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Executive Summary

This report presents the findings of a one-year regulatory air quality monitoring campaign
conducted on the Picton foreshore, undertaken by Mote Limited at the request of Marlborough
District Council (MDC). The purpose was to measure ambient concentrations of nitrogen dioxide
(NO,) and sulphur dioxide (SO,) and assess their compliance with New Zealand’s National
Environmental Standards for Air Quality (NES-AQ), Ambient Air Quality Guidelines (AAQG), and
the 2021 World Health Organization Ambient Air Quality Guidelines (WHO AQG).

Prior studies, including one using low-cost sensors from 2019-2020, indicated potential
exceedances of air quality standards. The limitations associated with the use of low-cost sensors
prompted MDC to consider the use of regulatory-grade monitoring equipment to further verify
these results.

From November 2023 to November 2024, continuous measurements of NO, and SO, were
undertaken on the Picton Foreshore with analysis undertaken on 1-hr and 24-hr concentrations.
All measured concentrations of NO, and SO, were within NES-AQ and AAQG thresholds, falling
mostly within the ‘excellent’ category under New Zealand’s reporting framework. While still
compliant, NO, levels occasionally reached the ‘alert’ range when assessed against the more
stringent WHO AQG 2021 24-hour standards.

Concentrations were similar to those reported in previous port studies from Auckland and
Wellington. When investigating concentrations with respect to wind speed and direction, the plots
reveal elevated NO, concentrations to the NW, extending to the N, suggesting emissions
associated with the Port of Marlborough. There was also evidence of SO, from the SW associated
with contributions from domestic home heating in the cooler months and other sources in spring
and summer. Elevated concentrations of SO, were also observed under high wind speeds to the
NE, hypothesised to be from contributions from the Taupo Volcanic Zone or plumes from ferry
emissions as they traverse the Queen Charlotte Sound.

The results suggest that ambient NO, and SO, levels in Picton currently pose a low risk to public
health under existing national and international guidelines.

The report identifies knowledge gaps and suggests future work to better attribute pollutant
concentrations to specific port activities and vessel movements. Ongoing monitoring and further
source apportionment studies are recommended to ensure regulatory compliance and protect
public health.

Mote Limited Consultancy Report 2025/003 6



1. Introduction

Picton (Fig. 1) is located 25 km north of Marlborough District’s main town, Blenheim, with a
population of approximately 4,790 people. The town is a mix of residential housing and industry,
primarily dominated by a major port, serviced by ferries that provide a crucial infrastructure link
between the North and South Islands (KiwiRail, 2021; Te Manatd Waka Ministry of Transport (NZ),
2023). Air pollutant dispersion within the region is heavily influenced by the surrounding
topography, with winds generally flowing along the valley (from NE to SW). The region is also
popular with tourists, experiencing an increasing number of cruise ship visits in recent years.

Emissions inventories highlight the prevalence of shipping emissions and domestic home heating
across Picton (Wilton, 2022). Whilst previous monitoring has highlighted the prevalence of
domestic home heating contributions to increased concentrations of particulate matter (PM)
during the winter months, only one previous report has assessed the impact of gaseous air
pollutants within the Picton airshed using low-cost sensors. To date, no work has been undertaken
using regulatory monitoring techniques to assess the ambient concentrations of gaseous
pollutants within the Picton airshed.

A National Institute of Water and Atmospheric Research (NIWA) report analysed data from low-
cost sensors between June 2019 and September 2020 (National Institute of Water and
Atmospheric Research, 2021). The report highlighted the potential for exceedances of gaseous
pollutants. Therefore, further work was needed to verify and validate these findings.

Marlborough District Council (MDC) contacted Mote in July 2023 to undertake gas monitoring on
the Picton foreshore The site was chosen to establish the ambient exposure to the public using
the foreshore area, in particular children using the playground. Mote commissioned regulatory air
quality monitoring of NOx and SO, on 9" November 2023 and operated the ambient monitoring
station for a one-year long monitoring campaign.

The purpose of the monitoring was to better understand the ambient concentrations of NO, and
SOy, in relation to national and international standards. This includes the National Environmental
Standard for Air Quality (NES-AQ), Ambient Air Quality Guidelines (AAQG) and the updated 2021
World Health Organization Ambient Air Quality Guidelines (2021 WHO AQG).

In addition, MDC has requested that the data be used to help understand the impact of
commercial shipping emissions (from ferries and related activity) that service Picton daily. The
project was not designed to link individual vessel movements and specific port activities to impacts
on air quality and human health.

This report details the results from the monitoring campaign. The scope of work, methodology
and report structure are detailed below.

Mote Limited Consultancy Report 2025/003 7



1.1. Scope of Work

Mote Limited was contracted to deliver a report detailing ambient concentrations of gaseous
ambient air pollution on the Picton foreshore with a key focus on:

Concentrations and trends of nitrogen dioxide (NO.)

Concentrations and trends of sulphur dioxide (SO.)

Describe and compare their concentrations in relation to:

e National Environmental Standard for Air Quality (NES-AQ),

e Ambient Air Quality Guidelines (AAQG)

e The updated 2021 World Health Organization Ambient Air Quality Guidelines
(2021 WHO AQGQG).

