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Executive Summary

Dr Brian Stacey was commissioned by Stockholm University to undertake a systematic
review of the Swedish Reference Laboratory for Air Quality — measurements (Reflab), hosted
at the Department of Environmental Science, in September 2025. This review follows up on
the evaluation work of the Swedish Air Quality Monitoring Network undertaken by UK
consultancy Ricardo in 2014, which identified a number of areas where improvements in
quality control were recommended when evaluating compliance with the Ambient Air
Quality Directive (AAQD) 2008/50/EC.

This review primarily focussed on measurements of nitrogen dioxide and PM10/PM3.s
particulate matter, assessing the traceability of the entire measurement chain, from primary
standard, through collection of raw data, data processing and publication. The purpose of
this review is to assess whether Swedish data provided to the European Commission meets
the data quality objective (DQO) requirements outlined in the AAQD (EU) 2024/2881.

Fact-finding meetings were arranged with key stakeholders in the Swedish Air Quality
Monitoring Network: Naturvardsverket, Reflab, municipalities, consultants and equipment
providers. The information gathered from these meetings is summarised as follows:

Operation of monitoring stations, provision of final datasets

It is clear from the meetings with municipalities, consultants and equipment providers that
there is a high degree of competence and professionalism within the network. Municipalities
are individually responsible for interpreting, implementing and reporting their ratified data
for the AAQD. These obligations are frequently undertaken by many municipalities
themselves, but a significant proportion contract the work out to a number of
environmental consultancies.

As municipalities and consultants are likely to be operating, calibrating, maintaining and data
processing following their own documented procedures, it is possible that there are
differences compared to guidance provided by Reflab and the specifications in reference
standard methods. This could introduce a risk that the traceability and quality of their
measurements may not be as robust as required by the AAQD.

This was one of the key findings from 2014, but Reflab and Naturvardsverket do not have a
formal mandate to assess, modify or quality control the datasets provided by municipalities.
While it is likely that reported data from municipalities is of appropriate levels of data
quality, additional quality control checks, traceability and agreed data processing
methodologies are advisable for final ratified datasets to confidently meet the AAQD data
quality objectives.

Nitrogen dioxide

At present, there is no clear traceability connecting the Reflab primary standard with the
measurements made in the municipalities. For example, not all calibration cylinder
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concentrations used by municipalities are checked by Reflab. Without this link, it is
impossible to quantify network performance.

The instruments in the network are not demonstrably operated in accordance with the
procedures described in SS-EN14211. For example, there should be traceable instrument
calibrations every three months, agreed data scaling methods, as well as field tests to
evaluate instrument noise, lack of fit and converter efficiency. These results should be used
to calculate measurement uncertainty, but this is not currently being undertaken.

PMio / PMy 5 particulate matter

At present, the network is not demonstrably operated in accordance with the requirements
of SS-EN12341 and SS-EN16450.

There should be regular traceable flow measurements of the instruments, together with
calibrations of instruments with test particle mixtures where possible to ensure accuracy of
data.

Ongoing verification of the relationships between reference samplers and automatic
analysers is not undertaken throughout the year, is only targeted at a small number of
locations, and is mainly assessed for PM1o. This information would be essential in providing
guidance to municipalities for scaling raw data.

Ozone

At present, there is no systematic traceability connecting the Reflab Standard Reference
Photometer (SRP) with the measurements made in the municipalities. There is only limited
cross referencing of the Reflab SRP with other stakeholders, both within Sweden and the
wider international community.

The instruments in the network are not demonstrably operated in accordance with the
procedures described in SS-EN14625. For example, there should be traceable instrument
calibrations every three months, agreed data scaling methods, as well as field tests to
evaluate instrument noise and lack of fit. These results should be used to calculate
measurement uncertainty, but this is not currently being undertaken.

Other pollutants

The primary focus for air quality monitoring in Sweden is for measurements of nitrogen
dioxide and particulate matter. As a result, it is likely that less time is spent scrutinising the
data quality of other pollutants (for example sulphur dioxide, carbon monoxide). As the data
quality for the main pollutants do not demonstrably meet the DQO requirements, it is likely
that the data for other pollutants will be of similar quality.
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There are a number of key recommendations that can be implemented to improve the
quality and uncertainty of measurement data in Sweden, as listed below:

e Improved use of the Reflab primary gas standards to cascade traceability.

Ensure that all calibration gases used by municipalities are certified by Reflab before
being used.

Use the Reflab ozone SRP to calibrate transfer standard photometers, which can then
be used to calibrate ozone monitors

e Reflab should visit all NOx monitoring stations in 2026 to check the stability of
municipality gas cylinders, perform flow and calibration tests on PM analysers (where
these are co-located), assess the suitability of monitoring stations and provide
suggestions for improvement where applicable. This would allow the monitoring
network to be harmonised, measurement accuracy to be reliably assessed and
provide a solid base for ongoing future quantification of network performance.

e Data management and data handling is complicated. At present, municipalities
provide final datasets to the national data host and Reflab review these final data for
suitability.

