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the preparation of, this report may occur without notice at any time.

GWRC requests that if excerpts or inferences are drawn from this report for further use, due care should be taken to
ensure the appropriate context is preserved and is accurately reflected and referenced in subsequent written or verbal
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AQSoE monitoring programme: Annual data report, 2014

Introduction

This report summarises the key results from the Air Quality State of
Environment (AQSoE) monitoring programme for the period 1 January to 31
December 2014 inclusive. The core programme is based on continuous
monitoring of air quality indicators and selected meteorological variables at
five permanent sites across the Wellington region.
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2.1

2.2
2.21

Overview of AQSoE monitoring programme

Air quality has been monitored in the Wellington region since 1998, when a
series of pilot investigations were carried out. The first long-term site was
established in Upper Hutt in 2000. Other sites have been progressively added
to the monitoring network, which now comprises five long-term sites
(Wellington central, Lower Hutt, Wainuiomata, Upper Hutt and Masterton
West). Shorter-term monitoring sites are occasionally established to assist with
targeted investigations relating to specific air quality issues. For example, a
second monitoring site was set up in Masterton East in 2012 to assist with
understanding how air quality varies across the urban area.

Monitoring objectives

The objectives of Greater Wellington Regional Council’s (GWRC) AQSoE
monitoring programme are to:

1. Determine compliance with national guidelines and standards
designed to protect human health and the environment;

2. Detect of spatial and temporal trends in air quality;

3. Contribute to our understanding of air quality processes and impacts
in the Wellington region; and

4. Provide information required to determine the effectiveness of
regional plans and policies.

Monitoring network

Regional airsheds

The Wellington region has eight airsheds located in valleys between steep hills
or mountains (Figure 2.1); Kapiti Coast, Porirua Basin, Wellington City,
Karori, Lower Hutt Valley, Wainuiomata, Upper Hutt Valley and Masterton.
Each airshed has its own distinct microclimate, meteorological conditions and
air quality pressures. These airsheds, apart from the Masterton Urban airshed,
were formally gazetted in 2005 in accordance with the National Environmental
Standards for Air Quality (NES-AQ)' (Davy 2005). The Masterton Urban
airshed replaced the former Wairarapa Valley airshed as of 1 September 2014.
Not all airsheds are currently monitored as the NES-AQ only requires airsheds
to be monitored where the air quality standards are likely to be breached.

" Resource Management (National Environmental Standards for Air Quality) Regulations 2004
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Figure 2.1: Location of GWRC air quality and meteorological monitoring sites and
airshed boundaries

Monitoring variables

The air quality indicators currently monitored in the Wellington region are
particulate matter (PM;y and PM;5s), carbon monoxide (CO) and nitrogen
oxides (NOx) which include nitrogen dioxide (NO,) and nitric oxide (NO).
These contaminants are have adverse human health effects when
concentrations in air are elevated. The air quality indicators measured at each
site are shown in Table 2.1.

The two other pollutants that are regulated by national standards, sulphur
dioxide (SO;) and ozone (Os3), are not presently monitored in the Wellington
region. Meteorological conditions in the region are not conducive to the
formation of ozone and there are no known significant point source emissions
of sulphur dioxide.

Meteorological instruments for recording variables such as wind speed, wind
direction and temperature are co-located at each monitoring site to assist with
the interpretation of air quality data.
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2.4
2.4.1

Table 2.1: Air quality monitoring sites operated in the 2014 calendar year

Site Station Airshed Location Indlc_ators Valid data
monitored from
Wellington CornerV Wellington City | Corner PM1o, CO 2004-2014
central Victoria &
Vivian Streets | NOX 2005-2014
Lower Hutt Birch Lane Lower Hutt Phil Evans PM1o 2001
Valey Reserve CO, NOX 2001-2011
Wainuiomata Wainuiomata | Wainuiomata Moohan Street | PM1o 2006
Bowling Club PMas 2012
Upper Hutt Savage Park | Upper Hutt Savage PMho, CO, 2006
Valley Crescent NOx
Masterton West | Wairarapa Wairarapa Cornwell PM1o, CO 2002
(permanent site) | College Valley Street NOX 2003
PM2s 2011
Masterton East | Chanel Wairarapa Herbert Street | PM1o 2012
(non-permanent College Valley PMas 2013
site)
Shandon Shandon golf | Lower Hutt Gear Island, Meteorological | 2000
course Valley Petone parameters
only

