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Executive Summary

NIWA has designed and built a mobile monitoringteys with the aim of collecting data which will
ultimately allow the assessment of how BMoncentrations vary across urban airsheds. There a
three phases to this project:

1) System design, build and trial
2) Identify system issues. Enhance and improveeayst

3) Airshed monitoring, data analysis and assessofesgatial variation of pollution

The mobile monitoring system took a year to desigitd and trial. This report details the outcomés o
phases one and two of the project. The three nigectves of this report are to:

» Describe the system developed by NIWA for assesspgtial variability of airborne
particulate matter concentrations

» Demonstrate the utility and application of datdexibd by the system

* Make recommendations for improvements to the system

The mobile monitoring system is comprised of thmgéncipal components: an aethalometer
(measuring elemental black carbon), a GRIMM palgiiimonitor (measuring PMPM, sand PMy)
and an AirMar ultrasonic weather station and GP§ Tihe components are linked into a data logging
system and integrated into a single platform wiéamounted onto a vehicle.

This report presents the results of the monitotirads that were undertaken in Alexandra, Auckland
and Christchurch in winter 2007. The trials werendcted with the specific and simple aims of
assessing the utility of the system, assessinggttadity of data being collected and identifying
potential improvements to the system. The resuisgnted should be treated as illustrative examples
of what the system can achieve. The conclusionsrdieere are subject to the limitations of the short
record of trial data collected and can, at bestrdmted as preliminary. More intensive and speslify
designed mobile measurement campaigns would bereegio provide conclusions upon which air
quality management strategies could be based. Natt@nding these limitations, key findings of the
trials were that the mobile monitoring system cateptially be used to:

» Evaluate variability of PM concentrations both witland between airsheds (e.g. Dunedin vs
Mosgiel, Nelson vs Tasman, and Christchurch vs ff@ias Rangiora)

» Identify potential locations for new monitoringestwithin airsheds to ensure compliance with
AQNES Regulation 15.

he development of a mobile monitoring system t@gtigate the spatial variation of air pollution iv
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» Assess the representativeness of the data collbgteglisting monitoring sites
» Identify the source of PM and their geographicabarof impact

» Establish dynamic baseline data for exposure reBeimat require information related to
population movements.

« Validating the results of airshed dispersion models

A number of operational and equipment issues weeatified with the monitoring system. These
included:

» Differences between the GRIMM and AQNES compliaMt PFmeasurement methods
* Impact of driving speed on the sampling of M

« Data acquisition, equipment communication, pow@pguand elevation data

Solutions have been formulated to address eachesttissues. Plans and a timetable are in place to
upgrade the mobile monitoring system so it is @ablendertake an extensive monitoring programme
in the winter of 2008.

It is anticipated that when phases two and thrabeproject have been completed the data collected
will be of a quality such that they can be usedotaustly assess air quality within airsheds andido
the development of air quality management policies.

he development of a mobile monitoring system t@gtigate the spatial variation of air pollution v
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1. Introduction

1.1 Regulation, sources and monitoring of particulate ratter in New Zealand

The Air Quality National Environmental Standard (RES) defines the concentration
of particulate matter (Pl that shall not be exceeded within any airshedentban
once per year as 50ym® (24-hour average). Exceedances of the AQNES foy,PM
have been observed at around 30 urban areas Wé&wnZealand (MfE 2008). Home
heating is generally believed to be the biggestr@owf PM, emissions when
exceedances occur. However, road traffic emissaoaslso a notable source of M
emissions in urban areas such as Auckland.

The AQNES also includes a requirement for Regid@alincils to monitor Pl in
airsheds where the ambient standard foyFAMlikely to be exceeded. The regulations
also specify that monitoring must be conducted atloeation where P
concentrations are likely to be highest or exceededjreatest number of times within
the airshed. Due to the monitoring requirementsnddf within the AQNES, it is
important to have an understanding of if, and hbg ¢oncentrations of air pollution
vary within a particular airshed. This knowledgél wilow air pollution “hot spots” to
be identified and monitors placed accordingly.

1.2 Spatial variation of particulate matter within airs heds

A search of the scientific literature, revealed tearveys of spatial patterns of
particulate matter that have been undertaken in Resdand’s urban areas.

The first involved the use of a handheld Dustrakaige laser photometer to record
data related to PN concentrations at 20 sites in Rangiora and Kajapear
Christchurch (Hamilton et al. 2004). In additionKastrel handheld instrument was
used to record data associated with wind speedgeriperature and humidity data
(Hamilton et al. 2004). Due to the “stop and gotuna of the sampling, two hours
were required to traverse the 20 sites at both $own

From sampling over five nights, contour plots wemnstructed based on the 10
measurements taken in each town. The survey igmhtihat highest concentrations
were recorded in residential neighbourhoods, winel attributed to burning of solid
fuel on domestic heating appliances in those areas.

The second published study of spatial variabilityNew Zealand used the same
instruments and technique at ten sites in Inveitg@onway et al. 2007). While
highest concentrations were observed in the sautfesidential suburbs, a complex

The development of a mobile monitoring system t@stigate the spatial variation of air pollution 1
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meteorological environment was reported. Therefdtee limited number of
observations possible using this technique may ten inadequate to identify the
spatial pattern at a sufficiently high enough resoh.

For both of these studies, numerical modelling iofp@llution concentrations and
meteorology was undertaken using The Air Pollutitwdel (TAPM), which provided
useful information about the distribution of poiart under various topographical and
meteorological scenarios. However, the model peréorce was compromised due to
the coarse spatial resolution of the gridded emisdata.

Airshed particulate modelling has been conducteddomne New Zealand urban areas,
including Christchurch (Zawar-Reza et al. 2005),stiteys (Gimson 2006) and
Rotorua (Fisher et al. 2007). These models demmtastthe variable nature of
particulate concentrations throughout airsheds éw ¥ ealand, depending on factors
including the spatial distribution of emissions,pagraphy and meteorological
characteristics. For urban areas where airshed ltimgdbas not been conducted, other
means of assessing spatial variation are available.

Alternative methods of assessing the spatial vdit\abof ambient particulate
concentrations include:

. Very dense networks (VDN). For small scale stadithe use of a large
number of sensors deployed densely throughoutttitly @rea gives the best
description of the spatial and temporal variabilityambient concentrations.
The large costs associated with setting up andtaiaing a large network for
urban areas generally makes this approach impshcfmr air quality
management.

. Remote sensing (RS). The use of satellite inftionato derive air quality
information is a growing field with more data beinmde available from the
last generation of environmental satellites pub iatbit (AURA, MODIS).
This information is very useful to assess horizbmariability on scales
~10km. However, satellite imagery is not alwaysilalée for the required
period of time and it is dependent on a cloud-fatmosphere that is not
always the case.

