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> AEA UK modelling under the Air Quality Directive (2008/50/EC) for 2010

Executive summary

European Union directives on ambient air quality require member states including the UK to
undertake air quality assessments, and to report the findings of these assessments to the
European Commission on an annual basis. Historically this has been performed according
to:

e The Air Quality Framework Directive (1996/62/EC)
e The four Daughter Directives 1999/30/EC, 2000/69/EC, 2002/3/EC and 2004/107/EC.

In June 2008, a new directive came into force: the Council Directive on ambient air quality

and cleaner air for Europe (2008/50/EC), whichisknownas t he O Air Qual ity Dir
This directive consolidates the first three Daughter Directives, and was transposed into

Regulations in England, Scotland, Wales and Northern Ireland in June 2010. The 4th

Daughter Directive (AQDD4), 2004/107/EC, remains in force.

The UK annual air quality assessment for the year 2010 has been undertaken in accordance
with the requirements of the AQD and the AQDD4. The assessment takes the form of
comparisons of measured and modelled air pollutant concentrations with the limit values,
critical levels, target values and long term objectives set out in the directives. The results
were submitted to the European Commission in the form of a standard questionnaire (the
6questionnaired) tatdmustlicompletecahd upiadndnte the Gentral Data
Repository of the European Environment Agency: http://cdr.eionet.europa.eu/gb/eu/annualair
(CDR, 2011).

An important change between the Framework and Daughter Directives and the AQD has
been a requirement to deduct the contribution to ambient PM from a wider range of natural
sources prior to the comparison with limit values than specified in the Framework and
Daughter Directives. This requirement was included for the first time in the assessment of
concentrations for 2008 and in accordance with the AQD has also been included in the
assessments for 2009 and 2010.

The AQD sets limit values for the ambient concentrations to be achieved for:

sulphur dioxide (SO,)
nitrogen dioxide (NO,)
particles (PMyg)

lead (Pb)

benzene (CgHe)
carbon monoxide (CO)

The AQD also includes:

e critical levels for the protection of vegetation to be achieved for ambient
concentrations of sulphur dioxide (SO,) and oxides of nitrogen (NO,)

e atarget value, limit values, an exposure concentration obligation and exposure
reduction targets for fine particles (PM,s)

e target values and long-term objectives for ozone (O3)

This report provides a summary of key results from the questionnaire for the AQD pollutants
and additional technical information on the modelling methods that have been used.

Ful l details of the assessment carried out wunder
(indicator species BaP) are included in the accompanying report (Walker et al., 2011a)

The UK has been divided into 43 zones for air quality assessment. There are 28
agglomeration zones (large urban areas) and 15 non-agglomeration zones. The status of the
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5 AEA UK modelling under the Air Quality Directive (2008/50/EC) for 2010

zones in relation to the limit values, critical levels, target values and long term objectives has
been assessed.

The results of the assessment against limit values + margins of tolerance and limit values are
summarised in Table E1. The table shows an exceedance of the daily mean limit value for
PM,, for the Greater London Urban Area. However, it should be noted that the UK has been
granted a time extension for compliance with the daily mean PMy, limit value in the Greater
London Urban Area. The time extension means that the maximum margin of tolerance for
this limit value is in force until 11th June 2011. This exemption applies for the period from
11th June 2008 to 10th June 2011. Although the daily mean limit value was exceeded in this
zone in 2010, the daily mean |limit valu@ plus th
daily mean not to be exceeded on more than 35 times per calendar year) was not exceeded
in 2010. The UK was therefore compliant for daily mean PM,q in 2010 for all zones and
agglomerations.

Table E1 shows that 40 zones have not achieved full compliance with the annual NO, limit
value in 2010. Three of the 40 zones are also non-compliant with the hourly limit value in
2010. The UK has therefore submitted air quality plans to the European Commission with a
view to postponement of the compliance date to 2015 where attainment by this date is
projected (Defra, 2011). Of the 40 zones with exceedances in 2010, compliance may be
achieved by 2015 in 24 zones, 15 zones are expected to achieve compliance between 2015
and 2020 and compliance in the London zone is currently expected to be achieved before
2025.

Table E2 summarises the results of the assessment for O3 in terms of the numbers of zones
with exceedances of the target values and long term objectives. Table E3 shows that there
were no exceedances of the target value for PM,s. Table E4 contains details of exceedances
of old directives.

Table E1. Summary results of air quality assessment for 2010: comparison with limit
values and critical levels

Pollutant Averaging time Number of zones exceeding limit value

SO, 1-hour none

SO, 24-hour none

SO, Annual’ none

SO, Winter" none

NO, 1-hour’ 3 zones measured (Greater London Urban Area,
Teeside Urban Area & Glasgow Urban Area)

NO, Annual 40 zones (11 measured + 29 modelled)

NO, Annual® none

PMo 24-hour 1 zone modelled (Greater London Urban Area) 1

zone modelled after subtraction of natural
contribution

PMjo Annual none
Lead Annual none
Benzene Annual none
(6{0) 8-hour none

1 - Critical levels rather than LVs applying to vegetation and ecosystem areas only. CLs are already in force
2 - No modelling for 1-hour LV
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5 AEA UK modelling under the Air Quality Directive (2008/50/EC) for 2010

Table E2. Summary results of air quality assessment for 2010 for Oz: comparison with
target values and long term objectives

Pollutant | Averaging Number of zones exceeding Number of zones
time target value exceeding long term
objective
O3 8-hour none 41 zones (19 measured + 22
modelled)
Os AOT40 none 6 zones (3 measured + 3
modelled)

Table E3. Summary results of air quality assessment for 2010 for PM,s: comparison
with target value and limit value

Pollutant Averaging time ‘ Number of zones exceeding target value
PM, 5 Annual target value (25 pug m™) none

PM,s Annual limit value (25 pg m™) none

PM, s ﬁgrx%)l limit value (Stage 2, 20 4 zones (1 measured + 3 modelled)

Table E4. Exceedances of old Directives

Pollutant | Directive  Averaging time Concentration (ug m™)
(limit value)

NO, 85/203/EEC | 1-hour 98%ile 231 (measured at London Marylebone Road)
(200 pg m®)
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> AEA UK modelling under the Air Quality Directive (2008/50/EC) for 2010

1 Introduction

1.1 The EU ambient air quality directives

European Union directives on ambient air quality require member states including the UK to
undertake air quality assessments, and to report the findings of these assessments to the
European Commission on an annual basis. Historically this has been performed according
to:

e The Air Quality Framework Directive (1996/62/EC)
e The four Daughter Directives 1999/30/EC, 2000/69/EC, 2002/3/EC and 2004/107/EC.

In June 2008, a new directive came into force: the Council Directive on ambient air quality
andcleaner air for Europe (2008/50/EC), which
This directive consolidates the first three Daughter Directives, and was transposed into
Regulations in England, Scotland, Wales and Northern Ireland in June 2010. The 4
Daughter Directive (AQDD4), 2004/107/EC, remains in force.

The UK annual air quality assessment for the year 2010 has been undertaken in accordance
with the requirements of the AQD and the AQDD4. The assessment takes the form of
comparisons of measured and modelled air pollutant concentrations with the limit values,
critical levels, target values and long term objectives set out in the directives. The results
were submitted to the European Commission in the form of a standard questionnaire (the

6 gqguest i whiche@chrmember state must complete and upload onto the Central Data
Repository of the European Environment Agency: http://cdr.eionet.europa.eu/gb/eu/annualair
(CDR, 2011).

An important change between the Framework and Daughter Directives and the AQD has
been a requirement to deduct the contribution to ambient PM from a wider range of natural
sources prior to the comparison with limit values than specified in the Framework and
Daughter Directives. This requirement was included for the first time in the assessment of
concentrations for 2008 and in accordance with the AQD has also been included in the
assessments for 2009 and 2010.

The AQD sets limit values for the ambient concentrations to be achieved for:

sulphur dioxide (SO,)
nitrogen dioxide (NO,)
particles (PMyg)

lead (Pb)

benzene (CgHe)
carbon monoxide (CO)

The AQD also includes:

e critical levels for the protection of vegetation to be achieved for ambient
concentrations of sulphur dioxide (SO,) and oxides of nitrogen (NO,)

e atarget value, limit values, an exposure concentration obligation and exposure
reduction targets for fine particles (PM,s)

e target values and long-term objectives for ozone (Os)

AQDD4 sets target values to be achieved for:

arsenic (As)

cadmium (Cd)

nickel (Ni)

polycyclic aromatic hydrocarbons with benzo(a)pyrene (BaP) as an indicator species

AEAT/ENV/R/3215 Issue 1 8
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The number of monitoring sites required for compliance defined within the directives is
significantly reduced if other means of assessment, in addition to fixed monitoring sites, are
available for inclusion in the annual air quality assessment. Air quality modelling has
therefore been carried out to supplement the information available from the UK national air
quality monitoring networks.

1.2 This report

This report covers assessments required under the AQD. Specifically it provides detailed

information on the modelling methods used to assess relevant metrics throughout the UK

and a summary of the key results of the assessment. Full details of the assessment carried

out under AQDD4 for the heavy metalsand PAHOG6s (i ndi catnoludedsnpeci es
the accompanying report (Walker et al., 2011a). A third report summarisingt he UHK®s 20
submission on air quality to the European Commission and presenting air quality modelling

data and measurements from the UK national air quality monitoring networks has also been

uploaded onto the CDR (Air Pollution in the UK, 2010, Compliance Assessment Summary).

Sections 2 to 8 of this report describe the Pollution Climate Mapping (PCM) modelling
methods that have been used to calculate concentrations of SO,, NO,, NO,, PM;,, PM, 5, Pb,
CsHs, CO and Os. These include:

e Details of the modelling methods

¢ Information on the verification of the models used and comparisons with data quality
objectives

e Detailed modelling results

The status of zones in relation to the limit, target values, critical levels and long term
objectives for the AQD pollutants have been reported to the EU in the questionnaire (CDR,
2011) and a summary of the results of the assessments are included in Section 9. The status
has been determined from a combination of monitoring data and model results. Section 9
also includes a comparison of the results of similar assessments carried out since 2001
(Stedman et al., 2002, 2003; 2005; and 2006a; Kent et al., 2007a and 2007b; Grice et al.,
2009, 2010 and 2011).

1.3 Assessment regime and definition of zones

The Framework Directive included a requirement for member states to undertake preliminary
assessments of ambient air quality, prior to the implementation of the Daughter Directives
under Article 5 this Directive. The objectives of these assessments were to establish
estimates for the overall distribution and levels of pollutants, and to identify additional
monitoring required to fulfil obligations within the Framework Directive. Reports describing
the preliminary assessment for the UK for the first, second and third Daughter Directives
have been prepared (Bush, 2000 and 2002; Bush and Kent, 2003). The AQD includes a
similar requirement for continued assessment under Article 5. The classification of zones in
relation to assessment thresholds should be reviewed at least every five years or more
frequently in the event of significant changes in activities relevant to ambient concentrations
of the AQD pollutants.

The preliminary assessments included the definition of a set of zones to be used for air
quality assessment in the UK. The AQD continues the requirement for the establishment of
zones and agglomerations under Article 4.

Table 1.1 contains details of area, population (from 2001 census) and urban road length
contained in each UK zone and agglomeration. The zones and agglomerations map for the
UK is presented in Figure 1.1.

AEAT/ENV/R/3215 Issue 1 9
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Figure 1.1 - UK zones and agglomerations for 2010
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Table 1.1 - Zones for Air Quality Directive reporting

Zone
code

Ag or

ag*

Population

Area
b

Number
of urban
road links road Iinks

Length of
urban

Greater London Urban Area UKO0001 ag 8278251 1629.9 1881 1896
West Midlands Urban Area UK0002 ag 2284093 599.7 385 545
Greater Manchester Urban Area | UKO003 ag 2244931 556.5 554 671
West Yorkshire Urban Area UKO0004 ag 1499465 370.0 275 423
Tyneside UKO0005 ag 879996 210.7 164 202
Liverpool Urban Area UKO0006 ag 816216 186.1 250 214
Sheffield Urban Area UKO0007 ag 640720 162.2 106 160
Nottingham Urban Area UK0008 ag 666358 158.4 124 134
Bristol Urban Area UKO0009 ag 551066 139.8 112 116
Brighton/W orthing/Littlehampton | UK0O010 ag 461181 94.1 59 91
Leicester Urban Area UK0011 ag 441213 101.6 66 81
Portsmouth Urban Area UK0012 ag 442252 94.4 56 78
Teesside Urban Area UK0013 ag 365323 114.3 62 72
The Potteries UK0014 ag 362403 96.6 113 129
Bournemouth Urban Area UKO0015 ag 383713 108.1 48 72
Reading/Wokingham Urban
Area UKO0016 ag 369804 93.2 65 76
Coventry/Bedworth UKO0017 ag 336452 75.5 29 40
Kingston upon Hull UK0018 ag 301416 80.4 38 60
Southampton Urban Area UKO0019 ag 304400 72.8 61 78
Birkenhead Urban Area UK0020 ag 319675 89.1 64 72
Southend Urban Area UK0021 ag 269415 66.8 31 51
Blackpool Urban Area UK0022 ag 261088 65.8 48 67
Preston Urban Area UKO0023 ag 264601 60.4 35 47
Glasgow Urban Area UK0024 ag 1168270 368.7 219 326
Edinburgh Urban Area UK0025 ag 452194 120.1 60 102
Cardiff Urban Area UK0026 ag 327706 75.6 39 61
Swansea Urban Area UKO0027 ag 270506 79.7 30 71
Belfast Metropolitan Urban Area | UKO028 ag 515484 198.1 42 204
Eastern UKO0029 | non-ag 4909880 |19133.7 574 807
South West UK0030| non-ag | 4039460 | 23562.6 422 646
South East UKO0031| non-ag | 6160630 | 18672.6 793 1280
East Midlands UK0032| non-ag | 3261330 |15495.9 397 654
North West & Merseyside UKO0033| non-ag 3470620 | 13722.9 508 822
Yorkshire & Humberside UKO0034| non-ag 3003870 | 14796.6 316 568
West Midlands UKO0035| non-ag 2624020 |12186.3 334 512
North East UKO0036 | non-ag 1443910 8291.4 181 273
Central Scotland UKO0037| non-ag 1883010 9347.6 208 338
North East Scotland UKO0038| non-ag 976022 18631.4 133 234
Highland UKO0039| non-ag 341329 39134.5 10 35
Scottish Borders UKO0040| non-ag 250529 11184.1 35 a7
South Wales UKO0041| non-ag 1698080 |12228.4 159 306
North Wales UKO0042 | non-ag 702506 8382.6 83 155
Northern Ireland UK0043| non-ag 1149150 |13974.1 90 274
Total 61392538 | 244813 9259 13090
ag = agglomeration zone; non-ag = non-agglomeration zone

AEAT/ENV/R/3215 Issue 1 11




5 AEA UK modelling under the Air Quality Directive (2008/50/EC) for 2010

1.4 Monitoring sites

The monitoring stations operating during 2010 for the purpose of the AQD reporting are listed
in Form 3 of the questionnaire, which can be found on the CDR (2011). Data capture
statistics for these sites are also presented in Form 3; not all sites had sufficient data capture
during 2010 for data to be reported. The data quality objective (DQO) for AQD
measurements is 90% data capture, however, all measurements from monitoring sites with
at least 75% data capture for the entire year have been included in the analysis to ensure
that a greater number of operational monitoring sites have been used for reporting purposes.

1.5 Limit Values, Margins of Tolerance and Critical Levels

Limit values (LV) for the protection of human health for SO,, NO,, PMyq, Pb, C¢Hs and CO
are defined in Annex Xl of the AQD. To allow member states time to introduce measures to
reach compliance a margin of tolerance (MOT) beyond the LV is also defined for each of the
L \6o6The MOT applies in the years preceding the date on which compliance is to be
achieved; where the LV is yet to come into force the MOT decreases each year, until it is
zero in the year that compliance with the LV is required.

For SO,, PMyg, Pb (except in the immediate vicinity of specific industrial sources) and CO the
LVds have been®Janarf2005.dé es iLVd e anfl emzendl @nd Pb in
the immediate vicinity of specific industrial sources) came into force 1% January 2010.

Critical levels (CL6 )dor the protection of vegetation for SO, and NO, are also defined in
Annex XIII of the AQD, thereisn o MOT f o rs. Tiallleel® & TaBlé 167 give details of
L \sAL V6 s +andvMX3dGlefined in the AQD for each pollutant.

All exceedances of L \&@nd C Lsdnust be reported to the EU. Where a limit value which is
already in force has been exceeded an air quality plan is required showing how compliance
will be achieved as soon as possible, and a report to the EU on this plan must be prepared.

Table 1.2 - Limit values and critical levels for SO,

Averaging
period
1. Hourly LV for 1 hour

Date by which
LV is to be met

350 ug m>, notto |Already in force

Objective LV/CL

the protection of
human health

be exceeded more
than 24 times a
calendar year

2. Daily LV for the
protection of
human health

24 hour

125 ug m, not to
be exceeded more
than 3 times a
calendar year

Already in force

3. CL for the Calendar year and |20 ug m? Already in force
protection of winter
vegetation

AEAT/ENV/R/3215 Issue 1
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Table 1.3 - Limit values and critical levels for NO, and NO,

Objective

Averaging period

LV/critical level

Date by which LV is

to be met

1. Hourly LV for the 1 hour 200 g m*NO, notto |1 January 2010
protection of human be exceeded more than
health 18 times a calendar
year
2. Annual LV for the Calendar year 40 ug m?NO, 1 January 2010

protection of human
health

3. CL for the protection
of vegetation

Calendar year

30 ug m™® NOy, as NO,

Already in force

Table 1.4 - Limit values for PMyq

Objective Avgragmg LV
period
1. 24-hour LV for |24 hour

the protection of
human health

50 ug m™ not to be
exceeded more
than 35 times a
calendar year

Date by which
LV is to be met

Already in force

2. Annual LV for
the protection of
human health

Calendar year

40 ug m*

Already in force

Table 1.5 - Limit values for Pb

Objective

Annual LV for the
protection of
human health

Averaging
period

LV

Calendar year

Date by which
LVis to be met
Already in force

Table 1.6 - Limit values for CgHg

Objective

Averaging

period

Date by which
LV is to be met

Annual LV for the
protection of
human health

Calendar year

1 January 2010

Table 1.7 - Limit values for CO

Objective

Averaging

Date by which

period
Maximum daily 8-
hour mean

8-hour LV for the
protection of
human health

LV is to be met

Already in force

AEAT/ENV/R/3215 Issue 1
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5 AEA UK modelling under the Air Quality Directive (2008/50/EC) for 2010

1.6 Target Values and Long Term Objectives for ozone

The following metrics are relevant to the annual air quality assessment for Os:

Number of days above 120 ng m?in 2010

Number of days above 120 ug m™ per year averaged over three years 2008-2010
AOT40 wheat crops in 2010

AOT40 wheat crops averaged over five years 2006-2010

The AQD defines AOT40 as:

4 he¢nn oS E LINB acurS)feahsthe sumdf thlifference between hourly

coy OSY NI GA2ya NG Al SIND NIK& v0LI§ NI nmé ®erfagidey 0 | YR
period using only the onbour values measured between 8.00 and 20.00 Central European
Time (CET) each day.

The AQD target values (TV) and long term objectives (LTO) for O are listed in Table 1.8 and
Table 1.9.

Table 1.8 - Target values for O3
Date by which TV

Objective Averaging period TV

is to be met*
Protection of | Maximum daily 12 0 ne’gotto be exceeded on more |1 January 2010
human health | eight-hour mean? than 25 days per calendar year
averaged over three years
Protection of | May to July AOT40 (calculated from 1 h values) 1 January 2010
vegetation 18,0 0 0 nE’ b averaged over five
years

Table 1.9 - Long term objectives for O3

Date by which
LTO is to be met

Objective  Averaging period

Protection of | Maximum daily eight-hour mean 120egm™ Not defined
human within a calendar year
health
Protection of |May to July AOT40 (calculated Not defined
vegetation from 1 h values) 6000

egm?> h

In addition, Annex XlI of the AQD includes Alert and Information Thresholds designed to
inform the public and organisations representing sensitive population groups on occasions
when there is increased a risk to human health from exposure to elevated levels of SO,, NO,
or ozone.

: Compliance with target values will be assessed as of this date. That is, 2010 will be the first year the data for which is used in calculating
compliance over the following three or five years, as appropriate.