The Wellington central site was decommissioned in November 2014 as
Wellington City Council required the site as part of the Victoria Street
improvement project. A mobile monitoring station was set up in January 2015
on the corner of Willis Street and the urban motorway. Site metadata are
presented in Appendix 1. Further information on air quality indicators
monitored and measurement methods are provided in Appendix 2. Wind roses
showing summaries of wind speeds and wind direction observations at each
site are presented in Appendix 3.

Air quality assessment criteria and reporting

National environmental standards and guidelines for air quality

National ambient air quality guidelines” (NAAQG) were established by the
Ministry for the Environment (MfE) in 1994 and revised in 2002. Some of
these guideline values were adopted as part of the NES-AQ in 2004. The NES-
AQ specifies minimum requirements for outdoor air quality to provide a
nationally consistent level of protection for human health and the environment.

There are no national standards or guidelines currently available for PM; s,
although a monitoring value of 25 pg/m’® (24-hour average) can be used for
assessing monitoring results (MfE 2002). In the absence of New Zealand

2 Ambient air quality guidelines 2002 update
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health-based guidelines, World Health Organisation (WHO) guidelines® are
used for assessing the environmental significance of PM; s monitoring results.

The relevant standards and guidelines for air quality indicators measured in the
Wellington region are shown in Table 2.2.

Table 2.2: Air quality standards and guidelines

Indicator Standard or Threshold Averaging Permissible
Guideline concentration period exceedances
per year

PM1o NES-AQ 50 pg/m?3 24-hour 1

PM1o NAAQG 20 pg/m3 Annual NA

PM2s WHO Guideline 25 pg/md 24-hour 3

PM2s WHO Guideline 10 pg/m? Annual NA

Carbon monoxide NES-AQ 10 mg/m?3 8-ho'ur 6

moving

Carbon monoxide NAAQG 30 mg/m?3 1-hour 0

Nitrogen dioxide NES-AQ 200 pg/m?3 1-hour 9

Nitrogen dioxide NAAQG 100 pg/md 24-hour 0

Nitrogen dioxide WHO Guideline 40 pg/md Annual NA

3 WHO air quality guidelines for particulate matter, ozone, nitrogen dioxide and sulfur dioxide — global update 2005
PAGE 5 OF 22
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3. Results

Summary statistics for air quality indicators measured during the 2014 year are
presented in Table 3.1. Protocols for data capture and reporting are presented in
Appendix 2.

Table 3.1: Air quality indicator summary statistics, 2014

Wellington | Lower Hutt | Upper Hutt | Masterton | Masterton | Wainuiomata
central West East
PMio
24-hour average ug/m3
Mean (annual) | 13.1" 10.7 10.2 11.9 16.6 10.3
Maximum 32 27 26 50 78 34
Median 12 10 10 9 12 9
Std deviation 43 44 45 8.2 13.6 5.2
25t percentile 10 8 7 7 8 7
75t percentile 15 13 13 14 20 13
95t percentile 20 19 19 29 45 20
99t percentile 26 24 22 42 69 27
No. > 50 0 0 0 0 13 0
Data capture % | 88.8 99.2 99.2 99.5 89.3 99.2
PM2s
24-hour average ug/m3
Mean (annual) 10.5 1.5 6.0
Maximum 59 67 37
Median 7 7 4
Std deviation 9.7 12.2 5.1
25t percentile 5 4
75t percentile 12 12
95t percentile 31 38 18
99t percentile 45 59 29
No. > 25 31 47 5
Data capture % 98.1 95.3 99.2
Carbon monoxide
8-hour moving average mg/m3
Mean (annual) | 0.4 0.2 0.2
Maximum 1.5 14 2.3
Median 0.3 0.1 0.1
Std deviation 0.22 0.19 0.29
25t percentile 0.2 0.1 0.1
75t percentile 05 0.2 0.2
95t percentile 0.8 0.6 0.8

