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Figure 4-24:  Monthly Averages – Daily Elemental and Organic Carbon 
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Figure 4-25:  Monthly Averages –Particle Counts from CPC. 
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4.6.3 Diurnal Profiles 
 
Diurnal profiles have been derived for the automatic 'continuous' instruments.  The profiles by quarter 
(January-March, April-June, July-September and October-December) are shown in Figure 4-26 for 
the nitrate and in Figure 4-27 for the CPC measurements. 
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Diurnal Harwell PM2.5 Nitrate
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Diurnal North Kensington PM2.5 Nitrate
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Diurnal Marylebone Road PM2.5 Nitrate
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Figure 4-26:  Diurnal Profiles of the Automatic Nitrate Concentrations at Network Sites during 

2007 by Season. 
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(A) DISCONTINUED SITES 

Diurnal Belfast Centre CPC

0

10000

20000

30000

40000

50000

60000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Hour of Day

PC
/c

m
3

Jan-Mar Apr-Jun

Diurnal Glasgow Centre CPC
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Diurnal Manchester Piccadilly CPC
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(B) NEW/RETAINED SITES 

Diurnal Harwell CPC
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Diurnal Marylebone Road CPC
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Figure 4-27:  CPC Diurnal Profiles by Quarter in 2007. 
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5 Update on the Wider Policy and Research Context 
 
The measurements made within this Network are one research resource in the area of particulate 
matter.  Other sources of data should be borne in mind.  In this Section, we identify complementary 
measurement activities, which will provide additional data (a) to confirm the measurements made in 
this network or (b) to assist the interpretation of the measurements. 
 
5.1 Update on Related UK Activities 
 
5.1.1 Local Monitoring Activities 
 
The London Air Quality Network (LAQN), operated by King’s College London, has two sites, where 
particle number concentrations (using CPCs) and black carbon (using aethalometers) are determined 
in addition to PM10 and PM2.5 mass measurements.  These are the roadside sites at Blackwall Tunnel 
and the North Circular.  These measurements are funded by Transport for London to investigate the 
impact of the London Low Emission Zone, the sites were chosen as they were predicted to see the 
largest changes in these particle metrics as a result of the LEZ abatement measures. 
 
5.1.2 Defra and Other National Monitoring Activities 
 
AURN measurements 
 
Any investigation of PM must be linked to the officially reported PM10 and PM2.5 measurements. The 
discrepancies between the reference gravimetric method and the standard TEOM instrument are well 
known, and it has also become more apparent during 2007 that the reference method needs to be 
very carefully implemented to produce reliable results.  Results from this Particle Number and 
Composition Monitoring network are helping to resolve anomalies in historical gravimetric PM10 data.  
 
Black Smoke Measurements 
 
There are currently 21 sites that make daily Black Smoke measurements using the reflectance of filter 
samples.  Although the conventional Black Smoke index (given in units of μg m-3) is quite different 
from a measure of elemental carbon, NPL has provided evidence that the black smoke index and the 
aethalometer measure of black carbon are closely related [Quincey, 2007].  In part because of this, 
the Black Smoke network instruments are being replaced with aethalometers, which will provide a 
much closer link with the elemental carbon data in this network.  3 of the instruments will be located at 
sites in this network (Harwell, North Kensington and Marylebone Road). 
 
Rural Monitoring 
 
Daily measurements of sulphate, and monthly measurements of nitrate, chloride and ammonium are 
made at a number of rural sites through the Ammonia and Acid Deposition Monitoring Networks.  The 
2006 have been obtained but the 2007 data were not available for comparison during the writing of 
this report. 
 
As part of the UK implementation of the EMEP monitoring strategy, two sites, Auchencorth Moss and 
Harwell, have been established to monitor, inter alia, particulate matter.  The measurements of 
relevance to this network are those of 

¾ sulphate, nitrate, ammonium, sodium, potassium, calcium and magnesium ions in both the PM10 
and PM2.5 size fractions, on an hourly basis, using a steam-jet aerosol collector. 

¾ EC by aethalometry with supplementary analysis of filter samples for EC and OC. 
 
