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Executive Summary

“Protecting New Zealand's Clean Air" is a reseammtogramme currently being funded by The
Foundation for Research Science and Technology TFR®ntract number C01X0405). The
Monitoring and Network Design research objective this Programme aims to improve BRM
monitoring networks and measurement systems in Kealand. The outputs from the research will
help resource managers and resource users meeedh#ements of the NES as effectively as
possible.

This report has been prepared subsequent to arfeiR&T report (Wiltoret al.,2007), which presents
results of PM source apportionment studies receaitgied out in NZ.

A recurring question in Air Quality management iswhto estimate background or baseline
concentrations now and in the future to assessfthets of abatement strategies or new projects.

As part of the research programme we are carryirigrmnitoring and source apportionment studies
of PMy, in collaboration with various partners in ordeidgtermine what proportions are coming from

which sources. The results of these studies camsed to refine emissions inventories. We are also
carrying out modelling studies for various purposesh as interpolation of monitoring data and

forecasting of pollutant concentrations for AQ ngemment and resource consent. All these activities
require an estimation of the background conceptmatito close the gap between monitoring and
modelling. For AQ management there is also a neegstimate background as a starting point for
straight-line paths to NES compliance.

However, "Background" means different things tdedldnt people depending on the context in which
it is being used: Urban, rural, remote, naturalanthropogenic? And do we mean background or
baseline?

For resource management in NZ, background;(Pi8l generally used in one of two contexts,
model/attainment strategies and consent procesElnig Report focuses primarily on the former while
providing the foundation for a subsequent repati§sing on the latter.

Regional background PMmay be defined as any Rihat is natural or is sourced from beyond the
regional boundary. Receptor modelling (RM) is mauttrly useful for quantifying this. If time and/or
resources are not available to do RM, a data miajmgroach could be considered. Techniques for
estimating background values for these purposdsdacsimple indicative values included in the MfE
good practice guides, regional background monitpend filtering of monitor data and regression of
co-located monitor data.

Background PM;, concentrations in NZ iv
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Source apportionment studies using receptor madeihidicate that in summer, non-anthropogenic
sources can constitute up to 80% of the measured &Mough on high pollution days in winter the
value tends to be much lower, e.g. 10-20% in M&mtefDavy, 2007), 15% in Kowhai or 8-10% in
Hastings (Wiltoret al,, 2007).

Other estimates of background such as regressignvgiues for non-combustion sources, which may
still be anthropogenic. An example is given of% in Masterton (Xiet al., 2006).

Estimates of long-term average regional backgrdektd, have been compared from three methods
across 5 locations. All but one analysis suggeatediue in the range 8 — 1@ m®, with a higher
range (at Pukekohe) of 10 — ilg m* potentially linked to higher wind-driven resuspiensin south-
westerlies.

Coastal sites can have very high background corat@nis due to high sea salt loadings. Marine
background measurements of the order ofug5m* have been made at Christchurch and Kaikoura
with a strong spatial gradient reported in Chrigtch (Clarket al.,2007).

The following recommendations have been made:

Recommendation 1

Report writers (applicants, consultants, researchers, and council staff) should provide
definitions of ‘Background’ or ‘Baseline’ within their report. This should indicate whether it
refers to sources, concentrations or locations. It should indicate what it DOES and DOES
NOT include. For example: “In this report, Background is assumed to mean any natural
sources such as sea salt, pollen and biogenic particulates and any wind blown dust
(including that arising from human activity) but does not include any other anthropogenic
emissions.”

Recommendation 2

Air quality assessment of sites within 5 km of the coast should consider the impact of sea
spray. Background PMy, is likely to have a directional dependence due to the influence of
wind speed-dependent sea spray in onshore winds. In non-urban areas monitoring data may
be filtered between onshore and offshore winds, or by wind direction generally, to identify this
variation. Onshore winds may not necessarily be taken as the worst-case, if offshore winds
carry high contribution from an inland source.

Recommendation 3

PM3, monitoring sites within 200 m of the coast cannot be considered representative of
locations further inland or whole airsheds, nor are they particularly stable due to rapidly
changing locally elevated surf-generated sea spray. Such sites should be avoided for the
purpose of NES compliance monitoring unless the local contribution of sea salt is explicitly to
be included.

Background PM;, concentrations in NZ v
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1. Introduction

1.1 Scope

This report is aimed at air resource users. Theokggctives of this report are to
e provide a conceptual framework for background RMdefinitions and uses,

* review the current state of knowledge regarding gdberces of background
PM in New Zealand,

e provide an overview of previous estimates of baskgd concentrations of
PM in New Zealand and compare to estimates from réwent source
apportionment studies, and

e present some methods for estimating backgroundfereht circumstances.

1.2 Context

“Protecting New Zealand's Clean Air" is a reseamgtogramme currently being
funded by The Foundation for Research Science awhriblogy (FRST Contract
number C01X0405). The Monitoring and Inventorieseggch objective of this
Programme aims to improve R§/monitoring networks and measurement systems in
New Zealand. The outputs from the research wilb mesource managers and resource
users meet the requirements of the NES as efféctagepossible.

This report has been prepared to support contramiguut 3.4.5, which specifically
requires;

“ A report or workshop which,

« Defines “background” air pollution and considerdiete, industry, domestic
and natural sources

* Presents an analysis of air quality and source rippment monitoring data
that aims to determine the contribution of backguair pollution to urban
air quality.

* Provides a method by which background air qualiéiyg be estimated for the
major urban areas in New Zealand”

Background PM;o concentrations in NZ 1
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The workshop was conducted in Auckland and repaaté&tristchurch in May 2007.
An overview of the workshops, including lists ofeatdees, is included in Appendix 1.

It follows an earlier report (Wiltoet al.,2007), which presented results of PM source
apportionment studies recently carried out in NAB. garly version of this report was
submitted to FRST and NESRAG in June 2007. Follgwieviews by members of
NESRAG substantial changes were made. A decisios mvade late in 2007 to
withhold the release of a final version until aftee completion and publication of a
large source apportionment study (based on anadsisl400 PMyand PM s filters)
commissioned by Auckland Regional Council. Thisafiwversion has incorporated
findings from this study, which was published inyW2008 (Davyet al.,2007).

A recurring question in air quality management @vhto estimate background or
baseline concentrations now and in the future wess the effects of abatement
strategies or new projects.

Regional Councils are charged with achieving coamgée with the Py AQNES by
2013. Reducing concentrations inevitably meansaieduemissions. However, not all
emissions to the atmosphere can be managed, ane spnssions occur in one
airshed or Region, but impact concentrations intl@roThe relative impacts of
emission cuts can only be predicted if the contribiion to concentrations of other
emissions, including natural, non-inventory and norocal, can be quantified and
understood. As the New Zealand AQNES for RMspecifies an averaging time of 24
hours, and the WHO annual guideline has not beaptad in the Standards, an
understanding of the temporal variability of theckground is crucial. The key
question ishow much do background sources contribute to concérations on
those days when the NES is exceeded

This Report focuses on the current state of knogdaeégarding background Rjand
some existing and proven means of estimating ivillt inform a follow-up report
providing more specific advice on how to determaselines for industrial Resource
Consents to be completed by October 2008. It wib &e used as one of the
foundations of the next FRST air quality programriealthy Urban Atmospheres’,
which will begin in October 2008.

However, "Background" means different things tdedént people depending on the
context in which it is being used: Urban, ruramoge, natural or anthropogenic? And
do we mean background or baseline?

Background PM;o concentrations in NZ 2
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2. What is background?

» Different uses of the term ‘background’ are disedss

» For air resource users the most common useful ilefins emission
sources (and resulting contributions to concemna) beyond the
direct control of a local authority.

« A single definition for background across all cott¢e is not
appropriate.

» Background should be clearly defined in each spudyéct/report.

2.1 An overview of definitions

The word ‘background’ is frequently used in air iiyamanagement — perhaps too
frequently, for it has come to mean many differdmhgs to different people, and
different things to the same person. Therefore disgussion of ‘background’ in the
sense of atmospheric contaminants cannot begihtbatmultiple uses, meanings and
nuances of the word are disentangled.

Background can refer to an emission source, anearhbboncentration (or contribution
to it) or a location. It may or may not include lagipogenic emissions. In general,
readers need to be aware that no consensus emistssimgle general definition that
can be used in all contexts, and it is quite pdsdifiat no consensus could ever be
reached. Within a specific context however, mutagleement on definitions is
achievable. Thus, careful definition of backgroumé key requirement in any report
or assessment that uses the term. In this reponvigresent an overview of the
many different concepts of background and examiirge dircumstances where it is
most likely to be encountered by air quality reseuwisers in New Zealand.

When defined in terms of emission sources, backgfooan mean ‘natural’ as
opposed to anthropogenic (discussed further belMeye commonly it can refer to
sources not in the emission inventory. This apgroacmost likely to be taken by
Regional Councils in the context of NES compliandais definition may be taken to
mean sources outside of our control (e.g. sea ydraythat is not necessarily the case
as in certain Regions non-inventory sources contdude shipping or small-scale
cooking operations, whicre, in principle, amenable to control.

Background PM;o concentrations in NZ 4
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Another common use of the word background is tames emissions from outside
the area of concern, i.e. emissions that are ratall. For example, if we are
managing an airshed, emissions from outside ofainshed are often described as
background. If we are considering the whole of N&waland, then background may
refer to emissions external to our country, whethey are continental or oceanic.

Furthermore, background may be defined met ‘foreground’ in other words,
emissions or concentrations from any source thategist the source, activity or
receptor that we are interested in. This approachdre likely to be taken in the case
of Resource Consent or specific environmental irjpasessments. This concept is
similar to ‘baseline’ — the differences will be éoqed further below.

2.2 Natural versus anthropogenic

One definition of background is to align the cortcefth ‘natural’ as opposed to
anthropogenic emissions, i.e. those emissions wiwatild occur in the absence of
human activities. However, this is not as clearasitit may at first seem. Mineral
dusts can form a significant component of ;gMVhereas much of this dust is
resuspended by the wind, animals are also resgerisibits resuspension, and for the
disturbance of soil crusts, which exposes soil itadverosion. Although ‘soil’ may be
thought of as a natural source, it is resuspendeddoicultural activities, mining,
quarrying, track-out on vehicle tyres and resusjpanef road dust by vehicles - all
human activities.

To correctly quantify the impact of human actiwstien the atmosphere it is necessary
to know what the state of the atmosphere would bkowt the impact of human
sources. However, the measurement of the statdeofbickground (i.e. natural)
atmosphere is not an easy task. The main problemfisd a location not affected by
human activities. This is further complicated bg fact that after several thousands of
years of human activities there is almost no platehe planet that can be viewed as
truly background. For instance, measurements irAtisic show that the particulate
matter observed there has a noticeable impact framan activities (Stohét al,
2006). Furthermore, measurements of greenhouse (@s#s) in supposedly pristine
locations show variations that avery likely to be the result of human activities
worldwide (IPCC, 2007).

2.3 Location-based definitions

Background may refer to a location where monitoringy be conducted, or the
composition of the air sampled there. Sub-defingioclude:

Background PM;o concentrations in NZ 5



—NIWA_—

Taihoro Nukurangi

Urban background. Considering that one of the main objectives aof quality
measurement in urban areas is to know the popuolagiposure to potentially
dangerous concentrations, it is useful to have oreagents that are representative of
a large urban area (Harrisen al, 1999). Therefore, even though it is not a proper
background, the concept of urban background is lwideed to describe the mean
concentration of pollutants in urban areas. Furtloee, the concept of urban
background has been overused so that there areakeléerent concepts that fall
within the definition of urban background:

Industrial background. Location where industriaigsions are dominant.