. Mobile measurements (MM). Advances in miniatui@a have made it
possible for air quality instrumentation to be aspld on mobile platforms
and be operated whilst on the move. Although netilabour intensive, this
method maximises the utility of single instrumeatsl provides information
about the spatial variability of pollutant concesitbns. While the temporal

The development of a mobile monitoring system t@stigate the spatial variation of air pollution 2
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variability at greater than weekly timescales ii@ilt to capture with these
kinds of measurements, there are several advantfgies method.

A VDN approach could potentially provide excelletsta to support an assessment,
however this option has a very high price and te #ias proved to be cost prohibitive.
At this stage remote sensing doesn't offer infofamabn a fine enough spatial scale
and there are fundamental issues with assessingaheentrations of particulate
matter using open path methods.

To date the assessment of how ;PMoncentrations vary within New Zealand's
airsheds has been limited to airshed dispersionettiogd and a number of not-so-
dense monitoring networks.

Recent developments in air quality monitoring testbgy mean that it now possible
to build a relatively low cost mobile monitoringssgm that provides good quality,
real time data at high spatial resolution. Such abile measurement system could
provide data to allow the assessment of the variabf contaminant concentrations
across an airshed for the purposes of identifying $pots for monitoring sites,

validating airshed dispersion models, or for infsuthe development or improvement
of air quality management strategies.

1.3 Project Objectives

NIWA has designed and built a mobile monitoringteys with the aim of collecting
data which will ultimately allow the assessmenthafv PM,, concentrations vary
across urban airsheds. There are three phaseds firdfect:

1) System design, build and trial

2) Identify system issues. Enhance and improveeayst
3) Airshed monitoring, data analysis and assessméndpatial variation of
pollution

The mobile monitoring system took a year to desigifid and trial. This report details
the outcomes of phases one and two of the projéet.three main objectives of this
report are to:

» Describe the system developed by NIWA for assesspadial variability of
airborne particulate matter concentrations in NealZnd urban areas

» Demonstrate the utility and application of datdexibd by the system

The development of a mobile monitoring system t@stigate the spatial variation of air pollution 3



—NIWA __—

Taihoro Nukurangi

¢ Make recommendations for improvements to the system

This report aims to demonstrate that the mobile itndng system is capable of
capturing robust and useful data. This report doesaim to provide a detailed
assessment of how Rptoncentrations vary across any particular airshed.

In addition to collecting PM data the project was designed to help addres®ther
issues: particulate matter smaller than,;pPdMhd to differentiate sources of particulate.

Because home heating is the predominant sourcearttulate air pollution within
many of NZ's airsheds, the majority of the partital pollution experienced in winter
is significantly smaller than 1@um. While currently there are no New Zealand
guidelines or standards for particle size fractismgller than 10 microns, research has
been consistently pointing at smaller particles,P&hd PM as directly linked to the
health effects associated with suspended part{gl#$0, 2005). For this reason the
mobile monitoring system has been developed to tooRiM, s and PM alongside the
AQNES metric of PM,.

The sources of particulate pollution are of inter@sair quality managers as this
information can help formulate effective managenmiicies. The system is capable
of collecting black carbon data which is used aiditator of whether the source of
particulate is fossil fuel (e.g. coal or dieselbimass (e.g. wood).

2. Methodology

2.1 Instrumentation

Instruments were located both inside the vehicteiara rooftop enclosure (Figure 1).
A purpose-built conduit was used to bring cabled sample tubes through the vehicle
rear passenger window, to and from the rooftopcesck.

2.1.1 Aethalometer

A Magee Scientific (Berkeley, California) AE22 aafihmeter was housed in the
vehicle with a sample tube passing through the @wnatonduit into the rooftop
enclosure. The aethalometer measures the optisalr@tion of particles on a filter
through which an air stream is drawn. The optidadaaption provides an index of
mass concentration of ‘Black’ or Elemental Carb®C) particles that in urban
environments are generally associated with coal d@sel combustion. The
aethalometer used in this study uses two wavelen@80 nm (near-IR) to quantify
BC and 370 nm (UV) that provides a qualitative nueasof aromatic organic

The development of a mobile monitoring system t@stigate the spatial variation of air pollution 4



—NIVA_—

Taihoro Nukurangi

compounds. The dual wavelength measurement maysed for identification of
different sources; for example, vehicle emissiosiswood smoke from home heating
or biomass combustion. Near real time measuremargspossible with a time
resolution from five second to one hour.

GPS and wind

instrument

GRIMM intake

Aethalometer
intake

Temperature
and RH
sensor

Flashing
Safety light

Window
conduit

Figure 1: Mobile monitoring vehicle and (inset) rooftop erstloe. Rooftop instrumentation and
air intakes are shown.

The development of a mobile monitoring system t@stigate the spatial variation of air pollution 5



—NIWA __—

Taihoro Nukurangi

2.1.2 GRIMM particulate sampler

A GRIMM Model 107 Dust Monitor (Grimm Aerosol TedknGmbH & Co. KG,
Germany) was housed in the rooftop enclosure, pdtiver and data cabling via the
window conduit. The GRIMM monitor is a low-volumerspler that uses a light
scattering technique to continuously measure partiamber concentration and size
distribution in an air stream. Particulate massceatrations (ug i) are calculated
internally by the instrument, making some assumgtiabout particle density and
optical properties. Because particle density infation is generally unavailable, it is
recommended to calibrate the GRIMM by comparingilteswith those obtained by
another measurement technique (Maletto et al. 2003)

Considering that the main objective of this sysigito look at relative concentrations,
a full calibration is unnecessary. However, duriigthe monitoring campaigns, the
system was put at the same location as a regulatorytoring station in the area of
interest to assess the range of the differencenyf between the GRIMM PM
measurements and the official monitors.

The GRIMM is well suited to this mobile applicatiaue to the fast response time
with near-continuous (six second time resolutisgiultaneous measurements of
PM,, PM,s and PM mass values. Because the instrument providesniwisnation
on particle size distributions, concentrationsinéfparticles are identified, which are
of particular interest because of the associatatttheffects.

2.1.3 AirMar PB100 Ultrasonic weather station

A PB100 (AIRMAR Technology Corporation, MILFORD, MNe Hampshire)
ultrasonic weather station was mounted on the systeooftop enclosure (Figure 1).
The PB100 includes a global positioning system (@R& allows the mobile system
to record the exact location of measurements gsdrelogged. The weather station
also provides measurements of wind speed and wimdtidn (both absolute and
relative to the vehicle movement), air temperatoegative humidity and barometric
pressure.

