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Abstract
In January 2016 theUnitedKingdom’s southern EuropeanMonitoring and Evaluation Programme
(EMEP) level-2 air pollutionmonitoring ‘supersite’was relocated fromHarwell, Oxfordshire to
ChilboltonObservatory, Hampshire. As no co-location studywas undertaken, this work retro-
spectively investigates whether the supersite relocation has led to discontinuities in the time series of
concentrations of commonly studied gaseous pollutants (NOx,NH3, SO2 andO3) and particulate
matter (PM2.5 and PM10). Two years ofmeasurements pre- and post-relocation (2014–15 and
2016–17 respectively)were analysed in conjunctionwithmeteorological variables and local emission
data. The deweather packagewas applied to the concatenated time series tominimise the influence of
meteorology. Similar average concentrations of PM2.5, PM10, SO2 andO3were observed, but there
were substantial differences in that ofNOx andNH3 (increase by factors of∼1.6 and∼3, respectively).
The considerably higherNH3 concentrations at Chilbolton are attributed to the close proximity of
mixed farmland, in particular to a strong south-westerly source contributing to∼50%of the annual
average. NOx andPMconcentrations in easterly winds arriving at Chilbolton are∼2.7 and∼1.5 times
larger than atHarwell, from sources including theM3motorway andGreater London.Westerly
concentrations ofNOx remain similar, therefore despite a higher frequency of westerly wind, annual
mean concentrations are larger. Lower concentrations of PMarriving from thewest result in similar
annual averages. The secondary inorganic and black carbon components of PMwere broadly similar
between the sites. The differences in averageNOx andNH3 at Chilboltonmust be taken into account
when considering long-term regional trends based on the southernUK supersite data.

1. Introduction

Atmospheric pollution has a significant influence on human and ecosystemhealth. Inhalation of ozone (O3) and
particulatematter has been linked to cardiovascular and respiratory diseases (WHO2006, 2013). Deposition of
acidic gases causes acidification of terrestrial and aquatic ecosystems, and nitrogen deposition (e.g. from
nitrogen oxides, NOx, or ammonia, NH3) leads to eutrophication (Sutton et al 2011, RoTAP 2012).

Monitoring of air pollutant concentrations is important for quantifying these effects and their spatio-
temporal trends (Fagerli andAas 2008,Malley et al 2016). In Europe, the Cooperative Programme for
Monitoring andEvaluation of the Long-range Transmission of Air Pollutants in Europe (EMEP,www.emep.int)
has the aim of providingmember states with this quantitative information (Tørseth et al 2012).Measurements
within EMEP aremade at rural sites representative of the surrounding area (Spangl et al 2007, Joly and
Peuch 2012) and adhere to prescribed samplingmethods and siting criteria detailed by theChemical
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Coordinating Centre (EMEP-CCC) to ensure comparability (Kuhlbusch et al 2014). Spatially distributed sites
provide data for evaluation of regionalmodels (Fagerli andAas 2008, Cape 2009,Malley et al 2014), whilst
hourlymeasurements for 40+ years allow characterisation of emission patterns and separation of long-term
trends from interannual variability (Tørseth et al 2012). Such data help establish achievablemitigation strategies
(Pope andWu2014) and track impacts of implementedmeasures.

TheUKhas been amember of EMEP since its inception in 1979, and currently operates two level-2
‘supersites’ (UNECE 2004a, 2004b) at AuchencorthMoss in southern Scotland, andChilboltonObservatory in
southern England (Defra 2018a, 2018b;figure 1)measuring awide range of pollutants. The southern supersite,
Chilbolton, opened in January 2016 following the closure of the previous site (Harwell,figure 1) inDecember
2015, which had been active for several decades. The aimof this study is to investigate whether themove from
Harwell to Chilbolton led to a temporal change in the chemical climate recorded by the southern rural UK
supersite. Given the extensive instrumentation, duplicatemeasurements could not be run for any overlap
period. An analysis is presented ofmeasurements in the years directly pre- and post-relocation (2014–15 and
2016–17 respectively), focussing on nitrogen oxides (NOx), ammonia (NH3), sulphur dioxide (SO2), particulate
matter<10 and 2.5μm in diameter (PM10 and PM2.5, respectively) and ozone (O3).

