[image: image1.jpg]CASELLA=

STANGER





MONITORING OF AIRBORNE PARTICULATE CONCENTRATIONS AND NUMBERS IN THE UK

Contract No. EPG 1/3/184

Submitted by Casella Stanger 

and

Division of Environmental Health & Risk Management

The University of Birmingham
FINAL REPORT

FEBRUARY 2005 

DOCUMENT INFORMATION AND CONTROL SHEET

Client

	Department for Environment, Food and Rural Affairs

Scottish Executive Environment and Rural Affairs Department
National Assembly for Wales

Department of the Environment (Northern Ireland)
	Project Manager

Tel:

Fax:


	Dr Martin Meadows

020 7082 8402

020 7082 8385


Environmental Consultant

	Casella Stanger

Great Guildford House

30 Great Guildford Street

London

SE1 0ES
	Project Director

Tel:

Fax:


	Dr Richard Maggs

020 7902 6158

020 7902 6149


	Casella Stanger
	Dr Richard Maggs

Jeff Booker

Dr David Harrison

Jon Alexander

Steve Moorcroft


	University of Birmingham


	Prof. Roy Harrison

Dr Aurelie Charron

Dr Andrew Allan 




Document Status and Approval Schedule

	Issue
	Status
	Description
	Prepared by:

Steve Moorcroft

Signed/Dated
	Reviewed by:

Dr Richard Maggs

Business Director – Air Quality

Signed/Dated

	
	Draft Report
	
	
	

	
	Final Report
	
	
	


Report Reference: CS/AQ/2307/RM/AD102099

11.   INTRODUCTION


42.  SUMMARY OF DATA CAPTURE AND OPERATIONAL ISSUES


83.  SUMMARY OF KEY ISSUES FROM DATA ANALYSIS





1.   INTRODUCTION

1.1 
Defra
 contract number EPG 1/3/184 “Monitoring of Airborne Particulate Concentrations and Numbers and Concentrations in the UK” was a follow-on from an earlier contract in which monitoring sites were established and advanced measurements commenced.  At the start of the current contract period (September 2001) the following instruments were run as part of the contract:

· Scanning Mobility Particle Sizers – 3 sites

· Condensation particle counters – 7 sites

· TEOM measurements of PM10 – 4 sites

· TEOM measurements of PM2.5 – 4 sites

· Continuous nitrate measurements – 2 sites

· Continuous carbon measurements – 4 sites

· Daily sulphate measurements – 4 sites

1.2
Additional data for assessment have been derived from instruments operating in the Automatic Urban and Rural Network, including:

· Gravimetric PM10/PM2.5 measurements – 6 sites

· NOx/CO/NO2 measurements – 9 sites

1.3
The tender proposal submitted by Casella Stanger and the University of Birmingham also offered a number of enhancements to the earlier contract.  Those enhancements included the following:

· assessment of gravimetric PM10/PM2.5
· assessment of particles in the 3-10 nm size range

· surface area measurements

· relationship between SMPS and CPC particle counts

· enhancement of campaign monitoring

· assessment of transboundary contributions

· upgrade of TEOMs to SCC heads

· enhancement of sulphate monitoring programme

1.4
At an early stage of the contract it was agreed with Defra that reporting would take the form of occasional specialist reports and papers, which would be collated together with an Executive Summary to comprise a Final Report.

1.5
This Final Report sets out: 

· A summary of operational issues and data capture statistics for the period of the contract;

· A summary of the principal conclusions that have been drawn from the data analysis.

1.6
Throughout the period of the contract Defra have been provided both with Quarterly Reports summarising operational issues, and various reports on data interpretation.  The following data interpretation reports have been published by Defra alongside this report and  are referred to in this document.

· Reports
Document No (as referred to in this report). 


-
U.K. Equivalence Exercise on Particulate (PM10) Monitoring in 



Accordance with CEN prEN12341, Casella Stanger and University of 
R1



Birmingham.



-
Intercomparison Between the TEOM Analyser and the European 



Reference Sampler for the Determination of PM10 Concentrations, 
R2



Casella Stanger and University of Birmingham.


-
Determination of Equivalence of the TEOM Analyser Compared with 



the European Reference Sampler:  Application of Methods in the EC 
R3



Guidance, Aurelie Charron and Roy M. Harrison.

-
Comparison between SMPS, Nano-SMPS and Epiphaniometer Data at 



an Urban Background Site (Bloomsbury) and a Roadside Site (Marylebone 
R4



Road), Aurelie Charron and Roy M. Harrison.