¢ Determine the impact of meteorology (wind direction and wind speed) on ambient
concentrations of NO, and SO..

1.2.Report Structure

The report is comprised of five chapters and can be broken down as follows:

Chapter 2 provides context and background information.

Chapter 3 describes the methodology for the monitoring campaign.

Chapter 4 provides the results of the monitoring campaign highlighting trends, impact
of meteorology and high concentration conditions for nitrogen dioxide and sulphur
dioxide.

Chapter 5 provides conclusions to the report.

Chapter 6 details knowledge gaps and recommendations.

The appendix provides further detailed plots to supplement the above chapters.
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2. Background

This chapter provides background information on the study site, sources of air pollution and
emissions inventories in Picton and relevant air quality standards, guidelines and reporting
categories.

2.1. Study Site

Picton (Fig. 1) is a waterfront community of 4,790 people, located at the southern end of the
Queen Charlotte Sound, 25 km north of Marlborough District’s main centre, Blenheim. The
township is a popular holiday destination with access to a number of recreational activities
across the region.

Auckland N

A

Shakespeare

®

Christchurch

Picton
Central S
. Waitohi Meteorological . Foreshore Air Quality
Monitoring Site Monitoring Station
KilomEte[s Stats NZ, Esri, TomTom, Garmin, FAC, NOAA, USG5,
0 05 1.1  Esri Community Maps Cantributers, LINZ, Stats NZ,
Esri, TomTom, Garmin, METI/MASA, USGS
| I
Figure 1: Location of the foreshore monitoring station and the Waitohi meteorological monitoring site in Picton,
Marlborough.

The town has a mix of residential housing, industry, and is a major transport hub, which is
associated with the Port of Marlborough. The Cook Strait is a strategic national asset,
providing a link between the North and South Islands, State Highway 1 and the railway main
trunk line (KiwiRail, 2021; Te Manatd Waka Ministry of Transport (NZ), 2023). Interislander
(operated by KiwiRail) and Bluebridge (operated by StraightNZ) collectively operate 6,300
one-way sailings annually between Picton and Wellington. Several cruise ships also visit the
region, primarily during the summer months. A summary of vessel movements can be found
in Table 1.
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Table 1: Summary of cruise ship vessel movements, guests, average age and average gross
tonnage for the summer of 2023-2024 (New Zealand Cruise Association, 2025).

Vessel Average Average

Month Visits Guests | Vessel Gross
Age Tonnage

October 1 1,998 28 77,441
November 4 12,356 19 123,054
December 9 21,001 13 99,547
January 17 18,407 19 47,541
February 13 23,002 16 79,668
March 11 27,928 13 106,804
Sum(®)/Average(?) 55° 104,692° 18° 85,4502

In many regional centres like Picton, the largest contributor to air pollution is particulate matter
less than 10um in aerodynamic diameter (PMyo), largely attributable to emissions from
domestic home heating (Wilton, 2022). An air quality survey undertaken between June 2019
to September 2020 using Vaisala AQT420 low-cost sensors investigated the spatial and
temporal concentrations of air pollutants within Picton. Findings from the study highlighted the
potential for exceedances of the NES-AQ for NO, and SO, with the Picton foreshore recording
the highest concentrations across the three measurement sites across the region (National
Institute of Water and Atmospheric Research, 2021). This study was also undertaken during
a transition period of MARPLO VI implementation (further explained in Section 2.3) which may
have influenced the recorded concentrations in this studly.

Due to the nature of low-cost gas sensors and their ability to be impacted by changes in
temperature and humidity, limited lifespan and erroneous data, the study stated:

‘Caution should be taken before conclusions can be drawn that these
exceedances of the standards are a true reflection of levels which may
be the result of instrumentation error margin and life span of the
electrochemical components in the sensors.’

Other national and international port investigations have also highlighted contributions to air
pollutants from shipping emissions and infrastructure links servicing port activities (Davy &
Trompetter, 2018; Fameli et al., 2020; Gobbi et al., 2020; Mitchell, 2022; Patel et al., 2020,
2023, Patel et al., 2024a; Talbot & Reid, 2017). Emissions generally increase with vessel age
and size, with older and larger ships emitting more pollutants due to lower efficiency, outdated
technology and greater engine loads respectively (Aakko-Saksa et al., 2023; Li et al., 2023;
Trozzi, 2006).

To date, there has been no regulatory air quality monitoring of gaseous pollutants within the
Picton airshed and further work was needed to better understand and validate the results of
the 2019 study.
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2.2.Sources of Air Pollution in Picton

Many port cities and towns close proximity to urban centres, experience contributions from
shipping emissions, and emissions associated with infrastructure services linked to heavy
vehicle movements servicing the ports and the loading and unloading of vessels (Davy &
Trompetter, 2018; Fameli et al., 2020; Gobbi et al., 2020; Mitchell, 2022; Patel et al., 2020,
2023, Patel et al., 20244a; Talbot & Reid, 2017) . The primary gaseous pollutants from these
activities are generally SO, and NO..

2.2.1. Sulphur Dioxide (SO»)

Sulphur dioxide (SO,) is a harmful pollutant associated with the combustion of fossil fuels
containing sulphur. Shipping emissions can be a significant source of SO, due to the
sulphur content in fuels, large engines and high engine loading during port movements
(hoteling, docking and undocking).