Figure 1. (a) Locations of theUKEMEP ‘supersites’ at AuchencorthMoss (pink), Harwell (blue), ChilboltonObservatory (orange)
and themeteorological station at Benson (red). (b)Maps of the∼50 km×50 kmarea surroundingHarwell (top, blue diamond) and
Chilbolton (bottom, orange diamond) fromOpenStreetMap (https://openstreetmap.org). The boxes surrounding each site show the
15 km×15 kmarea used for comparisonswith theUKNational Atmospheric Emissions Inventory (NAEI) based upon the
5 km×5 km resolution of the agricultural NH3 emissions.
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2.Method

2.1. Site details
TheHarwell supersite is predominantly surrounded by agricultural land nearDidcot, Oxfordshire (lat: 51.571°,
lon:−1.325°, altitude: 126 m), 70 kmwest of London and 20 km south ofOxford (figure 1). The closestminor
road is∼400 m to thewest and a dual-carriageway (A34) ran∼2 km to the east. The town ofDidcot is∼6.4 km to
the north-east. Approximately 8 km in the same directionwas a coal and oilfired power station (‘Didcot A’),
formerly a nearbymajor point source ofNOx and SO2 (Abdalmogith andHarrison 2006, Vieno et al 2010), that
closed on 22ndMarch 2013 andwas demolished in 2016. ‘Didcot B’, a natural gas power plant on the same site,
remains operational.Measurement of atmospheric pollutants atHarwell started in 1976 (UKEAP2015) prior to
its incorporation as an EMEP level-2 supersite (UNECE2004b). Operations ceased on 31stDecember 2015.

TheChilboltonObservatory site is located∼50 km south ofHarwell in an agricultural (mainly arable)
landscape,∼200 m south-east of the edge of Chilbolton village, Hampshire (lat: 51.150°, lon:−1.438°, altitude:
78 m) and 100 km south-west of London (Defra 2018b). Two single-carriagewaymain roads run∼1 km to the
west (A3057), and∼3 km to the south (A30) (figure 1). The site beganmonitoring as an EMEP level-2 supersite
on 11th January 2016, after instrument relocation fromHarwell.

2.2.Measurement data
The full suite ofmeasurements at the two sites is summarised inUKEutrophying andAcidifying Pollutants
(UKEAP)network reports (UK-AIR Library 2018), a subset of which are investigated in this work (table 1, and
supplementary information figure S1 is available online at stacks.iop.org/ERC/1/041001/mmedia).
Concentration datawere downloaded from theUKDepartment for Environment, Food andRural Affairs
(Defra) online data repository (UK-AIRData Selector 2018).

Data are evaluated here for the two years either side of site relocation (Harwell 2014–15 andChilbolton
2016–17, respectively). Data capture statistics are given in table 1.O3,NOx, SO2, PM10 and PM2.5measurements
derive from theUKAutomaticUrban andRuralNetwork (AURN). Instrumentation selection, calibration and
data ratification followEUAirQuality Directives (2008/50/EC), and data are archived as hourly averages (UK-
AIR Library 2018). Hourlymeasurements ofNH3 and other trace gases, togetherwithwater-soluble ionswithin
PM2.5 and PM10, are provided by theMonitor for AeRosols andGases in Air (MARGA) instrument (EMEP 2007,
Stieger et al 2018)with data quality assurance processes as described in Twigg et al (2015).

Hourlymeteorological data comprise on-sitemeasurements atHarwell andChilbolton (Wrench). Data
were also downloaded for themeteorological station at Benson,Oxfordshire (lat: 51.616°, lon:−1.096°, altitude:
57 m), marked onfigure 1(a), from theNOAA Integrated SurfaceDatabase using theworldmet package
(Carslaw 2018,NOAA2018) for the full time period being considered. These data were used to validate the use of
concatenatedmeteorological time series from the two supersites (see supplementary information).