* Less than 75% data capture for the summer period (December to February inclusive) may bias the mean upwards.
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Wellington | Lower Hutt | Upper Hutt | Masterton | Masterton | Wainuiomata
central West East

99t percentile 1.1 1.0 1.5

Data capture % | 90.1 97.6 99.0

Carbon monoxide
1-hour average mg/m?3

Mean (annual) | 0.4 0.2 0.2
Maximum 2.8 2.5 3.3
Median 0.3 0.1 0.1
Std deviation 0.28 0.23 0.34
25t percentile 0.2 0.1 0.1
75t percentile 05 0.2 0.2
95t percentile 0.9 0.7 0.9
99t percentile 14 1.2 1.9
Data capture % | 90.1 97.6 98.4

Nitrogen dioxide
1-hour average pg/m3

Mean (annual)  [19.7 5.7 4.5
Maximum 86.6 4.7 425
Median 17.6 3.3 2.6
Std deviation 12.81 6.33 5.48
25t percentile 9.6 15 1.1
75 percentile | 28.0 7.2 55
95t percentile 43.8 19.7 16.4
99t percentile 545 29.8 271
Data capture % |88.6 97.0 97.5

Nitrogen dioxide
24-hour average ug/m3

Mean (annual)  [19.7 5.7 4.5
Maximum 42.5 214 18.7
Median 19.3 4.4 34
Std deviation 8.02 4.07 3.41
25t percentile 13.3 24 2.1
75 percentile | 25.4 8.7 5.8
95t percentile 33.2 12.8 11.1
99t percentile 38.5 16.5 14.7
Data capture % | 89.3 98.6 98.4
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3.1

3.2

PM,, exceedances

The NES-AQ for PM; allows an airshed to exceed the threshold concentration
of 50 pg/m’ (24-hour average) on one day per 12 month period — known as a
‘permissible’ exceedance. Airsheds that average more than one exceedance per
year as designated as polluted by the NES-AQ and new industries that seek
resource consent to discharge PM; into these airsheds may face restrictions.

The Masterton urban airshed is the only one in the region that is designated as
polluted (due to poor air quality in Masterton in the winter as a result of
emissions from home fires). Table 4.1 shows the exceedance dates and
concentrations measured at the two monitoring sites in Masterton. A total of 13
exceedances meant there were 12 breaches of the NES-AQ in the airshed.

Table 4.1: PMso NES-AQ exceedance days recorded in Masterton, 2014

Masterton (East) Masterton (West)
Date
24-hour average (ug/m?) 24-hour average (g/md)
17 May 53 <50
18 May 55 <50
27 May 57 <50
28 May 69 <50
6 June 53 <50
13 June 78 <50
14 June 55 <50
15 June 60 <50
20 June 70 <50
23 June 54 <50
4 July 67 <50
7 July 54 <50
10 August 72 <50
TOTAL EXCEEDANCES 13 0

PM, s days above the WHO guideline

The WHO guideline value for PM;,s is 25 ;,Lg/m3 expressed as a 24-hour
average. Table 4.2 shows the dates when the concentration of PM,s in
Masterton exceeded the 24-hour WHO guideline value. In 2014, Masterton
experienced 51 days in total that exceeded the WHO 24-hour guideline value
based on combined monitoring results from Masterton West and Masterton
East monitoring stations".

4 Note an exceedance recorded at both stations on the same day is counted as a single exceedance.
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Table 4.2: PM25 days above WHO 24-hour guideline value in Masterton, 2014

Masterton East Masterton West
Date
24-hour average (Ug/md) 24-hour average (g/md)

23 April 27 36
1 May <25 27
2 May No data 29
3 May 39 29
10 May 29 <25
11 May 37 29
12 May 28 <25
13 May 28 32
17 May 47 31
18 May 53 43
19 May 40 38
20 May 33 <25
27 May 49 40
28 May No data 59
31 May 39 36
1 June 40 28
3 June 28 31
4 June 27 <25
5 June 37 44
6 June 46 43
7 June 31 31
8 June <25 <25
9 June <25 26
10 June 26 <25
13 June 62 49
14 June 43 34
15 June 59 55
18 June <25 <25
20 June 59 35
23 June 48 34
24 June 28 <25
29 June 30 <25

