boys than 
girls (Venn, et al, 2001:  Kim, et al., 2004;  McConnell et al 2006) and that early childhood 
exposure, before the age of two is a major risk factor (McConnell, 2006).    

The effect of traffic pollution on lung development is another health concern to be 
considered. A  WHO report on the effect of air pollution on child health (WHO, 2005), found 
that Nitrogen Dioxide (NO2) and NO3 caused oxidative damage to developing lung tissue. 
NO3 was especially damaging to the epithelium of the airways, initiating inflammation and 
impairing future healing processes in the lung. Gauderman et al (2007) found from their 
study that over a period of 8 years, 10-18 year olds had reduced lung development if they 
were living within 500m of a motorway compared to those not living near a motorway. The
average decrease in lung function (FEV1) was 81ml. Reduced lung development potentially 
causes problems such as reduced exercise tolerance and poor respiratory function. For 
children, healthy development in the early years is a critical factor in determining future 
health outcomes, with early lung damage likely to have detrimental consequences as the child
matures. 

While a great deal of emphasis is often placed on the location of schools in evaluation of 
roading projects, studies suggest that it is the exposure in the home living environment which 
increases risk.  A Dutch study which measured PM 2.5, NO2,  and Benzene for one year at 24 
schools located within 400m of major roadways, showed lung function was not significantly 
associated with environmental measures (although truck traffic was associated with 
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respiratory symptoms)  However, restricting the analysis to children living within 500m of 
highways generally increased the odds ratios, indicative of increased risk of health impacts. 
(Janssen 2003)  Studies in France (Penard-Morand et al., 2005) also indicate that lung 
function is decreased in association with traffic-related air pollution.  Some studies suggest 
that the finer the scale of monitoring, the more apparent the effects, such as measuring PM 
using personally carried monitors (Koenig et al 1993).  Hence comparing respiratory 
symptoms with 25 hour averages of traffic pollution may yield little in the way of valid 
information. 

Janssen et al (2003) investigated respiratory health of Dutch children from 24 schools 
situated within 400m of major roads.  They found that exposure to heavy vehicle traffic (5-
22,000 trucks per day) showed bronchial hyper-responsiveness and greater sensitivity to 
common allergens, particularly pollen.  Respiratory symptoms increased for highways with 
high truck traffic but not high car traffic counts.  While it was not established whether the 
hyper- responsiveness was a  pre-existing condition prior to exposure to truck traffic, or 
caused by this exposure, other studies have established that exposure to traffic-related air 
pollution increases airway sensitivity (Annesi-Maesanos et al 2007;  Bentayels et al., 2010; 
Farhat et al 2011;  Ghosh et al 2012 ) making this a plausible explanation. 

Ryan et al (2005) investigated infants living within 400m of bus and truck traffic and found a 
significantly increased prevalence of wheezing compared with unexposed infants (odds ratio 
2.50).  A recent study in Spain has highlighted the fact that particulate matter is not solely an 
air quality issue.   It is also deposited in dust at roadside locations and leads to large amounts 
of hazardous pollutants available for resuspension and redistribution (Amato et al., 2009).

Many studies point to the higher levels of Nitrogen Dioxide (NO2) in traffic pollutants as a 
key factor in the development of asthma in young children, with particulate matter and NO2 
consistently identified as adversely affecting respiratory health. Gaudemann et al (2005) 
found an odds ratio of 1.83 for outdoor NO2 and a lifetime diagnosis of asthma.  That is, 
children living next to major highways were 83% more likely to have a lifetime diagnosis of 
asthma. Weinmayr et al (2010) found that exposure to particulate matter, specifically PM10,
has a statistically significant effect on cough and asthma. A significant decrease in peak 
expiratory flow was recorded in the children studied. Hruba et al ( 2001) found that an 
increase in respiratory illness which included symptoms of asthma, pneumonia, bronchitis 
and hospitalisation in children aged 7-10 was associated with an increase in total suspended 
particulate matter (64% for PM10, 46% for PM2.5).  Pennard-Morand (2005) reported a 
positive relationship between long-term background concentrations of SO2 and PM10 with 
an increased prevalence of asthma and exercise-induced bronchial reactivity. 

Pennard-Morand (2005) also found an increased predisposition toward hypersensitivity or 
allergic reaction (known as atopy, shown by positive skin prick testing) associated with 
increased O3 exposure in school children. Janssen et al (2003) found elevated total IgE (an 
allergy related immunoglobulin) was associated with soot and NO2.  Skin prick tests (SPT) 
showing reactivity to any allergen and to indoor allergens were both significantly associated 
with NO2, whereas SPT reactivity to outdoor allergens was associated with truck traffic and 
PM2.5. Early exposure has also been identified as contributing to the increased risk of 
allergic reaction.  Gruzieva et al (2012) found that air pollution exposure during the first year 
of life was associated with an increased risk of sensitization to pollen by four years of age 
(OR 1.83).  Exposures in children over 8 years of age showed the risk of food sensitization 
was increased (OR 2.30).
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O’ Connor et al’s (2007) study showed increasing NO2 concentration was significantly 
related to a decrease in lung function (FEV1) of more than 10% below personal best. There 
was also an association between increased NO2 and increased occurrence of respiratory 
symptoms; including days with wheeze, tightness in chest, cough, nights with wakefulness 
because of asthma, days where the child slowed down or stopped play, number of school 
days missed.