Reflab does not have enough information about how the data have been processed
to make an informed decision about any associated uncertainties for the data. Full
access to raw data, calibration history, data scaling and meta data is required to allow
Reflab to assess data quality. This additional data is usually not shared and the
national data host’s database may not yet be ready to accommodate the extra data.

e The current programme to assess automatic PM analysers needs enhancing. Long
term co-location sites at key representative and challenging locations need to be
identified and PM3s measured, along with PM1o. Information from these co-locations
should be used to inform municipalities of appropriate data processing information.
Alongside the ongoing verification of existing instruments, a Nordic equivalence
programme for new PM analysers is needed. This would likely require the
establishment of at least one PM supersite to provide data to support/approve the
use of new instrumentation in Northern Europe.

e Discussions with municipalities and consultants suggests that their obligations under
the AAQD or the requirements for ongoing quality control as specified in the CEN
standard methods may not be fully complied with. A series of tutorials, webinars or
one-to-one meetings to demonstrate best practices in station setup, data processing,
handling analyser test results and calculation of measurement uncertainties would
be beneficial, both to the municipalities and the measurement consultants.

It is recognised and acknowledged that the current structure of the Swedish monitoring
network does not easily allow changes to be made, especially where these changes may be
in conflict with the existing responsibilities and obligations of municipalities. Nevertheless,
for the network to truly fulfil the data quality objectives of the AAQD, an additional layer of
improved QA/QC is advised to review measurement data. It is clear that many of these
additional tasks are beyond the current responsibilities of key stakeholders, and are likely to
require additional investment to achieve.
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Introduction

In September 2025, Dr Brian Stacey was invited to visit Stockholm University to assess the
Swedish Reference Laboratory for Air Quality — Measurements. The review follows on from
work undertaken by Ricardo-AEA in 2014 (report ref: Ricardo-AEA/ED60375/Issue 1). The
original review was designed to understand how the network was operated and provide
recommendations to ensure compliance with the requirements of the then current Ambient
Air Quality Directive (AAQD; 2008/50/EC).

This latest review, with due reference towards the earlier work, focusses on the future
requirements of the latest AAQD, (EU) 2024/2881, due to be transposed into law by 11
December 2026.

Scope of visit

Brian Stacey visited Sweden in September 2025. Meetings were held with the following
organisations:

e The Reference Laboratory for Air Quality - Measurements in Sweden — Department
for Environmental Science, Stockholm University (Reflab)

e Swedish Environmental Protection Agency (Naturvardsverket, EPA)

e Alnab, provider of equipment, support and consultancy to municipalities

e SLB-analys, Stockholm municipality who additionally provide consultancy to
municipalities within the East Sweden Air Quality Management Association

e Swedish Environmental Research Institute (IVL), a major consultant for
municipalities

e Goteborgs miljoforvaltning, city municipality

e OPSIS, provider of equipment, support and monitoring services to municipalities,
amongst others

e Malmo miljofoérvaltning, city municipality who additionally provide assistance to
other municipalities in the region.

The cooperation and hospitality of all parties involved in this fact-finding review is gratefully
acknowledged.
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Overview of meetings

The following sections present a summary of the discussions between Brian Stacey and a
range of stakeholders in the Swedish monitoring network.

Stockholm University- Reflab
Reflab provided an overview of the monitoring network in Sweden.

There are currently 90 monitoring stations across the country, with the majority now looked
after by consultants on behalf of Municipalities. Larger Municipalities provide consultancy
for monitoring stations in neighbouring regions. It is thought that there are only two or
three Municipalities that continue to operate monitoring stations entirely with internal
resources. There are 56 stations that measure NOy, 65 stations measure PMig, 55 stations
measure PMys, 2 stations measure CO, 7 stations measure SO, and 27 stations measure Os.
The Municipalities are responsible for the data quality from their own urban stations, which
is ultimately checked by Reflab. IVL operates the majority of rural background stations on
behalf of Naturvardsverket.

Reflab are contracted by Naturvardsverket to audit 10 stations per year (currently 5 stations
per year with current parental leave arrangements at Reflab and reduced availability of
resources). The scope of responsibility for Reflab currently covers measurement of NO;, Os,
PM10 and PM;s. The wider group within the department at Stockholm University owns an
ozone Standard Reference Photometer (SRP), and has experience in a much wider range of
pollutants, including Black Carbon and Ultrafine Particles.

