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Non-Technical Summary 

In February 2015, the NSW Legislative Council conducted an inquiry into the performance of the NSW 

Environmental Protection Authority and recommended that the Upper and Lower Hunter monitoring 

networks undergo a review.  In August 2015, the NSW Government committed to an expansion of this 

recommendation to all aspects of air quality monitoring conducted by the NSW government, whether funded 

by industry or government. 

A NSW Office of Environment and Heritage / Environmental Protection Authority interagency project group 

has been tasked to oversee the review of the current air quality monitoring network incorporating three 

related strands, one of which is the focus for this review requiring: 

“a review of international best practice or guidance in AQMN [air quality monitoring network] design 

(covering criteria pollutants, population requirements, site classifications – urban, rural, industrial, 

background, etc., network classifications – general, specific pollutants, specific issues, etc.)” 

The other strands of the overall air quality monitoring network review relate to a review of all current 

jurisdictional National Environment Protection (Ambient Air Quality) Measure plans and a review of criteria for 

network design to support the characterisation of population exposure to criteria air pollutants. 

NSW Government Office of Environment and Heritage engaged Northstar Air Quality Pty Ltd to perform a 

review of the specification and design of air quality monitoring networks.  The review will be used by NSW 

Government Office of Environment and Heritage to inform a benchmark for international best practice for air 

quality monitoring network design.  To perform this scope of work, the legislative background, guidance, 

methodology and specification for monitoring network design has been reviewed with regard to: 

• United States of America; 

• European Union; and, 

• Canada 

NSW Government Office of Environment and Heritage is performing a review of the National Environment 

Protection (Ambient Air Quality) Measure compliance air quality monitoring performed in NSW and this report 

informs a component of that review. 

The purpose of the report is to review the methodologies for the design of air quality monitoring networks as 

implemented internationally and to produce a report that provides a succinct ‘landscape’ review of 

international best practice in air quality monitoring network design. 

For each jurisdiction, the review considers the key legislation and guidance, identifies the significant air quality 

monitoring networks, and addresses the purpose, scope and the adopted design criteria for the identified 

networks.   

The design criteria identified includes: 
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• Minimum requirements for the network; 

• Population thresholds; 

• Screening Criteria; 

• Spatial considerations; 

• Specific considerations for roadside monitoring capacity; and 

• The process for network review. 

Provided below is a summary of the observations made in this review document.  These are presented as 

observations only and are not intended to represent recommendations. 

 

Section of the 

Report 

Observation 

AIR QUALITY MONITORING NETWORKS - AUSTRALIA  

2.1 Key 

Legislation & 

Guidance 

Based on population data for urban centres and localities from the Australian Bureau of 

Statistics (ABS, 2015), NSW has four urban centres >100,000 population (Sydney, Newcastle, 

Central Coast and Wollongong) with a total population in these four areas of approximately 

4,760,000.  Based on the assumption that one site would serve ~400,000 people with a 

minimum of one site per urban area >100,000 people, a total of 13 PM2.5 monitors would 

currently be required in NSW to support an exposure reduction framework.  Based upon a 

predicted population in 2031, this may increase to 17.   

The application of campaign monitoring has been performed by a number of jurisdictions 

although there is some inconsistency in application to GRUB monitoring locations.   

2.6 Network 

Review 

In the case of PM10, given the update the AAQ NEPM relating to numbers of exceedances 

allowed (previously five, now zero), the screening procedures should consider maximum 

concentrations of PM10, or take into account the impacts of exceptional events.   

The specification for compliance over time under the AAQ NEPM (as in number of years’ 

compliance) should be reviewed in regard to standardisation, if deemed appropriate. 

SUMMARY 

6.1.1 Network 

Design Criteria – 

Minimum 

Requirements per 

Jurisdiction 

Whilst the USEPA NCORE, EU AAQ Directive and Canadian NAPS provide a minimum 

requirement, irrespective of other criteria, other AQMNs (including the AAQ NEPM) do not 

specify a minimum number of monitoring stations per State / Territory. 

6.1.2 Network 

Design – 

Population 

Thresholds 

All study jurisdictions apply a criterion to reflect population size in the design of the AQMNs.  

The EU and Canada apply (broadly) similar scales in the order of ~250,000 persons.  The US 

EPA applies less conservative criteria for CO and NO2/X and lower thresholds for PM.  The 

population criteria applied to the AAQ NEPM are (1) consistent for all pollutants and (2) are 

lower than any other jurisdiction’s population criteria. 

6.1.3 Network 

Design – 

Screening Criteria 

It is suggested that the screening criterion concentration (proportion [%] ╳ criterion [µg∙m-3]) 

applied under the NEPM may be periodically reviewed to ensure that the stipulated NEPM 

screening procedure is reflective of current understanding of risks of exposure to specific 

pollutants 
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Section of the 

Report 

Observation 

Further to the above, it is suggested that the screening value [%] is periodically reviewed on a 

pollutant-specific basis to ensure that the stipulated NEPM screening procedure is reflective of 

current understanding of risks of exposure to specific pollutants. 

The application of a structured management approach as a consequence of the applied 

screening procedure may also be considered. 

6.1.4 Network 

Design Criteria – 

Spatial Scales 

Only PM2.5 and O3 monitoring under the EU AQ Directive have any spatial component to the 

network design criteria.  The lack of spatial design criteria under the AAQ NEPM is not ‘at odds’ 

with other jurisdictional requirements. 