2 The maximum daily eight-hour mean concentration shall be selected by examining eight-hour running averages, calculated from hourly data and
updated each hour. Each eight -hour average so calculated shall be assigned to the day on which it ends. i.e. the first calculation period for any
one day will be the period from 17:00 on the previous day to 01:00 on that day; the last calculation period for any one day will be the period from
16:00 to 24:00 on the day.

3 If the three or five year averages cannot be determined on the basis of a full and consecutive set of annual data, the minimum annual

data required for checking compliance with the target values will be as follows:

o for the target value for the protection of human health: valid data for one year,

o for the target value for the protection of human health: valid data for three years.

o for the target value for the protection of vegetation: valid data for three years.
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1.7 Target Value, Limits Values and National Exposure
Reduction Target for PM,5

1.7.1 Target and limit values

The AQD defines a target value, limit values and exposure reduction targets for PM,s. The
target and limit values for PM, s are listed in Table 1.10 and Table 1.11.

Member states are required to take all necessary measures not entailing disproportionate
costs to ensure that concentrations of PM, 5 do not exceed the TV from the date specified.
Member states are required to ensure that concentrations of PM, s do not exceed the LV
from the date specified.

Table 1.10 - Target values for PM,5

Date by which TV is

Objective Averaging period TV to be met
Protection of human |Calendar year 25egm® 1 January 2010
health

Table 1.11 - Limit values for PM, 5
Objective LV + MOT for Date by which

LV is to be met
STAGE 1

Protection of Calendar year 25egm” 29 egm® 1 January 2015
human health

STAGE 2*

Protection of Calendar year 20egm® No MOT defined |1 January 2020
human health

* Indicative limit value to be reviewed by the commission in 2013.

1.7.2 Average exposure indicator

Annex XIV of the Air Quality Directive defines an average exposure indicator:

GCKS | gEGRIUAS @Y RA O ( ev\NAES Bhal\bB Bases tponk y > 3
measurements in urban background locations in zones and agglomerations throughout the
territory of a Member State. It should be assessed as a thedendar year running annual
mean concentration averaged over all sampling poestablished pursuant to Section B of

Annex V. The AEI for the reference year 2010 shall be the mean concentration of the years
2008, 2009 and 2010.

However, where data are not available for 2008, Member States may use the mean
concentration of the years@9 and 2010 or the mean concentration of the years 2009,
2010 and 2011. Member States making use of these possibilities shall communicate their
decisions to the Commission by 11 September 2008.

The AEI for the year 2020 shall be the thyear running mea concentration averaged over
all those sampling points for the years 2018, 2019 and 2020. The AEI is used for the
examination whether the national exposure reduction target is met.
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The AEI for the year 2015 shall be the thyear running mean concentratn averaged over

aII\:[hose sampling points for the years 2013, 2014 and 2015. The AEI is used for the
SEFYAYFGA2Y BKSUKSNI §KS SELRadzNE 02y OSy G NI (A
The full PM, 5 measurement network in the UK was not established until 2009 and hence the

AEI for the reference year 2010 will be determined from the mean concentration of the years
2009, 2010 and 2011 once the 2011 data are available.

1.7.3 National exposure reduction target

Member states are required to take all steps not entailing excessive costs to reduce
exposure to PM; s with a view to attaining the national exposure reduction target list in Table
1.12. Member states are also required to ensure that the average exposure indicator for the
year 2011 does not exceed the exposure concentration obligation listed in Table 1.13.

Table 1.12 - National exposure reduction target for PM,5

Exposure reduction target relative to the AEIl in 2010 Year by which the exposure
- reduction target should be
Initial concentration in eg m™ Reduction target in % met
08.5 0 2020
>8.51 <13 10
137 <18 15
1871 <22 20
022 All appropriate measures to
achieve 18 egm™

1.7.4 Exposure concentration obligation
Table 1.13 - Exposure concentration obligation for PM, 5

Year by which the obligation value is to
be met

20egm® 2015

Exposure concentration obligation

The air quality assessment for 2010 included a comparison of PM, s concentrations with the
target value and limit values.

1.8 Data quality objectives for modelling results and model
verification

The AQD sets data quality objectives (DQO®&) for modelling accuracy, within supplementary
assessment under the AQD. Accuracy is defined in the Directive as the maximum deviation
of the measured and calculated concentration levels for 90% of individual monitoring points
over the period considered by the limit value, without taking into account the timing of events.
The uncertainty of modelling should be interpreted as applicable in the region of the
appropriate LV or TV. The fixed measurements that have been selected for comparison with
the modelling results should be representative of the scale covered by the model. Final
guidance clarifying the recommended methods for assessing model performance with
respect to the DQOSs has yet to be agreed. The comparisons with monitoring data presented
in this report have therefore included data from all sites including those with measured
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values not in the vicinity of the LV or TV and a highly detailed assessment of the spatial
representativity of the sites has not been carried out.

DQO®& have been set at 50% for hourly averages, daily averages and 8 hour averages.
DQO6s have BOgdonanmua averages of SO,, NO, and NO,. For PM,o, PM, 5 and
Pb the DQO for annual averages is 50%. DQO& have not been defined for daily averages of
PMjo.

The models used to calculate the maps of air pollutants presented in this report have been
calibrated using data from the national monitoring network sites listed in Form 3 of the
reporting questionnaire. Data from these sites alone cannot, therefore, be used to assess the
reliability of the mapped estimates in relation to the DQOG for modelling. Measurement data
from sites not included in the calibration are required to make this assessment. Data from
sites quality assured by AEA under contract and not part of the national network, including
Local Authority sites in the AEA Calibration Club, Scottish Air Quality Archive monitoring
sites, Welsh Air Quality Forum monitoring sites and sites from the Kent and Medway Air
Quality Monitoring Network, have therefore been used for the verification of the modelled
estimates. The description O6Verification Sitesbd
included in the verification analysis. For 2010 monitoring data has also been obtained from
the London Air Quality Network (LAQN) and Hertfordshire and Bedfordshire Air Quality
Monitoring Network, courtesy of ERG. The monitoring sites used for this comparison are
listed in Appendix 1. Sites with a data capture of at least 75% have been included in the
verification analysis. Model verification results are listed in the following sections on each
pollutant.

1.9 Air quality modelling

Full details of the modelling methods implemented are given in Sections 2-9. A brief
introduction is presented here.

1.9.1 Background concentration maps

Maps showing background concentrations for NOy, SO,, C¢Hs and CO have been calculated
for the relevant metrics laid out in the AQD at a 1 km x 1 km resolution. These maps have
been calculated by summing concentrations from the following layers:

e Large point sources® i modelled using the air dispersion model ADMS and
emissions estimates from the National Atmospheric Emissions Inventory (NAEI)

e Small point sources i modelled using the small points model and emissions
estimates from the NAEI

e Distant sources i characterised by the rural background concentration

e Areasources’ i modelled using a dispersion kernel and emissions estimates from
the NAEI

e Fugitive point source emissions i modelled using fugitive source kernel model and an
estimate of the fugitive component of emissions derived from the NAEI (C¢Hg only).

For PM,, and PM, 5 a similar approach has been used to generate 1 km x 1 km background
concentration maps. For these pollutants, the following layers have been included:

e Secondary inorganic aerosol i derived by interpolation and scaling of measurements
of SO,, NO3; and NH, at rural sites

e Secondary organic aerosol i semi-volatile organic compounds formed by the
oxidation of non-methane volatile organic compounds. Estimates derived from results
from the PTM model

* Point source emissions are defined as emissions of a known amount from a known location (e.g. a power station).
*Area source emissions are defined as o6diffuse emissionsd ng,orbam many wunspeci f
shipping).

AEAT/ENV/R/3215 Issue 1 17



> AEA UK modelling under the Air Quality Directive (2008/50/EC) for 2010

e Large point sources of primary particles i modelled using ADMS and emissions
estimates from the NAEI

e Small point sources of primary particles i modelled using the small points model and
emissions estimates from the NAEI

e Regional primary particles i from results from the TRACK model and emissions
estimates from the NAEI and EMEP

e Area sources of primary particles i modelled using a dispersion kernel and emissions
estimates from the NAEI

e Rural calcium rich dusts from re-suspension of soils i modelled using a dispersion
kernel and information on land use

e Urban calcium rich dusts from re-suspension of soils due to urban activity i estimated
from a combination of measurements made in Birmingham and population density

e Regional iron rich dusts from re-suspension i assumed to be a constant value,
estimated measurements made in the vicinity of Birmingham

e Iron rich dusts from re-suspension due to vehicle activity i modelled using a
dispersion kernel land and vehicle activity data for heavy duty vehicles

e Seasalti derived by interpolation and scaling of measurements of chloride at rural
sites

e Residual i assumed to be a constant value

1 km x 1 km background concentration maps for Pb have been calculated from the following
layers:

e Large point source emissions i modelled using ADMS and emissions estimates from
the NAEI

e Small point source emissions i modelled using a small points kernel model and
emissions estimates from the NAEI

o Fugitive point source emissions i modelled using fugitive source kernel model and an
estimate of the fugitive component of emissions derived from the NAEI

e Area sources emissions i modelled using a dispersion kernel and emissions
estimates from the NAEI

e Regional concentration of Pb i derived from estimates of primary PM from regional
sources calculated using the TRACK model and emissions estimates from the NAEI
and EMEP

e Re-suspension of Pb from bare soils i derived from estimates of re-suspension of
PM modelled using a dispersion kernel and information on land use

e Re-suspension of Pb as a result of vehicle movements i derived from estimates of
re-suspension of PM modelled using a dispersion kernel and vehicle activity data for
heavy duty vehicles

1.9.2 Roadside concentration maps

Maps showing modelled roadside concentrations of NOy, PM1,, PM, 5, C¢Hg and CO have

been calculated for 9259 urban major road links (A-roads and motorways) across the UK.

These have been calculated by adding a 6roadsi de
the modelled background concentration for each road. This roadside increment concentration

is calculated as a function of a road link emission that has been adjusted to take into account

traffic flow. The roadside increment model is then calibrated using monitoring data from the

AURN. This is a similar approach to that used within the DMRB Screening Model (Boulter,

Hickman, and McCrae, 2003).

1.9.3 NO; maps

Background and roadside NO, concentration maps have been calculated by applying a
calibrated version of the updated oxidant-partitioning model. This model describes the
complex inter-relationships between NO, NO, and O; as a set of chemically coupled species
(Jenkin, 2004; Murrells et al., 2008).
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1.9.4 Key input data

Emissions inventory data used in this modelling is taken from the NAEI for 2009 (Murrells et
al., 2011). Emission estimates for area and point sources (taking into account plant closure)
have been scaled forward from 2009 to 2010. Work carried out to calculate emissions from
aircraft and shipping within the PCM model is described in Appendix 4. Dispersion modelling
has been done using ADMS 4.2 using meteorological data from Waddington for 2010. UK
national network monitoring data has been used to calibrate the background and roadside
models.

1.9.5 Ozone maps

Maps of the O3 metrics specified in the AQD have been calculated using a different modelling
approach to the approach used for other pollutants in this report. This is because of the
complex chemistry involved in the production and destruction of Oz;. The more empirical
methods used to model O; concentrations are described in Section 9.

1.10  Air quality in Gibraltar in 2010

Air quality monitoring and assessments are also undertaken in Gibraltar and the results of
the assessment are submitted to the Commission each year via a separate questionnaire to
that compiled for the UK (CDR, 2011). Further information on air quality monitoring in
Gibraltar can be found at http://www.gibraltarairquality.qgi/.
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2 NO,/NO

2.1 Introduction

2.1.1 Limit values

Two limit values for ambient NO, concentrations are set out in the Air Quality Directive
(AQD). These have been specified for the protection of human health and came into force
from 01/01/2010. These limit values are:

e An annual mean concentration of 40 pg m™.
e An hourly concentration of 200 ug m™, with 18 permitted exceedances each year

A critical level for NOy for the protection of vegetation has also been specified in the
directive:

e An annual mean concentration 30 ug m= (NOy as NO,).

Because this critical level is designed to protect vegetation, it only applies in vegetation areas
as defined in the Directive. This critical level is already in force.

2.1.2 Annual mean modelling

Annual mean concentrations of NOx and NO, have been modelled for the UK for 2010 at
background and roadside locations. Figure 2.1 and Figure 2.2 present maps of annual mean
NO, concentrations for these locations in 2010. These maps have been used for comparison
with the annual mean NO, limit value described above. To calculate NO, annual mean maps,
NOx annual mean concentration maps at background and roadside locations were first
calculated.

The modelling methods for annual mean NOx and NO, have been developed over a number
of years (Stedman and Bush, 2000, Stedman et al., 2001a, Stedman et al., 2001b, Stedman
et al., 2002, Stedman et al., 2003 Stedman et al., 2005, Stedman et al., 2006a, Kent et al.,
2007a, Kent et al., 2007b, Grice et al., 2009, Grice et al., 2010).

2.1.3 Outline of the annual mean model for NO,

The 1 km x 1 km annual mean background NOx concentration map has been calculated by
summing the contributions from:

e Large point sources

e Small point sources

o Distant sources (characterised by the rural background concentration)

e Local area sources

The area source model has been calibrated using data from the national automatic
monitoring networks (AURN) for 2010. At locations close to busy roads an additional
roadside contribution has been added to account for contributions to total NOy from road
traffic sources. The contributions from each of these components are described in Section
2.2.

2.1.4 Outline of the annual mean model for NO,

NO, concentrations have been calculated from the modelled NOx concentrations derived
from the approach outlined above using a calibrated version of the updated oxidant-
partitioning model. This model describes the complex inter-relationships between NO, NO,
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and ozone as a set of chemically coupled species (Jenkin, 2004; Murrells et al., 2008). This
approach provides additional insights into the factors controlling ambient levels of NO, (and
0O3), and how they may vary with NOy concentration.

2.1.5 Annual mean NOy concentration in vegetation areas

The background NOx map has also been used to generate a map of annual mean NOy
concentrations in vegetation areas for comparison with the NOy critical level described
above; this map is shown in Figure 2.3. This map has been calculated by removing non-
vegetation areas from the background NOyx map and calculating the zonal mean of the 1 km
x 1 km grid squares for a 30 km x 30 km grid so that it complies with the criteria set out in the
Air Quality Directive. Mean concentrations on a 30 km x 30 km grid have been used to
prevent the influence of any urban area appearing unrealistically large on adjacent
vegetation areas. Thus the modelled concentrations in vegetation areas should be
representative of approximately 1000 km? as specified in the AQD for monitoring sites used
to assess concentrations for the vegetation critical level.

2.1.6 Hourly modelling

No attempt has been made to model hourly concentrations for comparison with the 1-hour
limit value in this report. This is due to the considerable uncertainties involved in modelling at
such a fine temporal scale.

The annual mean limit value is expected to be more stringent than the 1-hour limit value in
the majority of situations (AQEG, 2004). This is illustrated in Figure 2.4, which is a scatter
plot of annual mean NO; in 2010 against the 99.8th percentile of hourly mean concentration
(equivalent to 18 exceedances in the same year). This plot shows a significantly higher
number of sites exceeding the annual mean limit value of 40 pg m™ than the 200 pg m™
hourly limit value.

Billingham was the only monitoring site at which the 1-hour limit value for NO, was exceeded

at a site where the annual mean limit value for NO, was not exceeded. This site is located in

a council owned municipal depot and investigations have shown it may have been impacted

on by occasional emissions from idling vehicles directly adjacent to the monitoring inlet.

Further investigation is being undertaken to determine whether the idling activity can be
addressed so there isndt a microscale pollution
whether the selection of this site for inclusion in the network remains valid as an industrial

monitoring station.

2.1.7 Chapter structure

This chapter describes modelling work carried out for 2010 to assess compliance with the
NOx and NO, limit values and critical level described above. Section 2.2 describes the NOy
modelling methods. Details of the methods used to estimate ambient NO, from NOy are
presented in Section 2.3. The modelling results are presented in Section 2.4.
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Figure 2.1 - Annual mean background NO, concentration, 2010 (zg m™)
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Figure 2.2 - Urban major roads, annual mean roadside NO, concentration, 2010
(ug m?)
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Figure 2.3 - Annual mean map of NO, concentrations for comparison with the NO,
vegetation critical level, 2010 (ug m=, as NO,)
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Figure 2.4 - Plot of annual mean against 99.8th percentile hourly NO, concentrations in

2010
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2.2 NOy modelling

2.2.1 NO, emissions

The NOx modelling is underpinned by the NAEI 2009 NOx emissions estimates (Murrells et
al., 2011). Figure 2.5 shows UK total NOyx emissions for 2009 and emissions projections up
to 2025 split by SNAP code. This shows that NOx emissions in 2009 are dominated by two
main sources:

e SNAP 7: road transport (exhaust emissions)
e Combustion point sources (SNAP codes 1, 2 and 3)

NOyx emissions are predicted to nearly halve between 2009 and 2025, with a particularly
steep decline from road transport exhaust emissions, combustion point sources and off road
mobile machinery emissions over this period.
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Figure 2.5 - Total UK NOx emissions for 2009 and emissions projections up to 2025 by SNAP code from NAEI 2009
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B Other point sources (including SNAP codes 4, 5 and 9)

B Combustion point sources (SNAP codes 1-3)

MSNAP 7: Road transport (road abrasion)

BSNAP 7- Road transpart (brake and tyre wear)

OSNAP 7: Road transport (exhaust emissions)

mSNAP 11: Nature

BSNAP10: Agriculture forestry & land use change

BSNAP 9. Waste treatment and disposal

BSNAP 8: Other Transport & mobile machinery (ships)

MSNAP 8: Other Transport & mobile machinery (rail)

mSMNAP 8: Other Transport & mobile machinery (other off road mobile machinery)
BSNAP &: Other Transport & mobile machinery (industry off road mobile machinery)
BSNAP & Other Transport & mobile machinery (aircraft)

OSNAP 8 Other Transport & mobile machinery (other)

OSNAP 6: Solvent use

BESNAP 5 Extraction & distribution of fossil fuels

BSNAP 4 Production processes (construction)

BSNAP 4. Production processes (quarrying)

ESNAP 4 Production processes (excludes quarrying and construction)

BSNAP 3. Combustion in industry

BSNAP 2: Combustion in Commercial, Institutional & residential & agnculture (domestic

only)

OSNAP 2: Combustion in Commercial, Institutional & residential & agriculture (excludes
domestic)

OSNAP 1: Combustion in energy production & transformation
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2.2.2 NOx contributions from large point sources

Point sources in the 2009 NAEI have been classified as large if they fulfil either of the
following criteria:

e NOy emissions in the 2009 NAEI are greater than 500 tonnes for any given plant
e Stack parameters are already available for any given plant in the PCM stack
parameters database (described in more detail below)

Contributions to ground level annual mean NOy concentrations from large point sources in
the 2009 NAEI were estimated by modelling each source explicitly using an atmospheric
dispersion model (ADMS 4.2) and sequential meteorological data for 2010 from Waddington.
A total of 451 large point sources were modelled for NOx. Surface roughness was assumed
to be 0.1 m at the dispersion site and 0.1 m at the meteorological site. Concentrations were
calculated for a 99 km x 99 km square composed of a regularly spaced 1 km x 1 km
resolution receptor grid. Each receptor grid was centred on the point source. For each large
point source information was retrieved from the PCM stack parameters database. This
database has been developed over a period of time under the current UKAAQA contract and
i tsd6 pr edec e sasedigupdatedamneallychsareqaited. Data sources for this
database include a survey of Part A authorisation notices held by the Environment Agency
and previously collated datasets on emission release parameters from large SO, point
sources (Abbott and Vincent, 1999). Parameters used in the modelling from the stack
parameters database include:

Stack height

Stack diameter
Discharge velocity
Discharge temperature

Where release parameters were unavailable, engineering assumptions were applied.

The NAEI emissions for large point sources are available for the year 2009, however, the
year 2010 has been modelled for the assessment. There are also some point sources in the
2009 NAEI which closed before the start or early on in the year 2010. The modelled
concentrations for 2009 have been scaled to 2010 using projection factors calculated from
NAEI source sector total emissions for point sources for 2009 and NAEI emissions
projections for 2010 (described in Section 2.2.5). Closure of particular plant or activities has
been taken into account when deriving the source sector projection factors by subtracting the
base year emissions associated with plant closure from the relevant source sector total for
point sources for 2009. The point sources in the 2009 NAEI which closed before the start or
early on in the year 2010 have been removed from the 2010 modelling, based on
recommendations from the NAEI team (Passant, personal communication, 2011).