-
Assessment of Gravimetric PM10/PM2.5, Aurelie Charron and 
R5



Roy M. Harrison.
 


-
Sources and Processes that Influence Particle Size, Number and Mass 
R6



at a Rural Site in England (Harwell), Aurelie Charron, Wolfram Birmili 




and Roy M. Harrison.

-
Intercomparison of SMPS and CPC systems, Andrew Allen and
R7



 David Harrison
The following peer-reviewed articles have also been published 


-
Primary Particle Formation from Vehicle Emissions during Exhaust 
P1



Dilution in the Roadside Atmosphere, A. Charron and R.M. Harrison, 




Atmos. Environ., 37, 4109-4119 (2003).


-
Quantitative Interpretation of Divergence Between PM10 and PM2.5 Mass 
P2



Measurements by TEOM and Gravimetric (Partisol) Instruments, A. Charron, 




R.M. Harrison, S. Moorcroft and J. Booker, Atmos. Environ., 38, 415-423 



(2004).


-
A European Aerosol Phenomenology – 1: Physical Characteristics of 
P3



Particulate Matter at Kerbside, Urban, Rural and Background Sites in 




Europe, R. Van Dingenen, F. Raes, J.-P. Putaud, U. Baltensperger, 



A. Charron, M.-C. Facchini, S. Decesari, S. Fuzzi, R. Gehrig, H.-C. Hansson, 



R.M. Harrison, C. Hüglin, A.M. Jones, P. Laj, G. Lorbeer, W. Maenhaut, 



F. Palmgren, X. Querol, S. Rodriguez, J. Schneider, H. ten Brink, 



P. Tunved, K. Tørseth, B. Wehner, E. Weingartner, A. Wiedensohler and 



P. Wåhlin, Atmos. Environ., 38, 2651-2577 (2004).


-
Speciation and Origin of PM10 and PM2.5 in Selected European Cities, 
P4



X. Querol, A. Alastuey, C.R. Ruiz, B. Artiñano, H.C. Hasson, R.M.. Harrison, 




E. Buringh, H.M. ten Brink, M. Lutz, P. Bruckmann, P. Straehl, J. Schneider, 



Atmos. Environ., 38, 6547-6555 (2004).
The following manuscripts have been submitted for publication in peer-reviewed journals


-
Fine (PM2.5) and Coarse (PM2.5-10) Particulate Matter on a Heavily Trafficked
P5



London Highway: Sources and Processes, Aurelie Charron and Roy M.




Harrison.


-
A Multi-Site Study of Processes Influencing Particle Number concentrations 
P6



in Urban Air, Roy M. Harrison and Alan M. Jones.


   - The Use of Trajectory Cluster Analysis to Examine the Long-Range 

     Transport of Secondary Inorganic Aerosol in the UK, Salah Abdulmogith 
      P7

     and Roy M. Harrison.

   -  Interpretation of Particulate Elemental and Organic Carbon Concentrations
      P8

         at Rural, Urban and Kerbside Sites 

2.  SUMMARY OF DATA CAPTURE AND OPERATIONAL ISSUES

2.1
This section provides a summary of data capture statistics over the contract period for each instrument, together with an overview of operational issues. . Monitoring continues at all these under a new contract starting May 2005.
Condensation Particle Counters

2.2
Data capture for each year of operation is summarised in the table below.  Principal operational problems have included both software and pump failures.  A recent upgrade to the software has been carried out, which is expected to improve data capture.  Trials to collect the data onto the site loggers is also under way, which will allow remote interrogation of the instruments and data download 

	Site
	Data Capture (%)

	
	2001 
	2002
	2003
	2004

	Belfast
	98
	94
	78
	72

	Birmingham
	100
	64
	49
	85

	Port Talbot
	83
	87
	52
	88

	North Kensington
	100
	75
	64
	66

	Glasgow
	58
	61
	30
	31

	Manchester
	100
	74
	65
	42


Scanning mobility particle sizers

2.3
Data capture for each year of operation is summarised in the table below.  The SMPS systems comprise of an Electrostatic Classifier and a CPC.  In part, they are subject to the same operational problems as the stand-alone CPCs described above.  In addition, systems have suffered software problems, and in recent years, voltage and flow control difficulties.  Towards the latter half of 2004, the instruments were removed from the field for various intercomparison exercises (see Section 3).