Domestic home heating can also be a potential source of SO, in areas where coal is
commonly used as a fuel source during the winter months (Davy & Trompetter, 2020;
Ministry for the Environment & Statistics NZ, 2024; Wilton, 2022).

2.2.2. Nitrogen Dioxide (NO.)

Nitrogen dioxide (NOy) is a harmful pollutant associated with the combustion of fossil fuels.
It is primarily attributable to emissions from motor vehicles, heavy vehicles and emissions
from ships. Heavy diesel vehicles also produce significantly more nitrogen oxides (NOy)
per vehicle than petrol equivalent vehicles (Mitchell, 2022; Sridhar & Metcalfe, 2018) .

Older vehicles meet less restrictive emission standards and usually contribute more NO
than more modern equivalents (Harrison & Shi, 1996; Patel et al., 2020). A 2005 light
commercial vehicle (0.14 g km™) would be less compliant with the Euro VI light commercial
emission standard of 0.06 g km™". New Zealand also has an older vehicle fleet compared
to our international counterparts, with trucks being some of the oldest vehicles in our fleet.
In 2001, the average age of used trucks was 14.5 years, increasing to 17.9 years in 2021
(Environmental Health Intelligence New Zealand, 2024).
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2.2.3. Emission Inventories Results

A 2020 emissions inventory (Fig. 2) (Wilton, 2022) identified the following source
contributions to annual and daily PM+, PM2s, carbon monoxide (CO), nitrogen oxides
(NOy), sulphur oxides (SOy) and volatile organic compounds (VOC):

e Domestic heating

e Motor vehicles

e Port activities (including shipping and cargo handling)
¢ Industrial and commercial activities

e Outdoor burning

Fig. 2 shows the relative daily contributions for annual (left) and winter (right) NO, and SOy
emissions in Picton. Shipping emissions are the main source of NO and SOy in Picton
whilst domestic home heating is the main source of CO, PM.s and PM.

Outdoor burning Domestic Heating Annual NOx Outdoos burning.., DOMestic Heating Daily (winter) NOx

1% Motor vehicles %
s e mdustry ' ;

=1%

Rail

Shipping R
7%

Outdoor burning

Domestic Heating
A% 1%

Domestic Heating
7

Daily (winter) S0x

Annual 50x

Shipping TE%

Figure 2: Relative contribution of sources to annual (left) and daily (right) emissions of
NOx and SOx (Wilton, 2022).

The relative shipping contributions to NO, emissions annually and during the winter are
76% and 71% respectively. There is little change in the contributions from other sources
between annual and winter apart from NOy contributions from domestic home heating,
which increase by 2% in between annual and winter. The relative SO, domestic home
heating contributions annually and during winter increase from 7% to 21% respectively.
The relative shipping contributions to SO, emissions annually and during the winter are
89% and 75% respectively. The inventory used updated emissions factors associated with
improved fuel standards, which impose reductions on the sulphur content of marine gas
oil.
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2.3. Fuel Regulations

The International Convention for the Prevention of Pollution from Ships (MARPOL) Annex VI,
regulates various air emissions including NOy, SOy, PM and volatile organic carbons (VOC'’s)
from ships and came into force globally in 2005. New Zealand’s accession to MARPOL Annex
VI was completed in August of 2022 (Animah et al., 2018; Convention et al., 1997; Maritime
New Zealand, 2025; Ministry of Transport Te Manatd Waka, 2025). The introduction of Annex
VI of the MARPOL regulations were intended (inter alia) to reduce the impacts of shipping
emissions on local environments thereby benefiting human health and the environment.

From January 2020, all international ships visiting New Zealand (flagged to MARPOL signatory
countries), were required to comply with new fuel standards or have retrofitted an exhaust
cleaning system also termed ‘scrubbers’ to reduce emissions to that equivalent of burning low
sulphur fuel (Maritime New Zealand, 2025; Ministry of Transport Te Manatt Waka, 2025).

The ferries that service the Port of Marlborough currently use MARPOL compliant low/ultra -
low sulphur marine gas oil (< 0.5%). Bay of Plenty Regional Council found a marked reduction
in SO, concentrations measured near the Port of Tauranga, attributed to the regulation
enforcing more stringent fuel standards (Wickham, 2024). It was noted that proposed
investment in newer vessels for the Interislander could provide a 40% reduction in the ferry
operations carbon footprint (KiwiRail, 2021).

In contrast, automotive diesel and petrol have very low sulphur contents, reduced to 10ppm
(equivalent to 0.001% by mass) in 2009 for diesel and 2018 for petrol, respectively (Davy &
Trompetter, 2018; Engine Fuel Specifications Regulations, 2011). In addition to reducing
emissions of SO, during combustion, the reduction in sulphur content in fuel also significantly
reduces emissions of PM.
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2.4. Air Quality Standards & Guidelines

Relevant air quality standards and guidelines in New Zealand include the National
Environmental Standards for Air Quality (NES-AQ), the Ambient Air Quality Guidelines
(AAQG) and the 2021 update of the World Health Organization Ambient Air Quality Guidelines
(WHO AQG). Table 2 shows the applicable standard or guideline for SO, and NO, and Table
3 shows the air quality reporting categories description and colour coding (Ministry for the

Environment, 2009).