2.2.3 NOx contributions from small point sources

Contributions from NOy point sources in the 2009 NAEI which were not classified as large
point sources (see above) were modelled using the small points model described in
Appendix 2. In line with the method applied for the large point sources the NAEI 2009
emissions for small point sources have been scaled to 2010 using the same source sector
specific projection factors applied to the large point sources.

2.2.4 NOx contribution from rural background concentrations

Rural annual mean background NOyx concentrations have been estimated using:

¢ NOyx measurements at 11 selected rural AURN sites.
¢ NOy estimated from NO, measurements at 17 rural NO, diffusion tube sites from the
Acid Deposition Monitoring Network.

Figure 2.6 shows the locations of these monitoring sites and the interpolated rural map.
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Figure 2.6 - Rural background NOx concentrations map with monitoring sites used in
the interpolation (annual mean NOy concentrations for 2010 (ug m, as NO,) are shown
below the site name)

Rural NOx/NO2 sites (corrected rural NOx, pgm-3) |'
NETWORK
O AURN rural background site
®  Acid deposition network site

Mapped rural NOx ;

- 0 pgm-3 .
B o2 g3 il:_-
[ 2-4 pgm-3 . |
I:l 4-6 ugm-3
|:| 6-8 ugm-3

[ 810 ugm-3
- >10 ugm-3

sh EstateWhiteadder
8.37) (6.81)
[ ]

Percy's Cross
® 5o

1 Bannisdale i
(5.71) High Muffles

6.07
Jl [ ] o (6.07)

Llyn Llydaw
(4.52)
[

Pumlumon

Yarner Wood
(4.28)

Goonhilly
(5.37) -

© Crown copyright. All rights reserved Defra, Licence number 100022861 [2011]

AEAT/ENV/R/3215 Issue 1 29



> AEA UK modelling under the Air Quality Directive (2008/50/EC) for 2010

Rural NO, was estimated from rural NO, at diffusion tube sites by dividing by 0.7835. This
factor, which is a typical NOx/NO, ratio measured at rural automatic monitoring sites
(Stedman et al., 2003), does not vary significantly between years or across the country.
Measurements have then been corrected to remove the contribution from point source and
local area sources to avoid double counting these contributions later in the modelling
process. The correction procedure is as follows:

Corrected rural background (ug m™) = Uncorrected rural background (ug m®) i (A + B + C),

where: A is an estimate of the contribution from area source components, derived using the
area source model empirical coefficients from the 2009 modelling,

B is the sum of contributions from large point sources in 2010 modelling,
C is the sum of contributions from small point sources in 2010 modelling.

Automatic sites, where available have been used in preference to diffusion tubes as these
are considered to be more accurate. A bi-linear interpolation of corrected rural measurement
data has been used to map regional background concentrations throughout the UK.

2.2.5 NOx contributions from local area sources

In the 2009 NAEI, NOx area source emissions maps have been calculated for each source
code-activity code combination using distribution grids that have been generated using
appropriate surrogate statistics. These NOyx emissions grids are then added together to give

SNAP code sector NOy area source emission grids. The full method is described in

Tsagatakis et al. (2011). To calculate NOy area source emission grids for 2010, emissions
projections from the NAEI (Wagner pers. comm. 2011) for each source code-activity code
combination have been used to scale 2009 emissions forwards to 2010. The emissions
projections are based magectibns OEGCS2009EThE B10anee r g Yy
source NOy emissions have then been mapped using the same distribution grids as for the

2009 maps.

The 2010 area source emissions maps have then be used to calculate uncalibrated area
source concentration maps for each SNAP code sector. This has been done by applying an
ADMS 4.2 derived dispersion kernel to the emission maps to calculate the contribution to
ambient concentrations at a central receptor location from area source emissions within a 33
km x 33 km square surrounding each monitoring site. Hourly sequential meteorological data
from Waddington in 2010 has been used to construct the dispersion kernels. Appendix 3
describes these kernels in more detail and explains how they have been calculated.

Figure 2.7 shows the calibration of the area source model. The modelled concentrations from
all point sources and corrected rural NOy concentrations have been subtracted from the
measured annual mean NOy concentration at background sites. This concentration is
compared with the modelled area source contribution to annual mean NOy concentrations to
calculate the calibration coefficients used in the area source modelling. The area source
calibration coefficient derived here is almost double that reported last year (Grice et al.,
2011) although the fit remains similarly robust. Several factors are thought to be driving the
under-prediction by the uncalibrated model: 1) It is now understood that current emissions
inventories over predict the decline in NO, emissions from road transport over approximately
the last five years (Carslaw et al., 2011); 2) The extended periods of cold weather
experienced by the UK in both early and late 2010 meant that combustion emissions
associated with space heating may have been higher than projected. These factors would
combine to produce higher ambient concentrations than calculated by the uncalibrated
model.

As part of the calibration process emission caps have been applied to certain sectors; this is
because the use of surrogate statistics for mapping area source emissions sometimes
results in unrealistically large concentrations in some grid squares for a given sector. The
emission caps applied are given in Table 2.1.
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The modelled area source contributions for each sector were multiplied by the coefficient to
calculate the calibrated area source contribution for each grid square in the country. The
point source contributions and regional rural concentrations were then added, resulting in a
map of background annual mean NOyx concentrations.

Figure 2.7 - Calibration of area source NO, model, 2010 (zg m™, as NO,)
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Table 2.1 - Emission caps applied to NOx sector grids

SNAP code Description Cap applied (t/a/km?)
SNAP 3 (other industrial Combustion in Industry 150
combustion, natural gas)
SNAP 8 (shipping only) Other Transport & Mobile 100
Machinery
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2.2.6 NOx Roadside concentrations

The annual mean concentration of NOx at roadside locations has been assumed to be made
up of two parts: the background concentration (as described above) and a roadside
increment:

roadside NOyx concentration = background NOyx concentration + NOy roadside
increment.

The NAEI provides estimates of NOy emissions for major road links in the UK for 2009
(Murrells et al., 2011) and these have been adjusted to provide estimates of emissions in
2010. Figure 2.8 shows the roadside increment of annual mean NOy concentrations (i.e.
measured roadside NOy concentration T modelled background NOx concentration) at
roadside or kerbside AURN monitoring sites plotted against NOx emission estimates
adjusted for traffic flow for the individual road links alongside which these sites are located.
The background NOyx component at these roadside monitoring sites is taken from the
background map described in Section 2.2.4 above.

The calibration coefficient derived is then used to calculate the roadside increment on each
road link by multiplying it by an adjusted road link emission (see Figure 2.8). The average
distance from the kerb for the roadside and kerbside monitoring sites used to calibrate the
roadside increment model is about 4 m. The calculated roadside concentrations are therefore
representative of this distance from the kerb. Roadside concentrations for urban major road
links (A-roads and motorways) only are reported to the EU and included in this report.

Figure 2.8 - Calibration of NOy roadside increment model, 2010 (ug m, as NO,)
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The dispersion of emissions from vehicles travelling along an urban road is influenced by a
number of factors. These factors generally contribute to make the dispersion of emissions
less efficient on urban roads with lower flows. Factors include:

e Traffic speed (urban roads with lower flows are more likely to have slower moving
traffic and thus cause less initial dispersion due to mechanical and thermal
turbulence)

e Road width (dispersion will tend to be more efficient on wider roads, such as
motorways than on smaller roads in town centres)

e Proximity of buildings to the kerbside (buildings close to the road result in a more
confined setting and hence reduced dispersion)

Only urban roads have been considered here because the model does not cover rural roads.

Detailed information on the dispersion characteristics of each urban major road link within the
NAEI is not available. An approach similar to that used within the DMRB Screening Model
(Boulter, Hickman, and McCrae, 2003) has therefore been adopted and adjustment factors
applied to the estimated emissions. These adjustment factors are illustrated in Figure 2.9 and
depend on the total traffic flow on each link and are higher for the roads with the lowest flow
and lower for roads with the highest flow. Thus the traffic flow is used as a surrogate for road
width and other factors influencing dispersion. Motorways are generally wider than A-roads
and the emission have therefore been adjusted accordingly, as illustrated in Figure 2.9.

Figure 2.9 - The adjustment factors applied to road link emissions
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2.3 NO, Modelling

2.3.1 Introduction

Maps of estimated annual mean NO, concentrations (Figure 2.1 and Figure 2.2) have been
calculated from the modelled NOy concentrations using a calibrated version of the updated
oxidant-partitioning model (Jenkins, 2004; Murrells et al., 2008). This model uses
representative equations to account for the chemical coupling of O3, NO and NO, within the
atmosphere. A key advantage of this approach for modelling NO, concentrations is that
emission scenarios can be directly addressed by varying regional oxidant levels and/or
primary NO, emissions.

2.3.2 The updated oxidant-partitioning model

The oxidant-partitioning model, developed by Jenkins (2004), enables NO, concentrations to
be calculated using the following equations:

[NO;] = [OX].f(NOy) (i)
[0X] = f-NO,.[NO,] + [OX]s (ii)

Where [OX] is the total oxidant (the sum of NO, and O3), f-NO, is the primary NO, emission
fraction (defined as the proportion of NOy emitted directly as NO,) and [OX]g is the regional
oxidant. NO,, NO,, Oz and OX are all expressed as ppb in these equations: 1 ppb of O; =2
ug m>; 1 ppb of NO, = 1.91 ug m™. By convention when NOy is expressed in pg m? it is
expressed as fig m™ as NO,0therefore 1 ppb of NO, = 1.91 pg m™ of NO, as NO..

In Jenkin (2004), [NO,)/[OX] was calculated using two equations, one of which represented
background locations and the other roadside locations. However, updated equations for
[NO,J/[OX] have subsequently been developed in (Murrells et al., 2008), which have been
used in the modelling here. These are better than the original equations presented in Jenkin
(2004) because they account for the under-prediction of the annual mean metric caused by
averaging points along an idealised curve (Murrells et al., 2008) rather than being based on
an empirical fit to monitoring data.

Murrells et al. (2008) present five equations for calculating [NO,]/[OX] as a function of [NOy].
These are:

e One idealized relationship, which has been generated by solving the analytical
chemistry for an idealised site with a constant NOy concentration throughout the year.

e Four relationships for realistic cases. These are four further analytical solutions
derived for sites where the NOy concentration varies from hour to hour. The different
relationships represent different levels of hourly variation.

The four relationships for realistic cases are presented in Table 2.2 below. They have been
derived to apply at sites with different levels of inter-hour variability in NOy concentrations.
Murrells et al. (2008) have used NOy quartile ratios to represent this variability, where the
NOy quartile ratio is the ratio of the 75th percentile to 25th percentile of measured NOy.
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Table22-The four o6realistic caseb6 r el-pattitiomimg hi ps
model (Murrells et al., 2008)

PCM Derived Relationship (where y = [NO,]/[OX] and x = [NOy], in

Category for site ppb)

(Category in | with a NOy

Murrells et quartile
al. (2008) ratio of:

shown in

brackets)

1(D) <2.5 y = 4.856E-14x"6 - 3.290E-13x"5 - 9.371E-09x"4 + 2.824E-
06x"3 - 3.684E-04x"2 + 2.582E-02x

2 (I 2.5-3.5 y =-1.673E-13x"6 + 1.195E-10x"5 - 3.469E-08x"4 + 5.305E-
06x"3 - 4.692E-04x"2 + 2.595E-02x

4 (llla) 3.5 y =-2.423E-13x"6 + 1.607E-10x"5 - 4.329E-08x"4 + 6.132E-
06x"3 - 5.020E-04x"2 + 2.593E-02x

3 (I >3.5 y =-2.881E-13x"6 + 1.857E-10x"5 - 4.843E-08x"4 + 6.620E-
06x"3 - 5.211E-04x"2 + 2.591E-02x

The following sections describe the method for calculating a map of regional oxidant in the
UK (Section 2.3.3), local oxidant calculations for background and roadside locations (Section
2.3.4), calculating [NO,]/[OX] in the PCM model and how the updated oxidant-partitioning
model has been applied in the UK to background and roadside locations (Section 2.3.5).

2.3.3 UK regional oxidant map

A map of UK regional oxidant for 2010 ([OX]g in Equation (ii) above) has been calculated
using the method outlined in Murrells et al. (2008). Assessments made prior to the
assessment for 2007 used of estimates of regional oxidant published by Jenkin (2004). The
revised method proposed by Murrells et al. (2008) has the benefit of incorporating an
understanding of the drivers influencing the spatial pattern of regional oxidant concentrations
and how these vary from year to year.

The regional oxidant concentration is considered to consist of two components:
[OX]g = [OX]n + [OX]r , (iv)

where [OX], is the hemispheric background concentration and [OX]r is a regional
modification. An analysis of monitoring data from the AURN presented by Murrells et al.
(2008) has shown that both of these components vary across the UK.

The value of [OX]4 has been found to decrease in a north-easterly direction across the UK
with distance from the coast as a result of losses due to dry deposition. The regional
modification [OX]r has been found to have two components. A positive regional modification
due to the photochemical generation of oxidant in the summer shows a decrease in a north-
westerly direction from the south east of England, as the distance from the major source
regions for ozone precursors in continental Europe increases. A negative regional
modification due to dry deposition in the winter has been found to show an increase in a
south-westerly direction from the north east coast.

The regional variation in these different components has been described by Murrells et al.
(2008) using a model for which the year specific parameters can be derived from an analysis
of monitoring data. Figure 2.10 shows the map of regional oxidant for 2010. Values have
been calculated on a 10 km x 10 km grid.
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Figure 2.10 - Regional oxidant [OX]g for 2010 (ppb)

© Crown copyright. All rights reserved Defra, Licence number 100022861 [2011]
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2.3.4 Local oxidant calculations
Local oxidant is calculated in the updated oxidant-partitioning model as:
Local oxidant = f-NO,.[NOy]. (iv)

Where f-NO is the fraction of NO, emissions emitted as primary NO, (by volume). Therefore,
to calculate local oxidant levels, the -NO, levels from different local sources needs to be
understood. In general it is possible to make a distinction between f-NO, from road traffic
sources and f-NO, from non-road traffic sources. f-NO, from road traffic sources is thought to
be generally rising, although this trend displays considerable variation with location (AQEG,
2007). By comparison, f-NO, from non-traffic sources has remained relatively constant with
time.

2.3.4.1 f-NO, for road traffic sources on individual road links

Figure 2.11 shows fleet average f-NO, projections by vehicle type for London and the rest of
the UK from the NAEI 2009.

This shows that London buses in 2010 have a much higher f-NO, (up to 26.2%) than buses
outside of London (approximately 12.6%). A rapid decline in f-NO, from London buses is
expected so that by 2025 they are expected reach a similar level to buses outside London at
approximately 10%.

Cars and taxis are lumped together in these fleet average f-NO, projections. Three distinct
geographical areas are picked out: London, Northern Ireland and the rest of the UK. For all
three locations, f-NO, from cars and taxis is expected to rise significantly between 2005 and
2020. Variation between the three geographical areas reflects variations in the proportion of
diesel cars found in these areas. The proportion of diesel cars increases more rapidly
between 2005 and 2009 in Northern Ireland hence initially f-NO, rises at a greater rate in
Northern Ireland compared to the rest of the UK; this is because diesel cars emit higher f-
NO, than petrol cars. Over time f-NO, from cars and taxis tends to similar values as the
vehicle fleet is projected to become more homogeneous across the UK as a whole.

Fleet average f-NO, from LGVs is set to rise significantly from approximately 17% in 2005 to
over 40% by 2015 in all locations. However, the rise is initially steeper in London because of
the impact of the Low Emission Zone (LEZ) on LGV fleet make up in London.

For each road link, these vehicle specific f-NO, factors have been applied to NOx road link
emissions for each vehicle class to calculate a road link specific f-NO, from traffic sources.
This method therefore takes into account the vehicle split on each road link, but assumes
that each road link has the fleet average make up of the specific vehicle types.
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Figure 2.11 - Fleet average f-NO2 projections by vehicle type for a) London and b) rest
of the UK from NAEI 2009
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2.3.4.2 f-NO, for background sources
Table 2.3 shows the f-NO, values used for background sources in 2010.

The non-road f-NO, values used for background calculations in Table 2.3 have been taken
directly from Jenkin (2004), as there is little evidence that this has changed significantly over
the past few years.

The road traffic f-NO, values for background calculations have been calculated using the
average of the major road link f-NO, values for each area type.

Table 2.3 - Local oxidant coefficients (f-NO,) for background concentrations in 2010

DfT Area Region Non-road f-NO, for Road f-NO, for
background calculations background calculations
1 Central London 0.140 0.229
2 Inner London 0.128 0.215
3 Outer London 0.093 0.197
4 Inner Conurbations 0.093 0.166
5 Outer Conurbations 0.093 0.174
6 Urban (population > | 0.093 0.171
250,000)
7 Urban (population > | 0.093 0.170
100,000)
8 Urban (population > | 0.093 0.175
25,000)
9 Urban (population > | 0.093 0.178
10,000)
10 Rural 0.093 0.185

! Locations in Northern Ireland have been assigned area types on the basis of how built up
they are. This is because the DfT area types map does not cover Northern Ireland. A map of
the distribution of DfT area types is included in Appendix 3.

2.3.4.3 Local oxidant calculations

A map of local oxidant for the background NO, calculations was generated by splitting the
background annual mean NOyx map into its two constituent components:

e NOy from background non-road traffic emissions (includes rural background
component)
¢ NOy from background road-traffic emissions

These components were multiplied by the relevant f-NO, value from Table 2.3 and then
added together to give a total local oxidant. Figure 2.12 shows the UK background local
oxidant map for 2010.

Local oxidant on individual road links was calculated by splitting the total annual mean NOy
for the road link into its three constituent components:

e NOy from background non-road traffic emissions (includes rural background
component)

e NOy from background road-traffic emissions

e Roadside increment NOy concentrations from emissions on the specific road link
under consideration

The background components were then multiplied by the relevant -NO, value from Table 2.3
and the roadside increment NOy was multiplied by the specific f-NO, calculated for that road
link. These local oxidant values were then added together to give a total local oxidant for the
road.
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Figure 2.12 - Background local oxidant map for 2010 (ppb)

© Crown copyright. All rights reserved Defra, Licence number 100022861 [2011]
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2.3.5 Calculating [NO,]/[OX] in the PCM model

As described in Section2.3.2, f our O6realistic caseo JJOX]l ati onshi
have been derived in Murrells et al. (2008). The ratio of [NO,]/[OX] has been considered

separately for background and roadside locations in this analysis because background and

roadsi de sites tend to behave differentl yatbecause
these locations.

2.3.5.1 Roadside

For roadside locations, the category 4 (llla) relationship has been selected and an additional
calibration has been applied using data from AURN roadside and kerbside sites for 2010.
The reason for selecting the category 4 (llla) relationship is that, of the four relationships
available, this one typically performed best when calculating NO, from measured NOy for
each AURN roadside and kerbside sites for 2010 and comparing with the measured NO,, at
these sites. The model has been calibrated because the category 4 (Illa) relationship was not
the right shape and therefore tended to over predict NO, concentrations close to the limit
value. The calibration was performed by plotting the ratio of measured NO, to modelled NO,
as a function of NOy for each AURN roadside and kerbside sites for 2010 and then fitting a
curve through these points. Figure 2.13 shows this ratio for each site and also the curve that
was fitted though the data. The verification sites are also shown on this plot for reference
although they were not used to calibrate the model.

Figure 2.14 shows a verification plot of measured NO, against modelled NO, calculated from
measured NOy using the uncalibrated category 4 (llla) relationship. Figure 2.15 shows the
same information, but using the calibrated category 4 (llla) relationship. It is clear that the
model provides a better fit to the monitoring data in the vicinity of the limit value of 40 pug m™.
The oxidant partitioning curves are only valid for annual mean NOyx concentrations up to 350
ng m=, hence NOy concentrations above this value have been set to 350 pg m™.

Figure 2.13 - Roadside NO; calibration curve (NB verification sites are shown for
reference here, but were not used in calculating the calibration)
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Figure 2.14 - Verification of uncalibrated
category 4 (llla) relationship at roadside
locations in 2010
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2.3.5.2 Background

For background locations, the category 4 (llla) relationship has been calibrated using data
from AURN background sites for 2010. The reason for selecting the category 4 (llla)
relationship at background locations is to be as consistent as possible with the roadside
model. The calibration plot for background sites is shown in Figure 2.16. Figure 2.17 and
Figure 2.18 show verification plots of measured NO, against modelled NO, calculated from
measure NOyx using the uncalibrated category 4 (llla) relationship and calibrated category 4
(Illa) relationship respectively. The agreement is better for the calibrated model, particularly
for annual mean NO, concentration in the range from 20-40 ug m™.