	Site
	Data Capture (%)

	
	2001 
	2002
	2003
	2004*

	Bloomsbury
	24
	75
	64
	52

	Marylebone Rd
	29
	75
	42
	69

	Harwell
	76
	58
	48
	87


*data capture only shown until 30/09/04

R&P 5400 EC/OC analysers

2.4 Data capture for each year of operation is summarised in the table below.  The EC/OC analysers were deployed in early 2002.  Initially, data capture was compromised by problems with the phase control modules operating at UK voltages. Once rectified, the instruments generally performed very reliably, with occasional problems due to blocked collection filters, the Li-cor sensor drifting out of range, lamps blowing, leaks in the circulator or thermocouple failure. 

	Site
	Data Capture

	
	2002
	2003
	2004

	Marylebone Rd
	85
	74
	32

	North Kensington
	100
	58
	31

	Belfast
	61
	52
	13

	Harwell
	76
	63
	19


2.5 However the performance of the instruments has deteriorated over time, consistent with the extreme heating stress to which they are subjected. In July of 2004 they started to blow lamps almost daily, with the resulting power surge taking out entire circuits, compromising both safety and other measurements. The instruments were decommissioned following consultation with Defra. After significant rebuild and redesigning, the London North Kensington instrument has now been re-commissioned, and the others will follow shortly.

R&P 8400N Nitrate analysers

2.6
Data capture for each year of operation is summarised in the table below.  Major problems in commissioning were associated with the initial design of the flash strip which would last anything from a few hours to a few weeks. This was subsequently modified to include heat-dissipating loops that have proved highly reliable. The operational problems have now largely been overcome.  Lower data capture in 2004 was principally associated with loss of air conditioning units in the site housings, and power loss due to problems with the R&P 5400 instruments (see above) rather than the nitrate instruments themselves.

	Site
	Data Capture (%)

	
	2003
	2004

	Belfast
	59
	76

	Harwell
	36
	78


Partisol 2025 samplers

2.7
Partisol 2025 samplers are used to collect samples for the subsequent determination of sulphate.  Data capture for each year of operation is summarised in the table below. It should be noted that the units became operational in November 2001 (here referred to as 2001(Q4)). For Harwell, the unit became fully operational in 2002 – statistics for 2001 are therefore not provided.  Data loss in 2003 was largely due to failure of the filter exchange mechanisms, flow faults and pump failures, although there have recently been motherboard failures.  The initiation of telemetry links with the samplers has significantly improved data collection, which is now broadly comparable with that achieved in the national PM10 networks.

	Site
	Data Capture (%)

	
	2001(Q4)
	2002
	2003
	2004

	North Kensington
	64
	73
	74
	84

	Marylebone Rd
	90
	51
	40
	85

	Belfast
	98
	91
	91
	77

	Harwell
	N/A
	79
	74
	80


TEOM (Since October 2001)

2.8
The TEOMs have recently been removed from the Particles contract, and placed under the UK Automatic Urban and Rural Network for compliance measurement reporting to the EC. However, we summarise their performance as part of the particles contract here in order to recognise their contribution to the contract. TEOMs are well-established continuous monitors and, as such, are very reliable.  Data capture over the period of the contracts has been excellent.  Rochester’s PM10 was out of service for a large period in 2002, although this data is from a local authority owned TEOM and beyond our control.

	PM2.5 TEOM
	2001 (Q4)
	2002
	2003
	2004

	Bloomsbury
	99
	91
	97
	98

	Marylebone Rd
	100
	97
	96
	97

	Rochester
	99
	98
	99
	99

	Harwell
	98
	98
	99
	96


	PM10 TEOM
	2001 (Q4)
	2002
	2003
	2004

	Bloomsbury
	99
	89
	97
	98

	Marylebone Rd
	81
	98
	99
	98

	Rochester
	99
	61
	78
	99

	Harwell
	97
	99
	98
	98


3.  SUMMARY OF KEY ISSUES FROM DATA ANALYSIS

Analyses of Particle Size Distribution Data
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Analysis of the datasets collected by Scanning Mobility Particle Sizer at London Marylebone Road shows that particles in the 11-30 nm size range behave anomalously, showing no clear relationship to traffic volumes and a lesser effect of dilution with increasing windspeed than for the larger particles.  A detailed analysis of the data leads to the conclusion that these particles are formed in the atmosphere during the dilution and cooling of the exhaust gases.  The implication is that these particles, which represent a substantial proportion of the total number of particles in roadside air, are comprised mainly of semi-volatile material, probably derived largely from engine oil.  Studies of the health effects of particles need to take account of the substantial difference between the composition of these nanoparticles, and that of the larger particles which typically comprise a substantial graphite core with a surface layer of adsorbed organic material.
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Comparison of Scanning Mobility Particle Sizing instrument data from the UK measurement sites with those from elsewhere within Europe shows London Marylebone Road to have particle number concentrations (for diameters greater than 10 nm) higher than at any other sites, apart from a kerbside site in Leipzig, Germany.