2.1.4 Data acquisition and accessory equipment

Instruments were interfaced with a Starlog datayéogUnidata Pty Ltd, O’Connor,

Western Australia) that stored all data once ewgoyseconds. This interval is shorter
than the update interval of all the instruments iaméhs used to coordinate the signals
from the GRIMM (every six seconds), the Aethalomdtvery 5 seconds) and the
GPS (every 10 seconds). A laptop PC interrogateddtita logger in real time and
provided an on-screen display of instantaneous datéhey were recorded by the

The development of a mobile monitoring system t@stigate the spatial variation of air pollution 6
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logger. The laptop was powered from the vehicletdry via a dedicated 12 Vdc-240
Vac inverter. The data logger also had a dedicpteder supply via a 12 Vdc 7 Ah
sealed lead-acid battery.

A Sony HDD video camera was mounted on the veldakhboard and was operated
throughout the monitoring, to provide a record @hicles and other particulate
sources encountered during each run.

An amber flashing light was operated on the roo#aplosure for safety purposes. In
an effort to provide representative data from thetruments, speed during the
monitoring was kept below 40 km/hr wherever possiblowever, this was potentially
irritating or hazardous to other vehicles when dpkmits exceeded 50 km/hr. The
flashing amber light was therefore a worthwhileesafdevice to warn other drivers
that the vehicle was involved in an activity othieain regular transport.

System configuration and operation

Inside the vehicle, the Aethalometer enclosurduting the data logger and the main
power inverter, was positioned on the rear seatctly behind the driver. The laptop
PC, continuously displaying data in real time, \ats® positioned on the back seat for
diagnostic purposes by the operator. Four 12 Vdiethes were placed in the rear of
the vehicle and were used to power instruments.

The system was operated by two people. One perssndnving while the second
assessed the performance of the instruments, exssigth navigation and notified the
driver when it was necessary to stop for mainteeanc

Locations of experimental trials — winter 2007

During winter 2007, trials of the system were cartdd in Alexandra, Auckland and
Christchurch (Figure 2). Table 1 shows the datesvamen the trials were performed
and the number of measurements runs.

Measurement dates of the winter 2007 trials.

Measurement dates Number of runs
Alexandra 08 June to 03 July 8
Auckland 26 July to 09 August 4
Christchurch 23 to 30 August 3

The development of a mobile monitoring system t@stigate the spatial variation of air pollution 7
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Aucklanc

Christchurcl

Alexandr:

Figure 2: New Zealand map showing locations of trials

2.3.1 Measurement routes

To obtain the most information from the monitorimgs conducted in all three cities,
different routes were selected for each urban aid@two main objectives: spatial
variability and hot spot identification.

One of the main advantages of mobile measuremeritsei ability to assess spatial

variability of ambient concentrations. However,itatakes time to complete a route,

the concentrations may change between the stareatidf a measurement run. On

the other hand, it is desirable to encompass & larga so that spatial variability may

be identified by the instruments and potential $fwdts are identified throughout the

entire airshed. Therefore, it was important toaitthoose relatively small routes or to
monitor at times of the day when the BMoncentrations are relatively stable over the
time it takes to complete a monitoring circuit.Heit of both of these strategies will

help minimise the effects of the temporal variatidmmbient concentrations.

As a compromise between these two conflicting megoents, the routes were kept
shorter than one hour in time and were travelleédevior each measurement run (i.e.
once the first run was finish, an identical run wasformed immediately after).

The development of a mobile monitoring system t@stigate the spatial variation of air pollution 8
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For the tests performed in Alexandra, Auckland @hdstchurch, several routes were
selected to satisfy different objectives. Detaitsl anaps showing the specific routes
are contained in the Appendix: Monitoring route mapections 2.3.2 and 2.3.3 offer
general descriptions of the routes used.

2.3.2 Short circuit

Once a relevant area of the city was identifieddmal knowledge, a short (less than
10km) circuit was developed that included the idiet area. This circuit was
intended to be completed in less than 30 minutdbatawo “laps” may be completed
in one hour, to obtain values comparable with three tresolution of the air quality
monitoring stations in the area.

Considering the size of the urban area in Alexantthe short circuit was defined as a
grid-like pattern covering all main roads in théycand the north and south exits of
the city. For Auckland and Christchurch, the shlintuit was selected to cover part of
the central part of the cities. In Christchurcts thircuit included most of the CBD and
a short stop (5 - 10 min) next to the Environmeahi€rbury air quality monitoring
station in Coles Place. In Auckland, the shortwircovered the areas between Eden
Terrace, Mt Roskill and Royal Oak, including pagsby the air quality monitoring
stations of Khyber Pass and Kingsland operatedh®rAuckland Regional Council
(ARC).

2.3.3 Long circuit

Only in Christchurch and Auckland are the urbarasrsufficiently large to warrant
longer circuits, to capture a larger scale spa@aiability. However, for these routes
to be useful, they should be sufficiently long &pture the spatial variability but short
enough so that ambient concentrations do not cheogsiderably over time at each
location. It was considered that a route of onevimhours would be useful.

In Auckland, the long route followed the NorthwestéMotorway (SH16) from
Grafton to Lincoln Road, turning then south towat#sderson and then east to Royal
Oak, to finish again in Grafton (see Appendix fatails). This route passed near
ARC'’s air quality monitoring stations at Lincoln R@len Eden and Khyber Pass Rd.

In Christchurch, the long circuit started at Ri¢oarand followed a quasi-circular
route passing through the areas of Cashmere, Vogldtew Brighton, Burwood,
Papanui and back to Riccarton via llam. During this, a short stop (-5 min) was
made next to the Environment Canterbury air quationitoring station at Woolston.

The development of a mobile monitoring system t@stigate the spatial variation of air pollution 9
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3. Results and discussion

This section presents the results of the monitotiags that were undertaken in
Alexandra, Auckland and Christchurch. The trialgevandertaken with the specific
and simple aims of assessing the utility of theesyis assessing the quality of data
being collected and identifying potential improvertse to the system. The data
collected in phase one of the project and the teguksented in this section of the
report are not intended to be used for the purpokassessing air quality within those
specific airshed nor to aid the development of amyquality management policies.
The results presented below should be treatedlwstritive examples of what the
system can achieve. It is anticipated that whersgdhdawo and three of the project
have been complete the data collected will be gbality that they can be used to
assess air quality within airsheds and to aid tewelbpment of air quality
management policies.

3.1 Spatial Variation of PMpconcentrations in three urban areas

It is important to note that the findings presenitedhe following sections are only
intended to provide illustrative examples of theywlae data collected by the mobile
system can potentially be used. The conclusionsvrdrhere are subject to the
limitations of the short record of trial data ceolied and at best can be treated as
preliminary. A much more intensive and specificallgsigned mobile measurement
campaign would be required to provide conclusiormonu which air quality
management strategies could be based.