The results for this modelling are presented in Section 2.4.

Figure 2.16 - Background NO, calibration curve (NB verification sites are shown for
reference here, but were not used in calculating the calibration)
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Figure 2.17 - Verification of uncalibrated Figure 2.18 - Verification of calibrated
category 4 (llla) relationship at background category 4 (llla) relationship at
locations in 2010 background locations in 2010
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2.4 Results

2.4.1 Verification of mapped values

Figure 2.19 and Figure 2.20 show comparisons of modelled and measured annual mean
NOx and NO, concentration in 2010 at background monitoring site locations. Figure 2.21 and
Figure 2.22 show similar comparisons for roadside sites. Both the national network sites
used to calibrate the models and the verification sites are shown. Lines representingy = x 1
30 % and y = x + 30% are also shown (this is the AQD data quality objective for modelled
annual mean NO, and NOy concentrations i see Section 1.8). There is no requirement under
AQD to report modelled annual mean NOy concentrations for comparison with limit values for
the protection of human health (the NO limit value for the protection of vegetation only
applies in vegetation areas). However, comparisons of modelled and measured NOy
concentrations and of the modelled NOx concentrations with the data quality objectives are
presented here alongside the comparisons for NO,. This provides an additional check on the
reliability of the modelled estimates of NO, because the non-linear relationships between
NOyx and NO, tend to cause modelled NO, concentrations to be relatively insensitive to errors
in the dispersion modelling of NOy.

Summary statistics for the comparison between modelled and measured NOyx and NO,
concentrations are listed in Table 2.4 and Table 2.5. The percentages of monitoring sites for
which the modelled annual mean concentrations fall outside the data quality objectives is
generally greater for NOy than for NO,, for the reasons discussed above.
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Figure 2.19 - Verification of background
annual mean NOx model 2010

140
¢ National Network
o Verification Sites ° © o
120 H x=y
s X =y + 30% o
———x=y-30% ¢ |7
= / °
d 100 -
z * 1 . s
%) -
© / 7
© rd /
: 80 NG =
E RPN o
= s . -
x L) N -
S g o | oo
= o 00 FE
@ w0 o b o
] 0 o5 ¢ -
3 ove| s, | 5 o
S 40 ¢ >
> e
o7 .
KA °o;> M ©
s & °
20 R Pl
s 28T 2 °
¥ -
24854 -
0
0 20 40 60 80 100 120 140

Measured NO, (g m?, as NO,)

Figure 2.21 - Verification of roadside
annual mean NOx model 2010
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Figure 2.20 - Verification of background
annual mean NO, model 2010
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Figure 2.22 - Verification of roadside
annual mean NO, model 2010
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Table 2.4 - Summary statistics for comparison between modelled and measured NO,
and NO, concentrations at background sites (ug m=, as NO,)

Mean of Mean of model R? % outside = Number of
measurements estimates data sites in
(ng M=, as (ung m=, as quality assessment
NO,) NO,) objectives
NOx National 42.8 40.7 0.73 22.4 67
Network
Verification 55.0 50.0 0.61 39.2 74
Sites
NO, National 25.1 24.2 0.80 134 67
Network
Verification 29.2 28.4 0.75 18.9 74
Sites
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Table 2.5 - Summary statistics for comparison between modelled and measured NO,
and NO, concentrations at roadside sites (ug m=, as NO,)

Mean of Mean of model R? % outside = Number of
measurements estimates data sites in
(ng m*, as (ng m?, as quality assessment
objectives
NOyx National 111.8 104.5 0.59 375 24
Network
Verification 121.3 112.1 0.32 44.9 78
Sites
NO, National 45.4 44.4 0.67 375 24
Network
Verification 49.9 47.6 0.39 39.7 78
Sites

2.4.2 Source apportionment

Figure 2.23 and Figure 2.24 show the modelled NOy source apportionment at AURN
background and roadside sites respectively for 2010. This shows that while road transport is
the dominant source in the majority of locations (background and roadside), contributions
from other sectors such as domestic, commercial, off road mobile machinery and industry
are also significant at many sites. Contributions from aircraft and shipping are evident at
some sites.

No source apportionment is given for NO, because this is not a physically meaningful
concept because of the non-linear relationship between NOx and NO,.
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Figure 2.23 - Annual mean NOy source apportionment at background AURN monitoring sites (area type of each site is shown in

parenthesis after its name i see Table 2.3)
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Figure 2.24 - Annual mean NOy source apportionment at roadside AURN monitoring sites (area type of each site is shown in

parenthesis after its name)
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2.4.3 Detailed comparison of modelling results with limit values

The modelling results, in terms of a comparison of modelled concentrations with the annual
mean limit value by zone, are summarised in Table 2.6. These data have also been
presented in Form 19b of the questionnaire. The NOyx annual mean critical level for the
protection of vegetation was not exceeded in vegetation areas in any of the non-
agglomeration zones in 2010. This critical level does not apply in agglomeration zones,
according to the definition in the Directive (see Section 1.3). Method A in this table refers to
the modelling method described in this report.

Estimates of area and population exposed have been derived from the background maps
only. No attempt has been made to derive estimates of population exposed using maps of
roadside concentrations as these maps will only apply to within approximately 4 m from the
road kerb.

Table 2.6 shows that 40 zones have not achieved full compliance with the annual NO; limit
value in 2010. Three of the 40 zones are also non-compliant with the hourly limit value in
2010. The UK has therefore submitted air quality plans to the European Commission with a
view to postponement of the compliance date to 2015 where attainment by this date is
projected. Of the 40 zones with exceedances in 2010, compliance may be achieved by 2015
in 24 zones, 15 zones are expected to achieve compliance between 2015 and 2020 and
compliance in the London zone is currently expected to be achieved before 2025.
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Table 2.6 - Tabular results of and methods used for supplementary assessment for
NO,

Zone Above LV for health (annual mean)
code Population
Area Road length exposed
km? Method km Method Number Method
Greater London Urban Area UKO0001 | 91 A 1358.3 A 698543 A
West Midlands Urban Area UK0002 | 51 A 377.7 A 122396 A
Greater Manchester Urban Area | UK0O003 | 5 A 341.0 A 11070 A
West Yorkshire Urban Area UKo004 | 3 A 162.2 A 3612 A
Tyneside UKO0005 | 1 A 66.9 A 71 A
Liverpool Urban Area UKO0006 | 1 A 100.5 A 1695 A
Sheffield Urban Area UK0007 | 5 A 102.6 A 2850 A
Nottingham Urban Area UK0008 | 0 A 55.5 A 0 A
Bristol Urban Area UKO0009 | o A 47.1 A 0 A
Brighton/Worthing/Littlehampton | UK0010 | 0 A 114 A 0 A
Leicester Urban Area UK0011 | 0o A 43.4 A 0 A
Portsmouth Urban Area UK0012 0 A 25.0 A 0 A
Teesside Urban Area UK0013 | 0 A 17.2 A 0 A
The Potteries UK0014 0 A 33.2 A 0 A
Bournemouth Urban Area UK0015 | 0 A 115 A 0 A
iree?mg/Woklngham Urban UKoo16 | 0 A 10.3 A 0 A
Coventry/Bedworth UK0017 | 0o A 26.1 A 0 A
Kingston upon Hull UK0018 3 A 395 A 2587 A
Southampton Urban Area UK0019 | 12 A 38.1 A 26052 A
Birkenhead Urban Area UK0020 | o A 13.7 A 0 A
Southend Urban Area UK0021 | 0o A 10.9 A 0 A
Blackpool Urban Area UK0022 | o A 0.0 A 0 A
Preston Urban Area UK0023 | 0 A 7.7 A 0 A
Glasgow Urban Area UK0024 0 A 141.3 A 0 A
Edinburgh Urban Area UK0025 | 0 A 29.7 A 0 A
Cardiff Urban Area UK0026 0 A 25.9 A 0 A
Swansea Urban Area UK0027 | 0o A 5.4 A 0 A
Belfast Metropolitan Urban Area | UK0028 0 A 63.4 A 0 A
Eastern UKO0029 | o9 A 93.9 A 3131 A
South West UK0030 1 A 94.1 A 3700 A
South East UKO0031 | 20 A 180.3 A 9570 A
East Midlands UK0032 | 7 A 109.9 A 17033 A
North West & Merseyside UKO0033 | 4 A 129.9 A 5698 A
Yorkshire & Humberside UK0034 | 14 A 108.1 A 3609 A
West Midlands UKO0035 | 10 A 92.5 A 11135 A
North East UKO0036 | 2 A 73.9 A 1414 A
Central Scotland UK0037 | 0 A 34.5 A 0 A
North East Scotland UK0038 1 A 321 A 181 A
Highland UKO0039 | o A 0.0 A 0 A
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Above LV for health (annual mean)

Population

Area Road length
exposed

km? | Method km Method Number Method

Scottish Borders UKO0040 | o A 0.0 A 0 A
South Wales ukoo41 | 2 A 42.4 A 749 A
North Wales UKo042 | o A 10.4 A 0 A
Northern Ireland UK0043 0 A 24.6 A 0 A
Total 242 A 4192.0 A 925095 A
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3 SO,

3.1 Introduction

3.1.1 Limit values

Two limit values for ambient SO, concentrations are set out in the Air Quality Directive (AQD)
for the protection of human health. These limit values have been in force since 1* January
2005 and are specified as follows:

e An hourly concentration of 350 pug m™, with 24 permitted exceedances each year
e A 24-hour mean concentration of 125 pg m™, with 3 permitted exceedances each
year.

A critical level for SO, for the protection of vegetation has also been specified in the directive:
e An annual mean and winter mean concentration of 20 pg m~.

The critical level is designed to protect vegetation so it only applies in vegetation areas as
defined in the directive. The critical level is also already in force.

3.1.2 Annual mean and winter mean modelling

A map of annual mean SO, concentration for 2010 in vegetation areas is shown in Figure
3.1. This map has been calculated by removing non-vegetation areas from the background
SO, annual mean map and calculating the zonal mean of the 1 km x 1 km grid squares for a
30 km x 30 km grid.

Mean concentrations on a 30 km x 30 km grid have been used to prevent the influence of
any urban area appearing unrealistically large on adjacent vegetation areas. Thus the
modelled concentrations in vegetation areas should be representative of approximately 1000
km? as specified in Directive 2008/50/EC for monitoring sites used to assess concentrations
for the vegetation critical level.

A map of winter mean SO, concentrations for the period October 2009 to March 2010 has
also been calculated and is shown in Figure 3.2. This map was calculated by multiplying the
annual mean map for 2010 by 1.01, which is the ratio between the average concentration
measured at rural SO, monitoring sites during the 2009-2010 winter period and the annual
concentration for 2010. By comparison the ratio between winter and annual means for 2008
and 2009 respectively were 1.30 and 1.23.

3.1.3 Outline of annual mean and winter mean modelling

The 1 km x 1 km annual mean background SO, concentration map has been calculated by
summing the contributions from:

Large point sources
Small point sources
Local area sources
Distant sources (characterised by a residual)

The area source contribution has not been scaled using the calibration coefficient from the
NO, modelling as performed in previous years because this would have lead to over
prediction when compared to monitoring data. The NO, area source coefficient for 2010 has
been affected by inaccuracy in emissions from road traffic related to a combination of
uncertainty in emissions factors for road vehicles (Carslaw et al., 2011) and the extended
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winter weather experienced at the start and end of 2010. The contributions from each of the
above components are described in Section 3.3.1.

3.1.4 Modelling for comparison with the hourly and 24-hour limit values

Maps of 99.73 percentile of hourly mean and 99.18 percentile of 24-hour mean SO,
concentrations have been calculated for 2010. They are shown in Figure 3.3 and Figure 3.4
respectively. These percentile concentrations correspond to the number of allowed
exceedances of the 1-hour and 24-hour limit values for SO..

3.1.5 Outline of modelling for comparison with the hourly and 24-hour limit
values

The 1 km x 1 km percentile SO, concentration maps have been calculated by summing the
contributions from:

Large point sources
Small point sources
Local area sources
Distant sources (characterised by a residual)

Details of the method can be found in Section 3.3.2.

3.1.6 Chapter structure

This chapter describes modelling work carried out for 2010 to assess compliance with the
SO, limit values described above. Emission estimates for SO, are described in Section 3.2.
Section 3.3.1 describes the SO, modelling methods for the annual and winter means.
Section 3.3.2 describes the SO, modelling methods for the percentile metrics (for
comparison with the hourly and 24-hour limit values). The modelling results are presented in
Section 3.4.
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Figure 3.1 - Annual mean SO, concentration, 2010 (ug m™) in vegetation areas
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Figure 3.2 - Winter mean SO, concentration, 2009-2010 (ug m™®) in vegetation areas
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Figure 3.3 - 99.73 percentile of 1-hour mean SO, concentration, 2010 (ug m™)
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Figure 3.4 - 99.18 percentile of 24-hour mean SO, concentration, 2010 (ug m™)
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3.2 SO, emissions

Estimates of the emissions of SO, from the 2009 UK National Atmospheric Emission
Inventory (NAEI) have been used in this study (Murrells et al., 2011). Figure 3.5 shows the
total UK SO, emissions for each year from 2009 to 2025 and the emissions broken down by
SNAP code. The emissions are dominated by point source emissions from combustion in
energy production and transformation. There is little change in total emissions from 2009 to
2010 but the predicted trend in total emissions is for a decrease into the future, dominated by
a reduction in emissions from combustion point sources.
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Figure 3.5 - Total UK SO, emissions for 2009 and emissions projections up to 2025 by SNAP code from NAEI 2009
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3.3 SO2, modelling

The modelling methods for SO, were developed by Abbott and Vincent (1999, 2006).
Emissions from point and area sources have been modelled separately and the results
combined within a geographical information system to produce the concentration maps.

3.3.1 Annual mean and winter mean modelling
3.3.1.1 Large and small point sources

Point sources in the 2009 NAEI have been classified as large if they fulfil either of the
following criteria:

e Annual SO, emissions in the 2009 NAEI are greater than 500 tonnes for any given
plant

e Stack parameters are already available for any given plant in the PCM stack
parameters database

The contribution to ambient concentrations resulting from emissions from large point sources
were modelled using the dispersion model ADMS 4.2, assuming a surface roughness of 0.1
m at both dispersion and meteorological sites and using stack parameters from a database
developed under the UKAAQA contract and its predecessors (as described in Section 2.2.2).
A total of 370 large point sources were modelled.

Hourly emissions profiles for the power stations in England and Wales for 2010 were
provided by the Environment Agency. The NAEI emission estimates for power stations in
Northern Ireland, non-power station large and small point sources are for the year 2009. To
model concentrations a year ahead of the NAEI these emissions have been scaled to values
appropriate to 2010, using projection factors derived from NAEI source sector total emissions
for point sources for 2009 and NAEI emissions projections for 2010 (described in Section
2.2.5). Closure of particular plant or activities has been taken into account when deriving the
source sector projection factors by subtracting the base year emissions associated with plant
closure from the relevant source sector total for point sources for 2009. The concentrations
resulting from emissions from power stations in Northern Ireland were modelled using the
projected NAEI emissions in combination with time varying emissions profiles typical of
electricity generation in summer and winter. Concentrations resulting from emissions from
large non-power station point sources were modelled using the projected NAEI emissions
without time varying emissions.

Concentrations resulting from the projected emissions from small point sources were

model |l ed using the fismall point source model 0.

Appendix 2. The point sources in the 2009 NAEI which closed before the start or early on in
the year 2010 have been removed from the 2010 modelling, based on recommendations
from the NAEI team (Passant, personal communication, 2011).

For the large point emission sources, concentrations were predicted for 5 km x 5 km
resolution receptor grids within a number of receptor areas (or tiles), which together cover
the UK. The size of the receptor areas was typically 100 km x 100 km, extending out to 150
km where appropriate. All sources within the receptor area and extending out 100 km from
the squarebdés border were assumed to influence
Emissions were modelled using sequential meteorological data for 2010 for Waddington in
Lincolnshire. This site was chosen as the most representative of meteorology in the vicinity
of the largest point sources in the UK. This approach ensures that the combined impact of
several sources on ambient high percentile concentrations is estimated correctly. While not
essential for the estimation of the annual mean this method enables both the annual mean
and high percentiles to be calculated from the same set of dispersion model calculations.

AEAT/ENV/R/3215 Issue 1 59

c

T

(0



5 AEA UK modelling under the Air Quality Directive (2008/50/EC) for 2010

3.3.1.2 Areasources

The contribution to ambient SO, concentrations from area sources was calculated using a
dispersion kernel approach. Emission estimates for area sources have been scaled to values
appropriate to 2010, using UK sector total emissions for 2009 and 2010. Concentrations are
predicted for 1 km x 1 km receptors. Dispersion kernels were calculated using ADMS 4.2 and
hourly sequential meteorological data for 2010 from Waddington. Modelling of the area
sources is described in more detail in Appendix 3.

As part of the calibration process emission caps have been applied to certain sectors. This is
because the use of surrogate statistics for mapping area source emissions sometimes
results in unrealistically large concentrations in some grid squares for a given sector. The
emission caps applied are given in Table 3.1.

Table 3.1 - Emissions caps applied to SO, sector grids

SNAP code Description Cap applied (t/a’km?)
SNAP 3 (Iron and steel - Combustion in industry 50
combustion plant, Coke oven
gas)
SNAP 8 (shipping only) Other Transport & Mobile 30
Machinery

3.3.1.3 Calculating the total concentrations

Details of the method to combine the component parts are described below. The map of
winter mean SO, concentrations was derived from the annual mean map by scaling using a
factor of 1.01, which is the ratio between the average concentration measured at rural SO,
monitoring sites during the 2009-2010 winter periods and annual concentration for 2010.

The factors used to combine the point source and area source contributions are shown in
Table 3.2, along with a residual concentration of 0.19 pug m™ which was added. The
coefficients and residual were derived by a linear least squares fit between the measured
and modelled concentrations (Abbott and Vincent, 2006). The residual is associated with
contributions from more distant sources, for example, from continental European sources
that are not explicitly modelled. The area source calibration coefficient applied in recent
years has been that derived from the NOy calibration with measured data. This year the area
source contribution has not been scaled because using the calibration coefficient from the
NO, modelling would have led to over prediction when compared to background monitoring
data. The NO, area source coefficient for 2010 has been affected by inaccuracy in emissions
from road traffic related to a combination of uncertainty in emissions factors for road
transport and the prolonged winter weather experienced during 2010 (see Section 2.2.5).

Table 3.2 - Coefficients for annual mean model

 Points coefficient | Area coefficient Constant (ug m?)
Annual mean 1.00 1.00 0.19

Measured concentrations from UK Acid Gases and Aerosols Monitoring Network sites (Tang,
2011), selected rural and urban background sites in the national automatic monitoring
networks and rural automatic monitoring sites maintained by the electricity generating
companies were used to check the results from the method used to combine the modelled
components. A list of the additional sites used in model verification is included in Appendix 1.
The comparison plot for 2010 is shown in Figure 3.6.
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Figure 3.6 - Comparison plot for 2010 annual mean SO, concentration
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3.3.2 Modelling percentile concentrations for comparison with the 1-hour and
24-hour limit values

The methodology to produce the percentile maps is based on research on combining
concentrations arising from area and industrial sources undertaken for the Environment
Agency (Abbott and Vincent, 2006). This methodology aims to derive a better estimate of the
percentile concentrations at locations distant from the industrial sources. A weighted
regression analysis was carried out by Abbott and Vincent assuming that the variance of the
residuals was proportional to the modelled concentration. The regression model was of the
form:

c ma AC o alled _industrial %ile T 2(Crmod dled _area + Clong _range Jamual
measured
2ACmod elled _ industrial ,annual + k(Cmod elled _area + CIong _range )annua]

The constant A was obtained from the regression analysis. The background multiplier factor,

K, was derived from monitoring dcRdea@ aeatlT he factor
Clong_range)annual 8Nd Cmodelled_industrial,annual COMponNents, has been shown to be a robust factor that

allows short-term average concentrations to be estimated from modelled annual mean

concentrations arising from non industrial or industrial sources (Abbott et al., 2005). Table

3.3 presents the A and k factors used in the derivation of the maps.

