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Executive Summary

The contribution of different sources to RMind PM s concentrations was examined in Hastings and
Auckland using receptor modelling. The research wasied out for the FRST programme
“Protecting New Zealand’'s Clean Air” with assistarfoom Auckland Regional Council (provision of
results and analysis for the Kowhai Auckland sig@d Hawke’'s Bay Regional Council (filter
collection and provision of BAM and meteorologiaddta from the Hastings site). The research
objectives were to:

1. show how results from receptor modelling studres be used to check emission inventory
results.

2. demonstrate a method for determining the camiobh of natural sources to RM
concentrations.

3. expand existing information on source profilesNew Zealand.

Receptor model studies provide for implementatidncarrent ambient air quality standards by
identifying and quantifying contributions of var®usource types to ambient particulate matter
concentrations. The receptor modelling techniquelires measuring concentrations of chemical
elements or compounds that particulate matter mposed of, and using statistical models to
determine the contributions of different sourcea ample of particles collected on a filter. Titterf
measurements at Hastings includedP&hd PMs samples collected over a 24-hour period from
midnight to midnight, on approximately a one-daythnee basis between April 2006 and May 2007.
A one-day-in-three sampling basis was also adofpvedPM,;, and PM;s at the Kowhai site in
Auckland, with 24-hour samples of Blcollected between July 2004 and December 2006 Pafhd
samples collected from December 2005 to Decemi@s.20

All data were analysed using the EPA.PMF 1.1 rewephodelling software. Because RPM
exceedances are invariably a winter phenomenorost New Zealand urban areas where breaches of
the NES occur, analyses were focused on sourdesigfduring winter.

In Hastings, five sources were found to contridatthe PM, concentrations. These were identified as
domestic heating, marine aerosol, motor vehiclelfphate and soil. For this report, domestic heating
sources also include outdoor burning of domestistavdiomass. The main contributor to BN
Hastings was domestic heating, which was respanfibimost of the annual peak concentrations.

Domestic heating was also identified as the dontisanrce of PNy during winter in Hastings by
emission inventory and an airshed dispersion mades demonstrates the successful application of a
receptor modelling study as a tool for comparind eimecking emission inventory results.

Source identification and apportionment of fglshd PM s in Hastings and Auckland iv
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While the results and conclusions for Hastings matybe directly applicable to other urban areas in
New Zealand, this study has demonstrated how recepidelling may be used at other locations as a
complementary tool to emission inventories. Reaembodelling determines the contribution of
different sources to the ambient concentrationssomrea at a particular location whereas emissions
inventories estimate emissions to atmosphere framows sources. Depending on meteorological
characteristics, site location, source charactesisind atmospheric chemistry, source contributions
identified by receptor modelling may or may notibebroad and general agreement with emission
contributions, as was observed for the Hastingdystif there is no broad and general agreement, the
use of an airshed model would be appropriate feestigating the link between emissions and
concentrations from different sources.

The second objective of the study was to evalulge dontribution of natural sources to RM
concentrations which cannot be estimated by ermmssinventories in urban areas. Depending on
whether sulphate is treated as non-anthropogenis, & secondary source from industrial emissions,
the total contribution from natural sources dunmigter in Hastings may be estimated between 13-
15% of total PM,. However, on days when RMconcentrations exceeded the NES, the combined
contributions of soil and marine aerosol sourcesPiM,, concentrations was around 8%. This
information is particularly relevant for air quglimanagement in Hastings because the background
component of the PN cannot be managed, yet needs to be accountedhiem developing models
and strategies for mitigating Ryconcentrations.

The winter sources of Piat Kowhai, Auckland, are somewhat different frdmoge at Hastings.
Whereas domestic heating was the dominant souretastings during winter, at Kowhai there are
also substantial contributions from motor vehicklsd sea salt during the winter. The receptor
modelling was particularly useful for identifyinge contribution of the natural sea salt sourcekPea
PM,q concentrations were also observed during the sunain&owhai and on these days marine
aerosol sources were found to be dominant. Depgrmtinwhether sulphate is treated as natural or
anthropogenic, the average contribution from natsaurces during winter at Kowhai may be
estimated between 26—-32% of total gMdentification of the large contribution of nailisources to
PM,, concentrations at Kowhai demonstrates the valuereskeptor modelling for air quality
management in Auckland.

The third objective of the research was to contdlio the existing database of source profiles for
particulate air pollution in New Zealand. The piedi identified in this study help characterise the
composition of particulate matter from differentiszes and will assist researchers in evaluatingéut
receptor modelling results. Some variability in #lements present and their contributions acrass th
different datasets was observed. This may be ewgdaiby local influences and by the size
distributions of different components, althoughtifer studies may be required to confirm the latter.

Prior to this work no receptor modelling had beanried out on PN} in New Zealand. A more
common approach is to measure the,PMnd PMy., s size fractions and combine the receptor

Source identification and apportionment of fglshd PM s in Hastings and Auckland v
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modelling results to provide source contributiom$,. Sampling for PMs and PMg., s requires a
specific sampler set up and the analysis of twerfifor each sample day. Receptor modelling studie
in New Zealand and overseas have shown that ambenoic combustion sources (motor vehicles,
domestic solid fuel fires) and secondary parti@ilaatter sources are the main contributors to the
PM; s fraction, while natural sources (marine aerosalstal matter) primarily contribute to the PM

25 Or coarse fraction. An analysis of the PJize fraction was provided by GNS for this report,
primarily because of concerns about how well;fPMould respond to receptor modelling due to the
potentially larger number of sources requiring tiferation on PMq filters compared with PM_, 5 or
PM, s filters.

Following analysis, the PM results were largely consistent with the Rnalysis. Differences that
did exist, such as the absence of a soil profilg lawer marine aerosol contributions in the M
results, may be explained by the variation of seutontributions to the coarse versus fine size
fractions.

The ability to determine sources of specificallg tAMy, size fraction is particularly useful for air
quality managers in New Zealand who wish to deteengiontributions, including background sources,
to ambient particulate matter concentrations ankiengamparisons with PMemission inventories. A
key benefit of analysing P)is that knowledge of sources is required to assgtilatory authorities
to achieve NES requirements relating to managem&RiMy,. In New Zealand, receptor modelling
has been carried out on the RMize fraction (e.g., Hastings), the PMand PMy., 5 size fractions
(which can be collated to give RMe.g., Davy, 2007)) and the Blsize fraction (e.g., Scott, 2006).
While the PM, receptor modelling analysis was successful hbig,nhay not always be the case for
other locations where different source mixes oc€berefore it should not be assumed that acceptable
results would always be achieved using the;P8&one. While more expensive, if an appropriate
budget is available, there may be less risk in dagoth PMg.sand PM s as the results can be
pooled to provide estimates of combinedpPsburces.

Source identification and apportionment of fglshd PM s in Hastings and Auckland Vi
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1. I ntroduction

The National Environmental Standard for air qualilNES) requires that ambient
concentrations of particulate matter smaller th&miicrons (PM) shall not exceed
50ug n? when averaged over 24 hours. In airsheds whersEis not met by 2013,
the regulations prohibit regional councils fromuisg resource consents for discharge
to air. To address this problem, it is importantdo quality managers to identify the
relative contributions of background and anthropigeources of PM.

Emission inventories are commonly used for thisppae although, whilst they
provide useful information for managing air qualitpbust inventory estimations for
background sources are not available. For this rtegmackground sources are
considered to be of natural genesis, such as tnustiher (soil) or marine aerosols
(sea spray). An alternative method for evaluatiogirees of particles uses the
variations in the concentrations of different cheathi elements and compounds
comprising the particulate matter collected orefdtduring ambient monitoring. This
method is referred to here as receptor modellirgyiarused to identify the relative
contributions of various sources to particulateteratoncentrations.

Another issue with inventories is that they areelda®n emissions, rather than
measured concentrations. It is important to deteemielative contributions of

emissions, because mitigation measures will bedbaseegulating emission sources.
However, the NES is based on ambient;pPébncentrations. While the magnitude of
PMyo concentrations are primarily driven by mass of ssmins, other variables

including meteorological characteristics, atmosjghehemistry, time of day and the
height of discharge may also have a substantighdtnpn ambient concentrations.

Along with providing estimates of background sostceeceptor modelling also has
the advantage of accounting for the impact of nrelegy and atmospheric chemistry,
so that contributions to ambient concentrations carantified. Air quality managers
may therefore consider undertaking a receptor nlindeinvestigation to determine
sources responsible for peak ambient ;f?Moncentrations. Airshed modelling
combined with emissions inventories can also bel @sea policy tool for predicting
variation of concentrations over space and timejquéarly with regard to emissions
reduction scenarios and future RMoncentrations.

To evaluate the effectiveness of management plarachieve compliance with the
National Environmental Standard for RMair quality managers are likely to use
ambient monitoring of PM to determine trends over time. Identifying the
contribution of background sources is important mvhaeveloping air quality

Source identification and apportionment of fg8léihd PM s in Hastings and Auckland 1
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management plans because, without this knowletigdyackground contribution may
be ignored or underestimated. Consequently, thera risk of overestimating the
impact of strategies to reduce ambient ;PMoncentrations via reductions of
anthropogenic emissions.

Exceedances of the NES for RMoccur only in winter for most airsheds in New
Zealand. This is understood to be a consequenderoéstic home heating being the
dominant source of emissions in these airsheds icaubwith meteorological
conditions conducive to elevated pollution occigriduring these months. Source
apportionment used for the purpose of assisting WES attainment in New Zealand
would therefore usually be of most benefit if tihedastigation focused on data from
winter months and high pollution days.

The Foundation for Research Science and TechndoffyRST) Protecting New
Zealand’'s Clean Air Programme (Contract number GBI0%) includes a number of
objectives to assist Councils in meeting the remménts of the NES for Pias
effectively as possible. The milestones and outpeltting to the research detailed in
this report are as follows:

1. Validation of emissions inventories for New Zeal cities using monitoring
data, inverse modelling techniques and other apgpesa

2. A report or workshop that presents an analy$isio quality and source
apportionment monitoring data which aims to detasrihe contribution of
background air pollution to urban air quality

3. A report or workshop that provides a method Iycty background air quality
can be estimated for the major urban areas in Nealanid

Prior to the studies detailed in this report, régepnodelling of PM, or PM, 5 had
been carried out in Christchurch (Scott 2005, WiIB®03) and a number of locations
in the Wellington Region (Davy, 2007) using a range techniques for both
monitoring and analysis. These studies form a domskline for evaluating sources
and profiles. However, further receptor modellimg New Zealand is required to
assist in establishing typical source profiles &rdproviding information from other
areas of New Zealand.

Source identification and apportionment of fg8léihd PM s in Hastings and Auckland 2
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11 Receptor modelling in New Zealand

A number of receptor modelling studies have beeriezhout in New Zealand. These
include two source apportionment studies carriedilouChristchurch (Scott, 2006;
Wilton, 2003). These studies had different objexgivand analysis methods. Scott
(2006) used positive matrix factorisation (PMF)ajgportion 24-hour average BM
concentrations measured at an ambient air mongtaite in Christchurch. In contrast,
Wilton (2003) used principal components analysi€AJP to apportion sources of
daytime particulate (measured from 8am to 1pm) @eytessed these against light
scattering and absorption to determine sourcesibating to visibility degradation in
Christchurch. Source apportionment studies hawe lzéen carried out on the coarse
(PMy29 and fine (PMy) size fractions in Masterton, Upper Hutt and Lowartt
using a range of techniques including PCA and PBivy, 2007).

The results from these three studies provide aigatidn of source profiles for a range
of sources in New Zealand. Five sources were ifiedtin Scott (2006) and these
were classified as domestic heating, motor vehickesondary particulate, marine
aerosol and aged marine aerosol. The latter sancteded what appeared to be aged
(chlorine depleted) marine aerosol that had reasiddurban sources to give sodium
sulphate as well as other sources such as soiledgip A (from Scott, 2006)
compares the presence of different elements ineth@®sfiles to other source
apportionment studies.

Wilton (2003) identified six profiles although oraé these comprised only a few
metals. The classifications were soil, secondanjiqudate, domestic heating, motor
vehicles, marine aerosol and metals, although ¢selts suggested some crossover
between soil and marine aerosol profiles which vagteébuted to uncertainties in the
Na measurements. The motor vehicle profile coethielemental carbon (BC), S, Fe,
Cland Si.

In Upper Hutt, PMF analysis of 142 samples idestifthree sources in the coarse
(PMyq.,9 size fraction and four sources in the RMize fraction (Davy, 2007). These
were classified as sea salt, soil and road dustr¢eofraction) and sulphate, motor
vehicles, wood burning and sea salt gRIdize fraction). Both the soil and the marine
aerosol profiles were dominated by Cl, possibly alaggesting some overlap in the
soil versus marine aerosol profiles.

In Seaview, an industrial area in Lower Hutt, féactors were identified in the coarse
(PM-PM,¢) size fraction and five factors in the fine (P)size fraction (Davy,
2007). Both size fractions contained factors idettias sea salt, road dust, soil and
zinc with the fine fraction containing another facidentified as motor vehicles.

Source identification and apportionment of fg8léihd PM s in Hastings and Auckland 3
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The Masterton study was more extensive than bothetUpnd Lower Hutt (Davy,
2007). Filters were collected over a number of yemnd a total of 200 filters were
obtained for both the PMl, s and PM; size fractions. Four sources were identified in
the coarse (PM..9 size fraction and five in the PM size fraction. These were
classified as sea salt, soil, road dust, wood cetidru and motor vehicles with the
latter present in the PMsize fraction only.

Specific source profiles have also been determfoedharine aerosol (samples from
Baring Head), motor vehicles (samples from Mt ViigoTunnel) and wood burner
emissions (Davy 2007).

12 Natur al sources of particles

The contribution of natural sources to BNs an important consideration in airshed
management. This is because reduction strategigsfatlashort of targets if the
contribution of natural sources is not accountad N@atural sources of PMtypically
include marine aerosol and wind-blown soils. Dué¢h® mechanisms by which the
particles are produced, natural sources are mégeart in the coarser (Pl size
fraction, although they can also contribute tofthe PM, 5 size fraction.

The contribution of natural sources to BMoncentrations will vary with location and
with meteorological conditions. Typically, natusurce contributions will be greater
when wind speed is high and from the directionhaf $ea or specific dust sources.
Geographical influences include distance from thea, dype of coastline and the
presence of dust generating sources such as gieemdeds or open dry areas.