3 July 36 <25

4 July 67 37
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Masterton East Masterton West
Date
24-hour average (ug/m?) 24-hour average (ug/md)

7 July 48 36
18 July 30 <25
24 July 34 <25
25 July 29 < 25)

26 July 35 29
27 July 26 <25

28 July 29 27

29 July 37 29

4 August 27 26
5 August 56 <25
6 August 39 <25)
7 August 30 <25

10 August 62 46
11 August 32 <25
18 August 30 <25
19 August 30 <25

31 August 34 26
1 September 36 <25
21 September 27 <25

TOTAL ABOVE GUIDELINE 47 31
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Appendix 1: Monitoring site metadata

Site Name

Sration
Hilltap site ID

Location

Auddress

Magp reference

MITBA

MNINMG

WIGSEd

Site details

Site type

Aarshied

Altitude

Meareit Road

MNearest Tree

Site classification [MFE, 2005)
[AS/NE 3580,1.1:2007)

Parameterns measured

pM:n‘"r'-E!"m]]
Carbon manasdde (ppm)
Nitrogen axides (MO, NOy, NOx} (ppl)

ME!Mfﬂlﬂgiﬁm
Mast height

Internal temperature

Data soguisition
Sarmpling rate
Log@er average
Logger
Telemetry
Maodemn

Ice

Monitoring notes
Passive NOy in triphicate measured by NZTA

1491516-V1

Wellington central

Carner W
215

Intersection Wicteria and Vidan Street, Te Aro, Wellingten

Easting
1748451
2658483
Lat: -41.294045

Peak transport

Wellington City
19m

Im

G im

Traffic

Peak transport

ImSrurEnl

FHE2

M300E

M200E

AH (%], Terngerature ("C), Wind speed {im/s),
Wind dirsction 1degrees]

A

25°C

10 seonds
10=rminmte

iQuest DS-4483
GRA%

et ICEd

D001 448172 TUNASE

Long: 174.773121

Seart date
23032004
12032004
29/03/2005

11/03/2004

Start date
1708 F 2005

End date
28/11/2014
28/11,/2014
2871172014

28/11/2014

End date
28/11/2014
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Station
Hilltop site 10

Locatian

Address

Map reference

MNZTh

NZMG

WGEsEL

Site details

Site type

Airshed

Altitude

Mearest Road

Nearest Tree

Site Classification (MFE, 2009)
(AS/NZ 3580.1.1:2007)

Parameters measured

PMy, (pg/m'}

PMyp (pgfm’}

Carbon monoxide (ppm)

Mitrogen axides (NO, NO,, NOx) ippb}

Metecrological
Mast height
Internal temperature

Data acquisition
Sampling rate
Logger average
Logger
Telermetry
Modem

ICP

Monitoring notes
Passive MO, in triplicate measured by NZTA
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Phil Evans Reserve, 46 Oxford Toe, Waterloo, Lower Hutt

Easting
1761032
2671054

Lat: -41,212603

Residential / Commaerical
Lawer Hutt Valley

Om

100 m

10m

Residential
Neighbeurhood

Instrument
FHE2

TEO®A

M300E

M2D0E

BH, Temnp, W5, WD, plobal solar
radiatian, rain

10m

25°C

10 secands
10-minute

ituest D5-4483
GPRS

iCtuest ICE3
001395574 UNS5D

Narthing
5435863
5997577
Lomg: 174920871

Start date End date
14122010

5/04/2001 13/12/2011
2571072001 11/01/2012
13/08/2001 11/01f2012
25/10/2001

Start date End date

1/03/2010

1491516-V1



Site Name

Station
Hilltop site 1D

Location
Address

Map reference
NZTM

NZMG
WIGEEL

Site details
Site type
Airshed
Alvitude
Nearest Road
Nearest Tree

Site Classification (MFE, 2009)

Parameters measuned

P, (pgfm’)
Phiy 5 (pgfm’)
Pl (ugfm’}

Meteoralogical
Mast height

Internal temperature

Data acquisition
Sampling rate
Logger average
Logger
Telemetry
Madem

ice

Menitoring notes

Fine and coarse PM measured by GNS Science

Inarganic arsenic

1491516-V1
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Wainuiomata

Wainuiomata Bowling Club

2579

Moohan Street Walnulomata

Easting MNarthing

1763651 SA2GEES

2673674 5991359

Lat: -41.267695 Long: 174953745
Type: Residential Scale: Meighbourhood
Wainulomata — -
Bt T