2.3.Meteorological detrending
To examine for evidence of a step-change in concentration coincident with site relocation, the deweather
function (Carslaw 2017)was applied to concatenatedHarwell andChilbolton datasets (2014–17) in a technique

Table 1.Annualmean concentrations (with 95% confidence intervals) and annual percentage data capture ofmeasurements for the
investigated species atHarwell (2014–15), andChilbolton (2016–17).

Annualmean concentration±95% confidence intervals/μgm−3 (Data capture/%)

Species Instrument Harwell 2014 Harwell 2015 Chilbolton 2016 Chilbolton 2017

SO2 Monitor for AeRosols

andGases inAir

(MARGA)

0.245±0.028 (94%) 0.150±0.0027 (70%) 0.157±0.0044 (58%) 0.131±0.0032 (79%)

HONO 0.464±0.0068 (94%) 0.340±0.0049 (70%) 0.494±0.011 (58%) 0.454±0.008 (79%)
HNO3 0.159±0.0029 (94%) 0.138±0.0032 (68%) 0.159±0.0050 (57%) 0.162±0.0037 (80%)
NH3 1.96±0.049 (95%) 2.05±0.044 (70%) 5.88±0.22 (54%) 6.23±0.18 (82%)

AutomaticUrban andRuralNetwork (AURN)

O3 UV absorption 56.0±0.45 (99%) 57.1±0.42 (98%) 48.9±0.53 (97%) 51.5±0.48 (98%)
NOx Chemiluminesence 10.5±0.30 (97%) 9.20±0.22 (97%) 18.5±0.49 (91%) 13.8±0.35 (97%)
NO2 7.99±0.20 (97%) 7.68±0.16 (97%) 14.3±0.25 (91%) 11.2±0.19 (97%)
PM10 TEOM-FDMS 14.3±0.27 (74%) 15.1±0.21 (89%) 14.9±0.25 (85%) 13.3±0.19 (98%)
PM2.5 9.06±0.19 (96%) 8.55±0.17 (96%) 9.45±0.19 (93%) 7.38±0.17 (98%)
SO2 UV fluorescence 1.01±0.054 (98%) 0.939±0.013 (93%) 0.876±0.017 (64%) 0.763±0.013 (89%)
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known as ‘meteorological normalisation’ (Grange et al 2018). This accounts for non-linear and complex
relationships between predictors, such asmeteorological or temporal variables (Carslaw andTaylor 2009),
allowing changes in time series not directly caused by these predictors to be identified.Models are built using a
stochastic process that results in reduced variance of the finalmodel (Friedman 2002), but consequently, a
slightly differentmodel is producedwith each run (Elith et al 2008). A set of 10 identically-built deweather
models were performed for each pollutant time series, usingmeteorological predictor variablesmeasured at the
same site as the pollutants. Further details of themodel, including comparisons using differentmeteorological
data, are given in the supplementary information (section S2 andfigure S3).

2.4. Emission inventories
Annual emission estimates forNH3,NOx, SO2, PM2.5 and PM10were obtained from theUKNational
Atmospheric Emission Inventory (NAEI, http://naei.beis.gov.uk/) for both locations. Individual species
emissionswere taken from the 2015 inventory andwere aggregated over the 15 km×15 kmarea surrounding
each site shown infigure 1. The areaswere defined according to the gridded agricultural sectorNH3 emissions
which have a spatial resolution of 5 km×5 km, but for all other pollutants the underlying resolutionwas
1 km×1 km.