Receptor modelling is one of the few methods aksiéldor determining the relative
contribution of natural sources to particulate merattoncentrations. An added
advantage of this method is the ability to compeoatributions during different
seasons for different concentration ranges and rurttiferent meteorological
conditions.

Receptor modelling studies in New Zealand to dateehshown marine sources to
contribute up to 5% of the PMsize fraction in Masterton on high pollution days
(Davy, 2007) and 8% of the PMsize fraction in Christchurch on days when pM
concentrations were elevated during the winter mr{Scott, 2006). In Masterton,
soil contributed 6 to 14% of the RMon the winter high pollution days. No separate
soil profile was found in the Christchurch studyc@®, 2006) possibly because the
contribution in the smaller PM size fraction was negligible or it was not resdhay
the receptor modelling.

Source identification and apportionment of fg8léihd PM s in Hastings and Auckland 4
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13 Objectives

The key objectives of this study are as follows:

1. To show how results from receptor modelling Esidnay be used to check
emission inventory results.

2. To demonstrate a method for determining therdmrtton of natural sources
to PM,o concentrations.

3. To expand on the existing information on soyma#iles for New Zealand.

The location of the monitoring sites was an impartzonsideration in the design of
the programme with respect to the meeting the tibgt The following location
variables were considered desirable to achievelfextives of the research:

* Arange of sources representative of urban airitgualNew Zealand.

* An ambient air quality monitoring site likely to epresentative of average
source contributions within the airshed.

* Alocation where a recent emission inventory hannducted.

« A location where natural sources are likely to beatable contributor to
PM;o.

Hastings was considered to be a suitable locatwntlie study because of the
existence of a recent air emission inventory, thkemtial for a range of anthropogenic
sources (e.g., domestic heating, motor vehicled,imdustry), the likely contribution
of natural sources and high RfMtoncentrations in excess of the NES (Wilton, 2005)
Auckland was also considered a good location ferwiork because of the potential
for a variety of sources and the likely prevalenéemarine aerosol. Hastings was
chosen as a location suitable for investigatingpfthe key objectives. Auckland was
included because the diversity of sources was densil particularly useful for
meeting Objective 3 and source apportionment datee already available from the
Auckland regional Council (ARC).

Source identification and apportionment of fg8léihd PM s in Hastings and Auckland 5
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2. M ethodology

2.1 Site sdlection and locations

A source apportionment monitoring site was esthblisin Hastings. The programme
was funded by FRST with contributions in-kind by &ldnd Hawke's Bay Regional
Council. The FRST programme focused on the Pdke fraction because of the air
quality management requirements of the NES. The @bi8ribution involved the
analysis and reporting of the BMsize fraction. This was done because of concern
about conducting source apportionment analysis loe PM, alone, without
consideration of the bimodal distribution (and bjerence the contributing sources)
of urban particles in the coarse (Rl¥l9 and fine (PM5s) size fractions.

Receptor modelling studies in New Zealand and @ashave shown that
anthropogenic combustion sources (motor vehiclespestic solid fuel fires) and
secondary particulate matter sources are the naitriloutors to the Pl fraction
while natural sources (marine aerosol, crustalengprimarily contribute to the Pl
2.5 fraction. Therefore, separating these sourcesabmpbng for the two different size
fractions improves the resolution of the receptodeiling.

The objectives to be met by the Hastings study wearevaluation of the contribution
of background sources to RMn an urban location where NES breaches occut@nd
compare receptor modelling results with an air eiois inventory. The general
approach was measurement of RpMnd PM;s size fraction and determination of
elemental concentrations by ion beam analysis ndsththese methods are detailed in
section 2.2.5. No organic carbon or inorganic ieseasment was included in the
Hastings study. This limits the assessment of sbamgnparticulate to estimates of
sulphate based on sulphur concentrations with s@sasent made of the nitrate
contribution. The significance of this has yet te Hetermined, although nitrate
sources are not expected to be a dominant corarileitPM,, in New Zealand urban
environments.

Information from an existing ambient monitoring esitn Kingsland, Auckland

(Kowhai) was provided by ARC for use in this studly.addition to supplying the

data, the analysis of sources was also providedR§. The Kowhai investigation is

part of a broader receptor modelling project thatlides many sites at various
locations within the Auckland airshed, where boihfand the PM; size fraction are

being measured. The results of the wider investgawill be reported by ARC at a
later date.

Source identification and apportionment of fg8léihd PM s in Hastings and Auckland 6
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211 Hastings (St Johns College Monitoring site)

Hastings is a small urban area located approxima@kilometres south of Napier in
Hawke's Bay on the east coast of the North IslahdNew Zealand. Figure 2-1

illustrates the distance and direction to sea, himgring areas and the largely flat
topography of the immediate area.

L]

NAPIER

.- Awatoto
Monitoring
site

Ce

Figure2-1:  Topography surrounding Hastings, showing nearbis,hiNapier to the north and
Pacific Ocean to the east. Grids are 10{4ZMG).

The ambient sampling monitoring equipment was stiat the St Johns Ambient Air
Quality monitoring site located at St Johns Collggédervois Street, Hastings (Figure
2-2). The NZTM site co-ordinates are Easting: 18314nd Northing: 5605196.

Existing monitoring equipment owned and operated Hgwke's Bay Regional
Council at the site includes a FH62-C14 beta agtdon monitor (BAM) recording
hourly average PM concentrations, a Vaisala WXT510 Weather Transmitt
measuring wind speed, wind direction, relative hditpiand ambient temperature.
Meteorological data were logged as 10 minute avsram an IQUEST DS4483 Data
Logger. BAM data were also logged as hourly andh@dr averages.

Source identification and apportionment of fg8léihd PM s in Hastings and Auckland 7
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\] site

Location of the Hastings Air Quality Monitoring 8itGrids are 1kf

Auckland

Samples of airborne particles were collected by ktard Regional Council at an
ambient air quality monitoring station located withthe grounds of Kowhai

Intermediate School, off Sandringham Road, King$l@ZTM 1755691 E; 5197772
N). Figure 2-3 shows a map of the wider Aucklargbamhile Figure 2-4 is a map of
the local neighbourhood.

The Kowhai Intermediate School monitoring site peated by Watercare Services
for the ARC Regional Air Quality Monitoring Networind the Ministry for the
Environment as part of the Global Environmental Maing System / Air Pollution
Programme (GEMS/AIR) conducted in conjunction withe World Health
Organisation. The site was established in earlyl2&d is classed as a residential —
peak site lttp://www.mfe.govt.nz/publications/air/gemsPollutants monitored at the
site include nitrogen dioxide (NAD ozone, volatile organic compounds (VOC), total
suspended particulate (TSP), lead (Pb),P&dhd PM;s along with meteorological
parameters.

Source identification and apportionment of fg8léihd PM s in Hastings and Auckland
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Figure2-3:  Map of Auckland area showing location of Kingslasdburb. Grids are 1k
(NZMG).

The Kowhai site is approximately 3.5 kilometrestbatest from the central business
district of Auckland City. Land use in the aregpisdominantly residential with some
light industrial and commercial activities. The tharn side of the monitoring station
was adjacent to a 2 m fence next to the school swiign pool and beyond that,

approximately 50 m to the northeast, are the schadtlings. 30 m to the west is

Sandringham Road, with residential housing to thetsvest and beyond them Eden
Park stadium is 300 m southwest. To the east ae@ €iplds and beyond that are
residential properties. To the south of the momitpistation are more school fields
then beyond that are residential properties. Thel laround the site at Kowhai

Intermediate School is flat to rolling, however03@ to the north it drops away into
the Newton valley through which the north-westewtanway passes.

Source identification and apportionment of fg8léihd PM s in Hastings and Auckland 9
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Figure 2-4: Map showing location of Kowhai monitoring site

2.2 Conceptual receptor model

An important part of the receptor modelling procésdo formulate a conceptual
model of the receptor site. This means understgndind identifying the major
sources that may influence ambient particulate enatbncentrations at the site. A
conceptual receptor model includes:

« An understanding of source categories and theipdeat trends (day-of-
week, seasonal, annual);

« An understanding of regional and local meteorolalgicansport patterns and
the sources that contribute to particulate mattémeamonitoring location;

The conceptual receptor model for sources of,Pdhd PM s at the Hastings and
Auckland monitoring sites is likely to include cdhttions from:

1. Combustion products from motor vehicle emissiamd re-entrained road dust
(all year);

Source identification and apportionment of fg8léihd PM s in Hastings and Auckland 10
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2. Combustion products from domestic solid fueledir(winter) and other
domestic activities such as lawn mowing and baakyiaes (all year);

3. The coarse and fine fractions of marine aerfsad spray) and possibly some
crustal (soil) matter (these sources are likelypéowind speed and direction
dependent)

4. Commercial/industrial activities such as boderissions;

5. Secondary aerosols from atmospheric gas-togfartonversion processes
(mainly during summer due to increased solar remhadriving atmospheric
chemistry);

6. Hastings may also have some contribution fromcalgural or horticultural

practices such as rural burning and ammonia (ton fammonium particle
species) from livestock wastes.

Of these and more minor contributing sources, Haira likely to be resolved by the
receptor modelling. However, of primary importanseghe determination of sources
contributing to elevated PMconcentrations.

23 Sampling method
231 HastingsPM

The instrument used to collect particulate mattéhe Hastings site was a GENT. The
GENT sampler was designed by the University of GherBelgium and has been
used extensively throughout the world for source@oafonment studies. It is a
relatively simplistic sampler in that it measures one air stream, but has the
advantage of a stacked filter unit which allowstfee measurement of both the coarse
(PMy-PM,5) and PM s size fractions. In this study, the dual size fattoption was
not utilised and the GENT was used to measure g ize fraction alone. Samples
were collected on Teflon filters.

23.2 HastingsPM 5

The Hastings Pl samples were collected on a 24-hour basis usingNgiro ASP
sampler with a PMs cyclone-type size selective inlet.

Source identification and apportionment of fg8léihd PM s in Hastings and Auckland 11
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Sample period Hasting PM 30 and PM 55

Filters from the GENT and ANSTO samplers were abdd in Hastings from April
2006 to May 2007. Table 2-1 shows the number ofHiMers collected during each
month and the number of these excluded from thdysisa More detail on sample
dates and the duration of the sampling period pperded. The sample programme
was based on a frequency of one day in three withintensive one day in two
sampling regime for a one month period during lbthwinter and summer months.
Actual sampling frequency was somewhat variablealn@presentation of each season
was achieved.

PM ;o sample distribution by month of year

Total Filters No. Invalid

January (2007) 9

February (2007) 10

March (2007) 15 1
April (2006 & 2007) 17 1
May (2006 & 2007) 9 3
June (2006) 10

July (2006) 9 1
August (2006) 14 1
September (2006) 11 2
October (2006) 7 1
November (2006) 1
December (2006) 6

Total 121 11

PM, s sampling began in April 2006 and ended in May 200ith a total of 130
samples collected. Filters for all size fractiorey@vexposed for a 24-hour period from
midnight to midnight as specified in the NES forkaemt PM, monitoring (MfE,
2004).

Throughout the source apportionment sampling pegodcentrations of P were
also continuously measured at the St Johns mamit@ite using a FH62-C14 BAM.

Auckland

Filter samples, results and analyses from variosisuments located at the Kowhai air
quality monitoring station were supplied by ARCn#des were collected on a one-

Source identification and apportionment of fg8léihd PM s in Hastings and Auckland 12
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day-in-three sampling basis with the monitoringigetand number of filters analysed
as follows:

1. 240 PM s samples from RAAS (Andersen Instruments Inc.) Radisol 2300
(Rupprecht and Patashnick Inc.) speciation sampderthe period July 2004
— December 2006;

2. 115 PM, samples from a Partisol 2000 for the period De@n005 —
December 2006;

Separate receptor modelling studies were carriedayuARC by GNS for each of

these sample sets. Along with the gravimetric samspla BAM (ThermoAndersen

FH62-C14) recorded continuous Rjvbbservations at the Kowhai air monitoring
station. A summary of the results are reported farasformation.

24 Analytical methods

A range of ion beam analysis methods were usedetermine concentrations of
elements within the samples. These included protdaced X-ray emission (PIXE),
particle induced gamma ray emissions (PIGE) antdgarelastic scattering analysis
(PESA).

Concentrations of the majority of the elements e tparticulate samples were
measured using PIXE. When protons in a high eniengypeam collide with atoms in
the sample, atomic electrons are ejected from trbital and X-rays are emitted as
other electrons fill the vacancy. The X-ray enesggctrum consists of a background
together with the characteristic X-ray lines of #lements present in the specimen.
The energy emitted is specific to each elementwatlg quantification of the
concentration of that element within any given sEmhe proton beam passes
through a portion of the filter. Concentration gg&ties are based on the assumption of
uniform distribution of the element on the filteurface. PIXE was used for the
measurement of elements ranging from Mg to Pb.

PIGE was used to measure concentrations of Naeirsaimples and can also be used
for other elements with low atomic weights. WithGH, protons interact with the
nuclei rather than the electrons and gamma raygeseare measured.

Hydrogen in the sample was measured using PESA. mathod is based on
measurements of elastically scattered protons vehproton beam is passed through
the filter. The measurement is made in forwarddtiioa for a scattering angle of 45°.

Source identification and apportionment of fg8léihd PM s in Hastings and Auckland 13
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Further details of the ion beam analysis methodsl uis this study are provided by
Trompetter and Davy (2007).

Measurement of elemental carbon (soot) on filteras wby light reflection.
Determination of carbon by these methods is redeiweas Black Carbon (BC) or light
absorbing carbon (LAC). The absorption and reftectf visible light on particles in
the atmosphere or collected on filters dependsherpairticle concentration, density,
refractive index and size. For atmospheric padioidemental carbon (EC) is the most
highly absorbing component in the visible light &pem with very much smaller
components coming from soils, sulphates and ngrdtence, to the first order it can
be assumed that all the absorption on atmosphiecsfis due to EC. The main
sources of atmospheric EC are anthropogenic combusburces and include biomass
burning, motor vehicles and industrial emissions.

When measuring BC by light reflection/transmissidight from a source is
transmitted through a filter onto a photocell. Tamount of light absorption is
proportional to the amount of elemental carbongmeand provides a value that is a
measure of the elemental carbon on the filter. €msion of the absorbance value to
an atmospheric concentration value of BC requinesuse of an empirically derived
equation.