Table 3.3 - Factors for percentile models

Constant (A) Background (e perime
multiplier factor (k)
99.73 percentile of 1.09 10.1 0.19
1-hour values
99.18 percentile of 1.23 3.3 0.19
24-hour values

The justification for treating industrial sources and area emissions separately is because
peaks in high percentile modelled contributions may not coincide with peaks in high
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percentile background concentrations i a problem that is more pronounced in emissions
from large industrial point sources because the meteorological conditions that give rise to
high concentrations from tall stacks can be very different from those that produce high
concentrations from emissions at low level.

Figure 3.7 and Figure 3.8 provide an intermediate quality check at selected rural and urban
background sites which form part of the national network and at sampling sites operated by
the electricity supply companies.

Figure 3.7 - Comparison plot for 2010 99.73 percentile of 1-hour mean SO,
concentrations
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Figure 3.8 - Comparison plot for 2010 99.18 percentile of 24-hour mean SO,
concentrations
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An alternative method was used to derive the high percentile concentrations in Northern
Ireland. This was required because area sources, predominately emissions from domestic
solid and liquid fuel use, make a more significant contribution to observed high percentile
concentrations in Northern Ireland than in the rest of the United Kingdom. Additionally, the
smaller number of point sources in Northern Ireland means that these sources make a much
smaller contribution to the observed high percentile concentrations.

Maps of high percentile concentrations in Northern Ireland have been calculated from the
mapped annual mean SO, concentrations using a linear least squares fit between measured
annual mean and measured high percentile concentrations in Northern Ireland during 2010
at national network and AEA Calibration Club monitoring sites. Figure 3.9 and Figure 3.10
show the relationship between the annual mean and the 99.73 percentile of 1-hour mean
values and the 99.18 percentile of 24-hour mean values at the sampling sites in Northern
Ireland.

The equations used to derive the high percentile maps are:
Predicted 99.73 %ile in Northern Ireland = 5.55 x Modelled Annual Mean + 15.88
Predicted 99.18 %ile in Northern Ireland = 2.98 x Modelled Annual Mean + 6.59.
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Figure 3.9 - Relationship between mean Figure 3.10 - Relationship between mean
concentration and 99.73 percentile of 1-hour concentration and 99.18 percentile of 24-
concentrations at sampling sites in Northern hour concentrations at sampling sites in
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3.4.1 Verification of mapped values

Figure 3.11, Figure 3.12 and Figure 3.13 show comparisons of modelled and measured

annual mean, 99.73 percentile of 1-hour mean and 99.18 percentile of 24-hour mean SO,

concentrations in 2010 at monitoring site locations in the UK. Both the national network sites

and the verification sites are shown. Lines representingy =x7 30 % andy =x+ 30% ory =

xT 50 % and y = x + 50% are also shown (the AQD data quality objective for modelled

annual mean and percentile SO, concentrations respectively i see Section1.8) . The 6 Qual i
Check Sitesd include t he el esdetedlAURNSYesane@(foer at i ng
annual means only) Acid Gases and Aerosols Monitoring Network sites (Tang, 2011). Urban

background and urban centre AURN sites not used in the calibration process are also

presented along with O6ve+sioftci ecneni 6 wr$singesdtelBaBdni
Calibration Club monitoring sites. A complete list of the AURN sites used is presented in

Form 3 of the reporting questionnaire. Details of other verification sites are presented in

Table Al1.1 of Appendix 1 and sites maintained by the electricity generating companies and

Hanson Building Products Ltd are listed in Table A1.2.
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Figure 3.11 - Verification of annual mean Figure 3.12 - Verification of 99.73
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Summary statistics for modelled and measured SO, concentrations, the percentage of sites
for which the modelled values are outside the data quality objectives (DQOs) and the total
number of sites included in the analysis are listed in Table 3.4, Table 3.5 and Table 3.6. Note
that the 1 km x 1 km grid annual mean map is not compared directly with the annual mean
limit value; the zonal mean of the 1 km x 1 km grid squares in vegetation areas has been
calculated for a 30 km x 30 km grid, as discussed above.

The mean measured and modelled concentration for each averaging time is within
reasonable agreement, with some outliers in particular for the verification sites. The
agreement between measured and modelled concentrations on a site-by-site basis
(quantified using R?) is relatively poor for all metrics for sites in the national network and in
particular the verification sites.
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Historically it has been difficult to capture the variability in measured concentrations and
reasons for the poor agreement include:

e Emissions from large industrial emission sources are decreasing. This will result in an
increase in the relative contribution from other sources. The emission characteristics
of these sources are less well known;

e The receptor grid used in the model predictions for point sources (concentrations are
predicted at 5 km intervals) may be too coarse for the smaller emission sources;

o The modelling method does not explicitly model concentrations arising from non-UK
sources.

The R? values in Table 3.4 to Table 3.6 for national network sites were comparable to those
reported in previous years.

Table 3.4 - Summary statistics for comparison between modelled and measured
annual mean concentrations of SO, at background sites

Mean of Mean of R? % of sites Number of
measurements | model outside DQO sites in
(ung m™) estimates of £30% assessment
I (wgm®
National 2.43 2.42 0.28 | 68 732
Network
Verification 3.82 2.98 0.03 71 41
sites
aincludes measur ement data from sites in Defradés AURN and Rur al Ac

Table 3.5 - Summary statistics for comparison between modelled and measured 99.73
percentile of 1-hour mean concentrations of SO, at background sites

Mean of Mean of % of sites Number of
MEEIEERIS model outside DQO sites in
(ng m?) estimates of £50% assessment
-3
National 33.11 34.37 0.20 44 43°
Network
Verification 45.55 44.93 0.14 46 41
sites
b includes measurement data from sites in Defrads AURN only

Table 3.6 - Summary statistics for comparison between modelled and measured 99.18
percentile of 24-hour mean concentrations of SO, at background sites

Mean of Mean of R? % of sites Number of
measurements model outside DQO sites in
(ng m?) estimates of £50% assessment
(ug M)
National 14.84 13.55 0.21 |40 43°
Network
Verification | 23.49 16.31 0.07 |41 41
sites
cincludes measurement data from sites in Defrad6s AURN only
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3.4.2 Source apportionment

Figure 3.14 shows the source apportionment for modelled annual mean concentrations of
SO, at AURN monitoring sites for 2010. Measured annual mean concentrations at each site
are shown for reference. The figure shows that annual mean SO, concentrations at most
sites are dominated by contributions from industrial emissions treated as either point sources
or area sources. Some sites also have significant contributions from shipping, commercial
and domestic sources of emissions. Modelled concentrations are over estimated at Belfast
Centre, Cardiff Centre and Sandwell West Bromwich. For Belfast Centre this appears to be
driven by domestic and commercial sources, while for Cardiff Centre and Sandwell the
industrial sources are driving the over estimate.
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7% AEA

Figure 3.14 - Annual mean SO, source apportionment at AURN monitoring sites (the area type of each site is shown in parenthesis after

its name 1 see Table 2.3)
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3.4.3 Comparison of modelling results with limit values

Modelling results for SO, have not been tabulated here because the modelled and measured
SO, concentrations for 2010 were below the limit values for all zones.
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4 PMjg

4.1 Introduction

4.1.1 Limit values

Two limit values for ambient PM;, concentrations are set out in the Air Quality Directive
(AQD). These have been specified for the protection of human health and came into force
from 01/01/2005. These limit values are:

e An annual mean concentration of 40 pg m™.
e A 24-hour mean concentration of 50 pg m™, with 35 permitted exceedances each
year

It should be noted that the UK has been granted a time extension for compliance with the
daily mean PMy, limit value in the Greater London Urban Area. The time extension means
that the maximum margin of tolerance for this limit value is in force until 11th June 2011 (75
e g “omily mean not to be exceeded on more than 35 times per calendar year). This
exemption applies for the period from 11th June 2008 to 10th June 2011.

4.1.2 Annual mean model

Maps of annual mean PMyq in 2010 at background and roadside locations are shown in
Figure 4.1 and Figure 4.2. These maps have been calibrated using measurements from
TEOM FDMS instruments within the national network for which co-located PM, 5
measurements are also available for 2010. 2010 is the second year for which PM, 5
measurements from an extensive network of sites in the UK are available. The models for
PMj, and PM, 5 are designed to be fully consistent. Each component is either derived from
emission estimates for PM;o or PM, 5 or the contributions to the fine and coarse patrticle size
fractions are estimated separately. This enables us to carry out an additional reality check
that the calibration parameters for the two pollutants are reasonably consistent.
Measurements from national network sites without collocated PM, 5 instruments have been
used as an additional verification dataset (and similarly PM, 5 sites without PM,o have been
used as an additional verification dataset for PM, s). Measurements from gravimetric
instruments, TEOM monitors and TEOM monitors adjusted using the VCM model have been
used to verify the mapped estimates by applying the appropriate scaling factors prior to
comparison.

A detailed description of the Pollution Climate Mapping (PCM) models for PM in 2004 has
been provided by Stedman et al. (2007). The methods used to derive the maps for 2010 are
largely the same as was adopted for the 2009 maps described in Grice et al. (2011) except
for the inclusion of a revised method for secondary organic aerosol.

4.1.3 Outline of the annual mean model

The maps of annual mean background PMy, concentrations have been calculated by
summing contributions from different sources:

e Secondary inorganic aerosol (derived by interpolation and scaling of measurements
of SO,4, NO3; and NH, at rural sites)

e Secondary organic aerosol (semi-volatile organic compounds formed by the oxidation
of non-methane volatile organic compounds. Estimates derived from results from the
PTM model)
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Large point sources of primary particles (modelled using ADMS and emissions
estimates from the NAEI)

Small point sources of primary particles (modelled using the small points model and
emissions estimates from the NAEI)

Regional primary particles (from results from the TRACK model and emissions
estimates from the NAEI and EMEP)

Area sources of primary particles (modelled using a dispersion kernel and emissions
estimates from the NAEI)

Regional calcium rich dusts from re-suspension of soils (modelled using a dispersion
kernel and information on land use)

Urban calcium rich dusts from re-suspension of soils due to urban activity (estimated
from a combination of measurements made in Birmingham and population density)
Regional iron rich dusts from re-suspension (assumed to be a constant value,
estimated measurements made in the vicinity of Birmingham)

Iron rich dusts from re-suspension due to vehicle activity (modelled using a dispersion
kernel land and vehicle activity data for heavy duty vehicles)

Sea salt (derived by interpolation and scaling of measurements of chloride at rural
sites)

Residual (assumed to be a constant value)

The concentrations of many of these components have been estimated separately for the
fine and coarse fraction. This enables a consistent method to be adopted for estimation of
PMy, (the sum of the fine and coarse fractions) and PM, 5 (fine fractions only). These
component pieces are then aggregated to a single 1 km x 1 km background PMyq grid. An
additional roadside increment is added for roadside locations.

The results from the annual mean model can be directly compared with the annual mean
limit value in order to carry out the air quality assessment.
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Figure 4.1 - Annual mean background PMy, concentration, 2010 (ug m™, gravimetric)
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Figure 4.2 - Urban major roads, annual mean roadside PM,q concentration, 2010
(ng m, gravimetric)
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4.1.4 Compliance assessment for the 24-hour limit value

24-hour mean concentrations have not been explicitly modelled for comparison with the 24-
hour limit value. An annual mean concentration of 31.5 pg m™, gravimetric has been taken to
be equivalent to 35 days with 24-hour mean concentrations greater than 50 ug m
gravimetric (the 24-hour limit value). A modelled annual mean concentration of greater than
this value has been taken to indicate a modelled exceedance of the 24-hour mean limit
value. This equivalence has been derived from an analysis of monitoring data (Stedman et
al., 2001a) and is reproduced Figure 4.3. An analysis of more recent monitoring data is
shown in Figure 4.4, which shows data for the period 2003 to 2006. This analysis suggests
that the value of 31.5 ug m™ was still valid for this period, since a 90th percentile of 24-hour
mean values of greater than 50 pg m™ is equivalent to more than 35 days with concentration
greater than 50 pug m™. This figure also shows data for 2009 and 2010, for which, in contrast
to the earlier data, the analysis only includes data from FDMS, gravimetric and TEOM
instruments adjusted using the VCM model. An examination of the 2010 data suggests that
the value of 31.5 pg m™ remains valid, or in fact somewhat precautionary, for 2010.

Thus compliance with the 24-hour mean limit value has been assessed by comparing the
results from the annual mean model with a concentration of 31.5 pg m>.

As noted in Section 4.1.1 the UK has been granted a time extension for compliance with the
daily mean PMy, limit value in the Greater London Urban Area. To assess compliance with
the 24-hour limit value plus maximum margin of tolerance for the Greater London Urban Area
an annual mean concentration of 48 pg m=, gravimetric has been taken to be equivalent to
35 days with 24-hour mean concentrations greater than 75 ug m™ gravimetric. The value of
48 ug m3, gravimetric has been determined from the long term dataset (Figure 4.4, 2003 to
2006 period) and is slightly lower than what would be derived from the 2010 data and hence
is precautionary.

Figure 4.3 - The relationship between the number of days with PM;o concentrations
greater than or equal to 50 pg m™ and annual mean concentration (1992 i 1999)
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Figure 4.4 - The relationship between the 90th percentile of 24-hour mean PMy,
concentration and annual mean concentration (ug m™) (2003-2006, 2009 and 2010)
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4.1.5 Chapter structure

This chapter describes modelling work carried out for 2010 to assess compliance with the
PMy, limit values described above. Emission estimates for primary PM are described in
Section 4.2. Section 4.3 describes the PM;, modelling methods. The modelling results are
presented in Section 4.4.The methods used to subtract the contribution from natural sources
(sea salt) and the results of this subtraction are presented in Section 4.5.

4.2 PMip emissions

Estimates of the emissions of primary PM from the 2009 UK National Atmospheric Emission
Inventory (NAEI) have been used in this study (Murrells et al., 2011). Figure 4.5 shows UK
total PMy, emissions for 2009 and emissions projections up to 2025 split by SNAP code. This
shows that PM;o emissions in 2009 include contributions from a wide range of different
source sectors. Some of the sectors with the largest contribution to the total in 2009 include
road traffic exhaust, off-road mobile machinery, agriculture and domestic combustion.

Maps of emissions from area sources for 2010 were derived from the 2009 inventory maps
using specific scaling factors derived for each combination of source and activity (typically
fuel type), as described for NOy (Section 2.2.5). The emissions from point sources were
scaled in a similar way, see Section 4.3.3. The methods used to calculate ambient
concentrations from the estimates of primary PM emissions are described below for point,
area and regional sources.

AEAT/ENV/R/3215 Issue 1 75



75 AEA

Figure

UK modelling under the Air Quality Directive (2008/50/EC) for 2010

4.5 - Total UK PM;o emissions for 2009 and emissions projections up to 2025 by SNAP code from NAEI 2009
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4.3 PM;p, modelling

4.3.1 Contributions from secondary inorganic aerosol

Maps of secondary inorganic aerosol (SIA) concentrations across the UK have been
calculated from rural measurements of sulphate, nitrate and ammonium concentrations by
interpolation, followed by the application of scaling factors derived from mass closure
modelling. Measurements on a monthly basis are available for 28 rural monitoring sites for
2010 (Tang, 2011). Concentration surfaces on a 5 km x 5 km grid were calculated from the
measurement data using Krigging.

These secondary components were then split into fine and coarse fractions and non-volatile
and volatile components using coefficients derived with reference to the detailed PM
sampling carried out during the PUMA campaign at the University of Birmingham urban
background monitoring site in June and July 1999 (Harrison et al., 2006 and summarised by
Kent et al., 2007a). The non-volatile secondary PM has been assumed to be sampled by a
TEOM instrument, a gravimetric instrument should sample the sum of the non-volatile and
volatile components. These secondary components
water® associ at ed erembeddedtwithin thenparsickes (AQEGw2a05).
Particle bound water is associated with the hygroscopic anions (Harrison et al., 2006). This
has been assumed to contribute to the fine and coarse components gravimetric but not the
TEOM. Therefore a particle bound water scaling factor of 1.279 has been applied to the SIA
components for the gravimetric maps (see Table 4.1). The scaling factors for bound water
and counter ions (non-volatile) have not been used in this study but would be appropriate for
mapping TEOM concentrations. The factor for coarse mode nitrate is higher as this includes
the mass of the counter-ion (sodium or calcium).

The split between coarse and fine nitrate was revised for the 2006 modelling assessment
with reference to measurement data from the TRAMAQ (Abdalmogith et al., 2006) and
Birmingham (Harrison and Yin, 2006) studies. The revised method has also been used in this
assessment. Fine PM is used to describe PM, s and coarse PM is used to describe PM, .19 In
this report. The split between fine and coarse PM is simple to interpret for most PM
constituents but is more complex for nitrate PM because there are two modes. The fine
nitrate mode consists of ammonium nitrate, which is volatile, and is all in the fine PM, 5
fraction. The coarse mode consists of sodium nitrate, which is split roughly half and half
between fine PM, s and coarse PM, .1 fractions (Abdalmogith et al., 2006). Measurement
data from the Birmingham study (Harrison and Yin, 2006) shows that the fine PM, 5 nitrate to
coarse PM, 5.1 ratio was 3.5. Thus the fine mode nitrate to coarse mode nitrate ratio was
1.25. The factors for nitrate in Table 4.1 have been derived from a combination of this factor
of 1.25 and the half and half split of the coarse mode nitrate into the fine PM,s and coarse
PM, 5.1 fractions.
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Table 4.1 - Scaling factors for size fraction, bound water and counter ion mass for
secondary inorganic and organic aerosol

Pollutant Size fraction Scaling Scaling factor for Scaling factor for
factor for bound water and bound water and
size counter-ion counter-ion mass
fraction mass (non-volatile)

SO, Fine 0.94 1.279 1.00

Coarse 0.06 1.279 1.00

NO; Fine mode 0.556 1.279 0.00

Coarse mode fine 0.222 1.60 1.32
Coarse mode coarse 0.222 1.60 1.32
NH,4 Fine 0.97 1.279 0.86
Coarse 0.03 1.279 1.00
SOA Fine 1.00 1.0 0.00
Coarse 0.0 1.0 0.00

4.3.2 Contributions from secondary organic aerosol

Estimates of annual mean secondary organic aerosol (SOA) concentrations in 2008 from the
Photochemical Trajectory Model (PTM) for the locations of 13 rural monitoring sites in the UK
have been provided by Murrells et al (2011a). SOA concentrations are assumed to have
remained at 2008 levels in 2010. The PTM model is a Lagrangian model, which tracks the
changing composition of a series of air parcels travelling across the EMEP and UK areas
towards designated receptor sites. SOA has been generated within the model using an SOA
mechanism derived from the Common Reactive Intermediates chemical mechanism.
Emissions of SO,, NO,, VOC, NH; and CO are included in the model.

Data from 13 rural sites were interpolated by Krigging onto a 5 km x 5 km grid. SOA is
assumed to be volatile (Pankow, 1995) and thus contributes to gravimetric but not TEOM PM
concentrations (Table 4.1). The SOA component has been assumed to fall within the PM, 5
fraction.

4.3.3 Contributions from large and small point sources

Contributions to ground level annual mean primary PM concentrations from large point
sources (those with annual emission greater than 200 tonnes, or for which emission release
characteristics are known) have been estimated by modelling each source explicitly using the
atmospheric dispersion model ADMS 4.2. Hourly sequential meteorological data for 2010
from Waddington was applied. Surface roughness was assumed to be 0.1 m at the
dispersion site and 0.1 m at the meteorological site. Concentrations were calculated for a 99
km x 99 km square composed of a regularly spaced 1 km x 1 km resolution receptor grid.
Each receptor grid was centred on the point source. A total of 286 point sources were
modelled explicitly.

The NAEI emissions for large point sources are available for the year 2009, however, the
year 2010 has been modelled for the assessment. There are also some point sources in the
2009 NAEI which closed before the start or early on in the year 2010. The modelled
concentrations for 2009 have been scaled to 2010 using projection factors calculated from
NAEI source sector total emissions for point sources for 2009 and NAEI emissions
projections for 2010 (described in Section 2.2.5). Closure of particular plant or activities has
been taken into account when deriving the source sector projection factors by subtracting the
base year emissions associated with plant closure from the relevant source sector total for
point sources for 2009. The point sources in the 2009 NAEI which closed before the start or
early on in the year 2010 have been removed from the 2010, based on recommendations
from the NAEI team (Passant, personal communication, 2011).
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Contributions from PM point sources with less than 200 tonnes per annum release and for

which emi ssion characteristics were not known we

described by Stedman et al. (2005) and summarised in Appendix 2. This model consists of
separ astuea rée on ehsdg udbaoruetd component s, i n which
using dispersion kernels, which have been calculated by using ADMS to model the

dispersion of unit emissions from a central source to a grid of receptors at a spatial resolution
of 1 km x 1 km squares.