Municipalities send their ratified datasets to the Swedish Meteorological and Hydrological
Institute (SMHI). SMHI are the national data host, responsible for archiving and publishing of
the national monitoring datasets. Reflab are responsible for ratification of the data, which
involves annually reviewing measurements initially ratified by the municipalities and sent to
SMHI. A limited amount of station metadata is provided, but not sufficient to robustly
provide a final ratification approval. Calibration results and the original unprocessed (raw)
data is not typically provided to Reflab for review, and this data is essential to assess the
measurement uncertainty of the reported data. For clarity, the following definitions for
Verification and Ratification are used in this report:

e \Verification: A process whereby the initial (raw) outputs from an instrument are
roughly scaled into concentrations using calibration data. Usually this is undertaken
at the time of measurement, for the purposes of providing provisional data and is
not reviewed further.

e Ratification: A process whereby all the relevant data are collected and reviewed (raw
data, calibration data and history, instrument diagnostics, service records, audits,
etc.). This information is used to provide definitive daily scaling factors for the raw
data to provide final traceable, ratified datasets that are used to assess compliance
with legislative requirements, assess trends, etc.
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The current procedure is for municipalities (or their consultants) to undertake all of the
verification themselves, and provide ratified datasets annually to Reflab, via the national
data host’s reporting portal. Typically, these submissions are only the hourly ratified data,
Typically the only additional information about data handling and processing provided by
municipalities relates to data gaps and rejection of erroneous data. It is not usual for the
municipalities to provide raw data from the analysers, results of calibration visits, or
information regarding data scaling.

The data visualisation tools used by Reflab (through SMHI) allows for the visualisation of
these timeseries data and some rudimentary data comparisons, but it is limited in flexibility
and only permits limited ability to undertake detailed analysis of data. Without the raw data
and calibration records, it is not possible for Reflab to undertake more detailed checks to
assess the traceability of the municipality ratified datasets.

Currently, there is no mandate, or time budgeted, for Reflab to fully review and approve the
methodologies employed by the municipalities for their ratification. This is a significant risk
for the network, as the burden of responsibility lies with the municipalities to declare that
their data meet the requirements of the EU AAQD data quality objectives (DQO). The
additional sense checks undertaken by Reflab are not sufficiently detailed to confidently
assess whether the submitted datasets meet the DQOs. For robust analysis of municipality
ratified datasets, prior to final publication of ratified data, Reflab will need to review, as a
bare minimum, the raw measurements from analysers, the calibration results, the
methodologies and daily factors used by the municipalities for data scaling and diagnostics
from analysers, but it is understood that this information is not routinely stored by SMHI.
Additional information collected by Reflab from their own audits and calibrations will also
need to feed into this process. This will be a very significant undertaking. It is likely that the
existing tools employed by the national data host and Reflab may need to be enhanced, or
further developed in house by Reflab.

It is recommended that Reflab provide guidance for how raw, processed and meta data
should be provided to the data host and Reflab. This should include the recommended time
intervals for averaged data (15 minute averages recommended, hourly averages
acceptable).

Reflab are currently only required to undertake checks on the final reported data from the
municipalities. There are no arrangements to review data more frequently, or for daily
“sense checks” on instrument performance. This responsibility falls to the municipalities,
but it would be good practice for an external, central organisation to review data as a
secondary check and alert system.

Municipalities are required to complete a spreadsheet to provide an assessment of

measurement uncertainty for monitoring inorganic gases, but it is not clear if all of them
fully understand what is required to perform this task.
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For automatic PM analysers, there are two accepted methodologies for evaluating
performance:

Demonstration of equivalence: Tests are described in SS-EN16450, comparing
measurements from 2 reference samplers and 2 automatic analysers. Measurements are
undertaken at two different locations for two different seasons. For the official type tests,
these locations are at roadside and urban background locations in Germany and/or the UK.
The effect of regional and composition changes are not assessed in the type testing.

Demonstration of ongoing equivalence (Ongoing verification studies, OGV): SS-EN16450
specifies that regular comparison tests are undertaken between reference samplers and
automatic analysers, to ensure that the performance continues to be comparable with the
type test results. These tests are especially important where particle composition is
significantly different to the original test locations (e.g during spring melt in Sweden, or
where urban contribution is not the dominant source), as it allows local correction for slope
and offset to be considered.

Reflab undertake national PM ongoing verification studies to understand the relationships
between automatic analysers and reference samplers. Evidence provided highlights the
variability in these relationships (e.g. Gotland) and the need for a larger and longer
programme of measurement (including full year and ongoing assessments, as well as the
need to measure PM1p and PM; s simultaneously at these comparison assessments) to
provide robust guidance to end users. This will require additional investment.

Reflab attend international intercomparisons at the EC Joint Research Centre in Ispra, Italy
to assess their proficiency in measurement of NO,, O3, PM10 and PM; 5. This provides
additional confidence in the quality of the primary standards held by Reflab.