As part of its monitoring activities, EMEP held two intensive monitoring campaigns in June 2006 and 
January 2007 with a focus on gas-particle partitioning and particulate matter.  CEH Edinburgh 
deployed steam-jet aerosol collectors at both Auchencorth Moss and Harwell during these periods.  
The measurements made at Harwell from the June 2006 monitoring campaign have been supplied to 
NPL. 
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NPL was funded to analyse the EC/OC filter measurements made at Auchencorth Moss.  There is a 
clear need for NPL to work closely with CEH on the measurements of inorganic anions to ensure 
consistency of measurements across different Defra monitoring programmes and to avoid 
unnecessary duplication of measurements (e.g. at Harwell). 
 
5.2 Update on European Activities 
 
5.2.1 Proposal for revised EU Air Quality Directive 
 
In December 2007, the European Parliament agreed text for the new Air Quality Directive.  The 
Directive has now been formally approved, and is expected to be in place by May 2008.  The directive 
aims to revise and combine the Framework Directive 96/62/EC, the first three “Daughter” Directives, 
covering sulphur dioxide, NOx, PM, lead, benzene, carbon dioxide and ozone, and the “Exchange of 
Information Decision”. 
 
Three aspects are relevant to this Network.  Firstly, the existing PM legislation is based on control of 
PM10, while the new Directive places an emphasis on PM2.5.  Research-led measurements such as 
those on this Network should therefore make due emphasis on the PM2.5 fraction.  Secondly, there is 
more explicit allowance for pollution arising from “natural sources” to be excluded.  Again, research-
led measurements should make the determination of the “natural” fraction of PM a clear aim.  
 
Lastly, Annex IV includes the statement “Measurement of PM2.5 must include at least the mass 
concentration and appropriate compounds to characterise its chemical composition.  At least the list 
of chemical species below shall be included.” 
 
SO4

2- Na+ NH4
+ Ca2+ Elemental carbon (EC) 

NO3
- K+ Cl- Mg2+ Organic carbon (OC) 

 
Many of these components are those currently measured by this Network.  There is however a need 
to clarify what is meant in practice by EC and OC. 
 
5.2.2 CEN standards 
 
CEN TC 264 Working Group 15 is in the process of updating the gravimetric PM10 standard EN 
12341:1998. One aim is to tighten the specifications for filter handling and transport in line with the EN 
14907 standard for PM2.5.  The main outstanding issues are the specifications for “reference” filter 
material, and the humidity level during weighing.  
 
The working group is also in the early stages of drafting a CEN standard for automatic PM10 
measurement. There are no CEN standards planned for ambient particle number or size.  There is 
now, however, a proposal from Germany to CEN TC 264 to produce standard(s) for EC/OC 
particulate measurements , based on EUSAAR practices. 
 
5.2.3 ISO Standards 
 
There are many standards for particle sizing being prepared within ISO TC24 SC4, though they are 
mainly not applicable to measuring particles in air.  The most relevant is ISO/DIS 15900 
“Determination of Particle Size Distribution – Differential Electrical Mobility Analysis for Aerosol 
Particles” – i.e. measurements using SMPS.  This is close to the final voting stage. 
 
This standard does not include requirements for calibrating the number concentration part of the 
measurement – i.e. CPCs.  This will form the topic of a new standard (ISO 27891), on which work has 
recently started. 
 
5.2.4 EMEP 
 
EMEP published its assessment report on Particulate Matter in August  2007.  The conclusions of 
relevance to this monitoring programme can be summarised from statements such as “There is still a 
great lack of understanding of some of the major PM components” and “Current knowledge on PM 
levels and speciation are hampered by shortcomings in monitoring and modelling.  Measurements of 
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PM mass concentrations may not necessarily be comparable across Europe because of the 
comparability of the different methods, because of differences in correction factors applied to the 
measurements to make them comparable with reference methods and because of a number of 
specific analytical issues that may hamper the comparison of PM composition measurements.” 
 
Within the EMEP Task Force on Measurements and Modelling, discussions have been initiated on the 
next phase of the EMEP monitoring strategy.  It is likely that the strategy will retain a focus on 
particulate matter and its composition. 
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6 Update on Instrumentation 
 
6.1 Discontinued Instruments 
 
In March 2007, Thermo Fisher announced the discontinuation of the following instruments: 
 

• Series 8400N Particulate Nitrate Monitor  
• Series 8400S Particulate Sulphate Monitor  
• Series 5400 Carbon Particulate Monitor 

 
There are currently five 8400N automatic nitrate analysers in this network.  Three are deployed at 
sites, Harwell, Marylebone Road and North Kensington, and there are two hot spares.  Spare parts 
were available until March 2008 and consumables are expected to be made available until March 
2009.  The equipment service unit, Air Monitors, has sufficient parts and consumables in stock to run 
these three deployed instruments until at least the end of the current contract. 
 