Table 2: Air Quality Standards and Guidelines for SO2and NO:.

Standard or Threshold Averaain Permissible
Pollutant - Concentration , ging Exceedances
Guideline 3 Period (hours)
(ug m=) per year
SO, NES-AQ (2004) 350 1 9
AAQG (2002) 120 24
WHO AAQG .
(2021) 40 24 3-4
NO, NES-AQ (2004) 200 1 9
AAQG (2002) 100 24
WHO AAQG .
(2021) 25 24 3-4

"99th percentile (i.e. 3—4 exceedance days per year)

Table 3: Air Quality Reporting Categories in New Zealand (Ministry for the Environment, 2009).

Percentage of
o Colour
Standard or Description Codin
Guideline 9
Less than 10% Excellent
10-33% Good
33-66% Acceptable
66-100% Alert
Above 100% Non-
complying

Mote Limited Consultancy Report 2025/003
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3. Methodology

This section provides a detailed methodology of gas monitoring and meteorological information
during the one-year monitoring campaign.

3.1.Gas Monitoring

Gaseous air pollutants (SO, and NO,) were measured on the Picton foreshore from 9"
November 2023 to 30" November 2024. The climate-controlled monitoring station was
located in the Memorial Park carpark (-41.287518, 174.006025), 300m south of the ferry
terminal and 50m north of the children’s playground (Fig. 1). The monitoring was setup with
standard dilution calibration systems to verify the response of the instrumentation with routine
service and maintenance checks in accordance with relevant standards (Appendix Table A7).
Continuous measurements were recorded and logged as 1-min averages and reported as 5-
min averages. A summary of the data availability for each pollutant measured is available in
Table 4.

Table 4: Air quality and meteorological monitoring instrumentation, method, start and end dates and data capture
rates for the monitoring campaign on the Picton foreshore.

Instrument Pollutant Start Date End Date Data Capture
Measured Rate
Teledyne 200E | NO, NO,, NO, | 9th Nov 2023 30522'10" 99%
Ecotech Serinus 30th Nov o
50 SO, 9th Nov 2023 5024 95%
. WS, WD, RH, 30th Nov o
Vaisala WXT536 Temp, Rainfall 9th Nov 2023 2024 95%

Mote Limited Consultancy Report 2025/003 15



3.2. Meteorology

Meteorological data was recorded and sourced from Waiotahi Domain (Fig. 1) (-41.289849,
174.003248), at a height of 6m, 250m SW of the air quality monitoring station. Dispersion of
air pollution is highly dependent on the topography, emissions sources, building interaction
and meteorological conditions. The wind roses below (Fig. 3) present the wind speed and
direction conditions for each season (spring, summer, autumn and winter). The wedges show
the proportion of time the wind is blowing from that direction, and the speed interval by the
coloured bar.

spring (SON) summer (DJF) autumn (MAM) winter (JJA)
40% N 40% N 40% N 40% N
30% 30% ~ 30% 30%
20% ~ 20% 20% ~ 20%
10% \ 10% A 10% \ 10% > A
W P E|W e E W i E|W . E
i o - =
mean = 2 87 mean = 2 8477 mean = 2 194 ~ [l =2
s calm = 9% s calm = 0% £ calm = 6.6% 5 calm = 0%
Oto2 2tod 4106 610 9.087

(ms™)
Frequency of counts by wind direction (%)

Figure 3: Wind roses for each season (left to right - spring, summer autumn and winter) recorded at Waitohi
Domain, Picton. 1-hr average data shown.

Summary statistics for meteorological parameters are presented in Table 5. The average wind
speed was 2.6 m s with weaker winds predominantly from the NE in the spring and summer
(2.8 m s7) and stronger from the SW in the autumn and winter (2.2 m s™). The conditions are
representative of general wind flows in the region, flowing along the valley from southwest to
northeast (Chappell, 2016). Appendix Fig. A13 presents the time variation of wind speed
conditions over hour-of-day and month-of-year. Average hourly wind speeds are lowest
overnight through into the momning, building over the day to a peak in the mid-afternoon.
Average wind speeds are also the lowest during the cooler months (autumn and winter),
peaking in the spring and summer.

Table 5: Summary statistics for meteorological parameters (wind speed, relative humidity, temperature and
rainfall) during the monitoring campaign recorded at Waitohi Domain. 1-hr average date shown.

Parameter Mean Std. Median Min Max
Dev.
Wind SE’)eed (ms' | 54 15 2.4 0 9.1
Re'at"’?(y':)“m'd'ty 728 | 183 | 742 0 100
Temperature (°C) 13.3 5.2 13.4 -0.6 27.1
Rain (mm) 0.1 0.7 0 0 20.2

Mote Limited Consultancy Report 2025/003 16



4. Results and Discussion

This chapter provides results and discusses of NO, and SO, concentrations on the Picton

foreshore in relation to national and international standards, temporal trends and the impact of

meteorology.