Residential
Imstrument Start date End date
FHEG2 [inlet 40°C) 30/06,/2006
FHEZ + WSCC {inlet 40°C) 1/05/2012
High Volume Sampler 20,04 2000 6/10/2007
AH, Temp, W5, WD, BP, salar
radiation, soil moisture 1/01,/2005
10
5°C
10 secands
10-minute
IQuest D5-4483
GPFRS
iQuest ICE3
0001454 109LIN341
Start date End date
GENT 1032006 25,/09/2008
High Valume samplér PMy, 25/10/2011 31/10/2013
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Site Name

Station
Hilltop site ID

Locatian
Address

Map reference
NZTH

NZMG

WiGEES

Site details
Site type
Airshed
Altitude
Nearast Road
Nearest Tree
Site Classification (MIE, 2009}

Parameters measured

PM,, (g/m')
Carbon manexide (ppm)
Nitrogen oxides (MO, NOy, NOx) (ppb)

Metecrclogical
Mast height

Internal temperature

Data acquisition
Sampling rate
Logger average
Logger
Telemetry
Madem

ICP

Manitoring notes
Passive NO, in triplicate measured by NZTA
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Upper Hutt

Savage Park
2468

15 Savage Cres, Upper Hutt

Easting
1773804
2683825

Lat: ~&1,1215%49

Type: Residential
Upper Hutt Valley
43m

BSm

11m

Residential

InstrummEnt
FHE2
MZ0DE
MZ00E

RH, Temp, W5, WD, solar

radiation, rain
10rm
25°C

10 seconds
10-rriinute

iQuest D5-4483
Carmphbell CR1000
GPRS

iChuest ICE3

Nearthing
SaLhERL
&007400

Long: 175.070348

Start date
£/11/2005
30,409/ 2005
19/09/2005

14,08/ 2005

2E/06/2013

Start date
10372010

Erd date

27062013

End date
1112012
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Site Name

Stathon
Hillwop site 10

Location

Address

Map reference

HETRA

MNEMG

WESE4

site details

Site type

Ajrshed

Altitude

Mearest Road

Nearest Tree

Site Classification (MIE, 2009)
(AS/NZ 3580,1.1:2007)

Parameters measured

Py {I-'E.'rmI]

PM, 5 (ug/m’}

PMy, (ug/m’)

PMy, (ug/m']

PMy, (ug/m’)

Carbon monoxide (ppm)

Mitragen awides (NO, NO,, NOw) (pph)

Meteorobagical
Bast height

Internal termperature

Data acquisition
Sampling rate
Logger average
Legger

Telemetry
Modem
ICP

Monitoring notes

Masterton West

Wairarapa College
2637

£&3 Cormwall Street
Easting

1822756

2732764

Lat: -40.952354

Typee: Residential
Masterton Urban
161m

124m

Lm

Residential
Neighbourhaod

Imstrument

FHEZ finlet 40°C)
SHARP 5030

TEOM

5014i

High Volume Sampler

MIN0E
M200E

Temp, W5, WD, RH, BP, soil
meoisture, soil temperature,
rainfall, net solar radiation
15m

25°C

10 seconds
10-minute
iQuest D5-4483
Campbell CR1G00
GPRS

iQuest ICE3

Fine and coarse PM measured by GNS Science GENT

1491516-V1

Masterton
MNarthing
5463164
SAGE158

Lomg: 175.6456546

Seale: Meighbourhood

Start dape
18062007
28/o01/2011

9/10/2002
25052012
17/04/2003

91072002
1012003

4062002

44022014

Start date
2H06/2002

AQSoE monitoring programme: Annual data report, 2014

End date

1/01/2011
2/12/2013
3003/2005

3/02/2014

End date
3172004
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Site Name

Staticn
Hilltop site 1D

Lescatian
Address

Map reference
NZTH

NZMG

WiE5E4

Site details
Site by pe
Alrshed
Altitude
Nearest Road
Nearest Tree
Sive Classification (MIE, 2009)