In line with the method applied for the large point sources the NAEI 2009 emissions for small
point sources of PM have been scaled to 2010 using the same source sector specific
projection factors applied to the large point sources.

4.3.4 Contributions from distant sources of primary particles

Contributions from long-range transport of primary particles on a 20 km x 20 km grid have
been estimated using the TRACK receptor oriented, Lagrangian statistical model (Lee et al.,
2000). Emissions of primary PM were taken from the NAEI for the UK sources and EMEP for
sources in the rest of Europe. Primary PM was modelled as an inert tracer. All sources within
10 km of the receptor point were excluded from the TRACK model to allow the area source
model and the point source model to be nested within this long-range transport model
without duplicating source contributions.

4.3.5 Iron and calcium rich dusts
4.3.5.1 Introduction

The NAEI does not include estimates of the emissions of iron or calcium rich dusts. Various
process-based or more empirically based models have therefore been applied to estimate
the contribution of these dusts to ambient PM;, concentrations across the UK. The
contributions have been split into four categories:

Regional calcium rich dusts from re-suspension of soils

Urban calcium rich dusts from re-suspension of soils due to urban activity
Regional iron rich dusts from re-suspension

Iron rich dusts from re-suspension due to vehicle activity

A method for estimating the mass of iron (Fe) and calcium (Ca) rich dusts was included in
the modelling method for PMyq for the first time in 2006. The PCM models were revised for
2008 in order to incorporate a more process-based modelling approach for regional calcium
rich dusts from re-suspension of soils and iron rich dusts from re-suspension due to vehicle
activity. The revised models developed from those proposed by Abbott (2008) were also
used for this 2010 assessment. The models for urban calcium rich dusts and regional iron
rich dusts remain largely unchanged and are based a more empirical approach.

The starting point for the assessment of iron and calcium rich dusts is the measurements of a
range of PM components including Fe and Ca reported by Harrison and Yin (2006) for three
monitoring sites in the Birmingham area. Measurements were made and urban background
site (BCCS) from May 2004 to May 2005, an urban roadside site (BROS) from May 2005 to
November 2005 and at a rural site about 20 km from the city (CPSS) from November 2005 to
May 2006. Measurements were not made at the different sites simultaneously but the
measurement periods were sufficiently long that they can be use to provide reasonable
estimates of the urban and roadside increments of various PM components. The
measurement data for Fe and Ca are summarised in Table 4.2.
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Table 4.2 - Measured concentration of iron and calcium and derived estimates of iron
and calcium rich dusts (ug m)

CPSS BCCS conversion rural x factor Urban
(rural) (urban) factor increment x
factor
Fe fine 0.06 0.10 9.0 0.54 0.36
Fe coarse 0.14 0.24 9.0 1.26 0.89
Cafine 0.03 0.09 4.3 0.13 0.26
Ca coarse 0.12 0.30 4.3 0.52 0.77

Table 4.2 also includes the conversion factors suggested by Harrison et al., (2006) for use
within their pragmatic mass closure model. This factor converts to mass of elemental Fe to
iron related dusts and the mass of elemental Ca to calcium related dusts. The urban
increment in the table has been calculated by subtracting the data for CPSS from that for the
urban BCCS site. It is clear that there is an urban increment for both fine and coarse iron and
calcium rich dusts. Measurement data for the BROS roadside site indicates that there is a
roadside increment on top of the urban increment for Fe but not for Ca. Thus it is reasonable
to assume that the urban increment for iron rich dusts is associated with emissions
generated by road traffic but that the urban increment for calcium rich dusts is associated
with urban emissions that are not related to traffic activity.

4.3.5.2 Regional calcium rich dusts

The regional concentration of Ca rich dusts was assumed to be a constant value across the
UK in the 2006 and 2007 assessments (Grice et al., 2009). Abbott (2008) has developed a
method to estimate the ambient concentration of Ca rich PMy, dusts resulting from the re-
suspension of soils in rural areas. The starting points for this method are the proportion of
bare soil, root crops and cereal crops in 1 km x 1 km grid squares across the UK within the
Land Cover Map 2000 (2009). The concentration of Ca rich dusts cannot be calculated using
the standard approach of using an estimate of the annual emissions and an air dispersion
model. This is because the rate of re-suspension and the atmospheric dispersion of these
emissions are both dependant on the meteorological conditions. The emission rate will be
higher when the wind is stronger but the dispersion of these emissions will also be more
efficient under these conditions.

The method presented by Abbott (2008) makes use of combined emission and dispersion
kernels for cereal and root crop fields and for bare soils. Concentrations were calculated for
each hour of the year based on hourly sequential meteorological data from twelve sites
throughout the UK for 1999. This year was selected because the data were readily available.

The method of Abbott (2008) has been adapted for use within the PCM models by using an
inverse distance weighted average of the results from the different kernels for each receptor
location. This revised method avoids the discontinuities caused by the use of a simpler
nearest met site to the receptor method used in the original work.

Figure 4.6a shows the results for regional Ca rich dusts. The highest concentrations are
predicted to be in eastern areas where bare soils, root and arable crops are more common
and there is less rainfall. A maximum value for this component has been set as 5 ug m™
within the map. This value has been chosen as an estimate of the maximum likely
concentration for a grid square average based on a comparison of this map with available
PMj, measurements in the locations with the highest predicted contributions.

4.3.5.3 Urban calcium rich dusts

A more empirical method has been used to estimate the urban increment for Ca rich dusts.
The normalized distribution of resident population on a 1 km x 1 km grid has been used as a
surrogate for urban emissions within the area source model. The model has been calibrated
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to provide good agreement with the urban increment for Ca rich dusts found by Harrison and
Yin (2006) and listed in Table 4.2.

Figure 4.6b shows the results for urban Ca rich dusts. The highest concentrations are in the
major urban areas since this is a re-scaled population density map. A maximum value for this
component has been set as 2 pg m within the map. This value has been chosen as an
estimate of the maximum likely concentration for a grid square average based on a
comparison of this map with available PM;q measurements in the locations with the highest
predicted contributions.

4.3.5.4 Regional iron rich dusts

A constant value for the regional contribution to Fe rich dusts of 1 pg m™ has been applied
across the UK. This residual value has been chosen to provide the best fit to the
measurements from the Birmingham study (Harrison and Yin, 2006) and available urban
background particulate Fe measurements once the estimated contribution from re-
suspension due to vehicle movements has been taken into account. Figure 4.6¢ shows this
constant contribution across the UK.

4.3.5.5 Ironrich dusts from re-suspension associated with vehicle movements

The assessments for 2006 and 2007 used an empirical method for the Fe rich dusts
associated with re-suspension from vehicle movements based on the use of vehicle km
statistics for 1 km x 1 km squares (Grice et al., 2009). Abbott (2008) has developed a more
process-based approach to estimating this contribution, which takes vehicle km statistics for
heavy-duty vehicles (heavy good vehicles and buses) as its starting point. These estimates
are likely to be subject to greater uncertainty than the estimates for re-suspension from soils
because there is little information on the availability of material on road surfaces to be re-
suspended.

Abbott (2008) calculated two sets of combined emission and dispersion kernels for each of
the 12 meteorological stations for 1999: one to represent rural conditions and one to
represent urban conditions. The estimated re-suspension rate was considerably higher for
rural conditions due to the higher speeds assumed. These two sets of kernels were then
used to calculate the contribution to PM;4 concentrations according to the proportion of urban
and rural land cover in each 1 km x 1 km grid square. A detailed examination of the results
from this assessment has shown that the concentrations in urban areas were largely driven
by the small proportion of rural land cover in these urban areas. The urban kernels have
therefore been chosen to apply to all roads within the PCM model.

Figure 4.6d shows the results for Fe rich dusts from vehicle movements. The highest
concentrations are associated with the roads with the highest flows of heavy-duty vehicles. A
maximum value for this component has been set as 2.5 ug m™ within the map. This value
has been chosen as an estimate of the maximum likely concentration for a grid square
average based on a comparison of this map with available PM;, measurements in the
locations with the highest predicted contributions.
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Figure 4.6

a) Contribution to PM;o from regional Ca
rich dusts associated with re-suspension

from soils (ug m™) (ug m®)

b) Contribution to PM,, from urban Ca
rich dusts associated with urban activities

d) Contribution to PMyo from Fe rich dusts
associated with vehicle movements (ug

-3
m™)

¢) Contribution to PMy, from regional Fe
rich dusts (ug m™)

© Crown copyright. All rights reserved Defra, Licence number 100022861 [2011]
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An indication that the method is providing reasonable estimates the total of Fe rich dusts is
provided by Figure 4.7, which shows a comparison of modelled annual mean Fe (the sum of
regional and vehicle related Fe) with ambient Fe measurements at non-industrial and non-
roadside sites for 2010 from the national metals monitoring network. The modelled estimates
are clearly of the correct magnitude and provide a reasonable description of the rural to
urban gradients.

Figure 4.7 - Comparison of modelled and measured annual mean elemental Fe
concentrations 2010 (ug m™)
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4.3.5.6 Application to the mapping of heavy metal concentrations

Abbott (2008) also suggested a method for estimating the contributions to the ambient
concentrations of heavy metals from soil and vehicle related re-suspension processes.
Section 6 on the modelling of Pb concentrations and the accompanying report (Walker et al.,
2011a) describe how the maps of PM mass from rural re-suspension of soils and re-
suspension associated with vehicle movements have been used to estimate the contributions
to the ambient concentration of heavy metals using a combination of information on the
heavy metal content of soils and enhancement factors.

4.3.6 Seasalt

The contribution to ambient PM from sea salt has been derived directly from measurements
of particulate chloride (Tang, 2011). Data from 28 rural sites were interpolated by Krigging
onto a 5 km x 5 km grid. A scaling factor of 1.648 was applied to convert elemental chloride
mass to sodium chloride mass. 73% of the sea salt mass was assumed to be in the coarse
fraction and 27% in the fine fraction. This split was derived from measurement data
presented by APEG (1999) and Harrison and Yin (2006).

The use of chloride is potentially subject to both positive and negative artefacts. Sea salt is
not the only source of particulate chloride in the atmosphere. HCl is emitted from coal
burning but reductions in coal use and flue gas abatement are likely to have reduced
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atmospheric HCl and ammonium chloride concentrations considerably. There will also be
loss of chloride from marine aerosol due to reactions with nitric acid. The resulting sodium
nitrate PM has been considered to be of anthropogenic origin and the contribution to PM
mass from this sodium nitrate is explicitly included in the modelled concentrations presented.
If sodium were used as the marker for sea salt rather than chloride then this sodium nitrate
would tend to be included in the natural component.

In addition to selecting chloride as the marker for sea salt, the analysis was simplified by
assuming that the sea salt consists of sodium chloride only. Thus the measured chloride
concentration has been scaled by a factor of 1.648. An alternative approach would be to
scale by 1.809 to take account of the full composition of sea salt. The compaosition of sea salt
is dominated by chloride and sodium. Other components contributing more than 1% by mass
are sulphate, magnesium, calcium and potassium. Sulphate is already explicitly included in
the modelled concentrations and a sea salt correction has not been applied to the measured
concentrations used in the PCM model. Adding a further sea salt sulphate component would
lead to double counting. The other components (magnesium, calcium and potassium) have,
in effect, been treated as sodium by the use of a scaling factor of 1.648. The ratio of (chloride
+ sodium) to chloride in sea salt is 1.552, while the ratio of (chloride + sodium + magnesium
+ calcium + potassium) to chloride is 1.658. Thus the simplification of sea salt as pure
sodium chloride has not had a large impact on the total mass assumed apart from the
contribution from sea salt sulphate, which, as a simplification, has been included with the rest
of the sulphate as anthropogenic.

4.3.7 Contributions from area sources

Figure 4.8 shows the calibration of the area source model. The modelling method makes use
of an ADMS derived dispersion kernel to calculate the contribution to ambient concentrations
at a central receptor location from area source emissions within a 33 km x 33 km square
surrounding each monitoring site. Hourly sequential meteorological data from Waddington in
2010 was used to construct the dispersion kernels, as described in Appendix 3. A total of 22
background FDMS monitoring sites within the national network had sufficient data capture for
PMj, and PM,5 in 2010 to be used to calibrate the model. Only sites with valid data for PMy,
and PM; s have been used to calibrate the PM;, and PM, s models for 2010, as described in
Section 4.1.

As part of the calibration process emission caps have been applied to certain sectors; this is
because the use of surrogate statistics for mapping area source emissions sometimes
results in unrealistically large concentrations in some grid squares for a given sector. The
emission caps applied are given in Table 4.3.

The area source model has been calibrated using FDMS ambient PM monitoring data from
the UK national networks. The modelled large point and small point source, SIA, SOA, iron
and calcium rich dust, long range transport primary PM, sea salt and the residual
concentrations have been subtracted from the measured annual mean PM concentration at
background sites and compared with the modelled area source contribution to annual mean
PM concentration. A residual concentration of 1 pg m™ was found to provide the best fit to
the monitoring data for both PM;o and PM, 5 in 2010.

The modelled area source contribution was multiplied by the relevant empirical coefficient to
calculate the calibrated area source contribution for each grid square in the country. The
area source contribution was then added to the contributions from secondary organic and
inorganic particles, from small and large point sources, from regional primary particles, from
sea salt, from calcium and iron rich dusts and the residual, resulting in a map of background
annual mean gravimetric PM;q concentrations.
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Figure 4.8 - Calibration of PMy, area source model 2010 (ug m™, gravimetric)
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Table 4.3 - Emission caps applied to PMy, sector grids

SNAP code Description Cap applied t/a/km2

livestock, other poultry)

change

SNAP 6 (Ace coatings) Solvent use 10

SNAP 6 (Aircraft coatings) Solvent use 10

SNAP 6 (Commercial vehicles | Solvent use 10

coatings)

SNAP 6 (Metal and plastic Solvent use 6

coatings)

SNAP 6 (High performance Solvent use 6

coatings)

SNAP 6 (Marine coatings) Solvent use 10

SNAP 6 (Automotive coatings) | Solvent use 10

SNAP 8 (shipping only) Other Transport & Mobile 7.5
Machinery

SNAP 10 (Agriculture Agriculture forestry & land use 6

livestock, pigs) change

SNAP 10 (Agriculture Agriculture forestry & land use 3

livestock, laying hens) change

SNAP 10 (Agriculture Agriculture forestry & land use 3

livestock, broilers) change

SNAP 10 (Agriculture Agriculture forestry & land use 3

4.3.8 Roadside concen

trations

The annual mean concentration of PM;, at a roadside location has been considered to be
made up of two parts: the background concentration (as described above) and a roadside

increment:

roadside concentration = background concentration + roadside increment.

The NAEI provides estimates of PM,, emissions for major road links in the UK for 2009
(Murrells et al., 2011) and these have been adjusted to provide estimates of emissions in
2010. The roadside increment model for PMyo has been calibrated using data from FDMS
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monitoring sites with valid data for both PM;q and PM, s in 2010. Figure 4.9 shows a
comparison of the roadside increment of annual mean PMj, concentrations at roadside or
kerbside monitoring sites with PM;q emission estimates for the individual road links alongside
which these sites are located. The regression line has been forced through zero to provide a
reasonable model output without imposing an unrealistic high residual to the roadside
increment. Emissions were adjusted for annual average daily traffic flow using the method
described in Section 2.2.6. Roadside concentrations for urban major road links (A-roads and
motorways) only are reported to the EU and included in this report.

Figure 4.9 - Calibration of PMy, roadside increment model 2010 (ug m, gravimetric)
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4.4 Results

4.4.1 Verification of mapped values

Figure 4.10 and Figure 4.11 show comparisons of modelled and measured annual mean
PM3, concentration in 2010 at background and roadside monitoring site locations. Lines
representingy = x 1 50 % and y = x + 50% are also shown because 50% is the AQD data
quality objective for modelled annual mean PMj, concentrations i see Section 1.8. Summary
statistics for the comparison between modelled and measured PM;, concentrations are
presented in Table 4.4 and Table 4.5.

There are a number of different categories of monitoring sites within these tables and graphs.
This is because there are some sites in the national network at which only PM,, or PM, 5 are
measured, but not both. TEOM PM, data adjusted using the VCM model are available for a
small number sites. Sites where the monitoring method changed to FDMS during 2010 are
labelled FDMS/VCM.

The agreement between the FDMS and TEOM VCM measurement data and the modelled
values is generally good. The TEOM x 1.3 measurement data for verification sites are higher
than the modelled estimates. This is as expected since TEOM x 1.3 is known to over predict
in comparison to the reference gravimetric monitoring method. The measured values for
gravimetric (Partisol) sites are considerably lower than the modelled values at two
background sites, this is because the measured gravimetric annual means are lower than the
measured FDMS annual means at these sites.
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Figure 4.10 - Verification of background annual mean PM;, model 2010
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Table 4.4 - Summary statistics for comparison between gravimetric modelled and
measured concentrations of PM;g at background sites

Mean of Mean of R®> % outside Number
measurements model data quality of sites

(ng m?, grav) estimates objectives

(ng m?,
grav)

National network
FDMS (Calibration) 18.0 17.7 0.21 0 22

National network
Partisol 13.5 19.9 1.00 0 2

National network
FDMS PM10 only
sites 19.0 16.2 0.72 0 4

National network
Partisol PM10 only
sites 22.0 14.4 - 0 1

VCM;FDMS/VCM - - - - -

Verification sites

FDMS 19.1 16.5 0.29 0 10
Verification sites

gravimetric - - - - -
Verification sites VCM 20.1 19.1 0.46 0 20
Verification sites

TEOM 18.9 16.8 0.25 0 33

Table 4.5 - Summary statistics for comparison between gravimetric modelled and
measured concentrations of PM;y at roadside sites

Mean of Mean of % outside Number
measurements model data of sites

(g m*, grav)  estimates quality
(ng m, grav) objectives

National network FDMS

(Calibration) 22.8 21.4 0.73 0 5
National network Partisol 14.0 13.1 - 0 2
National network FDMS

PM10 only sites 235 24.0 1.00 0 2
National network Partisol

PM10 only sites 30.0 31.6 - 0 1
VCM;FDMS/VCM 25.0 14.8 1.00 50 2
Verification sites FDMS 21.6 19.7 0.11 0 13
Verification sites

gravimetric 34.0 28.0 - 0 1
Verification sites VCM 255 235 0.44 0 16
Verification sites TEOM 23.2 18.4 0.11 0 13
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4.4.2 PMj source apportionment at monitoring sites

Figure 4.12 and Figure 4.13 show the modelled annual mean PM,o source apportionment for
2010 at national network background and roadside monitoring sites respectively. The
measured concentration at each site is also shown for reference.

At background locations, the contributions from non-emissions inventory sources (i.e.
regional background sources and urban dusts), which are shown in grey on the figures,
dominate with a particularly large contribution from secondary aerosols. The smaller
contribution from urban background emissions sources, shown in colour on the figures, is
dominated in most locations by traffic (exhaust emissions, brake and tyre wear and road
abrasion), industry and off road mobile machinery.

At roadside locations the source apportionment follows a very similar pattern to background
locations, except that there is an extra local road traffic component composed of local
exhaust emissions and local brake and tyre wear emissions. Depending on the magnitude of
the local traffic emissions, local traffic emissions can contribute up to 10 ug m of PMy, at the
roadside monitoring sites.

Road abrasion was estimated as an area source for the first time in the NAEI for 2009.
Estimates of emissions for individual road links were not available for inclusion in this
assessment. It is likely that the roadside increment will also include a component from road
abrasion. This component will have been assigned to exhaust and brake and tyre wear within
the source apportionment.

4.4.3 Detailed comparison of modelling results with limit values

The modelling results, in terms of a comparison of modelled concentrations with the annual
mean and 24-hour mean limit values by zone, are summarised in Table 4.7. These data are
also presented in Form 19c¢ of the questionnaire. Method A in these tables refers to the
annual mean modelling methods described in this report. Compliance with the 24-hour mean
limit value has been assessed using an annual mean of greater than 31.5 ug m™ as
indicative of an exceedance of the 24-hour mean limit value, as described in Section 4.1.4.
The European Commission have advised that comparisons with the indicative Stage 2 limit
values included in the first Daughter Directive (1999/30/EC) for PMy, are no longer required.