There is one 8400S automatic sulphate analyser owned by this network, but it is not deployed. 
 
There are five automatic carbon analysers.  Four of these were deployed at sites, Belfast, Harwell, 
Marylebone Road and North Kensington, until May 2007.  Following the discontinuation notice and 
poor data quality demonstrated in recent studies, these analysers were removed from sites at the end 
of May 2007. 
 
6.2 Replacement Instruments 
 
Nitrate 
 
Alternative instrumentation include the URG Ambient Ion Monitor (AIM), and the Applikon Particle Into 
Liquid Sampler (PILS).  Both of these instruments consist of sample inlet and particle collection 
system followed by analysis by ion chromatography.  Both are specifically designed for field operation 
and are similar in price.  In order to assess the suitability of these instruments for integration into a 
network, NPL will be coordinating a short comparison trial at Teddington in 2008.  A detailed schedule 
and list of participating instruments will be produced before the trial begins. 
 
Carbon 
 
During 2007, King’s College London conducted a trial at Marylebone Road, which compared seven 
different instruments that measured either black smoke, black carbon or elemental carbon [ERG, 
2007].  The measurements of elemental carbon undertaken by NPL using the Sunset Laboratories 
instrument provided a reference against which the other instruments could be measured.  The Magee 
AE-21 provided the closest agreement to the elemental carbon measurement over a long time period.  
To provide time-resolved carbon data, three aethalometers are to be installed at Harwell, Marylebone 
Road and North Kensington between May 2008 and October 2008. 
 
6.3 EUSAAR Recommendations for SMPS measurements 
 
The EUSAAR project (European Super-sites for Atmospheric Aerosol Research) includes 20 sites 
across Europe including Harwell.  It has recommended that SMPS instruments should standardise the 
aerosol size distribution by measuring under dry conditions (<30% RH).  The SMPS and CPC 
instruments at Harwell underwent an audit by the EUSAAR project team during November 2007.  
Several recommendations were made: 
(1) Replace inherited copper pipe work and ‘funnel’ sampling inlet with a PM1 sampling head and 

stainless steel tubing. 
(2) Provide a calibrated flow meter (for example, a BIOS dry-cal meter or Gilian Gilibrator bubble 

meter) for the LSO to measure the flow rate of the CPC and SMPS fortnightly. 
(3) Provide an ultrasonic bath for the cleaning of the SMPS impactor. 
(4) Install humidity control and monitoring on the sample line, in the form of a drier and humidity 

sensor. 
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(5) Ensure that the Harwell site operator has access to documentation on instrument performance 
and measurement quality, either in written form at the site or as a detailed online log accessible 
form the site at any time. 

 
Following from these recommendations, NPL has provided an ultrasonic bath at all SMPS sites and is 
in discussion with King’s College on the provision of the Harwell instrument log to the site operator, 
either via e-mail or a web portal.  The other proposals are being investigated and costed for Defra’s 
consideration. 
 
6.4 Update on Chemistry and Biology Metrology Programme 
 
The Chemistry and Biology Metrology (CB) programme forms part of the activities in the UK’s National 
Measurement System (NMS), funded by the Department for Innovation, Universities and Skills 
(DIUS).  The CB Programme was launched on 1st April 2007 with the strategic integration of the Valid 
Analytical Measurements programme and the Measurements for Biotechnology programme.  It 
includes funding for research into particulates and trace chemical analysis, and has allowed continued 
investment and development of NPL’s nanoparticles measurement facilities. 
 
The programme has so far looked into practical metrology that has future implications for ambient 
nanoparticle monitoring.  The outcome of most direct relevance to the particle counting network is the 
development of a capability to calibrate Condensation Particle Counters by comparison to an aerosol 
electrometer.  The electrometer itself is calibrated using direct current injection, using a traceable 
current source, meaning that traceability to the SI can be realised.  This procedure is due to be 
submitted for UKAS assessment in 2008. 
 
The investigation of alternatives to radioactive neutralisers in the SMPS has shown that a dual corona 
discharge method yields very similar results to the conventional neutraliser.  Although the design used 
introduces a dilution of approximately 10:1 of the particles present, resulting in additional calibration 
steps, the loss of the administrative overhead associated with the use of radioactive sources will 
undoubtedly increase the desirability of the SMPS as a field instrument. 
 