· Particle size number distributions show a large dominant mode around 25 nm diameter and another mode between 50-90 nm that is largely obscured by particles in the first mode.

Measurements of Particles Smaller than 11 Nanometres and of Particle Surface Area

· A nano-Scanning Mobility Particle Sizer (nano-SMPS) has been deployed at both London Bloomsbury and London Marylebone Road to extend the particle measurement size range below the 11 nanometre lower limit of the SMPS.  This has yielded valuable data in demonstrating that particles are present even in this lower size range, apparently arising from condensation of semi-volatile vapours during the dilution and cooling of exhaust gases.  As yet, any health implications of such tiny particles are most unclear.

· An epiphaniometer instrument which is able directly to measure the surface area of airborne particles on a continuous basis has been operated both at London Bloomsbury and London Marylebone Road alongside an SMPS instrument from which it is possible to calculate a particle geometric surface area if certain assumptions regarding particle density are made.  The epiphaniometer has proved to be a robust continuous measurement instrument which would offer some advantages over the SMPS if it were intended to measure particle surface area as a possible causal factor for adverse health outcomes in epidemiological studies.

Particle Number Count Data

· Particle number concentration data measured by condensation particle counter have been analysed from six central urban background sites, one urban street canyon and an industrially-influenced site (Port Talbot).  Highest concentrations are at the Marylebone Road kerbside site with lowest at the industrial Port Talbot site.  The central urban background locations fall in between and vary relatively little in annual mean concentration, typically around 20,000 particles per cubic centimetre.

· The particle number count data show a pronounced seasonal pattern, with highest concentrations in the winter months and lowest in the summer.  This may be connected both with the enhanced efficiency of new particle formation processes in the cooler winter weather and the better dispersion of particles tending to reduce concentrations in the summer months.


· The data from kerbside and central urban locations show a diurnal variation with a morning rush hour peak typical of anthropogenic pollutants with a ground-level source.  When the dilution effects of windspeed are accounted for, the data show little directionality at the central urban background sites indicating the influence of sources from all directions as might be expected if the major source were road traffic.

· At the London Marylebone Road site there is a strong directionality of concentrations driven by the air circulation in the street canyon.

· At the Port Talbot site different diurnal patterns are seen for particle number count and PM10.  The former appears to be influenced predominantly by emissions from traffic on a nearby motorway, whilst the PM10 mass is influenced more by coarse particles derived from the local industry. 

· At all sites, hourly particle number concentrations are generally only weakly correlated to NOx and PM10, the former showing a slightly closer relationship.  Correlations between daily average particle number count for PM10 were also weak which suggests that adverse effects which are related to PM10 concentration may not be well predicted by particle number.  This finding has important implications for epidemiological studies of particles and health.

· Episodes of high PM10 concentration in summer typically show low particle number concentrations consistent with transport of accumulation mode secondary aerosol, whilst winter episodes are frequently associated with high PM10 and high particle number count arising from poor dispersion of local primary emissions.  The implications for particulate matter abatement are that attention is required both to local and long range sources if episodic high concentrations are to be avoided.

Particulate Matter Mass (PM10, PM2.5 and PMcoarse) Concentrations Measured by TEOM


· Detailed analysis of the particle mass concentration date for Marylebone Road show daily and weekly cycles which correlate well with the traffic counts for heavy-duty vehicles.  The heavy-duty diesel vehicles are the main source of fine particulate matter, and in particular lorries dominate PM10 exhaust emissions (median contribution of 42%) which are mainly in the fine (> 2.5 µm size range).


· Coarse particles (PMcoarse) at Marylebone Road show a strong correlation with PM2.5 suggesting that the substantial turbulence induced by the heavy-duty road traffic is responsible for the resuspension of particles from the road and/or that heavy-duty vehicles are large emitters of dust via abrasion processes.

· Median enhancements of approximately 7 µg m-3 for PM2.5 (33% of PM2.5) and about 4.5 µg m-3 for PMcoarse (45% of PMcoarse) due to the local traffic are found for Marylebone Road in comparison to the urban background site of Bloomsbury, corresponding to a median heavy-duty traffic and light-duty traffic of about 290 and 3,900 vehicles per hour respectively.