Parameters measured

PMy, (pgfm’)
PM, s (ugfm’)

Metearalogical
Maat hesight
Internal temperature

Data acquisition
Sampling rate
Logger average
Logger
Telemetry
hodem

ICP

Manitoring notes

Masterton East

Chanel Callege
3579

Herbsert Street
Easting
182327981
273329401
Lat: 409559262

Type: Residential
Pdasterton Urban

75m
15m
Riesidential (peak)

Instrument
S014

5014 + WSCC

RH, Temp, W, WD
G
25°C

10 segands
10-minute
IQuest D5-4483
GPRS

iQeest ICEZ

Fine and coarse BM measured by GNS Sclence GENT
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Mastertan
Northing
5462375.21
602409593
Long: 175653116

Scale: Meighbourhood

Start date End date
1770542012
2122013
11/05/2012
Start date End date
1072010 1052010
1491516-V1
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Appendix 2: Air quality indicators, methods and reporting units

Carbon monoxide

Carbon monoxide (CO) is a colourless and odourless gas produced by the incomplete
combustion of carbon-containing fuels such as petrol and diesel used in motor vehicles,
or wood and coal used for domestic heating or in industrial boilers. Motor vehicles are
the main source of carbon monoxide in urban areas.

When inhaled, carbon monoxide reduces the oxygen carrying capacity of the blood and,
depending on its concentration, causes a range of adverse health effects.

Nitrogen dioxide

Nitrogen dioxide (NO,) arises from combustion processes, with vehicle emissions being
the main source in urban areas. Vehicle exhausts contain a mixture of nitrogen dioxide
and nitric oxide (NO), collectively known as oxides of nitrogen (NOx). Most of the
NOx discharged from vehicle exhausts is in the form of nitric oxide which is
subsequently converted to nitrogen dioxide by oxidation.

Nitrogen dioxide appears as a brown gas in the atmosphere and can be seen as a haze
over some cities during periods of calm weather and heavy traffic congestion. As well
as contributing to poor visibility, nitrogen dioxide has adverse health effects such as
lung inflammation and eye, nose and throat irritation.

Particulate matter

Particulate matter (PM) is a mixture of solid particles and liquid droplets that are
dispersed in air. PMjy is that portion of particulate matter with an equivalent
aerodynamic cross section less than 10 microns. Particles of this size are easily inhaled
into the respiratory system.

PM arises from human activities and from natural sources. Sources of PM;, in the
Wellington region include:

Domestic solid fuel heating (eg, wood burners)

Motor vehicles, particularly diesel vehicles

Industrial combustion processes

Quarrying activities

Natural sources such as sea salt and wind-blown soil particles.

Domestic fires and vehicles produce very fine particles less than 2.5 microns in
diameter (PM;5). Road dust and natural sources (such as sea salt and soil) produce
particles that are typically larger than 2.5 microns and are commonly described as the
‘coarse’ fraction of PM;,.

Epidemiological studies show adverse health effects from both short-term and long-term
exposure to PM;o. However, a threshold below which there are no observed adverse
effects has not been reliably established to date (WHO 2006). The adverse health effects
associated with exposure to PM,o range from increases in the number of restricted
activity days to increases in hospital admissions and premature deaths for people with
existing lung and heart disease. The fine component of PM; (ie, PM, s) causes the most
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harm to people’s health because the smaller the particle the deeper it can penetrate into
the lungs.

Data capture and reporting

All pollutants at GWRC’s long-term air quality monitoring sites are measured
continuously with instruments that are connected by digital interface to data loggers.
Ambient air is sampled at 10 to 20 second intervals (depending on the number of
instruments at a site) and these measurements are reported as 10-minute averages at
New Zealand Standard Time (NZST). These 10-minute averages are then aggregated to
hourly averages where there is at least 75% data capture (ie, at least five 10-minute
averages must be present for a 1-hour average to be considered valid and included in the
data set). Hourly averages apply to the preceding hour (eg, a 1-hour average at 17:00
refers to data collected between 16:00 and 16:59).