Reflab has a calibration laboratory facility, housing NOx analysers and calibration cylinders.
The laboratory is intended to be used for calibration checking of customer gas cylinders and
analysers. These activities are accredited under 1ISO17025. There is currently no provision for
CO or SO; measurements; concentrations of these pollutants are generally not high enough
to require monitoring to be undertaken by municipalities. The facility is not currently air
conditioned or otherwise actively temperature / humidity / pressure controlled or
monitored, which could adversely affect the analyser responses if the temperature changes
significantly during a calibration.

Reflab has a PM conditioning and weighing facility. The weighing room is currently used by
other researchers in the university and is not currently accredited under ISO17025. The
procedures used by Reflab for weighing are generally suitable, but EN12341 states that the
temperature and humidity for conditioning is recorded and controlled within limits and
weighing is undertaken by an accredited laboratory.

Reflab has access to a university-owned NIST Standard Reference Photometer (SRP) for
ozone calibrations. This is used, on request, to calibrate customer ozone analysers and
photometers, but the traceability of the SRP has not been evaluated since 2017. This can be
easily resolved in collaboration with FMI in Finland, who have a traceable SRP which could
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be used to calibrate the Reflab SRP. This would allow Reflab to cascade traceability to all
ozone measurements in Sweden. The Swedish National Measurement Institute (Research
Institutes of Sweden, RISE) currently have this responsibility, but do not have access to their
own SRP. A discussion between Reflab and RISE have been initiated to determine the best
way forward.

Cascading the traceability of reference standards needs to be enhanced. Currently, the
frequency that network performance is assessed for NO, and PM is insufficient to robustly
confirm compliance with Data Quality Objectives.

The specific example of ongoing verification at Gotland was discussed, where only the
equivalence of PM1p measurements has been assessed, over a discreet number of
campaigns. It is recommended that the current programme to demonstrate ongoing PM
verification is changed and undertaken at a small number of permanent, representative
locations. These should include at least one of each of a typical urban background location,
one urban roadside location and any locations where PM composition is known to differ
from these two environments (for example Gotland, industrial locations). The ongoing
verification needs to include PM3.s comparisons, co-located with the PM1o comparisons. In
this way, following detailed data analysis, clear guidance can be provided to municipalities
and consultants about any required adjustment factors and how to apply them.

There is currently no capability for Sweden to undertake formal demonstration of
equivalence tests of new real time PM analysers in the specific PM climates unique to
Nordic countries. This presents a restriction on the number of analysers that can be used in
Sweden and other Nordic countries, especially given the unique PM composition
experienced at the end of winter. It is recommended that Reflab engage with colleagues at
Naturvardsverket, together with representatives from Finland and Norway to consider the
possibility of building a shared resource “PM supersite”, specifically for the equivalence
testing of new analysers, samplers and sensors. Such a monitoring station should be large
enough to house PM1p and PM; 5 reference samplers and automatic analysers from different
suppliers. It is recommended that this site be used primarily for full demonstration of
equivalence of automatic analysers, but could be operated all year round for OGV to fully
understand the changing relationships between samplers and automatic analysers.

It is recommended that, at least initially, all the NOy sites in the country are visited in a
single exercise with a set of Reflab traceable NO and zero cylinders, which can be used to
harmonise the municipality data to a single standard, as well as evaluating the
concentrations of local gas cylinders. Once this has been undertaken, regular sub-sampling
of the network will provide sufficient confidence in network performance. In addition, it is
recommended that the concentrations of any new cylinders purchased by municipalities
should be evaluated by Reflab before they are used for calibration by the municipalities.

Reflab are considering the possibility to perform their own routine service and maintenance
of laboratory gaseous analysers. This would dramatically reduce lab downtime (and cost),
removing the need to send analysers away for simple maintenance tasks. The existing
personnel at the Reflab are clearly capable of taking on this task, once training from
manufacturers and access to spares and consumables is secured.
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It is understood that a single urban supersite will be commissioned in Sweden, to
complement the rural supersites already in operation. It is essential that the final location of
the urban supersite is fully compliant with the siting regulations set out in the AAQD and
further recommended that the final decision on location, operation and pollutants to be
measured is made following proper discussion with interested key stakeholders. It is
anticipated that Reflab will be responsible for data ratification of the supersite, but they will
need time to familiarise themselves with the instrumentation and make sure comparable
methodologies across all supersites are used. Reflab does not currently have funding or
manpower resources to undertake the familiarisation or ratification tasks for the supersite.
It is important that the best strategic location is chosen and suitable experts are available to
operate these (usually) complicated research tools. The supersites should also be large
enough to be considered as a long-term location of PM1o/PM3 s equivalence studies.

Reflab’s overarching task is to ensure the ratified data provided by Municipalities for urban
stations meets the data quality objectives set out in the AAQD. At this stage, Reflab do not
have all the required data inputs or harmonisation tests to verify the final published
datasets. This will need QA/QC investment in (at least) data management, field audits,
ongoing verification and cascading of transfer standards to quantify measurement
uncertainty. Similarly, it is important that measurements from the rural stations are
harmonised with the urban stations. This will require a certain degree of collaboration and
cross referencing between QA/QC laboratories.