O’Connor et all (2008) investigated levels of air pollutants and inner city children with 
asthma. The majority of pollutant concentrations measured were below the National Ambient 
Air Quality Standards.  Despite the low levels present, these were associated with respiratory 
health problems.   The authors concluded that the associations found between Asthma and 
NO2 suggest that motor vehicle emissions may be causing excess morbidity in this 
population. 

Nitrogen Dioxide (NO2) has been implicated in a number of studies examining asthma and 
traffic related pollution.  While the use of catalytic converters has led to reduced volumes of 
some particulate matter they have also contributed to increased levels of NO2 over the past 
decade  (Keuken et al, 2009; Kousoulidou et al 2008).   McAdam et al, (2011) also found that 
downwind concentrations of NO2 were relatively stable with distance from the road.  Thus 
the decay pattern seen with many other traffic pollutants does not appear present in dispersion 
of NO2.  This study used a road with approx volume  of 34,000 vehicles per day, comparable 
to New Zealand conditions. 

A recent study in Melbourne Australia examined the effects of proximity to major roads and 
indoor air quality, until recently thought to be relatively unaffected by traffic pollution.  The 
study found indoor NO2 was elevated in near road dwellings (less than 50m) relative to far 
road dwellings (greater than 300m) by approximately 4 ppb, in the absence of gas cooking 
(Lawson et al 2011).  Other findings indicate that a similar increase of NO2 in outdoor areas 
increases the risk of lung cancer and childhood asthma (Brauer et al 2000l;  Nyberg et al 
2000).  Hence traffic emissions have the potential to contribute a large proportion of indoor 
NO2 in dwellings situated close to major roads, with potential health risks to residents.    

Air pollution is also know to affect cognitive function in children attending schools close to 
major rods. (Suglia et al 2008;  Wang et al 2009).  Associations have also been found 
between decreased cognitive function and long term concentration of black carbon (Suglia 
2008).  In a recent study carried out in Spain, further evidence has emerged linking NO2 
exposure to cognitive deficits in children (Freire, et al., 2010).  Other studies in toxicology 
lend further weight to the body of evidence pointing toward cognitive impacts on children 
from exposure to roadside pollutants.  The inflammatory reactions and oxidative stress 
discussed in more detail below in relation to cardiac and neurodegenerative processes are also 
thought to be involved here (Oberdoister et al 2004;  Calderón-Garcidueñas 2011).

Brugge et al (2007) reported elevated risk for asthma for children who moved to residences 
next to a highway before they were 2 years of age. This study and others lends some support 
to the conclusion that early childhood exposure to air pollutants may be key in the 
development of respiratory problems such as asthma and bronchitis. It also emphasizes that 
the early developmental environment is important in child health outcomes. A number of 
studies also show greater risk of other respiratory conditions and allergy resulting from 
highway exposure. 
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The early developmental environment begins prior to birth.  Traffic pollution has also been 
associated with low birth weight and pre-term delivery.  While early studies in this area were 
often inconsistent, the removal of confounders and improved methodology has resulted in 
more precise and consistent results.  Evidence has been found for negative associations 
between birth weight and first-trimester exposure to carbon monoxide and particulate matter,  
second trimester exposure to carbon monoxide, particulate matter, sulphur dioxide (SO2), and 
ozone and third trimester exposure to carbon monoxide  (US Environmental Protection 
Agency 2006 (EPA);  Wilhelm & Ritz 2005;  . Salam, Millstein , Li , Lurmann , Margolis, & 
Gilliand, 2003;  Lee et al 2003; Hackley, Feinstein & Dixon, 2007). de Medeiros et al 
(2009) also reported that neonatal death risk increased if the mother lived close to a main 
road.

Currie, Neidell, & Schmieder, (2009) found carbon monoxide exposure and  negative health 
effects on infants both before and after birth.  These negative effects were present even at low 
ambient levels and the authors note a reduction in CO levels from 4ppm to 1pmm over the 
sample period  (1989-2003) had an equivalent effect of getting a woman smoking 10 
cigarettes a day to quit.      

Yorifuji et al (2012) examined placenta to birth weight ratios and absolute weights of 
placenta and birth weight in 14,189 single live births between 1997-2008 in the Shizholean 
Prefecture of Japan.  They found living within 200m of a major road was associated with a 
48% increase in the placenta-birth weight ratio, (that is, higher placenta weight, lower birth 
weight)  In addition proximity to major roads was associated with lower absolute birth 
weights. They also found maternal smoking was independently associated with lower birth 
weights.  

The association of tobacco smoking with lower birth weight is by now well established 
(Mercer et al 2008).  Also a cause for concern is the growing body of evidence which points 
to similar effects from proximity to major roads.   Exposure to carbon monoxide levels of 
4ppm have equivalent health impacts to that of smoking 10 cigarettes per day.  Hoek et al 
(2002) in their Netherlands study found those residents living next to major roads were 
almost twice as likely to die from a cardio-pulmonary event.  It is reported that 50% of all 
cigarette smokers are likely to die of a tobacco related disease (Boyle, 1997).  Evidence from 
a number of sectors therefore indicates that living next to a major road carries similar risks to 
that of cigarette smoking.    