25 Statistical analysis

A three tiered approach to each analysis was imgéed for the Hawke’'s Bay
samples:

* Preliminary evaluation.
* Principal Components Analysis.

» Positive Matrix Factorisation.
A similar approach was also used by GNS for thekfard dataset.

The preliminary evaluation involved an examinatiai the distribution of
concentrations of elements and linear relationstipsveen each variable. The
purpose of this stage is familiarisation with tletadand identification of outliers and
unusual events.

Source identification and apportionment of fg8léihd PM s in Hastings and Auckland 14
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Principal Components Analysis (PCA) was carried out the data to further
understand the relationships between elementsapdotide an initial indication of
the number and nature of factors and the amouwnaigdbility in the data that can be
explained by each. While historically PCA has beead as a source apportionment
tool, there are a number of limitations in the &gilon of the results to determining
source contributions. The main advantage of cagrgim the PCA analysis as a part of
the PMF process is the identification of the eigguag distribution of factors. This can
assist in understanding the dataset and potentialynumber of factors to use. It
should be noted, however, that PMF is a more seasitethod and may be able to
distinguish between factors that are combined m BCA approach (e.g., motor
vehicles and domestic heating). PCA was carriedoauthe datasets using Systat 12
and STATGRAPHICS XV.

Positive Matrix Factorisation (PMF) is a factor is& tool based on least square
regression that has been designed to overcomentitations associated with using
PCA for source apportionment studies, in particulae determination of the

contributions of sources. It also provides a maestive analysis as it allows each
concentration to be weighted by the use of an enairix. This allows concentrations
that have low signal-to-noise ratios or are less tthetection limits to be included, but
applies a lesser weighting to their significancal arduces their impact on the
analysis. The PMF software used in this study wad.BEMF 1.1. Further details on

the model, method and input variables are giveBRA (2005).

2.6 Receptor modelling of PM ;5 and PM 44

A number of design issues can impact on the dadkected in a source apportionment
study. The selection of particulate matter sizetfoam and the species to be included in
the analysis are important considerations.

Speciation samplers, which collect particulate aratin a variety of filter media to
allow for analysis of inorganic ions and organid aemental carbon (EC), as well as
PIXE analysis for elements, may be equipped witP\Va s size selection inlet. This
can be problematic in that additional studies @ ttoarse size fraction may be
necessary to evaluate the contributions tq fbft air quality management purposes.

The ability to determine sources of specificallg tAM size fraction is particularly
useful for air quality managers in New Zealand wiish to determine contributions,
including background sources, to ambient partieutatitter concentrations and make
comparisons with PM emission inventories. A key benefit of analysing,Ris that
knowledge of sources is required to assist regylatmthorities to achieve NES

Source identification and apportionment of fg8léihd PM s in Hastings and Auckland 15
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requirements relating to management of;?Mn evaluation of the Pl size fraction
could be made based on collecting particulate maisePM,, or on two separate
filters as PMs and PMy.,5 Improved results are likely to occur as a resfilising
the latter method, because the statistical anatyaig be simplified as a result of the
physical separation of fine and coarse mode sourgesvever, in some cases
resources may not allow for the collection and ysial of two size fractions. For
example, PN filters may be available from gravimetric sampliognducted as a
requirement of the NES. A third option of using PMs a proxy for PM is less
useful and may lead to false assumptions being rabdat the ability to achieve air
quality targets.

2.7 Limitations

An important factor to consider when interpretingtad from source apportionment
studies is that results are for a specific site aay not be indicative of average
airshed contributions. In an area with minimal waphical and meteorological
complexity (such as Hastings, Christchurch or Méstg a site representative of
average air quality is likely to provide a good igadion of average source
contributions across a wider area. If the topogyastd meteorology is more complex,
or the monitoring location is more consistent witlfpeak” monitoring site, results
may reflect contributions that are not applicatdgdnd the vicinity of the site.

As with any modelling and analysis technique tremes uncertainties associated with
the source contribution values. These stem fronsighy measurements (gravimetric
determination, volumetric flows, timers and elenaéntdeterminations) and the
receptor model fitting itself, as demonstrated Byvalues and the bootstrapping
process. Therefore the values and percentagesdytlotughout this document are
likely to have an associated relative error of acbti 10% (Davy 2007).

Furthermore, the GENT or ANSTO samplers collectipalate matter on one or two
filters (fine and coarse size fractions) and thalysis focuses on elements that can be
identified on Teflon or Polycarbonate filters. Withis configuration, inorganic ions
and organic carbon are unable to be identifiedhoalgh inclusion of hydrogen in
conjunction with black carbon can be an indicafahe latter.

3. Hastings M onitoring Data

Figure 3-1 shows 24-hour average gMoncentrations measured using the BAM,
GENT and ANSTO samplers from April 2006 to May 208H three methods show
that elevated concentrations occurred during thetewi months and peak R

Source identification and apportionment of fg8léihd PM s in Hastings and Auckland 16
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concentrations exceeded the NES regularly. HigR&&t concentrations in Hastings
occur on calm winter days when low wind speeds eold temperatures create
conditions that trap emissions near to the groukm.air emission inventory for

Hastings (Wilton 2005) determined that solid fuetriing for domestic heating is the
main source of PM emissions during the winter months.
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Figure3-1:  PMy and PMs concentrations measured using three different Baghmethods for
the duration of the sample period.
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The relationship between the R)Moncentrations measured using the BAM and the
GENT is shown in Figure 3-2. This shows a good alation with 87% of the
variability in concentrations explainable by thdationship. On three days GENT
PMj, concentrations were elevated (40 to 70 | when BAM concentrations were
less than 30 ug t The dates for these outlying data points wer&1ag, 26 July and

31 July 2006. The main sources of BMn these days as indicated by the analysis in
Chapter 4 of this report is domestic home heating.
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BAM PM10 pg/m3

GENT PM10 pg/m3

Figure 3-2: Comparison of BAM and GENT Pjdconcentrations from April 06 to May 07

4, Hastings PM o

41  SourceProfiles

Five sources were identified and labelled as doméwating, sulphate, sea spray,
motor vehicles and soil. For this report, domestitne heating includes solid fuel
heating sources, along with outdoor burning of garavaste and biomass burning
activities. Figure 4-1 compares the concentratimfiles for each source. Details of
the method used to derive these profiles and the Riddel diagnostics are contained
in Appendix B. A comparison of the reconstructedssngdRM) based on the
contributions from these profiles to the measuréd;)Pmass showed a strong
correlation (f = 0.89) and similar Ph values (RM = 1.05 x PN + 1.26).

The source labelled domestic heating profile is ideted by black carbon and
contains the majority of the hydrogen, potassiuing zand arsenic. The first two
elements are consistent with emissions from woothibg. Zinc has also been
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included in wood burning profiles in New Zealanddve (Wilton, 2003; Scott 2005)

and may be a consequence of galvanising (zinc nglatbeing released from

woodburner flues. The contribution of arsenic magus as a result of the burning of
treated timber.
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Figure4-1:  Source profiles for PM at Hastings
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The sulphate profile is dominated by black carb8&)( and sulphur with small
guantities of H, Na and K. The combination suggekés presence of ammonium
sulphate, sodium sulphate and potassium sulphate.

The sea spray factor is dominated by Cl and Nahasdsmaller amounts of Mg, S and
BC. The motor vehicle profile was dominated by Bithvemaller contributions of Ca,
Cl, Fe, Si, and S. Based on the elements presenprofile appears to include both
exhaust emissions and those associated with rostdadd brake and tyre wear (e.g.,
Si, Al, Fe, and Ca).

The soil profile was dominated by Si, with moderadatributions from Al, C and Na
and smaller contributions from Fe, Mg, Ca, K, H ahd These elements are
consistent with a soil profile (e.g. Scott, 2005).

4.2 Sour ce contributions

Figure 4-2 shows the estimated contribution ofdifferent sources to annual average
PM,, concentrations This indicates the domestic heating contributtonannual
average PN} concentrations is around 59% with sea spray dmutirig 21% and
motor vehicles 7%.

Motor
Vehicles

M SeaSpray

B Domestic

Sulphate )
Heating

4%
Sulphate

u Soil

m Motor
Vehicles

Figure4-2:  Contribution of sources to annual PJMoncentrations at Hastings

! This was based on an average of the monthly darions to remove any bias in the
sampling regime and therefore differs slightly e tistribution based on the concentration
distribution for PMg mass shown in Appendix A.
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The daily contributions of sources to RMoncentrations for each sample day are
shown in Figure4-3 (by source) and Figure 4-4 (combined). The high;PM
concentrations observed during the winter occua eesult of domestic home heating.
Sea spray is responsible for over half of the,bh one day during the winter,
although the mass Plylconcentration on this day does not exceed 50 f.gQwerall
domestic heating is the main source of pbh most days from April to October. A
small contribution from this source occurs alsointythe summer months. This may
be a consequence of some households continuinget@amestic heating during the
summer months or may be from outdoor biomass bgrfgry. garden waste) sources
which are also included in this profile.
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Figure 4-3: Daily PMy, contributions at Hastings by source

Seasonal trends in other sources are limited. &tdpleontributions are minimal
throughout the year with a slight tendency towehigher concentrations during the
summer. Sea spray also occurs more consistentiggitire summer months, although
the highest sea spray contribution occurs durirgday in July.
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Comparison with emission inventory results

An air emission inventory for Hastings was completiiring 2005 (Wilton, 2005)
and results are included in Table 4-1. The emissivantory indicated that domestic
heating was the dominant contributor of BMduring the winter and other
anthropogenic sources including motor vehiclesiaddstry were minor contributors
for that time of year. The origin of the sulphatuice identified by the receptor
modelling (Figure4-3) is uncertain, but may be a combination of seays@and
industrial emissions. In any case, sulphate wasnotided in the emission estimates,
so it is not appropriate to include the receptordetosulphate estimates in a
comparison with inventory results.

Receptor modelling results can be compared withirtkkentory contributions if the
background source contributions are removed arsdh#s been done for the receptor
modelling results in Table 4-1. The receptor madglresults showed that domestic
heating is the dominant contributor to RBMconcentrations and this is broadly
consistent with the emission inventory.

Contributions of anthropogenic Risources during winter at Hastings, identified by
emission inventory (Wilton 2005), receptor modgjliand an airshed dispersion
model (Gimson 2006).

Evaluation methodology

Source Emission Receptor Airshed

inventory modelling model
Domestic* 94% 96% 92%
Motor vehicles 4% 4% 2%
Industry 2% 0% 6%

* Domestic sources include both solid fuel heating and outdoor burning of domestic waste and
biomass

The results from the emission inventory and reaeptodelling collated in Table 4-1
therefore show that the two methods are in agreerfmn broadly identifying
contributions to PM, sources during winter at Hastings, while keepimgnind that
the former method relates to estimated emissiongdewthe latter relates to
contributions to measured ambient concentrationdiréct comparison ideally needs
to account for meteorology, atmospheric chemistiy temporal variations.

An airshed dispersion model developed by Gimsof§pfor Hastings was based on
the emission inventory data and also identified estn heating as the dominant
contributor to PM, concentrations (Table 4-1). Airshed model reswtsuld be
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particularly useful for investigating links betweemissions and concentrations for
studies where inventory estimates fail to providéraad and general match with
receptor modelling results. While the inventory aedeptor modelling were in broad
and general agreement for the Hastings investigatiothis case the airshed model
provides confidence that the agreement of invenamy receptor modelling results is
not a result of coincidence.

Minor contributions from motor vehicles and indysivere identified by the emission
inventory. The receptor modelling also estimatechinor contribution from motor
vehicles, however no industry contribution to BMoncentrations was identified. The
most likely explanation is that industrial emissiaio not impact at the location of the
sampling site or, alternatively, the receptor middgl was unable to resolve an
industry source profile. An analysis of wind diieat associated with the P
sources suggests that at least some of the sulptetéoe associated with industrial
emissions of S@up-wind from the site (see Section 5 and Appe@)ix

Gimson (2006) notes that the airshed model reduoltsindustry sources are not
reliable, because there is uncertainty regardiegettiimates of industry emissions and
the emissions are also not input to the model egatd stacks. In any case, motor
vehicles and industry are only minor contributarsainter PMo emissions and it is
most noteworthy that the domestic heating contidioutvas consistently identified as
dominant by emission inventory, airshed modellingd areceptor modelling
techniques.

The comparison of winter emission inventory datd te receptor modelling will be
of particular interest to air quality managers, &aese the winter season is when
exceedances of the NES for RMypically occur. It is encouraging that resultsnr
the techniques are in agreement because this pwdnfidence, when developing
management plans to achieve NES targets, thattiedsén domestic Ph emissions
will be effective at reducing ambient RjMtoncentrations.

4.4 Seasonal variations

Figure 4-5 shows that the main source of,Ptbncentrations during the winter time
when NES breaches occur in Hastings is domestitnigedNote that this differs from
the results in Table 4-1 because natural sourcesiretuded in Figure 4-5. The
versatility of the receptor modelling for identifig intra-annual variation of P
sources is demonstrated in Figure 4-5. The dom@asfcsea spray as the main
contributor during summer shows how natural sounsag be especially important at
different times of the year. Conclusions regardimnagement of PMin winter may
therefore not be valid for other times of the year.
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Figure 4-5:

4.5

Seasonal variations of the percentage contributi@ources to PM concentrations at
Hastings. Seasonally averaged 24hr;Pddncentrations are shown at top left of each
plot.

While Figure 4-5 indicates that the percentagerdmution of sea spray to total RM
is very much greater in summer (53%) than winte®o)(9the average P}
concentration in summer (12 pg3mis much lower than the winter average £M
concentration (44 pg M at Hastings.

Relationships between meteorological conditions sodrces of PM in Hastings
were also examined and results are appended famation (Appendix B).

High pollution days

Figure 4.6 shows the average contribution of s@tod”?M, concentrations on days
when concentrations exceeded 50 |i§j fihe domestic heating contribution on these
days increases from 82% (winter average) to 87%hemighest pollution days.

It is very useful to identify the contribution ohtural sources to Pjylconcentrations,
because this needs to be accounted for when maeagesirategies are being
developed. Failure to effectively account for natusources may create a risk of
overestimating the ability to achieve air qualiygets via reductions of anthropogenic
emissions.
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Sulphate

B Soil

B Motor Vehicles

Average source contributions on days whenfddncentrations exceed 50 pg in

Hastings. The average 24hr RMoncentration for the high pollution days was @8 p
-3

m”.