¢ Residential background. Location far from industs@aurces and mainly
dedicated to residential activities.

¢ Suburban. Location far from commercial centres amtlistrial sources but
dominated by residential activities.

e Urban centre. Location deep in the city but distghdrom roads, where
people spend significant time during the day.

Rural background. This is generally defined as referring to typicahcentrations in
rural areas well removed from urban centres andsabject to impacts from point
source discharges. Contributions to rural backgidaaolude pollen, wind blown dust
fertiliser application and occasionally smoke fraoral burnoffs. A definition of
“rural background” may be relevant when consideriggpurce consent applications to
discharge to air in predominantly rural locations.

Continental background. This is the land based equivalent to the marine
background. It is defined as the concentration darye extensions of land far from
the coast and human activities. However, the difietypes of climates in continental
areas and the different vegetation or soil commrsitmeans that background
measurements are dependent on the location oféasurement (Laaks al, 2003).

Marine background. It is understood as the composition of the atrhespover large
extensions of salt water (oceans) not disturbedabgmasses or ship tracks in the
vicinity. This is one of the most difficult backgnod concentrations to measure
because it requires the location of a sensor im@®as in a platform as small as
possible. Alternatively small islands or expose@stal sites can be used for such
measurements (McGoveet al 1994).

Background PM;o concentrations in NZ 6
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Polar background. Supposedly the simplest of the background dedimst the
difficulty of setting a measurement site that does disturb the background makes
these measurements logistically difficult.

24 Visualising background

Measurements at a given point can be conceptualisetepresenting the sum of
contributions from different sources in differenotétions. Figure 1 below illustrates
this emission-source based concept. Inventory ssunwill make up different

proportions of each box.

Local
emissions

Remote
emissions

Ambient

concentrations

Regional
emissions

Figure 1. The different scales of source emissionsontributing to measured ambient

concentrations

This can also be visualised as a hierarchy of sayEigure 2) with concentration
represented by height and location representeddraglly. If we define background
spatially then it applies to either just the remertgissions (if our zone of interest is the
country), or remote plus regional emissions (ifave considering a region or airshed
only). If we define background by emission source. (natural sources, or non-

Background PM;o concentrations in NZ
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inventory sources) then each of our boxes partiatytributes to background,
although the proportion of background differs.

Local
emissions
Regional emissions Background
(spatially
Remote emissions defined)

Figure 2. A hierarchy of background source regions

2.5 Urban background

In urban areas the picture becomes slightly mormpticated and it is here,
particularly, that definitions tend to diverge. @entrations at an urban roadside

consist of the layers illustrated in Figure 3.

Near-field
emissions

Other urban (background) emissions

Regional emissions

Remote emissions

Figure 3. A hierarchy of contributions of source rgions to urban concentrations. Some
confusion may arise when describing concentrationsas the term ‘urban
background’ is sometimes applied to the third layeralone, but also to the sum of

the lower three layers.

Background PM;o concentrations in NZ
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When defined in terms of emissions, ‘urban backgdbulescribes the third layer in

Figure 3 i.e. urban emissions other than thosefigldrsources causing an immediate
impact at any given site.

In terms of locations, ‘urban background’ any urbbacation far enough from any

locally dominating near-field source such that tieatribution of that source (e.g. a
road, stack, etc) cannot be distinguished dueeartixing of its emissions with other

urban emissions.

In terms of concentrations, ‘urban background’ ocaan one of two things:

* either the concentration at an urban backgroundtilme (i.e. the sum of the
lower three layers in Figure 3), or

« the contribution to concentration due to urban aoknd emissions only (i.e.
the third layer only in Figure 3).

Both definitions are in common use.

2.6 Definition of background in source apportionment

The new Hastings and Auckland source apportionrsgrties reported in 2007 and
discussed below deconstruct urban ;PMnd PMs samples into 5 sources (two
sources were described differently in the 5-sitecldand study as noted below in
parentheses):

* Motor vehicles

* Domestic heating (biomass burning)
e Sulphate

e Sea spray (marine aerosol)

« Soill

Background PM;o concentrations in NZ 9
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Sea spray and soil are classed as ‘background’s Shtisfies the source-based
definition in that they do not appear in emissioveintories. Sea spray is formed in the
absence of any human activity, but we have noteovealthow human activity
contributes significantly to soil resuspension. Wiee these components are
‘background’ in the geographical sense (i.e. noally emitted) is less clear.

The origin of sulphate is even less clear. Natsmlrces include oceanic dimethyl
sulphide and volcanic activity. This component fitest definitions of background.
However, estimates of the precursors of most aptgenic sulphate sources (i.e..SO
sources) appear in emissions inventories (combuyséspecially industrially or for
power generation, but also domestic), so is thtkdpapund? From the spatial point of
view the sulphate may have trans-oceanic originkimgait part of the background,
but intra-national and even intra-airshed sour@sot be ruled out at this stage, so
that some of the sulphate in a given airshed mdgdag while the majority is likely to
be regional. Thus much sulphate may be backgrouwmm the point of view of a
Regional Council that cannot control its emissibuat it is anthropogenic and thus
amenable to control in its airshed of origin.

2.7 Agreement on definitions

Two focus groups were held to help assess the rdustate of understanding and
priorities for the future of the subject of backgnad concentrations of PiMin New
Zealand. It was appreciated by all that the définibf background varied with the use
to which it was being put and although it woulduseful for everyone to agree on a
standard definition, or set of definitions, the @ so entrenched in each context that
it would be hard to change. Suggestions of modifgerch as “Natural background” or
“Urban background” were made but they were thoughltkely to change things.
Therefore it is probably simpler for it to be defthby the user depending on the
context.

Recommendation 1

Report writers (applicants, consultants, researchers, and council staff) should
provide definitions of ‘Background’ or ‘Baseline’ within their report. This should
indicate whether it refers to sources, concentrations or locations. It should
indicate what it DOES and DOES NOT include. For example: “In this report,
Background is assumed to mean any natural sources such as sea salt, pollen
and biogenic particulates and any wind blown dust (including that arising from
human activity) but does not include any other anthropogenic emissions.”

Background PM;o concentrations in NZ 10
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3. Regional background in NZ: summary

e The current state of knowledge regarding the sauotédackground Pl in
New Zealand is briefly reviewed. A more thoroughadission of the science
is present in the Technical Annex.

» Sources are considered roughly in order of deangasgnificance.

e Sea salt is found to be highly significant, espbcieonsidering NZ's high
coastal population. Concentrations are stronglyasésl within a few hundred
metres of the coast, but the elevation is sensioweind speed and humidity
and changes rapidly. Monitoring data from siteshimitl km of the coast
should be interpreted with care.

* As a first approximation sea salt concentrationgenaetween 1 km and 50
km from the coast, but this is also highly dependsn variations in wind
speed across that distance.

» A recent study of the transport of fine desert duwn Australia suggested it
contributed ~ 5ug m® to PMy in New Zealand. This transport peaks in
autumn, whereas transport through spring and surtenels to become more
sporadic leading to potentially larger but much enepisodic concentrations.

« Numerous natural, agricultural and other anthropamgectivities (such as
quarrying, mining and construction) crush soils anitherals into particles
below 10pm, and also resuspend them into the atmospherectEfare highly
variable and mostly localised, and thus very difficto predict. Vehicle
‘trackout’ can transport this material away frore $ource area.

» Long-range transport of aged anthropogenic emisgisulphates and nitrates)
principally from Australia occurs sporadically. Thast coast of South Island
is relatively protected by precipitation scavengovgr the Southern Alps.

¢ Natural marine and remote sources make a smaltibotibn to PM, (~ 0.5
ug ). The natural marine source dominates and vadasamally, peaking
in summer.

» Information is incomplete and many contributionsian unquantified. Some
sources are better understood than others.

Background PM;o concentrations in NZ 11
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3.1 Regional background — definition, sources and variaility

This section of the report reviews the currentest#t knowledge regarding regional
background PN in New Zealand. It considers two types of soureeghropogenic
sources that are transported into an airshed freyorid its boundaries, including
those derived from gaseous precursors, and natowates both imported and local. It
does not include local anthropogenic emissions {fdreincluded in inventories or
not).

This section summarises the findings of a reviewictvhs found in the Technical
Annex. The key sources of information are a litemtreview and the source
apportionment (receptor modelling) studies condliateHastings and Auckland. The
Hastings results and initial results from the Kiagsl @ka Kowhai) site in Auckland
were reported in Wiltoret al (2007). The Kingsland data, however, forms péra o
larger 5-site Auckland study commissioned and fdrigle Auckland Regional Councll
and reported by Davgt al. (2007). In both Auckland and Hastings, five sosroé
PM;o were identified: domestic home heating, sea sprmfor vehicles, sulphate and
soil. Sea spray and soil were described as ‘backgfaalthough it was acknowledged
that sulphate from natural sources could contribateackground.

The Technical Annex reviews our current state oflewstanding of regional
background PN in New Zealand, disaggregated into the main coitipaoal
components. The relative significance of these aorapts varies between locations.
In general, however, Table 1 lists the principaktent components of NZ's regional
background P with some estimates of their contribution. In teraf New Zealand
as a whole the regional background is probably dated by long-range transport of
anthropogenic fine particles emitted both in Nevaldad and in Australia, and fine
dust from Australia. However, most of the populatioves near the coast, and in
coastal locations it appears that sea spray ilylthebe the dominant component.

The review of the various contributions to regiobatkground above have identified
that some components display more spatial and texhpariability than others. Some
such components may be of lower significance inlting-term but can lead to high
concentrations on a localised and/or episodic l{asis desert or volcanic dusts). As a
general rule coarse particles are more variable firee particles. This calls into
question the validity of any long-term average @ation, and the spatial
representativeness of any measured, modelledioragstl concentration. Table 2 lists
sources of short-term episodic peaks in the regjimsekground.

Several background components have seasonal cy8kss.spray and local soil
resuspension is driven by wind and the impactedpfod will depend on wind

Background PM;o concentrations in NZ 12
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direction, both of which are subject to seasonabatic variation such that the season
of local peaks will depend upon the local climatée have reviewed how desert dust
emission and long-range transport trajectories \sggsonally, as does sulphate

emission arising from phytoplankton blooming.

Table 1: typical source contributions to long-termaverage PMg concentrations in New Zealand.

Component Typical long-term  averag®ata Source
concentrations jig m?*
Sea salt 0.5-1.0 (> 20 km inland)

1 - 15 (near coast)

Kaikoura  monitoring,
Clark et al. (2007),
Wilton et al (2007),
Davy et al (2007), Cole

organic aerosol

et al, 2003
Soils and fine mineral 1 -2 Wilton et al (2007),
dust ~ 5 (indirect estimate based Jrl\?/lz\r/ieteél gzl.ooé§007),
radioactivity measurements) "
Biogenic secondary Unknown

(1-2in UK)

Jones & Harrison (2006

Anthropogenic
secondary PM

international sources)

2 — 4 (no data separating NZ anwilton et al (2007)

Oceanic sulphate Upto 0.4 Allebal (1997)
Remote background0.1 Allen et al (1997),
aerosol Nyeki et al. (2005)

Table 2: typical source contributions to short-termPMj, concentrations in New Zealand.