Reflab personnel are currently fully deployed on existing tasks. It is clear that any increase in
the scope of their work will mean that they will need to recruit to enlarge the team to cover
the increased work.

Naturvardsverket

A summary of the findings from the earlier meetings with Reflab was shared with EPA. The
key points made were that:

The traceability chain for NO; and PM data from urban stations currently does not allow
Reflab to determine whether municipality ratified data is fit for purpose. This is also true for
rural background measurements, where it is assumed that the data validation is fit for
purpose. There is a degree of harmonisation currently undertaken, but this is not routinely
shared or audited by Reflab. A number of options for improvement have been provided to
Reflab for consideration, as follows:

e For NOx measurements, it is recommended that all stations are audited as soon as
practicable to evaluate monitoring station setup, cylinder concentrations and
calibration with Reflab gas standards. Results from these audits will also allow
comparison of measurements throughout Sweden. Once this traceability is
established, a subset of stations should be audited annually to ensure continuing
conformity.

This NOx audit “tour” could also usefully include tests of any co-located PM
analysers, to evaluate the sample flow rates and response to PM test materials
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where possible. This will be a valuable set of tests to assess PM performance in
general and feed into uncertainty budget calculations

e For any replacement calibration gases used by municipalities, it is recommended
that these gases are first calibrated by Reflab. It is further suggested that the
concentrations of cylinders deployed in the network are evaluated during regular
audits to ensure they remain stable.

e For PM measurements, it is recommended that OGV exercises are carefully targeted
to assess long term relationships at key representative urban traffic and urban
background locations. These locations should be as permanent as possible, and
evaluate relationships for both PM1g0 and PM;s. Information from these OGVs should
be used to provide guidance to municipalities for data scaling.

e OGVs should also be undertaken in locations where particle composition is known to
deviate from typical environments (e.g. Gotland). These OGVs should again be long
term, to ensure robust guidance can be provided for data scaling.

e For ongoing QC, it is recommended that individual analyser flow rates are measured
for the station analysers. Deviations from required flow rates can impact calculation
of PM concentration, and where the flow determines the efficiency of particle
separation, the efficiency of the PM sampling inlet.

Reflab have access to a NIST SRP that is not currently sufficiently utilised in the network. It
should be relatively straightforward to put in place a QA/QC strategy for the photometer to
ensure its performance as a genuine primary standard that can be used for calibrating the
national network, but this will require discussion between Reflab, RISE and
Naturvardsverket to agree the most appropriate strategy. It is likely that improving the
traceability of ozone measurements using the SRP will need investment of time and
resources to Reflab to undertake the required QA/QC.

Data quality for other pollutants, for example CO, SO;, BC, benzene, PAH, metals, etc, is
assessed, where measured, by Reflab. This involves a basic review of the timeseries data;
traceability with reference materials is not currently assessed. It is not possible to quantify
the traceability of these measurements. If the traceability of very low pollutant
concentrations is considered to be important, enhanced quality control may be required.
This would have implications for time and resources for Reflab.

The meta data and timeseries data provided to Reflab is insufficient to robustly state that
ratified data meet the required data quality objectives. As a minimum: raw measurement
data, calibration results and reasons for data rejection need to be added to the data
provision. This will have implications for SMHI as the national data host, as they currently
only retain the final ratified datasets from municipalities. SMHI and Reflab will need to
review and agree the formatting and time averaging for the required raw, ratified and meta
data and provide guidance to municipalities and consultants. This will be especially
important for the supersites, where the data will likely be both non-standard and of variable
time frequency. If this is agreed, it will require significant investment to upgrade the data
management tools.

The requirements for a new urban supersite were discussed. If Reflab are to be made
responsible for data ratification of this supersite, they will need significant resource to
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familiarise themselves with the equipment to allow them to thoroughly review the raw and
processed timeseries, calibrations and meta data. In addition, the current data management
tools provided by the national data host will need significant revision to allow the data to be
processed. The supersites will make use of complex research-grade analysers, that operate
on very different data logging protocols and will all require expert operation and data
management.

Alnab
Alnab are a provider of instruments, service and consultancy to municipalities in Sweden.

Alnab were asked about the possibility to provide training to Reflab to undertake routine
service to their instrumentation and provision of spares and consumables for these
scheduled services (both NO2 and Fidas PM analysers). They confirmed that the company
would be happy to provide this to Reflab.

The topic of micro sensors (low cost) was discussed, all were in agreement that they are not
ready for regulatory networks, but it is important to maintain a watching brief on
developments and the progress made in the CEN standardisation community.