Gimson (2006) estimated that natural sources dmrigd 5-10 pg f of PMy
concentrations in Hastings when NES exceedancesr aoud implications of the
modelling are based on this assumption. Receptaleliiog shows that at least 8%
(i.,e. 5 ug m-3) of Py may be from non-anthropogenic sources on highupoh
days (Figure 4-6) and would be 9.5% (i.e. 6 pg mf3ulphate is entirely from
natural sources. Natural sources of jpkhay therefore be confidently accounted for
as 5-6 ug Mwhen future airshed models or management stratagéedeveloped for
high pollution days at Hastings.

5. Hastings PM ;5

5.1

An analysis of the PW size fraction was also carried out for Hastingsmarily
because of concerns about how well receptor modeWould perform with Ply}.
(Refer to Section 2.1 and Section 2.6 for discumseiothis).

Sour ce profiles

Figure 5-1 shows the source profiles extracted fthen PMF analysis of Hastings
PM, s data. Details of the method used to derive thesélgs and the PMF model
diagnostics are contained in Appendix C. A comparisf the reconstructed mass
(RM) based on the contributions from these profilesthe measured Pjlyl mass
showed a strong correlatiorf & 0.86) and similar P\ values (RM = 1.3 x Pk —
0.4).
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Figure5-1:  Source profiles and elemental concentrations in £ Hastings
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The first PM 5 source profile is that for marine aerosol, as ildminated by sodium
and chlorine, while the second profile is for acetary sulphate aerosol source. The
third source profile has been labelled domestigihgas it clearly includes BC and K
with some S and CI. The fourth source contributicas identified to be from motor
vehicle emissions with a road dust component iredud

Zinc and arsenic were also highly correlated witle tdlomestic heating source
signature but present at low concentrations. Acsesais only detected above the limit
of detection £ 3-5 ng/n) during winter as shown in Figure 5-2.

The presence of As may be associated with burriirppper chrome arsenic (CCA)
treated timber in domestic wood burning appliancgssimilar phenomenon was
observed in winter P at Upper Hutt (Davy 2007).

35

O .
Apr-06  Jun-06 Aug-06 Oct-06 Dec-06 Feb-07 Apr-07
Date

Seasonabariation of daily PM s arsenic concentrations at Hastings

Sour ce contributions

Figure 5.3 presents the average (over the entiranitaring period) source
contributions to ambient PM concentrations at Hastings.

The average source contributions estimated by ¢beptor modelling indicate that
wood burning emissions from domestic heating isrttwst significant contributor to
PM, s concentrations at Hastings. Other sources cotinigpuo PM s were marine
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aerosol, secondary sulphate particles and motdcleebmissions, although these are
estimated to contribute only around 10% each.

Sulphate
10%

Motor vehicles
10%

m Sulphate

W Motor vehicles

W Sea Spray

W Domestic heating

Domestic
heating
69%

Sea Spray
11%

Figure5-3:  Average relative source contributions to Rt Hastings

The temporal variation in source contribution estés is useful for source
identification and demonstrating seasonal trendgure 5-4 shows the relative
contribution of sources to PMM mass for each sample collected at Hastings with
average monthly contributions as the inset. FiguBepresents the daily contributions
of individual sources to PM mass.

The domestic heating source had a distinct seasomweth higher concentrations
during winter months. The receptor modelling resalso suggest that the secondary
sulphate and marine aerosol sources were presehigiver concentrations during
summer.

53 Seasonal variations

Figure 5-6 shows that the primary source of,RBuring the winter (June-August) at
Hastings, when average RMconcentrations were high (> 24 ni°), was emissions
from domestic heating. This source also dominat&ihg autumn (April-May) and
spring (September-November). During the summer ¢ébDder-March) when PM
concentrations were low (&g ni’), the contribution from domestic heating is much
less and sources of BMare primarily from marine aerosol and secondalpteie.

Source identification and apportionmenPdfy, and PM s in Hastings and Auckland 29



—NIWA_—

Taihoro Nukurangi

60
£351 B Domestic heating
“’E 50 - i“zg H Motor vehicles
> =2 M Sulphate
= T 15 - B Seasalt
&40 - 210 |
2 5|
= S 5.
D_ [0
| Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

- 30

g

O

-

4(7; 20

C

@)

(&)

& 10

M | “
0 -

Apr-06 May-06 Jun-06 Jul-06 Aug-06 Sep-06 Oct-06 Nov-06 Dec -06 Jan-07 Feb-07 Mar-07  Apr-07

Figure5-4: Source contributions to reconstructed RNt Hastings (Inset: Monthly contributions)



MNJ-.WA -

Taihoro Nukurangi

Domestic heating
50
c
S 4
5
,g 3 30
€% 5
8- 1 Iy | Ly
FRRS W I | W N
Apr-06 May-06 Jun-06 Jul-06 Aug-06 Sep-06 Oct-06 Nov-06 Dec -06 Jan-07 Feb-07 Mar-07 Apr-07
Motor vehicles
10
§ s
£% o
5§ 4
82
a 2
S o
Apr-06 May-06 Jun-06 Jul-06 Aug-06 Sep-06 Oct-06 Nov-06 Dec -06 Jan-07 Feb-07 Mar-07 Apr-07
Sulphate
10
5 e
FE
2 6
£5 4
o7 2
£ [N T | TN Y Y I.JI.LLI["__I'_[L“I_,J.I_IJL_L_u_q_“]]‘h‘IPI_I_._hhm
Apr-06 May-06 Jun-06 Jul-06 Aug-06 Sep-06 Oct-06 Nov-06 Dec -06 Jan-07 Feb-07 Mar-07 Apr-07
Seaspray
8
6
4
2
04
Apr-06 May-06 Jun-06 Jul-06 Aug-06 Sep-06 Oct-06 Nov-06 Dec -06 Jan-07 Feb-07 Mar-07 Apr-07
Figure 5-5: Daily contributions by source to PMat Hastings
PM, s Winter PM, s Spring
Motor
Sea Spray vehicles Motor
6% 4%  Sulphate vehicles
204 Sea Spray 22%
19%
ulphate
. . 19%
Domestic Domestic
heating heating
88% 40%
PM, s Summer PM, s Autumn
Mot Motor
otor ;
vehicles
vehicles Sea Spray 129
2204 12% 0
Sulphate
Sea Spray 11%
33%

Domestic
heating
9%

Sulphate
36%

Figure 5-6:
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Figure 5-7 shows the contribution of these souraesPM s concentrations and
demonstrates that while sea salt and sulphatehareldminant contributors during
summer, the actual concentrations are relativelglisoompared with the domestic
heating contribution during winter.

B Seasalt
B Domestic heating
HE Sulphate

W Motor vehicles

PMz2s mass contribution (- pg/m 3)
H
o
1

Winter
Spring
Summer
Autumn

Figure5-7: Seasonabariations in PMs concentrations from various sources at Hastings

More detailed analyses of Blybn high pollution days are included in AppendixdC f
information purposes, along with an investigatidrsource contributions with wind
direction. Peak PW concentrations in Hastings were found to be piisnatue to
emissions from domestic solid fuel fires.

54 Hastings comparison of size fractions

The relationship between the PMand PMs mass concentrations measured at
Hastings is shown in Figure 5-8. This shows a redumontribution of PMs at high
PM, concentrations. This relationship is inconsistevith observations from
Christchurch (Foster, 1997) which indicate an iasheg PM s contribution (around
90%) at high PMy concentrations. Like Hastings, the main sourc&lbfistchurch
PMyq at peak concentrations was domestic heating.
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Figure 5-8:

Comparison of PMs and PM, massconcentrations measured using the ANSTO and
GENT samplers respectively

The estimated source contribution on days whengRighcentrations were high and
PM, s concentrations were low was examined to determimether sources of
particulate could explain the poorer relationstopsthese days (8 June and 26 July
2006). On both occasions the predominant sourgeuifculate in both size fractions
was domestic home heating. Similarly the main seu€ both PMs and PM,
concentrations on the days when fgMoncentrations were highest was domestic
heating. Because this source produces predominfindymode (PMs) particulate,
the difference in measured concentrations cannathdily explained by particulate
composition.

Examination of the BAM versus GENT data shows that26 July was an outlier in
this comparison and that an overestimate by the TGEM likely explanation of the
poor PMg and PM s relationship on this day.

Daily variations in the contribution of PMand PMy.,5 (GENT PMg— Ansto PM)
are shown in Figure 5-9.

The evaluation of sources within each size fractogrimilar, with domestic heating
contributing the majority of the PM and PMs concentrations. During the winter
months the average RBMconcentration was 24 pgand the estimated domestic
contribution was 89%. In the PM size fraction, the average winter RM
concentration was 44 pghand the domestic heating contribution was estichate
82%.
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Figure5-9:

Daily estimates of Pl and PM,., s concentrations at Hastings

This suggests that, either more than 10 p§ oh domestic heating particulate
emissions was occurring within the coarse M size fraction, or there is some
measurement issue with the monitoring data.

Notwithstanding differences in absolute concerdreti for domestic heating, the
receptor modelling results were well correlatedolét of the reconstructed Pland
PM,s mass from domestic heating shows a good relatipngh = 0.75) with the
largest variations in the relationship observedhendays identified above which had
poor correlations of mass (e.g., 8 June, 26 Julyle correlation between the
reconstructed Ph and PMy mass from other sources was poor. However, thigts
surprising given the low concentrations from theserces (typically less than 7 pg m
% relative to the precision of the monitoring metho

The main difference in the profiles is the preseota soil factor in the PN size
fraction and a higher marine aerosol contributiorthe PM, size fraction. This is
expected because both sources produce predomir@rahge mode particulate and
should have a greater presence in thgBsize fraction.

Overall the results for the PiMland PM s size fractions are generally consistent, with
both showing domestic heating as the dominant sgumaller contributions from
motor vehicles and sulphate and a larger contobufrom coarse mode sources
(marine aerosol and solil) in the R\ize fraction.

While on this occasion a reasonable result waseaeli from the investigation of
winter sources of PM concentrations, this is not necessarily the noroh iashould

not be assumed that acceptable results would regdgsdways be achieved using the
PMyq size fraction alone for receptor modelling. Susceé receptor modelling on
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PM;o may depend on factors including location and ttve @h sources. While more
expensive, there may be less risk in sampling Bdthy.5 and PM s, as the results
can be pooled to provide estimates of combined,RBburces.

6. Auckland (Kowhai) monitoring data

The Auckland data presented here are from one prieamtly residential urban site
and the investigation is not expected to infer sewontributions for Auckland urban
area as a whole, but rather shows a small partufich larger picture. This study is a
component of a much wider receptor modelling progre being undertaken by the
Auckland Regional Council and the reader is reteteethat organisation for further
information. The analysis for this section of tlepart was carried out by GNS for
ARC and provides examples of the results obtaineklickland and discusses them in
relation to the Hawke’s Bay study.

The particulate matter gravimetric results fromAsMBat Kowhai, presented in Figure
6-1, show that PM concentrations tended to be highest during wintenths (May-
August). A smaller secondary maximum in BMoncentrations is evident during
summer (December-January) and the summer-wintéaticars may be explained by
the relative contributions to ambient concentragitnom different sources at different
times of the year.
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Figure6-1:
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24 hour average P} concentrations at Kowhai, measured by FH62 BAM(se:
ARC)

Source identification and apportionment of glshd PM s in Hastings and Auckland 35



—NIWA __—

Taihoro Nukurangi

7. Kowhai PM 10

The Partisol P} samples from Kowhai refer to those Ridamples collected using a
Partisol 2000 Sampler from December 2005 to Decerab86. The Partisol 2000
PM,q sampler was located alongside a RAAS Speciatianp&a until April 2006.
The RAAS was replaced by a Partisol 2300 SpeciaBampler from June 2006
onwards. Analyses of Piwere provided for elements and black carbon ofhe
Partisol PM, sampler was operated as a satellite to a maipsPMb system and, by
necessity, sampled on alternate days to,$MNherefore, few sample days were
coincident for the P and PM s samples.

Gravimetric results for the Partisol RMsamples, presented in Figure 7-1, show
distinct peaks in PM concentrations during winter months at Kowhai &mio the
BAM PM,,, along with several peaks abovepm?® during the summer.

50

45

40

35

30

25

20

PMjo (ng/m 3)

15

10

5

0

Figure7-1:
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24 hour average PM concentrations measured by a gravimetric Par§aaipler at
Kowhai (Source: ARC)

Figure 7-2 presents the source profiles extraatech fthe PMF analysis of Kowhai
Partisol PM, data.

The first factor has been identified as derivednfrmarine aerosol. The second factor
is likely to be due to secondary sulphate althoitighay represent an aged marine
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Figure 7-2: Source profiles and elemental concentrations fatided PM,, at Kowhai (Source:
ARC)
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aerosol source due to the presence of Na and &g aldh S, Mg, K and Ca. The third
source contribution has been identified as origigatrom biomass burning due to the
presence of BC, K and Cl in the profile. The foudhtor represents a crustal matter
source (soil) and the fifth factor has been lalettfetor vehicle emissions due to the
presence of BC, S Ca and Fe.

Figure 7-3 presents the relative source contribstio ambient PM concentrations at
Kowhai. For all Auckland results, the source lab&lbiomass burning is identical to
the domestic heating category for the Hastingsltesnd includes both domestic
heating and outdoor burning contributions. Thetiedasource contributions estimated
by the receptor modelling indicate that marine seras the most significant
contributor on an annual basis. The remaining ssjreshen listed from greatest to
least magnitude of P contribution, are: biomass burning, motor vehickexondary
sulphate and soil.

Motor
Vehicles
14%

Soil
7%

Seasalt
39%

Biomass
burning
26%
Sulphate
14%

Average (2006) relative source contributions to, P& Kowhai (Source: ARC)

Seasonal variationsin PM o Sour ce contributions at K owhai

Figure 7-4 shows that the primary source of,pPNuring the winter, when average
PM,o concentrations at Kowhai were elevatedy@®@), was domestic heating. Sea
salt and motor vehicles are also considerable ssutaring winter, while sulphate and
soil are minor contributors. For the rest of tharyesea salt dominates RPMsource
contributions. Average PM concentrations during autumn, spring and summer ar
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relatively similar (15-1@g/n?) and, during these months, the contribution from
biomass burning is lower and sources of ;Plre primarily from sea salt, motor

vehicles and secondary sulphate.
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Figure 7-4: Seasonal variation in PiMsource contributions at Kowhai (Source: ARC)

Figure 7-5 shows the contribution of these souasePM, concentrations. While sea
salt is the dominant contributor in summer, RRbncentrations from sea salt are less
during winter and domestic heating is the domirRiv{, concentration source during

the colder months.