Component Typical short-termData Source
concentrations jig m?*
Sea salt 2 - 20 (in high winds) Wilton et al (2007),

Davy et al. (2007),

U_p to ~ 100 (highly exposedKocaket 12007
site)
Local soils and dust unknown
Coarse Australian desgrtJp to 30 Marxet al (2005)
dust
Volcanic dust unknown
Biogenic dusts unknown

Background PM;o concentrations in NZ
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On a short-term basis, however, of the order ofkaeeays or even hours, other
sources can become dominant. This is particuldréy dase for sea spray and the
transport of coarser dust suspended in dust starméustralia. However, the
concentration of finer Australian dusts also valesthis scale due to variability in
trajectories and the temporal and spatial varighilf precipitation scavenging.

These spatial and temporal relationships are sursehin Table 3.

Table 3. Summary of the temporal and spatial variabity in a range of contributors to regional

3.2

background in New Zealand.

constant Regular (seasonal) episodic

Spatially even Remote Oceanic nss-sulphate | LRT from Australia
background nss- | (summer peak),
sulphate

LRT from SE Australia
(summer peak),

LRT from western
Australia (winter peak)

Regionally variable Fine  Australian  dusts | Fine & Coarse
(spring and autumn peaks) | Australian dusts

localised pollen Sea spray, volcanic
dust, forest fires, local
dusts

Sea salt

Over 2.5 million New Zealanders live in town anties within 20 km of the coast.

Sea spray is generated by two mechanisms. On ripe-¢@ale the most significant is
from breaking whitecaps in open ocean leading toPddncentrations above the
south Pacific of typically 10 — 20g mi® (Grini et al.,2002). Upon transport over land,
sea salt is deposited and removed from the atmospéeding to a rapidly decreasing
concentration in the first ~5 km from the coasldyel which the gradient flattens out.
Further inland concentrations are dependent upomat#, topography and land-use.
Typically, concentrations in the 5 km coastal bard elevated by 30 — 100 %
compared to inland.

Background PM;o concentrations in NZ 14
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Within a few hundred metres of the coast generatimhshort-scale transport of larger
spray droplets from surf breaking dominates andeptrations can be elevated by an
order of magnitude compare to inland. Here longitefevations of severalg m* are
likely with short-term peaks of tens pfy m*® associated with high winds. Specific
quantification is acutely dependent upon localdect principally wind speed, but
also the potential for surf production, land-usknate and fetch limitations (e.g.
sheltering from offshore islands), thus prevenangeneralised quantification without
further investigation. Although peak values wellércess of 2Qug m> may occur
these are strongly dependent upon wind speed a&nthas rarely sustained for more
than a few hours, except in very exposed locations.

Several particle compositional analysis studieirckland in the first half of the
current decade identified sea salt as the primanyponent of PN, by mass (Wang &
Shooter, 2001, Wangt al., 2005, Wang & Shooter, 2005), predominantly in the
coarse mode. The recent source apportionment tiataesl that sea salt was the
dominant source at in Hastings except in winters vl@e dominant source across
Auckland in summer, and was a comparable sourgadimr vehicles and biomass
burning in spring and autumn. The time series obmstituted sea salt contribution to
PMyo in Hastings illustrated no clear seasonal pattand there was an apparent
randomness in the sea salt signal, which may besotag due to its sensitive
dependence on wind speed and many other factoisraitdomness in the real world
must be borne in mind when long-term average quicgl’ values are sought or used.
Despite the strong traffic influence at Khyber P&aRead, the 2006 source
apportionment study attributed peak summer;fPbbncentrations there to marine
aerosol.

Table 4: average sea spray concentrations in thegent source apportionment studies.

Hastings | Kingsland Queen Takapuna Khyber Penrose
Street Pass Rd
Annual mean sea 3.9 55 4.7 5.0 5.4 5.4
spray PMio / pg
m-3
Shortest distance 8 5 <1 2 3 7
to coast / km

The interquartile range in the sea salt contributm PM, at Hastings was 1.7 — 5.2
ug m°. This contribution exceeded 1@ m* on 5 out of 121 days, peaking at |20

m=.

Background PM;o concentrations in NZ
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Despite sea salt's large contribution to gMhe results of this study generally
indicated that peak P}y values across Auckland are currently related milynao
high anthropogenic emission and poor dispersien,low winds — just the kind of
conditions in which we would expect the sea satitidoution to be minimal.

3.3 Soil and dust

There is minimal data in New Zealand (and limiteatadglobally) regarding the
contribution of soils and fine mineral dust. Num&matural, agricultural and other
anthropogenic activities (such as quarrying, miramgl construction) crush soils and
minerals into particles below 1jim, and also resuspend them into the atmosphere.
Effects are highly variable and mostly localisedd ahus very difficult to predict.
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Vehicle ‘trackout’ can transport this material awagm the source area. A recent
study has suggested a less sporadic long-termpwansf fine dust from Australia
contributing ~ 5ug m® to PMy, in New Zealand, but this cannot be verified byedir
measurement.

Soil profiles were reported for the source appartient studies with mean
concentrations of 1.8g m® (interquartile range of 0.5 — 2j5 m°) at Hastings.

There was a weak seasonal variation at Hastingsmatximum contribution in spring
and minimum in winter. The 2006 Auckland study mé@d mean Ply) concentrations
from 1 — 2ug m®. A ‘construction’ profile was identified at QueSireet

3.4 Sulphate

Long-range transport of aged anthropogenic emissi(Bulphates and nitrates)
principally from Australia occurs sporadically. Tleast coast of South Island is
relatively protected by precipitation scavengingmothe Southern Alps. There is not
yet any study or data describing the impact of ymsar emissions in one New
Zealand airshed contributing to secondary ;p°Nh another airshed, thus the
significance of this pathway is unknown.

Lesser sources of sulphate include a natural ocesanirce arising from the precursor
emission of dimethyl sulphide by phytoplankton. Srl@mission is seasonal and is
stronger at lower latitudes. Concentrations in Néealand are likely to peak in
summer and in northerly winds at around |0g4m°.

An underlying well-mixed aged remote backgroundsaer based on sulphate, black
carbon and complex aged organic compounds is prestemll times with little
temporal or spatial variation. The limited data ilalde suggest that it contributes
approximately 0.Jug ni°.

Several studies have suggested that secondary Mkl form from locally emitted
precursors, but this remains to be confirmed. Tlastidgs source apportionment
report acknowledged uncertainty over the origintteé sulphate, considering local
industrial and traffic sources as one scenaridydiog direct sulphate emissions from
fertilizer manufacture), or remote background sesrdsea spray, DMS) as an
alternative, but in either case the contributiors wafficiently small in comparison to
other local sources that its control may not beptterity.
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Concentrations of sulphate identified by receptodelling were significantly higher
at Kowhai than at Hastings (table 5), which maygasy the importance of local
secondary formation.

Table 5: annual mean sulphate contribution to PM, from source apportionment studies

3.5

Hastings Kowhai

Annual mean sulphate PMig 0.8 ug m= 2.1 ug m

The 2006 Auckland study found average values fiphsite across the 5 sites ranging
from 1.3 — 1.6ug m® This study was able to resolve non-sea-salt sidph
independently of total sulphate, which averaged 0-70.81ug m°® and 1.0 at the
industry-influenced Penrose site. Concentratiorakee at all sites in the summer.

Contributions of profiles to background PM;o and NES exceedences

Counting sea salt and soil as background, the ibotivn of background aerosol to
PMyq in Hastings in winter was estimated to be betwk®fo and 15 %. However, on
days when the NES was exceeded, it was estimaaethdlckground accounted for just
8 % of PM,.

In Hastings, on days when the reconstructed tdé,@xceeded 50g m*, the mean
sea salt, soil and sulphate contributions werel39and 1.Qug m° respectively.

In Kowhai, if sulphate is included in the backgrdwstimate, the average background
contribution was 59 %, ranging from 31 % in winie75 % in summer.

The total contribution of marine aerosol and ‘backod’ (the sum of marine aerosol,
sulphate and soil — which will include both anthwgenic and natural sources) to
PMyo in the 2006 Auckland study is shown in table 6should be noted that the
Kingsland site is relatively central and residdntiampared to the other sites which
are more representative of localised sources (pailg traffic). Thus, Kingsland
better fits the description of an ‘urban backgrowitd’ as defined in chapter 2, and
represents a much lager spatial area. The lowetgbaend source contributions at
other sites reflects higher contribution from othecal sources.
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Table 6: Total contribution of marine aerosol and background’ (the sum of marine aerosol,
sulphate and soil) to PMg in the 2006 Auckland study.

Marine aerosol background
Kingsland 46 % 55 %
Takapuna 36 % 52 %
Queen Street 20 % 28 %
Khyber Pass Road 29 % 42 %

There were no exceedences of the NES recorded wh#&ioduring the sampling
period but two high concentration (>R m°) PM, events were examined by Wilton
et al (2007), one in winter, one in summer. The windgent was dominated by
‘biomass burning’ (attributed to domestic heatimd)ich contributed some 73 % of
the total. Background sources, including sulphatetributed 15 % of the total. The
summer event, in contrast was dominated by natmatces - a north-easterly wind
brought a marine aerosol with sea salt and sulpbatgributing 58 % and 29 %
respectively.

No exceedences of the RMNES were observed during filter sample days at%he
sites in the 2006 Auckland study. The Regional @urality Target (RAQT) for PMs
was exceeded on 8 occasions at Queen Street. Oncgasion, in January, marine
aerosol contributed 66 % and sulphate 12 %. Onvanten June, marine aerosol
contributed 14 % and sulphate 4 %. On the otherc@sions background sources were
negligible. The RAQT for PMswas exceeded 7 times at Khyber Pass Road, which is
more distant from the coast than Queen Street. docnasion was marine aerosol a
significant contributor. Sulphate made a small, fotentially significant contribution
(> 10 %) on 4 out of the 7 occasions, peaking &032n an exceedence in September.
Neither marine aerosol nor sulphate were significanthe 7 days during which the
RAQT for PM, swas exceeded at Penrose.
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4. Other background PM,q data sources

* Three alternative sources of background,ftata are presented: previously
published summary estimates, regression of mongadiata and background
monitoring site data (including filtered urban-edtga).

« Although a range of estimates are apparent, moshefapproaches tend
towards long-term averages of 8 —m?* in non-coastal locations.

4.1 Summary estimates

The draftGood Practice Guide on Assessing Discharges tdrAm Industry(MfE,
2006) provides a table of indicative ‘worst-casatkground concentrations for use in
urban and rural areas. For rural areas a singlg, PMlue of15 pg m* applicable to
the whole country is suggested based on maximumesah monitoring data where
no major upwind sources are identified. Howevemuiist be remembered that this is a
screening approach and this value may be excegsivakervative in many cases.

The FRST Programme report:Stfaight and curved line paths (SLiPs & CLIiPs):
Developing the targets and predicting the compl&n¢Fisher, et al, 2005)
recommended the use of a valuel6fug m* in the absence of more specific local
information:

“The focus of the Regulations .... is on “worst” cas®n this basis, opting for

a background of 1Qg m'3 is considered appropriate. Concentrations could be
slightly higher or lower, depending on the regiBackground could easily be

a lot higher in specific one-off circumstances,tsas bush fires — but this is
accounted for in the one allowable exceedence @nRégulations — so this
aspect is not considered further.

The actual peak background E’Ol‘doncentration anywhere in New Zealand is

very unlikely to be much less thanuf m'3 (except perhaps in the Central
Otago high country), and also very unlikely to becimgreater than 19 rr{3
(except in areas that are very close to exposestsdallowing a very windy
period, or are very dusty, or are severely affebtiegollen).”