City of Stockholm — SLB-analys

SLB manage a network of municipality monitoring stations in the East Sweden Air Quality
Management Association, as well as their own stations in Stockholm. No stations were
visited on this occasion.

SLB stated that there is a clear need for monitoring “homogeneity” throughout Sweden, to
ensure that all data was equally comparable from municipalities and consultants, and that

Reflab should lead this drive for harmonisation (with increased resources to be provided to
Reflab).

SLB have traceable NO calibration gas that they use via transfer gases to municipality
stations, but would like to have better links established to the Reflab traceability for NOx
gases. It was not clear how often the stability of the calibration gases was determined.

SLB calibrate their ozone standards with the Reflab SRP approximately every three years.

There was detailed discussion about PM1p and PM; s and specifically how to apply correction
methodologies to Gotland PM1o data. It was clear that no single correction factor should be
derived from the studies conducted to date, because seasonal variations in the ongoing
verification for PM1p have not been robustly evaluated, and any impact of ongoing
verification for PMy.s have not been adequately considered to date. It was recommended
that long term co-location of PM1o and PM2.s samplers at the station will provide more
robust evidence to formulate a plan for data correction, this will need guidance from Reflab
and Naturvardsverket, to help improve the quality of PM measurements from this station.
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SLB raised the question of the choices made for sample inlets (US vs EU, VSCC vs SCC for
PM2.s). The historic discussions held in CEN TC264 WG15 and through the AQUILA network,
Reflab and Naturvardsverket were shared with them.

SLB raised an issue for them that advice from Reflab and Naturvardsverket was often not
the same. No examples were provided, but it should be followed up. Consistency in
responses and guidance is essential.

SLB were unable to share any information about a potential supersite in the city. However,
they clearly have experience in using additional instrumentation.

The use and interpretation of data from BC analysers and micro sensors was discussed. This
included a discussion about CO measurements, which are known to exceed Limit Values on
one day per year. A series of options to provide improved confidence in micro sensor CO
data was provided, but it was made clear to SLB that the uncertainties from micro sensor
data is not sufficiently low to allow use for compliance monitoring.

The need for Reflab to access raw analyser measurements and calibration results was
discussed. SLB would be very happy to provide this. It appears that they retain raw data
locally, even if this is not currently sent to the national data host.

Uncertainty budgets were not explicitly discussed.

IVL, Goteborg

IVL are a provider of consultancy to municipalities as well as running the rural background
sites for Naturvardsverket, provider of calibration facilities and diffusive samplers. IVL
presented an overview of this and their research projects, including studies at Géteborg
airport and UFP measurements.

IVL expressed concern that financial constraints may force municipalities to pick the
cheapest bids, without fully considering whether the service and data provided are
compliant with AAQD requirements. There are no issues regarding the capability of IVL in
providing consultancy to municipalities. They do recognise that their services are not the
cheapest.

IVL raised a question as to whether municipalities and consultants robustly check the quality
of the final data they submit to the national data host. It was pointed out that Reflab are
responsible for the final dataset publication, but it is important that the data submitted by
municipalities and consultants are fit for purpose.

IVL have ISO17025 accreditation for many aspects of their work, and carry this approach to
QA/QC into all of their other work. IVL asked about the scheduling for monitoring network
evaluation such as: reassessment of site suitability. The AAQD requires regular assessment
of network compliance and these checks are undertaken by Naturvardsverket and Reflab.
IVL asked if the schedule for performing these evaluations would be shared in advance with
municipalities and consultants, and whether their individual expertise would be of use to
Naturvardsverket and Reflab in the processes. It is noted that these questions have been
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addressed by the Naturvardsverket during their work with the Regeringsuppdrag over the
past year.

IVL are happy to share raw instrument data and calibration results to improve the process of
data ratification.

City of Goteborg- Goteborgs miljoférvaltning

The City of Goteborg look after a network of monitoring stations throughout the city. The
City perform calibrations at their monitoring stations every two weeks. They make use of
both a high concentration cylinder via dilution and low concentration cylinder. They have a
third cylinder that they use for cross checking, but they have not recently certified any of
their cylinders at Reflab.

Goteborg are prepared to share raw instrument data and calibration results to improve the
process of data ratification.

The idea of collaboration and information sharing was discussed. It was agreed that
improved dialog between communities - consultants, municipalities, SLB, Reflab and
Naturvardsverket would be extremely valuable to them.

It is unclear to Goteborg what they need to do with the uncertainty spreadsheet. The
philosophies of calculating an uncertainty budget were shared with them, but they would
clearly benefit from a workshop demonstrating how the spreadsheet should be populated.

The processes for procurement, deployment and operation were discussed in detail. The
City would like clear guidance for defining the specifications for analyser procurement, e.g.
ensuring the possibility to do daily checks. The requirements for operation and ongoing QC
specified in CEN standard methods (e.g. SS-EN14211, SS-EN12341, SS-EN16450) were
discussed. The City value the Air Guide document provided by Naturvardsverket and Reflab.
They would find ongoing workshops valuable to ensure their understanding of the
requirements of the CEN standards are implemented in their monitoring network.