Future research is focused on the topics of airborne particulate surface area and distinguishing 
engineered nanoparticles from those of an environmental background.  The former will initially centre 
on the comparison of different measurement techniques including SMPS and diffusion charging, 
helping increase the relevance of the already deployed SMPS instruments to the current 
nanotoxicology debate. 
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7 Topic Reports and Publications 
 
Reports and papers produced or published since the start of the contract include: 
 
7.1 Project and Topic Reports 
 
May 2005-April 2006 
 
CPEA 28: Airborne Particulate Concentrations and Numbers in the UK (phase 2). State of Network 
Report, NPL Report DQL-AS 019, September 2005 
 
CPEA 28: Airborne Particulate Concentrations and Numbers in the UK (phase 2). Strategic Network 
Review, NPL Report DQL-AS 020, November 2005 
 
CPEA 28: Airborne Particulate Concentrations and Numbers in the UK (phase 2). Annual Report 
2005, NPL Report DQL-AS 028, Revised July 2006 
 
May 2006-April 2007 
 
CPEA 28: Airborne Particulate Concentrations and Numbers in the UK (phase 2). Annual Audit 
Report, NPL Report DQL-AS 031, July 2006 
 
Comparison of Methods for Organic and Elemental Carbon PM10 Concentrations at Marylebone Road 
for the Period 07/09/06 to 31/12/06, NPL Report DQL-AS 035, February 2007 
 
CPEA 28: Airborne Particulate Concentrations and Numbers in the UK (phase 2). Estimation of 
Measurement Uncertainty in Network Data, NPL Report DQL-AS 037, March 2007 
 
CPEA 28: Airborne Particulate Concentrations and Numbers in the UK (phase 2). Annual Report 
2006, NPL Report AS4, Revised April 2007. 
 
May 2007-April 2008 
 
Monitoring of Particulate Nitrate by Rupprecht & Patashnick 8400N Ambient Particulate Nitrate 
Monitors, A.M. Jones and R.M. Harrison, August 2007. 
 
CPEA 28: Airborne Particulate Concentrations and Numbers in the UK (phase 2). Annual Audit 
Report, NPL Report DQL-AS 016, October 2007. 
 
Comparison of Cluster Analysis Techniques Applied to Rural UK Atmospheric Particle Size Data, 
D.C.S. Beddows and R.M. Harrison, Draft, December 2007. 
 
Change in particle number concentration from 2000 to 2006 at four UK sites, A.M. Jones and R.M. 
Harrison, March 2008. 
 
The weekday-weekend difference and the estimation of the non-vehicle contributions to the urban 
increment of airborne particulate matter, A.M. Jones, J.Yin and R.M. Harrison,  
 
CPEA 28: Airborne Particulate Concentrations and Numbers in the UK (phase 2). Annual Report 
2007, NPL Report xx, this report. 
 
7.2 Publications 
 
Multisite Study of Particle Number Concentrations in Urban Air, R.M. Harrison and A.M. Jones, 
Environmental Science and Technology, 39, 6063-6070 (2005). 
 
The Use of Trajectory Cluster Analysis to Examine the Long-Range Transport of Secondary Inorganic 
Aerosol in the UK, S.S. Abdalmogith and R.M. Harrison, Atmospheric Environment, 39, 6686-6695 
(2005). 
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Interpretation of Particulate Elemental and Organic Carbon Concentrations at Rural, Urban and 
Kerbside Sites, A.M. Jones and R.M. Harrison, Atmospheric Environment, 39, 7114-7126 (2005). 
 
Fine (PM2.5) and Coarse (PM2.5-10) Particulate Matter on a Heavily Trafficked London Highway: 
Sources and Processes, A. Charron and R.M. Harrison, Environmental Science and Technology, 39, 
7768-7776 (2005). 
 
An Analysis of Spatial and Temporal Properties of Daily Sulphate, Nitrate and Chloride 
Concentrations at UK Urban and Rural Sites, S.S. Abdalmogith and R.M. Harrison, J. Environmental 
Monitoring, 8, 691-699 (2006). 
 
Particulate Sulphate and Nitrate in Southern England and Northern Ireland during 2002/3 and its 
Formation in a Photochemical Trajectory Model, S.S. Abdalmogith, R.M. Harrison and R.G. Derwent, 
Science of the Total Environment, 368, 769-780 (2006). 
 