In the recently completed HAPINZ project (Fistedral, 2007) long-term average
background concentrations were estimated for thpprmarban areas based on an
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analysis of 10 — 12 monitors on urban fringes afutther 10 short-term measurement
campaigns. Six bands were presented, as showrbie Ta

Table 7. Long term average background concentratiomfor six locations in NZ (source Fishegt

4.2

al 2007)

Category example Background PMiq / pug m
Inland (low population density) Masterton 2

Urban flat Most of Christchurch & 4

Auckland

Urban valley Wellington 6

Coast — not exposed Gisborne 2

Coast — exposed Nelson 8

Coast — highly exposed Kaikoura 16

Monitoring data regression

Where monitoring data is available, a simple apghotn estimating the long-term
background contribution to PMin an urban area may be provided by plotting;M
concentrations against CO. The approach is based thee assumption that local
emissions dominate over non-local and that locahrapogenic emissions are
principally those due to common combustion sourddsus the non-background
contributions to PNy and CO will rise and fall in proportion such thelhen one is
plotted against the other the points may tend tdsrar straight line with an intercept
corresponding to the long-term average backgrouvigh,Fstrictly that component of
PMyo that is not related to CO sources.

An example is provided of data from Masterton igufe 4 (from Xieet al., 2006).
The intercept represents the averagedidncentration when there are no combustion
contributions. i.e., zero CO concentration. Thisults in an average background M
concentration of 8.8 + 0.9 pugh{the uncertainty is the 95% confidence interval),
which accounts for contributions from sea salt, dbiown dust and secondary
particulate from May-August 2004 (i.e. winter only)
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PM1o (ug m'3)
8

* outliers

10 4 y =37.341x+8.8
R? = 0.8542
0 : : : : :
0.0 0.2 0.4 0.6 0.8 1.0 1.2

CO (ppm)

Figure 4. Linear reduced major axis regression of £-hour average CO against PN, for
Masterton for May-August 2004. Two outliers, identfied as studentized residuals
greater than 4.0 or smaller than -4.0, are excluded

Figure 5 (a-c) (provided by Environment Canterbudigplays 24 hour average RM
versus CO from monitoring data in three Canterltomyns. Estimated background
PMyo is 9.0 — 9.2ug m® in Christchurch, 11 — 11,89 m® in Ashburton and 11.3 —
11.9ug nmi®in Timaru.

Christchurch St Albans
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Ashburton

4 PM10 FDMS equivalent
B PM10 TEOM@40°

Timaru

4 PM10 FDMS equivalent
® PM10 TEOM@40°

Figure 5: Linear regression of 24-hour average PN against CO for a) Christchurch, b)
Ashburton, ¢) Timaru from 1995 to 2005 (supplied byEnvironment Canterbury).

The slope of these lines should represent theivelabntribution of domestic over
traffic sources. This relationship is less likely be linear in areas where non-
combustion sources of BM are significant, especially those with wind-driven
sources. Natural aerosols can come from biomassirtgurbut these tend to be
episodic. Low concentrations of CO and combustmmrsed PM, occur in high
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winds, but such winds will increase the emissiod aansport of sea spray and dust
from soils, and will keep resuspended road dusthénatmosphere increasing their
ambient concentration. CO concentrations are akseemglly low relative to the
sensitivity of conventional instrumentation. Thus way expect this method to be
less successful in windy, dusty, coastal or lovatimns with low CO concentrations.

4.3 Background monitoring sites

New Zealand has only one fixed Rvinonitoring site which is in a genuinely regional
background location, i.e. in a non-urban locatimaftected by local sources. This is
the Pongakawa site operated by Environment Bayesfty2 PM has been monitored

at this site since 1997. This site is in open 8eltl0 km from the coast and 35 km
from both Tauranga and Rotorua. A summary of olagenms at this site is presented
in table 8. In recent years annual mean conceotsitiave tended to a value aro@nd

pg m>. We are unable to state without further analydietiver the falling trend over

the first six years of monitoring was due to retutd in natural or anthropogenic
emissions. Over the entire dataset from Decemb@r +3September 2007 (inclusive),
the 95" percentile was 20g m>.

Table 8: summary of PM, concentrations (1ig m®) observed at the regional background site at
Pongakawa (data courtesy of Environment Bay of Plex).

Year Median Mean Max
1997 13.4 13.3 17.5
1998 13.0 12.1 44.5
1999 9.9 11.2 27.6
2000 11.0 131 44.8
2001 10.5 11.5 49.1
2002 9.7 10.0 25.0
2003 6.8 8.1 30.8
2004 9.1 9.6 21.6
2005 7.3 8.7 32.1
2006 7.9 9.2 22.9
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4.4 Filtering urban-edge monitoring data

In a very limited humber of locations (see Tabler@nitoring data may be available
from locations which are only partially affected lmgal urban emissions and which
may be used to give some indicative informationualvegional backgrounds. This is
the case for sites on the urban periphery whichadetrban emissions in a restricted
arc of wind directions. In this case the RBMata should be filtered according to wind
direction. This is an imperfect approach and tH®Wong considerations should be
applied:

* apply wind direction data that is as representatage possible of the
monitoring site.

e attempt to identify wind directions, or meteoroleaji conditions in which air
flow at the PMy and meteorological monitoring sites are decoupbedyhen
local flows dominate, for example drainage flowsaitocal basin. Depending
upon the scale of the effect periods in which thaswlitions occur may need
to be filtered out.

Table 9: A non-exhaustive list of some urban-edgeNP;o monitoring sites

Region Site Measurements notes
Northland ‘Marsden Point’ PMyg, SO, E of Whangarei and
Marsden power
station
Auckland Pukekohe PMio, NOy, O3 See below
Kumeu PMso road-affected,

especially on south
side — use with care

Gisborne Gisborne Airport PMio On W edge of
Gisborne

Marlborough Brooklyn Drive* PMig On E edge of
Blenheim

* short-term site.

The Pukekohe (Cronin Road) site is operated by RanckRegional Council. It is in a
rural site approximately 2 km from the western edf¢he town of Pukekohe (pop.
21,500), 40 km south of central Auckland (see Fgué & 7). Although ozone
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measurements have been made at the site for mang, y@\, monitoring began in
2005 and NQin 2006. Over the period for which Rj/data exists (until the end of
2006) meteorological observations have indicataéettclearly predominant wind
directions. In one of those directions (95 — 1268 Pukekohe site is downwind of
Pukekohe town and that data has been removed fignanalysis. The directions, the
corresponding mean 24 hr RMin each direction, and the mean wind speed as
measured at Pukekohe are presented in Table 1Ganlitbe seen that BMis
significantly higher in WSW winds, for which theage no significant upwind urban
sources. The occurrence of higher winds in thieafion suggests that this increase is
due to wind-driven resuspension of coarse partictesst likely sea salt and/or soil).

Figure 6: Location of Pukekohe site (black circle)and wind sector for which the site is
downwind of Pukekohe town (shaded)
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Pakatoa |
£ 5 Rotoroa Isiand
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Figure 7: Location of Pukekohe site (black circlepn large scale.

Table 10: Mean PM,, and wind speed in the three predominant wind diretions at the Pukekohe
monitoring site (ARC) with periods when the site isdlownwind of Pukekohe town

removed.
Wind sector Mean PMsio / | Mean wind speed* / | notes
pg m* ms
WSW (215 — 2859 14.1 2.9
NE (5 - 559 10.4 1.9 Auckland & Papakura upwind
SE (125 - 1459 10.3 25

*mean wind speed as recorded on 10 m meteorologiaat at the monitoring site.

4.5 Discussion — comparison of background PM estimates

The estimate of mean background R Mlerived by data regression for Masterton (8.8
ug m) is considerably larger than that suggested byHARINZ summary table (2
ng m®) suggesting weaknesses in the HAPINZ values. Timg&kawa dataset (10 km
from the coast) shows that 24 hour concentrati@ve lexceeded 20y mi*on 5 % of
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occasions, whereas the end-user guidance repashefFet al, 2005) suggested
background concentrations are very unlikely to edcd5pg m® at non-coastal
locations. The significance of such high peak bamkgd concentrations is dependent
upon the dominating background source and whektegetis temporal coincidence of
peak background and primary emissions and pooedigm. Where such peaks are
caused by wind-driven resuspension (including sdt generation) such temporal
coincidence is unlikely.

We have reviewed several different approaches ttifying background PM in
New Zealand. Table 11 summarises four of the kgyagrhes and the resulting
predictedlong-term means. Despite the large short-term and spatrédhibities and
uncertainties it is noteworthy that four differaqproaches in different locations have
predicted similar numbers. These values all apfmeaonfirm that the value of 1j0g

m* suggested as a nationally applicable estimateidhyeFet al. (2005) in the absence
of more detailed information, is reasonable, exadptxposed coastal sites where it
will be an under-estimate.

Table 11: summary of different estimates of long-ten average background PM, in New

Zealand.

Technique Location Mean PMig
Receptor modelling Hastings 8

Receptor modelling Kingsland 8.7

Receptor modelling Takapuna 9.2

Receptor modelling Queen Street 8.4

Receptor modelling Khyber Pass Road 9.6

PMjo — CO regression Masterton 8.8

PMjo — CO regression Christchurch 9.1

PMio — CO regression Ashburton 11.2

PMio — CO regression Timaru 11.6

Regi_onql background | Pongakawa (Hawke's Bay) ~ 9 since 2003
monitoring

Filtered rural background | Pukekohe (Auckland) 10 — 14 depending on wind
monitoring direction

Background PM;o concentrations in NZ
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Conclusions

5.1

General conclusions

Several definitions of ‘background’ have been foumdommon use. We find that no
one definition is superior or preferable to anyenttConsequently, it is recommended
that reports and documents clearly define backgtoumen the term is used.

Broadly speaking, P consists of three components:

1. Local anthropogenic emissions. These are mostlivelbifrom combustion,

mostly occur in the fine mode, and their concemrast peak in high-
emission/low-dispersion conditions, principally low winds in winter, and
especially at night in locations where domestic @vbarning for heating is
prevalent.

Mineral dusts and sea salt in the coarse mode.dtonis are either natural or
anthropogenic (e.g. construction, quarrying, road &ehicle wear), but a
common factor is that their atmospheric concemmatipeak in high winds, in
direct contrast to the local fine mode emissiongariation is rapid and
localised.

Fine mode patrticles transported to an airshed faden. This component is
generally the smallest of the three, has some sabpattern, but a fair degree
of unpredictability.

The latter two components are generally considerdek part of the background. Due
to the different emission and transport processgslved each component rarely
peaks simultaneously.

Coastal sites can have very high background corateans due to high sea salt
loadings. Long-term background measurements obtHer of 15pg m® have been
made at Christchurch (in onshore winds) and Kai&omith a strong spatial gradient
reported in Christchurch.

The relative impacts of emission cuts can only bedigted if the contribution to
concentrations of other emissions, including natuman-inventory and non-local, can
be quantified and understood. As the New ZealandNBS for PM, specifies an
averaging time of 24 hours, an understanding of tdmaporal variability of the
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background is crucial. The key question is how muith background sources
contribute to concentrations on those days wheiNE® is exceeded?

This question is addressed in Wilteh al. (2007) and Davyet al. (2007). In most
areas of New Zealand it appears that NES exceeslepweur on days when the
background component is minimal. The opposite imiahips between sea salt and
combustion emissions with wind speed have led talai conclusions in the UK
where it was concluded that removal of the contrilsuof sea salt from P would
make only minimal difference to the number of extm®es in London (Jones &
Harrison, 2006).