Analyses of two peak PM (>30ug mi’) events at Kowhai, including meteorological
phenomena, are included in Appendix D for inforim@atpurposes. These show that on
the peak winter day, biomass burning was a majatrifmtor to the elevated Pjyl
concentrations, but on the peak summer day therdiorhcontributor was sea salt.
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Figure 7-5: Seasonal variations in BlIconcentrations from various sources at Kowhai (Sau
ARC)

8. Auckland (Kowhai) PM 5

The PMs samples from the Kowhai Intermediate School siteKingsland were

collected with a RAAS Speciation Sampler from J2004 — April 2006 and replaced
by the Partisol 2300 Speciation Sampler from Jud@62onwards. Both speciation
samplers have 4 different sample collection ‘ch&inier analysis of the various
PM, s component species of interest. For the Kowhaiigpet PM 5 study, analyses
were provided for elemental and black carbon (B&ficentrations.

Gravimetric results for the P)M samples, as presented in Figure 8-1, show distinct
peaks in PMs concentrations during winter months at Kowhai. é\tbtat the gaps are
due to missed sample days. The peak concentratidfigure 8-1 correspond with the
peaks in BAM PM, concentrations, with the exception that #Mlso exhibits a
smaller secondary maximum during summer (Figure). 7¥he slightly different
seasonal variation of Pfyiconcentrations compared to PMnay be explained by the
relative contributions of various sources.
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Gravimetric results for Pi} at Kowhai (Source: ARC)

Figure 8-2 presents the source profiles extraatech fthe PMF analysis of Kowhai
PM, s data.

The first factor in Figure 8-2 has been labelleahtass burning due to the presence of
BC, K and Cl in the profile. This factor is equigat to the domestic heating factor
identified for Hastings and includes combustionrses from solid fuel heating and
outdoor burning of domestic garden waste and dif@nass burning activities. The
second source contribution is from secondary atimsp aerosol due to the
dominance of sulphur in the profile. The third smurcontribution is from crustal
matter (soil). The fourth source contribution haei identified as originating from
motor vehicle emissions due to the presence of 8@a and Fe. The fifth factor has
been identified as a marine aerosol (marine aergsoirce due to the presence of Na
and Cl along with some Mg, and Ca.

Figure 8-3 presents the relative source contribstim ambient Pl concentrations
at Kowhai averaged over the entire sampling period.

The relative source contributions estimated by rdmeptor modelling indicate that
biomass burning and motor vehicle emissions areribst significant contributors to
fine particle concentrations at Kowhai, followed thye contribution from secondary
sulphate particles. Marine aerosol and crustalcgsuare minor contributors of BM
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Figure 8-4 shows that the primary source of PMluring the winter at Kowhai was
due to biomass burning, and this was most likelg tu emissions from solid fuel
appliances for domestic heating. Average ;EMoncentrations were found to be
higher in winter (13ug m®) than other seasons. During the other seasonssiems
from motor vehicles are the predominant sourcerdmnbr to PM s Average PMs
concentrations (5—-ig m®) during autumn, spring and summer are relativityilar
when the concentrations apportioned to biomassigiare lower (Figure 8-5).

Biomass burning during the summer is attributetiaokyard fires such as burning of
garden wastes.

An analysis of PMs sources on a high pollution day in July at Kowisaincluded in
Appendix D for information purposes. Biomass bugnivas found to be the dominant
source contributor to PM (91%) and meteorological conditions were cold aalin
on the high pollution day.
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9. Auckland (Kowhai) comparison of size fractions

9.1 M ass comparisons

Analysis of the gravimetric results for the PMdataset compared to BAM RM
shows scatter at lower concentrations, but indéctiat PMs is largely responsible
for elevated PN} concentrations (i.e. >30y m®) as shown in Figure 9-1.
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Figure 9-1: Kowhai PM s versus BAM PM, (24-hour average). July 2004 — December 2006.
(Source: ARC)

The comparison of Partisol Ryand BAM PM, shows good correlation as shown in
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Figure 9-2: Partisol PM, versus BAM PM, (24-hour average) at Kowhai, December 2005 —
December 2006 (Source: ARC)
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Factor comparisons

Similar factors were derived for both the Piand PM, datasets. Only two of the
sample days for each of the size fractions cointige to instrument configurations
so that a correlation analysis could not be madedsn the source apportionment
profiles.

Sour ce contributions

Contributions to PN} from the marine aerosol and soil sources werecxppately
ten times their respective contributions to the,Rfactions, confirming that most
marine aerosol and crustal matter particles sizesirathe coarse mode (RM ..
Motor vehicle emissions were found to contributaikir mass to PM and PM,
suggesting they are largely fine fraction partic(€2.5 um). The biomass source
contributions were higher in PiM(4.1ug m®) than PM s (2.7 ug mi®) which suggests
that some agglomeration or coagulation to coaradrgle sizes (>2.pm) may occur
for particles from this combustion source. The séleny sulphate source was found to
have a higher contribution to RMbut this may also be due to a contribution from
aged marine aerosol unresolved from the,PMecondary sulphate by the RM
receptor modelling analysis.

Table 9-1 presents the source contributions fofRid PM swhenaveraged over the
entire study period.

Mass contributions by sources to RMInd PM s at Kowhai

Source

Size fraction

Biomass

h Soil Motor vehicles
burning

Seasalt Sulphate

Average Mass Average Mass Average Mass Average Mass Average Mass
ug/m’ png/m® ug/m’ ug/m’ png/m®

PMio
PM2s

6.1 2.1 4.1 11 2.3
0.6 1.2 2.7 0.08 2.5

931

Background ver sus anthr opogenic sour ces

In order to examine the difference between contidibg from natural or background
sources (in this case marine aerosol, sulphatesaifdand those of anthropogenic
origin (biomass combustion, motor vehicles) the snesntributions were combined
for each category. Figure 9-3 shows that anthropiogeurces (averagepfy m°) are
significant contributors to Pp4, primarily during winter months, with background
contributions (average &y m°) generally less than g m®PM,s.
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Figure 9-4 presents the Rjanthropogenic and background source contributidhs.
contributions of background (1@ m?) and anthropogenic sourcesyd m) to PMy
show a greater influence from coarse fraction glagi (PM,.,.5. While only one year
of data was available for the R{vanalysis, it shows that anthropogenic sourcels stil
dominate during winter, but background sources camtribute a significant
proportion of PMy not ascertained by gravimetric analysis or emissimventories
alone.
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Discussion and conclusions

10.1

10.2

Comparison with an air emission inventory for Hastings

The first objective was to compare receptor mo@sults with emission sources
identified by an inventory. Because RMexceedances are invariably a winter
phenomenon at most New Zealand urban areas wheseh®s of the NES occur, this
analysis focused on sources of Biuring winter.

The dominant source of PMduring winter in Hastings was domestic home hegatin
This conclusion was verified by emission inventasgceptor modelling and an airshed
dispersion model. This demonstrates the successfylication of a receptor
modelling study as a tool for determining sourasponsible for peak ambient PV
concentrations. The receptor modelling approachalso useful to make broad
comparisons with emissions inventories: both methem@ considered complimentary
tools for air quality management and policy forntigia, particularly where
intervention strategies may be required.

It should be noted that this comparison is valid Hastings PMy during winter and
the conclusions are not necessarily appropriateiferin other urban areas. The link
between emission inventories and ambient concemtsatised for receptor modelling
depends on meteorology, atmospheric chemistry,teamgoral variations. However,
this study has demonstrated how receptor modefliignt be used at other locations
as a check of emission inventory results. The aunagon of sources identified by
receptor modelling at other airsheds may not beraad and general agreement with
emission contributions, as was observed for thdiktgsstudy. In this case, the use of
an airshed model would be appropriate for inveshgathe link between source
emissions and ambient concentrations.

Contribution of natural sourcesto PM 1o

The second objective of the study was to evaluatecontribution of natural sources
to PMy concentrations in urban areas. Of particular amee is the contribution of
natural, and therefore unmanageable, sources dwinter, because it is during
winter when PM, concentrations typically exceed the NES.

Marine aerosol and crustal matter (soil) were the key sources that could be
considered natural background. The main non-antig@pic source in Hastings was
marine aerosol, which contributed around 9% to,fPbbncentrations on average
during winter. The combined contributions of saitlamarine aerosol sources to BM

concentrations in Hastings were 13% on averagenguhie winter months and 8%
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when PM, concentrations exceeded the NES. This informasigrarticularly relevant

for air quality managers in Hawke’s Bay becauselthekground component of the
PMyq is essentially unmanageable, yet needs to be atmbdor when developing
models and strategies for reducing ambiengfddncentrations.

One area of uncertainty in the study is the extenthich the sulphate source reflects
an anthropogenic contribution, or is caused by bemknd sources such as marine
aerosol, or is a combination of both. Fertilisemofacturing in Awatoto to the north
of Hastings is the main source of sulphur emissiorthe Hawke's Bay Region and
may contribute to the sulphate measured in Hastitfgthe sulphate source was
entirely non-anthropogenic, the background souocgribution is estimated at around
9.5% on high pollution days during winter. If thelghate was entirely a secondary
source from industrial emissions, the backgrounatrdmution may be around 8% on
high pollution days. Natural sources of Rhay therefore be confidently accounted
for as 5-6 pug Mwhen future airshed models or management strategeedeveloped
for high pollution days at Hastings.

The winter sources of PMat Kowhai, Auckland, are somewhat different frdmde

at Hastings. Whereas domestic heating was the domiource at Hastings during
winter, at Kowhai there are also substantial cbotions from motor vehicles and sea
salt during the winter. The more substantial cootion from motor vehicles in
Auckland, compared to the Hastings results, isalsly a consequence of the much
greater volume of traffic in the larger city of Adand. The North-western Motorway
is not far from the Kowhai monitoring site and, doned with the close proximity of
other busy roads, would result in the total vehlilemetres travelled (VKT) being
higher than at the Hastings monitoring site.

The receptor modelling was particularly useful identifying the contribution of the
natural marine aerosol and crustal matter souléabe background sources were
underestimated, the effectiveness of strategiemitigate anthropogenic emissions
would be overestimated. Peak RMoncentrations were also observed during the
summer at Kowhai and these days were found to lmeindded by marine aerosol
sources. Identification of the relative contribuso of natural sources and
anthropogenic sources to RjMtoncentrations at Kowhai demonstrates the utdity
receptor modelling for air quality management irckland.

10.3  Source profilesfor PM and PM,s for New Zealand

The third objective of the research was to contalia the existing database of source
profiles for PM, in New Zealand. In this respect, the study isemtly valuable as it
provides additional information on source profifes PMy,. Previous studies have
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focused on the P4 size fraction (Scott, 2005, Davy 2007) and thers®dPMq-,.5)
size fraction (Davy, 2007).

Source profiles for motor vehicles, domestic heptihiomass combustion), marine
aerosol and sulphate were found for all four dasaged soil profiles were found for
the PMg datasets at both Hastings and Auckland (Kowhdig felative proportion of
different elements comprising the profiles for eadle are appended. The domestic
heating source profile was relatively consistembsg sites with minimal variability in
the elements included and the relative contribgtiorhis source was dominated by
black carbon (range 62% to 70%) with hydrogen (eafé6 to 20%) providing an
indication of a significant contribution from orgarcarbon compounds derived from
incomplete combustion of fuels. The S, Cl and Ktdbations to the domestic heating
source were identical for both Rp&ize fractions at 1%, 5% and 4% respectively with
the PM s size fractions being slightly higher. The consisteof this profile between
sites and size fractions provides valuable infoiomabn a domestic heating source
profile for New Zealand.

More variability is observed in the elemental pesfifor motor vehicles. The Hastings
PM;q and PM; size fractions showed contributions from Si (au®%) and Al
(3%) indicating the probability of road dusts cdmiting to this profile. In Auckland
however, the motor vehicle profile was dominated idgck carbon in both size
fractions and included only 2% Si in the RMize fraction and less than 1% in the
PM, 5 size fraction.

Sulphur (S) in the motor vehicle profile may ocesra result of emissions from diesel
fuelled vehicles and may vary from site to siteategfing on the vehicle fleet profile of
the area. The proportion of S in each ranged frér ((Hastings PMs) to 6%
(Hastings PMp). The percentage of S was higher in the,f8ize fractions (6% and
3%) than the P size fractions (0% and 1%), although the same & too small
to determine the significance of this. The Hastinggor vehicle profile for PM also
contained higher percentages of both Ca and CI.

The sulphate profile generally contains the saneenehts across the four datasets,
although the contribution of black carbon variethvdcation and size fraction and the
Kowhai PMy sulphate profile appears to include some marinesaé Marine aerosol
profiles were similar containing the main composesftsea water (Cl, Na, Mg and S)
with smaller amounts of K and Ca, although bothtidgs size fractions included
some black carbon. The soil profile at Hastings {f*&hly) was dominated by Si
(43%) with smaller amounts of Na and Al (both 138y Fe (8%). In Auckland the
Si proportion was lower at 25%, with NaCl (47%) rigeithe significant other

Source identification and apportionment of glshd PM s in Hastings and Auckland 50



Taihoro Nukurangi

contributor. This indicates either a combined aoitl marine aerosol profile or the re-
suspension of deposited marine aerosol.

The information on sources obtained through thiglytadds considerably to the
existing database of source profiles for New Zehlarhese help characterise the
composition of particulate from different sources New Zealand and will assist

researchers in evaluating future receptor modehasylts. The profiles obtained were
generally robust and in most cases appeared tesepr distinct sources. Some
variability in the elements present and their dbntions across the different datasets
may be explained by local influences (e.g., Si iatan vehicles) and by the size

distributions of different components (e.g., S imtan vehicles), although further

studies may be required to confirm the latter.