3. Results and discussion

3.1.Overview
Table 1 summarises the annualmean concentration and corresponding 95% confidence interval for each
pollutant for each year. ChilboltonMARGAmeasurements have the lowest data capture (54%–58%) since these
measurements did not commence until 11th February 2016, and instrument issues led tomissing data between
9th July and 1st September 2016. BetweenAugust 2014 and September 2015 a plume from the volcanic eruption
atHoluhraun, Iceland, passed over theUK and is observed in the SO2 time series (figure S1). Similarly in spring
2014, elevated PMconcentrations were caused by a combination of Saharan dust and ammoniumnitrate
formed fromEuropean emissions (Vieno et al 2016) (figure S1). Other PMepisodes are also apparent between
2014 and 2017 (figure S1), typically accumulating in lowwind speeds and lasting nomore than a fewdays
(Defra 2015, 2016, 2017).

3.2. NOx

The average 2016 and 2017 concentration ofNOx at Chilboltonwas approximately 1.6 times greater than the
average 2014 and 2015 concentration atHarwell (annualmeans of 18.5 and 13.8 μg m−3 cf 10.5 and 9.20 μg m−3

respectively, table 1). TheNOx deweather time series also shows an abrupt increase coincident in timingwith the
relocation of themeasurement site (figure 2(a)).

In contrast to the greater averageNOx concentrations at Chilbolton, the total local NOx emissions integrated
over the 15 km×15 km area aroundHarwell aremore than 5 times greater than from the same-size area
aroundChilbolton (figure 3). TheNOx emissions close toHarwell are dominated by specific sources including
Didcot town,Didcot B power station in the north-east, and high trafficflowon the dual-carriageway (A34)
running north-south 2 km to the east. Across the 225 individual 1 km×1 kmgrid squares within the area
surroundingHarwell, 47%of total local emissions are contributed by the grid squarewith the highest emissions,
whilst the 25 highest emission grid squares contribute 84%. Similar analysis at Chilbolton shows less dominance
of local emissions from the single highest (6%) and 25 highest (61%, including part of the A303,∼8 kmnorth)
grid squares.

These differences inNOx source configurations are illustrated by pollutionwind roses (figure 4). The
aforementioned sources north ofHarwell generate themost polluted air transported to the site but do not
contribute significantlymore to the annual average than other directions. ConsideringNOx to have an
atmospheric lifetime of∼4–6 h in themid-latitudes (Beirle et al 2011) and an averagewind speed of∼15 km h−1

for southern England (figure S2;Wrench,NOAA2018), the London pollution plume could plausibly be
observed at both sites. It appearsHarwell is less influenced by London (∼100° bearing) thanChilbolton (∼70°),
for which this wind direction provides a dominant contribution to the annual average.However, theM3
motorway also contributesNOx to this wind direction, stretching for∼56 kmbetweenChilbolton and London.
Traffic along the length of theM3 (∼95 km) and othermajor roads are the probable reasonwhy a larger average
concentration ofNOx (>2.2 times higher) is observed in easterly (0°–180°) than inwesterly winds (181°–360°,
table 2).More frequent westerly winds during 2017 led to a reduced annual average comparedwith 2016 (13.8 cf
18.5 μg m−3).

The importance of wind direction toNOx concentrations at both sites is reflected in the relative importance
of variables used in the deweathermodels (table S2).Wind direction had the largestmean relative importance of
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19.1%, closely followed by ambient temperature (18.7%) and (long-term) trend (18.4%). Unsurprisingly,
predicted concentrations ofNOx are elevated at lower ambient temperatures (�10 °C) and during colder
months (October-February), as these conditions limit the dispersion of emissions (AQEG2004), and there is a
higher demand for domestic heating. The importance of the trend variable is a consequence of the abrupt
increase inNOx at the time of site relocation in the concatenated deweather time series (figure 2(a)). This
supports the interpretation of a real difference in annualmeanNOx concentration betweenHarwell and
Chilbolton.

3.3. NH3

The annualmeanNH3 concentrations at Chilbolton in 2016 and 2017 (5.88 and 6.23 μg m
−3
, respectively,

table 1) are about 3 times higher than atHarwell in 2014 and 2015 (1.96 and 2.05 μg m−3, respectively), the
greatest difference of all pollutants investigated. Although data capture at Chilbolton in 2016was rather low
(58%), andmostmissing data occurred during the summer (figure S1)whenNH3 concentrations are typically
larger (Tang et al 2018), therefore the annual average in 2016 is likely biased low by themissing data.