· At least 79% of the increment in PMcoarse concentrations is estimated to arise from non-exhaust vehicle emissions, which implies that at least 31% of PM10 arising from vehicle emissions are non-exhaust emissions.


· An analysis of factors leading to high hourly concentrations of PM10 at Marylebone Road reveals that these events were due either to building works or associated with periods of maximum heavy-duty traffic and favourable prevailing wind conditions. Lower windspeeds favour high PM2.5 concentrations and stronger windspeeds favour high PMcoarse concentrations.  Some episodes of high concentration were associated with long-range transport.


· A comparison with other sites within Europe shows that concentrations of PM10 mass at Harwell are comparable with those at rural sites in other European countries, and that London Bloomsbury concentrations are comparable with many other urban centre sites, and fall below some.  The PM10 concentrations at London Marylebone Road are lower than those at the other urban kerbside location (Vienna) where measurements took place.


· In the case of PM2.5, both Harwell and London Bloomsbury exhibit concentrations which are relatively low compared to sites of the same classification in other European countries.  Similarly, concentrations at London Marylebone Road fall below those of other European kerbside sites.

Assessment of Gravimetric PM10/PM2.5 Data


· Data from seven sites at which Partisol instruments are operated for either or both PM2.5 and PM10 have been analysed.  


· PM2.5 concentrations at the different urban background sites are more homogeneous than PM10 concentrations.  Due to substantial local influences, PMcoarse concentrations show larger inter-site differences which are largely responsible for the inter-site differences in PM10.  Statistically significant inter-site correlations are found for PM2.5 at sites within England, consistent with a regional background of PM2.5.


· Each of PM10, PM2.5 and PMcoarse are substantially elevated at the roadside Marylebone Road site compared to urban background sites in London.  About 37% of the daily PM10 concentrations measured at Marylebone Road are above the daily standard of 50 µg m-3.  Elevation of the PMcoarse​  fraction at this site is clearly indicative of non-exhaust emissions from road traffic.

· Both Port Talbot (industrial site) and Belfast (urban background) have higher PM10 concentrations that Birmingham (urban background), London North Kensington (urban background) and Glasgow (urban background).  Both Port Talbot and Belfast have unusual temporal patterns but for more than one day out of each 10, daily PM10 concentrations measured at these sites are above the 24-hour standard of 50 µg m-3, and for more than 75% of the exceedence days, the coarse fraction is the main contributor to the exceedence.

· Amongst the central urban sites, Belfast is anomalous in that the percentage of PMcoarse at this site substantially exceeds that at the other sites.


· For more than 75% of those days when the PM10 concentration exceeds 50 µg m-3 (daily mean), PM2.5 is the major contributor to the PM10 concentration at Birmingham Centre, London North Kensington, Harwell and Glasgow.

Long Range Transport of Particulate Matter Components

· A detailed analysis of the geographic origins of sulphate and nitrate arriving at Belfast and Harwell shows clearly that the predominant origin of these components of PM10 is continental Europe.  Highest nitrate and sulphate levels are associated with south-easterly and easterly trajectory clusters at Belfast and Harwell respectively.

· Easterly trajectory clusters show lower sulphate/nitrate ratios compared to other air mass trajectories, especially for air travelling from the near continent.

· Nitrate concentrations show greater episodicity than sulphate within implications for achievement of the daily PM10 limit value of 50 µg m-3.  Our trajectory analysis suggests that control of NOx emissions from the UK and adjacent continental European countries has a major role to play in achieving compliance with the current PM10 limit value.

Intercomparison of Measurement Methods


· Detailed studies have been conducted in order to compare measurement of PM10 and PM2.5 mass by continuous TEOM instruments with gravimetric instruments such as the Partisol and European reference sampler (KleinFiltergerat).


· An intercomparison of PM10 and PM2.5 mass measured simultaneously by TEOM and Partisol samplers at Harwell have shown conclusively that a TEOM gives lower readings of both PM10 and PM2.5 mass.


· Work has also been conducted to elucidate the factors determining this difference and these can be related in part to volatilisation of semi-volatile nitrate and of water at the 50ºC inlet temperature of the TEOM leading to an under-estimation of mass compared to the gravimetric samplers.  The loss of these components is not sufficient to explain the mass deficit entirely, and loss of semi-volatile organic materials must also be postulated.