10.4  Overall conclusions

From the source apportionment undertaken in Hastargl Kowhai (Auckland), the
following overall conclusions were obtained:

e Sources resolved using PCA/PMF for Hastings and h&wAuckland)
included seasalt, soil, vehicle emissions, domdstime heating emissions
and sulphates (assumed to be secondary particuldte)source profiles will
assist with future source apportionment studiesritey be carried out in NZ.
It was not possible to distinguish the differergeyg of fuels for home heating
(e.g. coal/wood) or vehicle sources (e.g. diestlpe

« The methodology helped to identify the main souitcepeak concentrations
of PMye and PM:. In Hastings, peak concentrations were generdéitijpated
to home heating but at Kowhai (Auckland), seasals valso a significant
contributor to the summer high concentration epsod

* Overall, the results from the source apportionmstutdy confirmed the
conclusions drawn from emissions inventory and riimgeinvestigations in
Hastings and provided information about backgrolewkls of PM, and
PM,s. This information is critical for air quality magament so that reduction
targets can be set for anthropogenic (i.e. ‘martaggasources of Pl and
PM s, allowing for background levels.

* It was possible to estimate the contributions tokgeound levels of PM in
Hastings and Kowhai (Auckland) by using source ajgmoment. The natural
component of PN} concentrations from soil and sea spray averagefd®.m
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*in Hastings and 7.2 pugrin Kowhai. Sulphate PM sources contributed an
average of 1.1 pug thand 2.1 pg m at Hastings and Kowhai respectively,
although it is uncertain whether these sourceofirmatural or anthropogenic
origin.

e It was possible to estimate the contributions tokgeound levels of P in
Hastings and Kowhai (Auckland) by using source afimoment. The natural
component of PMs concentrations from soil and sea spray averaggqid.
m3in Hastings and 0.7 pg#in Kowhai. Sulphate PM sources contributed
an average of 1.2 pghat both Hastings and Kowhai, although it is uraiart
whether these sources are of natural or indugjeaésis.

11. Summary

As a first tool in PM, investigations at New Zealand urban areas, ambienitoring

is often conducted to identify where and when;pP&kceedances occur. For airsheds
where PM, pollution is apparent, emission inventories aréerofundertaken to
evaluate anthropogenic sources for identifying appate mitigation strategies. This
report has demonstrated the value of receptor ringefor quantifying source
contributions to ambient concentrations of gMparticularly with regard to
contributions from background sources.

Airshed models may be used to investigate the Ilpgtween emissions and
concentrations. Airshed models are also usefupédicy development and predicting

concentrations over space and time but themselebs an emission inventory

estimates. Factors to consider when evaluating litedihood of natural source

contributions may include distance from the coasiatine aerosol sources, the extent
and distance from agricultural activities, alongthwimeteorological data as an
assessment of the long-range transport backgroihg P

The report demonstrates the successful applicatioaceptor modelling to the Piyi
size fraction in both Hastings and Auckland. Ptmthis work no receptor modelling
had been carried out on RMn New Zealand, although a common approach is to
measure the Pp4 and PMy.,5 size fractions and combine the receptor modelling
results to provide source contributions to jgNh this study the analysis of BMsize
fractions were more robust (as indicated by baapgting), however PM results were
acceptable.

The ability to apply receptor modelling tools todenstand the PM variability is
particularly useful for air quality managers in N&galand who wish to determine
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contributions, including background sources, to i@mb particulate matter
concentrations and make comparisons with;Pémission inventories. A key benefit
of analysing PN is that knowledge of sources is required to assgulatory
authorities to achieve NES requirements relatingyamagement of PM Using PM s
as a proxy for Py may lead to false assumptions being made aboualthigy to
achieve air quality targets.

Furthermore, PN filters may be available from gravimetric sampliegnducted as a
requirement of the NES. However, while on this reasonable results were
achieved for the PN analysis, this is not necessarily the norm argh@uld not be
assumed that acceptable results would always bevachusing the PM alone. An
advantage of separating sources by sampling fotwbalifferent size fractions is that
the resolution of the receptor modelling is oftempioved. While more expensive,
there may be less risk in sampling both;RM and PM s, as the results can be pooled
to provide estimates of combined RMources.

12. Acknowledgements

This work was conducted under the Foundation fareRech, Science and Technology
programme “Protecting New Zealand’'s Clean Air”, wanot CO1X0405.

John Phillips and the team at Hawke’s Bay Regi@umalncil are thanked for the many
hours changing and collecting filters.

Auckland Regional Council supplied data from thewai site. Janet Petersen is
thanked for advice and assistance with data pavisi

GNS Science conducted elemental analyses of &dr fiamples and funded the
Hastings PMs analysis. Bill Trompetter and Andreas Markwitz GNS Science

contributed to the receptor modelling and condaigerobability function analysis for
the Hastings P and Auckland Regional Council datasets.

Lou Reddish from NIWA is thanked for site setup amstrument support.

Janet Petersen (Auckland Regional Council), Johiiiggh(Hawke’s Bay Regional
Council), Gustavo Olivares (NIWA), Paul Franklin ifNstry for the Environment)
Louise Wickham (Ministry for the Environment) andeWn Mahon (Auckland
Regional Council) provided useful comments on draftthis report.

Source identification and apportionment of glshd PM s in Hastings and Auckland 53



13.

Taihoro Nukurangi

References

Bluett, J.; Wilton, E.; Franklin, P.; Dey, K.; Ab@ane, T.; Petersen, J.; Sheldon, P.
(2007). PMo in New Zealand’s urban air: a comparison of mamtp methods.
NIWA Client Report CHC2007-059

Davy, P.K. (2007). Composition and sources of adrosthe Wellington Region of
New Zealand. PhD Thesis. Victoria University of Whgton.

Davy, P.; Trompetter, W. J.; Markwitz, A.; Weatheanb, D. C. (2005). Elemental
analysis and source apportionment of ambient pdatie matter at Masterton, New
Zealand. 2005 Biopixe conference, Wellington NewalZad 17-21 January 2005.

Foster, E. (1998). An investigation into the meament of PM, in Christchurch.
Canterbury Regional Council report U98/69.

Gimson, N. (2006) Airshed modelling of RMevels in the Hawke’s Bay region.
NIWA Client Report WLG2006-48

Metcalf, J.L.; Fisher G.W.; Sherman, M.W.; Kusché,. (2006). Auckland air
emissions inventory: 2004. Auckland Regional Colursgort TP 292.

Ministry for the Environment (MfE) (2004). NationBhvironmental Standards for Air
Quality, September 200#inistry for the Environment, Wellington.

Scott, A. (2005). Source apportionment and charigetiton of airborne fine
particulate in Christchurch, New Zealand. PhD Thddniversity of Canterbury.

USEPA (2005). EPA PMF 1.1 User’s Guide. U.S. Enwinental Protection Agency
National Exposure Research Laboratory Research@ddPark, NC 27711.

Wilton, E. (2003). Air quality in Christchurch —d@rs contributing to visibility
degradation. PhD Thesis. University of Canterbury.

Wilton E. (2005). Air emission inventory — HawkeéBay Region 2005. Hawke’s Bay
Regional Council.

Source identification and apportionment of glshd PM s in Hastings and Auckland 54



—NIVA_—

Taihoro Nukurangi

Appendix A: Hasting PM ;o and PM , s sampling details
Run Run Run
Run date Hours Run date Hours Run date Hours
5 April 2006 24 19 August 2006 24 25 January 2007 24
9 April 2006 24 21 August 2006 24 28 January 2007 24
11 April 2006 24 23 August 2006 24 31 January 2007 24
14 April 2006 24 25 August 2006 24 3 February 2007 24
17 April 2006 24 27 August 2006 24 6 February 2007 24
20 April 2006 24 29 August 2006 24 9 February 2007 24
24 April 2006 24 31 August 2006 24 12 February 2007 24
3 May 2006 24 2 September 2006 24 15 February 2007 24
6 May 2006 24 4 September 2006 24 18 February 2007 24
12 May 2006 24 6 September 2006 24 21 February 2007 24
13 May 2006 24 8 September 2006 24 23 February 2007 24
17 May 2006 24 10 September 2006 24 25 February 2007 24
20 May 2006 24 14 September 2006 24 27 February 2007 24
Unknown 54 16 September 2006 24 1 March 2007 24
Unknown 33 20 September 2006 24 3 March 2007 24
8 June 2006 24 24 September 2006 24 5 March 2007 24
10 June 2006 24 26 September 2006 48 7 March 2007 24
Unknown 24 28 September 2006 24 9 March 2007 24
16 June 2006 24 4 October 2006 24 11 March 2007 24
18 June 2006 24 4 October 2006 24 15 March 2007 24
20 June 2006 24 6 October 2006 24 17 March 2007 24
22 June 2006 24 9 October 2006 24 19 March 2007 24
24 June 2006 24 12 October 2006 63 21 March 2007 24
26 June 2006 24 18 October 2006 24 23 March 2007 24
28 June 2006 24 30 October 2006 24 25 March 2007 24
2 July 2006 24 2 November 2006 24 27 March 2007 24
7 July 2006 24 5 November 2006 24 29 March 2007 24
8 July 2006 37 12 November 2006 24 31 March 2007 24
16 July 2006 24 21 November 2006 24 2 April 2007 24
18 July 2006 24 1 December 2006 24 4 April 2007 24
22 July 2006 24 7 December 2006 24 6 April 2007 24
24 July 2006 24 10 December 2006 36 8 April 2007 24
26 July 2006 24 13 December 2006 24 15 April 2007 24
31 July 2006 24 19 December 2006 24 16 April 2007 24
1 August 2006 24 21 December 2006 24 18 April 2007 24
2 August 2006 24 4 January 2007 24 20 April 2007 24
5 August 2006 24 7 January 2007 24 22 April 2007 24
9 August 2006 24 13 January 2007 24 24 April 2007 24
13 August 2006 24 16 January 2007 24 26 April 2007 24
15 August 2006 24 19 January 2007 24 28 April 2007 24
17 August 2006 24 22 January 2007 24 30 April 2007 24
2 May 2007 24
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Appendix B: Data Analysis Hastings PM 1o

Data validation

Data validation included an assessment of;fPMass concentrations, elemental
concentrations, run durations and flow rates. Quassurance procedures used for
this data set included:

» Exclusion of filters/runs with run times outside 2thour.
« Exclusion of filters/runs with sample volumes gegdhan 27 rh

+ Removal of elements with 50% or more concentratb@iew detection limit.

Scatter plots and summary statistics were carrietd to examine relationships,
determine unusual data point and generally aséessalidity of the data. No data
were considered invalid as a result of this exerditowever a small number of data
points were identified as unusual. These data pouere dealt with by increasing the
error values associated with the specific elemants days of concern. Table B.1
shows the summary information for concentrationslements.

TableB.1 PM o elemental concentrations and statistics
Average No. of
concentration Max Min Std Average Av LOD samples
Element ng/m? ng/m? ng/m? dev % Error ng/m? >LOD
H 485 3820 9 709 34 20 109
BC 3468 12087 206 3059 262 150 111
Na 707 2733 52 560 97 124 104
Mg 96 359 8 60 14 20 108
Al 121 451 7 104 8 11 106
Si 426 1595 35 355 12 8 111
P 12 49 0 9 11 12 41
S 324 744 37 146 13 8 111
Cl 1671 7931 163 1261 44 7 111
K 234 1194 18 227 8 5 111
Ca 177 610 15 116 7 6 111
Ti 9 48 0 8 5 5 51
Mn 4 21 0 3 5 4 30
Fe 108 352 8 79 6 4 111
Cu 6 55 1 6 7 10 24
Zn 18 85 1 19 6 6 65
As 18 102 2 19 21 24 28
Se 13 30 2 5 26 27 12
Br 18 121 3 12 30 23 19
Ba 14 50 1 9 22 20 18
Pb 34 162 4 23 71 57 14
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Preliminary assessment

Preliminary assessment of a PMF dataset includesrgarison of the relationships
between individual elements, comparison of mas®lefments to PM mass and
conducting an initial PCA.

A good relationship is observed & 0.8) between mass of elements measured and the
PM;o mass.

Four pages of scatter plots (Figure B.4) show #hationships between key elements
in the PMy size fraction measured at Hastings. The elemetednon the left of the
page is on the horizontal axis of each plot. Scaftets of the data were carried out in
the preliminary stages of the analysis to obsemerklationships between elements.
The notable relationships observed in these datada:

e A strong correlation is observed between Na anditl a ratio of near 1:2. A
strong correlation between Mg and both Na and Glis$e observed. These
correlations are associated with Bffom marine aerosol.

« The relationship between Al and Si is also venorsir (¢ = 0.98) and
indicative of a soil based source. Other elememntsmgly correlated with both
of these and with each other include Fe and Ca.

« A seemingly exponential relationship between BC #dr® = 0.7) and
between both elements and Zn and both elementsAandhe BC and K
relationship is a good indicator of wood burningystnprobably for domestic
home heating, although the apparent exponentigdcasyf this may reflect
more than one type of wood combustion (with onedrigaa stronger K to BC
ratio). The presence of Zn in a wood burning peofd not uncommon and
may be a reflection of the material (galvanisingedi in the flues or the
burning of painted wood. The presence of As magds®ociated with burning
of copper chrome arsenic (CCA) treated timber imestic wood burning
appliances.

» The relationship between Zn and As is not illugilabut has an’rof 0.6
indicating that 60% of the variation in concenwas of these elements can be
explained by their relationship.

Principal components analysis was carried out endhtaset. Eigenvector analysis
returned 15 clusters with values greater than dufei B.1). Evaluation of the analysis
showed three key factors, the relationships withiich were able to explain 93% of
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the variability in the elemental mass. The strohdastor (explaining 74% of the
variability) was consistent with combustion but ditbt differentiate between
combustion types or fuel. The other two profilegeveonsistent with marine aerosol
(16% of the variation) and soil (3%) of the vamati
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FigureB.1l:  Scree plot of Eigenvalues from PCA of Hastings;emental composition

Factor Identification

Positive Matrix Factorisation (PMF) was conductesing EPA.PMF, a windows
based version of the PMF software adapted by tHeRAS

Table B.2 shows the model diagnostics for the PMEBlyasis. The high?rvalues
indicate that most of the variability in the contrations of elements was explained by
the source profiles identified. With the exceptiohtitanium, all factors had arf r
value of greater than 0.7. The amount of variab#éitplained by the relationships for
titanium was 59%. The slope for the BC concentratics 1.32 indicating that the
predicted BC concentrations are higher than thosasored. For most other elements
predicted concentrations are lower than measuredetarations. The high RMSE for
BC indicates that there is still variability in cmmtrations of this element that is not
explained by the relationships observed.