Application of the deweathermodel to the concatenated time series ofNH3 concentrations (figure 2(b))
confirms a distinct increase inmid-February 2016, coincidentwith commissioning of theMARGA at
Chilbolton. Trend is the dominant variable in the deweathermodel (45.5±0.6%,figure S4 and table S2). The
raw time series shows elevated springtime concentrations atHarwell (figure S1), consistent with typical livestock
manure and synthetic fertiliser applications observed inNWEuropean springtime (Vieno et al 2016). These
springtime peaks aremirrored in the predicted concentrations ofNH3 during 2014 and 2015, and reflected by
the partial dependency of theweek-of-year variable predicting increased concentrations during Julianweeks
5–20 (figure S4). Following site relocation the deweather time series showedNH3 concentrations remaining
high, with large and infrequent peaks that demonstrate little seasonality. Despite this,maximumhourlyNH3 at
Chilbolton in 2016 and 2017were during spring (126 μg m−3 on 22ndMarch 2016 and 94.4 μg m−3 on 24th
May 2017).

Figure 2.Modelled pollutant concentrations of (a)NOx, (b)NH3, (c)PM2.5, (d)PM10 and (e)O3predicted using the deweather
function for R (Carslaw 2017) applied to concatenated time series of hourlymeasurements atHarwell until 31stDecember 2015 and at
Chilbolton from11th January 2016.Modelled data have been smoothed by plotting the dailymean predicted concentration.
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Ammonia has a short atmospheric lifetime and high spatial heterogeneity in its sources (Vogt et al 2013,
Dammers et al 2017), so receptor concentrations are significantly influenced by local emissions. The contrasting
concentrations atHarwell andChilbolton are not reflected in the total NAEI estimates of local NH3 emissions,
which show similar averages over the 15 km×15 km area surrounding each site (figure 3). However, the total at
Harwell includes contribution from a disproportionately large 1 km×1 kmgrid square over the site ofDidcot
B power station, over 3.4 times greater than any other grid square surrounding either site.When emissions from
only the agricultural sector are considered, the greatest emissions are associatedwith the 5 km×5 kmgrid
square also containing the site, suggesting the presence of a nearby agricultural source or sources.

Polar plots ofNH3 concentration as a function of wind speed and direction for both sites (figure 5) reveal an
obvious dominant local source to the south-west of Chilbolton. Figure 6 demonstrates the difference in
concentration between this source and backgroundNH3 at Chilbolton in 2016, by dividing prevailingwind into
four direction sectors: east (E, 30°–180°), south-west (SW, 180°–250°), north-west (NW, 250°–350°) and north
(N, 350°–30°). TheN sector appears to reflect backgroundNH3 levels, with amean concentration of 2.2 μg m−3,
comparable to averageNH3 concentrationsmeasured atHarwell across all wind directions (figure 5).Mean
concentrations in E,NWand SWsectors are higher (3.1, 3.4 and 7.1 μg m−3, respectively) and demonstrate an
inverse relationshipwithwind speed, suggesting nearby sources at Chilbolton. Approximately 1.5 km from the

Figure 3.The top panel shows annual emissionsmaps ofNOx andNH3 from theNational Atmospheric Emissions Inventory database
(NAEI, https://naei.beis.gov.uk/) for the 15 km×15 kmarea surroundingHarwell andChilbolton sites. Underlying data area at
5 km×5 kmgrid resolution for agricultural NH3, displayed at 1 km×1 km resolution. The bar plot in the lower panel displays the
total emissions ofNOx,NH3, SO2, PM2.5 and PM10 for the same area around both sites, whilst the black point indicates the emission
from the component grid square with themaximumemission across the contributing grid squares.
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Figure 4.Pollutionwind roses forNOx and PM2.5 concentrations atHarwell in 2015 and at Chilbolton in 2016, depicting the
contribution of 5 μg m−3 concentration bins in eachwind sector to the annualmean concentration.Wind and pollutant
concentrationmeasurements were co-located and the underlying time resolutionwas hourly for both. Themaximumhourly
concentration in each year is the upper-limit value of the red segment in each legend.