4.1. Nitrogen Dioxide and Sulphur Dioxide Concentrations Compared to National and
International Standards

Summary statistics for NO, and SO, measured at the Picton foreshore are presented in Table
6. During the monitoring period, concentrations for both pollutants met the current NES-AQ
and AAQG with concentrations, all falling within ‘excellent’ reporting categories with 1-hr
mean concentrations 7.91 ug m= and 3.21 ug m? for NO, and SO, respectively. When
comparing them with the more stringent WHO AQG there were also no exceedances for both
pollutants however, the 24-hr NO, mean concentration met the ‘good’ reporting category.

When comparing the maximum concentrations to the reporting categories (Table 3), the 1-hr
NO. concentration was classified as ‘acceptable’ with respect to the NES-AQ. The 24-hr NO,
concentration with respect to the AAQG was classified as ‘good’, whilst the 24-hr NO, and
SO, concentrations with respect to the WHO AQG were classified as ‘alert’ and ‘good’
respectively.

Table 6: Summary statistics of NO2 and SO2 concentrations on the Picton foreshore in relation to the NES-

AQ (1-hr), AAQG (24-hr) and WHO AQG (24-hr). The colour banding denotes air quality reporting
category as shown in Table 3.

Pollutant NES-AQ (1-hr)
Mean Std. Dev. Median Min Max
NO. 6.59 6.27 0.15 72.45
SO, 0.63 3.19 0.94 0.76
AAQG (24-hr)
Mean Std. Dev. Median Min Max
NO 3.54 7.57 0.82
SO, 0.47 3.22 1.88
WHO 2021 AAQG (24-hr)
Mean Std. Dev. Median Min Max
NO. 3.54 7.57 0.82 23.54
SO, 0.47 3.02 188 |G

Concentrations recorded in Picton for both pollutants were slightly lower than those recorded
at CentrePort in Wellington during a study undertaken from December 2019 — May 2020
(Mitchell, 2022). 24-hr mean concentrations at Centre Port were between 2 and 3 ug m?
higher, for NO, (11.3 ug m?) and SO, (5.1 ug m) respectively. Concentrations were also
similar to those measured at the Wellington Central air monitoring station during the same
study. A 3-month passive winter sampling campaign conducted in Auckland in 2007 also
found slightly higher concentrations of SO, (4.65 ug m) (Talbot & Reid, 2017). Both studies
in Auckland and Wellington were undertaken prior to the implementation of more stringent
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shipping fuel regulations (MARPOL VI), which could provide an explanation to the lower
concentrations of pollutants recorded in Picton.

4.2.Nitrogen Dioxide Trends

NO. 1-hr concentrations measured on the Picton foreshore were well below the NES-AQ limit
of 200 ug m= (Appendix Fig. A14). NO, 24-hr concentrations were well under the AAQG of
100 ug m=. Fig. 4 shows that 24-hr NO, concentrations during the winter months approach
but did not exceed the WHO AQG threshold of 25 ug m™.
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Figure 4: 24-hr NO2 concentrations in red recorded on the Picton foreshore. The dotted line represents the
2021 WHO AQG of 25 ug m3.

Fig. 5 shows the temporal variation in NO, by hour-of-day, month-of-year and day-of week
concentrations measured on the Picton foreshore. There was a clear tri-model diurnal pattern
with peaks at 0600, 1100 and 1700. These peaks coincided with domestic ferry arrival and
departure times. Concentrations during month-of-year also peaked in the winter months (May
— August), dropping off over the warmer months. This is expected due to the relatively calmer
meteorological conditions with lower wind speeds limiting the dispersion of NO,during the
winter. Day-of-week concentrations also show similar, high concentrations on Tuesday to
Friday, with lower concentrations Saturday to Monday. Again, this is expected with a reduced
ferry sailings from Saturday to Monday. The lower concentrations on weekends was possibly
due to reduced motor vehicle traffic, a common trend observed in other urban
centres(Boamponsem et al., 2024; Davy & Trompetter, 2020; Patel et al., 2020; Talbot et al.,

2017).
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Figure 5: Hour-of-day, month-of-year and day-of week concentrations for NO: recorded on the Picton
foreshore. 1-hr data shown with 95% confidence (shaded area).
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These findings vary from those identified in a 2021 report which identified a gradual increase
in concentrations over hour-of-day, with the highest concentrations being observed over the
summer (National Institute of Water and Atmospheric Research, 2021). The location of the
monitoring sites was slightly different, with the current study being closer to the port and the
previous study sensor being further east. Similar patterns were observed for day-of-week
apart from lower concentrations on Thursday. Low-cost sensors are known to be susceptible
to the impacts of humidity and temperature, which can incorrectly report anomalous
increases, and the authors of the report flagged this data due to ‘instrument error margin and
life span’ (National Institute of Water and Atmospheric Research, 2021). The NIWA study was
also undertaken during the transition period of implementing MARPOL VI, which may have
further reduced emissions from the ferries due to more stringent fuel regulations.

Fig. 6 shows polar plots of smoothed 1-hr average NO, concentrations conditioned by wind
speed and direction. The polar plot shows the highest average NO, occurs under low wind
speeds (less than 2 m s™) when the wind is blowing from the NW. High concentrations of NO.
also occur at wind speeds up to 4 m s' from the NNW direction. This finding is consistent with
emissions originating from the main loading and unloading area for ferries for trucks, rail
freight, cars and passengers as well as the car park in which the monitoring station was
located.

