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1. Summary

1.1 Overview
The Defra rural air pollutant monitoring networks proje@017-2020 ECM48524)UK
Eutrophying and Acidifying Atmospheric Pollutants (UKEA&)prises the following
measurement activities:

1 UK EMEP monitoring supersites (Chilboltonand Auchencorth)

1 National Ammonia Monitoring NetworKNAMN)
1 Acid Gases and Aerosol Network (AGANet)

1 Precipitation chemistry Network
9 Rural NQ diffusion tube network
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FANI ljdzk € AGe

(PrecipNet)
(NO-Net)

Network are embedded in NAMN and Preblpt
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and internationally.

Ricardo Energy and Environment.

Site Operatrs across the UK throught the year
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The UKEAP network data underpins UK rural air quality modelling and mapping.
The diagram below highlights the stasignificantataapplications in the UK

The UKEAP network is operated by the Centre for Ecology and Hydrology and

Measurements would not be possible without the dedicated support of Local

UK Eutrophying and Acidifying Atmospheric Pollutants (UKEAP) Network Data

UK-Air Quarterly
pre-ratified data

UK-Air Annual ratified
data

Inspire compliant
publically accessible data

Data delivered to national
and international user
databases:

= LTMN

+ ECN

* EMEP

= OSPAR

INSPIRE COMPLIANT DATA

=

UK NATIONAL & INTERNATIONAL AIR QUALITY IMPACT
MODELLING, MAPPING and REPORTING OBJECTIVES

EU COMPLIANCE MODELLING
Pollution Climate Mapping (PCM)
secondary Inorganic Aerosol and NO, data
AGANet, NAMN and NO,-Net

UNECE Mapping and modelling
C ion Based i Deposition (CBED)
Pollutant concentrations and modelling of pollutant deposition
AGANet, NAMN, Precip-Net, NO,-Net

Habitats Directive Compliance
Assessment and mapping of critical load exceedance & impacts of air pollution
Precip-Net, AGANet, NAMN and NO,-Net

EU COMPLIANCE
AQ Directive Article 6 Speciated PM, 5 Auchencorth Moss & Chilbolton
Supersites (MARGASs)

=

NECD Air pollution impacts on ecosystems Article 9 reporting
(from 2018)

UNECE CLRTAP European Monitoring and Evaluation Programme
UK Monitoring implementation at
Auchencorth Moss and Chilbolton Supersites

ASSESSMENT
& PLANNING

LAQM and Clean Air Zone
assessment

Air pollution incident (volcano,
Birling Gap)

Resources for assessing pollution
impacts on ecosystems e.g. APIS
(wwrw.apis.ac.uk)

Underlying pollution maps for
screening tools e.g. SCAIL
(www.scail.ceh.ac.uk)

Planning and environmental
Impact Assessments (EIAs)

Data used in AQ reports by UK
Government scientists and
contractors

European Transboundary
pollution and trend assessment
under UNECE TFMM

UK & international AQ research
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1.2 Evidence and Policy Use of UKEAPMeasurement data

Measurement @ta from the UKEP networksarein place to support compliance assessment,
assess exceedance of critical levels and loads, as well as infdicy gevelopment. A
summary of orgoing activities is presented below:

Modelling Ambient Air Quality (MAAQ)

1  Ambient concentrations of sulphate, nitrate and ammonium measured within the
AGANet and NAMN networks are used to produce maps of the secondary
inorganic aerosol components BV s and PMo.

1 TheRural N@-Net isused to produce the rural background NOx concentration field
in air quality PCM compliance modelling

Further details of how these measurements are used in compliance assessment moaielling
be found on http://ukair.defra.gov.ukiere).

Mapping and Modelling of Critical Loads and Levels
CBED

1 UKEAPRrecipNet, AGANet, NAMN and N&Net data used to producannual
concentration &surfacedepositionmaps of nitrogen and sulphur pollutants, separating
wet and dry components.

1 Long term trends and impact assessment.

Further details of this work may be found on http://wvapis.ac.uktiere)

Fine Resolution Atmospheric Mulpollutant Exchange (FRAME)
1 NAMN data used with the model for calculating ammonia concentrations in the UK
at 5 km and 1 km olution and assessing critical leegkceedance.

Further details of this work may be found on http://www.pollutantdeposition.ceh.ac.uk/frame

(here)

UKCritical Loads and Levels mapping
Mapsfrom CBED and FRAMEe used toassess:

1 Impacts on UK ecosystems from sulphur and nitrogen

1 UK trends in ecosyems exceeding critical loatleadline ndicator (B5afor Defra,
JNCC and the Devolved Administrations

1 CBED calcium and base cation deposition tisaterive UK acidity critical loads

1 UK critical loads submitted to the UNECE Convention ontaogg Transboundary Air

Pollution CLRTAP) W&ing group for abatement strategy development.

Further details of this work may be found on http://www.cldm.ceh.ac.b&fd)


https://uk-air.defra.gov.uk/data/pcm-data
http://pollutantdeposition.defra.gov.uk/data
http://www.apis.ac.uk/updating-cbed-modelling-data-full-text
http://www.pollutantdeposition.ceh.ac.uk/frame
http://cldm.defra.gov.uk/index.htm
http://jncc.defra.gov.uk/page-4233
http://www.cldm.ceh.ac.uk/

Supportfor National Air Pollution Control Strategies
w Sourcereceptor data is daulated with FRAME to input to the UK Integrated
Assessment Model and used to support national policy on strategies for control of air
pollution (Defra project AQ0947), as well as for source attribution of S and N
depositionin APISSeeherefor further details

Air Pollution Information SystemAPIS (SEPA, JNCC, EA, NE, NRW, NIEA ar)d SNH

1 Resource for UK agencies, local authorities, SMEs and the public for information on air
pollution related to ecosystem effects; uses UKEAP, CBED and Critical Loads maps.

1 Searchableite relevantcritical loads andsourceattribution.

1  Assessment by habitagécosystem or speciemnd literature database.

Habitats Directive assessment3dNC@nd others)
i Assessments based on critical loads exceedance for habitats which are sensitive to
nitrogen
1 Assessment of @ssures and threats from air pollution as part of the conservation
status assessments for Annex | habitats for the Article 17
1 Assessments used to inform judgements of conservation status.

Article 6 andAnnex IVof Directive 2008/50/EC on Ambient Air Quality and Cleaner Air For
Europe

The Air Quality Directive requires the speciation ohR&t rural background locations with a
spatial coverage of 1 stath per 100,000 kf This sampling is coordinated with the
Cooperative Programme for Monitoring and Evaluation of the trange Transmission of Air
Pollutants in EuropeEMEP) through the two supersitesGhilboltonand Auchencorth Moss.

Direct public provision ofair quality data

All the UKEAP data is managed through a centralised database and is available for download
through the UKAIRweb site. Data are also submitted to tiidSSPARNd EMEPdatabases.
Staff are available to give information on the measurements when requested.



http://sciencesearch.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&Completed=0&ProjectID=685
http://www.apis.ac.uk/
http://jncc.defra.gov.uk/page-1374
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:152:0001:0044:EN:PDF
http://uk-air.defra.gov.uk/data/
http://www.ospar.org/
http://www.emep.int/
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2. Introduction

The DefraEnvironment Agency and Devolved Administratiamal air pollutant monitoring networks
project, UK Eutrophying and Acidifying Atmospheric Pollutants (UKE&Bperatedjointly between
RicardoErergy& Environmentand the NERC @ee for Ecology and Hydrolog¢ZEH)

UKEAP measurements are undertaken to allow improvements in understanding of the chemical
composition,deposition and removal processes and to allow validatératmospherictransport
models. This report summarises operation and monitoring dataot7.

UKEAP is comprised of:
1 National Ammonia Monitoring Networ NAMNC¢ 72 sites)
9 Acid Gases and Aerosol NetwofKGANet ¢ 27 siteg
1 Precipitation chemistry NetworkPrecipNet ¢ 41 sites)
1 Rural NQ diffusion tube network(NQ-Net ¢ 24 siteg

1 UK EMEBupersitegChilboltonand Auchencorth)

Air quality measurements of thdatural Englandlong Term Monitoring Networlare embedded in

NAMN and Preciet
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2. UKEAP Networks Reports

2.1 Precipitation Network (Precip -Net)?

Duing 2017 there were no significant changes to the network with4allfortnightly bulk rain

monitoring sites and 2 daily wet only (DWOC) colleciar®peration throughout the yearBulk

precipitation samples were collected using a samplergleshat has been used in the UK network

since the inception of the Acid deposition monitoring network in 1986, details of which can be found

in previous reportgndis pictured irFigured. The locations of th€recipNetsites ae shown irFigure

3. Those sitesvhichareLJ- NIi 2 F bl (GdzNJF f 9y 3f I yR aninfedafedwith SNY a 2
the existing Preciet network are highlighted iRigureb.