Table 2.Annualmean concentrations of hourlyNOxmeasurements for easterly (0°–
180°) andwesterly (181°–360°)wind directions. The remaining percentage of data (%
NA) includes hours whereNOx concentration orwind directionwere not recorded.

MeanNOx concentra-

tion/μgm−3

Percentage of total annual

wind/%

Site and year Westerly Easterly Westerly Easterly NA

Harwell 2014 11.1 10.0 39 59 2

Harwell 2015 10.5 8.60 34 55 11

Chilbolton 2016 12.0 28.6 54 35 11

Chilbolton 2017 10.2 22.6 69 28 3

Figure 5.Polar plots of hourlyNH3 concentration (MARGA) as a function of hourly wind speed and direction atHarwell 2015 (left)
andChilbolton 2016 (right).Wind andNH3 concentrationmeasurements were co-located.
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site in the SW sector is the centre of a cattle farm,whilst a further 1.5 km in the same direction is amushroom
farm, likely to releaseNH3 at regular intervals coincidingwithmushroomgrowth cycles (Sather et al 2008). For
the remaining E/NWsectors, NH3 concentrations presumably reflect levels associatedwith the surrounding
intensivelymanaged arable land, which in general are larger emitters than agricultural activities nearHarwell.

3.4. SO2

Hourly SO2 concentrations at both sites are determined by twodifferentmeasurementmethodologies (table 1)
but therewas poor agreement between them (figure S5). This is anticipated, as the limit of detection (LOD) of the
UVfluorescence analyser (1.5 ppb,∼4 μgm−3) is approximately two orders ofmagnitude greater than that of
theMARGA (0.04 μg m−3 (Makkonen et al 2012)). The aimof the AURNSO2 analysers is to detect pollution
events (Twigg et al 2016)where concentrations could exceed national/EU limit values (hourly and dailymeans
of 350 and 125 μg m−3), whereas theMARGA is designed tomonitor changes in background concentrations of
SO2. Extending the time series of SO2measurements atHarwell back to 2012 shows that therewas a large
reduction in concentrations in early 2013 (figure 7), coincident with the closure ofDidcot A coal and oil power
station, whichwhilst operational was one of the largest SO2 emission sources in theUK (Vieno et al 2010).
Following this event there are no discernible changes in SO2 concentration, including through the site
relocation, apart from a singular peak inAugust 2014which can be attributed to an Icelandic volcanic eruption
(Twigg et al 2016).Whilst the emission inventory estimates greater local SO2 emissions aroundHarwell than
aroundChilbolton (figure 3), these are overwhelmingly dominated atHarwell byDidcot B power station. The
relative infrequency of north-easterly wind to the site, coupledwith the elevated source of these emissions,
resulted in little influence ofDidcot B on ambientmeasured concentrations. Consequently, there is effectively
no change inmeasured SO2 arising from the site relocation.

3.5. Particulatematter
Data capture was high for total PM10 and PM2.5 (table 1), but poorer for the individual species concentrations.
Annualmean concentrations of PM10 andPM2.5 were similar atHarwell andChilbolton (2014 and 2015 average
PM10=14.7 μg m−3, 2016 and 2017 average PM10=14.1 μg m−3; equivalent data for PM2.5=8.8 and
8.4 μg m−3), indicating no substantive change in long-termmean PMconcentration at the time of site
relocation. Therewas also no significant difference in the number of PM10 dailymean exceedances of 50 μg m−3

before and after site relocation: twice each year atHarwell, 3 times at Chilbolton in 2016 and once in 2017.
The deweathermodels for both PM2.5 and PM10 (figures 2(c) and (d)) show temporal variability, but no

evidence of a significant step-change in concentration at the time of site relocation. Themodel predicted lower
concentrations of PM10 in June 2016 becausemeasured values in this period 12th June—31st July 2016 (mean of
7.6 μg m−3)were substantially lower than themean for the rest of the time series (14.4 μg m−3). There is a
similar effect in themodelled PM2.5 time series.Model disagreement in the latter part of the PM2.5 deweather
time series is presumed to be due to the presence of a largemeasurement value (186.8 μg m−3, 27thApril 2017),