Source apportionment studies using receptor modeltidicate that in summer, non-
anthropogenic sources can constitute up to 80%efmeasured PN although on
high pollution days in winter the value tends torbach lower, e.g. 10 - 20% in
Masterton, 15% in Auckland or 8 - 10% in Hastings.

Estimates of long-term average regional backgrdeligd, have been compared from
three methods (background and filtered monitor ,d&gression of PM against CO
monitor data, and receptor modelling) across 5tioea (all on North Island). All but
one analysis suggested a value in the range 8 pgl2i®, with a higher range at
Pukekohe of 10 — 14g mi® potentially linked to higher wind-driven resuspiensin
south-westerlies.

5.2 Recommendations for future monitoring

As this report has made clear, our knowledge okd¢paxind PM, in New Zealand is
limited by the paucity of appropriate monitoringtalaMonitoring in more regional
background sites, such as Pongakawa, is highlynme@nded, even if only on a
limited survey basis. An alternative approach totedwnining background
concentrations may be to employ methods which @eeific to the expected dominant
sources or chemical constituents. For examplepastal locations where sea spray is
expected to be the dominant contributor measuresy@rgodium or chloride ions may
provide a more direct measurement of this backgipwn at least an independent
method for verifying estimates derived from RNhonitoring. Further estimates of
background PN} could be derived from regression methods if mavAmonitors
were co-located with CO monitors. Again, limitednays, while inferior to
permanent installations, may still be preferabladalata at all.
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53 Recommendations for future research

We have reported the successful use of regressi®Mg, monitor data against co-
located CO data to derive an estimate of backgrdeMg,. In principle, the same
approach should be applicable to any quantifiablstnce other than CO which has
a dominant anthropogenic combustion source, e.g,, N, particle number
concentrations. To date we are unaware of any ptteartest the applicability of such
data, but recommend that such an attempt is made.

There is much still to be done to quantify and ptethe contribution of background
sources to PM in New Zealand. This report has mostly focussedlang-term
averages, but there is a need to understand morg #ie temporal variabilities, so
that the nature of ‘worst-cases’ can be better tgtded. This is especially the case in
terms of some highly variable and unpredictable moments. In general fine particles
tend to be emitted on a more continuous basis an ©f their sources are more
widely distributed in space (e.g. oceanic sulphat&@hey have lower deposition
velocities giving them longer atmospheric resideticees. This leads to them being
relatively ubiquitous in the New Zealand atmosphsrigject to seasonal and some
random temporal variation, but reasonably well dbsed by seasonal or annual means
or median concentrations. In contrast, emissiorcadrse particles is much more
localised and sporadic with a more binary natuo& (br ‘on’). Deposition velocities
are higher, residence times shorter, and transplistances much shorter.
Consequently the impacts on ambient concentratemes much more localised,
sensitive to local-scale influences (micro-climatiesd-use, topography) and much
harder to predict. In this sense a process-baselinar prediction would need to be
very sophisticated and would require, and be seaekitdependent upon, a large
amount of input data. It may be that a more prdistisi approach based on
monitoring and/or source apportionment data is eersaitable means of dealing with
these impacts.

Recommendation 5

Further PM;q monitoring at regional background sites (such as Pongakawa) is
highly recommended.

Recommendation 6
Further co-located monitoring of CO with PM;, monitoring is recommended.

The use of regression with NO, or measures of combustion-related particles
should be researched.
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6. Technical Annex — Review of sources and transport foregional
background PMyq

6.1 Sea spray

6.1.1  Source variability

Globally, sea spray is believed to be the largedumal source of atmospheric
particles, and perhaps the largest source of g fhe process of bubble bursting in
the ocean projects particles of salt water overarge of sizes into the marine
atmosphere. Many of these particles are small éntmigemain suspended and if the
relative humidity is low enough (approximately <% then they may evaporate and
crystallize. The net emission rate is a functionvirfd speed, as is the size distribution
of the particles generated, with higher winds legdib the suspension of more large
particles leading to a rapid increase in the masgentration. Some studies have
reported threshold wind speeds, with 3 hbsing an indicative value, although values
over 7 m § have been reported (Meied al, 2006). Emission is also enhanced at the
coast through wave breaking, especially in high-gyneonditions.

6.1.2 Inland transport & deposition

Deposition of sea salt, as with all particles, ifuaction of particle size. The larger
particles, suspended at the coast will rapidly dépwithin the first few hundred
metres due to sedimentation, impaction and intéi@ep Finer particles will be
transported progressively further, so that the slistribution, and net deposition
velocity of the marine aerosol both change withatise inland. A small number of
research campaigns have measured sea salt (oidehlatreposition within a few
kilometres of a coastline. Typically the resultsddeen summarised using parametric
models that are generally of the form of an exptiakdecay in deposition (and hence
by implication, surface-level concentrations) withistance and an exponential
relationship with wind speed (e.g. Gustafsson &Eem, 1996). Beyond a kilometre
or so from the coast the coarser particles emitethe coastline have mostly been
removed leaving only finer particles generated baththe coast and from greater
distances out into the sea or ocean. Metral (2006) summarise a humber of other
studies that found that marine salt concentratirop by 85 — 95 % in the first 500 m
from the coastline. To date such field studies hawé considered the effect of
topography or varying vegetation, although modgllie.g. Coleet al, 2003) has
indicated that increased surface roughness (whiap Ibe represented by both trees
and buildings) leads to strongly enhanced deposifi@rested and urban surfaces are
aerodynamically rougher than grass or crops arsdvidniiation in roughness may have
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a seasonal component. This is significant in Auaitldue not only to its urban fabric,
but also because much of the city is separated &ronajor sea spray source (the Piha
coast) by the forested Waitakere Ranges.

Furthermore, sea salt particles may be removedinyand wet deposition processes.
In relative humidities in the range 50 — 70 % thk i more likely to be ‘wetted’ and
settle gravitationally, or be removed by rainfdlhis effect of humidity is non-linear
and very significant at high humidities (Caeal, 2003).

Decay in sea salt concentrations at greater distaimdand (tens or hundreds of
kilometres) has barely been studied. However, ie study contours and three
transects in Naand Clions over western Europe were plotted by krigifidata from
91 monitoring sites in Belgium, the Netherlandsarfee, Germany and Spain
(Delalieux et al, 2006). In this study the immediate coastal enbarent was not
included. Generally logarithmically decaying fulcis were fitted to the constructed
transects across Belgium, France and Spain. Theo@tentration decreased by 90 %
after about 560 km in Belgium, 390 km in France 288 km in Spain. Although all
locations in New Zealand are less than 150 km ftieencoast this is by the shortest
route, not necessarily the route taken by prev@aniinds. South-westerly winds are
common in South Island, which is up to 800 km lanthis direction.

Modelling has suggested that wind speed is the mgsbrtant factor in determining
inland sea salt concentrations with concentratametaying fairly rapidly over the first
~5 km with a weaker linear gradient developingrafte0 km such that concentrations
have approximately halved that at 1 km after ~50(&€amleet al, 2003).

6.1.3  Consequences of sea spray emission and dispersiontbackground PM;q

Values and gradients in the contribution of seatsaPMy are likely to be largest in
coastal zones. This is highly significant for Newaland as most of the population
live near the coast. For example, 70 % of the Nealad population live in the 20
largest towns of cities. Of these 20 cities, 1A4€cimg 90 % of this urban population)
are on the coast, giving a coastal population ofro2.5 million. This sea salt
contribution, and its spatial gradient, are higbgnsitive to wind speed and are also
moderated by wind residence time. Thus it changdsstantially on a sub-daily
timescale.

The strong gradients in coastal areas have gmgafisance when interpreting monitor
data. For example, in Auckland the Takapuna, Qustaet and Botany Downs
monitors are all within 3 km of the coast, and @rewa monitor is only 0.4 km from
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an ocean-facing beach known for its surf. Howeveanckland’s complex coastal
morphology made up of the Pacific coast (partlyltehed by the islands of the
Hauraki Gulf), the Tasman Sea coast (from whichktamd is partially sheltered by
the Waitakere Ranges), and two large harboursledll to a highly spatially as well
as temporally variant emission field for sea spitagt will be very challenging to
describe in any detail. The variation in depositioe to land-use and topography adds
another layer of complication. These consideratapmy equally to Wellington, well-
known for its windiness.

In light of this it may be seen how limited any determ, widely applied estimate of
regional background must be. If we are to adopbragdterm average background
value we must always remain aware that it will ureltimate the true background
value within ~ 1 km of the coast (and especiallyhimi a few hundred metres) due to
this localised sea spray component.

6.1.4 NZ data and studies

The simplest way of estimating the combined contrdn of sea spray and long-range
transport to regional background in New Zealartd imake measurements at a coastal
site. Measurements at Kaikoura have indicated saryhethe highest PM
concentrations in New Zealand when urban sources discounted. A mean
background concentration of 16 m* has been estimated from these measurements.
We have taken the one year of continuous hourly,Riservations (Feb 2002 — Feb
2003, provided courtesy of Environment Canterbang binned the data as a function
of wind speed (measured at the monitoring siteiinvidths of 0.2 m §). We have
also separated hours of onshore and offshore wiaiseach wind speed bin we have
calculated the mean BMfor onshore and offshore winds separately. Theltres
shown in Figure 8. Despite increased scatter ai Wignd speeds (when there are
fewer observations leading to weaker statistids)ghows three key features:

1. an expected decrease in RMvith wind speed for low winds, representing
dispersion of a local source,

2. anincrease in PMwith increasing wind speed above 3 or 4's

3. consistently higher PMin onshore winds compared to offshore (6 ug0m
% at low winds, going over 1fig m* at higher winds).
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Figure 8: Mean hourly PM,, for binned wind speeds observed over a year at Kebura (2002-3)
in onshore and offshore winds (Data courtesy of Emronment Canterbury).

Where possible, PM data should be filtered accgrttinwind direction, although this

may not be satisfactory in terms of 24 hour samgies to the regular variation in
wind direction on shorter timescales. One simplerahtive is to measure PM on an
hourly or finer timescale using a continuous methalthough this prevents the
analysis of filter samples which may be requiredt ils desired to identify various

components such as chloride or sulphate ions.

This approach was recently implemented and augmebyeanother approach by
Clark et al (2007). The SampleMaster 7000 (Harriseinal., 2007) combines 7
gravimetric samplers and 7 sampling heads, withadrsex activated depending on the
wind direction, and the seventh activated in cabditions. Thus each sample is
associated with one wind direction range only. Errsingement was operated at New
Brighton, Christchurch, 100 — 200 m from the be@ctvinter 2006 and summer 2006
— 7. A very strong sea spray signal was identifieith mean summer Pl
concentrations of 1fg m* at the coast compared tquf ni° in offshore winds. The
expected strong spatial gradient progressing in&hule was suggested by a summer
mean concentration of 3ig m* at Coles Place, 8.4 km inland.
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6.2 Mineral dust

6.2.1 Source areas

Anecdotally it has long been known that many paftéustralia are source areas for
the resuspension of soil dusts by the action ofrimel. However, exact delineation of
source areas is difficult to achieve. Areas pramealust storms are understandably
poorly populated and difficult to travel across. sbistorms present an extreme
environmental challenge to the operation and maariee of instrumentation.

Consequently desert areas are relatively data-poor.