Yorifuji et al (2012) also found evidence of effects of PM10 and ozone on health of infants at 
birth, though these findings were less robust then those for carbon monoxide.  They estimated 
that a one unit decrease in mean CO levels in the first 2 weeks of life saves approximately 18 
lives per 100,000 births, representing an estimated reduction in the probability of infant death 
of 2.5%.  The authors further note that the method used in the study, that of proximity to air 
quality monitors, contained some noise, and that more precise measures would yield larger 
effects.  The findings make a strong case for reduction in exposure to traffic pollution, either 
through tighter emissions standards, or greater separation of residential areas and major 
roads.  These two methods are not mutually exclusive and could be achieved simultaneously.  

102.  Weight gain in children has also been associated with exposure to traffic in residential 
areas. Jerrett et al (2009) followed children aged 9-10 years up to age 18 who were exposed 
to traffic within 150m of their home in Southern California.  He found significant positive 
associations with exposure to traffic and increased body mass index at age 18.  He concluded 
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that the study identified traffic as a major risk factor for the development of obesity in 
children.

    
Long Term Health Impacts

Health impacts include both short term and long term effects.  Increased morbidity (as 
indicated by increased hospital admissions) has been directly linked to short term exposure to 
air pollutants. Ruckerl et al (2007) examined exposures related to hospital admissions in 
Chicago 1988-1993 and found an increase in PM10 level by 10 _g/m3 was associated with 
1.27%, increase in hospital admissions for heart  disease, 1.45% increase for chronic 
obstructive pulmonary disease (COPD) and 2.00%  increase for pneumonia. 

Long-term effects of exposure to traffic pollutants have also been found, with increased 
morbidity a feature of this exposure.  Vascular damage in the form of accelerated progression 
of  atherosclerosis has been found (Pope et al., 2002; Kunzli et al., 2005; Peters, 2005).  
Long-term effects of air pollution on mortality are generally  investigated by the use of cohort 
studies. Because conditions such heart disease and cancer can take 20-30 years to develop, 
these studies cover many years of exposure, involve large numbers of participants, and 
provide information on air pollution morbidity and mortality. A large-scale study based on 
14-16-year mortality in 8,111 adults in six U.S. cities (HSCS Harvard Six Cities Study) 
demonstrated a close relationship between levels of PM2.5, cardiopulmonary mortality and 
lung cancer. An extended follow-up of the six cities study revealed that the increase in the 
relative risk of mortality averaged 16% per 10-_g/m3 increase in the PM2.5 concentration
risk ratio 1.37). One of the most comprehensive studies, known as the American Cancer 
Society (ACS) study carried out from 1982 to 1989, linked individual health risks for
residents of approximately 150 U.S. cities with ambient air quality in those cities (Pope et al., 
2006).  The study showed a risk ratio 1.31 for all-cause mortality due to increased levels of 
PM2.5 . A subsequent follow-up of 500,000 ACS participants through December 31, 1998
indicated that there was a 4% increased risk of all-cause mortality,  a 6% increased risk of 
cardiopulmonary mortality, and an 8% increased risk of lung cancer death, per each 10-
_g/m3 increase in  PM2.5.  A woman’s health collective in the US examined 65,000 women 
respectively alongside data from 573 PM2.5 monitors and found high risk ratios for 
cardiovascular disease (1.76, 95% CI 1.35-2.47).  

Long term effects from traffic related pollution also adversely impact on another vulnerable 
subgroup of society, that of older people.  As western populations age, it is estimated that 
over 35% of the population will be aged over 65 by 2030.  Kapiti is already over-represented 
with residents aged 65 and over, with the aged population on the Kapiti Coast now at 23% 
and likely to increase to 33%  by   2030.  As our population ages, health needs increase and 
many of these may be related to long term exposure to air pollution.  As early as 1990 it has 
been established that   atherosclerosis, associated with ischaemic heart disease increases with 
age. Fowkes et al (1991) found increases of 8.2 percent for men aged 40-49 years, 82.5% in 
men aged 70-79 and 76.7% in women aged 70-79.   Cohort studies provide evidence that the 
effects of long term exposure to air pollutants result in cardiovascular mortality, coronary 
heart disease events, and stroke.  Gill et al (2011) in a review of evidence concluded support 
exists for the existence of mechanisms which include systemic inflammation, autonomic 
nervous system imbalance, changes in vascular function, altered cardiac structure and 
development of atherosclerosis.  Bentuyels et al (2010) examined the health of 2104 residents 
aged over 65 years living near major roads in France.  They found proximity to air pollution 
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lead to increased symptoms of bronchitis in the elderly population .  The effect was most 
significant for PM10 and SO2 pollutants. 