Monitoring data were proied to the Data Dissemination Unit quarterly and made available through
the UKAIR websité Further information, such astelocation, altitude and photos are also available

Daily collection of precipitation samples using Daily Wet Only Precipit@tidiectors (DWOC) are
operated at the Auchencorth Moss and Chilbolton sites that meet part of the EMBmMitments by

the UK .Local Sites Operators (LSOs) are used to undertake the site operation including replacing rain
collection bottles, cleaning funrglreplacing debris filters and making observations at the site. LSOs
also ensure the return of the collected rain samplé@be spatial patterns of the annual mean
precipitationrweighted concentration of nogeasalt sulphate, nitrate, ammonium and hydrogee
presented inFigure 7for 2017. The maps show that: the neea salt sulphate and nitrate
concentrations tend to be highest on the eastern seaboard where the rainwater volume is smallest.
Ammonium concentratins are highest in the areas of the UK where inten$iiestock activity is
highest. There is no clear pattern in the hydrogen ion concentration

Figure 4 Bulk rain sampler (Bannisdale)

1 hitps://uk-air.defra.gov.uk/interactivenap?network=precipnet

2 https://uk-air.defra.gov.uk/data/data_selector _service?q=1043421#mid

3 https://uk-air.defra.gov.uk/networks/siténfo?uka_id=UKA00635

10
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https://uk-air.defra.gov.uk/networks/site-info?uka_id=UKA00635

@
JLullington Heath NNR
:* 3

*
Figure 5 LTMN sites forming part of the Precip-Net monitoring network (eight sites)
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Since the monitoring network began in 1986issions of all the precursor gases have decreased
though the rate of decrease for sulphur dioxide was greater that tor oxides of nitrogenand
ammonium For exampleFigure8 shows that sulphur dioxide emissions have decreased by about
ninety percentoxides of nitrogeremissionshave decreased hyearly70%and ammonia emisssions
have decreased by abb@i2%

Figure8 also pesents projected emissiofgor the respective gaseom the National Emissions
Inventory (NAEI)According to current projections for 2020 and 2030 ammonia emissions are not
expected to derease due to an increase in agricultural production.the basis of these projections

it appear unlikely that thdJK will meet the Mtional Emissions Ceiling DirectiveE@I) targets for
ammonia which by 2020 and 2030 are projected to be 12 % and 2296 #ie NECD targets set to
protect ecosystems. For sulphur dioxide and oxides of nitrogen emissions, the NECD target is expected
to be met for 2020 but not for 2030.

Figure 9, Figure 10 and Figure 11 compare the total sulphur dioxideoxides of nitrogen and
ammomiumemissions for the UK with theetwork averageconcentrations fonon-seasalt sulphate
nitrate and ammonium respecively. At this highly aggregated scale thete of decrease in nitrate
and ammoniumconcentrationare smaller than that for sulphatelThe aggregatednalysisdoes not
the signficant geographical variations which are shown clearly by individual site tréseisFigure
12Fgures 12-14)for non sea salt sulphate, nitrate and ammonium, respectively).

Clear downward trendare found for sulphate and nitrate. Trends in ammonium concentrations are
generally less clear. At locations where the ammonium concentration was greater thaag30in

the 1980s (for example, Bottesford. Flatford Mill, Preston Montford, Stoke FedyHalsborough
Forest) the decrease in concentration was at leastid® I* over the thirty year period . At the other

sites the inter year variability was large. At many of these locations there is no discernable decrease
in ammonium concentration in war. Such observations may be expected given the relatively
constant emissions for ammonia shownHigure8.

4 https://consult.defra.gov.uk/environmental-quality/clean-air-strategy-consultation/user_uploads/clean-air-strategy-2018-consultation. pdf
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Figure 8 Sulphur dioxide, oxides of nitrogen and ammonia emissions since 1986°
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Figure 9 Sulphur dioxide emissions and sulphate concentrations in rainwater

5 Reference for emissions data. http://naei.defra.gov.uk/
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Figure 12 Non sea salt sulphate concentrations measured at sites with the Precip-Net since 1986
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Figure 13 Nitrate concentrations measured at sites with the Precip-Net network since 1986
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Figure 14 Ammomium concentrations measured at sites with the Precip-Net network since 1986
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2.2 NO»-Net Network

The NQ network (NQ-Net) consists of 24 sigea which diffusion tubs, in triplicate were exposed

for approximately 4veek exposure period3he annual average N@easured at each site, together

with data capture, are shown ihablel. Diffusion tubes consistf@ polypropylene tube (7.1 cm in
length), on one end of which is a low density polyethylene cap. Two stainless steel grids impregnated
with the absorbent chemical are mounted within this cap. In this case, the absorbent is a solution of
triethanolamine anl acetone.

The mean data capture of the diffusion tubes for all of the site in 2017 was 97% with 22 of the 24 sites
achieving > 90% and 19 sites achieving 100% data capture. The poor data capture at LIyn Llydaw was
caused by the diffusion tubes being espd or extended periods what could not be used to calculate

the annual mean. The 82% data capture at Lullington Heath was due to the site not starting until early
March 2017

Table1l 2017 NQ concentration from the Diffusion Tubesithe NQ-Net

2017 2017
. Raw2017 concentration Data . Raw2017  concentration Data
Site Name concentr?tlon Bias Corrected capture Site Name concentr3n0n Bias Corrected capture
(g m?) (0.8281 (Hg ) (0.828)
0, 0,

Allt a'Mharcaidh 0.93 0.77 100% (Llyn Llydaw 2.39 1.98 60%
Balquhidder 2 1.55 1.28 92% |Loch Dee 2.05 1.70 100%
Bannisdale 3.82 3.16 96% |Lough Navar 1.55 1.28 100%
Chilbolt Lullingt

rooton 10.11 8.37 100% | naon 10.31 854  82%
Observatory Heath
Driby 2 9.74 8.06 100% |[Moorhouse 3.35 2.78 100%
Eskdalemuir 2.38 2.06 100% |[Percy's Cross 3.62 2.99 100%
Flatford Mill 10.46 8.66 93% | Polloch 1.24 1.02 100%
Forsinard RSPB 1.30 1.08 100% |[Pumlumon 2.76 2.29 100%
Glensaugh 2.84 2.35 100% | Strathvaich 0.81 0.67 100%
Goonhilly 3.65 3.02 100% | Tycanol Wood 2.96 2.45 100%
High Muffles 5.60 4.96 100% |Whiteadder 3.02 2.50 100%
Hillsborough
Forest 6.42 5.32 100% |Yarner Wood 3.64 3.24 100%

1 All sites bias adjusted by 0.828 with the exception of Eskdalemuir, High Muffles and Yarner Wood which were corrected
using co-located samplers, Appendix for details. 2 Chilbolton has co-located sampling but due to inlet height differences and

unusual comparison with automatic data a factor of 0.828 was used.
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The annual average uncorrected N©ncentrations from 2012017 are shown iRigurel6that gives

an indication of the differing levels atral locations across the UKlost of the sites show some
reduction between 2010 and 2017 but the larger decreases being seen at the sites that could be
considered aselss rural such as Harwell (now closed) and Flatford Mill. This may be anticipated as
these will be closer to the sources of Nahd hence changes in the emissions would have more
influence on measured concentrations.

Figure15 shows the trend in emissions of N@nd NQ concentrations measured by the diffusion
tubes in the network. It is apparent from the above plot that the estimated emissions dhNi@ UK

as a whole show a reduction overettperiod shown and there iglso areduction in theaverage
concentrationsof all of the active N@net site during each years however the rate of decline in
concentration is slightly less than the ratereduction in concentrations.

This might be expected as emissions of;ldf® associaté with transport or industrial processes
involving combustion so would have less influence at rural locations. The difference between the less
rural site of Flatford Mill sitavhich has an urban influendseing about 50 miles from London and
between Colchster and Ipswich and theore ruralStrathvach sitelocated in the north of Scotland

can also be seen in the plot. The trend in concentrations at the Strathvaich site does not appear to
show any observable reduction in Bi@ncentration whereas the Flatfd Mill sites shows a similar

rate of reduction to that of the NAEI estimated.