Recently satellite-based remote sensing has be@foyad to provide a large-scale
spatial coverage unavailable through ground-basssisarements. A key investigation
was that by Prosperet al (2002) who used the Total Ozone Mapping Spectr®me
instrument on the Nimbus 2 satellite to map in itléh@ major sources of dust around
the globe, and characterised the common geogrdptmpse sources. They confirmed
the expected general importance of aridity, but alsowed how the presence of some
water or water in the recent geologic past is @ucihey also showed that local
topography also plays a very important role. Strepgrce areas tend to occur in
topographical lows, consistent with alluvial cat@nts. One may expect central
Australia to have many strong dust sources, as nufcthe continent is desert.
However, the TOMS analysis showed that relativeldeerts elsewhere this was not
the case. Consistent with results from the norttrenmisphere, it was proposed that
this was due to the long-term aridity of the coaiity leading to dust deposits having
long been removed, and the low topography berefaryf basins likely to capture
alluvial deposits.

Localised suspension processes include whirlwindd #understorm outflows.
However, the principal mechanism that leads tddahg-range transport of desert dust
in Australia is believed to be the passage of émldts. However, dust emission tends
to peak many months after peak rainfall and thisabeved to be due to the slow
desiccation of wetted soils and the gradual losodfintegrity provided by vegetation
(Zender & Kwon, 2005).

This was explored in more local detail by Ekstrémal (2004) who produced a
climatology of Australian dust storms based on nwitig data from 1960 to 1999.
Two storm zones were defined. The stronger sourcée(ms of frequency) was a
continental interior zone that experiences maxindust storm activity in spring and
summer. The storms are largely precipitated by evigshon-rainfall cold fronts and

are terminated by the onset of the wet summer namda summer the focus of dust
storm activity shifts to the near-coastal zone wiiximum activity (albeit at a lower
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overall frequency) in summer and autumn, especialthe west, southwest and south
where summers are particularly dry.

Inter-annual variation can be considerable. As duspension requires the desiccation
of sediments, plus, especially in the case of Alisirthe regeneration of sediment
supply to alluvial beds by seasonal ephemeral rilav, inter-annual variations in
rainfall and drought strongly influence dust storatcurrence and severity.
Consequently dust storm activity and source araashange in El Nifio years.

6.2.2  Trans-Tasman transport

Most of the evidence for trans-Tasman transpodust comes from the identification
of distinctively red dusts on snowpack and espiciglhciers in the Southern Alps.
Local dust is generally grey, although a recentiystundicated that apparently grey
dusts can contain 30 — 60 % Australian materialri\ al, 2005).

Dust haze is generally not observed in New Zealdtwvever, one of the largest
recorded events was in April — May 1997 when a dage was reported over much of
the country for several days giving rise to a wgeklerage concentration of g m?*
attributable to Australian dust alone (Maixal,, 2005).

Prediction of dust transport impacts in New Zealanparticularly difficult due to its
sporadic nature and it has been noted that natoddl front passages and associated
dust storms in Australia lead to trans-Tasman tlaesport (McGowaset al 2000).

As cold front passage is the principal mechanismgporting dust across the Tasman
Sea it is also quite probable that much of that dsisemoved by precipitation en
route. Furthermore, much of the dust that doeshrésmn Zealand will be forced to
rise by the steep western slopes of the Southeps Acreasing the probability of
interception and impaction on surfaces and wet sipn in precipitation or
orographic interception.

Marx et al (2005) have developed a new technique for spatlfi identifying
Australian dust deposited in New Zealand by deteimgi**°Pb radioactivity in dust
samples. Weekly measurements were made from dogilea at six remote sites in
South Island including 12 years worth of samplasstproviding an unusually high
quality insight into long-term averages, seasoratepns and weekly variability. A
key aspect of this study, compared to previousiaesuaf dust deposits in New Zealand
or dust storms in Australia was its ability to Idoé&yond these high profile events and
identify the far more frequent transport of dustttis rarely observed by other means.
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The average concentration of Australian dust in Mealand was estimated as b
m3, while the median was 4j6g m®. Such values indicate that the transport of this
finer dust is much more significant in the longatethan individual dust storm events.
Dust deposition was shown to be three to four timgber in Greymouth and New
Plymouth compared to Christchurch and Dunedin du@recipitation scavenging
associated with upland areas, and double that easawith minimal orographic
precipitation (Auckland, Invercargill and Kaitaia).

Australian dust concentrations in New Zealand pedkeautumn-winter, despite the
maximum frequency of dust storms and westerly wiocksurring in spring. The key
may be that thi$'®Pb technique is best suited to identifying sub-onicparticles,
which tend to be resuspended more easily, more @fitel in lighter winds than the
coarser dust particles. Emission of these partitiesefore begins earlier after the re-
charging of alluvial beds by the summer monsocaadileg to a maximum emission in
autumn. This decreases towards late spring asnt@eérticles are depleted, just at the
time that cold front passage and higher wind spéed# to initiate dust storms that
resuspend the remaining coarser material. Thus esleAustralian climate and
weather control coarse dust emission, fine dusssom is more strongly related to
sediment availability.

6.2.3 New Zealand mineral dust

Dust deposition rates have been measured on thieselss of the Southern Alps
(McGowan, 1996), but also on the west (Marx & Mc@ow?2005). Deposition rates
on the west side were an order of magnitude lovan ton the east, which is
unsurprising considering the much higher rainfatl &umidity there on the west side
and rain shadow on the east. Dust sources are mpnedotly wide braided alluvial
beds and resuspension is driven by downslope féimidsv(warm dry downslope
winds commonly exceeding 15 rif)sas well as synoptic-scale troughs with non-
precipitating cold fronts. Contributions to ambienncentrations were not reported in
these studies, however their effects are believdsttlocalised.

6.3 Other dusts

6.3.1  Anthropogenic resuspension of dusts

Several anthropogenic activities create, resuspaddedistribute dust. Quarrying and
mining generate large quantities of dust, althoomith of it is coarse and deposits to
the surface locally (e.g. Pless-Mulleli al, 2000). These activities are largely carried
out far from population centres, but constructi®mmievitably concentrated in built-up
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areas. Most large construction projects are nowired to have comprehensive
systems in place to reduce dust emission, butoded Impact of construction can still
be considerable. Several studies have shown lddg leasurements enhanced by 10
ug i or more in the vicinity of urban construction sig®uleskiet al, 2005, Muiret
al., 2006). However, each site is unique, and thierdifit stages of construction will
emit different amounts and types of dust and ptedjche impact before monitoring
is nearly impossible.

The localised impact of these activities is compsauh by track-out. This is the term
used to describe the mud, soil and dust carriedyaftwam quarries, mines,

construction sites and other dusty locales by Vesicespecially trucks. This can
transport soils onto road surfaces which, when drg, available for resuspension.
Repeated disturbance by vehicles further crushesettparticles to smaller sizes
further aiding their resuspension. While methode amployed in the relevant
industries to minimise track-out to a large degtde unavoidable, but very difficult

to quantify (Kinseyet al, 2004).

Trackout dust joins the road dust and vehicle vpeaducts on the road surface. This
can be augmented wherever traction salt is addedréad surface. Although the salt
crystals are large over a few days they becomédieduantil some are of resuspendible
PM,, size. Rainwater can also wash soil onto the raadhywhen the dried, can form
a reservoir of resuspendible material.

The resuspension process is driven by natural kemba in the wind, but in the case of
road dust the action of the traffic greatly ince=aghe emission rate. Traffic directly
suspends wear products (primarily from brake padktgres) as well as depositing
them on the road. Dust is resuspended by the didin of tyre-road contact and by
the turbulence induced by a moving vehicle. Emisg® much stronger for larger
vehicles and is increased at higher vehicle spelitigation is very difficult to
achieve. The effectiveness of road sweeping iuby as is road washing (although
some road coatings do seem promising in reducisgspension — see Norman &
Johansson, 2006). Other than that only reducingstbe of vehicles, reducing the
number of HDVs, reducing traffic speeds and redydotal traffic appear to be
potentially effective, although we are aware ofstodies that have evaluated these
strategies in practice.

6.3.2  Biogenic dusts

There are multiple biogenic particles in the atnmesp from land-based sources. Most
of these are coarse in size and their emissioroverged by biological cycles and
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wind-driven resuspension. This includes rusts, dantungal spores and bacteria.
Pollen is generally larger than 1n (except for manuka pollen) and so not directly
relevant to PMy, however pollen is regularly crushed by variouscpsses, especially
anthropogenic ones, such that pollen fragments ften dall into the PM, size
fraction. Research into biological particles sugjgehin the atmosphere is globally
relatively immature and the contribution of suchtenal to PM, in New Zealand is
unknown. A comprehensive review of the interactioetween bioaerosols and
meteorology is provided by Jones & Harrison (2004).

6.3.3  Volcanic dust

Globally, volcanoes are one of the largest natw@lrces of aerosol into the

atmosphere, especially for sulphur species (@tadl, 1997). These emissions are
generally remote and form part of the global rentstekground so that their influence
on PMy in New Zealand is generally indistinguishable frtme remote background

and probably negligibly small, especially in redatito concentrations often observed
in urban areas.

Large-scale volcanic eruptions in New Zealand al&ively rare events. Mt Ruapehu
probably represents the highest risk from ashfalkhe New Zealand population.
There is an immediate danger associated with lgmut, but also from fine ash that
may have been transported large distances befaehirgy the surface. In the
prevailing winds any plume from Mt Ruapehu wouldddo be transported towards
the Bay of Plenty or Hawke's Bay and the Pacifice®c in general, impacting
relatively small populations. Throughout the 19998 eruptions, reports of ash fall
were made in Wanganui, Taupo and Napier. Duringevaat in mid-June 1996, the
weather system resulted in the plume passing ouekland. The plume was visible
from elevated viewing positions and Auckland In&gional Airport was closed in

order to avoid damage to the aeroplanes. Howeweretwas insufficient coarse
material to form a visible ash layer on the grosndace and unfortunately, no M

monitors were in operation at the time. However theteorology and carbon
monoxide concentrations recorded at the time sugdestrong temperature inversion
conditions and peak CO concentrations, irrespectitbe volcano. The mortality rate
for respiratory causes at Auckland hospital moenttoubled in the days following
this eruption event. Investigations are underwaylétermine whether this increase
can be attributed to the volcanic ash, or was ginthle to weather conditions
conducive to high urban air pollution levels. (Birk.N., personal communication).
Work is also underway to develop a modelling methogy to be able to determine
the contribution of sporadic sources (such as tHom@ volcanoes) to urban air
pollution (Dirks, K.N., personal communication) ngidata from Mt Etna in Italy that
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erupts regularly. Elevated BMconcentrations though the re-suspension of fine
volcanic dust by the wind or anthropogenic soursedso a concern (see above).

Minor eruption events may not be within the realinaio quality management, except
in the case of the impact on communities withirsel@roximity to active volcanoes
such as the residents of the Bay of Plenty thairditeenced by the eruption of White
Island. In this case, residents may be subjectedalar locally-elevated sulphate
levels (see also section 6.6.1 below).