Figure 6.HourlyNH3 concentrations (MARGA) as a function of wind speed at Chilbolton in 2016, for the fourwind direction sectors:
north (350°–30°), south-west (180°–250°), east (30°–180°) and north-west (250°–350°). Data points aremedians of 50 hourly
measurements sorted by ascendingwind direction, following Flechard and Fowler (1998).
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almost twice any other hourly PM2.5 concentration. The stochastic nature of the deweather function resulted in
somemodels being built using this data point, while others were not.

The annualNAEI emissions integrated over the 15 km×15 km area surrounding each site are substantially
greater aroundHarwell thanChilbolton for both PM10 and PM2.5 (figure 3). Locations of high PM2.5 emissions
within the area surroundingHarwell include thosewith substantial NOx emissions (Didcot town,Didcot B
power station and the A34). The 25 1 km2 grid squares with highest PMemissions aroundHarwell contribute
63% to the total, whereas the equivalent at Chilbolton contribute 54%. AswithNOx, an increase in PM2.5

concentrations is observed in the prevailing easterly wind at Chilbolton as compared toHarwell (13.2 in 2016 cf
8.1 μg m−3 in 2015, table S3), howeverwesterly winds have lower concentrations (6.8 cf 9.6 μg m−3), which
accounts for the comparable annual averages pre- and post-relocation. The same conclusions apply for PM10

(figure S6).
Data capture forMARGAmeasurements were poorer than for TEOM-FDMSmeasurements (table 1).

Nevertheless for all secondary inorganic aerosol (SIA) ions analysed, the data capture rate was sufficient for
comparisons of annualmeasurements (all years>58%). Anthropogenically-derivedNH4

+, NO3
− and SO4

2−

dominate PM2.5 at both sites, contributing an average of 58% to totalmeasuredmass atHarwell (2014–15) and
59%atChilbolton (2016–17). The calculated SIA ion balance for PM2.5 (figure 8) shows good correlation for all
years, despite a few events of exception.More acidic aerosols are observed in 2014, with the greatest excess in
Septemberwhere concentrations of SO4

2−were significantly elevated from theHoluhraun eruption plume
passing over theUK (Twigg et al 2016). Both years at Chilbolton exhibit a large excess of basic aerosol on days
reaching highNH4

+ concentrations (8.64 and 22.6μgm−3 on 22ndMarch 2016 and 11thMarch 2017
respectively; table 3). In general, all years appear to have a slight bias towards basic aerosol and are comparable to
observations at the northernUKEMEP supersite (AuchencorthMoss; Twigg et al 2015). Similar observations
apply to the coarse fraction (PMcoarse=PM10—PM2.5), where SIA contributes 15% to total aerosolmass at both
Harwell (2014–15) andChilbolton (2016–17). Annual average black carbonmeasurements (Aethalometer,
BlackCarbonNetwork) are comparable at∼0.40 μg m−3 betweenHarwell (2014–15) andChilbolton
(2016–17). Given the comparable total PMat both sites, this indicates that there is also a similar contribution of
secondary organic aerosols (SOA) in both fractions.