2500 18

16 s Public Electricity and Heat Production
mmmmm Production Processes & Waste and other
14 [ Passenger cars
mm Other Transport
12 mmmm Heavy duty vehicles
mmmm Combustion in Industry
—&— Flatford Mill
——@— Strathvaich
—@=— Network Average
Linear (Total Emission Nitrogen Oxides )

= = Linear (Flatford Mill)

NO, Concentration {pg/m’)

= = Linear (Strathvaich)

= = Linear (Network Average)

500

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Figure 15 Long term trends where estimated emissions are plotted against selected sites in the network
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Figure 16 Annual mean NO, concentration (ug m-3) at the NO,-Net sites 2010-2017
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2.3 National Ammonia Monitoring Network (NAMN)

The number of National Ammonia Monitoring Network (NAMN) sites providing monthly
measurements of atmospheric Nk 2017 was Z, summarigd inTable2. Severathanges to NAMN
were implemented at the beginning of 20115 sites which measured NiWith apoweredDELT Air
sampler were converted to passive ALPHA samiiteasTable3). In addition,Lullington Heath site
was converted to an AANET DELTA site, replacing the AGANet site which had been at Barcombe Mills
which closed in 2016The conversions wereindertaken at the beginning of Februarg017,
coordinatingwith the regular sampler change tainimisenetwork disruption. Figurel summarises

all the sites operating iNAMN in 2017 measuring ammonia @asl Figure2 showsthe Acid Gas and
Aerosol network (AGANet), where in addition, particulate ammoniumy{)iNférmed as a secondary
product from the primary NEemissions, is measuremenediGANETesults are discussed in section
2.3.

The 2017 annual NAMN resulre summased by he averageand range ofannual NH
concentrations observed at eaclte inFigure 1Table3. The graphs are all plotted on the same scale,
to allow a direct comparison ®MH; concentrations between site§he 207 NAMN results continue
to illustrate the high spadil variability in Nkl concentration and the seasonal variability Nf+
concentrations reflecting the large regional variability insMihissions During 2017 average data
capture across all sites was®3(QC criterisisummarised in the Appendi{ this report). This data
capture is expected to improve going forward with all network changes now complete.

Table 2 Summary of National Ammonia Monitoring Network (NAMN) monitoring site types during 2017 (post site conversion)

Site Type Number
DELTA sites sampling gaseous NH 29

AGANET DELTA sites (sampling gaseoydNI®, SQ, HCI &
aerosoINH:*, NQy, S@?, Ci, Na, C&*, Mg?*)

27

ALPHA sites sampling gaseous ditty 52
Intercomparison sites with both DELTA & ALPHA 9
Total numier of sites 72

Table 3 Summary of DELTA to ALPHA site conversions in 2017

Site Name Network
site
Number
Auchincruive 78C
Brown Moss 2 9B
Cardigan 63
Carlisle 74
Castle Cary 42
Coleraine 79
Inverpolly 3B
London Cromwell Rab2 36C
Lyulphs Tower 80
North Wyke 23
Pointon 76
Porton Down 28
Sibton 46
Tadcaster 43
Wytham Woods 26
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Figure 17 Annual mean concentrations of gaseous NH3 in the NAMN. Each data point represents the averaged

concentrations of monthly measurements made at each site in 2017, whilst the bars show the minimum and maximum

DELTA)

ALPHA sampler; D=

concentrations observed (A

24



NH; concentrations over the period 1998 to 2017 are summarised in a boxfitptrel8). Data from

1996 and 1997 were excluded from analysis since this was theugigshase of the network with
incomplete annual datal he whiskers show the absolute max and min and the diamonds is the mean
annual concentratiorof all sites. Changes in the number of sites and locations of sites occurred over
the course of the network.

WhilstUK emissionsf NH declined by aboul 1%during the operation of NAMNNH; concentrations

from the overall dataset show no detectable tbover the same period. The interquartile ranges and

the spread of the data are variable from year to year and trends are not discernible, masked by spatial
and temporabariability in concentrationdMet Officemean annual UK temperature and rainfall data

are plotted on the same graph to show the influence of temperature and rainfall on-amienal
variability in NHconcentrationsA detailed analysis of NAMN has recel®en published by Tang et

al. inAtmospheric Chemistry and Physi@sang et al. 2017)

NH3 Emissions  ====- Mean annual Temp (0C)  seeeee Annual rainfall (mm)
15 1500
12 {00 Y . TS S S 1200
g _______ - _—"--"" ————— :- hhhhh " ':!-u.‘_____‘_ . r "/‘\. N e \'\‘___..--- 900
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g 300
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Figure 18: Changes in atmospheric NH; averaged over all sites in NAMN operational between 1998 and 2017 summarised in

NH; (ug m?) / Temp (°C)
rainfall (mm)/ NH; emission (kT)

o w [9)]
1998 |-
1999 HC#F—

2001 HOOI#3
2002 HE#
2003 83
2004 H@1

2005 HZ18

2006 HZ &1
2007 HOO&1
2008 T8

2009 HCI&1
2010 HI &1
2011

2012 H&J

2013 HI83

2014 HI&1

2015 HI&]
2016 HI$
2017 |HIe

a box plot. The whiskers shows the absolute max and min and the diamond is the mean annual concentration. Annual mean
UK meteorological data (source http://www.metoffice.gov.uk/) are plotted on top to illustrate the relationship between inter-
annual variability in NHz concentrations with changing temperature and rainfall. UK annual NH; emissions (source
http://naei.beis.gov.uk/data/) declined by 11 % over the period 1998 - 2016.

National maps of both Ntand NH* (Figurel19) concentrations derived from the NAMN confirm the
high spatial variability ahe annual average concentration Bt (0.08 ¢ 8.43ugm), consistent
with it being a primary pollutant emitted from grourdvel sourcesThe29 NAMNDELTA sites are
distributed widely across the UK to provide the regionatqrais of NH(and NH* at the 27 AGANET
sites) For particulate Nk, the annual mean concentratis ranged from the lowest of 0.12 (S41
Lagganlia) to highest of 1.40 (S3®ke Ferry > @ mb Aerosol N&f shows a spatially smooth
concentration fieldas expected for a secondary inorganic componkrglso has a similar
distribution to the sulphate and nitrate aerosol UK m#ps
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Figure24), as would be expected due to the formation of stable and sstable paticle phase salts,
e.g. ammonium sulphate and ammonium nitrate, respectively.

The NAMN data is used in annual mapping exercises including regression betwasedstrements

from NAMNand the FRAMEmModel (Fournier 2002)s used to scale the FRAME estinsate the
network. This approach is considered to provide the best estimate of the Ulcditdentration field
overalland the transformed FRAME estimates are then applied as input to the CBED (Concentration
Based Estimates of Deposition) inferential modebmith et al. (2000) (NEGTAP 2001) to map and
estimate UK budgets of Nidry deposition as applied in the Defdapping and Modelling of Critical
Loads and Levet®ntract.
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Figure 19: Spatial patterns of annual NHz and aerosol NH,* concentrations from monthly NAMN/AGANET measurements.

Since February 2017, ammonium is measured at the 27 AGANET sites only.
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2.4 Acid Gas and Aerosol Network (AGANET)

The UK Acid Gas and Aerosol Network (AGANET) provides monthly speciatedemeats of
atmospheric reactive gases (HNSQ) and aerosols (NQ SQ@?, Cl, NH*, N&, C&*, Mg’ at 27 sites
across the UKThe spatial distributions of acid gases and aerosol ions, which are primarily
anthropogenidn origin in particular HN&NO; and S@SQ? have the highest concentrations in the
south and east of the UK. Atmospheric gases includingaBOHNQ are somewhat more spatially
variable than aerosol species, reflecting the longer atmospheric residence time of the latter. Althoug
on the UK scale withnly 27sites the higher spatial variability in gaseous species can be seen

Mean 2017 annual concentrations of trace gas and aerosols at individual sites in the network are
compared inFigure20, andFigure21 and Figure22 respectively.The comparison of the gas phase
concentrations shows that there is more NHan either S@or HNQ at these sites (on a molar basis),
while HNQ@ concentrations are compabde to SQ

For the aerosol components, the close coupling between acidig,(8Q*) and basic (NF) aerosol
components is demonstrated by the high correlations. As with the gases, reduced nitrogenigNH

in molar excess over $0and NQ@ (i.e. the acidic components are less that the basic) However,
aerosol N@ is in molar excess over $OThere is a near 1:1 relationship between &id N4,
consistent with a primarily marine origin for these ions in the UK. Thetkmng trends in gaseous
HNQ, SQ and particulate N®, SG*, Cl, NH* (Figure26) are shown by plotting annual averages of
measurement data from all sites, and also from the original 12 sites for the 16 year period from 2000
to 2016. Datdrom 1999 were excluded from analysis since the network only started in September
1999.