The extension of the concentration heat map to the north can be hypothesised to be from
ferry plumes as the ferries are traversing the Queen Charlotte Sound, with the ships plume
being carried down into the township. Similar findings have also been found at Auckland’s
Queen Street and at Wellington’s CentrePort(Mitchell, 2022; Talbot & Reid, 2017).
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Fig. 6 also shows a NO- contribution from the ESE which may be associated with the Picton
Marina, where a number of smaller diesel-powered boats and day-cruise vessels access the
Sounds, especially in the warmer months. This was similar to findings in the 2019-2020 study
(National Institute of Water and Atmospheric Research, 2021).

2 4 6 8 10 12 14
NO, Concentration (ug m"")

Figure 6: Polar plot of NOz concentrations with wind speed and direction on the Picton foreshore for the one-
year monitoring campaign. 1-hr data shown.
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When investigating polar plots for NO, by season (Fig. 7), the localised NW emission sources
dominate in the winter, with slightly lower concentrations in the autumn. The localised nature
is no longer evident in the spring and summer with much more dispersed concentrations at
higher wind speeds from the NW. The 2021 air quality report identified similar patterns and
hypothesised source contributions from the ferries to the NW and the marina in the E (National
Institute of Water and Atmospheric Research, 2021). It must be noted that the meteorological
and gas monitoring station locations differed in both studies.

Multiple national and international studies also highlighted the impact of emissions from
shipping in the direction of births and surrounding infrastructure (such as heavy vehicle
movements) as contributors to NO, near and around port activities (Fameli et al., 2020; Gobbi
et al., 2020; Mitchell, 2022; Patel et al., 2020, 2023; Patel et al., 2024a; Talbot & Reid, 2017).
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Figure 7: Polar plot of NO2 concentrations with wind speed and direction on the Picton foreshore for each
season of the one-year monitoring campaign (left to right — spring, summer, autumn and winter). 1-hr data
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4.3. Sulphur Dioxide Trends

Appendix Fig. A15 further highlights the low concentrations of SO, on the Picton foreshore
with 1-hr concentrations well below the NES-AQ limit of 350 ug m=, and well under the 24-hr
AAQG of 120 ug m?. Fig. 8 demonstrates the low concentration of SO, when comparing
concentrations to the 24-hr SO, WHO AQG of 40 ug m.
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Figure 8: 24-hr SOz concentrations in red recorded on the Picton foreshore. The dotted line represents the
2021 WHO AQG of 40 ug m.

It is interesting to note that during August — October (Appendix Fig. A16) spikes between 5 -
10 ug m?) in SO, were identified in the dataset. Upon investigation we were unable to identify
the source of these spikes. The atmospheric system is complex and spike concentrations
recorded during this period may represent a micro-scale, localised source that is less well
understood. The monitoring station was located in a carpark where there are a high number
of vehicle movements with cold engine starts, camping and overnight stays and mobile food
trucks. The carpark was also used extensively by tradesmen servicing upgrades to the
surrounding area. Multiple studies have highlighted the potential for high concentrations of air
pollutants due to construction, cooking and the use of chemicals (Boamponsem, 2023; Gao
etal.,, 2022; Patel et al., 2023).

When investigating the hour-of-day, month-of-year and day-of week concentrations (Fig. 9)
the temporal variation in SO, becomes apparent. There is a bi-model diurnal pattern with a
peak between 0200 and 0700 before gradually decreasing over the day with a minima at
1400, before increasing toward the evening.
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Figure 9: Hour-of-day, month-of-year and day-of week concentrations for SO recorded on the Picton
foreshore. 1-hr data shown with 95% confidence (shaded area).
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Concentrations were very low during the sampling campaign and the diurnal pattern observed
is in line with wind speed conditions (Appendix Fig. A13), lowest in the morning limiting
dispersion and increasing wind speeds over the day increasing dispersion of SO,. This pattern
was also observed in the 2019-2020 study (National Institute of Water and Atmospheric
Research, 2021). The CentrePort study highlighted short peaks in SO,, representing
intermittent sources under certain wind speeds and directions.

Concentrations over month-of-year show bi-model peaks in March and September, with
minima in April. During March 2023 there was still a significant amount of construction
surrounding the Port, related to the iRex wharf upgrades (KiwiRail, 2021). The construction
activity could be a reason for the increase in SO, concentrations during this period.
Construction vehicles and equipment do not necessarily comply with the same emission
standards as road vehicles and as such have been noted to contribute to degrading air quality
especially within urban centres (Patel et al., 2023).

Cruise ship passengers and size (mean gross tonnage) also peak in March (Table 1). Although
the highest cruise vessel movements are in January (17 movements) compared to March (11
movements), guest numbers and size over those months increase considerably. In January,
the mean size was 47,541 tonnes with 18,407 births on board, whilst in March the mean size
was 106,804 with 27,928 births on board. From this we can see that the vessel size in March
is significantly greater than those in February. It is well documented that larger vessels do have
higher emissions due to increased engine size and load (Aakko-Saksa et al., 2023; Li et al.,
2023; Trozzi, 2006). SO, concentration are highest between February and April, aligning with
the end of the cruise ship season nationally (Statistics New Zealand, 2025).