6.4 Intra-national transport

New Zealand is still a relatively under-populatediatry. Urban areas take up only 3
% of the total land area and most atmospheric émnissre densely concentrated in a
few areas. Consequently, the transport of matéat one airshed to another, or the
formation of secondary PM in one New Zealand anlstréginating from emissions of
precursors in another is unlikely to be a domirsmirce of background PM, but also
cannot be ruled out. In the case of Auckland thevgiting wind directions are
southwesterly and northeasterly. Open ocean liésin of these directions leading to
the conventional wisdom that Auckland is neithesoarce nor a receptor for intra-
national transport. However, airmasses may armvéuckland on a southwesterly
wind along trajectories that may have taken theomgifthe west coast of South and
North Island, and the same wind direction descrildedine roughly linking
Invercargill, Dunedin, Christchurch, Wellington, Iarston North, Hastings and
Napier. However, we know of no evidence that shthas emissions from any one of
these cities are significantly affecting concembrsg in others. Measurements at
Baring Head (Alleret al,, 1997) did indicate that some sulphate measurer twas
related to S@emitted within New Zealand, although a more spesiburce could not
be specified.

6.5 Non-mineral long-range transport

6.5.1  Sources of sulphate

Measurements at Baring Head (e.g. Algral, 1997), across the South Pacific and
Southern Oceans have shown that the aerosol trdedpto New Zealand is
representative of both natural and anthropogenis®oms from the nearby oceans,
Australia and beyond. Principally long-range tramsgonsists of a constant remote
background component, augmented by a seasonaijrgamatural marine source and
a larger but more sporadic anthropogenic plumespar principally from Australia.
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6.5.2  Source areas of long-range transport to New Zealand

The geographical origin of emissions in other pafte world that are transported to
New Zealand can be investigated by modelling of thevement of airmass
trajectories. A study by Sturmaet al (1997) described many of the common
atmospheric trajectories that may deliver fineipatate matter to the Tasman Sea and
New Zealand in January and July. In July large rensiof trajectories to the mid
Tasman Sea originated in Australia, but a greatenber passed to the south of
Australia and this number increased in Januaryngpart from southern Africa was
indicated in the winter with 22 % of trajectoriesaving central southern Africa
arriving in the mid Tasman Sea after an average6aflays, and 50 % of trajectories
arriving in the mid Tasman Sea having passed safutfadagascar a fortnight before.
This route was found to be insignificant in the suzn.

Transport from western Australia (Perth) to NewlZed was found to be very limited
in summer, but accounted for a third of all plurireduly with a transport time of less
than a week. From Sydney 83 % of all summer lovell@astwards plumes passed
over New Zealand 5 days later. In winter the domirieajectory passes north of North
Island after 3 days.

From the point of view of back-trajectories plottedm Auckland it was found that
most airmasses originate from south of Australid,ttansport from Australia is more
common in winter and sources in western Austraamore common at this time of
year. This seasonal distinction was even stronger tfajectories arriving in
Christchurch. In general it should be noted that 8outhern Alps act like a filter
removing a lot of dust and hygroscopic aerosolpdeslly sulphates) through
precipitation scavenging, preventing much of thestemial arriving in the airsheds of
the east coast of South Island, so that for ingtame may expect Christchurch to be
less impacted by long-range transport than Aucktandamilton.

The principal significance of these analyses for cuiality management in New
Zealand is firstly that long-range transport of tweental and anthropogenic
background emissions from Australia is more cominate winter, at the time when
local domestic heating emissions peak and NES dang# is most difficult to

achieve. Secondly, trajectory analysis highlights highly sporadic nature of long-
range transport impacts and its susceptibilityutatle changes in the climate.
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6.5.3 Remote and marine background

Sources and nature

On average, the particles making up jpMave an atmospheric lifetime of about a
week, but some particles will remain suspendedrfoch longer. On these timescales
particles will travel many thousands of kilometraad even encircle the globe such
that they become very well mixed. They are alsoinett, but will undergo many
chemical and physical changes (generally termecirg) such that they are
physically and chemically different to the particklat were originally emitted. Thus,
it is very difficult to ascribe their source. Hovey globally, significant sources of
atmospheric particles include soil particles, deskrst, sea spray, volcanic dust,
natural biomass burning and biogenic secondarynicgeerosols. To this we may add
particles emitted as a result of human activityringpally due to combustion, but
also resuspension of dusts by traffic, quarryingnimg, and construction. Human
indirectly contribute to dust emission by degradings and disturbing soil crusts.

Measurements in the remote background

Measurements at remote background locations hasaled that, as well as mineral
dusts, particles consist of complex humic-like migasubstances and also black
carbon (Van Dingenert al 2004, Putaudet al 2004) and various studies have
reported values of up to 94 ng®for black carbon concentrations in Spitsberger (se
e.g. Nyekiet al2005 and references therein).

Assessment of the concentrations and compositidheofnarine background aerosol
(DMS, nitrate, non-sea-salt sulphate, methanesukpiep ammonium) have been made
from measurements during 1991 and 1992 at BarirgdHen the Cook Strait coast

approximately 15 km southeast of Wellington (Allenal,, 1997). Of the components

listed, non-sea-salt sulphate was clearly dominaspecially in those periods when
the back trajectory indicated a clean marine aisgnarigin (i.e. southerlies) during

which concentrations were of the order of 0.1 —@2n°®. Concentrations measured

elsewhere in the marine environment of the soutliemisphere have tended to
similar values indicating weak spatial gradients.

Remote sulphates

Research in the 1990s based on measurements aigBdead and the Antarctic
indicated that, despite the dominance of the mabiMS source of sulphate (see
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below) a proportion of the non-sea-salt sulphatdcdcaot be explained by the known
oxidation mechanisms of DMS (Allest al,, 1997). This non-DMS component was of
a low but relatively constant concentration indiogiits remote source. Measurements
during the First Aerosol Characterisation Experitf&CE-1) in the Southern Ocean
found that 10 — 45 % of sulphate particles wererimlly mixed with elemental
carbon (Posfaet al, 1999). Volcanic emissions of sulphur exceed laissrburning by
2.7 times in the southern hemisphere (@&tadl, 1997) and it has been estimated that
volcanic sulphur contributes 6 — 11 % of remotekbasund nssS. Some relatively
simple assessments have indicated that transpaulphur from continental sources
in southern Africa and south America may augmentsgions from Australia to
provide this continuous remote nssS backgroundestration encircling much of the
southern hemisphere. Alleet al (1997) estimated that this remote background nssS
had a concentration of Oply m°.

Dimethyl sulphide

Sulphate arising from the emission and oxidationdohethyl sulphide can be
considered to augment this remote background coergoBiological production of
gaseous Dimethyl sulphide (DMS) in the ocean asdtriansfer across the sea-
atmosphere interface is the largest source of atdplaerosol in the marine
atmosphere. Studies such as those at Baring HegdAleen et al, 1997) have found
a seasonal pattern with higher concentrations oAMBd nssS in summer consistent
with the summer blooming of DMS-producing phytogtam, and a reduction almost
to zero in winter. However, as well as a seasoaffiem, the concentration of this
DMS-source sulphate is dependent upon the latithdugh which the airmass has
passed. For example, Allet al (1997) reported a value of O m® in airmasses
that had crossed the Tasman Sea compared tou.08° for airmasses arriving in
New Zealand from the higher latitudes of the Sourtii@cean.

6.6 What are the outstanding questions?

6.6.1  The source of the sulphate

An unanswered question in the recent source appontnt study reports is the origin
of the sulphate. Sulphate made a small contributiodastings (4 % of PM) and a
slightly larger proportional contribution in Auckid (3 - 7 %). For PMs sulphate
contributed on average 10% in Hastings and 8 - 1in %uckland (with a seasonal
peak of 35 % in summer). The Auckland contributiane quite substantial, so it is
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worth asking to what degree this sulphate sourc® imternational, b) within New
Zealand, c) local? That the concentrations peaummer may suggest a significant
role for photochemistry. However, the seasonalalmlity in the marine dimethyl
sulphide source may also make a contribution (oofler0.5ug m® according to the
data from Allenet al,, 1997). This seasonality was not evident at Hgsti

In general sulphates form through gas to particieversion of sulphur dioxide to
sulphuric acid and neutralisation by ammonia. Tiscess typically occurs in urban
plumes at the rate of around 1 % hfwuch that an airmass will have travelled 1000
km (or the length of New Zealand) before a substh@mount of S@ has been
converted into sulphate. However, this rate cambeh more rapid in exceptionally
high concentrations, and a few industrial procesiesctly emit sulphates, such as
copper smelting and fertilizer manufacture.

Ammonium sulphates are generally fine mode padjcheit sulphates may occur in
the coarse mode through two main processes. Ornbeisformation of sodium
sulphates through the chloride depletion of setisaontact with sulphuric acid in a
process that may be rapid but is not always obdenBulphates (including
ammonium, calcium and potassium) may form on thtasas of coarse mineral dusts,
especially where a desert dust plume passes thugidustrialised area or interacts
with an urban plume.

Wang and Shooter (2002) compared levels of sulphateickland and Christchurch
during limited sampling in summer and winter, arldoadifferentiated between
daytime and nighttime levels. Non-sea-salt sulpheds higher in the nighttime in
Christchurch, but higher in the daytime in Aucklantihe authors looked to
differences in local emission to explain this degancy, citing higher vehicle
emissions and daytime photochemical oxidants inkkund and higher nocturnal
domestic emissions in Christchurch, thus implicidgsuming that at least some
secondary sulphate production was occurring inddu@e airshed as the precursor
emissions. Further evidence for this was the irsgréa fine sulphate concentrations in
winter in Christchurch when PM is dominated by domestic heating emissions,
compared to spring and summer, in contrast to atheaties mentioned in this report
that found no seasonal bias, or a weak summertegag. g-ine mode concentrations in
Christchurch were very approximately double thosé\iickland despite its smaller
concentration. This is due to its climate, whiclg@nerally colder due to its location,
but also more prone to low winds, drainage flowd aocturnal inversions, which
tend to significantly reduce dispersion. Thus rathan being rapidly advected away
from the airshed, emissions can remain in a stagammass in which pollutants
accumulate thus increasing secondary particuladdygation rates leading to the in-
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situ production of principally nitrates, but potafly also sulphates. Whether such in-
situ production is significant in Auckland or othdew Zealand airsheds is currently
unknown. Later measurements in Auckland (Wang &d&no 2005) indicated a very
small contribution (< 0.ig mi®) of ammonium sulphate to Byin Auckland. This is
much lower than the ‘sulphate’ contribution fromethecent source apportionment
study, but is consistent with the strong identifima of the sulphate profile with aged
marine aerosol.

Shipping has been identified as a major source miegulated S@ emissions
elsewhere, leading to plumes in which sulphateisméd and transported on the wind
often towards the land (Let al, 2006). Such emissions are inconsistently regdarte
emission inventories. For instance the Aucklandssion inventory includes estimates
of emissions of key pollutants, including PIMPM, sand SQ, for ships in berth and at
sea. However the impact of plumes advected to land, the contribution of this
source to background PM levels, has not been ceresdd The shipping source was
not explicitly identified in the recent source apgmmment studies in Auckland or
Hastings (Wiltonet al, 2007). This sector could be significant in thatepresents a
controllable sector.

