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Executive Summary

Under the government’s Air Quality Strategy, the Council is required to assess air
quality within the borough annually. The Council has been monitoring air quality
since before 1995 and continues to be seriously concerned about the impact of air
pollution on health. In 2000, the whole borough was declared an Air Quality
Management Area (AQMA) on the basis that certain government air quality
objectives, for nitrogen dioxide and particulate matter, would not be met. In 2003, the
Council published its first Air Quality Action Plan (AQAP), which set out the steps the
Council was taking to work towards meeting these objectives. In September 2009,
the Council published a revised Action Plan to develop new ideas, following an
extensive consultation with residents and other stakeholders.

This latest Updating and Screening Assessment (USA) provides information on the
review and assessment of air quality in the borough. The USA has reviewed the
sources of pollutants identified in the national Air Quality Strategy using guidance
checklists to identify any significant changes since previous assessments. No new
significant sources have been identified. An examination of monitoring data
collected during 2011 has also been undertaken for the key strategy pollutants; these
are nitrogen dioxide (NOy), particulate matter (PM4o) carbon monoxide, sulphur
dioxide and benzene. Information on PMys, 1, 3- butadiene, lead, benzo(a)pyrene
(which is used as a marker for a complex group of hydrocarbons - PAH), and ozone
is also included, though there is no requirement to do so. However these pollutants
are also regarded as significant threats to health.

This report also provides a summary of the implementation of the actions contained
in the Air Quality Action Plan 2009 -2014 in Section 9. In particular this highlights
successes such as emission reductions from the Council’s buildings and vehicle fleet
and elsewhere further progress with provisions for cyclists. The section also notes
improvements in tackling the air quality impacts of major redevelopments both during
construction and when occupied. On raising awareness about the health impact of
air quality, there are encouraging signs that despite resource constraints some
initiatives have been possible and there is the prospect of working more closely with
the business community.

It is of some comfort to note that the review of the monitoring data shows that most
pollutants (excluding NO,, PMyo and ozone) remain well within their respective
objective levels.

The situation for NO, remains problematic. Monitoring at the borough’s five
continuous monitoring sites show that exceedences of the annual mean NO,
objective level have occurred at all sites apart from the North Kensington background
site. Decreases were observed at all sites, however to meet the objectives,
reductions of almost 60ug/m® are still required at the worst affected road side
locations, and reductions of nearly 35-40ug/m® are required at some building facades
on busy and congested roads. Exceedences of the hourly mean objective vary from
site to site, from none at the North Kensington to 380 at the Earls Court site
(compared to the 18 exceedences permitted).



Monitoring of PM1o at our three sites shows that these have all met the annual mean
objective since 2008, though there was an increase in levels at the North Kensington
site. Whilst in 2010, the council’s three monitoring stations met the daily mean
objective level for the first time, in 2011 the Earls Court site exceeded the daily mean
objective level. Therefore it is likely that other sites may be at continued risk of
exceedences.

Defra has completed a review of the monitoring stations it runs, which includes the
Cromwell Road site. It has now been decided that because of siting requirements it
no longer meets their objectives and Defra will discontinue the monitoring of NOX,
SO,, and CO by September 2012. This will impact on our knowledge of air pollution
in this area and therefore public exposure.

The lack of progress in significantly reducing NO; levels and the upturn in PM4, levels
are seriously worrying, particularly given the substantial reduction needed to meet
the objective levels for NO, and the EU time limit of 2015. We assume the
government and the Mayor of London share this concern and will be bringing forward
more effective measures to address the problem.
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1 Introduction

1.1 Description of Local Authority area

The Royal Borough of Kensington and Chelsea is a densely populated urban
environment located to the west of central London. The borough extends from
Chelsea Embankment in the south, through Kensington, Notting Hill and Ladbroke
Grove up to Kensal Green to the north. It is bounded by Bayswater, Kensington
Gardens and Belgravia to the east and by the West London Railway Line to the west.
Kensington and Chelsea has less open space compared to other boroughs, however
it has 26 public parks and open spaces, eight of which are categorised as major
parks due to a combination of size and range of facilities. It is home to several major
museums and part of the Imperial College campus.

The Royal Borough has an estimated population of 180,000, which is expected to
rise to 200,000 by 2030, and the highest population density (131 people per hectare)
of all local authorities in England and Wales. However, with the exception of the City
of London it is the smallest London borough. The 2011 census results should reveal
more recent population changes, but this information is not available yet. In addition
to the resident population thousands of people come into the borough each day to
work and visit. About 30,000 visitors stay each night.

The borough is primarily a residential area with a large volume of commuter traffic;
people both travelling across and into the area, and local residents travelling within
and outside the borough. The area is relatively well served by the London
Underground network with the Circle, District, Central, Piccadilly and Hammersmith
and City Lines running through the borough. Although currently there is no over-
ground rail service actually within the borough, the West London Line stations at
Shepherds Bush, Kensington Olympia, West Brompton, and Imperial Wharf are
easily accessible to residents and visitors in those localities. There is an extensive
bus network.

There are 207 km (127.6 miles) of roads in the borough; 28 km (17 miles, 13.5 per
cent) are A roads, ten km (six miles, 4.8 percent) are B roads and the remaining 169
km (105 miles, 81.6 per cent) are C roads or unclassified. Six per cent (12.5 km or
7.8 miles) of the roads in the borough are designated as part of the Transport for
London Road Network (TLRN) managed by TfL. These routes are: Westway (A40),
Cromwell Road (A4), Earl’'s Court one-way system (A3220) and Chelsea
Embankment (A3212).

The available north/south or east/west routes are also constrained by bridges which
mean that these are heavily trafficked. They are also often major retail areas with
heavy pedestrian flows. The transport infrastructure has changed relatively little
since its major development in the nineteenth century. In the past fifty years, the two
most notable changes have been the construction of the Westway flyover and the
decline in the use of the River Thames. However the demands placed upon the
infrastructure have continued to change; the movement of people, goods and
services has increased, bringing more congestion to the road network.
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Emission sources

The emission sources of pollutants from within the borough are mainly from transport,
residential and commercial activities. A large proportion of the pollution however
arises from beyond the borough’s immediate area including neighbouring boroughs,
the metropolis as a whole and further afield from national and European sources.
The contribution of NOx and PM+, from the various sources within the borough in
2008 (based on the 2010 LAEI) is shown below. The predictions for 2008 are shown
because we consider them to be more representative of current conditions.

Estimated NO, emissions from sources with the Estimated PM10 emissions from sources within the

Borough for 2008 (tonnes /year) borough for 2008 (tonnes/year)

Boilers
0.11%

Boilers
0.15%

Ships
0.03%

riculture-
nature
16%

Solvents-

Data source LAEI 2008 (published 2010) showing predicted emissions for 2008.

The most significant source of NOx is road transport followed closely by gas
emissions based on the predictions for 2008. The most significant source of PM1q
from within the borough is road transport; however the next most important source is
agricultural and natural sources (this includes soils, domestic gardens, bonfire night,
fireworks and accidental fires). Predictions for 2011and 2015 indicate that transport
emissions of NOx are expected to decline significantly to almost half by 2015
compared to 2008. However there is increasing evidence and recognition that actual
emissions from vehicles are not declining as predicted.

The charts overleaf look at road transport emissions in more detail, focussing on the
contribution of different vehicle types to NOx and PMo emissions. For NOx, buses
and coaches, followed by cars and heavy goods vehicles are the three biggest
sources while taxis, LGVs and cars are the three main sources of exhaust emissions
of PM10.
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Sources of road transport NO, emissions in the Sources of PM,, exhaust emissions in 2008
boroughin2008
Articulated HGV motorcycles Articulated HGVs motorcycles

5% 1% 3%

4%

Busand coaches
6%

1.2 Purpose of the report

This Updating and Screening Assessment (USA) fulfils the requirements of the Local
Air Quality Management (LAQM) process as set out in Part IV of the Environment Act
(1995), the Air Quality Strategy for England, Scotland, Wales and Northern Ireland
2007 and the relevant Policy and Technical Guidance documents. These reports are
produced every third year; in the intervening years progress reports are produced.

The LAQM process places an obligation on all local authorities to regularly review
and assess air quality in their areas and determine whether or not the air quality
objectives are likely to be achieved. Where exceedences are considered likely, the
local authority must then declare an Air Quality Management Area and prepare an Air
Quality Action Plan setting out the measures it intends to put in place in pursuit of the
objectives.

1.3 Air quality objectives

The air quality objectives applicable to LAQM in England are set out in the Air Quality
(England) Regulations 2000 (Sl 928), and the Air Quality (England) (Amendment)
Regulations 2002 (SI 3043). They are shown in Table 1.1. This table shows the
objectives in units of microgrammes per cubic metre (ug/m®), except for carbon
monoxide, where the units used are milligrammes per cubic metre (mg'm?). Table 1.1
includes the number of permitted exceedences in any given year (where applicable).
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Table 1.1 Air Quality Objectives included in Regulations for the purpose of
Local Air Quality Management in England

Pollutant Concentration Measured as Date to be
achieved by

Benzene 16.25 pg/m3 Running annual 31.12.2003
mean

5.00 pg/m?® Running annual 31.12.2010
mean

1,3-Butadiene 2.25 ug/m?® Running annual 31.12.2003
mean

Carbon monoxide 10.0 mg/m® Running 8-hour 31.12.2003
mean

Lead 0.5 pg/m3 Annual mean 31.12.2004

0.25 ug/m® Annual mean 31.12.2008

Nitrogen dioxide 200 pg/m® notto be | 1-hour mean 31.12.2005

exceeded more than
18 times a year

40 ug/m® Annual mean 31.12.2005
Particles (PM;y) 50 pg/m?®, not to be 24-hour mean 31.12.2004
(gravimetric) exceeded more than

35 times a year

40 ug/m? Annual mean 31.12.2004
Sulphur dioxide 350 pg/m?®, notto be | 1-hour mean 31.12.2004

exceeded more than
24 times a year

125 ug/m®, not to be | 24-hour mean 31.12.2004
exceeded more than
3 times a year

266 ug/m? notto be | 15-minute mean 31.12.2005
exceeded more than
35 times a year

1.4 Summary of previous Review and Assessments
141 First round of Review and Assessment

Stages one to three

The Council completed the first round of Review and Assessment in 2000. It
consisted of three stages which involved examining the sources of pollution,
identifying the contribution of each source followed by a review of monitoring data,
and finally a prediction of concentrations for the key deadlines using modelling. By
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the end of stage three, after a process of elimination, the following conclusions were

reached.

Table 1.2 Summary of results of first round of Review and Assessment

Pollutant Assessment

NO High likelihood the borough would exceed the annual mean and hourly
mean objective along many of the major roads in the borough.

PMio High likelihood that the borough would exceed the 24 hour mean
objective at a few locations.

SO, Virtually no likelihood that the borough would exceed the objectives for
sulphur dioxide.

Cco No likelihood that the borough would exceed the objectives for carbon

monoxide.

Following a major public consultation in the summer of 2000 a decision was reached
by the full Council to declare the whole of the borough an Air Quality Management
Area (AQMA). The Order making the declaration came into force on the 6th
December 2000 and was based on exceedences of nitrogen dioxide (NO;) and
particulate matter (PM1o).

Figure 1:1 Map of AQMA Boundary

Hammersmith and Fulham

hrmond upon Thames

City-of Westminster

Kensington and Chelsea

Wandsworth

Progress Report




Royal Borough of Kensington and Chelsea — England April 2011

Stage Four

Stage four was carried out to check the results of the previous reports in light of the
latest air monitoring results at the time and further modelling work. This was
completed in August 2003. It also took into account the revised information gathered
on road traffic emissions, which essentially acknowledged that the exhaust emissions
of newer vehicles were not as clean as previously claimed. There were some
differences between the modelling undertaken previously, but exceedences were still
being predicted for both NO, and PM+,. In addition the further work eliminated any
concerns regarding carbon monoxide and sulphur dioxide. Alongside this, the
Council’s first Air Quality Management Plan was produced, setting out 25 actions that
the Council should take to work towards improving air quality.

1.4.2 Second round of Review and Assessment

An Updating and Screening Assessment (USA) was conducted as part of the second
round. This was published in December 2003. The purpose of a USA is to identify
whether any changes have taken place with the seven pollutants, highlighted in
Table 1.1, since the previous assessment. A Detailed Assessment (DA) must then
be undertaken if this is the case. We concluded that a DA was unnecessary. The
following year we submitted a combined Air Quality and Action Plan Progress report.

1.4.3 Third round of Review and Assessment

A further USA was undertaken as part of the third round of assessment in April 2006.
Each pollutant was dealt with individually and considered against the updated
guidance checklist at the time. Progress reports are undertaken in years when USAs
are not required.

144 Fourth round of Review and Assessment

The last USA was conducted in 2009. The latest monitoring data was reported for
each pollutant and we re-examined all sources using the checklists provided in the
Department of Environment, Food and Rural Affairs’ (Defra) Local Air Quality
Management Technical Guidance LAQM TG (09) to see if any significant changes
had occurred. Following changes to guidance issued in 2009 we concluded that a
further assessment was required in relation to emissions from the Paddington to
Swansea railway line. In 2010 a joint review and assessment report and action plan
update report was produced. In 2011, the final part (a progress report) of the fourth
round was published.

All reports since 2003 are available for download from the Council’s air quality
WebPages:

http://www.rbkc.gov.uk/environmentandtransport/airquality/reportsanddocuments.aspx

Progress Report



Royal Borough of Kensington and Chelsea — England April 2011

2 New Monitoring Data
2.1 Summary of monitoring undertaken
211 Automatic monitoring sites

We have automated continuous monitoring at five sites in the borough. Figure 2.1
shows the locations of the continuous sites in the borough and detailed information
about each is contained in Table 2.1. In addition, information is included for the West
London and Cromwell Road sites operated by Defra, because data from these are
included in the report. Although the West London site was closed by Defra in 2007, it
is retained in the table as long term trends incorporate data from here. We also have
one gravimetric instrument, a partisol located at the Earl’s Court site. This type of
instrument samples air continuously, but does not provide real time data (see
glossary in Appendix C) as the filters must be weighed manually.

Air quality data for 2011 has been included in the report where it is available but is
largely provisional. The map overleaf shows continuous sites operating between
2006 and 2011.

Defra has completed a review of the air quality monitoring stations it operates. We
have now received confirmation that the monitoring of gaseous pollutants at the long
running Cromwell road site will stop being supported from the end of September.
Whilst the site may not conform to EU guidelines, due to its proximity to the road
junction, the site does represent exposure experienced by a significant number of
residents and visitors. This long established monitoring site is also invaluable for
trend monitoring. The Royal Borough is naturally very concerned about this and we
are currently considering our response.

Quality control and assurance

Calibrations of the monitoring instruments are carried out at fortnightly intervals by
contractors. Automated data that we collect is subject to quality control and audit
procedures by Kings Environmental Research Group (Kings ERG) and is
disseminated via the London Air Quality Network (LAQN). In addition independent
consultants carry out audits annually. An equipment servicing unit is also contracted
to service equipment twice annually and to investigate and repair faults in order to
maintain high quality data and good data capture. The North Kensington site is
further scrutinised by Defra’s contractors as it is affiliated to the Automatic Urban and
Rural Network (AURN). Further information on data collection and quality control is
included in Appendix A.
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Figure 2:1 Map of automatic monitoring sites
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21.2 Non-Automatic Monitoring

Monitoring data for benzene and nitrogen dioxide, also known as NO., is collected
using passive diffusion techniques (in addition to continuous monitoring). The
borough participates in the London Wide Environmental Programme (LWEP) offered
by Bureau Veritas for the provision and analysis of diffusion tubes. Further details on
the laboratory, method, bias adjustment and quality control are in Appendix A.

Figure 2:2 Map of non-automatic nitrogen dioxide monitoring sites

|Site code |Diffusion tube location [site code [Dittusion tbe location
[KC31 |Ladbroke Grove/North Kensington Library |  [KC39 _ fLots Road/Upceme Road
KC32 iioll;n.d‘P"a'm KC40 Brompton Road

KC33 |Cromwell RoadEaris Court Road KCa1 Lacoroke Crescent
KC34  |Dovehouse Street KC42 Pembridge Square
KC35 |Brompton Road Cotiage Place ::: ;ﬁ:‘;ﬁ”

|[KkC38  [Earts Count Station S e

KC46 Maiorough Count -closed

B KC%S KC67 KCA7T | Sion Manning Schodl
(g KC48 Sicane Square
/ Fr KC66 KC49 Harrods
KC47 =7 KC50 Chelsea Physic Gardens 1
KC51 Cheisea Physic Gardens 2
KCS2  |Sicane Awnue Schod
KC53 Waimer House
KCS4 Cromwell Road/Natural History Museum
O P KCSs  |BantyreStest
KC31 KCS6 Cneisea Old Town Hall
/ KC57 Pavilion St'Sioane Square
KC42 KCs8 Kensington High Street/Campden Hil Rd

KCS9 Kensington High Strest/Argyll St
KOs0 ©ld Brompton Rd

KO51 Fulham Rd/Limersion St

KC54 Warwick Road

KO8S Bariby Road

KO8 Acklam Roed

KC57 Cctavia House/Southem Row

-\ KO8 Exhibition Road
KC32 i
KC59 o KC49
j gl 3
: = KCS4 KC68 S
KC64 - KC45 o= }
i DS KCad
KC46 KC52 KC48
KC38
- KC60
Legend KC34 KCS6
@ NO2 diffusion tube sites "
soat 7 Kes1
— Main roads KC50
— Road -~
T KC43 KC55
- Conservation sites N
D Borough boundary
KC39
A
© Crown copyright and database rights 2011 Status: Final ; l:l I
Ordnance Survey 100021668 Date: April 2011 KINSINGTON
Author:Environmental Quality AND CHELSEA

The diffusion tube site at Marlborough Court (KC46) shown above is no longer in
use, but is still included in the map, as data from this site is referred to in the report.
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The figure below shows all locations where benzene has been monitored, however
only five sites are now in operation as the KCO03 site was re-located in 2006 following
the closure of the petrol station.