OPSIS

OPSIS is a provider of open light-path gas analysers, PM instruments and related services to
municipalities.

OPSIS send monthly validated data reports directly to their customers of monitoring
services.

OPSIS operates an accredited calibration laboratory under the ISO/IEC 17025 standard. They

have a constructive approach towards ongoing QC and checking the integrity of data from
all operational measurement stations.
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PM measurements were discussed with them. It is possible that the SM200 instrument
could be a solution to the challenges around the correlation between samplers and
automatic PM analysers, as it has the potential to be used as a gravimetric sampler as well
as an automatic monitor.

Malmo city- Malmo miljoforvaltning
Malmo miljoférvaltning look after a network of monitoring stations throughout the city.

In Malmo, the measurement ranges of the instruments are adjusted according to the
expected levels at the site; in street environments, gas with 300 ppm NO/NOx is used, while
in regional background, a lower concentration such as 50 ppb is used.

They make use of very low concentration NO and SO; cylinders - 50ppb. Cylinders of these
concentrations are known to be unstable, and they have not been verified to reference
gases at Reflab. They currently adjust the analysers to agree with the cylinder
concentrations at every calibration visit. The possible risks associated with this calibration
strategy were discussed with the city, it was clear that they record information that would
allow them to retrospectively adjust measurements if required.

PM measurements in Malmo were last cross referenced with Reflab in 2020/21. They collect
Fidas analyser metadata, as well as the concentration data. The value of this metadata, how
to interpret it to improve data quality during regular screening and ratification was
discussed.

The data visualisation tools they use for reviewing measurement data are fit for purpose.

During discussions, it was clear that they were not aware of the standard method
documents (SS-EN14211, etc), to help them understand what they should be doing
regarding operation, setup and ongoing QC.

The city would benefit from increased contact with Reflab / Naturvardsverket to better
understand what’s expected from them. Training, regular guidance, how to use the
uncertainty spreadsheet, agreed best practice or suitable alternatives, workshops on the
Directive, access to standard methods, etc. Regular touchdowns with Reflab /
Naturvardsverket would be very welcome.

The city retain raw measurement data and are happy to share this and calibrations with
Reflab.

The question of instrument downtime for service and repair was raised. This could be
minimised if access to spare analysers during services was possible. Building this kind of
facility would incur significant cost, be difficult to implement (because of data management
and instrument variation in the network) and would require further discussion to assess its
feasibility.
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The roadside monitoring station where the analysers sample from two separate locations on
either side of the road was visited after the meeting. Two-point measurement is carried out
only for NO/NOx at Dalaplan. Malmo report that the switching occurs every 6 minutes, with
the first 100 seconds not logged to ensure that the lines are clean. They state that the
residence time is 30 seconds in the line. The hose has a filter in the intake that has been
systematically replaced 2 - 4 times a year according to the city's maintenance plan. From
previous experience, it is unlikely that replacing a sample inlet filter every 3-6 months will be
sufficiently frequent to ensure sample integrity. SS_EN14211 states that the filter shall
remove no more than 3% of NO, from the sampling system.

From observations made at this visit, the tubing to the other side of the road is in the order
of 70m long, does not appear to have been cleaned recently, and the residence time will be
in the order of 60-90 seconds, depending on the internal diameter of the tube and the flow
rate of the analyser.

The sampling system does not fulfil the requirements specified in SS-EN 14211. The
standard states that the time taken for ambient air to be measured by the analyser shall be
less than 10 seconds, and the sampling efficiency of the complete system shall be better
than 98%, to be tested every three years. The city state that they have undertaken studies
that confirm the integrity of the sampling system, though this was not seen at the visit, and
satisfactory demonstration of compliance would be required. The location will be closed
within a year as the area is to be redeveloped.

It is recommended that the city position one of their mobile measurement units next to the

remote inlet to verify their sampling methodology at this site. This study could be used to
assess other municipalities that employ similar sampling methodologies.
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Key findings and discussion

The operation of the Swedish monitoring network was reviewed to assess compliance with
the forthcoming requirements of the EC ambient air quality directive (AAQD).

It is clear that the laboratories, consultancies, municipalities and equipment providers
demonstrate a high level of professionalism and commitment, but the measurement
uncertainties associated with final ratified datasets cannot currently be reliably evaluated as
in compliance with the data quality objectives. This presents a significant risk that the data
quality from the Swedish monitoring network is not sufficient to meet the requirements of
(EU) 2024/2881. There are a number of key observations to be considered to evaluate data
quality and assist the quantification of measurement uncertainty, listed below:

e Currently, the ratified data submissions from municipalities to the national data
host (SMHI) follow a standard basic format, just the Date/Time of the measurement
and the ratified pollution concentration. This is insufficient information for Reflab to
undertake robust evaluation of the datasets, or to quantify the associated
measurement uncertainties.