3.1.1 Alexandra

PMyo concentrations measured on the 8 runs performédexandra were averaged
for the area around the town and are plotted inr€i. Results show that, during the
measurement period, concentrations did vary sicpntly across the township.
Unsurprisingly, the lowest concentrations were mea$ outside the town limits,
particularly on the eastern exit. On the other hahigher concentrations were
measured in the south western part of the centiedfandra where Otago Regional
Council’'s monitoring site is located. This monitagistation recorded relatively high
levels with an average of 5@y m* for the campaign and concentrations reaching to
more than 8Qug m* during three days (37and 28 of June and'3of July).

Two other hot spots were identified by high concaiins of PM, One is in the
north-eastern part of the town and the other tantiréh-west exit of Alexandra. More
details about these hot spots are given latensréport.

The development of a mobile monitoring system t@stigate the spatial variation of air pollution 10
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PMy, concentrationspg ni’) averaged for all the runs (8) undertaken in Afea.
The black star indicates the location of ORC’sqaiality monitoring station.

Christchurch

PM,, concentrations measured in Christchurch were geedraover the 3 runs
performed and are plotted in Figure 4. Results shiwmat concentrations did vary
significantly across the City. Generally the lowesincentrations were monitored
when driving near the Heathcote-Avon estuary, Navwgl@on and along the semi-
rural area of Queen Elizabeth Drive in the nortteea of the city.

Relatively high PM, concentrations were consistently observed in Agtdm,
Spreydon, Cashmere, Woolston and the eastern C&badiFitzgerald Avenue.

It is important to note that the concentrations soead during this monitoring
campaign were taken during late evening and nigitt mmay not represent the
horizontal variability of the concentrations at ethimes of the day. The monitoring
was undertaken late in August and during nights watatively low concentrations of
PM;o compared to the peak nights recorded earlierenvtimter. In fact, the 24 hour
average PN concentration measured by the monitoring networ&lristchurch was
25 pug m° on the 2% of August and around 20y m?® on the 28 and 38 of August,

compared to the maximum of 12@ mi® observed on the 23of July. Given these

The development of a mobile monitoring system t@stigate the spatial variation of air pollution 11
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limitations, it is unlikely that the data collectage indicative of peak concentration
hours on high pollution nights.
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PM,, concentrationspg mi°) averaged for all the runs (3) undertaken at @trigch.
Black stars indicate the location of three Enviremtn Canterbury and one MfE
monitoring sites.

Notwithstanding these limitations, the mobile moriiig data suggests that for the
nights that were monitoredhe Woolston site was well located to pick up high
concentrations of PM while the monitoring site at Coles Place was ledah an area
of relatively low concentrations. Some high concatitn areas were identified in
locations that are not currently covered by airigguenonitoring stations. In summary,
the limited data that has been collected (3 nightglgests that at least one of the
monitoring sites run by ECan was ideally locateg@itk up elevated concentrations of
PM;o.

Auckland

PM;, concentrations measured on the 4 runs perform@ddkliand were averaged for
the area shown in Figure 5. The routes marked sporeed to the “short circuit”
(right side loop) and “long circuit” (loop coveririge whole area).

Results show that, during the measurement periodcentrations were generally
lower than those measured in Alexandra and Chustth This was probably due to

The development of a mobile monitoring system t@stigate the spatial variation of air pollution 12
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the combined impacts of frontal systems that passesligh Auckland during the

measuring campaign and a lower rate of use of dieneslid fuel burners. The

weather patterns experienced during the campaige halatively strong winds in

connection with rain events, improving the disparstcapabilities of the airshed and
thus lowering the ambient concentrations. Furtheemihe downtown monitoring site
of Khyber Pass Road reported an average ofi@4n° for the campaign, which is

about 70% of the highest 24 hour average repofteétidbsame site.

120

100

ol

40

Figure 5: PM,o concentrationspg m®) averaged for all the runs (4) undertaken in eéntr
Auckland. The black stars indicates the locationABICs air quality monitoring
stations.

Nevertheless, variation in Plyconcentrations across the city was observed and a
number of relatively high concentration areas weaiptured by the measurements.
Relatively high concentrations of RMwere monitored in Kelston, New Lynn and
Dominion Road, between Mount Albert and Wesley. theo feature worth
mentioning is the pattern measured along the Na#tevn Motorway with high
concentrations closer to the CBD that decrease Bfié\tatu.

Similar cautions must be applied to the Aucklandadto those noted for the

Christchurch data. To reiterate, given these litigites, it is unclear whether the data
collected are indicative of those that would be snead during peak concentration
hours on high pollution periods. However, the mehbihonitoring data collected

suggest that for the nights that were monitoreel ldcation of ARCs monitors did not

coincide with the four identified hot spots.

The development of a mobile monitoring system t@stigate the spatial variation of air pollution 13



—NIWA __—

Taihoro Nukurangi

It is worth noting that the variability in conceations in that part of the city is

possibly related to the small scale topographyhef drea that makes several small
valleys that may behave independently from eackraith terms of the atmospheric
dispersion.

3.2 Further analysis of data collected in Alexandra

A more detailed analysis of the measurements takétexandra is presented here to
demonstrate the information that it is possiblex@ract from a mobile measurement
campaign such as this.

Alexandra was chosen for the initial demonstratigainly because of its small size,
high particulate concentrations during winter aethtively well defined emission
sources. Alexandra’s small size allowed mappingasticulate matter concentrations
over most of its area. Furthermore, the low nundieraffic sources means that the
emission field is relatively stable in time.

Unless explicitly indicated, in this section alletanalysis will be based on the
composite dataset from the eight runs performedérandra.

As is noted in Section 3.1, the findings presentethe following sections are only
intended to provide illustrative examples of theywlae data collected by the mobile
system could potentially be used. The conclusiorssvd here are subject to the
limitations of the short record of trial data ceolied and at best can be treated as
preliminary. A much more intensive and specificallgsigned mobile measurement
campaign would be required to provide conclusiormonu which air quality
management strategies could be based.

3.2.1 Different size fractions of particulate matter

PMy is of key importance as it is the only fraction mdrticulate matter that is
regulated by the AQNES. However, as indicated leeforcent research consistently
points towards smaller fractions of particulate teraas better indicators of the health
impacts of airborne particles.

Figure 6 shows the concentration fields of ENPM, 5, PM; and black carbon (BC) as
an average of all the runs performed in Alexandra.