Two months of benzene data from June to July 2011 had to be eliminated from the
final results due to a possible contamination/sample degradation issue that remains
unidentified. This has resulted in data loss for the year.

Figure 2:3 Map of non-automatic benzene monitoring sites

Site Code |Diffusion Tube Location
KCO01 North Kensington
KCo1 KC02 __|Holland Park

KC03 Warwick Rd

KC04 Dovehouse Street
KCO05 _ |Pembridge Square

KCo05 KCOX Old Brompton Rd
-
KCo02
Z]
1 e
TN
KCo03
KCO0X
KCM\
Legend
@ Benzene Diffusion Tubes Sites
Main roads %
—— Roads N
- Conservation sites A
E Borough boundary
Sk
@ Crown copyright and database rights 2011 Status: Final l ! I
Ordnance Survey 100021668 Date: April 2011 KERSINGTON
Author:Environmental Quality AND CHILSEA

Table 2.2 overleaf provides further details of the 33 NO;, and five benzene diffusion
tube sites operating in the borough in 2010/11.
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2.2 Comparison of Monitoring Results with Air Quality
Objectives

221 Nitrogen dioxide

There are two objectives for nitrogen dioxide (NO). A short term objective of
200ug/m® not to be exceeded more than 18 times as a one hour mean, and a longer
term objective of 40ug/m® as an annual mean. The deadline for achieving these
objectives was the end of 2005. The whole of the borough was declared an Air
Quality Management Area in 2000 on the basis that NO; and PMy (to a lesser
extent) would not meet their objectives.

Monitoring data

Automatic chemiluminescent analysers and passive diffusion tubes are used to
monitor NO; in the borough. The latter method provides more limited data but does
allow levels to be compared to the annual mean objective at a greater number of
locations than would be practicable by continuous methods alone.

Automatic monitoring data

Continuous monitoring is undertaken at five sites in the borough. Details of these
sites are included in Table 2.31. As mentioned previously, the West London
monitoring site was closed in 2007 following a previous review by Defra of its
monitoring network. The automatic monitoring results are shown in Tables 2.3 and
2.4. Another site in London, Marylebone Rd, has also been included for comparison
purposes. The results have been assessed against the annual mean and the hourly
mean objectives. All sites are located at distances which are representative of
residential building facades with the exception of Earls Court which is relevant for
short term exposure.

Table 2.3 Results of automatic monitoring for nitrogen dioxide: comparison
with annual mean objective

c Data Annual mean cog\centrations
apture
. s fof full (ng/m’)

Sita Location Ll calendar

ID AQMA? year
2011 2007 2008 2009 2010 2011
%

KC1 North Kensington Y 94 39 33 33 37 35
AURN |West London* Y closed 46 - - - -
KC5 Earls Court* Y 96 - 107 107 113 100
AURN | Cromwell Rd 2 Y 95 72 67 72 74 66
KC3 Knightsbridge Y 92 94 94 89 91 79
KC4 Kings Road Chelsea | Y 99 91 93 93 91 89
AURN | Marylebone Rd Y 97 102 115 107 98 97

* These sites have operated for part of a year. Data capture for West London site in 2007 was 82%; Data capture
for Earls Court site in 2008 is 72%. Means should normally be “annualised” if monitoring is less than 9 months
however this has not been undertaken. Source: Londonair.org.uk. Data in italics is provisional and should be
treated with caution. Bold indicates an exceedence of the annual objective (Table 1.1).

Preliminary results (Table 2.3) for 2011 show that exceedences of the average NO,
annual mean objective level of 40 pg/m3 have occurred at all continuous sites in the
borough apart from the North Kensington background site. The data also indicates

14
Progress Report



Royal Borough of Kensington and Chelsea — England

April 2011

that mean concentrations during 2011 decreased (significantly at some sites)
compared to 2010. However this is based on unratified data and final levels may
change; it should also be noted that some of the 2010 data has increased as a result
of final ratification since the last review and assessment report was published. The
exceedences at the most polluted sites still remain more than twice above the
objective.

Figure 2.4 shows the longer term trend since 2001 in the borough (plus one other site
in central London). North Kensington, Cromwell Road and West London (until it was
closed) have shown an overall downward trend. However, over the same period the
sites at Chelsea and Knightsbridge have statistically shown a very slight increase in
the annual mean level. Whilst there is no single trend applicable to all the sites, there
was a significant drop in levels between 2010 and 2011.

Figure 2:4 Trends in annual mean nitrogen dioxide concentration measured at
automatic monitoring sites
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Table 2.4 Results of automatic monitoring for nitrogen dioxide: comparison
with 1-hour mean objective

Data Capture Number of Exceedences of hourly
I for full mean (200 pg/m®)
Within | lendar | wh l i 9 =
Site ID Location AQMA ere va "_j data is less than 90/0 the 9_9.8
" year percentile of hourly means is shown in
: 2010 brackets
% 2007 2008 2009 2010 2011
KC1 North Kensington Y 94 117 (201) 0 (122) | 1 0 0
AURN West London* Y closed | O - - - -
KC5 Earls Court* Y 96 | - 384 (242 414 515 380
AURN Cromwell Rd 2 Y 95 | 2 1(147) | 3 1 3
KC3 Knightsbridge Y 92 | 440 519 358 307 150
KC4 Kings Road Chelsea| Y 99 | 77 122 72 63 83
AURN Marylebone Rd - 97 | 452 812 477 534 205
2011 data (in italics) is provisional and should be treated with caution. Source Londonair.org.uk.
Bold indicates an exceedence of the hourly mean objective (Table 1.1).
15
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Table 2.4 shows exceedences of the hourly mean (above 200ug/m?) for NO,. The
preliminary data shows considerable variation from site to site, from no exceedences
at the background site to 380 hours at the Earls Court Site (only 18 exceedences are
permitted). Two of the sites have shown significant reductions in the number of
exceedences compared to 2010 (however some of results for the number of
exceedences in 2010 have been revised upward following the publication of the final
data). Three sites have shown increases. Three of the five sites (Knightsbridge,
Chelsea Kings Road and Earls Court) continue to exceed the objective by a very
wide margin in 2011; this illustrates that meeting the objective is highly problematic.

The chart below shows the number of hourly exceedences measured at sites in the
borough since 2001. As mentioned, the hourly objective should not be exceeded
more than 18 times in a year. The highest number of exceedences were measured
in 2008 at the Knightsbridge site but since then this number has declined but remains
significantly above the objective level. Monitoring at Earls Court began in 2008; the
number of exceedences at this site show no clear overall trend with the highest
number of exceedences measured in 2010. The chart shows that in the past decade
the overall trend has been an increase in the number of exceedences.

Figure 2:5 Trends in the hourly mean nitrogen dioxide concentration measured
at automatic monitoring sites
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All the sites are representative of public exposure for either one or more of the
objective values.

Diffusion tube monitoring data
Diffusion tube data for NO, was collected at 33 locations in the borough in 2011. The
details of all the diffusion tube sites can be found in Table 2.2.

Table 2.5 presents factored annual mean concentrations for 34 sites, 33 of which
operated in 2011 (full dataset of monthly mean values is included in Appendix B).
The data is adjusted to take into account any potential difference between the
continuous monitoring and the diffusion tube methods. The bias adjustment factor is
calculated by Bureau Veritas using data collected through the London Wide
Environmental Programme co-location study at a number of sites. The mean bias
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laboratory and bias adjustment methodology are described in Appendix A.

Table 2.5 Results of nitrogen dioxide diffusion tubes

Data Capture Annual mean concentrations
Within | %for full (ng/m®)

Site ID Location AQMA? calendar Adjusted for bias

3011 2007 | 2008 | 2009 | 2010 | 2011*
KC31 | Ladbroke Grove/Nth Ken Library Y| 100.0 63.4 58.2 57.7 60.0 52.9
KC32 | Holland Park Y 100.0 32.5 32.3 31.7 32.8 29.0
KC33 | Cromwell Road/Earls Court Rd Y 92.0 89.3 85.3 90.9 91.2 83.6
KC34 | Dovehouse Street Y 100.0 48.1 45.6 47.2 44.9 42.6
KC35 | Brompton Road/Cottage Place Y| 83.0 65.4 64.0 67.9 66.8 71.8
KC38 | Earls Court Station Y 100.0 99.2 98.2 | 101.2 96.1 95.3
KC39 | Lots Road/Upcerne Road Y| 100.0 43.0 43.5 41.4 40.7 33.4
KC40 | Brompton Road Y| 100.0 51.6 49.5 51.6 49.5 49.9
KC41 | Ladbroke Crescent Y 100.0 41.8 38.8 39.6 40.9 35.5
KC42 | Pembridge Square Library Y| 100.0 48.9 47.2 46.3 46.4 43.5
KC43 | St Marks Grove Y 100.0 421 40.2 39.1 40.8 34.8
KC44 | Donne Place Y 92.0 47.7 42.8 42.1 45.3 39.9
KC45 | Chatsworth Court Y 100.0 50.8 50.7 50.5 52.0 51.7
KC46 | Marlborough Court Y| - 52.6 | closed | closed | closed| closed
KC47 | Sion Manning School Y 100.0 37.2 36.0 35.6 37.1 32.3
KC48 | Sloane Square Y| 100.0 88.9 80.1 81.8 86.3 82.4
KC49 | Harrods Y 100.0 87.8 76.1 79.8 79.0 70.6
KC50 | Chelsea Physic Garden (Gate) Y| 100.0 55.9 52.7 58.9 57.5 56.4
KC51 | Chelsea Physic Garden (Met Station) Y| 92.0 37.5 36.1 371 36.8 33.2
KC52 | Sloane Ave. nr Marlborough school Y| 100.0 61.3 60.2 59.4 59.4 51.5
KC53 | Walmer House Y 100.0 51.3 47.0 49.6 49.4 46.3
KC54 | Cromwell Rd/Natural History Museum Y 100.0 77.6 72.8 75.6 70.7 73.2
KC55 | Blantyre St Y 92.0 49.9 46.9 43.2 44.3 40.6
KC56 | Chelsea Old Town Hall Y 100.0 88.8 87.6 81.9 80.6 84.3
KC57 | Pavillion St/Sloane Ave Y 100.0 62.8 55.5 55.0 57.7 52.5
KC58 | Kensington H St/Kensington Church St Y| 100.0 66.7 62.5 62.8 68.2 58.1
KC59 | Kensington H St/Argyll St Y 100.0 93.4 86.9 86.1 82.2 83.0
KC60 | Old Brompton Rd/Draycott Ave Y 67.0 75.0 72.2 764 | 78.9 69.3
KC61 | Fulham Rd/Limerston St Y 100.0 65.4 61.0 60.0 63.5 60.5
KC64 | Warwick Rd Y 92.0 51.2 51.7 63.0 49.0
KC56 | Barlby Road* Y 100.0 - 39.6 40.8 38.8
KC66 | Acklam Road* Y 100.0 - 43.4 459 43.5
KC67 | Southern Row* Y 100.0 - 41.6 43.6 43.8
KC68 | Exhibition Road Y 58.0 - - 55.9 60.6

# Bias adjustment factor 2011=1.02, 2010= 1.06; 2009 = 1.00; 2008 = 0.98; 2007 = 1.01 (see Appendix A), KC47 and
KC54 are the mean results of triplicate exposure. Bold indicates an exceedence of the annual mean objective of 40

pg/m® (Table 1.1). Shaded areas indicate a risk that the 1-hour objective may also be exceeded. * period mean

reported in 2009 (May 2009- March 2010 )

The results indicate that eight out of 33 sites were on or below the objective level.
These include sites located at Holland Park, Chelsea Physic Garden and Sion
Manning School. The remainder are above the objective level, with the highest
annual mean concentration recorded outside Earls Court station. Of these, a further
eleven are at risk of exceeding the hourly mean objective (shaded cells), i.e. where
the annual mean is above 60ug/m®. This is consistent with the results from the
continuous monitoring sites.

A comparison of levels measured in 2010 and 2011 shows a reduction at many (26)
background and roadside sites however there are also a number (seven) of roadside
locations where levels have increased. Whilst there is no consistent overall trend
there does appear to have been a promising change at some sites.
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Figure 2.6 on the previous page illustrates the trend since 2001. Overall, many sites
(mainly roadside locations) have recorded increased levels; there are however some
recent signs of improvement but no clear indication of a consistent downward trend.

Overall nitrogen dioxide conclusions

Despite some significant improvements in nitrogen dioxide levels at many sites, the
borough continues to exceed the annual mean objective by an appreciable margin.
Reductions of almost 60ug/m? are required at the worst road side positions and
reductions of almost 35-40uug/m® are required at building facade locations on busy
and congested roads, e.g. at distances of 8m as typified by the Kings Road site. In
less trafficked roads or where better dispersal characteristics exist, reductions of a
few micrograms to 10pg/m3 are needed. Background locations such as parks and
school grounds or roads which have access only traffic are currently meeting the
objective level.

The hourly mean is also exceeded at over half of the continuous monitoring sites and
likely to be exceeded at over a third of diffusion tube monitoring locations. These are
predominately the busier roadside locations such as high streets. Hourly
exceedences would have to be reduced by just over 360 hours to meet the objective
level (of no more than 18 exceedences of 200ug/m?) at the worst affected location.

The extent of these exceedences continues to have serious health implications. At
some individual sites, levels are more than twice the annual objective level. We
continue to fail the government objectives and time is running out rapidly, if this
borough and other parts of inner London are to meet the EU objectives by 2015.
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2.2.2 Particulate Matter (PM,)

There are two objectives for particulate matter (PM1o), to be achieved by 2004, which
are incorporated in the Air Quality Regulations; 40ug/m?® as an annual mean and
50ug/m?® as a daily mean, not to be exceeded more than 35 times a year (see Table
1.1). The whole of the borough was declared an AQMA in 2000 partially based on
exceedences of the 2004 PM+, objectives at certain locations.

Monitoring data

Monitoring of PMyq is challenging because of its complex and varied composition. In
addition there are a wide range of instruments and methods that are available and
these in turn produce variations in the way that particulate matter is sampled,
resulting in differences in the measured concentrations. In recent years there has
been much work on identifying methods ‘equivalent’ to the EU reference. This issue
has meant that a consistent long term dataset has been difficult to achieve, as exists
with other pollutants.

Automatic monitoring of PM+q (using TEOM instruments) first began in 1995 in North
Kensington (urban background site) and later from 1998 at the Cromwell Road site
(roadside). The Council has also operated a partisol (gravimetric sampler equivalent
to the EU reference method) at the Earls Court Road since May 2002. As the North
Kensington site is affiliated to the AURN, Defra has also operated partisol
instruments at the North Kensington site.

The TEOM instruments were replaced/ upgraded to FDMS units in 2009 as they were
no longer considered equivalent to gravimetric methods. The partisol monitoring
(Defra) at North Kensington was interrupted between 2007 and 2008 following a
review of the Defra monitoring networks and concerns over the quartz filters used”.
These instruments restarted in 2009. The Earls Court partisol uses Teflon coated
glass fibre (Emfab) filters these are not affected by the same issues as the quartz
filters. This site offers the longest data series in the borough which is unaffected by
the various changes resulting from measurement issues that have occurred
elsewhere.

The monitoring data included in the report includes correction factors where
applicable. Where TEOM data has been included the *1.3 and Volatile Correction
Method (VCM) correction factors have been included so that the effect of these
changes can be seen in relation to the latest monitoring methods. Partisol and
FMDS data does not require any correction.

The North Kensington and Cromwell Road sites are representative of public
exposure for both the long and short term objective values according to the definition
in Defra’s LAQM TG (09) whilst the Earls Court site which is as a kerbside location is
not considered representative. However it is important to note that for the following
reasons this is not a reasonable conclusion as there is no known threshold level at
which no health effects are detectable and current objectives are weaker than the
provisional more stringent objectives which were not adopted.

! Maggs, R., Harrison, D., Carslaw, D. , Stevenson, K. (2009) Analysis of Trends in Gravimetric
Particulate Mass Measurements in the United Kingdom
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Table 2.6 shows particulate data collected in the borough and at other central
London locations (for comparative purposes) using various methods and adjustments

between 2007 and 2011. Data capture for some sites are low due to changes at

sites and is included for indicative purposes only. Comparisons with air quality
objectives should be treated with caution where concentrations are close to the
objective level, especially for 2011 data which is unratified.

Table 2.6 Results of PM,, automatic monitoring: comparison with annual mean

objective
Annual mean concentrations
Site Within Data Capture (g/m?)
D Location Method | AQMA "
? 2008 | 2009 2010 2011 . «
% % % % 2007 | 2008 2009 | 2010 | 2011

North Kensington
KC1 TEOM 1.3 Y 98 98 96 93 25 23 23 21 23
ket | o Kensington VeM |y 98| 98| 96| 93 22| 21| 21| 20| 23
KC1 | Ronnensington None | Y 98| 86| 64| 84 21 200 21| 21| 24
AURN| N Kensington Partisol | None Y 45 81 95 95 28 19 20 16 | 19.6
KC2 |[Cromwell Rd 2 TEOM 1.3 Y 98 95 - - 35 33 32 - -

Cromwell Rd 2 VCM
KC2 |corrected /FDMS from | VCM Y 98 95 62 74 30 29 27 29 27

2010
KC5 |Earls Court Partisol None Y 86 95 98 87 40 37 36 34 33
AURN| Bloomsbury TEOM VCM - 81 <50 89 97 26 23 19 18 22
AURN | Marylebone Rd TEOM | 1.3 - 96 97 96 97 45 47 42 39 45
AURN| Marylebone Rd FDMS | none - 93 96 91 93 40~ 35 85) 32 38
AURN| Marylebone Rd Partisol| none - 58 97 82 81 47 39 39 30 35

* the means should be “annualised” as in Box 3.2 of LAQN TG(09) if monitoring was not carried out for the full

year. This has not been undertaken for the Marylebone Road or North Kensington partisol data. Bold indicates an
exceedence of the annual mean objective. Data in italics is provisional and should be treated with caution.~ very
low data capture %

All monitoring sites within the borough met the annual mean objective level. The

concentration at Earls Court declined very slightly between 2010 and 2011, Cromwell
Road also showed a slight decline (however this may be in part due to the relatively
low data capture in both 2010 and 2011). However the concentration measured at

North Kensington increased over the same period, this increase was also seen at
other central London sites.