The drop off in April, with a gradual increase over the winter months can be partially explained
by contributions from solid fuel domestic home heating in the winter (Davy & Trompetter, 2020;
Ministry for the Environment & Statistics NZ, 2024; Patel et al., 2024b; Wilton, 2022). Further
work would need to be undertaken to apportion the exact contributions of SO, from domestic
home heating and other sources. The peak in September however remains unidentified. The
2021 air quality report observed peaks in May and July, with concentrations dropping on
either side of those months. However, these data were flagged due to ‘instrument error margin
and life span’ (National Institute of Water and Atmospheric Research, 2021).

For day-of-week concentrations, lower concentrations Saturday - Tuesday are similar to what
was observed for NO,. Concentrations were lowest on Tuesdays and highest on Fridays.
These findings align with weekly ferry movements although Friday (observing the highest
concentrations) is an outlier. The reason for this is unknown and requires further investigation.
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Fig. 10 show polar plots of smoothed SO, concentration variation with wind speed and
direction with very little pattern evident due to the low concentrations. When investigating the
polar plot with a finer resolution scale (Appendix Fig. A17), the dispersed nature of SO,
concentrations, with increased concentrations from the NE and SW under high wind speeds
becomes evident. The NE component is not in the same direction of the ferries as observed
with NO..

Potentially hypotheses for these elevated concentrations from the NE, under high wind speeds
could be attributed to emissions from the Taupo Volcanic Zone (TVZ), where natural sources
represent three times that of total anthropogenic emissions (Davy et al., 2022); this requires
further investigation and currently outside the scope of this report. The contributions from the
SW can be partially explained by contributions from domestic home heating in the winter but
another source in the spring and summer is also evident (Fig. 11). This is further explained
below.

0 1 2 3 4 5
SO, Concentration (ug m‘a) A

Figure 10: Polar plot of SOz concentrations with wind speed and direction on the Picton foreshore for the
one-year monitoring campaign. 1-hr data shown.
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The seasonal polar plots (Fig. 11) show slightly elevated concentrations under high wind
speeds from the SW during spring and summer. The hypothesised source during this season
is unknown and requires further investigation. The diesel-powered Marlborough Flyer is one
hypothesised source of elevated combustion emissions which operates in the warmer months.
During the summer there are elevated concentrations to the NE, consistent with NO, emission
patterns, originating from the main loading and unloading areas associated trucks, rail freight,
cars and passengers associated with ferries and cruise vessels.

The high concentrations from the NE in autumn are also evident, which aligns with
contributions from the TVZ and the direction of the Queen Charlotte Sounds which the ferries
regularly traverse, whilst in winter, contributions are also evident from the SW, in the direction
of residential dwellings with contributions from domestic home heating.

It must be highlighted that concentrations are very low (between 1 and 4 ug m), therefore
distinct patterns in the data are difficult to identify. Studies in Auckland and Wellington both
show the prevalence of SO, contribution from shipping emissions downwind of their respective
Ports and in Auckland, highlight emissions from domestic home heating and White Island
volcano, located in the Bay of Plenty (Boamponsem et al., 2024; Mitchell, 2022; Talbot et al.,
2017).
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Figure 11: Polar plot of SO2 concentrations with wind speed and direction on the Picton foreshore for each
season of the one-year monitoring campaign (left to right — spring, summer, autumn and winter). 1-hr data
shown.
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4.4. Concentration Peaks in NO2 and SO

Using the conditional probability function (CPF) analysis (Fig. 12), we can better understand
under which conditions, high concentrations are more prevalent by investigating the 75"
percentile. It must be noted that the colour scale provides an indication of the pattern and
should not be interpreted for concentration units.

For NOz and SO, the 75" percentile is 11 ug m= and 3.5 ug m= respectively. We can see that
there is one distinct source for NO,and two distinct sources for SO, (Fig. 12).

Under calm conditions (<2 m sy and up to 4 m s elevated concentrations of NOare evident
to the W, extending to the N. This aligns with the ferry loading and unloading areas for vehicles,
trucks, rail and passengers as well as the ferry movements themselves from the Port of
Marlborough.

For SO there are elevated concentrations to the NNE, under high windspeeds which is in-line
with contributions from the TVZ. There are also contributions from the SW, which aligns with
sources from domestic home heating during the winter, but as we observed from Fig. 11, there
are more dispersed sources to the SW, under high windspeeds, during the spring and summer
which require further investigation.

005 01 015 02 025 03 035 04 045 0.1 02 03 0.4 0.5
CPF at the 75th percentile (=11) CPF at the 75th percentile (=3.5)

Figure 12: 75" Percentile CPF bivariate polar plots for NO: (left) and SO: (right) on the Picton foreshore.
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5. Conclusions

Mote Limited was contracted to undertake one-year’ worth of regulatory monitoring for NO, and
SO, the Picton foreshore. The aim was to measure concentrations and compare them to relevant
national (NES-AQ & AAAG) and international standards (WHO AGQ) as well as assess the impact
of meteorology. The site was chosen to establish the ambient exposure to the public using the
foreshore area, in particular children using the playground.