In a recent review of the area, Simkhovich, Kleinmen and Kloner (2008) presented a body of 
evidence which indicates that ultra fine particles of air pollutants pass through the lung and 
directly transport to the vasculature and heart, where they can induce cardiac arrhythmias, 
decrease cardiac contractility and coronary flow.  Further evidence for cardiac impact has 
come from a study by Brook & Rajagopalan (2009) who found that increases in fine 
particulate matter increased the risk for elevations in arterial blood pressure which were a 
likely contributing factor to the risk of myocardial infarction, stroke and heart failure.   They 
conclude that rapidly triggered autoimmune nervous system imbalance occurs in response to 
inhalation of fine particulate matter, raising blood pressure within minutes of exposure.   This 
occurs in present day environments, considered to be considerably lower than concentrations 
of 30 years ago.  Further evidence suggests that in individuals with existing elevated blood 
pressure, the response is further exaggerated, leading to chronic elevation with even greater 
increases in blood pressure.  The authors also note the temporal nature of the exposure-
response relationship and the important issues this raises for further research.  This is another 
area where merely examining 24 hour averages of air quality data may be inadequate.  Hoek 
et al (2010), commissioned a panel of European experts to give an estimate of the likely 
concentration – response function.  They estimated that a decrease in all-cause mortality with 
a permanent 1000 p/cm3 decrease in ultra fine particles was a median 0.30% with a 0.20% 
reduction in hospital admissions.  Baseline concentrations were set at 20,000 particles making 
the reduction in the region of 0.5% of baseline.  Hence a 10% reduction in particulate matter 
may reduce all cause mortality by 6%.  The authors also note that there is  a temporal 
correlation between particle mass and number and these are cumulative effects not captured 
by a single estimate of each particulate matter indicator.  

Fine particulate matter is also capable of passing through the lung and crossing the blood 
brain barrier to the brain.  Animal studies suggest that PM10 can cause brain inflammation, a 
process involved in the pathology of neurodegenerative diseases such as Alzheimer’s disease 
(AD).  Ranft, Schikovski, Sugru, Krutam & Kramer (2009) looked at exposure to fine 
particulate matter and cognitive impairment.  A group of 399 women who had lived at the 
same address for 20 years participated in the study.  The address was assessed for long term 
exposure to PM10 and proximity to major roads.  A dose- response relationship was found 
between exposure to particulate matter and performance on neuropsychological tests.  The 
authors conclude that impaired cognitive function was found in association with exposure to 
traffic-related particulate matter and that this exposure may be involved in the pathenogenesis 
of AD. Autopsy studies have also supported this conclusion.  Higher cerebral beta-amyloid 
deposits have been associated with lifelong exposure to air pollution (Calderón-Garcidueñas, 
Solt, & Franco-Lira 2008; Calderón-Garcidueñas et al., 2011 ).

It has been argued by some industry analysts that air quality issues have declined with 
improvements in fuel composition and, in particular, since lead was removed from petrol.  
Countering this argument, Lipfert et al. (2003) note that the decline in regulated tailpipe 
emissions since the mid 1970’s has not been matched by corresponding reductions in traffic-
related mortality risks.  They point to other factors involved, such as particulate matter from 
brake, tire, and road wear as contributing to mortality increases.  While tailpipe emissions 
overall have reduced, levels of benzene have increased with the introduction of unleaded fuel.  
Benzene is known to cause bone marrow suppression and is associated with Leukemia 
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(Kellstrom 2003).  There is no established safe level of benzene and it remains a substance 
capable of endangering health at low levels.

Factors such as traffic type, vehicle movement, wind and environmental factors all play a part 
in generation of air pollution and levels of  exposure. Respiratory illnesses such as asthma, 
bronchitis, wheezing and cough as well as allergic reactivity have been associated with 
increased air pollution. The correlation of particulate matter and Nitrogen Dioxide (NO2)
with respiratory illness seems to be the strongest evidence for adverse health effects. Lung 
development occurs during childhood, so if it is adversely affected by air pollution there can 
be flow on effects to adulthood. In addition, long term effects from prolonged exposure to 
traffic pollutants can cause heart disease, vascular damage, stroke and possibly even cerebral 
neurodegeneration.

Noise
“Unnecessary noise is the most cruel abuse of care which can be inflicted on either 
the sick or the well,” 

Florence Nightingale, 1859, from Notes on Nursing

Noise & Sleep Deprivation

Road traffic noise has a negative impact on sleep, causing a physiological reaction because of 
the need for continued noise processing, which leads to 
primary sleep disturbance, which in turn impairs 
daytime functioning and can lead to mental health 
problems and cardiovascular disease.  Night time traffic 
flows decrease relative to day time while noise levels 
are perceived as louder and the resultant intermittent 
noise pattern causes sleep disturbance not generally 
experienced with continuous traffic noise (Greifahn & 
Sprung 2004) 

The WHO (2009) guidelines state that under 30 decibels 
(db) no substantial health effects are normally observed.  
Between 30-40 db, sleep disturbance increases with 
vulnerable groups such as children and elderly affected.  
Within the range 40-55 db, there is a sharp increase in 
adverse health effects.  At 55 db and over, adverse 
affects widely occur and a high percentage of the 
population is annoyed by these noise levels.  

It is estimated that 30% of the European population are 
exposed to road traffic noise levels exceeding 55 db, 
which are capable of producing sleep disturbance.  In 
the US it is estimated that 30% of the population is 
sleep deprived, sleeping less than 6 hours per night.  

The WHO recommends 7-8 hours sleep over a 24 hour period.  (Chang et al., 2010).  

Figure 6:  level of common sounds on the db(A) scale

Sleep disturbance is more than a minor annoyance from a health perspective.  It increases 
daytime sleepiness, reduces performance and negatively impacts on mood.  Reduced 
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performance in reaction time tests have been recorded along with changes in cortisol levels 
and endocrine changes, including levels of catecholamines (noradrenalin, adrenaline) and 
glucocorticoids (steroid hormones involved in carbohydrate metabolism).  