The fields in Figure 6 show similar patterns ofthand low concentrations for all the
measures. High concentrations in the south westeo€ity and low concentrations in
the outskirts of Alexandra are apparent for ;fMPM,s, PM; and BC. Also, it is
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interesting to notice that even while one shoulgeekx PM<PM, <PM,,, the values
are not too different when plotted in a similaraol scale.
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Figure 6 PMyo, PM; 5, PM; and BC concentrationgid m'3) averaged for all the runs undertaken

in Alexandra. Note that the map coordinates are KZNihe colour scale represents
the measured concentrations.

Of patrticular interest are the ratios between, Rkd PM, and between BC and RM
The PM:PMy, ratio (Figure 7) provides information about théatiee abundance of
the coarse and fine fraction of PM. The coarsetifraausually corresponds to wind-
blown dust, re-suspended road dust or any othehamécally derived or suspended
source of particulate. Depending on the local abond of a dry soil source, the
potential for the associated dust to be resuspebgetthe action of traffic, and the
emission of tyre and brake wear products the cofiedion could be a major
component of Plyp with its size typically betweerusn and 1@um. On the other hand,
combustion sources are normally associated to ittee ffaction of PM because its
particulate emissions are mostly belowri in size (Seinfeld and Pandis, 1998).
Therefore, small PMPM,, ratios are associated to a large impact of dusileviarge
ratios are usually indicative of combustion relatedosols.

As shown in Figure 7, the PNPMy, ratio is very high throughout the Alexandra area.
This indicates that the major source of B4 combustion and that in fact most of
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ambient aerosol mass is contained in particleslsmidan im. On the other hand,
only small areas in the west and south-east otdalwe have PMPM;, ratios lower
than 0.6 which is an indicator of areas where meicldly derived dust is a major
component of particulate matter.
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PM,:PMy, ratio averaged for all the runs undertaken in Ateka. Note that the map
coordinates are NZMG. The colour scale represéetsneasured concentrations.

Nevertheless, one must bear in mind that the seguétisented here are only for the
period where measurements were taken (eveningsight) and may not represent
the distribution of fine particles at other timdglee day. Furthermore, as addressed in
Section 4, there is an unknown impact of the dgwpeed on the performance of the
sampling inlet leading to a potential underestioratdf the coarse fraction when
moving relatively fast.

Black carbon — an indicator of source type

Information about other particulate measures, @adily black carbon (BC), can
provide clues about the types of emission sourcesept in the area. As BC is emitted
at different intensities from different sourcesnap of the relative abundance of BC in
the particulate matter would help map different bastion sources in the area.
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Even though it is possible to find black carborthia coarse fraction of PM, it is not
normally associated with coarse dust and it is tlsetefore as a tracer of combustion
sources. Only in areas where coal is handled im gpaces it is possible to find black
carbon particles of sizes large thapnil Therefore, the BC:PM ratio (Figure 8)
could provide clues about the distribution and tgheombustion sources in the area.
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BC:PMy, ratio averaged for all the runs undertaken in Afedra. Note that the map
coordinates are meters NZMG. The colour scale spaords to the ratio.

Not all combustion sources produce the same amofinilack carbon. Diesel
combustion has been shown to produce about 10 timees BC per unit of fuel burnt
than petrol engines (Imhof et al, 2005). Wood costion aerosols tend to be less
black and absorb less light than fossil fuel cortibus (Olivares et al, 2008).
Therefore, areas with high values of BC:glvatio would indicate areas where fossil
fuels are dominant while areas with smaller rataay be associated with wood
burning activities.

Figure 8 shows that there are relatively large sareaAlexandra where the BC:RM

ratio is relatively low, indicating areas where woburning may be the relevant
source of carbonaceous materials. On the other, raghkl values of BC:PM ratios

were observed along the mayor roads indicatinggiiytthat diesel traffic also has an
impact on the observed BC concentrations. Of padicinterest is the north-west
exits of the town where there are areas of highPB&; ratios that do not extend far
from the town. This is different from what is obge in the north-east to south-west
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link where high ratios are observed throughout. @rgelanation may be that those
roads are more used by diesel vehicles. Howeveruse the measurements were
performed during late evenings and nights, there weay little traffic and therefore, it
seems likely that the combustion of coal in thaaais responsible for those high
BC:PM; ratios.

Returning our attention to the hot spots identifiethe PM, field (see section 3.1.1).
Figure 8 shows that the two high concentration sardantified have relatively high
BC:PMy, ratios, indicating that either traffic or coal himg are likely to be significant
sources of particulate in those areas.

Nevertheless, the same warning indicated for the: Pk, ratio is valid here that the
results presented here may not represent thebdistn of small particles at other
times of the day.

3.2.3 Ultraviolet and Infrared measurements of Black Carlon

The mobile monitoring instruments measures BC ab wifferent wavelengths,
Ultraviolet (UV) and Infrared (IR). However the cent data acquisition set up makes
the comparison between the UV-BC and the IR-BC a@gyifficult, particularly
putting them on the same map. However, a prelingiraralysis of this data was
performed forone of the runs in Alexandra (03 July 2007) when tdehdur PM,
concentration was highest as reported by the momggite in the town.

The difference between UV-BC and IR-BB-C) has been used as an indicator of
aromatic compounds within the black carbon (Allenaé 2004). Because wood
burning smoke contains a larger fraction of aromatbmpounds than other
combustion sources, it is possible to As€ as a qualitative tracer for wood burning.

Figure 9 shows the horizontal distributiGrC (left hand plot) and black carbon (right
hand plot) in Alexandra. Note that even thoughdblur scale is the same for both
plots, only the BC plot presents quantitative infation. TheA-C plot should be read
only as relative concentrations.

The main feature observed in Figure 9 is that theas of high black carbon
concentrations are also associated with igh values indicating that wood burning
is probably a major contributor to the observedklearbon concentrations. However,
the relatively high BC concentrations observedhi orth of the central part of the
town correspond to an area of relatively IAvC values and therefore where sources
other than wood burning contribute to the carbooaseaerosols. This is consistent
with the BC:PM plot presented earlier that indicates that theéhnpart of the town

The development of a mobile monitoring system t@stigate the spatial variation of air pollution 18



—NIVA_—

Taihoro Nukurangi

may be impacted by particulate matter dischargewh fthe burning of coal as well as
wood.
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Figure 9: A-C and black carbon horizontal distribution in Adexira for the measurements taken

on July &' 2007

3.2.4 Measurements taken at the Otago Regional Council nmitoring site

One of the key issues when deploying non-regulatapproved measurement
methods, such as those employed in this mobile toxdmg system, is their
performance when compared to standard technologies.