Overall, the dataset shows no detectable trend in Gaseous S@oncentration continues to show a
gradual downward trend, in line with UK S$nission trends. Thgeneral decreasing trend in gaseous
SQ concentrations is also accompanied by a decline in particulaté &centrations. There is a
general downward trend in HN@ccompanied by a slight downward trend inNO

In 2016 there is an increase in the netlkk@verage particulate NQ SQ* and NH*concentrations by
approximately 50, 100 and 100% respectively. This is primarily due to improved chemical capture
resulting from a method change implemented from the beginning of 2016. However it can be seen
that there is also significantly interannual variability of the same order of magnitude. Further data
will be needed to confirm the magnitude of the step changes across sites and a full assessment of
whether a backcorrection of historic data is possible givéne variability of PM across the UK spatially

and temporally. For details of the method change see Tang et al. (2016).
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Figure 20: Mean monitored annual concentrations of gaseous HNO3 and SO; at individual sites in AGANET. Each data point
represents averaged concentrations of monthly measurements made at each site in 2017, whilst the bars show the minimum
and maximum concentrations observed. Data for gaseous NH3; measured under NAMN is also shown for comparison. Note:

Carradale site non-operational in 2017 (no power).
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Figure 21: Mean monitored annual concentrations of particulate NOz, SO,% , CI" and NH," at individual sites in AGANET.
Each data point represents the averaged concentrations of monthly measurements made at each site in 2017, whilst the bars

show the minimum and maximum concentrations observed. Note: Carradale site non-operational in 2017 (no power).
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Figure 23 Annual mean monitored atmospheric reactive gas concentrations (HNOzand SO, from AGANET and NH3 from NAMN) across the UK from annual averaged monthly measurements

made in 2017.
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measurements made in 2017.
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Figure 26: Long-term trend in annual mean concentrations of gases and aerosols monitored in AGANET. Each data point

= 27 sites) and also the

30 sites; from 2017

original 12 monitoring sites in the network. Since 2016, HCl is no longer measured in the new DELTA sampling train

represents the time-weighted averaged annual mean from all sites (2006 i 2016

configuration. NAMN NH; data for AGANET sites are also shown, for comparison.
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3. UK EMEP Supersites 2017 measurement overview

There aretwo UK EMEP supersiteSuchencorth Mos$iasoperated asan atmospheric observatgr
for long term measurements sind©95and became EMEP Supersite in 20@8ereas Chilbolton
completed its first year of measurements in 2016, following a relocation from Harwell 20
due to decommissioning of the sitéMEP( the Cooperative Programme for Monitoringind
Evaluation of the Longange Transmission of Air Ralints in Europe operates under tHeNECE
Convention on Long Range Transboundary Air PollytaMisasurements made at theupeisites in
2016 are summarisedh Table4.

Both EMEP Supers#tare rural sites. The sites provide tfexjuired coverageof at least once station
every 100,000 ki to determine the composition of PMat rural background locations asquired

under Annex IVof Directive 2008/50/EC on Ambient Air Quality and Cleaner Air For Europe. The
chemical composition of PMis determined for the followng species:

1 Elemental carbon (EC) and organic carbon (OC), from the UK Particle Concentrations and
Numbers Monitoring Network.
1 Inorganic species (KNa, NH*, C&*, Mg**, Ct, NQ, S@%), from the MARGA instrument.

The PMstime coverage at both EMERpersites exceeds timeinimumtime coverage (14%) specified
in the Directive for indicative PM measurementsThe high resolution data is sufficient to allow
comparison with atmospheric models and bdckjectory source apportionment.

Auchencorth andChilboltonare part of all major UK air quality measurement networks including
5STNI Q& ! dzi2YlF GSR | MBRNythe lUKRIe metledtl droviding évislendelfor 6
the UK or compliance with th&U Ambient Air Directivesd theGothenberg Protocobf automatic
air quality monitoring stations measuring oxides of nitrogen gN@itrogen dioxide (N£), sulphur
dioxide (S@), ozone (@), carbon monoxide (CO) and atmospheric particulate matten{BMi PM s).

Nonautomatic measurements of (rural) heavy metal concatibns in PMo and precipitation;
particulatephase base cations, anions and trace gases; polycyclic aromatic hydrocarbons (PAHS) in
PMy, air and precipitation were also made at the site. Automated-tiead measurements of total

particle numberandsad 6 f a2 GSNNXSR a.f1F 01 /IFINDB2y£€0 6SNB YI
Concentrations and Numbers Monitoring Network.

UK Particle Concentrations and Numbers Monitoring Netvadsk provided a daily assessment of the
contribution of Organic Carlmo(OC), Elemental Carbon (EC), and Total Carbon (TC), to the airborne
ambient PMo and PM s mass concentration at the siteAll the aboveair pollutant measurement
activities were funded bipefra. Thisreport summarises the measurements made between aanu

and DecembeR016. The statistics reported on UKIR are those reported to th€ommissiorto
demonstrate compliance ith the air quality Directives.
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Measurements funded under this project and described here are specifically:

1 Meteorological obserations (barometric pressure, dewpoint, wind speed & direction, relative
humidity, temperature, (total) rainfallChilboltonreported here, Auchencorth available on
requestand archived on CEDA

9 Trace gas (HCI, HONO, HN{H, SQ) and PMo, and PM s aerosol concentrations (KNa',
NH,*, C&*, Mg*, Ct, NQ, SQ?), Chilboltonand Auchencorth Moss

1 On line mercury measurementsClgilbolton elemental mercury; Achencorth Moss:
elemental and speciated mercury)

Table 4 Pollutants measured at the UK EMEP Supersites during 2016

Pollutant CHG AUC EMEP Averaging Monitoring network  Contract holder
Level period (Ha/Au)
SQ, HCI, HN@ HONO, NE(MARGA) X X 1 Hourly UKEAP CEH/Ricard&&E
PM.s K, Na, NH*, C&*, Mg, Cf, NGy, 02 (MARGA) X X I Hourly UKEAP CEHRicardoE&E
PMwo K, Na, NH*, C&', Mg, Cf, NQ, SQ* (MARGA) X X I Hourly UKEAP CEHRicardoE&E
Elemental mercury X X | Hourly UKEAP CEHRicardoE&E
Total gaseous mercury in air X 1] Hourly UKEAP CEHRIicardb E&E
Meteorological parameters X X2 | Hourly UKEAP/CEH CEHRIicardoE&E
(WS, WD, T, RH, rainfall)
Precipitation chemistry X X | Daily UKEAP CEH/Ricard&&E
NO and N@(thermal converter) X X | Hourly AURN Bureau Veritas
Sulphur dioxide X X [ Hourly AURN Bureau Veritas
Ozone X X [ Hourly AURMCEH Bureau Veritas
Particulate matter PMs, PMwo X X | Hourly AURN Bureau Veritas
Particulate matter PMs, PMwo X X | Daily AURN Bureau Veritas
VOCs in air X 1l Hourly Automated HC RicardoE&E
Network
PAH irPMuyo, air and rain X X | Monthly PAH NPL7Ricardo E&E
Black carbon X X 1l Hourly Particle number®’CEH NPL
Particle counts (>7 nm) X X I Hourly Particle number’sCEH NPL
Particle size distribution X xR 1l Hourly Particle numbers NPL
PMyo carboncontent (elemental carbonEC prganic X I Daily Particle numbers NPL
carbon,OC total carbon TG
DELTA sampler (particulagghase ions: C&, Mg?*, N&, X X | Monthly UKEAP CEH
Cl, NH#, NGy, SQ?)
Trace gases (HCI, HY®IH;, and SQ X X | Monthly UKEAP CEH
Heavy metals in precipitation X X | Monthly Heavy Metals NPL
Mercury in precipitation X X Monthly Heavy Metals NPL
Heavy metals in PM X X 1l Weekly Heavy Metals CEH
Persistent Organic Pollutants (POPs) in air X X | Monthly TOMPS University ¢
Lancaster
Trace gas fluxes §ONOX, S¢) X 1 NERC NC CEH
NO and N@(photolytic) X | Hourly NERC NC CEH National

Capability funded

ICHO: ChilboltonAUC Auchencorth Moss2NERC CEH National capability fundetdlPL: National Physical Labonato Teddington,
Middlesex.