Sleep deprivation affects major neuro-endocrine stress systems, principally the autonomic 
simpatho-adrenal system and hypothalamic-pituitary –adrenal axis.  Over time chronic sleep 
restriction can induce changes similar to those seen in stress disorders such as depression.   
Insufficient sleep may sensitize individuals to stress related disorders and increase the risk of 
diseases linked to stress such as cardiovascular disease and mood disorder ( Sforza, 2004; 
Mierlo et al 2008).  Restricted sleep causes a cumulative, dose-dependant reduction in 
performance capacity which continues to decrease as time awake increases (Gander, 2011).   
With sleep restriction, performance on complex tasks decreases rapidly while simple tasks 
may remain unaffected.  This has safety implications.  Gander (2011) cites the example of 
friendly fire operations during Operation Desert Storm whereby sleep deprived tank crews 
were able to successfully fire on and destroy friendly vehicles, causing casualties.  

Sleep deprivation is also associated with changes in cognition, emotion and behavior 
consistent with mild prefrontal lobe dysfunction.  Killgore et al (2008) examined sleep 
deprived participants and found reduced self regard, along with reduced assertiveness, sense 
of independence and self actualization, reduced empathy toward others, lower stress 
management skills and reduced impulse control, reduced coping strategies such as positive 
thinking and increased esoteric thinking, such as a greater reliance on superstition. 

Noise and poor sleep has also been linked to cardiovascular problems.  Fyhri & Aasvang 
(2010) give evidence from a study in Norway which supports a noise-stress-health model 
involving increased noradrenalin concentrations, hypertension and increased risk of 
myocardial infarction. Individuals who are sensitive to noise are more likely to experience 
sleep disturbance from road traffic noise ( Fyhri & Aasvang 2010)  Higher blood pressure 
produces an increased risk of cardiac problems.  One European study  of 32 Berlin hospitals 
with 4,115 patients, found that chronic noise increased the risk of heart attack by 50% for 
men and 75% for women.  (Willich et al 2005).  In a further study Willich et al., (2006) found 
noise levels above 50 decibels at night increased the risk if cardiovascular disease in women, 
with  an odds ratio of 2.62, (adjusted OR 3.50)

Ohrstron & Skanberg (2004) examined sleep disturbance from road traffic noise in both 
laboratory and community settings.  In a laboratory setting, perceived sleep quality decreased 
by 22% during nights with exposure to road traffic noise compared to a quiet night with no 
noise.   In a home setting, the same pattern of results was observed.   Pirrera et al (2011) 
investigated methods of noise assessment in the study of nocturnal noise during sleep.  They 
concluded that use of averages for noise exposure might not be sufficient to reflect the actual 
noise levels during the sleep period.  It is noted that variable noise has adverse impacts and 
averaging this exposure gives a false picture of events.  For both noise and air quality 
measurements therefore, use of averages do not adequately reflect the dose-response 
relationships at peak periods. 

While perceived sleep quality can often be inaccurate, a number of studies using sleep 
recording devices have shown that road traffic noise has a detrimental effect on sleep quality.  
A (2006) study in Sweden used sleep logs and wrist-actography for children and parents to 
examine road traffic noise and sleep quality relationships.  They found a significant 
exposure–effect relationship between noise levels from traffic and sleep quality, awakeness 
and tendency to keep windows closed at night.  For children a significant exposure-effect was 
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found alongside daytime sleepiness.   Gee and Takeuchyi (2004) found that residents who 
reported traffic stress had lower health status and more symptoms of depression.  High traffic 
counts were associated with the lowest health status and greatest depressive symptoms.  The 
authors note that traffic stress may be an important factor in the well being of urban 
populations and an examination of factors on only one level , such as an economic level or 
individual level, alone, may understate the effects on the social environment. 

Effects on Children

Long term exposure to road traffic noise among primary school children has been well 
documented over the past 30 years (Evans et al 1995, 1998;  Hygge et al 1997, 2003;  Lercher 
et al 2003;  Shield et al., 2008;  Van Kempen 2012). 

Both children and elderly are more affected by background noise such as traffic noise and 
this has a detrimental effect on ability to understand speech  (Kujala, Brattico & Johnson, 
2000).   Children’s learning is also affected by noise. Maxwell and Evans (2000), Hygge 
(2003), Lercher et al (2003), and  Kempen et al (2012) have all reported adverse affects on 
learning in conjunction with noisy environments.  Maxwell & Evans (2000) installed sound 
absorbent panels in children’s classrooms and found recognition skills increased markedly 
compared to a control group in a noisy classroom.  Children with disabilities are differentially 
affected by exposure to noise and perform worse than non impaired children in noisy 
classroom environments.  Kozou et al (2005) found the more varied the background noise the 
greater the effect on cortical discrimination processing.  This finding is directly relevant to 
consideration of traffic noise, which is variable in tone, intensity and frequency.  Hence, cars, 
trucks buses and motorbikes may all produce a cacophonous quartet of variable noise which 
disrupts speech-sound discrimination .  Speech is normally lateralized to the left auditory 
cortex, while background noise levels can cause speech perception to predominate in the right 
hemisphere  (Kujala, Brattico & Johnson 2000).  This right lateralization may be the auditory 
equivalent of a right handed person forced to write with their left hand, with a similar level of 
reduced accuracy in auditory processing.   