As indicated before, the GRIMM PM monitor uses ligitattering to determine
particulate matter concentrations. A similar, bat mentical, monitor from GRIMM
recently gained regulatory approval in the EU. Tien differences between the EU
approved system and that used in this system iss#mepling conditioning and
calibration protocol. The approved system inclusasple heating and drying while
the GRIMM used in this study does not include sawgainditioning. Furthermore, the
USEPA has not granted regulatory approval to anyhef GRIMM monitors. The
Otago Regional Council operates a Beta Attenudilonitor (BAM) at a permanent
site in Alexandra. The BAM instrument is an appidweethod for monitoring PM
under NZ's AQNES.

As it was indicated before, no calibration of thRIBEM was performed before the
study was undertaken because the main objective tvaavestigate the relative

concentrations in different areas of the city. Néweless, it is very useful to have an
idea of the level of agreement between the PM aurations measured by the
GRIMM and the regulatory method BAM (Beta AttenoatiMonitor). To undertake

this comparison, the mobile system was placed aldegwith the ORC monitoring

station at Alexandra for 120 hours in late June aady July. Figure 10 shows a
comparison of the measurements of both instrununiag this period.
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Figure 10:

Time series of the P concentration measured by ORC’s BAM at Alexandra the
co-located mobile platform.

Figure 10 shows that there is an excellent coicgldietween the measurements taken
by the GRIMM and BAM, however the mobile system regeto give PMy
concentrations up to twice as high as those meadweahe BAM. The PM signal
from the GRIMM matches the BAM P} concentrations more closely that the
GRIMM PM;, data. The correlation between the GRIMM'’s Pand the BAM's PM

is more than 0.9. This result suggests that theMBRImay be sizing the particles
differently than the BAM.

As described above, the GRIMM is an optical insenmthat bases its particulate
measurements in the light scattering propertiesdividual particles. Therefore, its
definition of PMy is slightly different to that used in regulatoriarsdards. The
GRIMM identifies theoptical size of a particle. For example, at a particle clasditby
the GRIMM as having 1@m in diameter means that it has scattering prageerti
equivalent to a m spherical latex particle. On the other hand BAM has a PM,
inlet attached and therefore the size in this das¢he aerodynamic size. This
difference means that the size fractions identibgdhe GRIMM are not necessarily
the same as those definaaodynamically. These two sizes are normally very similar
but there are situations where they differ.
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Unpublished data from a study in a subway in StobkkSweden (C. Johansson
pers. comm..) indicated that an optical particlecspmeter, similar to the GRIMM,
was unable to properly size iron particles (frora tear of train wheels) because of
the high reflectance of those particles that makes appear larger than they actually
are. Black particles are also optically active,cabig within the visual spectrum.
Therefore, it is possible that the GRIMM under+asties the size of a black particle
relative to its aerodynamic size because its goagtes reduced by absorption.
However, without a detailed particle size distribntand a performance check of the
inlet of the BAM, it is not possible to identifydhsource of the differences between
the two instruments.

The difference in P measurements made by the BAM and GRIMM are sicpnif
and it would be beneficial to able to explain witbrtainty why these differences
occur. This issue will be investigated furthernf @oportunity to undertake co-located
mobile system and AQNES compliant measurementdditienal sites is available for
future campaigns. However, because the analysiatafpresented in this report relies
on the relative differences of the measurementseniad the mobile system, the
absolute differences between BAM and GRIMM RBMmeasurements is not
considered critical to the results and conclusimesented in this report.

! Christer Johansson is an Associate ProfessoreaD#épartment of Applied Environmental
Sciences - Stockholm University and also a enviremia officer at the Stockholm
Environmental Agency christer.johansson@itm.su)se
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4. Assessment of the operational features of the mobimonitoring system

4.1

41.1

4.1.2

Issues encountered
Air pollution episodes

One of the key questions that this system inteadsform is “what is the horizontal
distribution of air pollution during high concenitm episodes?” and there are a few
issues that need to be considered when designingn&oring campaign with that as
an objective.

Particularly relevant for answering the “geographidistribution” question is the
number of routes taken and the meteorological cherniatics of the days/nights when
measurement takes place.

As indicated before, this report intends to show #ind of information that is
available from a mobile monitoring system and beseacof that the focus is on the
capabilities of the system as the relatively smathber of days/runs performed in the
cities does not allow for wide generalisation @& thsults.

For more comprehensive campaigns, care must beissdrwhen choosing the dates
and time of the measurements that should refleet abhjective of the particular
monitoring campaign.

AQNES compliant monitoring

As shown before (see Figure 10), the absolute ctrat®ns measured by this mobile
system differ from approved methods (BAM) and thason behind that disagreement
is not clear.

However, it is important to note that this monitgyisystem is not intended as AQNES
compliant and that the main value of the informaticelies on the relative
concentrations measured by the system in diffelecations. Therefore, while it
would be beneficial to have the mobile monitoriggtem co-located with an AQNES
compliant monitor, it is not necessary in termsdgntifying variations in the PM
and BC concentration field in urban areas.
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4.1.3 Impact of driving speed

Absolute wind speedJ,y,y is the sum of vector components of both vehipkees and
ambient wind speed. Ratios of PMM,y appear to be affected by the magnitude of
Uaps With lower ratios (i.e. relatively more coarseatjmes) being observed at lower
Uaps (Figure 11). This suggests that driving speed imfiyence the particle size ratios
and total mass of particulate observed by the gyste

The relationship observed between M, ratio and absolute wind speed points
towards a shortcoming of the particle samplingeystBecause of the variability of
the ambient concentrations of aerosols, if the s@ris being sampled correctly we
should expect the P;MPM, ratio to be uniformly distributed and not showry &md

of pattern when compared to absolute wind speeplir&ill shows that the RIAM;,
ratio appears to be shifted towards high valuesifgin absolute wind speeds and to be
uniformly distributed for low absolute wind speeiikis behaviour points towards the
inlet being unable to sample all the patrticles ighlwind speeds. The fact that the
PM;:PMy ratio is higher at high absolute wind speed ingisadhat when the inlet is
experiencing strong wind, larger particles tend twote sampled whereas smaller
particles are still being sampled. This relatiopsiias also evident at Christchurch
and Auckland (Figure 12).

This observation can be explained by the fact #tahigher wind speeds larger
particles (with greater mass) have greater ineftids means at highl,,s rather than
being sucked down into the sample line the largéghes pass undeviated over it. The
smaller particles (with smaller mass) have lowertia and even at higl,,sthey are
drawn into the sample line.

350
~ 1300
250
200
150

100

0 5 10 15 20
Absolute Wind Speed Uabs [m/s]

Figure 11: Ratio of PM:PM,, vs. absolute windspeed {1J for data collected at Alexandra. The
colour scale and the size of the circles indiclageRM, concentrations.
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Figure 12: Ratio of PM:PM,, vs. absolute windspeed {lJ for all the data collected at
Christchurch (a) and Auckland (b).