In 2017 more than20 research outputs (papers or presentations) have been identifsédg data from
Auchencorth Moss
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3.1 Auchencorth
MARGA summary

The aanual summary of trace gas mass concentration ftbenAuchencorttEMEP Supersite f@017

is shown inTable5 andin Figure28. The particulate matterRMy andPMs) summary is in Tabled

and Figures 223 respectivelyOveall data capture at Auchencorth Moss wdg% for trace gases
andin the rangeb2-74%for particulatemass components. The data capture was low due to failure in
the cationIC unit which led to downtimeA new instrumentvas installed ir2018.

Table 5 Annual summary of trace gas mass concentration measurements at Auchencorth Moss for 2017

Trace gas

Annual mean (ug m?)

Data capture (%)

NH;
HCI
HNO3
HNO;
SO,

1.32
0.13
0.10
0.10
0.11

71
75
74
74
74

Table 6 Annual summary of the speciated PM;g mass concentration from the Auchencorth EMEP Supersite, 2017

lon (PM]_o)

Annual mean (ug m?)

Data capture (%)

NH4*
Na*
K*
Ca2+
Mg2+
Cl
NOgz
5042'

0.56
0.58
0.05
0.02
0.05
1.14
1.20
0.87

52
54
54
54
54
72
72
72

Table 7 Annual summary of the speciated PM2.5 mass concentration from the Auchencorth EMEP Supersite, 2017

lon (PM,5s)

Annual mean (ug m®)

Data capture (%)

NH4*
Na*
K*
Ca2+
M92+
Cl
NO3
SO~

0.54
0.34
0.03
0.01
0.02
0.62
1.00
0.77

52
52
53
55
55
74
74
74
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Mercury Measurements

The Auchencorth mercury measurements data capture for 2017 aravrstio the Table 8. The
statistics presented are based on the ratified measurements supplied taitJKime series plots of
the 2017 Auchencorth Moss measurements are shown in Figure 31.

From the beginning of the year until April when the new analyserinstalled there is no data capture

due to thelamp stabilization circuit board in the 2537A instrument failing, leaving the analyser
inoperative.In the speciation sampling part of the system there was a major contamination issue
which has led to the lowdata capture for particulate bound mercury (PBM) and gaseous oxidized
mercury (GOM) species. Gaseous elemental mercury (GEM) was still sampled during this period as the
new anaylser was working and does not require the speciation sampling unit.

Table 8: Auchencorth Moss mercury measurements 2017 statistics

Annual Mean Data Capture
Gaseous Elemental Mercury 1.37 ngm? 61.95 %
(GEM)
Particulate Bound Mercury 3.10 pgn? 4.52 %
(PBM, PM5)
Gaseous Oxidised Mercury 1.39 pgm? 4.44 %
(GOM)
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Figure 31: Speciated Mercury Measurements at Auchencorth Moss, 2017
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3.2 Chilbolton

The Chilbolton site was commissioned in early 2016 after a decision was made to cease the Harwell
monitoring site which has been opéitag as a monitoring site in some capacity since June IBY®.

site was rabcaed due to redevelopment at the Harwell site and may hatve be considered as
representative of a rural location in the south east of Englarite MARGA that was operating at
Harwell was relocated to the Chilbolton Science and Technology Facilities Council (STFC) site in
Hampshire.

Annual mean concentrations of trace gas and aerosol measurement are summariaioles 911
detailing theannual mean and % data capture for thd43, PM:s, and trace gas species, resfieely,
measured by the ChilboltoMARGA.On average less than 26% of the measurement datalost
due to intermittent blockagesn the equipment sampling linesnd operational isuesin 2017 The
main operationalissue starts % July and was resolved by th& @ugust which was related to a
software issue within the instrument that required intervention from the manufacturer.

The statistics presented are based on the ratified measurements suppliedAdRJKTira series plots
of the 207 ChilboltonrMARGA measurements (major species and trace gases) are shbignries?2,
Figure33, andFigure34 below.
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Table 9 Annual summary of trace gas mass concentration from the Chilbolton EMEP Supersite, 2017.

Trace gaj Annual mean(ug m?) | Data capture (%
NHs 2.51 82
HCI 0.06 79
HNQ 0.17 79
HNQ 0.45 79
SQ 0.13 78

Table 10 Annual summary of the speciated PM10 mass concentration from the Chilbolton EMEP Supersite, 2017.

lon (PMyg) | Annual mean(ug m®) | Data capture (%

NH;* 0.91 80

Na 0.73 69

K 0.14 36

Ca* 0.52 80
Mg2* 0.35 80

Ct 1.06 77
NG 1.77 78
SQ* 141 76

Table 11 Annual summary of the speciated PM2.5 mass concentration from the Chilbolton EMEP Supersite, 2017.

lon (PM.s) | Annual mean(ug m®) | Data capture (%

NH;" 0.84 81

Na" 0.36 63

K 0.13 24

(or- 0.14 81
Mg?* 0.20 81

Ct 0.58 77
NGy 1.50 78
SQ? 1.22 77
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Figure32 Time series plot of the trace gas (HCI, HNENQ, NH;, SQ) measurements from the Chilbolton MARGA, 2017.
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Figure 33 Time series plot of the major PM10 species (ClI, Na*, NH,*, NOs', and SO,%) measurements from the Chilbolton MARGA, 2017. Base cation species (Ca?*, Mg?" and K*)measurements

not shown.
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Figure 34 Time series plot of the major PM2.5 species (Cl, Na*, NH,*, NO3-, and SO,%) measurements from the Chilbolton MARGA, 2017. Base cation species (Ca%", Mg?* and K*) measurements

not shown.
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Typical meteorologicgdarameters are measured at the Chilbolton EMEP Supersite. The 2017
annual means and data captures are summarise@iahle12. Data capture for the parameters
measured was 100%

Table 12 2017 Summary of the Chilbolton EMEP Supersite meteorological observations

Meteorologicalparameter Annual mean |Data capture (%)
Barometric pressure (mbar) |1008.1 100%
Dewpoint (°C) 7.6 100%
Wind direction (°) 206.5 100%
Wind speed (m4) 3.8 100%
Relative humidity (%) 83.5 100%
Temperature (°C) 10.7 100%
Meteorological parameter Total Data capture (%)
Rainfall (mm) 701.7 100%

Meteoritical measurementsChilbolton EMEP Supersite during 20Eigure35 shows a plot of the
directional frequency (in 10° sectors) for 201 7The Figure shows that ther aasses aiving at the
Chilbolton EMEP Supersite predominantly originated from tiwest and southwest and were
therefore dominated by European air masses.

The southerly and souttvesterly winds were typically of the order of 2 to 5 rhy svhich is consistent

with the annual mean presented Figure35, and maximums of up to 1® s. Figure36 shows the

same observations disaggregated by calendar month in order to highlight monthly and seasonal
trends. The moritly summary plots show that high wind speeds were associated with winds
originating from the south, west and souttest. One notable feature of the monthly summary plots

g a GKIFG Ay (@®&embdrddanGaNBebriary wirkd<speeds are higher with light

south easgerly winds dominant in the summer months (May, June, July).
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Figure 35 Wind speed (m s) and directional frequency for the Chilbolton EMEP Supersite, 2017.
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Figure 36 Monthly variations of hourly wind speed and directional frequency for the Chilbolton EMEP Supersite, 2017
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Mercury measurments

The Chilbolton mercury measurements data capture for 2017 are showalite13. The statistics
presented are based on the ratified measurements supplied teAWKTime series plots of the 2017
Chilbolton measurements are shownhigure37. A new analyser was installed in April 2017. From
mid-November to the end of the year thiastrument had flow issues. As a result the data collected in
this period has been made invalid as the sample volumes were incorrect.

Annual Mean Data Capture
Total Gaseas Mercury (TGM) 1.41 ngn? 70.3 %

Table 13 Mercury measurement statistics, Chilbolton 2017
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Figure37 Total Mercury Measurements at Chilbolton, 2017
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3.3 Harwell -Chilbolton relocation : Initial assessments

In 2017-2018a PhDstudent associated with the CEH-umding of the UKEARetwork contracthas
been investigatingchanges in pollutantoncentrationsmeasured by the UK air qualityetworks
following the relocation ofnstrumentation from Harwell to Chilboltoat the beginning of 2016n
particular the high resolution measuremsrof SG, NH, NQ and ozone in the gas phase, and the PM
measurements are being analysed. Results from theaB@ONH are presented below.