However, other studies indicate that cognitive changes can occur at noise levels much lower 
than guidelines set by WHO. Trimmel, Altzsdorfer, Tupy & Trimmel (2012) found even 
background neighborhood noise of 45 db produced impaired performance on computer based 
learning tasks compared to a control group exposed to 35 db.  Higher levels of noise are 
known to increase stress (Cohen et al., 1986; Evans, Hygge & Bullinger 1995) which has an 
adverse impact on most cognitive function.  Reading, memory and learning are all processes 
known to be affected by exposure to noise.  It is thought that noise disrupts the immediate 
cognitive processing of material to be learned within working memory systems (Trimmel et 
al 2012). 

Pregnant women are more vulnerable both to the effects of reduced air quality and sleep 
disturbance from traffic noise.  Reduced air quality has been associated with low birth 
weights and preterm births (US Environmental Protection Agency 2006 (EPA);  Wilhelm & 
Ritz 2005;  . Salam, Millstein , Li , Lurmann , Margolis, & Gilliand, 2003;  Lee et al 2003; 
Hackley, Feinstein & Dixon, 2007). de Medeiros et al (2009)  Similarly, sleep deprivation in 
mothers is also associated with low birth weights and pre-term delivery.  Pregnant women in 
particular need adequate rest to encourage normal development of the child and promote the 
stamina they need for delivery.  Sleep deprivation during pregnancy has been associated with 
longer labor, elevated perception of pain discomfort, higher caesarian rates, pre-term delivery 
and high levels of pro-inflammatory serum cytokines, associated with post-partum 
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depression.   Pre-term deliveries are also commonly associated with low birth weights.  In 
addition, they take longer than full term babies to sleep through the night, increasing the sleep 
deprivation of the mother and increasing the risk of post partum depression (Chang et al 
2010).

Effects on Elderly

Background traffic noise, which can vary widely, presents challenges for elderly people who 
wear battery activated hearing aids (BAHA’s).  Such variations in the signal to noise ratio 
have a significant impact on speech discrimination, for both unilateral or bilateral hearing 
impairments.  With normal hearing conditions, background  noise can result in unwanted 
distortions of speech sounds, making comprehension difficult (Plomp. 1986; Schilling, 
Miller, Sachs & Young, 1998). This distortion effect is intensified for people with hearing 
loss.   Speech recognition thresholds in listeners with hearing loss are up to 12 db higher for 
one voice when a competing voice is present, compared to those with normal hearing (Hygge  
et al., 1992).  Hence, an elderly listener with a hearing aid in conditions of 50 db of 
background traffic noise may require the speaker to virtually shout in order for speech 
recognition to be accurate.   

While background noise that approximates speech is easier to accommodate, such as listening 
in a room full of people talking, intermittent traffic noise presents more of a challenge to a 
listener with a hearing device.  The fluctuating nature of traffic noise creates further 
distortion in signal to noise ratios which make speech comprehension difficult to anyone with 
a hearing impairment (Brown & Bacon 2010). Furthermore, attuning hearing devices to 
background traffic noise presents further challenges  (Bach, Anemuller & Collmeier, 2011). 
Background noise as low as 4 db is also  known to interfere with speech discrimination in 
people with cochlear implants (Brown & Bacon, 2010).  

Most people who require a hearing aid will have difficulty understanding speech where there 
is  background noise present.  However, as with other areas of perception, speech perception 
has wide individual variation and is also impacted by individual ability to tolerate 
background noise, which is found to be independent of level of hearing loss.  This is referred 
to as Acceptable Noise Levels Ratios (ANL) and these will vary amongst users of hearing 
aids (Nabelek, 2006).  Hence it is not possible to establish a common benchmark and say that 
there is an absolute level of background noise beyond which speech perception cannot occur. 
This tolerance level is thought to be differentially distributed, however, with recent surveys 
indicating that approximately one third of high ANL users are able to hear satisfactorily in 
noisy places, another third only use the hearing aid on a part time basis and are functionally 
hearing impaired for the rest of the time.  Another third try the device but reject it.  Users 
who can tolerate 50db of background noise are classified as high ANL users (Ross, N.D.).  
Thus the noise standards proposed for the Kapiti Expressway indicate that approximately two 
thirds of those residents who are hearing impaired and living nearby are likely to have 
difficulty understanding speech and may be unable to use their hearing aid. 

For elderly residents who are not hearing impaired, negative impacts may still occur. Nijland 
et al (2003) note that adverse health impacts can occur at levels as low as 40 db, particularly 
in children and elderly residents.  In discussing the costs and benefits of reducing road noise, 
reducing traffic volumes or enlarging the distance between source and recipient are seen as 
two of the most effective noise abatement measures.  During the planning stage of 
transportation, the authors note that enlarging the distance between source and recipient (that 
is, creating a greater separation between road and residential dwellings) is a feasible option.  
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Improving public transport services in the region is also an effective means of reducing traffic 
volumes.  