The robustness and repeatability of the model vesmted using the EPA.PMF
bootstrapping procedure. The model was run 200 stimased on the default
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correlation setting of 0.6. All bootstrap runs cerged and each factor mapped to the
original factor for all of the 200 runs for fourctars and 197 runs for one factor
(sulphate). This indicates that the derived prefiere reproducible but that the
sulphate profile is slightly less robust than tkieeo sources.

TableB.2: PMF diagnosticsfor PM 1 at Hastings

Species Intercept Slope RMSE r
PMz1o Mass 430.76 0.87 3288.78 0.96
H 60.64 0.87 92.98 0.98
BC -813.15 1.32 1399.8 0.89
Na 44 0.9 147.64 0.92
Mg 2.94 0.97 15.89 0.93
Al 1.48 0.98 7.86 0.99
Si 2.25 0.99 17.32 1
S 0.82 1 4 1
Cl 5.75 0.98 178.48 0.98
K 1.49 0.98 21.65 0.99
Ca 1.59 0.99 6.45 1
Ti 3.23 0.69 4.65 0.59
Fe 0.38 0.99 14.17 0.97
Zn 1.84 0.84 7.07 0.83
As 2.05 0.8 8.66 0.75

Qtheoretical = 1221; Qrobust = 1015.35; Qtrue = 1041.69

Number of bootstrap runs that converged and are summarized: 200
Number of bootstrap runs that did not converge: 0

Number of bootstrapped factors mapped to original factor 1 : 201
Number of bootstrapped factors mapped to original factor 2 : 200
Number of bootstrapped factors mapped to original factor 3 : 197
Number of bootstrapped factors mapped to original factor 4 : 200
Number of bootstrapped factors mapped to original factor 5 : 200
Number of bootstrapped factors mapped to no original factor : 2

The average contribution of each element to théilgsois shown in Table B.3. The
PM;o mass is included in the table because the PMFibatibn outputs for Ply}
mass indicate the amount of PMrom each source on average.

Figure B.2 shows the distribution of the concentrat of each element by source. The
majority of the black carbon is attributed to dotie$ieating, with motor vehicles
responsible for just over 10%. Hydrogen, which pifes an indication of the organic
carbon component, is also dominated by domestidcingeaNa and Cl are both
dominated by marine aerosol and Si, Al, Ti and ¥edil.
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TableB.3: Factor identification and contributions
Marine Domestic Motor
aerosol Heating Sulphate Soil Vehicles
ng/m? ng/m? ng/m? ng/m? ng/m?
PMjo mass 4006 11441 870 1843 1404
H 18.9 403.4 35.7 16.5 0.0
BC 179.9 2751.5 239.9 60.6 415.3
Na 559.2 0.0 17.3 92.7 0.0
Mg 65.4 3.8 7.2 14.5 4.7
Al 0.8 6.0 0.0 92.6 21.9
Si 15 28.1 2.7 302.4 94.4
S 85.5 33.7 155.2 0.0 47.0
Cl 1352.7 172.8 0.0 0.0 82.1
K 27.5 143.3 10.6 37.8 6.9
Ca 28.9 2.6 6.1 18.2 118.0
Ti 0.2 1.7 0.5 6.0 1.4
Fe 0.0 20.0 4.0 55.6 27.9
Zn 1.2 11.4 0.7 2.5 0.7
As 2.0 115 15 0.0 0.9
100%
90%
80%
70%
60% B Motor Vehicles
50% B Soil
40% ™ Sulphate
30% B Sea Spray
0% B Domestic Heating
10%
0%
H BC NaMg Al Si S CI K Ca Ti Fe Zn As
FigureB.2:  Distribution of elements by source
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Two methods can be used to estimate the relatingibation of each source to RM
concentrations. These include integration of thethss data into the PMF model
or multiple linear regression (MLR) of the PMF soaircontributions outputs.
Integration of the PM mass into the PMF analysis gives a profile for,fMass (see
Table B.3) similar to the output of the MLR. Resultom the integration of Pl
mass into the PMF analysis were used for this teggod MLR was used as a cross
check. The resulting relationship between recontti and measured RMmass
(Figure B.3) gave an?rof 0.9 indicating all but 10% of the variabilityn i
concentrations could be explained by the relatigssh
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FigureB.3: Reconstructed versus measured;Piass at Hastings

M eteor ological analysis of Hastings PM 1 sour ces

The relationship between meteorological conditiand sources of PMin Hastings
was examined by comparing daily variations in wispeed, wind direction and
temperature on days when the highest concentrafiiomseach source occurred. This
method provides more detailed information than cammg 24-hour average
meteorology with source contributions but is lirditen that it only considers the
relationships on a small number of days.

Table B.4 summarises the days examined and thespmnding source contributions
and PM, concentrations. The reconstructed g¥vefers to the sum of the source
contributions estimating using the PMF source appament evaluation. The
measured PM refers to the mass concentration measured usen@ENT sampler
and the BAM concentration is the 24-hour averageentration measured at the site
for NES compliance monitoring purposes. FigurestB.B.9 illustrate daily variations

in meteorological variables and RMconcentrations on days when the highest
concentrations from each source were measured.
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TableB.4: Summary PM, data for peak source days
Measured
Source PM 10 Reconstructed* PMio BAM PM 19
Date Source Hg m™ PMio pug m™ pg m pg m
8-Jun-06 Domestic 74 83 78 65
10-Jun-06 Domestic 88 94 94 86
24-Jul-06 Domestic 85 94 112 94
24-Apr-06 Marine aerosol 18 19 13 18
16-Jul-06 Marine aerosol 22 22 20 34
17-Apr-06 Sulphate 3 13 11 15
3-Mar-07 Sulphate 2 7 19 11
31-Mar-07 Motor vehicles 3 13 11 11
20-Apr-07 Motor vehicles 4 30 17 31
31-Aug-06 Sail 8 27 25 23
20-Sep-06 Sall 7 20 26 15

* The reconstructed PMip mass is the amount of PMjo estimated for that day based on the PMF analysis of
sources. Note this may be higher or lower than the measured PMi; mass and represents the sum of the
estimated individual source contributions (ug m'3) to PMso on the day.

Strong diurnal variations in hourly average gNoncentrations are apparent on days
when the domestic heating contribution was greateséth peak concentrations
occurring during the evening from 5pm to midnigRigire B.5). A smaller mid
morning peak is also apparent and relates to batearological conditions and
emissions at this time. On these days the windtiine was predominantly south to
south west during the evening and morning periodseerwthe elevated P
concentrations occurred. A northerly wind shiftidgrthe afternoon on these days
also occurs but is not associated with elevateg,lebhcentrations.

Figure B.6 shows winds were from the north and alo8-10 ms on one of the high
marine aerosol days and from the east and arour@ r8s' on the second. Easterly
winds are the likely the most common direction tbis source although other
directions are possible with variable wind trajeiets.

High sulphate days were characterised by variabtel wirections, temperatures of
around 18 to 20 degrees and wind speeds rangimg ®rdo 10 m3 (Figure B.7).
Although these days represent the greatest maspensdntage contributions from
sulphate, on 17 April domestic heating was the tgstacontributor to total PM
concentration and on 3 March marine aerosol wagitha&test contributor.
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FigureB.5:  Daily variations in meteorological parameters aifconcentrations on days when

the domestic heating contribution was greatestastidgs.
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FigureB.6:  Daily variations in meteorological parameters aiifconcentrations on days when
the marine aerosol contribution was greatest ininigs
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FigureB.7:  Daily variations in meteorological parameters aiifconcentrations on days when
the sulphate contribution was greatest in Hastings.
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FigureB.8:  Daily variations in meteorological parameters ahifconcentrations on days when
the motor vehicle contribution was greatest in Hast
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FigureB.9:  Dalily variations in meteorological parameters aiifconcentrations on days when

the soil contribution was greatest in Hastings.
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Figure B.8 shows that on 31 March 06 when elevatetor vehicle contributions

were observed, wind was mainly from a northerlediion and wind speed was 5 to
12 m &' for most of the day. A decrease in wind speed arahge in direction after

7pm did not result in significant changes in fgMdoncentrations. On 20 April 2007,
wind was from the southerly direction during thermog, northerly direction during

the afternoon and southerly direction during thenévg. Wind speed was low during
the morning and evening periods and up to arounch ) during the afternoon. The

main source of PM on 20 April 2007 was domestic heating (81%).

It is worth noting that the morning peak in RMconcentrations (around 9am as
observed on high pollution days: e.g. Figure BsShon-existent or minimal on the
two days when PM concentrations from motor vehicles were highestdise of the
timing of the pollution peak relative to pattermsviehicle movements, this peak has
often been referred to as a motor vehicle peak,bay alternatively be due to
relighting of domestic fires for heating in the mimg. On the days when this peak
occurs (e.g. Figure B.5) the motor vehicle contidouis minimal (1-3%).

The highest soil contributions to R)Mconcentrations occurred on the 31 August and
the 20 September 2006. Figure B.9 shows southerlg directions on both days with

a brief change to northerly in the afternoon on3heAugust and the evening of the 20
September. On both days wind speeds were higroahdr8 to 10 m'Sfor extended
periods.
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Appendix C: Data Analysis Hastings PM ;5

Elemental analysis of Hastings PM ;5

Table C.1. presents the data for the elementalestrations determined by IBA for
PM, s at Hastings.

TableC.1: PM, s elemental concentrations and statistics

Average No. of

concentration Max Min Std Average % Av LOD samples

Element ng/m? ng/m? ng/m? dev Error ng/m? >LOD
H 278 1160 26 283 3 5 130
BC 1321 3313 308 681 2 38 130
Na 347 1215 32 239 11 69 128
Mg 46 150 7 29 11 7 129
Al 19 79 1 15 13 3 125
Si 58 224 7 43 4 2 130
4 14 0 3 101 4 73
232 818 25 147 3 2 130
Cl 603 2649 10 493 3 2 130
K 115 1287 16 133 3 1 130
Ca 35 86 5 17 5 1 130
Ti 1 7 0 1 69 2 55
Mn 1 14 0 2 94 1 48
Fe 22 93 2 15 8 1 130
Cu 3 43 0 5 52 1 85
Zn 9 62 0 9 27 1 124
As 6 29 0 8 40 3 71
Se 1 5 0 1 51 4 14
Br 3 77 0 7 63 5 42
Ba 5 129 0 12 73 5 47
Pb 7 70 0 10 100 14 24

A number of elements were measured at low cond@msaat or near the limits of

detection (LOD) and these were excluded from theeptor modelling process.

Research suggests that those elements with less7th&o values above the LOD
should be excluded from factor analysis and whevaricular element is considered a
crucial tracer for a source, measured values sHzrilat a minimum of 50% above the
LOD. The effect of these low concentration specieghe receptor modelling should
be examined in detalil.
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Factor Identification

FigureC.1:

Principal components analysis (PCA) of the data ezslucted in order to determine
relationships between PMspecies and examine the number of factors (souticas
can be appropriately derived from the speciated.dat

The PCA provides estimated communalities for eadment (which can be

interpreted as estimating the proportion of théalality in each variable attributable

to the extracted factors), and the scree plot efElgenvalues for each factor which
provides an indication of the significance of egtesl factors. Figure C.1 shows the
scree plot derived from the PCA analysis which éatks four to five significant

factors are present.

Scree Plot

Eigenvalue
w

(V) SR S R Rt e A
0 3 6 9 12 15

Factor

Scree plot of Eigenvalues from PCA of Hastings,E®lemental composition

A total of 120 samples were included in the PCAdabtings PM;s elemental data and
four factors extracted which, between them, expldif3% of the variability in the
original data. Other minor sources may contribotéb, s but were not resolved by
PCA. For the purposes of the source apportionmér®PM,s mass by PMF, the
statistical data provided by PCA suggested thavua br five factor (contributing
sources) solution may be appropriate.

Sour ce contributionsto PM ;5 at Hastings

Four primary source contributors were found to e most robust solution to the
PMF analysis of the Pp4elemental data. These are identified as present@elble
C.2. The PMF modelling diagnostics are listed ibl€aC.3.
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Elemental composition of source profiles and cbuotion to PM s at Hastings

Factor 1 Factor 2 Factor 3 Factor 4
Motor Vehicles Sulphate BBISrmningS Seasalt
Average Mass Average Mass Average Mass Average Mass
Species ng/m? ng/m? ng/m? ng/m?
PM2.5 1072 1140 7608 1193
H 24 17 220 1
BC 300 103 694 139
Na 21 60 0 268
Mg 4 8 2 32
Al 14 2 1 0
Si 44 5 6 1
S 0 171 37 14
Cl 0 0 69 513
K 15 2 76 11
Ca 14 4 3 13
Fe 15 1 4 0
Zn 2 0 5 0
As 1 0 5 0
PMF diagnosticsfor PM s at Hastings
Species Intercept Slope RMSE r2
PM25 1402.21 0.73 2387.34 0.85
H 18.23 0.89 37.99 0.98
BC -71.31 1 331.78 0.81
Na -14.56 1.03 45.41 0.97
Mg -1.19 1.01 5.44 0.96
Al 1.92 0.86 3.45 0.93
Si 5.46 0.87 9.19 0.94
S 9.88 0.94 24.68 0.97
Cl 44.16 0.89 57.39 0.98
K -4.51 1.04 14.92 0.97
Ca 5.27 0.81 5.55 0.87
Fe 2.75 0.82 4.72 0.87
Zn 2.15 0.62 3.56 0.68
As 1.25 0.75 2.74 0.8

Qtheoretical = 800; Qrobust = 533.17; Qtrue = 533.17

Number of bootstrap runs that converged and are summarized: 200

Number of bootstrap runs that did not converge: 0

Number of bootstrapped factors mapped to original factor 1 : 200
Number of bootstrapped factors mapped to original factor 2 : 200
Number of bootstrapped factors mapped to original factor 3 : 200
Number of bootstrapped factors mapped to original factor 4 : 200
Number of bootstrapped factors mapped to no original factor : 0
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The PMF analysis has satisfactorily modelled tlsmeintal mass concentrations and
the bootstrapping shows that the derived profiles r@producible. There were no
standardised residuals beyond -3 or +3.