Concentrations of NO, and SO, consistently met the NES-AQ, AAQG, and WHO AQG standards
with both pollutants falling within the ‘excellent’ reporting category with respect to the NES-AQ.
There were no exceedances of the updated WHO AQG, however, NO, concentrations in the
winter did get close to exceeding the 24-hr threshold of 25 ug m* and the reporting categories
for 24-hr NO, and SO, concentrations were deemed to be at ‘alert’ and ‘good’ respectively.
Concentrations were lower than those recorded at Centre Port in Wellington and in Auckland.

Temporal patterns for NO, showed concentrations peaks at 0600, 1100 and 1700 which aligned
with ferry arrival and departure times. Higher concentrations of NO» were recorded in the winter
due to relatively calmer meteorological conditions limiting dispersion. Lower NO, concentrations
were observed over weekends likely linked to reduced ferry movements and motor vehicle traffic.
SO, concentrations were low and stable throughout the study, with some peaks during August —
November. The reason for these peaks is unknown and requires further investigation.

Spatial patterns showed localised concentrations of NO, to the NW under low wind speeds,
extending to the N under high wind speeds, aligning with the ferry loading and unloading areas
and ferry movements through the Sounds. A more dispersed picture was obtained for SO, pointing
to elevated concentrations to the NW during the warmer months (likely attributable to ferry and
cruise vessel movements) and to the SW in the winter months which is likely attributable to
domestic home heating.

Slightly elevated concentrations under high wind speeds from the SW were found during spring
and summer, but the source during this season is unknown and requires further investigation.
Elevated concentrations were also found to the NE, likely attributable to emissions from the Taupo
Volcanic Zone. CPF analysis showed key hotspots the NW, extending to the N for NO, and the
SW and NE for SO, pointing to contributions from unknown sources and the TVZ respectively.

It should be noted that the location of the monitoring station (on the Picton foreshore) may not be
ideally suited to fully capture the impacts of ferry and cruise vessels emissions as plume downwash
would be limited in such small distance from the source. However, the study was aimed at
establishing the ambient concentrations to estimate exposure to the public in the Foreshore
Reserve, rather than specifically tracing plume dispersion.

Findings from this study highlighted that ambient concentrations of NO, and SO, complied with
both New Zealand and WHO guidelines, suggesting a low risk of exposure.
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6. Recommendations

This report has outlined the concentrations of gaseous air pollutants (NO, and SO,) on the Picton
foreshore in relation to relevant national and international standards. Although there were no
exceedances, this may change in the future if more stringent amendments are made to NZ
regulatory air quality standards and guidelines such as the 2021 WHO AQG. To further
understand the complexities of Picton’s air quality, recommendations for next steps are as follows:

Consider a spatial survey of NO, concentrations during the peak winter months using
diffusion tubes or similar. The purpose of this study would be to identify the spatial variation
in NO, across Picton, determine whether the foreshore site is generally representative of
the Picton community and identify potential hotspot monitoring sites.

Monitor changes to ferry infrastructure and undertake further source attribution studies to
better understand the contributions from cruise ships, ferries, domestic home heating,
natural sources and traffic.

Consider repeating winter NO, monitoring using regulatory instruments in 5 years’ time or
sooner if there are substantial changes to port infrastructure or shipping emissions in the
interim.

Consider undertaking further investigation in conjunction with the port authorities and
shipping/freight companies to understand hotelling/idling of vessels, freight and vehicle
management within the area and effects on air quality to establish if any emission
reductions could be achieved.

Consider undertaking PM source apportionment (including networked black carbon
monitoring) to better understand contributions from various combustion modes (such as
shipping and motor vehicles) and domestic home heating.

Consider heavy vehicle idling around Picton and the potential for restrictions to reduce
emissions.

Undertaken further investigations to establish the scale of coal use for domestic home
heating in Picton.
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Appendices

Table A7: Relevant monitoring methods, instruments and standards.

Instrument Pollutant Method Relevant Standard
Measured
AS 3580.5.1:2011 -
Teledyne NO, NO,, Chemiluminescence Method 5.1: Determination of
200E NO, oxides of nitrogen — Direct-reading
instrumental method
AS 3580.4.1:2008 -
Ecotech Method 4.1: Determination of
! SO, UV Fluorescence sulphur
Serinus 50 o i .
dioxide—Direct reading
instrumental method
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Figure A13: Hour-of-day and month-of-year wind speeds recorded at Waitohi Domain. 1-hr data shown with
95% confidence (shaded area).
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Figure A14: 1-hr NO2 concentrations in red recorded on the Picton foreshore. The dotted line represents the 1-hr
NES-AQ of 200 ug m™.
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Figure A15: 1-hr SO2 concentrations in red recorded on the Picton foreshore. The dotted line represents the 1-hr
NES-AQ of 350 ug m™.
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Figure A16: 1-hr SO2 concentrations in red recorded on the Picton foreshore.
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Figure A17: Polar plot of SO2 concentrations with wind speed and direction on the Picton foreshore for the
one-year monitoring campaign (scale not constrained). 1-hr data shown.
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