However, it is also possible that different patidte size fractions do occur in places
where traffic itself is travelling at different sgs. For example, lower wind speeds
may be associated with times when the mobile piatfovas stopped at traffic lights
and may possibly be capturing a higher mass ofspeswded road dust or vehicle
exhaust from vehicles travelling through greenthigbn the perpendicular roadway.
With the current information it is not possibleisolate one or the other explanation
and therefore further investigation of this isssieécessary.

To attempt to overcome the apparent loss ofiPal high U,,s the intakes of the
mobile monitoring system will be redesigned to litatie sampling more iso-
kinetically than the current system allows.

4.1.4 Data Acquisition (DAQ) system

The concentrations measured by a mobile systemeayesensitive to the immediate
surroundings of the platform. Strong tailwind cdowb the sampling car emissions
towards the inlet, exceptional events such as hpallyting vehicles encountered in
the road or big localized plumes can also affe@ tkpresentativeness of the
measurements. Therefore, a system to manuallyeflagts in the data record would
be valuable and add information to the analysthefresults.

As indicated before, the present data logger cardigon can only accept analogue
signals from the instruments and can’t control afiythe instruments’ operation
parameters. As the operating conditions of a mglléd¢form change very fast, it is
necessary for the system to be able to react to shanges and therefore there is a
need for the DAQ system to be able to fully commaté with the instruments.
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Currently if any changes need to be made to thteuinentation, the vehicle must be
stopped and the changes made manually to the rmsiru

Incorporating the DAQ system into the mobile monitg equipment would allow
these two issues to be resolved. In addition t®, BiDAQ instrument control would
offer the following advantages:

» Improving the time resolution of the recorded signa
» Flexibility to log events associated with the data;

» Faster reaction times to changes in the instrureentips as required by the
monitoring situation;

* Have a single interface and alarm display for tperator to quickly identify
potential problems with the system;

» Avoiding time that is otherwise required to reteéeand format data; and,

» Elimination of one component (ie. data logger) asdociated power supply
that have potential to fail;

4.1.5 Power supply

Multiple power supplies create a greater probabtliat power failure will occur to
equipment. Separate power supplies were used jrésent configuration for:

» Datalogger
* Aethalometer and AirMar
e Grimm
* Flashing light
* Laptop PC
* Video camera
At times power was lost to system components. kKample, the 12 Vdc-240 Vac

inverter failed on one of the Christchurch routes &aptop power was lost while a
repair was performed. It is also cumbersome, whilgaged on other tasks, for the
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operator to monitor many battery voltages for npldticomponents and there is
potential for failure to observe battery power diggpas they approach exhaustion.

As a safety measure, it would also be useful teeteaswitching system, such that each
component can be easily toggled to avoid unnecgessaar of delicate electronic
systems during the set up phase.

There are numerous advantages to be achieved d&grating the individual power
supplies to a centralised system.

4.1.6 GPS elevation data

To reliably and accurately obtain elevation dat&RS upgrade is required. Regular
GPS receivers rely solely on satellite informatiorbtain the vertical position but for
this method to work accurately it is hecessaryaweeha satellite as low in the horizon
as possible. This is not normally the case in udrarironments where buildings hide
the horizon from the GPS receiver and the instrunseforced to operate with only
overhead satellites. More specialized units incladbarometric altimeter that can
accurately measure the vertical position even with satellite lock. Such an
instrument would be especially valuable for invgestion of small scale topographical
influences on PM distribution.

4.1.7 Instrument interfacing

Using the existing data logging system requiresrfating via analogue outputs from
instruments. This is far from ideal because bogh@nimm and the Aethalometer have
a very large range that when translated into a 00t&/ analogue signal suffer from
bit-resolution problems on top of those within thetrumentation.

4.1.8 Cabling

It would be useful to upgrade the cable entry citnda that the system may be
mounted on any vehicle. The current cable entryesyss designed as a custom fit to
the rear window of a Ford Territory vehicle.

4.1.9 Rooftop enclosure

The current rooftop enclosure is a “chilly-bin” thavas used for prototype
development. A purpose-built enclosure would beragpately robust and could be
designed to facilitate easier access to instrurtienta
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4.1.10 Video footage

It was considered that the video camera informatoisuperfluous to the system.
Inclusion of the video camera adds another comgotiext requires operation and
monitoring by the observer. However, it is questiole whether the video footage is
useful. To capture highest pollution concentratiomsonitoring is invariably
undertaken at night, with a consequence that Videtage is often of poor quality due
to inadequate lighting. It is also very time-consugnio download and save the video
files to DVD for storage. The sheer volume of fgaaalso makes it unlikely that it
will ever be utilised and an event logging systeighihbe a more useful approach.

4.1.11 GRIMM upgrade

Data from the Grimm would be more useful and rolifugte full 32 channel particle
size distribution was recorded instead of the thole&nnels recorded. This problem
can only be overcome with a customised softwaregag®from the manufacturers of
the GRIMM instrument. This possibility is being astigated.

It is also understood that the most recently mastufad Grimm samplers have nafion
driers that overcome water vapour interferencehabdata are comparable with those
from the reliable TEOM FDMS (pers. comm. Delbertdtaytf).

4.2 Potential upgrade solutions

With a finite budget available for system improvense it is considered that the
following upgrades would offer the greatest value:

4.2.1 Adapt sample tube inlet

Consideration was made of possible solutions taamrmee the problem of apparent
coarse fraction PM loss due to vehicle speed:

(a) Maximum absolute wind speed could be determinabdove which
unacceptable loss of coarse PM occurs. Vehicledspeght then be regulated
so that absolute wind speed never exceeds thishiblice It is unlikely that
this offers a practical solution, because drivitgwer than 40 km/hr will
cause aggravation to other road users. Moreoveenwiigh ambient wind
speed () is encountered, the threshold absolute wind speghtt be achieved

2 Personal Communication with Delbert Eatough, Depant of Chemistry and Biochemistry
Brigham Young University, Provo, Utah
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only at a very low vehicle speed (or in the case f40 km/hr, the vehicle
would need to be stationary or reversing to achibeahresholdUd)

(b) A full isokinetic sampling train (similar to ah used for aircraft-borne
measurements) could be developed so that a vehyfluigy is drawn through
the inlet and the Grimm and Aethalometer sampledwdye sub-sampled from
the main tube. This is the best possible solutimhvaould allow the system to
operate at any vehicle and wind speed. Howeves sibiution is also the most
expensive and complex to implement and it wouldgbtgher burden on the
power source because of the large airflow requirgsnef the main inlet.

(© Rather than using a vertical sample tube irde®0° bend could be used to
construct a “hockey-stick” shaped inlet, with th&rg positioned facing the
same direction as the vehicle.