The chart below (Figure 2.7) shows the longer term trend; overall concentrations in
the borough have declined though more recently levels have become more stable or
have increased.
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Figure 2:7 Trends in annual mean PMy, concentrations measured at automatic
monitoring sites
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The table below shows data for exceedences of the daily mean objective for three
sites in the borough and other sites in central London. The data includes various
monitoring methods. All sites within the borough met the daily mean objective level
apart from the Earls Court site. However, the number of exceedences in 2011 at
North Kensington and the Earls Court site increased significantly compared to 2010.
The Cromwell Road site was the only one to demonstrate and improvement though
as mentioned previously, this could be due in part due to a lower data capture in
2010 and 2011 at this site.

Table 2.7 Results of PM,, automatic monitoring: comparison with 24-hour
mean objective

Number of exceedences of 24 hourly

Site Within Data Capture mean >50 pg/m?® - 35 are permitted
Location Factor | AQMA 90" %tile shown in brackets where data
ID ? 2008 2009 2010 2011* capture less than 90 %
% % % % 2007 | 2008 | 2009 | 2010 | 2011
KC1 N. Kensington TEOM 1.3 Y 98 98 96 93 15 8 1 2 4
KC1 N. Kensington TEOM VCM Y 98 98 96 93 25 9 6 3 13
KC1 North Kensington FDMS Y 98 86 65 84 16 19 8 3 16
AURN  [Norih frensington None | Y 45| 81 95| 95| 19| NA| 7| 2| 14
KC2 Cromwell Rd2 TEOM 1.3 Y 98 95 - - 26 14 8 - -
Cromwell Rd2
KC2  |\cM/EDMS VCM Y 98 95 62 74 27 17 14 11 |7(42.1)
KC5 |Earls CourtPartiso | None | Y 86| 95 | 98| 69|, 4542) 43| 30| 42
AURN [Bloomsbury TEOM VCM Y 81 <50 89 97 13 (48 59) 9 2 17
Marylebone Rd TEOM 1.3/
AURN | rsthod from 07 VCM Y 96 97 96 97 | 119 | 151 110 46 73
AURN [Marylebone Rd FDMS | none - 93 96 91 93 | 14~ 35 32 22 57
AURN |Marylebone Rd Partisol* | none - 58 97 82 81 62 35 36 15 34

(Data capture for 2007 has not been included). ~ indicates very low data capture. Partisol Data 2007 <

90" percentile not calculated.
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The figure below shows the longer term trend in daily exceedences. There is
considerable variation from year to year but overall the number of exceedences had
been declining until 2011.

Figure 2:8 Trends in daily mean PM,, concentrations measured at all
monitoring sites
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PM, conclusions

Monitoring at the three sites in the borough reveals that all sites, including Earl’s
Court, have met the annual mean objective for PM4q since 2008. The daily mean
objective has been met at the North Kensington and Cromwell Road sites but not at
the Earls Court site. It is likely that there are other locations in the borough that are
be close to or above the objective level for the daily mean objective, but we are only
able to comment on those areas where monitoring is in place.

223 Particulate Matter (PM, )

The latest Air Quality Strategy? set a cap of 25ug/m? for particulate matter (PM,.5)
and a likely target of a 15 per cent reduction in annual mean concentrations at urban
background locations by 2020. This reduction approach is a replacement for the
indicative 2010 objectives set for PM4g in the 2000 strategy and 2003 addendum.
However, there is no requirement for local authorities to report against these
exposure reduction targets. Nevertheless as the PMo annual mean objective now
appears to have been achieved across London, this PM, 5 metric will become
increasingly more relevant. Information on current levels has therefore been
included below.

% Defra (2007) The Air Quality Strategy for England, Scotland, Wales, and Northern Ireland
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Monitoring data

Monitoring of PMy 5 is only undertaken at a relatively small number of locations in the
London area. PM;shas been monitored in the borough by Defra, using a gravimetric
instrument, at the North Kensington site since 2002. This monitoring was interrupted
in October 2007 following concerns about the filters used in these instruments.
Monitoring restarted in 2008 and is now additionally monitored with an FDMS
instrument (a continuous method).

Table 2.8 shows PM; s data for sites in the borough along. For comparison purposes, it
also includes two other central London sites. These results indicate that levels in these
parts of London are currently within the cap level. Marylebone Road is 24ug/m? (just
within the cap level) which suggests that other locations may be close to or just above the
cap. Also it should be noted that the data is not fully ratified and should be treated with
caution.

Table 2.8 Annual mean level of PM, 5 automatic monitoring

Annual mean concentrations
. Data Capture % (Cap Level 25ug/m3)
. Location UL (uglm:")

Site ID AQMA

? 2008 | 2009 | 2010 | 2011 | 2007 | 2008 | 2009 | 2010 | 2011
KC1 North Kensington FDMS Y 4 97 93 92 - 18 14 14 16
AURN |N Kensington Partisol Y 60 89 88 87 16 13 11 11 14
KC2 Cromwell Rd 2 FDMS Y No data 33 14 41 - - 16 16 16
AURN |Bloomsbury TEOM/FDMS - 88 91 89 98 14 13 16 16 17
AURN [Marylebone Rd TEOM - 94 84 - - 20 20 - - 16
AURN [Marylebone Rd FDMS - - - 58 95 - - 21 21 24
AURN [Marylebone Rd Partisol - 58 81 28 82 24 25.6 18 21 22

*Monitoring of PM_ s at Cromwell Road began in 2009. Data in italics (2009) is provisional and should be treated with
caution. Bold indicates an exceedence of the hourly mean objective (Table 1.1). Italics represent unratified data.
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In addition to the cap there is also a requirement for a percentage reduction level based on
the Average Exposure Index (AEI) to be calculated from the national average PM; 5
concentrations for 2009-2011 (based on Defra’s PM; s background stations). This will
require further improvements at background locations by 2020.

The figure below shows concentrations with the EU cap level since 2002. Overall the
longer term annual mean levels appeared to have been largely declining. However, more
recently, between 2009 and 2010 levels stabilised and in 2011 concentrations increased.

In examining the longer term trends, it should be noted that the monitoring has been
interrupted at some sites due to changes in equipment and monitoring methodology. Also
some of the results are based on low data capture, which might partly explain the variation
recorded at Marylebone Road.

Figure 2:9 Trends in annual mean PM; s concentrations measured at all
monitoring sites
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The exposure reduction target will be calculated based on the three year average from
2009 to 2011 at urban background locations. The annual mean concentrations currently
being measured at urban background sites would indicate that a national exposure
reduction target of 15 per cent is likely to be applied, to be achieved by 2020.

It is therefore important that measures to reduce PM; s are not deferred by an apparent
meeting of PM4 objectives.
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Sulphur Dioxide (SO5)

April 2011

Three objectives have been set for sulphur dioxide (SO;), a one hour mean of 350
;ug/m3 (not to be exceeded more than 24 times per year), a 24 hour mean of
125ug/m? (not to be exceeded more than 3 times per year) and a 15 minute mean of
266 ug/m* (not to be exceeded more than 35 times per year).

Monitoring data
Monitoring data is currently collected at two sites in the borough and is shown in the
table below. Data from Bloomsbury (outside the borough) is also included. These

monitoring sites are representative of levels at residential areas away from busy
roads and at the fagade of residential buildings near busy roads.

Table 2.9 Results of sulphur dioxide automatic monitoring: comparison with

objectives
Data Number of Exceedences 2011
. . Withi A |
Site ID Location AQI:VI ;\n’) C;g’;l:)re rrrr‘::: 15-minute 1-hour 24-hour

’ % Objective Objective Objective
(266 pg/m®) | (350 ug/m®) | (125 pg/m?)

KC1 North Kensington Y 98 2.2 0 0 0

AURN Cromwell Road Y 96 3.7 1 0 0

AURN Bloomsbury N 99 5.7 2 0 0

There were between one and two exceedences of the 15 minute mean at two sites in
2011 however this is well within the allowance of 35 breaches. No exceedences of
any of the objectives have been observed in the past ten years at monitoring
locations in the borough. Elevated SO, is most likely to occur as a result of plume
grounding episodes arising from industrial sources in the East Thames area but none

have resulted in any exceedences of the objectives.

Generally there has been a decline in annual mean concentrations over the longer
term but more recently levels have tended to stabilise. The 15 minute, one-hour, and

24 hour mean objectives for SO, continue to be met in the borough.

Figure 2:10 Trends in Annual Mean Sulphur Dioxide Concentration Measured at
Automatic Monitoring Sites
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2.2.5 Benzene

Two objectives have been set for the assessment of benzene, a running annual mean

of 16.25ug/m® to be met by 31.12.2003 and a more stringent annual mean of 5ug/m?® to

be achieved by 31.12.2010.

Monitoring Data

We currently undertake sampling at five locations using diffusion tubes, these include
two roadside, two background, and one site in close proximity to a petrol station
forecourt. The petrol station has operated stage two (in addition to stage one) vapour
recovery since 2007.

The highest levels of benzene have generally been recorded at the petrol station sites.

The table below shows the 2010 objective has been met at all sites since 2007; the
2003 (16.25ug/m®) objective has been met since 2000 (the measured annual mean is
assumed to be the equivalent of the running annual mean). Results for 2011show an
increase compared to 2010 at four sites however this may be due in part to the lower
data capture (75%) in 2010. There were two months of data loss in 2011.

Table 2.10 Annual Average Benzene Levels Using Diffusion Samplers (ug/m?)

KC03 KCO0X
La}figl?;ke KCo02 Warwick KCo04 Perﬁg?isdge Old Bromp_ton
Year Grove/Nth Holland Rd Petrol | Dovehouse Square Rd/Clareville
Ken Library LS i el Library ST n
(forecourt) Petrol station
2000 5.1 3.1 11.4 2.6 4.2 -
2001 4.3 2.0 11.0 3.7 2.9 -
2002 4.9 1.8 12.5 2.1 2.6 -
2003 3.9 2.4 9.6 2.5 2.9 -
2004 2.1 1.2 9.5 1.4 1.6 -
2005 2.0 1.3 9.2 1.4 1.8 -
2006 2.3 1.9 9.2 1.7 2.0 5.7
2007 2.2 1.6 Closed 1.5 1.7 3.2
2008 2.3 1.6 - 1.6 2.0 2.8
2009 2.1 1.6 - 1.7 1.8 2.6
2010 1.6 1.0 - 1.2 1.6 1.7
2011 14 1.3 - 1.4 1.9 2.8

Figure 2:8 (overleaf) shows the longer term trend. After an initial decline most sites showed
steady levels since 2004. The petrol station site however declined more slowly with levels
stabilising from around 2008 onwards.
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Figure 2:8 Trends in Annual Mean Benzene Concentration Measured at Diffusion Tube
Monitoring Sites
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2.2.6 Other pollutants monitored

Polycyclic Aromatic Hydrocarbons (PAHSs)

Polycyclic Aromatic Hydrocarbons (PAHs) are a complex mixture of organic compounds
some of which are carcinogens. The Government has set an objective for these
pollutants. It would be very difficult and expensive to monitor a selection of these
pollutants, consequently, the Government has selected benzo(a)pyrene (b(a)p) as a
marker for PAHs and set an objective based on this pollutant: 0.25ng/m? 2" 3) a5 an
annual average to be achieved by the end of 2010.

Whilst this objective has been set, it has not been included in regulations for local air
quality management purposes. However, monitoring data from the London area
(Victoria, Brent and Marylebone Road) has been included in this report, for information.
The main sources of b(a)p are industrial emissions, domestic coal and wood burning.
Vehicles no longer appear to be a major source. This pollutant may become of
increasing concern in the future if the use of biomass or biofuels become more
widespread.

The most recent data available from monitoring at sites in Marylebone Road and Brent
are included in the chart below (monitoring at Victoria ceased in 2007). Only data up to
the end of 2010 was available from the Defra data archive at the time of preparing the
report.

Monitoring methods at the Brent site changed between 2007 and 2008. The chart
shows levels increased after this time. It is possible that this change in method is the
reason for this. However, we cannot be certain as the monitoring at Marylebone Road,

: ng stands for nanogram. A nanogram is one millionth of a milligram or one thousandth of one millionth
of a gram
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only commenced at the start of 2008 and there is no long term data set available prior to
then.

Of the available data it appears that the objective was exceeded only at Marylebone Rd
in 2008. Indications are that the levels of benzo(a) pyrene were below the objective
level in 2010. The concentrations remained relatively stable between 2009 and 2010.

Figure 2:11 Trends in Annual Mean Benzo(a)pyrene Concentration Measured at
Monitoring Sites in London
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The monitoring method at Brent changed between 2007 and 2008. Marylebone Road monitoring began in 2008.

As the borough has no industrial processes and very little coal and wood burning,
concentrations of b(a)p would be expected to be similar to the levels indicated by the
above monitoring results and are therefore likely to be within the 2010 objective.

Ozone (03)

The objective for ozone (O3) is 100ug/m? not to be exceeded more than 10 times a year
(calculated as the daily maximum 8 hour mean) by 2005. This objective is not included
in the LAQM process as ozone reduction requires action at a regional and European
level. However, due to its health effects, monitoring is undertaken at the North
Kensington background site. Ozone formation is dependent on high temperatures and
sunny weather as well as the necessary precursor pollutants such as oxides of nitrogen
(NOy) and volatile organic compounds. Unlike most pollutants, ozone tends to be
higher at background locations away from busy roads, often the highest levels being
reached in rural locations. This is because NOy, emitted from vehicle exhaust and
building flues will react with ozone removing it from the atmosphere.
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Figure 2:12 shows levels of ozone at a background location in the borough, in
comparison to the objective level (as shown by the red line). There is no clear overall
trend from 2000 to the present. However ,it is clear to see that in 2011, the number of
exceedences were above the objective level for the first time in three years.
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Figure 2:12 Trends in the 8-hour ozone exceedences measured at automatic
monitoring sites
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Figure 2:13 below shows annual mean levels of ozone measured at North Kensington,
Bloomsbury (background site) and Marylebone Road (a roadside location site) from
2000. Marylebone and Bloomsbury are located outside the borough. Concentrations of
ozone at the roadside location are lower due to its oxidation by traffic pollutants. This
chart shows that, overall, annual mean levels have increased over the period shown.

Figure 2:13 Trends in annual mean ozone concentrations measured at automatic
monitoring sites
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227 Lead

There are two annual mean objectives for lead, 0.5 ug/m? (to be achieved by 2004) and
an objective of 0.25 pg/m® (to be achieved by 2008).

Lead monitoring in the borough is undertaken by Defra at the Cromwell Road
monitoring site. Monitoring was previously undertaken by the Council at Ladbroke
Grove. When leaded petrol was phased out, monitored levels dropped significantly so
the decision was taken to close the site at the end of 2001. Monitoring data is shown in
the table below, however, at the time of writing, data for 2011 has not been made
available by Defra so cannot be included in this report.

Table 2.10 Annual Mean Lead levels within the Borough

Year Ladbroke Grove (ug/m®) Cromwell Rd (ug/m°)
1999 0.073 0.068
2000 0.041 0.032
2001 0.026 0.031
2002 - 0.027
2004 - 0.017
2005 - 0.015
2006 - 0.017
2007 - 0.011
2008 - 0.012
2009 - 0.013
2010 - 0.010
2011 Not available Not available

As demonstrated in the chart below, monitoring data shows a significant downward
trend over the longer term however, whilst the level of reduction in the past few years
continues, it does so by a much smaller amount. The 2004 and 2008 objectives have
been met at the Ladbroke Grove site since 1992 and at the Cromwell Road site from
1994.

Figure 2:14 Trends in Annual Mean Lead Concentrations
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2.2.8 Carbon Monoxide (CO)

The objective for carbon monoxide (CO) is 10 mg/m** as a maximum daily 8 hour
running mean. CO monitoring data recorded in the borough since 2007 is shown in
Table 2.11 including data from one other busy kerbside location from central London

(Marylebone Road). Data recorded in 2011 shows we continue to meet the objective.

Table 2.11 Concentrations of CO in the Borough and at one central London site

Year Site Annual mean Max daily 8-hour No. of hours above % Data
(mglms) running mean 10mglm3 capture
(mg/m’®)

2007 North Kensington 0.3 2.6 0 98
West London 04 2.0 0 82
Cromwell Rd 2 0.6 2.3 0 96
Marylebone Rd 0.8 2.7 0 94

2008 North Kensington 0.3 1.7 0 98
Cromwell Rd 2 0.5 2.3 0 93
Marylebone Rd 0.7 2.5 0 98

2009 North Kensington 0.3 1.7 0 98
Cromwell Rd 2 0.4 2.3 0 97
Marylebone Rd 0.7 2.5 0 98

2010 North Kensington 0.3 28 0 97
Cromwell Rd 2 0.6 3.4 0 68*
Marylebone Rd 0.6 2.7 0 96

2011 North Kensington 0.2 1.5 0 97
Cromwell Rd 2 0.4 1.3 0 97
Marylebone Rd 0.7 1.9 0 96

* Warning low data capture

There were no exceedences of the objective in 2011 at any of the monitoring locations
in the borough. The maximum daily 8 hour running mean values continue to fall and are

well within the 10 mg/m? objective level. Generally, annual mean levels at roadside
locations are a little higher than concentrations at background locations. The figure
below shows the longer term trend in annual mean levels, this demonstrates a fairly

steady downward trend at most sites. Levels have generally stabilised in more recent
years; though Cromwell Rd and North Kensington declined slightly between 2010 and

2011.