Exposure to Loud Noise

Hearing loss can occur with exposure to loud noise.  Noise over 100 db is considered 
dangerous if this exceeds 15 minutes in duration.  Long term exposure to noise over 80 db 
can also cause hearing loss (American Tinnitus Association, 2012).  It is not usually practical 
for most people to measure the decibel level of noises they regularly encounter, however a 
good rule of thumb is that if it is necessary to raise ones voice in order to be heard by another 
person within 1-3 meters, then that noise level should be regarded as hazardous. (Kim, 2011). 
Commonly experienced noises may vary in sound intensity.  However, approximate levels of 
everyday sounds include the following:

     db

Normal conversation                20-50 
Refrigerator humming                   40
Loud conversation/shouting     50-65
Piano Practice 60-70
Vacuum Cleaner              75-80
Hair dryer       80
City Traffic       80
Rubbish removal truck     100

Source:  http://www.hearingaidknow.com/2007/03/07/how-loud-is-too-loud-decibel-levels-
of-common-sounds/http://www.hearingaidknow.com/2011/09/18/me-hearing-aids/
www.newton.dep.anl.gov/askasci/eng99

126.  Paradoxically, people with hearing loss frequently perceive many loud sounds as louder 
than those with normal hearing.  This is because remaining neurons can compensate for the 
damaged nerves by lower threshold levels, enabling, for example, some neurons to respond to 
higher frequencies than they would normally do 
(http://www.hearingaidknow.com/2011/06/21/hearing-loss-loud-comfort/) Tinnitus typically 
occurs following exposure to loud noise, with delayed onset.  Sufferers are advised to take 
care of their hearing and avoid all exposure to further loud noise.  Sound therapy is one 
method of treatment which involves masking, with low level sound, the ringing in the ears 
associated with the condition  This can be a whirring fan, background music or other device.  
( American Tinnitus Association 2012)

Low Frequency Noise and Vibration

Long term exposure to low frequency noise  below 500 Hz, usually experienced as vibration, 
can produce vibroacoustic disease.  Clinical symptoms of this disease include behavioral 
changes such as irritability and depression, disturbance of vision, audition and balance, 
epileptic seizures and neurological damage or transient ischemic attacks (TIA).   This 
disorder frequently shows increased blood pressure and arterial hypertension alongside 
cognitive effects (Kujala & Brattico 2009).  The disease can also produce a range of 
symptoms that target the respiratory tract.   Collagen disruption and degeneration of lung 
tissue is commonly seen and lung tumors are also thought to be associated with vibroacoustic 
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disease.  Thickened blood and lymphatic vessels are also consistent with this condition  
(Ferreira et al 2006).  

The WHO has recognized that general assessments of disturbance from low frequency noise 
experienced as vibration are deficient (Waye, 2011).   Pereira, Nuno and Branco (2007) note 
that valid dose-response relationships have been difficult to identify and large scale 
epidemiological studies are still needed.  Thus, this is an emerging area of research.  It is 
thought however, that individuals who are sensitive to noise or electromagnetic radiation may 
have a low threshold for contracting the disease.   

Vibrations from road traffic are mainly caused by road unevenness, irregularities that are 
intrinsic features of the road landscape (Lak, Degrande & Lombaert 2011).  The unstable 
nature of the geology of the Wellington area will make it more likely that road unevenness 
will occur, resulting in traffic-induced vibrations that will cause discomfort to residents, are 
capable of disturbing sleep and causing physiological stress reactions.   

Appendix B:  Wellington Inner City Bypass

      A Brief Case Study

This case study examines the assumptions used in support of the Wellington Inner City 
Bypass project and the arguments put forward, at the time planning permission was sought, to 
enable the project to commence.   Follow up data will then be presented to establish whether 
the initial assumptions were correct and the overall outcome of the project will be examined 
along with its relevance to the proposed Kapiti expressway.

Background
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Construction on the Wellington Inner city bypass  commenced in January 2005. The new 
northbound route was open to traffic in February 2007, with the southbound route (Vivian 
Street) and Ghuznee St also reconfigured in 2007.  The cost of the bypass was $39.9 million.

At the time of application for construction, the bypass was thought to offer significant 
benefits to traffic movement in the southern part of the city.  As NZTA noted in its project 
information:

“The Bypass will relieve traffic congestion. Traffic heading for the airport, the 
hospital and to the southern and eastern suburbs will be separated from traffic 
heading into the Central Business District. Motorists will spend less time queuing, 
decrease their overall travel distance, and save time moving across the city. Because 
the current route is congested and traffic is stop/start, noise and exhaust emissions 
are very high. The Bypass will allow traffic to flow more smoothly, reducing 
congestion and exhaust emissions in the area. As a result, studies show that overall, 
pollution will reduce as a result of the Bypass being built.”

(source:  NZTA: available online: 
http://www.nzta.govt.nz/projects/wicb/environment/wellington.html#Environmental)

The project however was not without its opposition.  It was planned to be built through the
middle of residential areas and areas with high cultural significance.  Community groups 
were opposed to the project given the severance of the Te Aro community and the damage 
caused to historical buildings in the area.   As one engineering source commented:

“The bypass has taken far longer to build than it probably should have. The
initial vision seems to have been rather over-designed, and the opposition
the project engendered was probably self-inflicted. If there are any lessons
engineers can draw from the saga of the Inner City Bypass, they are that
projections into the distant future are almost always unreliable, and that
designing a project a community wants, the way it wants it, is ultimately the
only way in the current era to get them built at all.”
(source:  htttp://www.techlink.org.nz/Case-studies/Technological-practice/Materials/Print-
PDFs/techlink-tp-wgtn-bypass.pdf).