Using theMARGAhourly datathere is no clear step change in80ncentrationgFigure38)
following relocation SO2 concentrations are generall§-2 pug.m? at both locations with occasional
peaks which are attributed to transient plumes, the largest of which is the 2014 volcano plumes
which have been reported previously

Thereisaclearstep change itNH; concentrations This iconfirmedboth with the original data and
with data followingmeteorological effectdeingstatisticalysmoothedout using a Deweather
function (Carslaw et aR015(Figure39). Thestep changencreaseis probably due tdocal source
of NH3from the nearby farns in the south west directionthisis highlighted in the polar plot
(Figure40). Further studies o the changes between sites are continuing.
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Figure 38 Time series of SO2 from the MARGA instrument. Measurements were made on-site at Harwell from 1st January
2014 until 31st December 2015, before resuming at Chilbolton on 11th January 2016 until 31st December 2017.
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Figure 39 Modelled pollutant concentrations using the deweather function (Carslaw, 2015), smoothed by plotting daily average
for NH;. Measurements were made on-site at Harwell from 1st January 2014 until 31st December 2015, before resuming at
Chilbolton on 11th January 2016 until 31st December 2017.
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Figure 40 Polar plots of NH; as a function of wind speed and direction at Harwell 2015 (left) and Chilbolton 2016-2017 (right).
Harwell shows lower concentrations for all wind directions and speeds with slightly elevated concentrations from the north (~ 4
e g “mHowever the polar plot for Chilbolton provides evidence of a local major source, showing largest concentrations for

winds (0-15 m s) from the south-west
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Appendix 1: Guide to UKEAP data and Data usage

Please contact NERC Centre for Ecology and Hydwl&igarddor guidance or discussion regarding

authorship of multiyear datasets.

ChilboltonEMEP Supersite

Trace gas and aerosols (MARGA) Contdit:Chris ConollyRicardoEnergy & Envonment

SanockaA.,Ritchie, S.Conolly, C. UK Eutrophying and Acidifying Atmospheric Pollutant pro
Monitoring instrument for AeRosols and reactive Gases (MARGA), Ha8uwpelisite(Data funded
by Defra and the Devolved Administrations and piields under theOpen Government Licenc
v3.00 UK EMEP Supersitehttp://uk -air.defra.gov.uk/networks/networi?view=ukeap Data
downloaded/receivedifisert date of data receipt

Mercury measurements Contact: Mr John Kentisbeer, NERC Centre for Ecology and Hydrolc

Kentisbeer, JRitchie, Sl.eeson, S.RIK Eutrophying and Acidifyidgmospheric Pollutant
project's mercunyinstrument, Auchencorth Supersite(Data funded by Defra andixeolved
Administrations and published under ti@pen Government Licence v310K EMEP Supersite,
http://uk -air.defra.gov.uk/networks/networl?view=ukeapData downloaded/receivednsert
date of data receip}

Meteorological Data: Contadvir Chris Conoll\RicardoEnergy& Environment

Auchencorth Moss EMESupersite

MARGA: Contact: Dr Marsailidh Twigg, NERC Centre for Ecology and Hydrology

Twigg, M.M.Leeson, S.RSimmons,,IKentisbeer, J.Harvey, D.Van Dijk, N., Jones, M.R.,
Stephens, A.C.MBraban, C.FUK Eutrophying and Acidifying Atmospheric Pollutant project's
Monitoring instrument for AeRosoblnd reactive Gases (MARGA), Auchencorth Supersite(Dz
funded by Defra anthe Devolved Administrations and published under @gen Government
Licence v3.0UK EMEP Supersiteip://uk -air.defra.gov.uk/networks/networlview=ukeap
Data downloaded/receive(insert date of data receipt

Mercury and NOx measurement€ontact: Mr John Kentisbeer, NERC Centre for Ecology ar
Hydrology

Kentisbeer, JSimmons, lJones, M.RHarvey, D.Leeson, S.R. UK Eutrophying and Acidifyin
Atmospheric Pollutant proje¢s ANNOX instrument, Auchencorth Supersite(Data funded by
Defra and the Devolved Administrations and published undehen Government Licence
v3.0, UK EMEP Supersitdtp://uk -air.defra.qgov.uk/networks/network?view=ukeapData
downloaded/receivedifisert date of data receipt
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Acid Gas and Aerosol Network

Contact: DrChristine Braban and Ms Sim TagngERC Centre for Ecology and Hydrology

Stephens, A.C.Mlang,Y.S, Poskit, J.,Nemitz, E, Leaver,D., Martin, C, Beith, S.Thacker,S.,
Simmons|.,PereiraG.,Tanna, B Patel, M. Lawlor A.JSutton,M.A.,BrabanC.F.UK Eutrophyinc
FYR ! OARATE@AY I | (Y2 aLKaNandDAetoIf Netdzik (HaiendddIkyR
Defra and the Devolved Adnistrations and published undéine Open Government Licence v3.
AGANEet, http://uk-air.defra.gov.uk/networks/networknfo?view=ukeap), Date receivedngert
date of data receip}

National Ammonia Monitoring Network
Cortact: DrChristine Braban and Ms Sim TangERC Centre for Ecology and Hydrology

Stephens, A.C.M, Tang, Y.S., Poskitt, J., Nemitz, E., Bealey, W.J.DL&mitr, S., Thacker, £
Simmons, ., Pereira, G., Tanna, B., Patel, M., Lawlor A.J., SuiqrBraban C.FUK Eutrophying
FYR ! OARAFE@AYI ! GY2ALIKSNAO t2ffdziil yi LINJ
funded by Defra and the Devolved Administrations and published unde®gen Governmen
Licence v3.0 AGANet, http://uk-air.defra.@v.uk/networks/networkinfo?view=ukeap), Date
received: insert date of data receipt

Precipitation Network

Contact:Mr ChristopherConolly and Dr Keith VincefRicardoEnergy & Environment

Conolly, C., Collings,A., Knight, D., Vincent, K., Donovan, B UK Eutrophying and Acidifyir
lGY2ALIKSNRAO t2ftfdziil ydi LINRP2SOG Q& t NBOALRI
Administrations and published under tli@pen Government Licence v3PrecipNet, http://uk-
air.defra.gov.uk/networks/networkinfo?view=ukeap), Date receiveihgert date of data receipt

NO:-Network

Contact: M Chrigopher Conolly and Dr Keith VincefRicardoEnergy & Environment

Conolly, C., Collings,A., Knight, D., Vincent, K., Donovan, B., UK Eutrophying and Acidif
AtMod LIKSNRA O t 2t f dzi I yNetworkNRaga Sudded By Daéfidriddd fthe Devolv
Administrations and published under th@pen Government Licence v3.8Q-Net, http://uk-
air.defra.gov.uk/networks/networknfo?view=ukeap), Date receivethgert date ofdata receip)
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Appendix 2: QCsummary for 201 7

A. Chilboltonand Auchencorthoperations

The ChilboltonEMEP Supsite is operated by Ricardosummarised onUKAIR There were no
modifications to the site infrastructure in 281Ricardoacted as Lcal Site Operator for th€hilbolton
EMEP Supersitmeasurements for all measurements except those condubiediPL.

The Auchencorth Moss EMEP Supersite is operatddBHRC CEBummarised otJKAIR CEHsLSO
for all measurements aAuchencorth Moss.

During2016 no health and safety incidémnoccurredat either sitein relation to theoperation of the
EMEP Supersite

B.MARGA
Operational details

Measurements of particulatphase cations and anions in RB\and PMks: sulphate (S@¥), nitrate
(NQ), sodium ion (N8, potassium ion (¥ ammonium ion (Nk), chloride ion (Q), calcium ion (C3),

and magnesium ion (M) were provided by m automated continuouslow denuder and stearet
aerosol sampler (MRGA2S,Metrohm-Applicon Ltd. The MARGAses an automated continuous
flow, wet-rotating denuder (WRD) coupled to a steg@haerosol collector (SJAC) sampler. It provides
hourly measurements of the watesoluble species (listeabove) in PMb and PMs. It also provides

a measure of the concentration of wea-soluble traceacidgasegHCI, HONO, HNONH;, and S@) in
0KS al YLX SR | AN ¢KS a! wD! wuw{ O2yarada 27 (g2
and entranment of the PMp particulate and gaphase species, the other for BM A third, detector
box houses thesyringe pump modulenalytical components, including the IC columns, and the
process control interfaces, including the PC.