Figure 2:15 Trends in Annual Mean Carbon Monoxide Concentrations Measured
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229 1,3-Butadiene

Measurements should meet the 2003 objective as a running annual mean of 2.25ug/m?®.
1,3-butadiene is not monitored in the borough, although data are collected by Defra.
Whilst this is limited to a few sites within London, it can be used to indicate local levels
(see table 2.12 below).

Table 2.12 Levels of 1,3-butadiene (maximum annual running means) in London

Year Site Annual Mean (ug/m°) % Data Capture
2001 Marylebone Rd 1.12 86
Eltham - -
2002 Marylebone Rd 0.95 96
Eltham -
2003 Marylebone Rd 0.64 92
Eltham - -
2004 Marylebone Rd 0.57 81
Eltham 0.15 91
2005 Marylebone Rd 0.45 89
Eltham 0.11 94
2006 Marylebone Rd 0.45* 71
Eltham 0.09 80
2007 Marylebone Rd 0.31 78
Eltham 0.10 83
2008 Marylebone Rd 0.35 80
Eltham 0.10 82
2009 Marylebone Rd 0.36 83
Eltham 0.08 85
2010 Marylebone Rd 0.59 71
Eltham 0.08 80
2011 Marylebone Rd 0.24 44
Eltham 0.06 64

*Incomplete data. Data in italics is provisional

The running annual mean concentration has declined steadily at the Marylebone Road
(roadside) site dropping from 2.25ug/m? to 0.31pg/m® between 1999 and 2007 (though
there was a slight increase between 2008 and 2010). The Eltham site, which has
operated intermittently, has been well within the objective since 1999 when monitoring
started. Levels in 2011 show further slight decline however data capture, especially at
Marylebone road was low. These results indicate that there are unlikely to be any
exceedences of the 2003 objective in the borough.

Figure 2:16 Trends in the Maximum Running Annual Mean 1,3-Butadiene Measured at
Automatic Monitoring Sites
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Summary of compliance with AQS objectives

Kensington and Chelsea Council has examined the results from new monitoring in
the borough and other comparable sites over the last twelve months. Preliminary
monitoring at the borough’s five continuous monitoring sites shows concentrations of
sulphur dioxide, benzene, lead, carbon monoxide and 1,3- butadiene meet the
relevant air quality objectives.

Continuous monitoring shows that exceedences of the annual mean NO; objective
level have occurred at all sites apart from the North Kensington background site.
Exceedences of the hourly mean objective vary from site to site, from none at the
North Kensington to 380 at the Earls Court site (rather than the 18 exceedences
permitted).

Monitoring of PM4o at our three sites shows that these have all met the annual mean

objective since 2008, however whilst two sites met the daily mean objective level one
site exceeded it. It is therefore possible that there are other locations in the borough

that may be close to or above the daily mean objective level. Therefore no changes

are proposed to the air quality management order.

Ozone also exceeded the daily maximum 8 hour mean objective but that does not
form part of LAQM responsibilities.

35



3 Road Traffic Sources

3.1 Narrow Congested Streets with Residential Properties

Close to the Kerb

Previous assessments already included narrow congested streets. No new roads have

been identified.

Kensington and Chelsea Council confirm that there are no new/newly identified
congested streets with a flow above 5,000 vehicles per day and residential properties
close to the kerb, that have not been adequately considered in previous rounds of
Review and Assessment.

3.2 Busy Streets Where People May Spend 1-hour or
More Close to Traffic

Previous assessments already included streets where people may spend one hour or
more near to busy traffic. No new roads have been identified.

Kensington and Chelsea Council confirm that there are no new/newly identified busy
streets where people may spend one hour or more close to traffic.

3.3 Roads with a High Flow of Buses and/or Heavy
Goods Vehicles (HGVs).

Kensington and Chelsea Council confirm that there are no new/newly identified roads
with high flows of buses/HGVs.

3.4 Junctions

Kensington and Chelsea Council confirm that there are no new/newly identified busy
junctions/busy roads.

3.5 New Roads Constructed or Proposed Since the Last
Round of Review and Assessment

Kensington and Chelsea Council confirm that there are no new/proposed roads.
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3.6 Roads with Significantly Changed Traffic Flows

An examination of road traffic data between 2007 and 2011 for link and junctions shows
that traffic flow increased by more than 25 per cent at one link location between 2007
and 2009, namely, King’s Road. However this is based on manual traffic counts which
represent a ‘snap shot’ of traffic levels. In any case as the borough is already an AQMA
for nitrogen dioxide a detailed assessment is not required.

Kensington and Chelsea Council has assessed new/newly identified roads with
significantly changed traffic flows, and concluded that it will not be necessary to
proceed to a Detailed Assessment.

3.7 Bus and Coach Stations

There are no relevant bus or coach stations in the borough.

Kensington and Chelsea Council confirm that there are no relevant bus stations in
the Local Authority area.
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4 Other Transport Sources

4.1 Airports

Kensington and Chelsea Council confirm that there are no airports in the Local
Authority area.

4.2 Railways (diesel and steam trains)

There are two railways that run through the borough, the West London line and the
Paddington main line. Rail contributes approximately 16 per cent (137 tonnes/yr) to
nitrogen oxide emissions and to 70 per cent (10 tonnes/yr) of sulphur dioxide emissions
within the borough.

4.2.1 Stationary trains

Kensington and Chelsea council confirm that there are no locations where diesel or
steam trains are regularly stationary for periods of 15 minutes or more, with potential
for relevant exposure within 15m.

There are no signals, goods loops, depots or stations within 15 metres where members
of the public are likely to experience trains idling with engines running for 15 minutes or
more. Therefore, a detailed assessment of stationary trains in the borough is not
required.

4.2.2 Moving trains

Kensington and Chelsea Council has not identified any new locations (since the
previous updating and screening assessment) with a large number of movements of
diesel locomotives, and potential long-term relevant exposure within 30m.

The guidance (TG 09) had previously identified the Paddington to Swansea line as
having high level of diesel passenger trains. This rail line crosses the northern end of
the borough; the background annual mean nitrogen dioxide level in the area is expected
to be above 25ug/m®. In addition a number of residential blocks have been identified
within 30m of the track.

4.3 Ports (shipping)

Kensington and Chelsea Council confirm that there are no ports or shipping that
meet the specified criteria within the Local Authority area.

There are no ports within the borough or shipping movements which meet the criteria
specified in LAQM (TG09)
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5 Industrial Sources

5.1 Industrial installations

511 New or proposed installations for which an air quality assessment has
been carried out

Kensington and Chelsea Council confirm that there are no new or proposed industrial
installations for which planning approval has been granted within its area or nearby in
a neighbouring authority.

Since the last USA dry cleaners are the only industrial process that has come within the
control of the local authority. In RBKC, there are thirty dry cleaners. These premises
are inspected on an annual or three-yearly basis, depending on their risk score. These
are not relevant in terms of the Air Quality Strategy pollutants.

5.1.2 Existing installations where emissions have increased substantially or
new relevant exposure has been introduced

Kensington and Chelsea Council confirm that there are no industrial installations with
substantially increased emissions or new relevant exposure in their vicinity, within its
area or nearby in a neighbouring authority.

51.3 New or significantly changed installations with no previous air quality
assessment

Kensington and Chelsea Council confirm that there are no new or proposed industrial
installations for which planning approval has been granted within its area or nearby in
a neighbouring authority.

A pre-application proposal for a gasification and pyrolysis plant which will thermally treat
clinical and municipal waste has been received by the Council. It is likely that this
process will be regulated by the Environment Agency, however an air quality
assessment has been requested and this will need to be submitted with the planning
application to assess the impact on local air quality.

5.2 Major fuel (petrol) storage depots

Kensington and Chelsea Council confirm there are no major fuel (petrol) storage
depots within the borough.
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5.3 Petrol stations

The borough has a total of six petrol stations. Monitoring is undertaken in the vicinity of
one petrol forecourt location within five metres of a petrol pump. Currently levels are
within objective limits for benzene. See Section 2.2.4 for further information on the
monitoring and the results. We have four petrol stations with a throughput of more than
3500m?® per year. These all have stage Il recovery. Therefore, a detailed assessment
is not required of any of the petrol stations in the borough.

Kensington and Chelsea Council confirm that there are no petrol stations meeting the
specified criteria.

54 Poultry farms

Kensington and Chelsea Council confirm that there are no poultry farms meeting the
specified criteria.
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6 Commercial and Domestic Sources

6.1 Biomass combustion — individual installations

At present there are only a few biomass boilers likely to be operating in the borough in
the range of 50kW-20MW. The Council’s planning section was contacted to provide
information on developments that sited biomass boilers, however very few have been
installed. Further follow up is being proposed.

When planning applications are received, our advice to the planning department is to
discourage biomass because the borough is an AQMA and to draw developer’s
attention to our air quality supplementary planning document which promotes low
emission strategies for new developments. Where applications include biomass boilers
they must demonstrate the likely impact on the surrounding area, this has in general
resulted in biomass options being rejected. Since the previous USA the number of
applications for new developments which include biomass or biofuel boilers has been
reduced. Almost all new applications which have come to our attention propose CHP
units.

Kensington and Chelsea Council confirm that there are new no biomass combustion plant in
the Local Authority area.

6.2 Biomass combustion — combined impacts

There is little evidence that a large number of small biomass boilers are operating in the
borough.

Kensington and Chelsea Council confirm that there are no biomass combustion plant in the
Local Authority area.

6.3 Domestic solid-fuel burning

There is little evidence that large scale solid fuel burning is being carried out in the
borough.

A small but growing number of fireplaces may be using solid fuels, although this is
unlikely to be the main source of heating. Few complaints are received by the
Environmental Health department about smoke from residential premises.

Kensington and Chelsea Council confirm that there are no areas of significant domestic fuel
use in the Local Authority area. This includes the significant burning of coal and smokeless
fuel.
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7 Fugitive or uncontrolled sources

The only potential source of fugitive emissions in the borough is large construction sites.
However all large sites are required to follow the Mayor’s best practice guidance on
construction and demolition and many employ continuous monitoring of PM o to enable
the works to be monitored and the site manager to be alerted of predetermined trigger
levels to either investigate or stop any activities which are likely to be the cause of
elevated levels.

Kensington and Chelsea Council confirm that there are no potential sources of fugitive
particulate matter emissions in the Local Authority area which have not been covered by
previous rounds of review and assessment.
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8 Conclusions and Proposed Actions

8.1 Conclusions from New Monitoring Data

The Updating and Screening Assessment has not identified any significant changes to
the air quality in the borough, though some improvement in monitored levels of NO, has
been noted at a number of locations. In summary the results for nitrogen dioxide and
particulate matter continue to exceed one or more of the Government’s air quality
objectives within the borough, therefore it is necessary to continue to maintain the
AQMA. As no significant changes have been identified, no changes are proposed to the
AQMA are required as a result of new monitoring data.

8.2 Conclusions from Assessment of Sources

A review of sources using the Defra guidance has identified few changes as a result of
local developments: road transport, other transport, industrial, commercial, domestic or
fugitive emissions. However we continue to discourage the installation of biomass in
new developments and request air quality assessments for proposals with Combined
Heat and Power plant which can substantially increase levels of NOx compared to
cleaner low NOx boilers.

8.3 Proposed Actions

The next progress report is due to be completed and submitted in 2013, which will
include a review of new monitoring data collected for the key pollutants.

Any proposal for a gasification and pyrolysis plant which is received will require an air
quality assessment to be submitted with the planning application to assess the impact
on local air quality.
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9 Implementation of Action Plans

Summary

There are two essential parts to improving air quality, understanding the nature and
extent of the problem, as set out in the earlier sections of this report, and having a
focused plan of action to tackle the sources and causes of polluting emissions. The
current Air Quality Action Plan (2009-14), which continues our work towards achieving
the national air quality objectives, has only two years left before it is replaced with a new
plan. Inevitably and encouragingly some of the actions have been completed, or taken
a slightly different direction as opportunities arise, this is explained in the updating of
each individual action. The progress that has been made represents the combined
efforts of several Council departments rising to the challenge of reduced resources and
the transition to bi-borough working.

The most encouraging advances have been made in improving the emissions from
Council vehicles (action 4), reducing emissions from Council buildings (action 6), and
like last year, increasing support for cyclists (action 17). Introducing vehicles with
smaller engines and reducing the mileage of the Council fleet has resulted in an
estimated 15 per cent reduction in oxides of nitrogen (NOx) emissions and 50 per cent
reduction in particulate matter (PM) emissions. Overall carbon savings (a proxy
measure for the reduction of PM and NOx) now amount to 475 tonnes of carbon dioxide
per annum, realised through additional insulation, installation of solar panels and an air
source heat pump at Kensington Town Hall, as well as voltage optimisation units fitted
to Chelsea Old Town Hall and the Council Offices at Pembroke Road. Once again
there has been a large increase in adult cycle training, as well as help with cycle repairs
(Dr Bike) and cycle maintenance classes.

Notable progress has also been made in addressing the impacts of redevelopment and
in increasing the number of docking stations in the borough for the London Cycle Hire
Scheme. On larger sites (action 8) there are a growing number of examples where
developers are fitting pollution abatement equipment and photo-voltaic panels, and
instead of CHP installing air source heat pumps. By persuading some developers not to
install biomass burning boilers (action 15) we have saved an estimated 1 tonne of
annual NOx emissions per annum from one site. Most contractors working on major
redevelopment sites are now actively measuring and controlling emissions of dust and
PMy, (action 11) with the aid of automatic monitoring equipment. This year for the first
time, as a new way of financially supporting our own air quality monitoring, we have
collected £5000 from developers for our air quality action fund (action 11) which will go
towards the cost of maintaining the equipment.

There are several plans which need more work including PM ;5 monitoring (action 1)
and the boiler survey (action 13) where data remains to be analysed, and Council staff
travel (action 5) where we would hope to reduce car travel further and increase cycling
and walking. We will also be urging the car club (action 19) to recruit more members,
and using the research into options for tightening up the London Low Emissions Zone
(action 21) to lobby TfL for early changes.
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As indicated in the previous report (2011) two plans have been hampered by external
factors. We have only been able to do a certain amount of work collaborating on public
health initiatives (action 2) owing to reduced staff resources. Assessing emissions from
the housing stock has been made more difficult following the removal of national
indicator 194 which provided an obligatory template for data gathering.

However there is a possible opportunity to resume health promotion work, by building
on some initial research into raising awareness and engaging the business community
in taking their own steps towards improving air quality. Preliminary approaches suggest
an untapped enthusiasm for direct participation and leadership in practical action. We
hope to report on this in twelve months time.

Finally, over the last 12 months, we have been working with the central London cluster
group and a consultant to undertake a review of a wide range of existing measures
currently being undertaken by local authorities and new measures that could be
adopted. This has involved an analysis of the measures and production of frameworks
which examines different scenarios with their associated costs and benefits. Fact
sheets have developed for other measures. These are still being finalised, but where
appropriate we have incorporated some early results in the action plan summary table.
This is an exciting piece of work which will help focus our attention on actions which will
have the most impact. Further details will be reported next year, with greater emphasis
on costs and benefits.

45

Progress Report



uodey ssalbolid

v
‘S[IB}ap JBYMNY 10} OZ Uoljoe
299G ‘Ae|dsip pue ainquIsIp ||IM [1I2UN0D "9yows
ayl yoiym sauibus buljpr abeinooasip puey-puooss Jo
0] sJ9)s0d Jo sauas e paonpoud sey i1 siebuep ayj pue
Ayjenb aie Joopul
"10d @y) Aq uayeuspun pue ewyjse Jo
mou si Ajiajoe [euonowoud sawoy ssoualeme Buisiel
991} 9YoWs pue uonessad bupjows -asue Aq seanijenbaul
saunpoddo alaym sjajjes| Ajjenp iy "SUOISSIWS yjleay pue ssauj|l
JOOpU| JNO 8)NQUISIP PUB SJUBAS pusjie Jsji0q pue pajeja. uonnjjod
0] @NUiBUOD am s}sIxa Jabuoj ou jsod apIxouow uogJes Buipjoe; ul
19210 Sawoy da4) dows ay} ybnouyyy ‘Bupjows se yons SHOY8 8]euIpJood
sanss| Bullenod pue suonesiuebio
pajels ‘panunuod aney sdnoib Ayjenb aie doopui yijeay |eo0|
asimlaylo| Ase3 ayjealg o} suonejuasald ‘1enamoy pue euwyise UlIM UOI}BIOQge||09 | UoneIoge||0D
ssa|un uoleloge|o0o palepuly sey (19d) uo saAleniul ¥102 uayibuaiys yyesH
e/N ‘BuiobuQ | ysnu] a1ed Atewild 8y} jo uonesiuebioay B/N | juiof jo Jaquinu -600Z| 0L02-600¢C V1 0] YO ollgnd 4
mE\mzov
ale uoneodo| SIYy} }8 SUOBJJUSdU0D (S°Nd)
1By} Sejedlpul )i ‘JISASMOH “udyeuapun sojoiued auly
aq 0} ||3s s! eyep ay} jo sishjeue J0 sjo8yie yjesy
SN 01 Buiob-uo| Jayung -uodal siy} ul papnjoul usaq sey 10} SuJI82UO0D
oly10ads sainseawl | s| BullOjUO pue pajd9||0d Uda( Sey ejep JoAMOH Buiseaioul
uoloNPal UOoISSIWD ‘6002 ‘sanss| Juswdinba pue swajgqoid ays jJo 010z 294 8y} Joj Junoooe
Buidojansp 1snbny | Jaquinu B wouj paJayns | | 0g Ul UoIjoa||09 Aq ybnouoq ayj u 0} ylomjau |  Buuoyuow
ulr 1ouno) | ul pajejdwod | ejeq '600g Isnbny ul uonels Buloyuow uonels Bulojiuow Bulioyuow SN
ayy djay Iim SN Sem (epispeol) peoy [[eMmwol) ay} 1e STNd opls JuaiInd ay} Jo Joj adoos
Jo Buloyluow ay] | uoneelsu] | pajelsul sem juawdinba Buuojuow SN B/N| peoJ auo jses| 1y 0102 6002 v1/| @doos ayy mainey MBINDY
suononpal uononpal
uoissiwo a)ep uoissiwo aseyd
0} Bunejaa uon9sjdwod |enuue uoneu aseyd
sjuUaWIWon pajewin}s3y syjuow g| )sej ui ssaiboid yobue ] Jojeaipuj awa|dwy] | Buluueld | pea snoo4 ainses|y | OoN