It is idealistic to expect solution c) to complgtelercome the loss of coarse fraction
PM, however, it is an inexpensive option that isrtwotrialling as a pragmatic
approach to mitigating the effect b, Using the hockey stick inlet in combination
with ensuring that the vehicle stays below or aselas practical to,,s should help
mitigate the loss of the coarse fraction of PM.

Another potential solution which is likely to regelthe apparent loss of the coarse
fraction of PM is to adapt the sampling regime froomtinuous sampling at speed to
stop-start sampling. The mobile monitoring systenfléxible enough to allow either
continuous or stop-start campaigns. The selectfotihe type of monitoring regime
used can be determined by the individual charastiesi of the airshed and Council
requirements of the specific measuring campaigngopéerformed.

4.2.2 PC with LabVIEW DAQ system

LabVIEW (National Instruments: Austin, Texas) iP&-based graphical development
environment, designed for engineers and sciertistgerface with real-world signals,
analyse data and share results through intuitieplays and reports. LabVIEW
includes a data acquisition component with builsignal processing and analysis
functions. This off-the-shelf software offers aneddl platform for the mobile
monitoring DAQ system.
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4.2.3 Serial bus and vehicle cabling conduit

To facilitate the acquisition of digital data, asbsystem is recommended for serial
interfacing of instruments. Also, a generically jpiddole conduit system is proposed so
that cabling and sample tubes may be fitted tovamcle with a rear window.

4.2.4 GPS upgrade

It is recommended to acquire a 3D GPS so that ateand reliable elevation data are
available for topographical analysis. The GarmirK6&has been suggested initially.

4,25 GRIMM calibration

Where and when practical, the GRIMM will be caliehagainst a AQNES compliant
method, to avoid source variation of particle dgnsitroducing systematic error to
particulate concentratioqug m°) calculation. This would be required at least ofoce
all airsheds where different source (and subsequemidtion of particle density and
optical properties) profiles are likely to occur.

4.2.6 Grimm upgrade

Fitting the GRIMM with a nafion drier and an upgeao facilitate a full particle count
distribution is suggested. This is not the moseatgecommendation and it is unclear
if a nafion dryer could be installed on the molsiganpling platform. This possibility
will be investigated, but at this stage given tlheldet available for upgrades it likely
that this upgrade will be deferred.

4.3 Upgrades that have been completed

According to the priority of the upgrades indicatatlier, some of the activities have
already been implemented and will be availablddture monitoring campaigns:

431 Inlet

The inlet of the system was upgraded increasingamepling flow (from 6 litres per
minute to 25 litres per minute). This was achielsgdncorporating an auxiliary pump
to draw a high flow of air through the inlet andarow sampling tube to increase the
speed of the sampling air. After the initial samglithe inlet also divides the flow iso-
kinetically between the instruments allowing theimps to operate at their design
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settings. Preliminary trials with this new inletvieagiven very promising results
increasing the operating vehicle speed to more 8@akm/hr.

4.3.2 DAQ and signal conditioning system

The data acquisition (DAQ) system was changed &aisdniow based on a PC running
NIWA-developed software to communicate with all ihetruments simultaneously
providing a single interface point for the operatbhis system now takes digital
signals (RS232) from the Aethalometer, the GRIMKe AIRMAR and the GPS.

Furthermore, this system is now able to easily fipomte new instrumentation
according to the needs of particular campaigns.

43.3 3DGPS

The GPS used in the system now incorporates a ledrionaltimeter to provide
reliable vertical positioning even in the absentsatellite signal.

4.3.4 Power

The power circuit was completely redesigned andumddnt components were
eliminated. All the instrumentation and auxiliargngponents are now operating from
an independent power source from the vehicle. Ehiatended to reduce the power
consumption and to make the whole system as indigménas possible from the
platform where it is being deployed.
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5. Summary of project outcomes

NIWA has designed and built a mobile monitoringteys with the aim of collecting
data which will ultimately allow the assessmenthafv PM,, concentrations vary
across urban airsheds. There are three phaseés frdfect:

1) System design, build and trial

2) Identify system issues. Enhance and improveeayst
3) Airshed monitoring, data analysis and assessméndpatial variation of
pollution

The mobile monitoring system took a year to desigiild and trial. This report details
the outcomes of phases one and two of the projéet.three main objectives of this
report were to:

» Describe the system developed by NIWA for assesspadial variability of
airborne particulate matter concentrations in NealZnd urban areas

» Demonstrate the utility and application of datdexibd by the system

* Make recommendations for improvements to the system

The mobile monitoring system is comprised of thpmincipal components, an
aethalometer (measuring elemental black carbonzRAMM particulate monitor
(measuring PM PM,sand PMg) and an AirMar ultrasonic weather station and GPS
unit. The components are linked into a data loggystem and integrated into a single
platform which is mounted onto a vehicle.

The report presents the results of the monitoriraglst that were undertaken in

Alexandra, Auckland and Christchurch. The trialsevembarked on with the specific

and simple aims of assessing the utility of theesys assessing the quality of data
being collected and identifying potential improvenseto the system. The results
presented should be treated as illustrative examgflavhat the system can achieve.
Key findings of the trials were that the system patentially be used to:

« Evaluate variability of PM concentrations both wittand between airsheds
(e.g. Dunedin vs Mosgiel, Nelson vs Tasman, ands@imurch vs Kaiapoi vs
Rangiora).
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* Identify potential locations for new monitoringestwithin airsheds to ensure
compliance with AQNES Regulation 15.

« Assess the representativeness of the data collbgteglisting monitoring sites
« Identify source types of PM and their geographi&cahs of impact

e Establish dynamic baseline data for exposure rekdhat require information
related to population movements.

* Validating the results of airshed dispersion models

A number of operational and equipment issues waeatified with the monitoring
system. These included:

« Differences between the GRIMM and AQNES compliakt,;Pmeasurement
methods

e Impact of driving speed on the sampling of BM
« Data acquisition, equipment communication, pow@pguand elevation data

Ideas have been formulated to address each of ibmses. Plans and a timetable are
in place to upgrade the mobile monitoring systemitss able to undertake an
extensive monitoring programme in the winter of 200

It is anticipated that when phases two and thretheproject have been complete the
data collected will be of a quality that it can biged to robustly assess air quality
within airsheds and to aid the development of aality management policies.
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Appendix: Monitoring routes maps
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Figure 13. Christchurch city indicative monitoring routes. The inner and outer loop are
indicated by the yellow line.
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Figure 14. Auckland area indicative monitoring routs. The small and large routes are
indicated by the yellow line.
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Figure 15. Alexandra indicative monitoring routes.The yellow lines indicate all the routes
driven within the urban area of Alexandra.
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