The MARGA 2S samples #mbient air through a PMsizeselective inlet head at a nominal flow rate
of 2 m? hrt (1 m? hrt per box). The Pp4 fraction is separated from the sampled BNy means of a
cyclone separator fitted at the inlet to the BMWRD. The WRi2moves water-solublegases from
the sampled aiistream. Rrticles(PM) pass through the denudarnsampled andare activated by
steam (generated at 128C)into dropletsin the SJAC anare removed via inertial separation in a
cyclone.The solutions of dissolved gasasd aerosol species are analysedlime, and in near real
time, by ion chromatographyParallel IC systems are used for the detection efdationic and anionic
species.

An internal standard of lithium bromide (LiBr) is useddioigoingcalibration puposes.Before anion

and cation IC analysis, the WRD sample and the internal standard are degassed and mixed. The liquid
streams from the WRD and SJAC are collected separately into the syringe pump module which is
located in the detector box. The syringgmp module consists of two sets of two pairs of syringes
(four pairs in total). Two sets of syringes are required to enable tandem analysis and sampling: whilst
the solutions in one set of syringes are transportetlim to the anion and cation columifier analysis

the next set are filled with solution from the WRD and SJAC from thedd PM s sampling boxes.
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QC

The MARGA 2S is a resdagrade instrument. There is a proposed CGiEhhdard methodbeing
discussed in 201fr the determination of he concentration of anionic or cationic species iniPM
and PMs, however it is at proposal stagéhe MARGA is designed to be operational 24 hours a day,
365 days a year, but as the analyser is a research instruinieses some reliability issues

Measuementsgaps occuthroughout the year due tocheduled maintenance and servicing activities,
such as replacement of the anion and cation columns, replacementlivieitiilters for the steam jet
aerosol collector (SJAC), and wet rotating denuder (WRD)ppuaintenance, system zeros, and
system cleaning. Routine maintenance of the MARGA was undertaken each week, and mor
frequently if required, i. ewhen an error or problem was identified. System maintenance was carried
out in-line with the manufactured 3 dzA Rl y OS @ ¢ KS AyalNHzv-®wigi adl dd
basis. Key system parameters, peak retention times, and chromatograms were checked at least three
times a week, namely on Mondays, Wednesdays and Fridays, and adjusted accordingly. I8p&em b
were carried out once a month. As well as being used to identify any potential contamination in the
system, the results from the system blanks were used in determining the limit of detection, for certain
species, during the ratification of the measments. The flowrate through each box was undertaken
each month to ensure a sample flowrate of £ rl. This was essential twfold: (1) to ensure the
correct flow rate through a steam jet aerosol collector (SJAC), and (2) to ensure the correfft cut
(dsoog Of the PMosample head. This process helped identify problems with the mass flow controllers
and the sample pumps.

Internal standard

- A

¢tKS a! wD! Qa RS(USOGA2Yy adaeadSy ¢la O2yidAydzzdzafe (
containing ions nohormally present in ambient airAt Auchencorth Moss the solutions are: stock

solution: Li 28 mg/L and Br 325 mg/L, working solutiorg 0 ppb Br-800 ppb. The Chilbolton
AYAGNXzYSy G Qa ¢ 2 NJ Auy Beriodigally dzji dilgtigg) aphigh coiteatidS stock

solution of LiBr. The nominal concentration dfihithe stock and work solutions were 320000 ppb

and 320 ppb, respectively, and 3680 migahd 3.68 mgL(1 mg t* = 1 ppm)of Br.

Subsamples of the internal standard used in tB&ilbdton MARGA irR016were analysed by CEH
Lancaster to ensure that both the stock and working solutions contained the correct, within £20%,
concentrations of Eiand Br when compared to the nominal concentrations. Spot samples of the
stock and working sotion were sent once a quarter via mailit and analysed retrospectively. The

Li* and Br concentrations were determined by inductively coupled plasma mass spectrometry (ICP
MS) and ion chromatography (IC), respectively.
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As part of the data ratificatioprocess, MARGA measurements were rejected if the measured
concentrations of Liand Br, in the internal standard, deviated by more than + 20% of the nominal
concentration.

A regular maintenance scheme is in place on the MARGA instrumahte(l4) includes monthly
calibration of the 2 mass flow controllers in the instrument, to ensure the correct flow rate through a
steam jet aerosol collector (SJAC), which has been designed to operate’fir1The frequency of
calibrationis increasedf the positiors of annular denuders in the system are altered. As part of the
MARGAs ongoing QC a monthly blank. As well as being used to identify any potential contamination
in the system, it was used in the calculation of a d&te limit for certain species which is used in the
ratifying process.
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Table 14 Maintenance Schedule - MARGA 2S (separate air pump/white WRD heads) at Auchencorth Moss

change every: 1 2 1 2 3 4 6 1 2
component week week month | month | month | month | month | year | Years
Clean cyclone and Pbhead X

Replace air tubing X X

Carry out a blank X

Take a subsample of internal standard f X

analysis

2x absorbance liquid 20tre (with 1ml X

30-35% H202)

2x eluent (anion and cation, boBLitre) | x

Internal standard LiBr 4 (or 5itrle X

suppressor liquid itre 0.35M X
phosphoric acid (H3PO4)

2x empty waste container 30treand X
addapproximately 30 grams of NaHCGO

2x sample filters behind SJAC X

2x sample filters behind WRD

2x aspirationfilters anion/cation

2x inline eluent filter behind pump beforg
pulsation dampener

2x inline liquid filter behind suppressor X
pump

2x suppressor pump tubing X

4x WRD seals located inside WRD head

x

4x WRD seals on outer tubing located
against WRD heads

2x IC pump seals

2x IC pump check inlet valves

2x IC pump check outigalves

X[ X[ X]|X

2x membrane of gas sampling vacuum
pump

2x clean SJAC in 1%ifor 10 minute in X
anultrasonic bath **

2x clean WRD ** X

clean or change alleflon tubing 1/16" X
boxes*

2x ctange guard columrt anion, 1 X
cation (filters if dirty)

1x change anion IC colummiécessary X X
*kkk

1x change cation IC columm#cessary X

*kkk

1 x change cation preoncentration X
column ifnecessary

1 x change anion preonceriration X
column ifnecessary

(*) preventive replacement frequency based on local experiefeevent fiter blockage Indicatosof blocked filters: significant phosphat;
peak around 6 min; (**) Frequency depends on location of instrumentnobd@en visibly dirty; (***) Frequency depends on location
instrument, exchange when blked/ together with 1/16" tubing Exchange at least every 2 years (wear); (***) Frequency depend
local conditions (quality of solutions; for anion column: carication of peroxide); (*****) Pump tubing including connectors
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3. PrecipNet: EMEP Inteicomparison
EMEP Inteicomparison

An important data quality assessment is organised annually by the EMEP Chericdin@ong

Centre (CCC) at the Norwegian g for Air Research (NILU). Each year, samples are sent to over
30 analytical laboratories in Europe, and to other internationally recognised analytical laboratories.
The intercomparison exercise is required as part of the EMEP monitoring programsueh a
fundamental check on analytical performance is essential if response to emission reductions can be
observed consistently throughout Europe.

Results of the 33 EMEP Inteicomparison

The intercomparison in 2017 was the 8%ime such an intecomparison took place. The samples
provided included nitrogen dioxide in absorbing solut{@able 16xndsynthetic rainwater samples
(Table 17)

Nitrogen Absorbing Solutions:

The intercomparison in 2017 was the 8%ime such an intecomparison took place The results of

the Nitrogen Dioxide absorbing solution are shown below Tiable 15 The results of this
intercomparison are excellent with between a 1.2% and 4.0% absolute difference which is within the
criteria for satisfactory ngorted by EMEP which is the highest rating for the EMEP quality norm. The
analytical laboratory has been made aware of the performandahey are aware their performance
meets expectations.

Table 15 Comparison of Expected and Measured Concentrations of Nitrogen Dioxide in Absorbing Solution

Expected concentration Measured concentration Absolute Mean | EMEP Assessmel

Sample code pg NQ-N/ml pg NO-N/ml difference (%)
C1 0.092 0.089 3.3% S
Cc2 0.099 0.095 4.0% S
C3 0.163 0.159 2.5% S
C4 0.17 0.168 1.2% S

Synthetic Rainwater Samples:

¢CKS LISNF2NXIYOS 2F wAOlFINR2Qa OK2aSy fFo0o2NFG2NE
Environmental Scientifics Group Lt#)s improved since the 84ntercomparison. The results of the
intercomparism and the expected results are shownTiablel6. The 2017 intercomparison

produced five questionable results and one unsatisfactory result. The analytical labdratobgen

made aware of the analytical performance and the restliat have been obtain from the

intercomparison. Thelave investigatedhe poor pH datalong with smaller errors identified with

the results for calcium and potassitend have improved processes.