1102 udy

Z1-1102 Ssaiboid ueld uonoy |6 ajqel

pue|bug — eas|ay) pue uojbuisusy Jo ybnolog |eAoy




uodey ssalbolid

Ly
uonepodsuel] S,|1I0UN0Y By} WO} SI82IHO
‘ybnoloq ayy ul
S|00YOS WoJ} SIayoea) peay J0} POUSAUOD
90UBJBJU0D B Je 8)0ds Os|e |Iouno) ay |
"S9OIAJISS Y-y |em pue | X3 J1e ay} sjowoud
0} Ajunuoddo ue aaeb osje yoiym
‘sBbunsaw dnoib Ases ayjeaig aaiy)
0] paJanijop a1am suonejuasald ‘Jesh syl
"yjleay uo s}oaya syl pue uoninjod Jie jo
SSouaJeMe 8SIeJ 0} SBNUIIUOD [I2UN0Y By |
"(4om siyy jo
yonuwi ul paAjoAul Sem oym) 1sod s 190110
uonowold Ayenp Jiy 8y} jo uonajep
a2y} 01 anp 194 payoeal usaq ayinb
10U sey sJaquasqgns QQg Jo 18bie) ay |
“Jeak Jad siaquosgns
L ¥ JO 8seaudul ue si siy} °11.02/0102
0} uosuedwod u| "ZL/L1L0g Buunp ‘ybnoloq ay}
(#102-6002) | S1oquosgns mau {7 aiam aiay] ‘eas|ayd ul S|ooy9s [|le yum
Buiobuo pue uojbuisuay| UIYlIM 92IAI8S | XJ 1 JIe S)UI| ysigeis3
ag [|Im ay) 0} aquosqns ajdoad gz ‘elep o "S|ooyos
sanunuoddo ‘sdnolb yum Bupjiom
|euonowo.d ‘(s@onoeld 4o ul susalos Ajunwwod pue ‘wod Iepn
[elauaD) AL) SUSBIOSWY UO d2IAI8S | X | lIe pue s|jooyos pue ] x3lJle
ay} asianpe 0} (g ueld oy Jueasjal) 1 Dd 0} sdoysyJom SE yons sawayos
"pPaleIs | 8Ul YyIm payiom sey [1Iouno) ayl ‘OMgy Ul sSsaualeme pue ul uonjedioned
9SIMIBY)0 suonejuasaid Aq sanssi Ajjenb
nun Buiobuo ‘lelsrew apinoid Jle ayowo.d pue
sJaquinu [euonowo.d s}I pue 821AI8s | X3 1 lIe yjjeay uo s}09)o
uonduosqgns ay} dojaasp pue poddns 0} D¥Y3D pue '00¢ Jo 196uey | (Buiobuo) S)l pue uonnjjod
1X31e| sybnolog uopuo Jayjo yiim uoljeloqe|od yoeal 0} siasn 102 Jle JO ssdualeme | Ssoualeme
/N | o Buojuoy Ul %1om 0} panuiuod sey OMdy E/N 1X3L1le jo 'ON -600¢ 600¢ V71| ®slel 0} anuijuoy Buisiey €
suoionpal uononpal
uoissiwo a)ep uolissiwd aseyd
0} Bunejai uona|dwod |enuue uoinjeu aseyd
sjuUdWWODH pajewns3y syjuow g| )se| ul ssaiboid yobue Jojeaipu| awa|dwy] | Buluueld | pean Sn2o4 ainses|y | ON

1102 udy

pue|bug — eas|ay) pue uojbuisusy Jo ybnolog |eAoy




£14

uodey ssalbolid

Bunnosal ‘v1|S
Jo} paonpoud sem
ley} ue|d uoqied

ay} Jo Hed sy

‘obea|iw paonpal
SE [|oM Sk S9zIs
auibus Jg|lews

0} 9A0W & 0} anp
sem siyl "%8'6¥
Aq pesealosp
SUOISSIWD

%'Nd pue

‘o061 AQ pasealosp
S9[0IYaA [10UN0D Aq
abes|iw ssauisng
WwoJ} SUOISSIWS

*ON (8|qejiene
S| Jey} uoljewuojul

‘slainjoejnuew Jo abuel

e Aq pjay syuana bBuipuane Aq ABojouyos)
9]0IYSA UOISSIWS MO| Ul S9oUBApPE

yum a1ep o} dn Buidesy si j1ouno) ay |

‘uondwnsuoo |an} 8onpaJ 0} S9|IYSA
J1ay} 0] (welsAs Juswabeuew a|oIYaA
pJeoquo) MY LVdNS Pallejsul os|e sey
VLIS 'suonoajjod buionpas pue Buinosal
papnjoul ueid 8yl VLIS 1o} ueld
uogJe) e uo paylom sey [1Duno) ay |

"8]qIssod Uaym pa1os|as aJe SooIYaA
1sole ABJaus 1ey) SpusWLWOoDal
JUBWIND0P 8] "Wes) SjoeIUO0D

Ino Ag @sn ul s pue pasijeul} usag Mou

"(60/8002)
Y100} Buljeseq

Y61IN Sy} wouy

‘Buiuiesy JaAup
uaaib Buipinoid
pue juswdinba
Juswajeqge
Bumyy ‘ssjo1yan
Joissiwe

MO, paj|an}
AloAneusae

10 Jaquinu

ay} Buisealoul
‘a|qissod

aloym ‘piepuels
0in3 }saje)

ay) burinbai Aq
199]} ,SJ0JOBIUOD

1s9)e| 3] SI sey Syl - Jenuel SIoAlg pue siebeuej 106.4e) uononpai | (buiobuo) pue [Iouno) 109)}
SIY}) 01/600Z pue - 199]4 [eloJawwo), Jodal yelp uoISSIWS 102 WioJ} SUOISSIWS | ,SI0}0BIUOD
60/800¢ usamieg ¥10¢ e paonpoud [1punod 8y} ‘|10z YoIe U %8 9y} dA3IYdy -600¢C 600¢ V1 anoidw|| pue |1DUNOD 14
‘payuap!
uaaq aAey sjueln|jod Ayjenb Jie Joopul
Ajioud anl4 -abed spy4 ue jo uoneald
ay1 yum parepdn usaq aney sabed
gam Ajilenb Jie Joopui s, j1ounoD ay |
"Bwylse
uo 10edwi s pue Aljenb Jie Jood 0] ayew
ued JI UOIINQIIUOD By} JO SSdUaIEeME asiel
0} S|00y2s apIsINo s}ajjes| aulbua Bullpl
painquisip pue uajum aAey Juswiedsq
suoionpal uononpal
uoissiwo a)ep uolissiwd aseyd
0} Bunejai uona|dwod |enuue uoinjeu aseyd
sjuUdWWODH pajewns3y syjuow g| )se| ul ssaiboid yobue Jojeaipu| awa|dwy] | Buluueld | pean Sn2o4 alnsea|y | ON

1102 udy

pue|bug — eas|ay) pue uojbuisusy Jo ybnolog |eAoy




uodey ssalbolid

6V
€ JO JIJoUaq 8y} SN|EA 0} SNUNUOD JE)S (z102) Aq %8
0} (8002) %S
‘uled) 1o aqny Aq pajieaen) L L0og Wi} 3I10Mm O]
ul JJe)s aiow juad Jad g pue | usamiag Asuinol Jiayy jo
"YJom wouy aouelsip Jajealb e Bunsabbns ped Jo sjoym
‘(soseO BWOS Ul SUlW O Uey} alow pue) 9y} 104 3I0Mm
sulW Q9 aJow Jo awi} BunWwwod e ym 0} Buljoho yeys
Jje1s Jo Jaquinu Jable| ay) aq Aew BuloAo J0 Jaquinu ay}
Buisooyo 0} JaLueq Buimoib v 10 9sealoulo] =

‘Alenuue ut %9 0} pesea1osp Inq (0102) %/, O}

pa1onpuod | (8002) %L G WOJ) pasealoul apow ulew e
st Aenns | se yJom 0} BuloAd yels jo uouodoud ay | (z102)
e pue |0 %01 03 (8002)
‘pajuswaldwi Jawwng 1102 %P Sl Woly
Buleq ulrjno| Joj Ss)nsal ay) Ul pajoajiel sem uononpal }Jom 0} BulaLp

mou ale sbuipuly| palIed sem Jayuny ou ybnoyye quao Jad G 0} JJels Jo Jaquinu ‘ue|d

a8yl -asn Ixe}
pue saduemoje
Jasn Jeo ‘1e9|}
‘Seale ulew aaiy)
Ul SUOISSIWB ¢0D
[1oUN0D @onpal 0}
sAem je 00| 0} 1no
pallIed usaq sey
MBIABI Josn Jed

AaAins |aned)
JJe1s anIsuay
-a.dwoo y

*919|dwod
S| alnseaw
siy} -eoe|d
ur sl ued
[@AeI] By ]

89 Jad {°'¢| Woly pasealoap sey YJom 0}
Buiaup yeis jo uoiiodoud ayj 0Oz 9oUIS

‘Buijoho

‘6-0 ‘Wodsuely ajqeuleisns Buisealoul

Joj s}obie) pue sainseaw S}os pue |[aAe.)
JJB]S JO SapOoW JUSLIND SMBIASI YDIYM
paonpoud usaq sey (z10Z-6002) Ueld
[9ABI] S, |loUN0D 8y} ‘Ieak ise| papodal sy

e/N

ayj} aonpalo] =
:opnpoul ue|d
ay} ulyum syebie |

aoe(d ul ueld
[9ARI] UBBID

(Bulobuo)

143V4
-600Z

6002

Y

ENCITREETS)
|1ouno) alep 03 dn
ue ulejuiew pue
|[9ABL} SSBUISNg
pue Bunnwwoo
Jels |1ouno)

WwioJj SUOISSIW®
anosdwil

0] @nuiRUoH

[aAR)
Jejs [1ouno)

"SUOISSIWS
O'INd pue

*ON Ul uononpai

e 0] pa| aAey 0}
A1@1] os|e si jo8foid
siyl ‘wnuue Jad
¢00J010.) panes
aABY 0} pajew}sa
aJe su0J309]||09
paonpal pue

suononpal
uoISSIWd

0} Bunejai

sjuUaWIWon

ajep
uona|dwod
pajewns3y

syjuow z| jse| ul ssaiboid

uononpal

uoissiwd
|enuue
jobue |

Jojeoipuj

aseyd
uoneu
awd|dwyj

aseyd
Buluue|d

pea’

snoo

a2lnses|p

ON

1102 udy

pue|bug — eas|ay) pue uojbuisusy Jo ybnoiog |eAoy




0s

uodey ssalbolid

‘ABojouyoay] siy} Jo
}InsalJ e se paonpal
ag os|e |[Im
suoissiwa juejnjod
Ay 00 J0 18/
Buines abesn |any
ul uoloNpal JUad
Jad 90| e usaq
sey aiay} peoy
ayolquad Jy "Jeah
Jad sauuo0} /¢ Jo
Buines ¢ e yum
puejusotad z'||
Ag uondwnsuod
Aouo9)e

sl sawuwedsboud siyy ‘pouad 01/600Z dU
BuLinp saiddns Ajo1309]9 s,|1I0UN0Y By}
10 (Juad Jyad 0g) z6 01 Buusldw Lews Jo
uonejuaws|dwi [nyssa2ons ay) Buimojjo4

‘uondwnsuoo

ABisus Jo uononpal e 0} 8)NQUIU0D

0] pajoadxa aJe pue pajjejsul usaq aAey
[leH umo] uojBuisuay] je siajioq MaN

‘wa)sAs pjo ay1 uey Jusiolye Abisus aiow

8Q p|NoYs Yyolym pajjeisul usaq osje sey
wiaisAs BuluOIIPUOD Jle MBU Y "SUOISSIWS
OlAId PUB XON Ul uoionpal jueolubis

Se [|om se sauuo) 0gs Aq Jeak yoes
suoIssIWe QD 9onpal ||Im Sy ‘seale
M8U 8y} Jeay 0] palinbal uondwnsuoo
seb paonpal sey Yolym [|eH Umo |

ay) Jo Juswysiglnial sy} ojul pajelodiooul
alam uolne|nsul [jlem pue Buize|b aignoQq

‘sjuein|jod Jie

JO suoIssIwe aonpal osje |im ABojouyos)
a|gemaual 0} Youms siy| "Jeah uad

20D Jo sauuo) og 03 dn Buiaes |jleH umo |
uojBuisuay| Jo JO0J BY} UO pa||elSul a1am
sjaued aiejjonojoyd Jejos ‘| L0z die| U]

‘peoy axoiquiad

Buipiing
[louNoD BUO )ses|
Je ul sa|jgemaual
8)Is-uQ

‘lons)
aul[aseq 60/8002

‘ABojouyos)
a|gemaual Jo

asn ay} Buisealoul
pue Aousiolys
ABisua Buinosdwi
Aq sesiwald
pases| Jo/pue

paonpal sey S901JO |IOUN0) 8y} 1e pue | L0z |udy woJ} suoissiwa ul| (buiobuo) pPaumo |1ouno) sBuip|ing
|leH umo| eas|ayd (Buiobuo) ul [|leH UMmo] p|O Bas|ay) Je pajelsul 106.4e) UoONpPaY 102 WoJj SUOISSIWS | I0J0BJUO0D
1B NOA®YL| ¥102-6002 sem (NOA) Jiun uopesjwido abejjon v /N 114100} #6LIN -600Z | 0102-6002 V1 anoJdwi | pue |oUNO)| 9
‘oyIg U "6 e sewayos
uoddns BuijoAo ay) Jo aseme aq 0}
W9as JoU Op }Ng pJed [aAel) Z puUe | 8uoz
suononpal uononpal
uoissiwd a)ep uoissiwa aseyd
0} Bunejai uona|dwod |enuue uoinjeu aseyd
sjuUaWIWon pajewiysy syjuow g| )sej ui ssaiboid jobie ] Jojeaipuj awajdw] | Buluueld | pea sN204 alnsesa|\ | ON

1102 udy

pue|bug — eas|ay) pue uojbuisusy Jo ybnolog |eAoy




uodey ssalbolid

1S
solbajens| 01 po| aAey siadojarsap yim suoljenoban uswa|dwi pue
UOISSIWS MO| ABajens uoissiwg
10} s1senbay ‘Alepunoq ybnolioq MOT B Jlugns
ay) 0] AJlwixoid 8s0|o Ul pa}eoo| ale 0} sjuswdojanap
a19|dwod 1ey} suoneoidde aal} Aj@jewixoidde uo ab.e|
UONOY | SUOIIBAISSCO dpew Os|e 9\ "suoledldde pajuswaldwi saJinbal yoiym
‘6002 aunp Buluueld gz Ajerewixoidde oy Buiaq (@ds) wawnooq
ul peydope | Juswssasse jue|d uolsNquIOd pue s19|I0q syjuswalinbaui | (Buiobuo) Buluue|d =0
sem 4dsS XON MO| 10} SUOI}IpUOD 18s JOo salbajens pue pajdope 102 Aeyuswaddng pue qds
/N PasIney |  UoIsSIWd MO| pajsanbal am ‘Z1/110Z Ul B/N| ads Anenp aiy -6002 | 0102-6002 v1| pesinaieldopy| Auenpaiy| g
SuUOISSIWS
Buionpal
10} s1ebue)
'sBuipiing ONL }es pue y61IN
UIY)IM XO0]S J3]10q UO Blep 8]e[|0d 0} JapIo "19s 10bue) pue uo YJom jo ued
ul Buiobuo ale yjjeaH [ejuswuodAug |00} $6LIN 9} se yoo0js Buip|ing 3003s
pue Jao1O ABiaug QINL aU O}ul palajus pue OINL pue Buisnoy Buisnoy
| 1L0Z | usamiaqg suoissnosiq ‘peauodal aq 0] ¥6 Pa199]|02 BlEp |e100S S}l SSasse OINL
Jaqwiaoa( [N J0o} Juswalinbal e uabuoj ou sI alay | e/N JeaA auljeseq 01L0Z!| 0102-6002 V1| | ounonayl| pue |eoosg
xdse}nejaqg/sebed/buioq0zZ%oM0Z %9V
02 %MOH/aWweIboid0g %obuey) g %oewi)/sau
weibold4/a0uewlIonadg % PUe0zg % sue|d/3audy//-any
:alay als
JouBIUI [BUISIUI INO UO M3IA 0} 4JE]S 10}
a|ge|leAe S| [00YIS puB 3}ISYIOM [IoUNoD
urew yoes Aqg pasn ABisus Jo Junowe ay|
"S|00YOS Ul uononpal pue
Aousiole ABlaus ssnasip 03 | L.0Z aunp
Ul p|oy SeM 92UaJ84U00 Siayoealpeay Y
‘oljoplod s j1ouno)
8y} SS0Joe 1IN0 pajjoJ 8g 0] Buinunuoo
suononpal uononpal
uoISSIWd ajep uoIsSsIWd aseyd
0} Bunejai uona|dwod |enuue uoinjeu aseyd
sjuswwon pajewiysgy syjuouw g| jse| ul ssaiboud jobue | lojeaipuj awso|dw] | Buluueld | pea sN204 alnsesa|\ | ON