3.6.Ozone
Data capture for hourlyO3 concentrations was high (>98% for each year, table 1). Annualmean concentrations
ofO3were somewhat lower after the site relocation, 48.9 and 51.5 μg m−3 for 2016 and 2017 respectively at
Chilbolton, comparedwith 56.0 and 57.1 μg m−3 for 2014 and 2015 atHarwell (table 1). However, the
deweathermodel time series forO3 data (figure 2(e)) does not show evidence of a step-change associatedwith the
site relocation (themodelled decrease inmid-2016 is coincident with the similar observation for PM). The
slightly lower annualmean backgroundO3 at Chilbolton than atHarwellmay be due to interannual variability
inO3, but the lower background concentration is also consistent with an inverse concentration relationshipwith
the unambiguously higher backgroundNOx at Chilbolton.

Figure 7.Time series from1st January 2012 to 30th September 2017 of hourly SO2 concentrationsmeasured usingUVfluorescence in
the AURN (red), and by theMARGA (blue). Vertical dotted lines show the closure of Didcot A power station (22ndMarch 2013), the
volcanic eruption plume fromHoluhraun, Iceland passing over theUK (September 2014) and the site relocation fromHarwell to
Chilbolton in early January 2016.
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4. Conclusions

The relocation of the southernUKEMEP supersite fromHarwell to Chilbolton in January 2016 has not resulted
in discontinuities in averagemeasured concentrations of PM2.5, PM10, SO2 andO3 (based on two-year pre- and
post-relocation time comparisons), but has led to substantial increases in average concentrations ofNOx and
NH3, by a factor of∼1.6 and∼3, respectively.

Concentrations ofNOx and PM in easterly wind arriving at Chilbolton are∼2.7 and∼1.5 times larger than at
Harwell, from common sources including theM3motorway andGreater London. Prevailingwinds from the
west contribute similarNOx concentrations at both sites, therefore despite a higher frequency of westerly wind at
Chilbolton, the larger easterly concentrations result in larger annualmeans.Westerly winds carry lower
concentrations of PM toChilbolton thanHarwell, thereby resulting in similar annual averages.Measurements
showno substantive difference in the contribution of secondary inorganic aerosols (SIA) and black carbon to the

Figure 8.Measured ion balance (inμeqm−3) betweenNH4
+ and the sumofNO3

− and SO4
2− in PM2.5

− during the two years atHarwell
(2014 and 2015) andChilbolton (2016 and 2017). Black dotted line illustrates 1:1 ratio.

Table 3.Annualmean particulateNH4
+, NO3

− and SO4
2− concentrationsmeasured byMARGA in PM10 and PM2.5. Key:max=maximum

hourlymeasurement of the year,μA=arithmetic annualmean andσA=arithmetic standard deviation across the year.

2014μgm−3 2015μgm−3 2016 μg m−3 2017μgm−3

PM2.5 NH4
+ NO3

− SO4
2- NH4

+ NO3
- SO4

2− NH4
+ NO3

− SO4
2− NH4

+ NO3
− SO4

2−

max 15.2 47.4 29.9 13.2 38.0 13.3 13.0 33.7 9.98 22.6 29.0 13.5

μA 1.25 2.62 1.87 0.94 2.33 1.87 1.28 2.98 1.43 1.05 2.78 1.38

σA 1.75 4.17 2.20 1.46 3.95 1.04 1.51 3.78 1.04 1.49 3.69 1.23

PM10

max 16.0 50.9 31.4 13.8 41.2 13.9 12.8 34.0 9.7 21.6 35.9 15.8

μA 1.31 2.97 2.02 0.98 2.65 1.48 1.35 3.50 1.55 1.17 3.37 1.61

σA 1.82 4.42 2.32 1.51 4.17 1.09 1.53 4.04 1.05 1.61 4.15 1.33
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total PMmass between the two site locations, althoughmoreNH4
+ events are observed in the SIA at Chilbolton.

Background concentrations ofNH3 at both sites reflect the presence ofmixed farmland; however the
contribution of very strong local sources to the south-west of Chilbolton cause the large increase in annual
average between sites.

In conclusion, when considering long-term regional trends based on the southernUK supersite data, the
increase inNOx andNH3 at Chilboltonmust be taken into account and theHarwell andChilbolton datasets
should be treated separately.
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