Intercomparison of Secondary Inorganic Aerosol Concentrations in the UK with Predictions of the 
Unified Danish Eulerian Model, S.S. Abdalmogith, R.M. Harrison and Z. Zlatev, Journal of 
Atmospheric Chemistry, 54, 43-66 (2006). 
 
Estimation of the Emission Factors of Particle Number and Mass Fractions from Traffic at a Site 
Where Mean Vehicle Speeds Vary Over Short Distances, A.M. Jones and R.M. Harrison, Atmospheric 
Environment, 40, 7125-7137 (2006). 
 
Assessment of Natural Components of PM10 at UK Urban and Rural Sites, A.M. Jones and R.M. 
Harrison, Atmospheric Environment, 40, 7733-7741 (2006). 
 
What are the Sources and Conditions Responsible for Exceedences of the 24 h PM10 Limit Value (50 
µg m-3) at a heavily trafficked London site? A. Charron, R.M. Harrison and P.G. Quincey, Atmospheric 
Environment, 41, 1960-1975 (2007). 
 
Particulate Matter at a Rural Location in Southern England during 2006: Model Sensitivities to 
Precursor Emissions, R. Derwent, C. Witham, A. Redington, M Jenkin, J. Stedman, R. Yardley and G 
Hayman, submitted to Atmospheric Environment, March 2008. 
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Annex 1.  Network Instruments 
 
 

(a) Network Structure, January to May 2007. 
 

Site 
Hourly 
PM2.5 
nitrate 

Daily PM10 
(anions) 

Hourly 
Carbon CPC SMPS 

Belfast Centre 
(Urban centre) x x x x  

Birmingham Centre 
(Urban centre)    x  

Glasgow Centre 
(Urban centre)    x  

Harwell 
(Rural) x x x  x 

Bloomsbury 
(Urban centre)     x 

North Kensington 
(Urban background)  x x x  

Marylebone Road 
(Roadside) x x x x x 

Manchester Piccadilly 
(Urban centre)    x  

Port Talbot 
(Urban background)    x  

 
 

(b) Network Structure, June to December 2007. 
 

Site 
Hourly 
PM2.5 
nitrate 

Daily PM10 
(anions) 

Daily 
OC/EC CPC SMPS 

Birmingham Centre 
(Urban centre)    x  

Harwell 
(Rural) x x x x x 

North Kensington 
(Urban background) x x x x x 

Marylebone Road 
(Roadside) x x x x x 

 
Equipment models: 
 
Hourly nitrate  Thermo 8400N 
Hourly carbon  Thermo 5400 
Daily PM10 filter Thermo Partisol 2025 
CPC   TSI model 3022A 
SMPS   TSI model 3936 
Daily OC/EC  Thermo Partisol 2025 
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Annex 2.  Map showing Location of Network Sites 
(January to May 2007) 
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Annex 3.  Instrument Repairs 
 
 

Site Instrument Date Fault 

Belfast Carbon 01/02/07 Power trip at site – instrument needed manually 
restarting. Multiple lamp failure 

  05/03/07 Filter temperature warning 

 Nitrate 01/02/07 Faulty PMT unit 

Harwell Carbon 11/04/07 Leaking pinch valve replaced. 

 Nitrate 08/01/07 Reaction cell pressure too high – pump was rebuilt 
and NOx analyser recalibrated 

  18/05/07 NOx analyser warning. Pulse analyser fitted with 
new circuit board. All recalibrated. 

  03/07/07 Sample flow out of range 

  06/11/07 PMT assembly replaced (removed to workshop 
due to lack of space at site) 

  19/12/07 High and erratic flow 

  03/01/08 Analyser communication failure. CPU replaced. 

Marylebone 
Road Nitrate 20/06/07 Communication failure. 

  15/11/07 NOx analyser flow fault. Solenoid valve assembly 
replaced. 

  06/12/07 NOx reaction cell changed. 

North 
Kensington Carbon 16/02/07 Afterburner lamps replaced. 
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Annex 4.  Wind Roses at Harwell and Rochester 
 
 
 

Wind Roses – Harwell, January-June 2007 
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Wind Roses – Harwell, July-December 2007 
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Wind Roses – Rochester, January-June 2007 
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Wind Roses – Rochester, July-December 2007 
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