· Detailed studies have been conducted in order to determine the equivalence of the TEOM sampler compared to the European reference sampler for PM10.  These studies to date have consistently indicated that the mass divergence between the measurement methods varies very significantly from day-to-day as well as between seasons.  Such variability in the data causes the TEOM to fail the tests of equivalence to the European reference sampler.  This has led to trials of a TEOM/FDMS system in subsequent work under another research contract.  

Particle Number and Mass Concentrations at a Rural Site (Harwell)


· A large dataset is available for both particle mass (PM2.5, PM10 and PMcoarse) and size-fractionated particle number from the Harwell site allowing a detailed analysis of the factors influencing concentrations by mass and number.


· Consistent with their behaviour at the urban sites, PM2.5 and particle number for diameters above 30 nm show a significant reduction with increasing windspeed and a deep and well mixed atmospheric boundary layer.

· Concentrations of coarse particles (PMcoarse) show a behaviour different to that at urban sites.  Concentrations of PMcoarsse appear to be independent of windspeed suggesting that increased concentrations due to wind blown resuspension and formation of marine aerosol with increased windspeed compensate for the reduction of concentration by dilution as windspeed increases.  

· High concentrations of coarse particles (PMcoarse) are associated with dry, warm and sunny weather suggesting resuspension of surface soils, and with winds blowing from both polluted and clean sectors.

· The number count of particles with diameters below 30 nm also behaves anomalously.  The particle number below 30 nm increases in dry, warm, sunny weather and appears unaffected by windspeed, and as at London Marylebone Road, increased windspeed causes a shift of the size distribution to smaller diameters.

· High numbers of particles of diameter below 30 nm appear favoured by winds blowing from clean air sectors, and concentrations tend to peak in the afternoon which is opposite to the behaviour of particles in larger size categories.  This is strongly suggestive of formation of new particles by photochemically driven processes.  Such processes have been observed at non-urban sites in many parts of the world.  The chemical composition of the new particles is currently not well understood and there is currently no understanding of implications for human health.


· Many sources are shown to contribute to the mass and number concentration of particles at the Harwell site.  The influence of the nearby Didcot Power Station is easily recognisable as are the local A34 road and mesoscale transport from London.

Elemental and Organic Carbon


· Site mean concentrations of elemental carbon range from 0.6 µg m-3 at the rural site (Harwell) to 3.4µg m-3 at the kerbside Marylebone Road site.  Concentrations of organic carbon range from 1.8 µg m-3 at Harwell to 4.5 µg m-3 at Marylebone Road.  Consequently, the ratio of organic to elemental carbon rises appreciably from kerbside to urban background to rural sites.  The is consistent with incorporation of secondary organic compounds into airborne particulate matter.


· Typical diurnal profiles of both organic and elemental carbon show patterns typical of anthropogenic ground-level emissions, most probably associated largely with road traffic.

· At the London Marylebone Road site, the behaviour of elemental carbon correlates very strongly with that of NOx suggesting a common source in heavy duty vehicle emissions.  Organic carbon and PM10 concentrations are well correlated which appears to suggest non- traffic sources including secondary organic aerosol as being the major contributor of organic carbon.


· Other than at the kerbside site when the airflow was from the direction of a road, the mean contribution of particulate organic carbon to PM​10 at all sites was around 14%.


· Organic carbon and elemental carbon are very strongly correlated at the kerbside site, but relatively weakly related at other sites suggestive of the contributions of a range of sources, both primary and secondary, to organic carbon concentrations.

Intercomparison of SMPS and CPC systems

· An intercomparison of the 3022A CPC systems used in the UK network showed good agreement between the instruments

· The SMPS systems lose significant fractions of the sub-30 nm particles due to diffusional losses.  The current software is unable to correct for these losses.

· The existing SMPS systems are now approaching 8 years in continuous service, and some components have inevitably deteriorated despite regular servicing.  In particular, voltage control and flow control systems are becoming increasingly unreliable, giving rise to instability and drift which cannot be easily rectified without daily attendance at site.
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� Following devolution and the establishment of devolved administrations, a UK research budget is still in place to cover all air quality research carried out by Defra and the devolved administrations. The resultant output of this research is used to inform policy at Defra and the devolved administrations. The devolved administrations are as follows: the National Assembly for Wales (NAW), the Northern Ireland Executive, represented by the Department of the Environment in Northern Ireland (DoENI), and the Scottish Executive, represented by the Scottish Executive Environment and Rural Affairs Department (SEERAD). References in this report to Defra should be taken to include the devolved administrations.
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