Estimates of area and population exposed have been derived from the background maps
only. No attempt has been made to derive estimates using maps of roadside concentrations
as these maps will only apply to within approximately 4 metres from the road kerbside.
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Figure 4.12 - Annual mean PMjy source apportionment at background national network monitoring sites in 2010 (the area type of each
site is shown in parenthesis after its name)
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Figure 4.13 - Annual mean PMj, source apportionment at national network roadside monitoring sites in 2010 (the area type of each
site is shown in parenthesis after its name)
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Table 4.6 - Tabular results of and methods used for supplementary assessment for PM10

Zone |Above LV (24-hr mean) Above LV (annual mean)
code

Area 'Road Population Area Road Population
length exposed length exposed
km?Methodkm Method Number Method km?Method km Method Number Method

Greater London Urban Area UK0001 | O A 23.4 A 0 A 0 A 0 A 0 A
West Midlands Urban Area UK0002 | O A 0.0 A 0 A 0 A 0 A 0 A
Greater Manchester Urban Area |UKO003 | 0 A 0.0 A 0 A 0 A 0 A 0 A
West Yorkshire Urban Area UK0004 | O A 0.0 A 0 A 0 A 0 A 0 A
Tyneside UK0005 | 0 A 0.0 A 0 A 0 A 0 A 0 A
Liverpool Urban Area UKO0006 | O A 0.0 A 0 A 0 A 0 A 0 A
Sheffield Urban Area UK0007 | O A 0.0 A 0 A 0 A 0 A 0 A
Nottingham Urban Area UK0008 | 0 A 0.0 A 0 A 0 A 0 A 0 A
Bristol Urban Area UK0009 | O A 0.0 A 0 A 0 A 0 A 0 A
Brighton/Worthing/Littlehampton |[UK0010 | O A 0.0 A 0 A 0 A 0 A 0 A
Leicester Urban Area UK0011 | O A 0.0 A 0 A 0 A 0 A 0 A
Portsmouth Urban Area UK0012 | O A 0.0 A 0 A 0 A 0 A 0 A
Teesside Urban Area UK0013 | O A 0.0 A 0 A 0 A 0 A 0 A
The Potteries UK0014 | O A 0.0 A 0 A 0 A 0 A 0 A
Bournemouth Urban Area UKO0015 | O A 0.0 A 0 A 0 A 0 A 0 A
Reading/Wokingham Urban ArealUK0016 | 0 A 0.0 A 0 A 0 A 0 A 0 A
Coventry/Bedworth UK0017 | O A 0.0 A 0 A 0 A 0 A 0 A
Kingston upon Hull UKO0018 | O A 0.0 A 0 A 0 A 0 A 0 A
Southampton Urban Area UKO0019 | O A 0.4 A 0 A 0 A 0 A 0 A
Birkenhead Urban Area UK0020 | O A 0.0 A 0 A 0 A 0 A 0 A
Southend Urban Area UK0021 | O A 0.0 A 0 A 0 A 0 A 0 A
Blackpool Urban Area UK0022 | O A 0.0 A 0 A 0 A 0 A 0 A
Preston Urban Area UK0023 | O A 0.0 A 0 A 0 A 0 A 0 A
Glasgow Urban Area UK0024 | O A 0.0 A 0 A 0 A 0 A 0 A
Edinburgh Urban Area UKO0025 | O A 0.0 A 0 A 0 A 0 A 0 A
Cardiff Urban Area UK0026 | O A 0.0 A 0 A 0 A 0 A 0 A
Swansea Urban Area UK0027 | O A 0.0 A 0 A 0 A 0 A 0 A
Belfast Urban Area UK0028 | O A 0.0 A 0 A 0 A 0 A 0 A
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Zone |Above LV (24-hr mean) Above LV (annual mean)
code |
Area Road Population Area Road Population
length exposed length exposed

Eastern UK0029 | O A 5.7 A 0 A 0 A 0 A 0 A
South West UKO0030 | O A 0.0 A 0 A 0 A 0 A 0 A
South East UKO0031 | O A 0.0 A 0 A 0 A 0 A 0 A
East Midlands UK0032 | 0 A 0.0 A 0 A 0 A 0 A 0 A
North West & Merseyside UKO0033 | 0 A 0.0 A 0 A 0 A 0 A 0 A
Yorkshire & Humberside UKO0034 | 0 A 0.0 A 0 A 0 A 0 A 0 A
West Midlands UKO0035 | 0 A 0.0 A 0 A 0 A 0 A 0 A
North East UK0036 | O A 0.0 A 0 A 0 A 0 A 0 A
Central Scotland UKO0037 | O A 0.0 A 0 A 0 A 0 A 0 A
North East Scotland UK0038 | O A 0.0 A 0 A 0 A 0 A 0 A
Highland UK0039 | O A 0.0 A 0 A 0 A 0 A 0 A
Scottish Borders UKO0040 | O A 0.0 A 0 A 0 A 0 A 0 A
South Wales UKO0041 | O A 0.0 A 0 A 0 A 0 A 0 A
North Wales UKO0042 | 0 A 0.0 A 0 A 0 A 0 A 0 A
Northern Ireland UK0043 | 0 A 0.0 A 0 A 0 A 0 A 0 A
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4.5 Subtraction of sea salt component

45.1 Introduction

The AQD (Article 20) requires member states to discount exceedances of limit values due to
natural sources when reporting the results of air quality assessments. The definition of
natural sources in this directive includes sea spray. The monitoring data and model results
presented in the reporting questionnaire (CDR, 2011) for PMy, in forms 8, 11 and 19 are the
total concentrations. An assessment of the concentrations with the contribution from natural
sources subtracted is provided in Form 23 for locations with measured or modelled
exceedances of the limit values. 2010 is the third year for which the contribution from natural
sources has been subtracted. Natural sources have been subtracted because it is a
requirement of the directive.

4.5.2 Map of annual mean sea salt PMyg

The method used to estimate the sea salt contribution to annual mean PM;, concentrations
across the UK has been described in Section 4.3.6. The map of annual mean sea salt PM;q
can be used to subtract this contribution directly from measured or modelled annual mean
concentrations. The uncertainties associated with estimating the sea salt contribution to
annual mean PM;, from measurements of particulate chloride have been discussed in
Section 4.3.6. It is recognised that the interpolated map of sea salt concentrations will not
capture the steep gradients in sea salt concentration very close to the coast. Thus the
analysis presented may underestimate the sea salt contribution to exceedances in coastal
areas.

4.5.3 Method for the 24-hour limit value

A method has also been developed to estimate the contribution from sea salt to
exceedances of the 24-hour limit value for PM;, of no more than 35 days with concentration
greater than 50 pg m™. This method has been described in detail by Defra (2009). This
method makes use of the relationship between the number of days with concentrations
greater than 50 ug m™ and annual mean concentrations described in Section 4.1.4 above.
There is some scatter around the best-fit line of the relationship shown in Figure 4.3. Using
the best-fit line relationship within the annual method for subtracting sea salt has been
considered appropriate since this should give the best central estimate of the sea salt
contribution.

An estimate of the number of days with a PMy, concentration greater than 50 pg m™
associated with the contribution to annual mean concentration from sea salt has been
calculated by applying the relationship shown in Figure 4.3 in the vicinity of the limit value.
This has been done by calculating the difference between the number of days corresponding
to 31.5 ug m™ minus half the sea salt concentration and the number of days corresponding to
31.5 ug m* plus half the sea salt concentration.

Daily chloride measurements are available for three sites in the south east of the UK. These
measurements can be used to calculate a daily sea salt subtraction for PM,q monitoring data.
This method is not applicable to model results and will be less reliable for sites not in the
south east of the UK. For these reasons the method based on annual mean sea salt
concentrations has been used across the UK as described above. Defra (2009) have
provided a comparison of the annual and daily methods for the years 2005, 2006 and 2007
which shows that the agreement between the methods is reasonably good.

45.4 Results

The results of the assessment of number of days with a PM;q concentration greater than 50
ug m™ with the contribution from sea salt subtracted in zones with measured or modelled
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exceedances of the 24-hour limit value are shown in Table 4.7. This is a copy of form 23a of
the reporting questionnaire. The modelled exceedance in the Greater London Urban Area
remains after the subtraction of the contribution from sea salt. S8 in this table refers to
natural sources, sea salt in this instance.

However, it should be noted that the UK has been granted a time extension for compliance
with the daily mean PMy, limit value in the Greater London Urban Area. The time extension
means that the maximum margin of tolerance for this limit value is in force until 11th June
2011. This exemption applies for the period from 11th June 2008 to 10th June 2011.

Although the daily mean limit value was exceeded in this zone in 2010, the daily mean limit
value plus the maxi mum madaly mean mofto be exteededon ¢ e
more than 35 times per calendar year) was not exceeded in 2010. The UK was therefore
compliant for daily mean PMjo in 2010 for all zones and agglomerations.

Article 2 of the Commission Decision of 11th March 2011 requires the UK to provide the
Commission with data indicating that the concentration levels in this zone have remained
below the daily limit value plus the maximum margin of tolerance specified in Annex XI to
Directive 2008/ 50/ E@? fotita ielexceeted mane tharf 35 finfes perg
calendar year). The daily mean limit value plus the maximum margin of tolerance was also
not exceeded during the period from 11th June 2008 to 31st December 2008 nor in 2009.

There were no reported exceedances of the annual mean limit value for PM;q in 2010.

Table 4.7 - Exceedance of limit values of PM, due to natural events or natural
contributions - Contribution of natural events to exceedance of the PM; limit value
(24-hr mean)

Zone code Zone Eol station Number of Natural Estimated
code exceedances event number of
measured code(s) | exceedances
after
subtraction of
natural
contribution
UKO0001 Greater London n/a 49 S8 39
Urban Area
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5 PMys5

5.1 Introduction

5.1.1 Target values

The Air Quality Directive (AQD) includes a target value (TV) for annual mean PM, s to be
achieved by 01/01/2010:

e An annual mean concentration of 25 pg m.

Full details of the target value, limit values and national exposure reduction targets for PM, s
are provided in Section 1.7.

5.1.2 Annual mean model

Maps of annual mean PM, s in 2010 at background and roadside locations are shown in
Figure 5.1 and Figure 5.2. 2010 is the second year for which the results of an air quality
assessment for PM, s have been reported to the EU. An assessment for PM, 5 is required for
compliance with the AQD.

The maps have been calibrated using measurements from TEOM FDMS instruments within
the national network for which co-located PM;, measurements are also available for 2010.
The models for PM;g and PM, s are designed to be fully consistent, with each component
either derived from emission estimates for PMo or PM, 5, or the contributions to the fine and
coarse particle size fractions are estimated separately. This enables us to carry out an
additional reality check that the calibration parameters for the two pollutants are reasonably
consistent. Measurements from national network sites without collocated PM, s instruments
have been used as an additional verification dataset.

5.1.3 Outline of the annual mean model

Full details of the models used to calculate concentrations of PM;o and PM, s are provided in
Section 4. A short summary of the methods is provided here.

The maps of background PM, s concentrations have been calculated by summing
contributions from different sources:

e Secondary inorganic aerosol (derived by interpolation and scaling of measurements
of SO,, NO3; and NH, at rural sites).

e Secondary organic aerosol (semi-volatile organic compounds formed by the oxidation
of non-methane volatile organic compounds. Estimates derived from results from the
PTM model)

e Large point sources of primary particles (modelled using ADMS and emissions
estimates from the NAEI)

e Small point sources of primary particles (modelled using the small points model and
emissions estimates from the NAEI)

e Regional primary particles (from results from the TRACK model and emissions
estimates from the NAEI and EMEP)

e Area sources of primary particles (modelled using a dispersion kernel and emissions
estimates from the NAEI)

e Rural calcium rich dusts from re-suspension of soils (modelled using a dispersion
kernel and information on land use)
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e Urban calcium rich dusts from re-suspension of soils due to urban activity (estimated
from a combination of measurements made in Birmingham and population density)

e Regional iron rich dusts from re-suspension (assumed to be a constant value,
estimated from measurements made in the vicinity of Birmingham)

e Iron rich dusts from re-suspension due to vehicle activity (modelled using a dispersion
kernel land and vehicle activity data for heavy duty vehicles)

e Sea salt (derived by interpolation and scaling of measurements of chloride at rural
sites)

e Residual (assumed to be a constant value)

The concentrations of many of these components have been estimated separately for the
fine and coarse fraction. This enables a consistent method to be adopted for estimation of
PMy, (the sum of the fine and coarse fractions) and PM, 5 (fine fractions only). The mass
fractions of each component assigned to PM, s are listed in Section 5.3.1. The component
pieces are then aggregated to a single 1 km x 1 km background PM, s grid. An additional
roadside increment is added for roadside locations.
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Figure 5.1 - Annual mean background PM,s concentration, 2010 (ug m, gravimetric)

© Crown copyright. All rights reserved Defra, Licence number 100022861 [2011]
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Figure 5.2 - Urban major roads, annual mean roadside PM,s concentration, 2010
(ng m, gravimetric)
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5.1.4 Chapter Structure

This chapter describes modelling work carried out for 2010 to assess compliance with the
PM, 5 target values described above. Emission estimates for primary PM are described in
Section 5.1.4. Section 5.3 describes the PM, s modelling methods. The modelling results are
presented in Section 5.4.

5.2 PM, s emissions

Estimates of the emissions of primary PM from the 2009 UK National Atmospheric Emission
Inventory (NAEI) have been used in this study (Murrells et al., 2011). Figure 5.3 shows UK
total UK PM, 5 emissions for 2009 and emissions projections up to 2025 split by SNAP code.
This shows that PM, s emissions in 2009 include contributions from a wide range of different
source sectors. Some of the sectors with the largest contribution to the total in 2009 include
road traffic exhaust, off-road mobile machinery and domestic combustion.

Maps of emissions from area sources for 2010 were derived from the 2009 inventory maps
using specific scaling factors derived for each combination of source activity (typically fuel
type). The emissions from point sources were scaled in a similar way, see Section 4.3.3. The
methods used to calculate ambient concentrations from the estimates of primary PM
emissions are described below for point, area and regional sources.
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Figure 5.3 - Total UK PM, s emissions for 2009 and emissions projections up to 2025 by SNAP code from NAEI 2009
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5.3 PM2s modelling

5.3.1 PM,s mass fractions

The proportions of the PM mass for each component assigned to the PM, 5 fraction within the
PCM models are listed in Table 5.1. The proportions for secondary inorganic aerosols have
been derived as described in Section 4.3. The proportions for local point and area sources
are based on the NAEI emission inventories for PM, s and PM;o (Murrells et al., 2011). The
PM, s NAEI emission inventory has been derived from the PM; emission inventory by the
application of estimates of the mass fraction represented by PM, 5 for different sources and
fuels. These fractions vary between 0.18 for the emissions associated with some animal
wastes and 0.95 for road traffic exhaust emissions. Overall the UK total mass emissions for
PM, s for 2009 were about half of the value for PM,,. The proportions for calcium and iron
rich dusts have been derived with reference to the monitoring data presented in Section 4.3.2
and to provide good fit to the available co-located PM, s and PM;, measurements. The
proportion for sea salt has been derived as described in Section 4.3.6.The proportions for
secondary organic aerosol, regional primary particles and the residual have been set at 1.0
for PM, 5 so as to provide best fit to the available measurements.

Table 5.1 - The proportion of PM mass assigned to the PM,s and PM, 5.1 Size fractions

Component \ Fine fraction (PM,s) Coarse fraction (PM,s.10)
SO, 0.94 0.06
NO3 0.556 (fine mode), - (fine mode),
0.222 (coarse mode) 0.222 (coarse mode)
NH,4 0.97 0.03
SOA 1.0 -

Large point sources of primary
particles

PM, s emission inventory*

PMj, emission inventory

Small point sources of primary
particles

PM, s emission inventory*

PMj, emission inventory

Regional primary particles

1.00

Area sources of primary particles

PM, s emission inventory*

PMj, emission inventory

Rural calcium rich dusts from re-
suspension of soils

0.20

0.80

Urban calcium rich dusts from re- 0.50 0.50
suspension of soils due to urban

activity

Regional iron rich dusts from re- 0.33 0.67
suspension

Iron rich dusts from re-suspension due | 0.50 0.50
to vehicle activity

Sea salt 0.27 0.73
Residual 1.00 -

* The PM25 NAEI emission inventory has been derived from the PM;o emission inventory by the application of
estimates of the mass fraction represented by PM s for different sources and fuels.

5.3.2 Contributions from large and small point sources

The contributions from large and small point sources have been calculated in the same way
as for the PM;, model described in Section 4.3.3. A total of 286 point sources were modelled
explicitly.

5.3.3 Contributions from area sources

Figure 5.4 shows the calibration of the area source model for PM,s. The calibration
coefficient for PM, s is quite similar to the calibration coefficient for PM;o and the difference is
considered to be well within the uncertainty of the PM;, and PM, s measurements and PM, 5
mass fractions within the emission inventory. A reasonably good agreement between the
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calibration coefficients for area sources is one of the criteria for the choice of mass fraction
parameters for PM, s within the PCM model.

As part of the calibration process emission caps have been applied to certain sectors; this is
because the use of surrogate statistics for mapping area source emissions sometimes
results in unrealistically large concentrations in some grid squares for a given sector. The
emission caps applied are given in Table 5.2.

Figure 5.4 - Calibration of PM, s area source model 2010 (ug m?, gravimetric)
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Table 5.2 - Emission caps applied to PM, 5 sector grids

SNAP code Description Cap applied (t/a’km?)

SNAP 6 (Ace coatings) Solvent use 6

SNAP 6 (Aircraft coatings) Solvent use 6

SNAP 6 (Commercial vehicles | Solvent use 6

coatings)

SNAP 6 (Metal and plastic Solvent use 6

coatings)

SNAP 6 (High performance Solvent use 4

coatings)

SNAP 6 (Marine coatings) Solvent use 4

SNAP 6 (Automotive coatings) | Solvent use 6

SNAP 8 (shipping only) Other Transport & Mobile 5
Machinery

SNAP 10 (Agriculture Agriculture forestry & land use 4

livestock, pigs) change

SNAP 10 (Agriculture Agriculture forestry & land use 4

livestock, laying hens) change

SNAP 10 (Agriculture Agriculture forestry & land use 4

livestock, broilers) change

SNAP 10 (Agriculture Agriculture forestry & land use 4

livestock, other poultry) change
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5.3.4 Roadside concentrations

Figure 5.5 shows the calibration of the roadside increment model for annual mean PM, s
concentrations.

Figure 5.5 - Calibration of PM, 5 roadside increment model 2010 (ug m™, gravimetric)
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5.4 Results

5.4.1 Verification of mapped concentrations

Figure 5.6 and Figure 5.7 show comparisons of modelled and measured annual mean PM;
concentrations in 2009 at background and roadside monitoring site locations. Lines
representingy = x 1 50 % and y = x + 50% are also shown because 50% is the AQD data
quality objective for modelled annual mean PM, s concentrations i see Section 1.8.

Summary statistics for the comparison between modelled and measured PM, 5
concentrations are presented in Table 5.3 and Table 5.4.

There are a number of different categories of monitoring sites within these tables and graphs.
This is because there are some sites in the national network at which only PMq or PM, 5, but
not both are measured.

The agreement between the FDMS and gravimetric measurement data and the modelled
values is generally good. The TEOM x 1.0 measurement data for verification sites are lower
than the modelled estimates. This is as expected since TEOM x 1.0 is known to
underestimate in comparison to the reference gravimetric monitoring method as a result of
the loss of volatile components.
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Figure 5.6 - Verification of background annual mean PM,s model 2010
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Figure 5.7 - Verification of roadside annual mean PM,s model 2010
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Table 5.3 - Summary statistics for comparison between gravimetric modelled and
measured concentrations of PM, s at background sites

Mean of Mean of R*> % outside data Number
measurements model quality of sites

(ng m?, grav) ?stim%tes ) objectives
pug m-, grav

National network
FDMS (Calibration) 13.0 12.7 0.27 5 22

National network
Partisol 10.0 13.7 1.00 50 2

National network
FDMS PM2.5 only
sites 12.9 12.5 0.45 0 19

National network
Partisol PM2.5 only
sites 11.0 14.4 1.00 0 2

Verification sites
FDMS 15.4 12.5 0.02 0 5

Verification sites
TEOM 10.5 14.8 0.09 33 6

Table 5.4 - Summary statistics for comparison between gravimetric modelled and
measured concentrations of PM;y at roadside sites

Mean of Mean of % outside data Number
measurements model guality of sites

(ng m?, grav) t(astim%tes ) objectives
ug m-, grav

National network
FDMS (Calibration) 16.0 14.8 0.55 0 5

National network
Partisol 8.5 8.8 1.00 0 4

National network
FDMS PM2.5 only
sites 16.0 13.2 1.00 0 2

National network
Partisol PM2,5 only
sites - - - - -

Verification sites
FDMS 17.5 18.4 0.07 0 4

Verification sites
TEOM 12.5 19.1 1.00 50 2
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5.4.2 PM,ssource apportionment at monitoring sites

Figure 5.8 and Figure 5.9 show the modelled annual mean PM, s source apportionment for
2010 at national network background and roadside monitoring sites respectively. The
measured concentration at each site is also shown for reference.