Hasting PM , 5 elemental scatter plots

Sour ce contributions on high pollution days

High concentrations of air particulate matter afreancern due to adverse effects on
human health. Four peak pollution days where, Pbbncentrations exceeded g4
m* and PM, exceeded 5Qg m* were chosen for detailed analysis of the contirifgut
sources and the air pollution meteorology on thizses. Monitoring results from these
days are displayed in Table C.4.

Analysis of PM s sour ce contributions on 10 June 2006

Domestic heating was found to be the dominant socontributor to PMs (98%) on
10 June 2006 as the relative source contributi@rg/ed from the factor analysis
shows in Figure C.2.
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TableC.4: Concentration data for PMevents at Hastings

ANSTO ASP GENT PMip  BAM PI\/|310 (Mg

Date PMzs (ug m ™) (Mg m™ m™) % PMas
10/06/2006 41 94 86 48
04/07/2006 40 60 51 78
18/07/2006 48 55 43 112
24/07/2006 41 112 93 44

St Johns PM 5 5 source contributions
10/06/2006 PM, 5 = 41 ug/m”®

Motor
veh|;:Ies Seasalt
1% 1%

Domestic
heating
98%

FigureC.2:  Source contributions to PMon 10 June 2006 at Hastings

Meteorological conditions at the Hastings air dqyathonitoring site during 10 June
2006 were characterised by cold overnight tempezatfminimum -1°C) and low
wind speeds (< 2 ni'§ from the southerly quarter (Figure C.3). Two peak1-hour
BAM PM, concentrations occurred, the first between 0:aD @G8100 (~ 1759 ni®)

in the morning and the other between 17:00 andR#r@he evening (~ 200g m°).
Synoptic meteorological conditions were anticyatoas shown in the mean sea level
pressure (MSLP) chart presented in Figure C.3.

Analysis of PM s sour ce contributions on 4 July 2006

Domestic heating was again found to be the domisantce contributor to PM
(98%) on 4 July 2006, as shown in Figure C.4.
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FigureC.4:  Sourcecontributionsto PM,s on 4 July 2006 at Hastings

Meteorological conditions at Hastings on this dagrev characterised by cool
temperatures (minimum 3C) around midnight, and low wind speeds from the
northerly quarter (Figure C.5). One-hour BAM RMconcentrations peaked at
midnight (~ 300 pg m® and decreased through the early morning. ;M
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concentrations dropped to low levels as a southverig increased during the day due
to an approaching trough from the southwest acated by the MSLP analysis in
Figure C.5.
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FigureC.5:  Meteorological analysis for 4 July 2006: Clockwisem top left - Synoptic MSLP
analysis for midday; Temperature trace; wind spaed direction; 1-hour average
BAM PMy,

Analysis of PM s Sour ce contributionson 18 July 2006

Domestic heating (79%) was again the primary soaféd, s on 18 July 2006 with a
contribution also from motor vehicle emission s@sr¢15 %) as shown in Figure C.6.

StJohns PM ;5 source contributions
18/07/2006 PM, 5 = 48 pg/m"®

Sulphate Motor
3% vehicles
15%

Seasalt
3%

Domestic
heating
79%

FigureC.6:  Source contributions to PMon 18 July 2006 at Hastings
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Meteorological conditions at Hastings for this pdriwere characterised by cool
overnight temperatures (minimun?®), with a gentle south to southeast breeze (1 - 2
m s?) that swung more northerly during the day and tthepped away in the evening
of 18 July (Figure C.7). One-hour BAM RMconcentrations increased during the
evening to peak (18Qug mi®) at approximately 10pm. Synoptic meteorological
conditions were anticyclonic, bringing a northdtbyw over Hawke’s Bay as shown in
Figure C.7
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FigureC.7:  Meteorological analysis for 18 July 2006: Clockwfsem top left - Synoptic MSLP
analysis; Temperature trace; wind speed and directi-hour average BAM Pyl

The peak BAM PM, concentrations at night suggest that solid fued &missions
were the main source of air particulate matterypiolh as indicated by the receptor
modelling.

Analysis of PM s Sour ce contributionson 24 July 2006

Receptor modelling results determined that doméstating (97%) was the primary
source of PMs on 24 July 2006 with a minor contribution from miotvehicle
emission sources (2%) and marine aerosol (1%)@srsin Figure C.8.
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Source contributions to PMon 24 July 2006 at Hastings

Meteorological conditions at Hastings for this pdriwere characterised by cold
overnight temperatures (minimum %), and low wind speeds (> 2 rif)sfrom the
southwest. Two peaks in 1-hour BAM RMoncentrations occurred, the first between
00:00 and 04:00 (~ 256y m®) in the morning and the other between 19:00 an@®4
in the evening (~ 250g m®). Synoptic meteorological conditions were antioyit
due to a high pressure area to the west of thehNsldnd bringing the south-westerly
flow over Hastings as indicated by the MSLP analysiFigure C.9.

Summary of high pollution days

Peak PM;s concentrations in Hastings were found to be prignalue to emissions
from domestic solid fuel fires. The highest concatmns occurred on cold calm
nights when dispersion conditions were poorestsiguificant temperature inversions
were likely to have formed. Synoptic conditions wegenerally found to be
anticyclonic with a general southerly flow over tlawea. Where peak BM
concentrations occurred during a more northerlyfla significant motor vehicle
contribution was also present. Further analysisairce contributions with wind
direction is provided in the following section.

Source identification and apportionment of glshd PM s in Hastings and Auckland 79



MN‘LWA -

Taihoro Nukurangi

20

15 A

T T T
24-Jul 00:00 24-Jul 06:00 24-Jul 12:00 24-Jul 18:00 25- Jul 00:00

Ambient temperature ( DC)

s - i ) Al

d .

e ) R
Lt W -
T o
AP Es %
s e
itior] Mefgarlogol o Cosiroqmpic Cenie 2} °
o o heizoony i %

WL Analysis (hPa

5
VALID 0000 UTC 24 JUL 2006
T0AM EST 24 JUL 2006

w
o
Is)

250 10

]
=

N
N
o

——

=
©
o

Wind Direction (degrees)

-
N
=]

-
o
S

300 12 360
4 T ll

|
(]
Il

Il Iln....l 0 " ‘ ‘ \JVA/\'A’A”O

24-Jul 00:00 24-Jul 06:00 24-Jul 12:00 24-Jul 18:00 25- Jul 00:00

1-hr BAM PM 10 (ug/m®)

= N
[ o
o o

Wind speed (m/s)

o 2]

i

]
%

;__

-
@
=]

o
=]

0
24-Jul 00:00 24-Jul 06:00 24-Jul 12:00 24-Jul 18:00 25- Jul 00:00
—Wind Speed ——Wind Direction

FigureC.9:  Meteorological analysis for 24 July 2006: Clockwisem top left - Synoptic MSLP
analysis; Temperature trace; wind speed and dirgcti-hour average BAM Pyl

M eteor ological variations

A useful data analysis method is to investigatéhdre is a relationship between the
source contributions and wind direction. ConditioRxobability Function (CPF)
analysis provides a method to determine the domstifor which high values of
estimated source contributions are likely to batesl with the source directions.

The probability that a source contribution origastfrom a given wind direction is
estimated by comparing the wind direction distridutfor the upper 25% of source
contribution relative to the total wind directiorsulibution.

Where:
m,,: Number of occurrences from wind sectdé for the upper 25% of

source contributions
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n,, : Total number of occurrences from the same weulos

Analysis was based on the data where the wind spegims®. Sources are likely to
be located in the directions that have high CPRiesal The CPF analyses for each
source are shown as a radial plot in Figure C.b@. radial divisions are in degrees (0
= north; 180 = south) and the vertical axes aneliative units. Therefore, the greater
the distance from the origin, the higher the maastribution for a given wind
direction.
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FigureC.10: CPF analyses of relative source contributions withd direction in Hastings

The following sections discuss the results for esmlirce contributor for the Hastings
PM, s dataset.

Motor Vehicles

The motor vehicle contribution originates primariisom the north and westerly
sectors in the direction of Hastings’ CBD and Stdtghway 2, where traffic (and
consequent vehicle emissions) is likely to be tesést.
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Sulphate

The sulphate contribution primarily originates fraime northerly sector. As sulphate is
formed in the atmosphere due to homogeneous chere@metions the process takes
some time and the sulphate presence is normallgidered to be a consequence of
long-range transport from some originating souréep@cursor gases (e.g. §0
dimethyl-sulphide) up-wind. In this case the ora@jing source could be $SO
emissions in Napier to the north of Hastings. Seuighate will also be due to non-
sea salt sulphate, associated with emissions ofettiyh sulphide from marine
organisms and therefore there is an easterly coemias well.

Marine aer osol

The marine aerosol contribution primarily origiratieom the northeast to southeast
sectors in the direction of the Pacific Ocean.

Domestic heating

The domestic heating contribution appears to havasaociation with southerly wind
directions. The meteorological assessment of pddksRlays shows that biomass
burning (due to domestic fire emissions) dominalasng calm (wind speed <2 rif)s
and cold anticyclonic conditions when atmospherpersion conditions are poorest.
Hence the wind direction is not a considered majfiuence on this source and the
directionality may be more aligned with katabatiaidage flows.
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Appendix D: Additional analysesfor Kowhai

Analysis of elevated PM ;, events at K owhai

Taihoro Nukurangi

Two peak PM, (>30ug m®) events at Kowhai, one during the summer and thero
during the winter have been chosen for furtherysmisl These events occurred on 14

December 2005 and 3 July 2006 respectively.

Analysis of PM 1o sour ce contributions on 23 December 2005

Receptor modelling results determined that mararesol was the primary the source
(85 %) of PMg on Friday 23 December 2005.as shown in Figure D1.

Kowhai PM 14 source contributions
23/12/2005 PMyq = 30 pg/m®

Biomass Soil
buring 2%
4% Sulphate
4% Motor
vehicles

5%

Seasalt
85%

FigureD1: Source contributions to PiMon 23 December 2005 at Kowhai (Source: ARC)

Meteorological conditions at Kowhai on 23 DecemB605 were characterised by
relatively constant temperatures (15%2P and moderate wind speeds from the
southwest. 1-hour BAM PM concentrations were relatively constant betweearizh
40 ng/m3. Synoptic meteorological conditions were cg@owith low pressure
system to the southeast of New Zealand as deplistelde MSLP chart in Figure D2.
This brought a southwest flow over the Aucklandiorgand a long fetch over the
Tasman Sea. It is likely that there was significamtf activity on Auckland’s west

coast generating salt spray during this period.
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(Source: ARC)

Analysis of PM 14 sour ce contributions on 30 July 2006

Receptor modelling results determined that biontasging was the primary source
of PMy on 30 July 2006, with a lesser contribution froroton vehicle sources as

shown in Figure D.3.

Meteorological conditions at Kowhai on this day wecharacterised by cool
temperatures on the early hours of 30 July (minindi@), calm conditions and peak
1-hour average BAM PN concentrations around @ mi® (Figure D.4). During the
day, wind speeds increased from the north-eastieidyter and PM dropped away to
background concentrations (~1®/m°). Synoptic meteorological conditions were
anticyclonic due to a high pressure area norttefadew Zealand with a low pressure
system approaching from the Tasman as indicatethé&yMSLP analysis in Figure

D.4.
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Kowhai Partisol PM 1o source contributions
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FigureD.3:  Source contributions to Piylon 30 July 2006 at Kowhai (Source: ARC)
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Analysis of an individual PM ;5 event at Kowhai

TableD.1;

One peak PMs event at Kowhai during the monitoring period haerm chosen for
further analysis. The BAM 24hr PMresults also indicate elevated concentrations for
the same period as shown in Table D.1, althougtidtnot exceed the NES (50

ug/nt).

Concentration data for a BMevent at Kowhai

Date PM2s (g m™) BAM PM1o (ug m™) % PMas

12/07/2004 27 34 79

Analysis of PM s sour ce contributions on 12 July 2004

FigureD.5:

Biomass burning was found to be the dominant sococgributor to PMs (91%) on
12 July 2004 as the relative source contributioagvdd from the factor analysis
shows in Figure D.5. Motor vehicle emissions weo¢ observed as a source on 12
July 2004.

Kowhai PM , 5 source contributions
12/07/2004 PM, 5 = 27 pg/m*®

Soil seasalt
Sulphate 1% 10
7%

Biomass
burning
91%

Source contributions to PMon 12 July 2004 at Kowhai (Source: ARC)

Meteorological conditions at Kowhai on this wintetay were characterised by low
overnight temperatures (minimum®@), clear skies, and low wind speeds from the
south-easterly quarter with calm winds (< 1 H ®r 50% of the period (Figure D.6).
Two peaks in 1 hour BAM PM concentrations occurred: the first between 071D a
11:00 Peak (~5Qig mi®) in the morning and the other between 22:00 an@®i the
evening (~100pg m®). Synoptic meteorological conditions were antioyit,

Source identification and apportionment of glshd PM s in Hastings and Auckland 86



—NIVA_—

Taihoro Nukurangi

bringing cool air from the southern oceans up tolwakuckland as depicted by the
mean sea level pressure (MSLP) chart shown in EiQus.

5 SY

N

s ;;\ 16
L 5
S %
¥ LT M
RN

.,_7%‘\.\\, 20

Temp (°C)
©
5

- 4020 et
Nairet Wetsorkogical o Desmogrophic Cenire
r

Eures of Heorio 11Jul 11Jul 12Jul 123ul 120ul 120u 13Jul 13Jul 13Jul
M\SL\TDASS‘ s hplu e 1200 1800  00:00  06:00 1200 1800  00:00  06:00  12:00
Time (hour)
ata 08 EST 12 UL 2004 (hour)
,//’T‘NERTH\\
120
100
~ 80
E
=)
3
2 60
=
a
I
- 40
WIND SFEED
)
20 | | | 10.0
| | ||| | o
= SOUTH— -
— i
Lttt UL AL s 16D AL

11 Jul 00:00 11 Jul 12:00 12 Jul 00:00 12 Jul 12:00 13 Jul 00:00 13 Jul 12,

¢ IONNND:

o
3
g
g

FigureD.6:  Meteorological analysis for 12 July 2004: Clockwisem top - Synoptic MSLP

analysis for midday; Temperature trace; windroseodr average BAM PM(Source:
ARC)

Wind direction was such that traffic emissions frtm north-western motorway and
other busy roads to the north and west would hagpedsed away from the
monitoring site. However, the wind direction wollave brought air to the monitoring
station from across the residential areas to thehsast, which would explain why
domestic fires were the major source of particutaééter on that particular day.
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