Q:
What has been the outcome of the equivalence tests for Particulate Matter monitoring that has been carried out by Defra and the Devolved Administrations?  What are the implications for local authorities?

A:
Defra and the Devolved Administrations have been undertaking a detailed study over the past 2 years on the equivalence of various samplers and instruments for measuring Particulate Matter (both PM10 and PM2.5).  This study is now complete, and the report is available on the UK Air Quality Archive (www.airquality.co.uk). 


The study involved the comparison of six automatic and non-automatic instruments with European reference samplers.  In the case of PM10, the Kleinfiltergerat was used as the reference sampler; for PM2.5 the Leckel sampler was selected.  The six instruments tested were as follows:

· Tapered Element Oscillating Microbalance (TEOM) – PM10
· Filter Dynamics Measurement System (FDMS) – both PM10 and PM 2.5
· Partisol 2025 Sequential Sampler - PM10
· OPSIS SM200 (with both Beta and Mass configurations) – PM10
· Met-One Beta Attenuation Monitor (BAM) – PM10
The tests carried out were based on the Guidance for the Demonstration of Equivalence of Ambient Air Monitoring Methods issued by an EC Working Group.  In simple terms, the Guidance sets out an approach whereby it is possible to test whether an instrument is able to comply with the Data Quality Objective for overall uncertainty as defined within the relevant Air Quality Directive – in the case of PM10 this is 25%.  The tests were conducted at 4 sites within the UK, over both summer and winter seasons.  The outcome of the study is summarised in the table below:

	Instrument
	Outcome of Test

	TEOM
	Fails the equivalence criteria

	FDMS (PM10)
	Meets the equivalence criteria

	FDMS (PM 2.5)
	Meets the equivalence criteria

	Partisol 2025
	Meets the equivalence criteria

	OPSIS SM200
	Beta - Meets the equivalence criteria

Mass – Meets the equivalence criteria with correction for slope and intercept

	BAM
	Meets the equivalence criteria with correction for slope



The UK networks are largely founded on the use of the TEOM analyser, although some sites are equipped with Partisol 2025 samplers.  A default correction factor of 1.3 is currently applied to the TEOM data in order to provide a “gravimetric-equivalent result”.  One outcome of the study is that the TEOM analyser cannot be considered equivalent to the European reference method within the UK, even if a 1.3 slope correction factor (or any other factor) is applied.  Defra and the Devolved Administrations are currently considering options for the restructuring of the UK networks, which will need to be based on an instrument that meets the equivalence criteria (and hence is compliant with the Directive).  The outcome is not yet decided, but the TEOM analysers in the network will inevitably need to be replaced or upgraded.


What are the implications for local authorities?


TEOM analysers are widely used by local authorities to support LAQM work.  However, the outcome of the study means that TEOM analysers cannot strictly be used to measure PM10 concentrations for comparison with the air quality objectives (which are based on measurements using the European reference sampler).  The issue will be most critical where PM10 levels are slightly above or below the objectives.  


It is however recognised that local authorities have invested considerable resources in TEOM analysers, and it may not be practicable to replace these instruments in the short term.  Defra and the Devolved Administrations consider that TEOM analysers remain suitable for use for the purpose of LAQM, using the current default correction factor of 1.3
.  

Wherever it is practicable, local authorities are encouraged to use instruments that meet the equivalence criteria.  This should be an important consideration when purchasing new instruments, or replacing existing equipment.  It is also possible to upgrade the TEOM analyser to an FDMS instrument by a simple retrofit (at a cost of approximately £6.5 to £7.5k).  Authorities are also encouraged to have particular regards to those locations where concentrations are expected to be close to the objectives.  In such cases it may be possible to restructure local networks, for example by moving instruments around.


For local authorities using Partisol 2025, FDMS or OPSIS SM200 (in beta attenuation mode only) analysers, it may be assumed that the PM10 concentrations reported require no correction, providing adequate maintenance and QA/QC procedures are in place.


For local authorities using the OPSIS SM200 in mass mode, it is necessary to apply both a slope and intercept correction as follows:


Corrected mass = (SM200 mass – 1.286)/0.819


e.g if the reported PM10 mass concentration were 20 µg/m3, the corrected PM10 mass would be (20 – 1.286)/0.819 = 22.8 µg/m3

For the Met-One BAM instrument, a FAQ on data correction has previously been issued, which recommended that concentrations should be divided by 1.2.  This correction factor is still relevant, and should continue to be used:


e.g. if the reported PM10 mass concentration were 20 µg/m3, the corrected PM10 mass would be 20/1.2 = 16.7 µg/m3
NB:  This correction factor applies only to the unheated Met-One BAM instrument reporting concentrations in its default setting (flow volumes corrected to STP).  If the BAM instrument reports concentrations with flow volumes corrected to ambient conditions, or if the manifold is heated, then a different approach will need to be taken, and authorities are advised to contact the LA Support Helpdesk.

Q:
If I upgrade my TEOM analyser to a FDMS analyser, or replace it with a FDMS analyser, is it possible to compare the data for the purpose of trend analyses?

A:
Yes – it is possible to compare the concentrations measured by the FDMS analyser and the TEOM


In simple terms, the FDMS analyser is based on a TEOM, but incorporates additional components that measure the semi-volatile fraction.  The FDMS analyser reports these two fractions separately.  The non-volatile PM10 mass fraction reported by the FDMS (known as the PM10 FDMSBase) provides a comparable, although not identical
, parameter to the TEOM.


A comparison of the PM10 FDMSBase with the TEOM during these equivalence tests yields the following relationship:


TEOM*1.3 = PM10 FDMSBase + 5.826


e.g. if the PM10 FDMSBase concentration were 20 µg/m3, the equivalent concentration reported by the TEOM (corrected using the 1.3 factor) would be 25.8 µg/m3
�  For Scottish authorities, the Scottish Executive has previously issued additional interim advice for authorities in Scotland, based on local intercomparison tests. For the annual mean objectives, it is recommended that authorities should correct TEOM concentrations using both a 1.3 factor and a 1.14 factor.  Where the corrected PM10 concentration is above the objective based on a 1.3 factor, but below the objective based on a 1.14 factor, the authority is advised to undertake further monitoring using a gravimetric sampler (or other analyser shown to meet the equivalence criteria as described above) for a period of at least 6 months.  The 1.3 correction factor should continue to be used for assessment of the 24-hour mean objectives.





� The TEOM operates with a  manifold temperature of 50° C whilst the FDMS operates at 30° C