1102 udy

pue|bug — eas|ay) pue uojbuisusy Jo ybnolog |eAoy




uodey ssalbolid

Zs
e/N| ¥102-6002 BNUIJUOD SJUBWISSASSE HSII UOJONIISUOD e/N Buiuue|q -6002 6002 V1| 01 3iom anunuo) [uononisuo)d| “L|
‘ABojouyoa)
a|gemaual
‘syuowdojanap Jo asn pue
pasodoud ubisap Buipjing
UM papiugns jaiole Abiaus
JUBWSSasse uo siadojanap
ABisug 0] @ouepinb
"L 1 uonoy 0} pajonsp Buiaq seainosal -aoe|d Ul apinodd im yoiym apIin
yym ueld Siy} WO} UOIIOE UB SB PaAOWA apinb siadojanaq aping siadojaaag| sJtadojansaq
e/N e/N usaq sey apinb s1adojoraq usais) ay | e/N usalo 0102 6002 V1| ueal9 e sonpoid usaln| ‘0l
"AA8| 8inyonJiselyul AHunwwod
‘Buiobuo Y] WIOUI [|IM UYDIyM 8Injonaiselul
aq |m | Buluueld ayy ul syoaloid Bulojiuow Ayjenb
SUOINQLIIUOD | JIe 8pNjoul 0} SUOISSNOSIP Ul AjjuaJind ale
|eloueUl | BAN "Je} 0S paAlasal usaq bBuirey 00053
10} s)senbay yum ‘ybnoloq ayy uiyum syjuswdoljonap
a)9|dwoo Jolew omy 1ses| 1e Joj 1ybnos usaq
uonoy | aaey Ayjenb Jie Joy suoingLuod ‘eyep o ‘puny
uonoe Auenb Jsie
010z 1snbny ‘yoeoudde ay} ue 0] uoiNQLIUOd
ul paydope saynsnl pue Ajjenb Jie 1o} suonguUuod ‘papJooal |eloueul
sem 0dS pJepue)s ayj Sauljjno Juswnoop ay | sSuoiNQLIUOD JJo-auo e ayew
suonebgo ‘suonebijqo buiuueld pue pajdope 0} syjuswdojanap
Buluue|d 10 j08dsal ul sainpadoud pue saioljod ads suonebiqo | (Puiobuo) Mmau abie| aiinbal
90L| ‘yoeoidde ayj Jno syes A4S suonebllqo Buiuued ¥10¢ 0} suopebl|qo | pung uonoy
B/N | uonoag 8yl Buluue|d 90| uonoag S |1PUNOY BY L E/N 901 uoposg -600Z| 0L0¢-600¢C v1|/90LSjoesnaxenN| Auenpdy| 6
ueld dHO
Jo peajsul sdwnd jeay 92in0s Jie pue
sjaued oiejjoa ojoyd se yons saibojouyos) uawdojanap ay}
a|gemaual ||ejsul 0} Juswaalbe osje 10 10edWI 189S0 0}
ul pue juswdinba juswsajeqge jo Bumiy ayy JapJo ul sainseaw
‘Buiobuo ale 0} Buiealbe sjuswdojonsp Jo Jaquinu e uonebiiw
suoionpal uononpal
uoissiwo a)ep uolissiwd aseyd
0} Bunejai uona|dwod |enuue uoinjeu aseyd
sjuUdWWODH pajewns3y syjuow g| )se| ul ssaiboid yobue Jojeaipu| awa|dwy] | Buluueld | pean Sn2o4 ainses|y | ON

1102 udy

pue|bug — eas|ay) pue uojbuisusy Jo ybnolog |eAoy




uodey ssalbolid

€g
MOM 0} %001 dY} dA38IYde 0} anunRuod OINL dYL S,[1oUN0) 8y}
anuiuoo |IM ‘spJepue)}s uiym ‘ybnouoq
1Ng paAalyoe "9, 00| SpJemo} yiom Aousiols ewiay} 8y} ul sswoy
aq M s1SY | 01 Buinunuo) -ueaA ise| uo Juswaroduw Sawoy uad9ep, ul sainseawl
10 %001 ue SI Yydolym pJepuels saWwoH 198w ybnoioq ayy | (buiobuo) Aousioiye
uaym Apoexa| 1us08(Q 8yl paAslyoe sey }o03s Buisnoy uI sswoy QL 102 -ABisus sjowouid Aousiolg
uleusoun [EJO} SIBpIA0IH pals)sIBay JO %66 E/N pue 1Sy %001 -600¢ 600¢ WAl 0} anupuoH ABiouz| zi
"uoIsJan Ajies ue uo Y19 ay)
0] SJUBWWOI Yelp papiroid [1ouno) ay |
"pajepdn Buteq mou st 900z Ul paysiignd
1sJ1} ‘@ouepinb a210e1d 1s9g S, V19 UL
‘ybnoioq
ay1 ulyum ao1oeid uowwod Bulwodaq
S| ‘S)IWI| UIBLI@D Pa8IXa SUOIIBUSIU0D
uoinnjjod yi uonualsiul s1ebbuy yoiym
swa)sAs Juswabeuew pue Buliojuow
uonnjjod Jie ‘says Jolfew uQ ,uoniowsaq
pue uonoNJISUO) WO} SUOISSIWT pue
1SN JO |0Jjuo) 8y, douUepInS adnoeld
1s9g s.JoAej\ ay) yum aoueploooe pJepue}s wnuwiuiw
Ul passasse sI JuawdojaAap Y} ainsua 0} B Se uonijowsap
pajuelb suoissiwiad 0) uonIpuo B sppe pue uonoNISU0I
[1oUno) 8y} ‘suonesldde Buluueld up wioJj SUoISSIWS
pue 1SNp JO |0U0D
Xdse sIep|iNgI0JadIApe/Aliienbiie/liodsue ay]— aoueping
TIPUBIUSWUOGIIAUS XN AOD 0X G MAMM//:d1Y aonoeld 1sag
‘sobiswa do10e1d ‘sjuswIssasse (9002) s.J1ounon
1S9Q Mau se }l a1epdn 0] anuijUOd M 3SI UOIONJISUOD UOpUOT 8y} MOJ|O}
‘Aenb Jie s18A09 yoiym ‘siadojansp pue Bunsanbal 0} siadojanap
sJap|ing 1o} |00} @ouepinb aooeld 1saq ‘sjuawdojanap [le Buuinbal Aq
paseq gem s [1ouno) ay} Buionpold asuig ab.e| ( S91IS UOI10NJISU0D
|le uo pasodwi| BuiobuQ) WwoJ} SUOISSIWS
(BulobuQ) ‘sjuawdojanap abue| 1o} pajsanbal aq 0) SuoI}Ipuod 102 asiWIulW |  suoIssiwg
suononpal uononpal
uoissiwd ajep uoissiwa aseyd
0} Bunejai uona|dwod |enuue uoinjeu aseyd
sjuswwon pajew}sy syjuouw g| jse| ul ssaiboud yobie] Jojeaipuj awajdw] | Buluueld | pea snoo4 alnsea|y | ON

1102 udy

pue|bug — eas|ay) pue uojbuisusy Jo ybnolog |eAoy




uodey ssalbolid

¥S
sjuelb
[leJano ay) “JeaA siy) pepleme
ul uononpal udaq aAeY 69°0Z3 01 Bununowe
ay) audsep sjuelb g "uonensul pue Buneay |eisul
pauiejal J0 apesbdn 0} swWodUl MO| IO SHjBusq
usaq sey uo sjueus} aleAud pue slaumosawoy
juelb wiepp | 0] 8|ge|ieAe S| 80UR)SISSE |elouBUI{ JUBID
deay| ay wre)n dasay), eas|ay) pue uoibuisuay
Jeak
‘popieme 1SE| WOl G| JO asealoul ue ‘Jeah siy)
Buiaq| papieme usaq aAey sjuelb sauoz wWiepp
MOU aJe 0§ "Sluapisal Jaylo ||e 0} uolensul }oj
sjuelb ise| sosipisgns Ajineay pue abe Jo sieak o/
By} pue pua| JBAO 9SOy} 0} Uole|NSUl o] 9al) sapirold
ue 0} WOD| OS[e )| "SHjeuaq pa)sa) sueaw Jo ydiedal
1sn[ sey ul sjueua) a1eAlld pue sisumoswioy
punj auoz 0] 9|gejieAe ale uone|nsul pue Buneay
wuep\ 8yl | eal) Joj sjuelb -auoz wiepn -UOPUO| 1S9
Jeak
sIy} panosdde usaq aney sjuelb jJuoi4 ‘sjuelb Buniey
WIBAA Z "uonejnsul anosdwl pue swalsAs spjoyasnoy
Bunesay apeibdn 0} eouelsisse |eloueuly BuiAyenb
Buipinoad ‘sjiyeuaq ulelad uo asoy} 0} 10 Jaquinu
a|ge|leAe awayos |euolleu e -Juoiq WIepn ay} ul esealoul
Jeah uo Jes
:uoljepowiwiodoe BulAll J18y) Jo
‘919|dwoo | Aouaiolye ABisus ay) anosdwi ajdoad djay
S| ainseaw 0] 9|gejieAR aJe S8Wayos JO Jaquinu
0S %001
panaiyoe| -sepelbdn Jgji0q Jleunwwod pue sjosfoid
OWL | uonensui jjlem AjJAeD pue oj Buiyelnspun "MIOM YWIBAA
Aq Aousiole [ewlay) anoidwi 0} 8NURUOD a|qepJouy
"SIy} SpJemoy} os|e A8y "pJepue}s SaWoH lualdaq pue yO3H
suononpal uononpal
uoissiwd ajep uoissiwa aseyd
0} Bunejai uona|dwod |enuue uoinjeu aseyd
sjuswwon pajew}sy syjuouw g| jse| ul ssaiboud yobie] Jojeaipuj awajdw] | Buluueld | pea snoo4 alnsea|y | ON

1102 udy

pue|bug — eas|ay) pue uojbuisusy Jo ybnolog |eAoy




uodey ssalbolid

o1
‘pap.lemioy ul Jels 01 anp si198loud siy| Alojuaaul
aq 0} suoissiwe ay} Jo ued wioj 01 pajidwod AaAins Jgji0q
elep |eul} 8y} aq |Im elep ay| "saladoud [enuspisal apm -ybnoloq
J0} Buiiem si uIiyum saaunos Ablaus J1ayjo pue sig|ioq e 1no Bulhlied
[1oUN0Y By | 1noge suonsanb apnjoul [|Im ABAIns AgQ OMgy urued
"a1o|dwoo 8y "ybnoloq ay) Jo eaJR 1N0Y S |Ie] Bunesy Bunsixs
Mou 198[0ld | 8y} Uuo snooj [jIm Yolym AsAIns pjoyasnoy AiojuaAul ylim pajeloosse Aening
e ‘108loig mauay, 8yl 8yenspun 0] Y19 suoISSsIWe suolssiwa | Jojlog apim
e/N Z1L0Z| 8y} wolj paulejqo usaq sey Asuow juel E/N ue Buidwo) 110Z| 1102-600¢C V1 yoleasay -ybnolog| ‘g|
‘pPauUBO| Usaq aAeY SJe1dW 9L ‘1102
Jaquieydeg pue L0z JoqWaAON usamieg
‘awoy 1e pasn buiaq si Abisus yonw
moy Amuspi o) sidoad djay asayy ‘Aseiqi
[enuaD uojBuUISUSY| WO} UBO| UO SISO
Hews Buuayo Ajjualind si |IounoD ay |
"€1/210¢ Ul enunuoo ||Im Ing pslels
sey awayos ay| ‘awoy |eiuspisal ul
SMOpUIM pue sioop Buiooud ybnelp pue
sJsiedal Buneay Aouabiawsa 1oy Buipuny
yim [1ounod ay) papiaoid sey puny
€Loc a|doad AyjeaH sewoH Wiep\ ‘yyesH
0 Juswieda ayj 0} pIq |NJSSNS Y
"sawayos
uone|Nsul 0] apeLll alem s|elislel
Z1L/v0/EL ‘e|qeolidde aiayp\ "pojeIsul seinsesw
paje|dwod |lews pue a2iApe Aousiolye Abisus
SUSIA USAIB pue palisIA alem sawoy 00ZL
‘pare|dwod uaaq isnl sey spiepn UIBYUON
"Jeah 1xau pue uno) spe3 ul joslold mauay ay |
OJUl 8NUIIUOD
[IIM pue ‘papieme usaq aAey sjuelb
awwelsboud uolne[nsul 14o| aAl} ‘Jeak 1sed ayj ul os|y
suononpal uononpal
uoISSIWd ajep uoissiwd aseyd
0} Bunejai uona|dwod |enuue uoinjeu aseyd
sjuswwon pajew}sy syjuow g| )sej ui ssaiboid jabue | Jojeaipuj awa|dw] | Buluueld | pea sNoo4 ainsesl\y | ON

1102 udy

pue|bug — eas|ay) pue uojbuisusy Jo ybnolog |eAoy




uodey ssalbolid

9G
110z aunp ‘ABajesig uoissiwg moT aulnQ ‘sjesodold juswdojaaag UNo) sle] S
uayo sI )1 se Ayjenb Jie ur sjuswanoidwi
0] S)sl sjuasaid 00} SIy} pue aAjeus) e
m.mE\mz ue se pasodo.d uayo si dHD eyl ayou

¥°0 JO OYNd uesw
|enuue Jo asealoul
pue mE\ma YA

10 SUOIJBJJUBDUOD
ueaw [enuue
[9A8] punolb

ul sesealoul

pue wnuue

Jad XON 10 auuo}
| leuolippe ue

0] pa| 8ABY p|NOM
pajdope uaaq pey

0} Juepoduwi si )l ‘JanemoH Juawdojansp
M8U 8y} Ul SJ9ji0q ssewolq Jo} sjesodoud
10 [eAOWal 8Y) 0} pes| sey yoiym syoedu
Aujenb Jie ay) ajes1suowsp 0y uoneoldde
By} UM paniwgns SjusLISSasse

Ayjenb Jie ay) asn 0] 8|ge Sem [19UNo0YH
ay} Ing JuswdojaAsap-al UNo) s|ie]

ay) Joj pasodoud |euiblio sem ssewolg

‘palepisuod ale seibojouyos) ajgemausl
UOIISNQUIOD UOU SAIBUISYE 1BY] 8INSUS
0} s18dojaABp Y)IM p|ay 8Je SuoISSnosip

'dHO

pue sJa|loq [anjoIq
pue ssewolq

wolj SUOoISSIWd
juejn|jod
Buijjosuoo

Jo} syuswalinbal
19s 0} JapIo

uondo ssewolq uolippe U] ‘|enjoiq pue ssewolq ur suonebiiqo ssewolg
ay} JI paynsal asn 0} buisodoud syuawdojansp Jolew ‘suonebijqo| (buiobuo) pue suolIpuod woJj
aAeY p|nom jey} ||le Joj paysanbal s| Buljjepow uoisiadsip JO SUOIIPUOD 102 Buiuueid| suoissiwg
suolssiws |enusjod ¥710¢C Upm juswssasse Ajjenb Jie pajielop v E/N Bujuueld -600¢ 600¢ V1 joasnayepy| Bujjonuod| ‘gL
"Jeak 1xau pauodal
8q ||!m pue
pasijeuly Buieq aJe "SUOISSIW®
sainbl4 ‘sauuo) Ayjenb Jie pue
ul uononpal 20D Jo swus} Ul
20D |e101 8Y) ‘Ajenb Jie anoidwi 0) usye) aq s)lJjoeuaq 1se1ealb
pue auuoy/3 ‘(AdN) pINO2 Jey} Sainseaw [enpIAIpuUl JO S}IJBUaq ay} epinoid
paonpal 209 pue 100 8y} malAal 0} dnolg) 1esn| yolym sainseaw| sainseswl
auuo} Jad syjeuaq UOpUOT [BJJUSD BY} YJIM YoM 8y} jo Led uononpal abueyo
10} passasse Se paJapIsuod usaq sey abueyo ayewlD sabueyo Aoijod uoISSIWa | 81ewIo pue
sl ainseaw /1M|00} BAI}08Yd 1sow Ajenb aie
Ajenb Jie yoeg 1102 "UMelpyim usaq sey $61IN B/N| ¥6LIN e ®npoid 110Z| 0102-6002 V1| @y Ajuepl oy wiy | Bunesbajul| y)
'L 10Z Joquiaydas
suononpal uononpal
uoISSIWd ajep uoissiwd aseyd
o} Bunejaa uonajdwos |enuue uoljeju aseyd
sjuswwon pajewin}sy syjuow g| )sej ui ssaiboid jabue | Jojeaipuj awa|dw] | Buluueld | pea sNoo4 ainsesl\y | ON