The issues identified in therevious intercomparisomi2016(34" intercomparison) relating to the
analysis of ammonium (NPl appear to have been resolvedth all of the results being satisfactory
and within 3% of the expected values.
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Table 16 35" EMEP Inter-comparison

Species| Sample Expected Measured Mean Assessment
code concentration | concentration | difference
peq I Heq I (%)
Gl 1.319 1.30 -1.7% S
G2 0.856 0.84 -2.0% S
0% 1 G3 2.08 206 | -1.2% s
G4 2.2 2.16 -1.8% S
Gl 0.241 0.23 -3.0% S
G2 0.16 0.16 -1.5% S
N G3 0.401 0.39 2.9% s
G4 0.535 0.52 -2.2% S
Gl 0.546 0.55 0.4% S
G2 0.364 0.37 0.6% S
NG G3 0.911 0.93 2.0% S
G4 0.942 0.96 1.5% S
G1 0.548 0.51 -7.5% S
G2 0.365 0.33 -10.5% S
Na G3 0.913 0.88 -3.9% S
G4 0.73 0.71 -3.1% S
G1 0.155 0.14 -11.1% S
M+ G2 0.093 0.08 -14.1% S
g G3 0.206 0.19 -9.9% S
G4 0.206 0.19 -9.5% S
G1 0.347 0.32 -6.9% S
G2 0.232 0.21 -8.7% S
< G3 | 0579 056 | -4.0% s
G4 0.463 0.44 -5.1% S
G1 0.192 0.17 -11.5% S
G2 0.115 0.10 -16.4% Q
e G3 | 0255 022 | -13.6% s
G4 0.255 0.22 -13.5% S
G1 0.306 0.26 -16.1% Q
e G2 0.204 0.16 -20.7% Q
G3 0.509 0.45 -11.8% S
G4 0.407 0.35 -13.3% S
G1 4.22 4.43 0.21 U
G2 4.4 4.52 0.12 Q
PH G3 4 4.13 0.13 Q
G4 4 4.07 0.07 S
G1 35.3 354 0.3% S
G2 23.4 23 -1.7% S
cond 1 g3 57.9 57.9 0.0% s
G4 57.9 61.6 6.4% S

* pH as pH units * EMEP quality norm given as Satisfactory (S), Questionable (Q) or Unsatisfactory (U)
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4.NO-Net
Establishment of a correction factor for nitrogen dioxide concentratomeasured in thdrural
NO2 Network(UKEAR)

Diffusion tubes have been docated alongside automatic analysers (chemiluminescence) within the
Rural Nitrogen Dioxide Network since 2003. Each year we have observed that the nitrogen dioxide
measured by diffsion tubes tend to be higher than measured by automatic analysers. Reasons for

the overread are complex and may include wind effects (which shortens the diffusion path) and/or

in tube conversion of N@o NG or laboratory analytical performance.

In orderto extrapolate bias to a wider network technical guidance provided to local authorities
TG(16)recommends, either:

1 Use results from the national bias adjustment spreadsheet
1 Use alocally obtained bias adjustment factor, in this case the diffusion tddesated with
the AURN automatic analysers.

Nitrogen dioxide concentrations are measured within the Rural Niwork to provide an estimate
of the rural background concentration field. This work is carried out by Pollution Climate Mapping
team as requed for compliance modelling against Limit Values.

The objective of this study is review the bias adjustment factors in both the national bias adjustment
spread and the cdocated samplers in the Rural NO2 Network and then recommend which
adjustment factos should be applied.

National Bias Adjustor Spreadsheet

Socotec (formerly ESG and HSL) have analysed the diffusion tubes since the inception of the Rural
NGO Network. They have also acted as diffusion tube analyst for more than fifty local authorities
involved in local air quality management since 2000 and hence appear in the National Bias Adjustor
Spreadsheetiigure41 shows comparison of nitrogen dioxide measured by diffusion tube and
diffusion tube since 2000 at sites where 8@t analysis diffusion tubes. This includes three

hundred and seventgight celocated pairs for a range of sampling site classifications (majority are
roadside, 61 %). The diffusion tube over reads in the vast majority (97 %) of cases.

6 https://lagm.defra.gov.uk/technical-guidance/

7 https://lagm.defra.gov.uk/bias-adjustment-factors/national-bias.html
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Figured1 A comparison of annual mean nitrogen dioxide concentrations measured by diffusion tube
and automatic analyser

Locally derived adjustment factors: elocation of UKEAP diffusion tubes within AURN.

Triplicate diffusion tubes have bedocated at Eskdalemuir and Yarner Wood since 2006, at Harwell
since 2007 (site closed at end of 2015 but replaced by Chilbolton) and at High Muffles since 2012. At
each of these sites the diffusion tubes werelooated with an automatic analyser.

A conparison of the nitrogen dioxide concentrations measured by diffusion tube and automatic
analyser is presented ifablel7. As was seen for the docated samples in the national spreadsheet,
concentrations measureby diffusion tube are higher than measured by the automatic analyser.

Figure42 presents the data for those occasions where data capture was greater than 75 %. The
smallest concentrations are measured at Eskdalierand the largest at Chilbolton. While there are
only two years of data collected so far, the behaviour of the concentrations at Chilbolton appears
anomaloug; the concentration measured by the automatic analyser are higher than measured by the
diffusiontubes. This may result from the fact that the samplers are measuring different environment
they are at least 50 m apart and the inlet for the automatic analyse is 6 m above ground level whereas
the diffusion tube is 1 m above ground level.
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Table 17 Annual mean nitrogen dioxide concentrations (ug m=) measured by diffusion tube and automatic analysers (Data capture is provided in parenthesis)

Chilbolton Observatory Eskdalemuir Harwell High Muffles Yarner Wood
DT CM DT av DT CM DT CM DT CM
2003 4.7 15.7(87) 10.8 14.4(18) 8.8 10.7(29)
2004 2.9 5.7(6) 12.0(96) 7.4 9.0(70) 4.8 7.8(99)
2005 4.6 3.8(93) 11.6(91) 8.6 7.5(89) 6.6 9.2(82)
2006 4.0 3.7(89) 11.5(93) 9.1 7.5(88) 5.7 5.2(88)
2007 4.2 5.0(78) 12.2(91) 8.0 6.4(98) 6.3 5.6(91)
2008 2 5.1(93) 2 10.1(98) 2 6.6(98) 2 5.3(82)
2009 a 4.3(94) 2 10.0(98) 2 7.5(56) 2 4.3(87)
2010 4.5(100) 3.0(98) 15.1(100) 11.9(97) 7.9(95) 6.1(92) 5.4(100) 4.9(98)
2011 3.5(100) 3.2(92) 12.2(100) 10.3(97) 7.7(1M) 7.4(95) 4.9(100) 4.1(85)
2012 3.7(100) 3.0(99) 11.6(100) 10.1(97) 7.6(100) 6.2(97) 4.9(100) 4.3(97)
2013 3.8(92) 2.5(97) 12.4(100) 12.5(50) 7.0(100) 5.4(96) 5.5(99) 5.2(85)
2014 3.6(92) 2.3(99) 10.5(100) 8.0(97) 6.9(100) 5.4(89) 4.3(100) 3.6(99
2015 3.2(100) 2.2(98) 9.0(100) 7.7(97) 6.2(100) 5.3(92) 3.9(100) 3.9(99)
2016| 11.7(96) 14.3(88) 2.9(100) 2.0(97) 5.8(100) 5.4(91) 4.6(100) 4.5(93)
2017| 10.1(100) 11.2(97) 2.4(100) 2.0(93) 5.6(100) 5.1(79) 3.6(100) 3.2(89)

Notes:aData were danloaded from Archive database. The database does not yet contain the annual mean concentrations as measfiusibbytube for 2008 and 2009Data
captures were not calculated for diffusion tubes concentrations archipefdre 2010Diffusion tubes were sampling in triplicate at Yarner Wood and Eskdalemuir since 2006; at Harwell since
2007 (replaced by Chilbolton 2016); at High Muffles since 2012. These are shaded in green
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Figure42 A comparison of nitrogn dioxide concentrations measured by automatic analysers and
diffusion tube at each

Recommendation for bias correct factors

TG16 recommends that each local authority should, if they been involved Hoaation study,

present both the local and nationblas adjustment bias spreadsheet and justify which value should
be used in the final bias adjustment. Here we would recommend using the values derived each year
from the Rural N@Network. This is because:
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