At background locations, the contributions from non-emissions inventory sources (i.e.
regional background sources and urban dusts), which are shown in grey on the figures,
dominate with a particularly large contribution from secondary aerosols. The smaller
contribution from urban background emissions sources, shown in colour on the figures, are
dominated in most locations by traffic, industry and off road mobile machinery.

At roadside locations the source apportionments follow a very similar pattern to background
locations, except that there is an extra local road traffic component composed of local
exhaust emissions and local brake and tyre wear emissions.

Overall regional secondary PM make a proportionally larger contribution to the total mass for
PM, 5 than for PMjo.
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Figure 5.8 - Annual mean PM,s source apportionment at background national network monitoring sites 2010 (the area type of each site
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5 AEA UK modelling under the Air Quality Directive (2008/50/EC) for 2010

Figure 5.9 - Annual mean PM,s source apportionment at roadside national network monitoring sites 2010 (the area type of each site is
shown in parenthesis after its name)
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5.4.3 Detailed comparison of modelling results with the target value

There were no measured or modelled exceedances of the annual mean target value for
PM, s in 2010.

AEAT/ENV/R/3215 Issue 1 110



5 AEA UK modelling under the Air Quality Directive (2008/50/EC) for 2010

6 Lead

6.1 Introduction

6.1.1 Limit values

A single limit value for ambient lead (Pb) concentrations is set out in the Air Quality Directive
(AQD). This limit value has been specified for the protection of human health and came into
force from 01/01/2005. The limit value is an annual mean concentration of 0.5 pg m™.

6.1.2 Annual mean model

A map of annual mean Pb in 2010 at background locations is shown in Figure 6.1. This map
is presented in ng m, where 1000 ng m® =1 pg m*.

The methods used to derive the map for 2010 are largely the same as was adopted for the
2009 map as described by Walker et al. (2011). The main revisions to the method for 2010 is
the updated approach to modelling point sources, as described in Sections 6.3.1 and 6.3.2,
and the application of a revised scaling factor for area sources.

The maps of background Pb concentrations have been calculated by summing contributions
from different sources:

e Large point source emissions (modelled using ADMS and emissions estimates from
the NAEI)

e Small point source emissions (modelled using a small points kernel model and
emissions estimates from the NAEI)

e Fugitive point source emissions (modelled using fugitive source kernel model and an
estimate of the fugitive component of emissions derived from the NAEI)

e Area sources emissions (modelled using a dispersion kernel and emissions estimates
from the NAEI)

e Regional concentration of Pb (derived from estimates of primary PM from regional
sources calculated using the TRACK model and emissions estimates from the NAEI
and EMEP)

e Re-suspension of Pb from bare soils (derived from estimates of re-suspension of PM
modelled using a dispersion kernel and information on land use)

e Re-suspension of Pb as a result of vehicle movement (derived from estimates of re-
suspension of PM modelled using a dispersion kernel and vehicle activity data for
heavy duty vehicles)

These component pieces are then aggregated to a single 1 km x 1 km background Pb grid.
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Figure 6.1 - Annual mean background Pb concentration, 2010 (ng m™)
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6.1.3 Monitoring sites
Available monitoring data for Pb for 2010 are listed in Table 6.1.

Table 6.1 - Measured annual mean Pb concentrations in 2010

Pb
Annual mean Data
(ng m?) capture (%)

Site name Site type

Auchencorth Moss Rural Background 2.52 100
Banchory Rural Background 2.80 100
Beacon Hill Rural Background 6.63 98
Belfast Centre Urban Background 4.73 100
Bristol Avonmouth Urban Industrial 10.95 100
Bristol Hallen Urban Industrial 8.01 100
Cardiff Llandaff Urban traffic 8.50 96
Cardiff Rumney Urban Background 8.24 98
Chadwell St Mary Urban Background 10.92 100
Cockley Beck Rural Background 2.81 95
Cwmystwyth Rural Background 3.04 72
Dartford Bean Urban Background 8.78 93
Detling Rural Background 9.72 94
Eskdalemuir Rural Background 1.28 97
Harwell Rural Background 4.38 94
Heigham Holmes Rural Background 5.17 94
London Cromwell Road 2 Urban traffic 10.31 96
London Marylebone Road Urban traffic 11.48 77
London Westminster Urban Background 10.53 98
Manchester Wythenshawe Urban traffic 10.16 96
Monkswood Rural Background 5.72 95
Motherwell South Urban Background 16.79 90
Port Talbot Margam Urban Industrial 11.30 100
Redcar Suburban 6.78 96
Redcar Normanby Urban Background 4.26 100
Runcorn Weston Point Urban Industrial 10.36 93
Scunthorpe Low Santon Urban Industrial 25.71 100
Scunthorpe Town Urban Industrial 14.32 98
Sheffield Brinsworth Urban Industrial 20.41 98
Sheffield Centre Urban Background 11.24 98
Swansea Coedgwilym Urban Background 8.40 98
Swansea Morriston Urban traffic 18.07 98
Walsall Bilston Lane Urban Background 47.23 94
Walsall Centre Urban Industrial 14.63 92
Wytham Wood Rural Background 5.06 98
Yarner Wood Rural Background 3.24 100

6.1.4 Chapter structure

This chapter describes modelling work carried out for 2010 to assess compliance with the Pb
limit value described above. Emission estimates for Pb are described in Section 6.2, Section
6.3 describes the Pb modelling methods, and the modelling results are presented in Section

6.4.

AEAT/ENV/R/3215 Issue 1

113



> AEA UK modelling under the Air Quality Directive (2008/50/EC) for 2010

6.2 Lead emissions

Estimates of the emissions of Pb from the 2009 UK National Emission Inventory (NAEI) have
been used in this study (Murrells et al., 2011). The projections of the emission estimates to
2010 and to future years 2015, 2020 and 2025 have been derived from the Updated Energy
Projections (UEP 38) provided by the Department of Energy and Climate Change (DECC).
Values for intermediate years have been interpolated. The estimates of Pb emissions over
the period 2009-2025 split by SNAP code are shown in Figure 6.2.

Overall Pb emissions are dominated by emissions from point sources, particularly from
combustion in industry (SNAP code 3) and production processes (SNAP code 4). Pb
emissions are primarily from non-fuel related emissions. There is a sharp decrease in
emissions from 2009 to 2010 due to a reduction in activity in iron production as a result of the
economic downturn. A steady rise in emissions is apparent in the years 2010 to 2015, which
results from the interpolation of the emissions between these projection years, with
emissions almost reaching their 2009 levels as activity is assumed to return following the
downturn.

The source apportionment of ambient concentrations is discussed in Section 6.4.2 and is
often very different from the split for total national emissions. Ambient concentrations are
influenced by the location and release characteristics of the emissions and are also
influenced by sources not included in the inventory, such as re-suspension.

Maps of emissions from area sources for 2010 were derived from the 2009 inventory maps
using specific scaling factors derived for each combination of source and activity (typically
fuel type). A similar approach has been applied for the emissions from point sources to scale
from 2009 to 2010.
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Figure 6.2 - Total UK Pb emissions for 2009 and emissions projections up to 2025 by SNAP code from NAEI 2009
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6.3 Lead modelling

6.3.1 Contribution from large point sources

Contributions to ground level annual mean heavy metal concentrations from point sources
(those with annual emissions of greater than 1.2 tonnes per year or with stack parameters
datasets in the database) in the 2009 NAEI were estimated by modelling each source
explicitly using an atmospheric dispersion model ADMS 4.2 and sequential meteorological
data for 2010 from Waddington. Surface roughness was assumed to be 0.1 m at the
dispersion site and 0.1 m at the meteorological site. Concentrations were calculated for a 99
km x 99 km square composed of a regularly spaced 1 km x 1 km resolution receptor grid.
Each receptor grid was centred on the point source. A total of 241 point sources were
modelled explicitly. For each large point source information was retrieved from the PCM
stack parameters database (as described in Section 2.2.2).

The NAEI emissions for combustion point sources are for the year 2009, however, the year
2010 has been modelled for the assessment. There are also some point sources in the 2009
NAEI which closed before the start or early on in the year 2010. The modelled concentrations
for 2009 have been scaled to 2010 using projection factors calculated from NAEI source
sector total emissions for point sources for 2009 and NAEI emissions projections for 2010
(described in Section 2.2.5). Closure of particular plant or activities has been taken into
account when deriving the source sector projection factors by subtracting the base year
emissions associated with plant closure from the relevant source sector total for point
sources for 2009. The point sources in the 2009 NAEI which closed before the start or early
on in the year 2010 have been removed from the 2010 modelling, based on
recommendations from the NAEI team (Passant, personal communication, 2011).

6.3.2 Contributions from small point and fugitive sources

The contributions to ambient concentrations from fugitive and small point sources (those
without stack parameters datasets and annual emissions less than or equal to 1.2 tonnes per
year) in the 2009 NAEI were modelled using a small point model. In line with the method
applied for the large combustion point sources the NAEI 2009 emissions for fugitive and
small point sources have been scaled to 2010 using the same source sector specific
projection factors applied to the combustion point sources.

The model <consi sstgsu aorfe 0s-efgngdu adroeudnentspimyhich
concentrations are estimated using a point source dispersion kernel. The dispersion kernel
has been calculated by using dispersion model ADMS 4.2 to model the dispersion of unit
emissions from a central source to a grid of receptors at a spatial resolution of 1 km x 1 km
squares with the stack characteristics as presented in Table 6.2. Hourly sequential
meteorological data from Waddington in 2010 has been used to construct the dispersion
kernels. The greatest concentration would be expected close to the point of emission. The
receptor for the central grid square within the dispersion kernel is, however, at exactly the
same location as the point of release. The concentration at this location is therefore zero.
The value for the central grid square within the dispersion kernel has therefore been
assigned to be equal to the highest of the values for the adjacent grid squares.

AEAT/ENV/R/3215 Issue 1 116



5 AEA UK modelling under the Air Quality Directive (2008/50/EC) for 2010

Table 6.2 - Stack release parameters used to characterise emissions from point
sources with no available stack parameters

Variable ' Parameters

Stack height 15m
Diameter im
Temperature 15e¢C
Emission rate as PMs, 1lg/s
Surface roughness 0.5

Characterising the amount of heavy metal emission from industrial plant is notoriously
difficult. According to Passant (personal communication 2005) up to approximately three
times the reported emission from metal processing industries may be released as a fugitive
emission. The emission release parameters are provided in Table 6.3. Once again, the value
for the central grid square within the dispersion kernel has been set to the maximum of the
values in the surrounding grid squares.

Assuming a fugitive emission of 0.05 times the reported emission was found to provide the
best agreement with the available measurements.

Table 6.3- Stack release parameters used to characterise fugitive emission release

Variable ' Parameters

Stack height 10m
Diameter 1m
Temperature 15eC
Emission rate as PMyq 1lg/s
Surface roughness 0.5

6.3.3 Contributions from local area sources

The uncalibrated modelled area source contribution has been calculated by applying an
ADMS 4.2 derived dispersion kernel to calculate the contribution to ambient concentrations
at a central receptor location from area source emissions within a 33 km x 33 km square
surrounding each receptor. Hourly sequential meteorological data from Waddington in 2010
has been used to construct the dispersion kernels, as described in Appendix 3.

A calibration coefficient of unity has been applied to the modelled contribution from area
sources. The coefficient previously used for this source was derived within the PCM model
for NOy, a pollutant for which both the emissions source apportionment and measurements
are well characterised. The source apportionment for heavy metals is in general subject to
greater uncertainty than NOy, however it was found that using the coefficient of unity
provided a reasonable estimate of heavy metal concentrations as demonstrated in the
verification plots below, and avoids the issue of the uncertainties associated with recent
trends in NO, emissions from road traffic (see Section 2.2.5).

6.3.4 Contribution from long range transport of primary particulate matter

The contribution to ambient concentrations from long range transport of heavy metals has
been derived from estimates of regional primary particulate matter (PM) used in the 2010
PCM model for PM;; mass, see Section 4.3.4.

The contribution to ambient heavy metal concentration from long range transport sources in
the modelling work for 2008 described by Yap et al (2009) was derived by calculating a
fraction of the PM mass for each heavy metal. This fraction was estimated as the ratio of the
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UK total emissions for each SNAP sector for each metal to the total PM;, emission for this
sector. These ratios were also assumed to apply to the contribution from non-UK European
sources. This approach was adopted for the 2009 and 2010 modelling of As, Cd and Ni
described by Walker et al. (2011, 2011a). For the 2009 and 2010 modelling of Pb a revised
approach has been adopted in which the contribution calculated has been multiplied by
scaling the relative emissions of Pb to those of PM,y by an additional factor of 5. Thus the
regional contribution to ambient Pb concentration has been assumed to be greater than
implied by the ratio of current emissions. This could be due to the previously significant
emissions from road traffic from the use of leaded petrol, although the processes that would
be involved in such a contribution are not fully understood at present. An alternative
approach would have been to increase the scaling factors applied to the re-suspension
contributions for Pb but the approach adopted was found to provide better agreement with
available measurements. This revised method i with a greater contribution from regional
concentrations i provides better agreement with measurements than the method adopted for
2008.

6.3.5 Heavy metal contribution from re-suspension
6.3.5.1 Introduction

The 2010 model for heavy metal concentrations includes a contribution to ambient
concentrations from re-suspension calculated in the same way as in the 2009 models
(Walker et al, 2011). The contributions from two processes have been included:

e Regional PM dusts from re-suspension of soils and
e PM dusts from re-suspension due to vehicle activity.

The heavy metal contribution from re-suspension has been calculated by using the methods
suggested by Abbott (2008). The methods used to estimate the total PM mass from these
processes are detailed in Section 4.3.5.

6.3.5.2 Estimating heavy metal concentrations

Abbott (2008) also suggested a method for estimating the contributions to the ambient
concentrations of heavy metals from soil and vehicle related re-suspension processes. The
maps of PM mass from re-suspension of soils and re-suspension associated with vehicle
movements can be used to estimate the contributions to the ambient concentration of heavy
metals using a combination of information on the heavy metal content of soils and
enhancement factors.

The National Soil Inventory (http://www.landis.org.uk/data/natmap.cfm) provides a data set of
arsenic, cadmium, nickel and lead concentrations in topsoil at 5 km resolution throughout
England and Wales. Measurement data on heavy metals concentration in topsoil for other
areas of the UK is available from the Geochemical Atlas of Europe developed under the
auspices of the Forum of European Geological Surveys (FOREGS)
(http://www.gtk.fi/publ/foregsatlas/). These data were interpolated onto a 1 km x 1 km grid.
The predicted annual PM emission rates and the contribution to atmospheric concentrations
were multiplied by the topsoil concentrations to estimate the annual metal re-suspension
rates and the contributions to atmospheric concentrations of the heavy metals.

There is some evidence that metal concentration in the surface soils are higher than in the
underlying topsoil. EMEP have suggested in the report by Abbott (2008) that there may be
some enhancement of the metal content of the re-suspended dust because the metals may
form complexes with humic matter. Abbott (2008) carried out regression analysis of
measured heavy metal concentrations against the combined model predictions for sites in
the UK Rural Heavy Metal Network and this analysis suggested that there may be other
mechanisms that result in heavy metals being concentrated in the small particle fraction of
soils. For example, much of the metal content may be present as the result of historical
deposition of small particles or the application of sewage sludge and farmyard slurries and
these materials may now be only loosely bonded to the surface of the soil particles. The fine
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particles released by re-suspension mechanisms would therefore be likely to contain a much
higher concentration of metals than the underlying topsaoil.

An enhancement factor of 35 has been applied to the estimates of the contribution from re-
suspension processes. This value was chosen to provide the best agreement of total
modelled ambient concentrations with measured concentrations of heavy metals. This value
of 35 has also been applied within the 2010 method for As and Cd, as described by Walker
et al. (2011a). A lower value was found to provide the best fit for Ni. The value of 35 is
somewhat higher than the regression coefficients determined by Abbott (2008) for
concentrations at rural sites.

A cap of 5 ng m™ has also been applied for the contribution generated from re-suspension of
bare soil. This value has been chosen as an estimate of the maximum likely concentration
generated from this source.

6.4 Results

6.4.1 Verification of mapped concentrations

Figure 6.3 to Figure 6.6 show a comparison of modelled and measured annual mean Pb
concentrations in 2010 at different monitoring site locations. Lines representingy = x i 50%
and y = x + 50%, the AQD data quality objective for modelled annual mean Pb concentration
(see Section 1.8), are included.

Figure 6.3 - Verification of annual mean Figure 6.4 - Verification of annual mean
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Figure 6.6 - Verification of annual mean

Figure 6.5 - Verification of annual mean
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Summary statistics for modelled and measured Pb concentrations and the percentage of
sites for which the modelled values are outside the data quality objectives (DQOSs) and the
total number of sites included in the analysis are listed in Table 6.4.

The mean measured and modelled concentrations agree reasonably well for the rural
monitoring sites. However the concentrations seem to be over-predicted at some roadside
and industrial sites, and under-predicted at urban background sites. The agreement between
measured and modelled concentrations on a site-by-site basis (quantified using R?) is poor
for all the monitoring sites, except rural sites. Note that the non-emission inventory sources
such as fugitive, re-suspension and long range transport of primary PM result in additional
uncertainty in comparison with a pollutant such as NO,, which has a better characterised
source apportionment.

Table 6.4 - Summary statistics for comparison between modelled and measured
annual mean concentrations at different monitoring sites

0 -
Mean of Mrﬁgge?f /(:)SIssiggs Number of
measurements . sites in
) estlmatses DQO of assessment
(ng/m”) +50%
Industrial sites 14.46 19.09 0.001 38 8
Urban background 12.54 9.35 0.194 45 11
sites

Roadside sites 11.70 14.43 0.056 80 5
Rural sites 4.36 3.24 0.706 8 12

6.4.2 Pb source apportionment at monitoring sites

A source apportionment graph has been plotted in Figure 6.7 to present the Pb contribution
from different sources at monitoring site locations. Concentrations measured at the
monitoring sites are also presented. Thus the source apportionment graph also gives an
indication of the level of agreement between the modelled and measured concentrations.
This analysis suggests that the main sources of this air pollutant at monitoring sites are small
point and fugitive industrial emissions but predominantly re-suspension processes.
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Figure 6.7 - Annual mean Pb source apportionment at background national network monitoring sites
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6.4.3 Detailed comparison of modelling results with the limit values
There were no modelled or measured exceedances of the limit value for Pb in 2010.
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{ Benzene

7.1 Introduction

7.1.1 Limit values

A single limit value for ambient benzene concentrations is set out in the Air Quality Directive
(AQD). This limit value has been specified for the protection of human health and came into
force from 01/01/2010. The limit value is an annual mean concentration of 5 pug m?,

7.1.2 Annual mean model

Maps of annual mean benzene concentrations at background and roadside locations in 2010
are presented in Figure 7.1 and Figure 7.2 respectively.

Benzene concentrations have been calculated using a similar approach to that adopted for
NOy although a different approach has been adopted for the modelling of fugitive and
process emissions from point sources.

It has been considered that annual mean background benzene concentrations are made up
of contributions from:

Distant sources (characterised by an estimate of rural background concentration)
Combustion point sources

Fugitive and process point sources

Local area sources.

The area source model has been calibrated using data from the national monitoring
networks. At locations close to busy urban roads an additional roadside contribution was
added to account for contributions to total benzene from road traffic sources.
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Figure 7.1 - Annual mean background benzene concentration, 2010 (ug m)
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