1102 udy

pue|bug — eas|ay) pue uojbuisusy Jo ybnolog |eAoy




uodey ssalbolid

JAS|
"JeaA 1se| uey) alow ¢| ‘suoISSas
Buiuresy olueyoaW 8[0AD |Z paJtaAle( sjuapisal
0] Buluiel; 9|0Ao
"JeaA 1se| uey) alow gz ‘saoe|dyiom 9al} Buipinoud pue
pue o1ignd ay} 0} (8y1g Q) SuoIssas sanjioe} buinoidwi
aoueBUdlUIBW B0AD 9314 |6 POPINCIH Aqg ybnouoq
siaquinu | (Buiobuo) a2y} ul BuioAo
(1A 1sE] UBY) BIOW OE) SUOSSI) Buioko ul 102 ajes abeinoous Bulohn
e/N ¥10C Buiuresy 8joAd Jnpe 8814 062 PaJaniQ B/N| 8sealoul lenuuy -600¢| 010¢-600¢ Y1 0} anuyuo | buibeinoouz| /|
's|ooyos " ybnouoq
Ay} Ul pajeisul os|e 8y} uI sjooyos
ale seale abeio)s uopuoT Joj Jodsues | (eyep uspuadapu| pue
9]0/A2 pue 1810008 Aq padojanap 13|00} mau e Buisn |O0OYOS 0} |aARl} V37 ulyym suerd
se yons sajpjioe ‘Ajlenuue | aul-uo sueld |9Ae.} Jiay) ajepdn 0} 8so0yo Jo apow Buipnjoul [oAel) BuLiojuow,
‘Buiuresy sjiys ueld| mou ued sjooyds Ing ‘uonedionied aAljoe juswnoop uge|d 0} ybnoioq ayy
uelLnsepad pue| |9Aed Jidyl| ul uononpal ualedde ue usaq sey aiay | [oAel) parepdn ul (Juspuadapul
18)009S ‘9]0A0 994} sJojuow ue papiwgns pue y37) sjooyos
Se |ons SaAlleniul| |ooyos yoea ‘ooe|d ul sue|d |aAen sey |ooyos |le ul sue|d |joAea]
ybnouyy podsuen — ssaoo0.d BAIj0E aAeY (Juao Jad /) sjooyos 02 ayj 1ey) buiueaw) |[ooyos Buuinbal
a|qeuleisns | Buiobuo 1ng| Jo 1no g Apuasing -ueld |oAel panroidde ue|d |aABI] BAI0E wouy pabueyo
abeinoous sue|d ‘@)9|dwoo | ue paasiyoe ybnoioq ay) ul sabsjjoo pue ue aABY S|00YOS MOU Sey ainseauwl | sue|d [aAel |
[9ABI] |00YOS 1ob1e | s|ooyos |e jo Juad Jad 9°g6 Ajsnolnald E/N [Ie JO %0S 010¢ 600¢ V1| SIy} jo snoojayl [ooydos| 9|
‘Ayenb Jie |eoo| pue abueyo
a]ewl|d Yyjoq Joj aAey ued sainseaw
9S8y} 1ey) S}yoUaq paulquiod ay) aydsap
sa160jouyoa) 9|gemausl uolSNquIod
-uou 0} adualajaid ul paysabbns
suononpal uononpal
uoissiwd ajep uoissiwa aseyd
0} Bunejai uona|dwod |enuue uoinjeu aseyd
sjuswwon pajew}sy syjuouw g| jse| ul ssaiboud yobie] Jojeaipuj awajdw] | Buluueld | pea snoo4 alnsea|y | ON

1102 udy

pue|bug — eas|ay) pue uojbuisusy Jo ybnolog |eAoy




8G

uodey ssalbolid

"S|00Y9S punole seale pue sdojs yoeoo ay} esn pue
sdois snq ‘syues qed se yons pajabie) sjodsjoy Jojuow
‘uoidwnsuo |any Jeak ay} os|e ale aouesinu asned 0} AjoyI| sealy 0] @NUiUO2
pue suoissiwa dois| 1noybnouy) pue uole|nbal
0] JJO payo1Mms aq anunuoo ‘peOY [|]oMWOoI) pue peod uoniqiyxy saulbua Buiipl ay)
pinoys auibus uayy| [|IM SY08YD 1901415 ybiH uojbuisuay ‘peod sbury JO SJOALIP WJOjUI
SpuU02as ¢ uey) 20U-pY | @pnjoul seale 8say | "s10ds 9|gnoJ} UMouUy syurejdwos | (buiobuo) 0] ubredweo
J96u0| Joj Buniem 1B S)08y9 Jejnbal 10Npuod 0) SeNUIUOD pue sbuiuiem 102 Buisies ssauaieme soulbug
S| S[OIYSA B UBYAA Bulobuo wes | juswaolojuy skemybiy 8y E/N JO JSqWINN -600¢| 010¢-600¢ WAl ue ayenspun Bulp| "0z
"'slaquiaw si Aq
uaALIp abeajiw ay) ‘Aeq e Jo yjem sajnuiw
saonpal pue peol 934y} B UIY)IM aJe sjuapisal |e Aj[lenuip
9y} }JO S3IOIYdA
ajeAld ¥ 1se9| 1e ‘JUBISUOD
S8 B] S9[OIYdA gn|o paulewsal sey abesn jnq ‘siaquaw Jo gy
Jed yoeg ") pueq Jaguinu ay} ui e} Juaiedde ue usaq sey pueq g3A ulyum BEETN
d3/\ Ul S9|2IYaA 10} alay] pablow aAey sqnjo Jeo OM] BoUIS 199|} 8Y} JO %¢€E gno Jeod ay} ul
aAlUBOUI Ue SaAIb s9|oIyaA Buniwa
os|e ainjonas ay ‘(sywdad yuow g yum sajolysa ‘"ybnouoq MO JO Jaquinu
'g-v pueq d3an 8l | uo paseg) g-v pueq g3A ulyim ay} ul sAeq gnjo 8y} esea.oul
ul Jaquinu asealoul ale 199} 9y} JO JUdD Jad 0G uey) IO Jed }9a.s-uo 00z pue ybnoloqg ay)
[IM sywad ul a|gejiene sheq
Buryied gnjo ‘002 1e Spuels mou yolym sAeq 1oans ybnouoq gno Jeo 19a.s
Jeo Joj ainjonas -Uo JO Jagquinu |ejo} ay} ul asealoul Jybis By} Ul slequiaw -uo Jo Jaquinu| uoisuedx3
Buroud meN ¥L0Z| B ueaq sey alay} syjuow g| jsed ayj uj E/N qnjo Jed Jo 'ON 7102 | 0102-600C V1 8y) 8|qnog qnpoJed| ‘6l
‘sAauinol
uoys Joj siea|  pajejdwod
Buisn Jo 10edwi ay) uonoy "BSJB UOPUOT [BJUSD Y] Ul 811y ‘[opow sued ay)
aonpal 0} djay ueo 10} 9|ge|ieAe s8|0A0 0008 MOU ale alay | uo paseq awayos
asayl -sAsuinol alIH 919D
uoys Joj Ajjeroadss 106.e) uopuoT |esuad
‘asn 9]0A2Iq jeuibLIo 8y} Jo SS89x%d Ul ||]am ‘(payodal ybnoliog ayy ul \val e Bunuswajdwi aweyos
abeinoous 0) 0102 1SEe| @M 92UIS () JO 8sealoul pue) g9 je paj|e1sul suonels pue ul 741 woddns|  auaiH 919A)
swiie swsyos siy | AInf ,0€| Spuejs mou suolje)s BuIoop JO [ej0} Y L E/N Bunoop 0g 010¢ | 0102-600¢C L[ M ]IoUNo) 8yl uopuoT| ‘gl
suononpal uononpal
uoissiwd ajep uoissiwa aseyd
0} Bunejai uona|dwod |enuue uoinjeu aseyd
sjuswwon pajew}sy syjuouw g| jse| ul ssaiboud yobie] Jojeaipuj awa|dw] | Buluueld | pea sNoo4 ainsesl\y | ON

1102 udy

pue|bug — eas|ay) pue uojbuisusy Jo ybnolog |eAoy




6S

uodey ssalbolid

yum pajeroosse Ajuiew alam syuieidwod
"(1102/01.02) Jeah snoinaid sy} buunp
paAladal jey} ueyy sjuie|dwoo Jomay

XIS SI SIY] "Yinos 8y} Ul pajeoo| aiom
syuieldwod g ajiym ybnoioq ayy jo yuou
8y} ul asole sjule|dwod asay} Jo @4y |
‘Buiuuny sauibua Bulpl yym paxied
S8[0IYaA JO sjule|dwod G 0] pepuodsal
SJ921JJ0 JUBWB2I0JUS ‘Z102Z/1 1 0Z Buung

‘asue saljiunuoddo

aloym pakeldsip pue pajnquisip a9

0S|e ||IM SI8)S0d °||[eH UMO] p|O Bas|ay)
‘pue ||eH umo] uojbuisuay jo syied Jed
a2y} ul pake|dsip aq [im @say] ‘saulbua
Buipr abeinoosip oy ubledwed e jo ued
se sJa)sod Jo sales e paonpolid sey )L

"|o0YOS SOLOJIIA
ay} Jo Ape7 anQ pue (uonoas siea A Ajues)
|ooyos auysdweH SNI9O ‘jooyds sdijiyd

1S ‘|ooyos asnoH pesseg ‘|ooyos yled
S|BPUOAY :8pN[oul S|ooyds 8y “sauibua
Bulipl passaippe os|e aAeY S}ojjes| 9say}
‘Jaquwialdag aoulg -Buyied |ebaj pue
uonsabuoo Bupjied yum sanssi ssalppe
0] s}a|jea| @onpoid 0} S|O0YIS YIM PaYIOM
sey wea] uswadiojug shemybiy ayl

‘s|jooyos
BpISINO pajnNquisIp Uaag os|e aAey
sio|jea -saulbua a|pI Buluuni s|2IYSA Ul
Buniis ale oym siaALp Yoeo9/Sng/uen/led
9SOy} 0} painquisip uaaq aAey s}ajjea

‘saulbua

JIBY} HJO ydyms 0}
sJaAlp abeinoous
0] slamod
JuUaWavJIoJud
a|ge|iene

suononpal
uoISSIWd

0} Bunejai

sjuUaWIWon

ajep
uona|dwod
pajewns3y

syjuow z| jse| ul ssaiboid

uononpal

uoissiwd
|enuue
jobue |

Jojeoipuj

aseyd
uoneu
awa|dwyj

aseyd
Buluue|d

pea’

snoo4

a2lnses|p

ON

1102 udy

pue|bug — eas|ay) pue uojbuisusy Jo ybnolog |eAoy




uodey ssalbolid

09
udsSoyd dABY OUYM ‘siseq| G113 wou} pasealoul sem abieyoains |osalp Bunyied parenpelb
Sjuapisal plemal | jenuue ue uo ayl (%99 punoie) xapu| 8dLd |Ie1oYy a8y} malnay
Jayuny |m sywuad | pamalnal aq By} Ul 8SealoUl 8y} 109}}81 0} pasealoul sab.eyo ywiad
Buiyled sjuspisal| 0] anunuod sSem spueq ||e jo ao1d ay} ‘mainal Buiyled sjuspisal SO|0IYDA |9Salp
0] sabueyo aininy| |m sabieyo JuU82al 1sow 8y} 1y ‘siseq AlleaA e uo 0} pajuswa|dwi LLOZ Jo} abieyouns saebieyn
Aue jey) pedoy si}j| Bunped ay)| pamainal ale sebieyd Buiyied syuapisay e/N sebueyn -01L02 6002 v ay] MaInay Buned| ‘zz
EIENERD
9a.y} 8y} Jo}
Aloanoadsal g
puelz-g8'LL 181
Jo "e-d suononpal
O'nNd Jod (snq
A 0In3) 10 pue
(3sneyxas |ans| ybiy
snq) 12°2-16°1 Jo
"e"d suononpal ‘uondo aAj08Y8
XQON ©1 pes| 0} -1S00 Jsow
|enuajod ay) aAey ay} Juswa|dwi
SOLIBUSIS 89Sy | 0} UopuoT]
Jo J0Ae\ ay)
"XON Uuo siseydwa "paJapIsuod usaq Aqqoj pue (z37)
ue yim Ajjenjuans aAeY sasnq )L JO} Juswalinbal A oing BUO0Z uoISSIWg
pauayjbuans e pue (suondo om}) sasng Joj }sneyxe MO UopuoT]
Alonissalboud Buiaq [9A8] ybiy ‘posal Ixey Buipn|oul ‘SoBeud9S |eJjuad aAleulB) e
SI JNQ SUOISSIWS Ul BUO0Z UOISSIWS MO| ||BJOAO 9314} V19 pue i1 0} ue Joj soueuads| z371snqold
uononpal e 0} pes| dnoub usjsn|D Ajjenb Jiy uopuoT jenua) paniwgns sjnsal 10 Jaquinu alow e Jo
sey 737 uopuoT ay1 JO J|eyag Uo pauoIsSSIWWOoo aouepinb pue para|dwod B ]O SSOUBAI0BYS |  S108)8 ay)
Bunsixe ay | L L0Z | ®o0eud 1saq Ajijenb Jie juiof ay) jo ped sy E/N uonebisaAu| LL0cC 010¢ Y1 oY) ssessy | ojeblsanul| ‘1z
‘panss| Usaq IaAd aABY S92110U
Jeak ysuy auy st syl "z10z-1 10z Buunp
panss| a1am saoljoN Aljeuad paxid aAl4
"s]sijoAoi0j0w
pue sied ‘suen AJaAldap ‘SueA slap|ing
suononpal uononpal
uoissiwd ajep uoissiwa aseyd
0} Bunejai uona|dwod |enuue uoinjeu aseyd
sjuUdWWODH pajew}sy syjuouw g| jse| ul ssaiboud yobie] Jojeaipuj awajdw] | Buluueld | pea snoo4 alnsea|y | ON

1102 udy

pue|bug — eas|ay) pue uojbuisusy Jo ybnolog |eAoy




19

uodey ssalbolid

"19)00s buibieyo dwe g¢ pue

€1 e yjoq epirodd |jim uiod yoeg * 'zLoz
JO uwinjne ayj ul asn 1o} Apeas aq pjnoys
yoiym ‘suonisod jusuiwoid ul yjoq ‘peoy
SUBH Ul pu02as ay} pue peoy logje]

Ul U0 |[B)Sul 0} Udye) usaq sey uoisioap
v ‘sjulod Buibieyo 10a1s uo ajebsanul
0} uayeuapun sem Apnis Aljigises) v

“JI sauisn puewsap Ji UO Jaje| UOI}DBUUOD
Joj uoisinold anissed |jeisul 0} siedojaasp
Buibin ale am JjenamolH ‘sjulod

Buibieyd o098 Jo uoiodoud Jaybiy

e Ayysnf 0} Jopley )i &xew [Im SIyL "Judd
Jad Qg 1e jos uaaq sey sjuswdojonap mau
ul syuiod Buibieyo oy 1ob.e) sioke ay |

v10z
yoJsey Aq s403
yum saoeds
Bunyred %001

cloc ydie

Ag sd423 yum
wswdojaaap mau

"'sassauIsng
|e00| 0}

sjuelb Bunowo.d
pue juswdojarsp
ul pajelodiooul

ul saoeds Buiyied aq 0} syuiod
‘sjuawdojanap 9}IS-U0 JO %05 Buibieyo Burinbau
Mau ul saoeds Bunpjied ays-uo jo Aq ybnoloq
U89 Jad Qg punoJe je pajjeisul ale sdH3 :sosjwaud ay} ulyum
'syobie}|  jeyj Bunsenbai Apusiind s j19UNOY By L ssauisng uo 9IN}JoNJISelyul [8INJONJISBILUI
[eJoAe pue siadojonap Buibieyoas| Buibieyosau
paonpal Jo ‘suonipuod Buiuueld jo asn ay} ybnouyy Aq pajeisutl | (Buiobuo) J1J}09|8 JO Uoleald o11}09|9 JO
uone|dwod pa2Jojua sI siy] “sjuswdojanap mau (sdD3) suiod 102 ay} abeunooua | uoneald ay}
Joyebielup| |1e yum sdD3 alinbal mou [1Iouno) ay] . e/N| Buibieyn ouos|g -6002 6002 \"al Aleaioy | ebeunooug| gz
"ajel JwJiad Bupjied 1semo| ay} 1e
pableyd ag 0} 8NUUOD SBIDIYSA O1}08|T.
‘Bunnjjod jsow ‘(D 0} ¥ spueq) S9|2IyaA |o4}ad
ale Yolym sa|oIyan UOISSIWS 1amo| 8y} se aoud awes ay) (sajo1yan 211109]9)
uo abieyoins e aJe 9say) Jey) 0S S9|2IYSA gn|o Jed |9salp SO|OIYDA UOISSIWD
aoe|d pue ‘01099 A 0Jn3 Jo 8o1d 8y} paonpal os|e aAeY S A MO JO} SJUNODSIP
SE Yons S9[oIYaA "SO|0IYSA [9SSIp PJEPUE]S A 0IN3 MdU By} ajeJtodiooul
UoISSIWS MO| 0] paljdde aq [im abieyoins ou Ing 913 0} 0] waysAs sywuad
suoionpal uononpal
uoissiwo a)ep uolissiwd aseyd
0} Bunejai uona|dwod |enuue uoinjeu aseyd
sjuUdWWODH pajewns3y syjuow g| )se| ul ssaiboid yobue Jojeaipu| awa|dwy] | Buluueld | pean Sn2o4 ainses|y | ON

1102 udy

pue|bug — eas|ay) pue uojbuisusy Jo ybnolog |eAoy




Royal Borough of Kensington and Chelsea — England April 2011

10 References

Maggs, R., Harrison, D., Carslaw, D. , Stevenson, K. (2009) Analysis of Trends in
Gravimetric Particulate Mass Measurements in the United Kingdom

Defra (2007) The Air Quality Strategy for England, Scotland, Wales, and Northern
Ireland

Defra (2009) Local Air Quality Management Technical Guidance LAQM.TG (09)

London Councils (2006) Best Practice Guidance. The Control of Dust and Emissions
from Construction and Demolition

RBKC Consultation Draft Local Implementation Plan December 2010
http://www.rbkc.gov.uk/environmentandtransport/roadsandhighways/localimplementa

tionplan.aspx.

RBKC (2008) The Climate Change Strategy 2008-2015
http://www.rbkc.gov.uk/environmentandtransport/climatechange.aspx

Defra’s Local Air Quality Management Support Pages
http://www.lagmsupport.org.uk/Summary of Laboratory Performance in WASP R1

03-107.pdf

62
Progress Report



Royal Borough of Kensington and Chelsea — England April 2011

Appendices

Appendix A: QA/QC Data

Appendix B: Monthly Mean Value Results of Nitrogen Dioxide Diffusion
Tubes

Appendix C: Glossary

63
Progress Report



Appendix A: QA:QC Data

Diffusion Tube Bias Adjustment Factors

NO; diffusion tubes

Bureau Veritas manage the data from the London Wide Environmental Programme
(LWEP) diffusion tube networks, however the supply and analysis of the tubes is
undertaken by Gradko International Ltd. The preparation method is 50% TEA v/v in
Acetone and the analytical method is U.V. Spectrophotometry.