To improve the confidence in final data ratification, Reflab need access to a number
of additional data streams, including: raw measurement data, calibration results,
analysis of reasons for data deletion and operation methodologies. All of the
consultants and municipalities met during the fact-finding exercise would be happy
to share these additional data with Reflab, but the nature and formatting of these
data will need to be discussed between the municipalities, Naturvardsverket, Reflab
and the national data host to agree a structure for these data and how to retain and
access them. This will be especially valuable when considering how to integrate the
supersite into the network, which will require additional pollutants and meta data
to be added to the database. This is all beyond the scope of the current mandate
and would have significant time requirements for Reflab, the national data host,
municipalities and consultants.

Consideration should be made to reviewing the complete data management chain,
including how frequently this data is shared with key stakeholders. Access to near
real-time data and calibrations, for example, would permit rapid data screening and
scaling which would, in turn, make rapid on-line publication of better quality data
possible. It would be valuable for Reflab to have rapid access to this near-real-time
data (both raw and verified/provisional), calibration data, diagnostics and ratified
data, as soon as these become available. Again, this is beyond the current mandates
for Reflab and the national data host, and would require detailed discussions before
anything can be implemented.

Evaluation of Swedish Reference Laboratory for Air Quality — Measurements. Issue 1 - FINAL 18



e Reflab need to increase the frequency of harmonisation checks / audits for NOx
analysers, as well as introducing field audit tests for PM analysers. It is
recommended that an audit of all NOy stations is undertaken as soon as possible,
followed by annual sub-sampling, to ensure measurement data are comparable
across the country.

e Calibration of cylinder gases used at monitoring stations needs to be better
controlled. It is recommended that all cylinders are calibrated by Reflab before use,
and then assessed at the measurement station reasonably regularly, either by
Reflab or by local verification using transfer standards.

e A mechanism for use of the Reflab ozone SRP needs to be agreed. Obtaining
traceability and making better use of the primary reference instrument to calibrate
the ozone network will dramatically improve confidence in the reported data.

e Currently, Reflab do not offer a service to provide QA/QC of CO or SO;
measurements, though they have infrastructure available. It may not be cost
effective to pursue extending their offering, given the low concentrations typical for
these pollutants in Sweden.

e Reflab undertake a small number of PM1p ongoing verification campaigns, targeted
at known challenging environments. They only have limited resources, time,
weighing facilities and instrumentally (5 samplers). It is recommended that the
strategy for ongoing verification is reconsidered, to set up permanent monitoring
studies at representative and unique locations, to help provide guidance for data
adjustment. The permanent monitoring stations should sample for both PM1o and
PMa.s simultaneously. It is acknowledged that this would represent a significant
increase in resources.

e Municipalities and consultancies agree that closer and regular contact with Reflab
and Naturvardsverket would be valued. Specifically to provide help with data
requirements, uncertainty calculations, guidance for the requirements of the CEN
standard methods, PM calibration strategies, as well as an opportunity to share
knowledge. It is currently not clear what methodologies the municipalities and
consultants use for the operation, calibration and data handling of their monitoring
stations. It would be beneficial to know if the AAQD, standard methods and the
national QAQC manual have been consulted when determining how to run the
monitoring stations.

e There is a need for ongoing independent assessment of the existing network
monitoring stations, to ensure they continue to meet the EU siting requirements
and the requirements of the CEN standard methods. During this fact-finding
mission, at least one station was found to have a sampling system that is not in
compliance with SS-EN14211. The justification for this sampling strategy needs to be
reassessed and any sampling losses re-quantified. It is recommended that the
precise nature of the location and sampling systems of all stations is reassessed as
soon as practicable to ensure that they are fully compliant with the siting
requirements and SS-EN14211 and any suggested improvements provided to
municipalities and consultants. Many stations have already been checked during
previous audits carried out by Reflab. The routines for these audits have, however,
recently been revised to ensure that they are more comprehensive and that they
cover all relevant siting requirements. For stations which are not scheduled to be
visited soon as part of the regular audits, some checks relating to siting
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requirements could be achieved as a desk based exercise, using street viewing
software. Where checks and regular audits identify issues there also needs to be a
clear system of who is responsible for requiring and implementing changes to a
monitoring station, otherwise there is a significant risk to Naturvardsverket that
reported data will not be compliant with EU siting requirements or the
requirements on sampling systems in the relevant CEN standards.

These key points will require additional capital resource and skilled personnel to achieve. If
Reflab are primarily to undertake this extra effort, it is likely that they will need to grow
their team to a total of 5 full time staff. Any new Reflab responsibilities would need to be
formally mandated by Naturvardsverket.
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