PM,y 24-hour averages are calculated from 1-hour averages between midnight to
midnight (00:00 to 23:59) and require at least 18 hours of data for each 24-hour period
to be included in the data set. PM;, values are rounded up to the nearest whole number
for reporting purposes in accordance with MfE (2009) recommendations. An
exceedance of the NES-AQ is therefore 51 pg/m’ or higher.

For comparison with the NES-AQ for carbon monoxide, 8-hour moving means are
calculated on the hour for the preceding 8-hour period using 1-hour averages. At least 6
hours (ie, at least 75% data capture) must be present for an 8-hour mean to be
considered valid and included in the data set. Carbon monoxide 8-hour moving means
and nitrogen dioxide 1-hour averages are rounded to one significant figure for reporting
purposes in accordance with MfE (2009) recommendations.
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Variable Instrument Method Units
Automated method equivalent to the
United States Code of Federal
PM1o FH62 C14 beta attenuation | pethod 9.11: Determination of pg/m3
monitor suspended particulate matter — PM1o
beta attenuation monitors in accordance
with AS/NZS 3580.9.11:2008
EQMP-0609-1846
Thermo Scientific 5030
SHARP monitor + Very Method 9.12: Determination of
PMz5 Sharp Cut Cyclone particle | Suspended particulate matter ~ PM2s Hg/m’
size separator beta attenuation monitors in accordance
with AS/NZS 3580.9.12:2013
Thermo Andersen series
FH62 C14 beta attenuation
PMz2s monitor + Very Sharp Cut | Does not have USEPA equivalency pg/m3
Cyclone particle size
separator.
EQPM-0609-183
Thermo Andersen 5040i + | \ethod 9.12: Determination of
PMzs Very Sharp Cut Cyclone | suspended particulate matter — PMzs ug/m?
particle size separator. beta attenuation monitors in accordance
with AS/NZS 3580.9.12:2013
Gas Filter Correlation Infrared in
Carbon accordance with AS 3580.7.1:2011 Parts per million (ppm)
monoxide API 300 series analysers Method 7.1: Determination of carbon converted to mg/m3 by
monoxide — Direct-reading instrumental | multiplying by 1.25 (0°C)
method
Chemiluminescence in accordance with | Parts per billion (ppb)
Nitrogen API 200 series analvsers AS 3580.5.1:2011 Method 5.1: and is converted to
dioxide y Determination of oxides of nitrogen — pg/m3 by multiplying by
Direct-reading instrumental method 2.05 (0eC)

5 Title 40 — Protection of the Environment, Volume 2, Part 50, Appendix J: Reference Method for the Determination of Particulate Matter as PMqo in

the Atmosphere.

6 Title 40 — Protection of the Environment, Volume 2, Part 50, Appendix L: Reference Method for the Determination of Fine Particulate Matter as
PM2sin the Atmosphere.
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Appendix 3: Wind roses by monitoring site

A3.1: Wind roses showing wind speed and direction recorded at air quality monitoring
stations during 2014 with mast height in brackets

Wellington central (4m) Upper Hutt (10m)
10t0 10.7
6to 10
4106
5 2tod
1t02
051
0to 0.5
= m's
mean = 1.72 o __2 'ta
&3l = OB calm = 0%

Lower Hutt (10m)

Wanuiomata (10m)

10to 13 1010 1.8
61010 6 to 10
4106 4106
2104 S| 2104
1102 1ta2
0501 051
Ota 05 Oto05

mesh = 335 m/s mean = 328 m/s

calm = 0% calm = 0%

Masterton (West) (10m)

Masterton (East) (6m)

1010 12.7 Gto 10
6to 10 406
4106 2104
2t04
05101 05t01
Oto 0.5 Ot 0.5
mean = 2.47 mi/s mfs
4 d mean = 1.82
cam = % calm = 0%

The wind roses were created using R statistical software (R Core Team. 2015) using the
‘openair’ package (Carslaw & Ropkins 2015). They show the proportion (percentage) of
time that the wind is coming from a particular angle (30° increments) and wind speed
range (shown on the right-hand scale in metres per second). The wedge points towards
the direction the wind is blowing from.

PAGE 22 OF 22 1491516-V1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 90
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 90
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