Factor from Local Co-location Studies

Bureau Veritas conduct an ‘in-house’ co-location study to establish an LWEP bias
adjustment factor based on triplicate NO, diffusion tubes sampling concurrently
located with continuous analysers for a number of local authorities. They employ the
DIFTAB.xlIs spreadsheet to calculate the factor.

NO; diffusion tube bias adjustment factors for 2006 to 2011

Year|Mean Adjustment|Mean% Bias
2006 1.06 -4.00
2007 1.01 -1.06
2008 0.98 3.92
2009 1.00 1.14
2010 1.06 -5.00
2011 1.02 -1.20

Bias adjustment 2011

% Bias based
on
Continuous | Correction | continuous
Diffusion Tube Analyser Factor (A) | monitor (B)
kensinaton 1, Morth Kensington 31.1 3549 1.14 -12
LWEF Bloomshbury 43.5 481 1.14 -12
Greenwich 4, Eltham 227 246 1.08 -8
Hounslow, Cranford 30.2 277 0.93 2
Greenwich 7, Blackheath 498 47 4 0.96 4
Hillingdon, AURN, Sipson Rd 61.4 56.3 1.07 -7
Houndslow 4, Chiswick High Road 55.8 559 0.93 a
Houndslow, Brentford 479 514 0.93 2
kKensington 2, Cromwell Road 718 G6.2 0.90 11
Croydon 5, London Road (Morbury Rd) 477 60.8 1.00 0
Overall % Bias -1.20
Mean Bias
Adjustment
Factor 1.02

Calculations provided by Bureau Veritas

Choice of Factor

The LWEP factor has been selected as being the most suitable as it includes sites in
the borough and is based on a large number of co-located automated and diffusion
tube samplers.
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Benzene diffusion tubes

Benzene data is also collected as part of the LWEP managed by Bureau Veritas.
The tubes are analysed using desorption scanning gas chromatography/mass
spectrometry (GC/MS). Comparison of the LWEP data with the calculated mean data
for the Automatic Hydrocarbon Monitoring Network (AHMN) indicates that the
concentrations recorded were very comparable. However there is no bias
adjustment factor for benzene measurements.

PM Monitoring Adjustment

TEOM

In the past TEOM data was corrected using a simple multiplication factor of 1.3. Co-
located instruments (TEOM and Partisol) at North Kensington in the past enabled us
to compare the results, this had shown that adjusting the TEOM data by a factor of
1.3 gave a reasonable approximation of the annual average as less reliable when
applied to exceedences of the daily objective. However co-location studies have
shown that the instrument was not equivalent to the reference method and the FDMS
measurement device was developed to correct the problem and in comparisons was
shown to be equivalent to the EU reference method. In 2008/09 Defra began the
replacement of TEOM units with FDMS units on the particulate monitoring network.
Government guidance LAQM TG(09) states that the Volatile Correction Model (VCM)
should be used to correct TEOM measurements for Local Air Quality Management
purposes.

Data has been collected from the London Air Quality Network (LAQN) website
(www.londonair.org.uk) operated by King’'s ERG. TEOM measurements on the
website are now adjusted by the CVC. The VCM uses FDMS purge measurements to
correct TEOM measurements for the loss of volatile material. This method is now
recommended in Defra’s TG (09) as the preferred method for correcting TEOM
measurements for Local Air Quality Management purposes. This correction has been
undertaken for data in the Council’s two TEOM sites from 2004. Data corrected
using both the simple multiplication factor and the VCM method is included in the
report.

QA/QC of Automatic Monitoring
Data collection, screening and validation

Monitoring data is stored as 15-minute averages within the analysers. Air quality
data, including full instrument status information, is collected hourly via modem by
the King’'s ERG on the borough’s behalf from the monitoring sites via the data
loggers within the analysers. This data is stored within the LAQN database. Data is
validated by a combination of automatic and manual checks. The procedures used
comply with the validation requirements of the UK Automatic Urban and Rural
Network (AURN) Management and Co-ordination Units. Manual validation is carried
out daily. Data is ratified in three to six month blocks using service records,
calibration records, and the results of inter-calibration and audit. Data is passed on
to the Defra’s Quality Assurance and Quality Control Unit for final ratification.
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Routine calibration and independent checks

Local site visits are undertaken fortnightly at the urban background site and weekly
for the roadside Tapered Element Oscillating Microbalance (TEOM-FDMS) for the
purposes of calibration, filter changes and instrument cleaning. Equipment is
additionally serviced at regular intervals. Routine calibrations are undertaken by
contractors.

Independent calibration and audit is carried out by Defra appointed contractors as
part of their AURN responsibilities for the North Kensington site and for the Cromwell
Rd site through a separate contract. Calibration certificates are provided by AEAT.
The National Physical Laboratory (NPL) undertake the London affiliate inter-
calibration exercise. The following checks are performed for the oxides of nitrogen,
sulphur dioxide and carbon monoxide analysers:

Analyser response factors: The analyser samples a stable ‘inter-calibration standard’
which has been validated against a network primary standard. The analyser also
samples from a certified zero air source.

Analyser linearity: The analyser response to a series of known concentrations
covering the analyser range is noted. A linear regression is then performed on the
results.

Analyser ‘noise’ levels: This is the standard error of ten successive spot readings of
analyser readings when fully stabilised on zero.

Nitrogen Oxides analyser converter efficiency: NOy analyser converter efficiency is
determined using Gas Phase Titration at a range of concentrations, this uses a high
concentration of NO and a known amount of Oz which is subsequently converted to
NO,.

Estimation of site cylinder concentrations: The concentrations are evaluated by
sampling from the site cylinder and comparison to analyser response factors
determined from the ‘inter-calibration standard’.

For particle analysers the following checks are performed: Mass transducer
calibration: The mass transducer is calibrated by placing pre-weighed filters on it and
noting the change in the frequency that is induced.

Analyser flow rates: Flow rates are measured by calibrated flow audit measurement
systems. Leak checks are also carried out.

QA/QC of Gravimetric monitoring-Partisol

The Partisol operating at the Earls Court Road site since May 2002 is a gravimetric
sampler which is equivalent to the EU reference method. Reference to the report
has also been made to other Partisols operating in the borough by Defra. However
the co-location trail® raised concerns over the filter media used in these instruments
and showed that an over estimation in measured concentrations resulted from the

é Maggs, R., Harrison, D., Carslaw, D. , Stevenson, K. (2009) Analysis of Trends in Gravimetric
Particulate Mass Measurements in the United Kingdom
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use of quartz filters. The filters used at the site are Teflon coated glass fibre (Emfab)
filters which are not affected in the same way as quartz filters”. No correction factor
is required for gravimetric instruments.

Verification of ambient temperature, verification of filter temperature, verification of
ambient pressure and humidity, internal leak check, external leak check and flow
verification are undertaken for the partisol at the time of audit and service.

QA/QC of Diffusion tube data

Nitrogen dioxide

The laboratory of Gradko International Ltd follows the Practical Guidance document
"Diffusion Tubes for Ambient NO, Monitoring: Practical Guidance for users and
laboratories (Feb 2008)" (AEA on behalf of Defra). The preparation method: 50%
TEA v/v in Acetone and the analytical method is U.V. Spectrophotometry. Analysis is
carried out in accordance with documented in-house Laboratory Method GLM6.
Results are blank subtracted.

Uncertainty of measurement -  5.2%+/- Limit of Detection - 0.07mg/m3*

Gradko International Ltd participates in the Workplace Analysis Scheme for
Proficiency (WASP). This is a recognised performance-testing programme for
laboratories undertaking NO; diffusion tube analysis as part of the UK NO,
monitoring network. The scheme is designed to help laboratories meet the European
Standard EN48213.

The Laboratory performance was deemed satisfactory for 100% of samples that were
submitted between June 2010 and June 2011. ’

They also participate in the Network Field Inter-comparison Exercise which
complements the WASP scheme in assessing sampling and analytical performance
of diffusion tubes under normal operating conditions. This involves the regular
exposure of a triplet of tubes at an Automatic Urban Network site (AURN) site. These
sites employ continuous chemiluminescent analysers to measure NO,
concentrations. The results indicate that Gradko International Ltd diffusion tubes are
well within the performance targets set by NETCEN.

Summary of NO, Network Field Inter-comparison Results, 2011

Annual Mean Bias Precision
Performance Target Gradko Performance Target Gradko
Annual Mean Bias Precision
+25% -2% 10% 6%

" Defra’s Local Air Quality Management Support Pages
http://lagm.defra.gov.uk/documents/WASP-NO2-Scheme-for-Rounds-105-113-(April-2009---June-2011).pdf
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Benzene

All benzene tubes were analysed by a UKAS accredited laboratory using desorption
scanning gas chromatography/mass spectrometry (GC/MS). This method of analysis
gives unequivocal identification of BTEX peaks. Comparison of the LWEP data with
the calculated mean data for the AHMN indicates that the concentrations recorded
are comparable.

The measurement method used in the benzene survey was consistent with the
sampling, analysis and QA/QC requirements of EN 14662-4: 2005 Ambient air quality
— Standard method for measurement of benzene concentrations — Part 4: Diffusive
sampling followed by thermal desorption and gas. As part of quality control
procedures integral to the London-Wide Benzene Survey, a selection of boroughs
are sent one or two extra diffusion tubes for duplicate or triplicate exposure at a
monitoring site within their borough. In 2009, duplicate exposures were successful
on eleven occasions and triplicate exposures on eight. The results of these tubes
indicate satisfactory agreement between duplicate and triplicate tubes. The maximum
difference between du3p|icates is +1.0pg/m® and the maximum difference between
triplicates is +1.2ug/m°.
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Appendix B: Monthly Mean Value Results of Nitrogen
Dioxide Diffusion Tubes

Full dataset (monthly mean values) for the nitrogen dioxide diffusion tubes 2011

(unadjusted)

Site JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Mean
Ladbroke Grove 57.8 532 60.2 601 409 456 547 447 409 534 67.3 434 51.8
Holland Park 34 357 332 299 226 227 229 252 241 301 319 292 28.5
Cromwell Road 797 715 779 838 937 526 803 105 89.3 882 80.2 82
Dovehouse St 521 50.1 48.9 41 362 366 333 324 38 434 506 385 418
Brompton Road/Cottage Place 585 589 624 73.7 72.0 66.4 805 76.2 827 727 70.4
Earls Court (station) 914 896 792 849 932 111 83.0 103 104 89.7 951 97.0 93.4
Lots Rd/Upcerne Rd 412 334 436 318 238 333 283 248 282 337 418 285 327
Brompton Road 52.5 52 546 441 452 489 394 427 505 528 593 454 489
Ladbroke Crescent 439 419 468 384 224 272 275 266 254 346 456 379 34.8
Pembridge Square 496 454 524 437 383 371 384 362 391 419 494 399 426
St Marks Gove 447 383 46.8 389 237 274 238 271 232 358 487 314 34.1
Donne Place 53.8 422 365 27.0 343 320 340 389 43.0 482 40.1 39.1
Chatsworth Court 49.2 568 578 560 440 471 406 423 486 621 625 408 50.7
Sion Manning 389 360 391 290 229 244 250 246 259 37.0 458 315 317
Sion Manning 383 353 383 336 229 6.2 233 232 243 346 428 314 29.5
Sion Manning 397 363 358 301 215 211 262 250 262 295 451 31.0 30.6
Sloane Square 778 76.0 710 937 747 835 963 796 829 780 801 76.0 80.8
Harrods 709 784 847 842 533 695 841 594 509 605 781 564 69.2
CPG Gate 642 574 605 405 550 575 443 489 535 616 653 551 55.3
CPG Met 41.0 410 310 249 244 379 272 270 324 399 31.0 325
Marlborough Primary School/

Sloane avenue 576 501 63.8 606 50.0 439 30.0 436 475 558 557 476 50.5
Walmer House 50.2 485 440 49.0 46.4 479 438 461 465 496 534 188 454
Natural History Museum 764 799 641 810 699 783 674 664 66.1 804 774 692 73.0
Natural History Museum 755 666 727 845 713 727 665 555 70.0 758 771 710 71.6
Natural History Museum 524 796 742 774 689 725 682 617 621 838 754 714 70.6
Blantyre St 46.1 581 390 309 360 319 307 328 434 540 352 39.8
Chelsea Old TH 713 787 774 896 808 887 845 753 931 827 863 827 82.6
Pavillion St/Sloane Ave 577 51.0 593 572 448 455 564 440 445 551 595 430 51.5
Kensington H St/Campden Hill

Rd 575 502 620 648 575 584 600 547 515 59.7 560 512 57.0
Kensington H St/Argyll St 751 710 877 824 890 825 869 837 790 817 761 818 81.4
Old Brompton Rd 84.4 66.8 41.6 57.2 703 769 796 66.5 67.9
Fulham Rd/Limerston St 714 583 603 650 519 566 634 532 500 59.7 623 592 59.3
Warwick Road 52.0 507 609 606 348 352 471 404 475 629 36.2 480
Barbly road 434 427 548 424 282 288 335 302 291 419 484 329 38.0
Acklam Road 492 461 529 452 374 338 335 375 360 463 521 419 426
Southern Row 472 515 503 449 401 365 353 395 363 456 455 420 429
Exhibition Road 572 576 59.2 43.9 945 557 47.9 59.4
mean Sion Manning 516 359 378 309 225 172 249 243 254 337 446 313 317

Mean Natural History Museum 681 753 703 81.0 700 745 674 612 66.1 800 76.6 705 71.8

Mean results from Sion Manning and the Natural History Museum (KC47and KC54) are the mean
results from multiple tube exposures (triplicate tubes).

Note: This data has not been corrected for bias.
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Appendix C: Glossary

AQMA - Air Quality Management Area - an area designated by a local authority where it is
likely that the air quality objectives in the National Air Quality Strategy will not be achieved by
the appropriate future year specified by each pollutants’ objective.

AQAP - Air Quality Action Plan- a plan of initiatives that is being implemented to improve air
quality.

Automatic monitoring sites- sites producing high-resolution measurements typically hourly
or shorter period averages.

AURN- Automatic Urban and Rural Network- A Defra air quality monitoring network.

AURN affiliate- a monitoring site owned and operated by a local authority but included in the
Defra network of sites.

AHMN- Automatic Hydrocarbon Monitoring Network

Urban background site- a sampling site in an urban location distanced from sources and
broadly representative of city-wide background concentrations e.g. elevated locations, parks
and urban residential areas.

Benzene- an aromatic hydrocarbon

1,3-Butadiene- colourless gaseous hydrocarbon

Carbon monoxide (CO)- gas formed by the incomplete combustion of carbon containing
fuels

Defra- Department for Environment, Food & Rural Affairs

Diffusion tube- a small tube used to monitor pollutants by passively absorbing a pollutant
over a specific time period, and is then collected and analysed

Emissions inventory- a comprehensive data set of pollution emitted from a variety of
sources

FDMS- Fluid Dynamic Measurement System- an airborne particulate monitor based on
TEOM technology measuring the core and volatile fractions of the collected mass

Fine particles- see Particles

Gravimetric method- a method of sampling particulate matter by collecting it on a filter
which is then weighed later under controlled conditions, e.g. Partisol

HGV- heavy goods vehicle, a goods carrying vehicle of 3.5T (tons), or more, gross laden
weight

8 hr running mean- an average taken over an 8-hour period, which progresses hour by hour
Intermediate site - a sampling site within 20-40 metres of the source/road

Kerbside site- a site sampling within 1 metre of a busy road
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Lead (Pb) - one of the heavy metals that are a toxic and acts as a cumulative poison

LWEP- London Wide Environmental Programme- provision and analysis of diffusion tubes
led by Bureau Veritas in a number of London boroughs

LAQN- London Air Quality Network - a network run by a consortium including local
authorities, the Environmental Research Group- King’s College, to co-ordinate air pollution
monitoring

Microgram pg) — a unit of mass equivalent to one millionth of a gram or one thousand of a
milligram

Milligram (mg) — a unit of mass equivalent to one thousand of a gram

pg/m3- a microgram of pollutant in a cubic metre of air

Nanogram (ng)- a unit of mass equivalent to one thousandth of one millionth of a gram
ng/m® nanogram of pollutant in a cubic metre of air

Oxides of nitrogen (NOy)- a mixture of NO and NO,

Nitric oxide (NO)- a colourless toxic gas arising from the combination of atmospheric
nitrogen with oxygen in high temperature combustion

Nitrogen dioxide (NO,)- a stable brown gas largely produced by the oxidation of NO. NO,is
more toxic than NO

Particles- or fine particles, these are microscopic particles of varying composition, and for
the purposes of this report the term ‘particles’ refers to a range of particle sizes from 10y to
0.1y

Pollutant specific guidance- issued by Defra, provides advice on review and assessment
for each pollutant identified in the air quality regulations

Objective- we have used the word objective throughout this report. This is the term used by
the Government to describe standards which have a set timescale (i.e. a target date) for their
achievement

PM,,- particulate matter less than 10p (micrometres) in diameter

PM, s- particulate matter less than 2.5y (micrometres) in diameter

Roadside site- a sampling site between 1 metre of the kerbside of a busy road and the back
of the pavement, typically within 5 metres of the road

Screening models- give a preliminary level of assessment and only require simple input
data

Source apportionment- the degree to which various sources of pollution contribute to air
quality problems

Sulphur dioxide (SO,) - a colourless toxic and acid forming gas, it is the main product of the
combustion of sulphur contained in fuels
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TEOM- Tampered Element Oscillating Microbalance- a monitor to measure the mass of
particles collected on a filter continuously

VCM- Volatile Correction Model- a model to correct measurements of PMy, by the TEOM so
that they can be used to compare against the EU Limit Value in the UK.

Progress Report
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