The report for the 2006 Auckland study used coodél probability function analysis
(CPF) to determine any wind directions associateth \& higher probability of
observing an increased signal for each sourcel@rafsing the 5 sites these were then
triangulated to try to identify a spatial source &ach profile. For sulphates, the
Kingsland, Khyber Pass Road and Takapuna analgggsther suggested a source
around the Port of Auckland and the shipping laxiéing the Waitemata Harbour.
Conventionally it would not normally be considergt the atmospheric transport
time between the Port and the monitors is sufficierallow SQ from ship emissions
to form sulphates. However, potentially high cortcaions at emission, high sulphur
fuels, heterogeneous chemical interaction with sgay and local land/sea breeze
recirculations may individually, or in combinatioprovide an explanation for part of
the observed sulphate. These issues are curregitig lbesearched within the FRST
Programme and will be reported in a separate report

An intra-national natural source of sulphate ofsedic importance may be volcanic
emissions of S® The most recent evidence of this is a period@fated sulphate in
September 2006 which was observed in the sourcer@mpment data across all
Auckland sites. Peak sulphate rose tqu§iari® of PM,, at Takapuna (compared to an
autumn average of ~jig m°), 6 ug m* of PM, 5 at Khyber Pass Road and 2 pgtm

® of PM, s at Queen Street, Kingsland and Penrose (comparadttimn averages of ~
1 ug m®). The accompanying report used back-trajectoryyaisato relate this event
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to the combination of a period of increased volce, emissions (2 — 3 times the
norm) from White Island in the Bay of Plenty andtewological conditions resulting
in the transport of that material to Auckland i@ tHauraki Gulf, with a transit time
of 1 — 2 days (Davet al, 2007).

6.6.2 How to deal with episodic emissions/transport

Many of the natural sources are coarse (rural diegert dust, sea spray, volcanic
dust, pollen, rusts, dander), and so are someeohtithropogenic ones (quarry dust,
road dust). Their transport distances are genevally short and their emission very
sporadic. For these particles annual means aredromal value, as is any assessment
on more than 1 km scale. However, this is less mfohlem for finer particles. There
is still a sporadic, and hence probabilistic elenterforest fires and regional transport,
but less so for photochemical secondary partiddeprobabilistic approach may be
more appropriate.

6.6.3  Nitrate, bound water and secondary organic aerosqSOA)

Few studies in New Zealand to date have reportedomtributions from nitrates or
strongly bound water, which is generally associatgith nitrates and sulphates. A
study in the UK (60 — 90 km from the coast) founouid water to be a larger
contributor to background Py than either sea salt or secondary organic aerosol,
accounting for 2.4 — 2,8g mi° on average (Jones & Harrison, 2006).

The presence of nitrates is RMs generally ascribed to long-range transport tue
the timescales involved in the formation of nitriren gaseous precursors. However,
nitrates form approximately 5 times faster tharpates and in-situ formation of
nitrate in urban airsheds, especially at night, lheen observed. In the long-term it is
believed that this local production is relativelynor (e.g. Putauat al, 2004), but it
could be significant in low dispersion, high paitut scenarios when NES exceedence
is possible.

Wang & Shooter (2002) found nitrate concentratitanse approximately half of those
of sulphate in both Auckland and Christchurch valightly higher concentrations at

night, although it is unclear if this was due tgher rates of formation. It should also
be noted that losses of ammonium nitrate througlatiisation may have been

substantial in this study where no denuder systeam used. Concentrations were
significantly higher in Christchurch compared tocKkland, but again it is unclear if

this is due to differences in dispersion, advectioarces or local production.
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Nitrates have been found to be associated withsecgea salt or soil aerosol, showing
a summertime peak in Auckland (Wang & Shooter, 20@orrelations of coarse
nitrate with HONO and NHlindicate a combined traffic exhaust and road dastce

of coarse nitrate (Wang & Shooter, 2005).

The contribution of secondary organic aerosol to,fAill New Zealand is unknown.
Wang et al (2005a) estimated that one-fifth to one-quartethe organic carbon
measured in the winter atmospheres of AucklandG@mdstchurch was secondary in
nature, and suggestauasitu SOA formation occurred in the Christchurch airsihed
winter. Emission rates are also unknown. Around®@6f New Zealand’s land area is
forested, so emissions of biogenic precursors eyl to be highly significant,
especially for monoterpenes from coniferous tredsch are known to be particularly
potent precursors. A study in the UK (Jones & Hami 2006) estimated SOA (which
was assumed to be 100 % biogenic) contributed amkh.2 — 1.7ug m° to PMy in
southern England (the UK has a forested area of BuEurope as a whole has a
forested area of over 40 %). Current work in theehbforests of northern Europe and
eucalypt forests of Australia suggest that SOA frdonests may be greatly
underestimated (Tanja Suni, University of Helsiqdrsonal communication).

It is often assumed that most sulphate and niinatiee continental atmosphere will be
neutralised by ammonium ions derived from land-dasemmonia emissions.
Ammonia is the most common atmospheric base angdeigerally ubiquitous in
vegetated and farmed regions of the world. Its gipel source is animal urine.
However, modern vehicles have been shown to emi@ma and there are a number
of other industrial and anthropogenic sources. Heweit has been shown that the
oceans contain a biogenic source of ammonia, gineaficient to neutralise the
sulphate that also arises from a biogenic marineceo(DMS). It has been shown in
Europe how control of ammonia emissions is as \dtlcontrols on NQand SQ
emissions in reducing secondary PM; however, te tha role of ammonia emissions,
both rural and urban, in determining background s not been investigated.

6.6.4 Sea breeze and local recirculation

Recirculation is known to be important in the Medianean (e.g. Rodriguez al).
Whether it is important in New Zealand, for examipléduckland or the east coast of
the South Island is not known.

We know that layering (especially nocturnal) ocaar€hristchurch where a layer of
air containing daytime emissions is undercut byhhligpolluted katabatic drainage
flows (McKendryet al, 2004).
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These effects can bring polluted air into an adsfidmm outside (even if it did
originate in the airshed itself) so can add to laekground in as yet unquantified
ways.

The role of such local recirculations is being stigated within the FRST programme
and will be discussed in a separate report.
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7. Appendix — Notes from the Background PM Workshops
held at NIWA in May 2007

Notes compiled by Guy Coulson with contributior@frlan Longley.

Two focus groups were held to help assess the rdustate of understanding and
priorities for the future of the subject of backgnd concentrations of PiMin New

Zealand.

Attendees

Auckland 28 May 2007 Christchurch #avlay 2007

Amy Clore, MWH Peyman Zawar-Reza, Uni. Canterbury
Camilla Needham, BECA Perry Davy, GNS

Jenny Simpson, Tonkin & Taylor Emily Wilton, Environet

Janet Petersen, Auckland RC Neil Gimson, Golder Associates
Gavin Fisher, Endpoint Teresa Aberkane, ECan
Shanju Xie, Auckland RC Tim Mallett, ECan

Andrew Curtis, URS Jeff Bluett, NIWA

Paul Baynham, Northland RC Guy Coulson, NIWA

lan Longley, NIWA

Gus Olivares, NIWA

Guy Coulson, NIWA

It was appreciated by all that the definition otkground varied with the use to which
it was being put and although it would be useful ds all to agree on a standard
definition, or set of definitions, the word is satenched in each context that it would
be hard to change. Suggestions of modifiers su¢Natural background” or “Urban
background” were made but they were thought unjlikelchange things. Therefore it
is probably simpler for it to be defined by theudepending on the context.

In general there were three different definitioh®ackground (with variations).

1. the purely natural background (+ long range trart¥po

2. the part that's not accounted for in emissions meres (and can’t be
managed)

3. the part that's not of immediate interest

From an emissions inventory perspective “naturald dackground” are simply
types of source. Background becomes everythingctirdt be accounted for in the
inventory. This is then dependent on the accurdcgllothe other emissions
factors. Implicitly, definition 2 includes anthrogenic emissions that can be
managed, but just aren’t in emission inventoriefictv may vary between
councils.

We can have a ‘background source’ and a ‘backgrocomcentration’ (i.e.
component of concentration attributable to the bemknd source).
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In definition 3 the ‘background sources’ do notcessarily comply with
definitions 1 and 2 (e.g. domestic heating emissimna road project resource
consent).

The main use for each type of background is;

1. research and airshed modelling — closing the gapdas models and
monitoring

2. air quality management — NES compliance

3. air quality assessment and resource consent

The value of a single “Official” value for the bagkund concentration as in the
UK was not considered helpful because of the mieltipses. There were,
however, calls for varying degrees of officiallynstioned numbers or methods for
background estimation. These ranged from includingange of indicative
concentrations in the good practice guides to niodehnd assessment to maps of
the contribution of different aerosol types to tiogal PMy, at a km and daily
resolution mostly for resource consent and assegspugposes but also for NES
compliance.

One of the biggest problems appears to be resnlutioth temporal and spatial
since different background sources and concentr&ticary on very different
timescales. Annual averages (as used to estimateftitial background for the
UK) were generally not considered high enough régmi. It was acknowledged
that getting higher resolution for RMis problematic so it was considered that
annual would be a good place to start before rajirthe estimates to seasonal,
monthly and (eventually) daily. Maybe an annualywanter & summer values for
photochemical secondary PM is useful

High spatial resolution is probably only necessarythe major urban areas,
although there may be some rural industrial sitesre it could be helpful. How
high a resolution? A 1 km grid would be nice butiags probably ambitious, so a
courser resolution grid or even an airshed woulthbestarting point.

Many of the natural sources are coarse (rural diesert dust, sea spray, volcanic
dust, pollen, rusts, dander), and so are someeofitithropogenic ones (quarry
dust, road dust). Their transport distances areergdlg very short and their
emission very sporadic. For these particles anmesdns are meaningless, as is
any assessment on more than 1 km scale. Howevgiistless of a problem for
finer particles. There is still a sporadic, and deeprobabilistic element to forest
fires and regional transport, but less so for ptiméoical secondaries or
anthropogenic combustion sources as defined byidefi 2.

For AQ management there is a need to estimate baakd as a starting point for
straight line paths to NES compliance.

Possible methods
A table of values for different locations as usethie HAPINZ project.

An empirical model that includes rainfall and witahd perhaps land use and
vehicles). This could simply be a lookup table
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The contribution of non-combustion sources candtenated by plotting CO and
PMyq as in the Masterton paper, although this is uhlike work as well in windy,
dusty, coastal or low CO locations

There are many monitors at rural industrial sitieat tcould provide data for
background estimation. (Although guidance for thedustrial companies
concerned on where to place monitors to make gefuliwould be helpful)

Place monitoring sites on the coast in rural lareiaway from anthropogenic
sources, where the aerosol can only come fromeadmarine background) or the
land (rural background)

Source apportionment studies are being carriedthaggveral locations now. From
these we will be able to give estimates of the rifoution from different sources to
the total PM, in (at least) an airshed. Therefore the contributbf background
(regardless of which type of background is reqyirean be apportioned to a
measured total PM concentration. (Although this still requires ardarstanding
of how representative any given monitor is)

Use of modelling to provide baseline datasets ififereént locations.
Recommendations
Track down industry datasets for rural concentretio

Provide some indicative numbers to include in thgous modelling GPGs (eg
from source apportionment results)

Provide “simple” management tool (probably empiriead based on lookup
tables). Airshed modelling could play a role, busiapler, perhaps GIS-based
approach may be preferable

Use the FRST “Clean air” programme to provide acstsdy for the method or
methods that we think would work.

Develop an annual model before trying to improwe msolution. Resolution can
be improved by using models to interpolate.

What happens next?

From the results of the source apportionment ss,ige intend to publish a report
aimed at air resource users which,

» Defines “background” air pollution and considersiege, industry, domestic
and natural sources

« Presents an analysis of air quality and sourceréippment monitoring data
that aims to determine the contribution of backgibair pollution to urban
air quality.

* Provides a method by which background air quakiy be estimated for the
major urban areas in New Zealand
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This consultation exercise will be used to helpraethe concepts of background
and their uses. These in turn will be used to ifientethods that can be used by
end users in a range of circumstances.
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