In terms of the current proposal for the Kapiti Expressway therefore, there are a number of 
similarities between the two projects.  Both are contentious, with community groups opposed 
to the project and its proposed route, on the grounds of community impacts and destruction of 
housing.  Both projects are described as allowing traffic to flow more freely, reducing 
congestion and producing an overall benefit in terms of air quality.  The value of a 
comparison lies in the fact that the Kapiti expressway has not yet been built, whereas the 
inner city bypass has been operating for 5 years.    

Monitoring

The Regional Air Quality Management Plan (RAQMP) has been in operation since 2000 with 
the purpose of implementation of an ambient air quality monitoring plan sufficient to provide 
appropriate information on which to base future air quality management decisions.  The 
program seeks to provide scientifically sound and relevant information to manage the 
region’s air quality resource; protect human health; fulfill the statutory requirements of the 
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RMA 1991; and determine compliance with the national environmental standards for air 
quality (NES-AQ).

Greater Wellington council which administers the plan acknowledges that the adverse health 
effects associated with exposure to PM2.5 are widely recognised and thought to be more 
serious than those associated with PM10.  Hence the WHO, US Environmental protection 
agency and the European Union have all adopted standards for PM2.5 which is now 
becoming the air quality indicator of choice due to its widespread use in epidemiological 
studies and the recommendations of the WHO.  However monitoring of PM10 only is used in 
Wellington at this point. (Mitchell, 2012).   

Traffic flows in the southern part of Wellington city show high levels of traffic pollutants 
generally.  As Table 1 below illustrates, the area around the inner city bypass has recorded 
high levels of nitrogen dioxide.  This traffic pollutant has been identified as having a role in 
the development of childhood asthma, as discussed in the literature review of the health 
impact assessment. 

Table 1:  The top five annual average concentrations of nitrogen dioxide (ug/m3) by passive 
monitoring in the Wellington region (2010)

(Source:  NZTA)

While some canyoning effects may be operating in the Riddiford Street area, the basin 
reserve is a more open landscape, with more opportunity for pollutants to disperse.  Hence 
the build up of traffic pollutants in the inner city bypass area cannot be simply ascribed to 
canyoning effects.  

Greater Wellington City council has taken measurements of the pollution levels prior to and 
following construction of the inner city bypass as part of the Regional Air Quality 
Management Plan. The pollution roses in figure 1 illustrate the levels of pollution present in 
the inner city bypass area prior to and following construction of the bypass.   
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Figure 1.   Pollution rose for one hour average of PM10 (ug/m3), nitrogen dioxide and carbon 
monoxide (all ug/m3) concentrations measured at Wellington central showing the 
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contribution to annual mean concentration by wind direction before (pre-2007) and after 
completion of the inner city bypass (post-2007).  (Source:  Mitchell, 2012).
While carbon monoxide and nitrogen dioxide levels have declined markedly at the 
Wellington central monitoring site between 2004 and 2007 this trend has not been observed 
with inner city bypass air quality levels.  While there have been reduced traffic flows in 
Wellington city generally, attributed to increases in fuel prices, pollution concentrations in 
the inner city bypass area have increased.  A greater concentration of levels has been 
recorded under light southwest conditions, indicating that the Vivian and Victoria street 
intersection approaching the bypass may now be more congested, with higher traffic flows 
recorded (Mitchell, 2012). 

It appears, then, that the inner city bypass area, rather than reducing traffic congestion and 
improving air quality has become more congested with markedly poorer air quality in this 
area.  As the bypass borders the residential area of the Aro valley, this is a cause of concern 
because of the potential health effects.  The air quality data indicates that the assumptions of 
underlying benefits in construction of the inner city bypass have not been validated.  The NZ 
Transport agency stated that this project would reduce congestion and improve air quality by 
improving traffic flow. They argued that  “ studies show that overall, pollution will reduce as 
a result of the Bypass being built.”.  This has not eventuated and the area has experienced 
significant increases in air pollution against improved air quality in most other parts of the 
central city. 

Whether the increased pollution is the result of induced traffic or a redistribution of traffic 
flows is outside the scope of this brief report.  However, it does establish that the project did 
not achieve its stated aim to improve traffic flow and air quality. This outcome has 
implications for the Kapiti expressway.  The NZTA has once again argued that there will be a 
benefit  from improved traffic flow on the proposed road, with less stop-start traffic and 
improved air quality, while at the same time acknowledging that there will be increased local 
congestion. (Traffic Modeling report, technical report 34, vol 3;  aee-s-Air Quality report, p8)  
In the light of the results achieved with the inner city bypass, it is difficult to see how these 
benefits might occur.  The NZTA’s assumptions in this regard are not borne out by the 
evidence from the inner city bypass which has many parallels with the Kapiti project.  The 
conclusions of techlink quoted on page 1,  that such projections are frequently unreliable, is 
pertinent to this project as is their observation that community approval is necessary in the 
current climate.    

In conclusion, the results of air quality monitoring of the inner city bypass indicate that the
claimed benefits of better traffic flow and improved air quality for the Kapiti expressway 
are of dubious validity.   Increased local congestion, greater emissions and more stop-start 
traffic is likely.

Marie O’Sullivan

6 November 2012
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