PRC Technical Paper No3 provides general comments regarding spatial scales, but not through 

a structured approach such as used by the US EPA, Environment Canada and through the EU 

AQ Directive.  The development of a spatial scale may assist with a more consistent application 

of requirements under the AAQ NEPM. 

6.1.5 Network 

Design – 

Roadside 

Monitoring 

The specific requirement for near-roadside monitoring is only prescribed in the US EPA SLAMS 

network.  All other study networks do not provide this requirement, and it is captured by more 

general considerations of population risk.  By not specifying the requirement for near-roadside 

monitoring it does not preclude or exempt the risks of road traffic exhaust emissions upon the 

population from being considered to be a component of overall compliance. 

It is recommended that any future consideration of a requirement for near-roadside monitoring 

is encompassed within a broader population exposure framework. 

6.2 Air Quality 

Monitoring 

Network Review 

A formal timetable of AAQ NEPM review should be considered. 

An annual requirement of air quality monitoring plans under the AAQ NEPM review should be 

considered. 

It is observed that other jurisdictions have implemented more structured procedures to air 

quality management that may provide a more holistic approach than is currently (formally) 

adopted under the AAQ NEPM, and which may ultimately provide a mechanism for a more 

efficient, multi-purpose and integrated air quality monitoring network. 

6.3 International 

Benchmarking 

Studies 

The guidance documentation provided to assist with the implementation of the AAQ NEMO 

monitoring network may be reviewed in light of the Clean Air Asia findings. 
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1. INTRODUCTION 

NSW Government Office of Environment and Heritage (the Agency) (OEH) has engaged Northstar Air Quality 

Pty Ltd (Northstar) to perform a review of the specification and design of air quality monitoring networks.  The 

review will be used by the Agency to inform a benchmark for international best practice for air quality 

monitoring network design. 

To perform this scope of work, the legislative background, guidance, methodology and specification for 

monitoring network design has been reviewed with regard to: 

• United States of America; 

• European Union; and, 

• ‘One other’ OECD country monitoring network. 

 Purpose of the Report 

The Agency is currently performing a review of the National Environmental Protection Measure (NEPM) 

compliance air quality monitoring performed in NSW.  This report forms a component of that review. 

The purpose of the report is to review the methodologies for the design of air quality monitoring networks as 

implemented internationally.  The NEPM air quality monitoring network (AQMN) implemented by the OEH 

will be evaluated against that benchmark. 

 Study Outline 

In February 2015 the NSW Legislative Council conducted an inquiry into the performance of the NSW EPA 

and recommended that the Upper and Lower Hunter monitoring networks undergo a review.  In August 2015, 

the NSW Government committed to an expansion of this recommendation to all aspects of air quality 

monitoring conducted by the NSW government, whether funded by industry or government. 

An OEH/EPA interagency project group has been tasked to oversee the review of the current AQMN 

incorporating three related strands, one of which is the focus for this review requiring: 

“a review of international best practice or guidance in AQMN design (covering criteria pollutants, 

population requirements, site classifications – urban, rural, industrial, background, etc., network 

classifications – general, specific pollutants, specific issues, etc.)” 

The other strands of the overall AQMN review relate to a review of all current jurisdictional AAQ NEPM plans 

and a review of criteria for network design to support the characterisation of population exposure to criteria 

air pollutants. 
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 Study Objective 

The objective of the study is to produce a report that provides a succinct ‘landscape’ review of international 

best practice in air quality monitoring network design. 

 Selection of International Case Studies 

The scope of work requires the assessment to review the monitoring networks implemented by the United 

States Environmental Protection Authority (US EPA), the European Union (EU) and a third (unspecified) 

monitoring network operated by an Organisation for Economic Co-operation and Development (OECD) 

member country. 

As the objective of this study is to review best practice for AQMN design, and understand how it can be 

implemented to AQMN design in Australia (and specifically NSW), the selection of the third study area needs 

to be relevant to the situation as exists in NSW in terms of scope, size, application and serving a population 

with similar characteristics to NSW. 

A number of options were identified including the monitoring networks in Canada, Japan, South Africa and 

Singapore. 

Table 1 presents a summary of the broad characteristics of the various monitoring networks identified.   

Table 1  Brief Summary of Potential Case Study Networks 

Country 

(Regulator) 

Network Scale Scope  Network 

Scale 

(number) 

Est. 

Date 

Canada 

(Environment 

Canada) 

Global Atmospheric Passive Sampling 

(GAPS) 

Global POPs 12 2004 

Canadian Aerosol Measurement 

(CABM) 

Regional Aerosol 4 2005 

Integrated Atmospheric Deposition 

Network (IADN) 

Regional OCP, PAH, PCB, 

trace elements 

17 1990 

Canadian Air and Precipitation 

Monitoring Network (CAPMoN) 

National Acid rain, smog, 

PM, Hg in 

precipitation 

33 1983 

National Air Pollution Surveillance 

(NAPS) 

National SO2, NO2, O3, PM, 

CO, VOC 

286 1969 

Japan (National 

Institute for 

Various monitoring networks Local SO2, CO, NOX, OX, 

SPM, NMHC 

~1,700 1999 

Local SO2, NO2 ~400 1999 
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Country 

(Regulator) 

Network Scale Scope  Network 

Scale 

(number) 

Est. 

Date 

Environmental 

Studies) 

National SO2, NO2 14  

South Africa 

(Department of 

Environmental 

Affairs) 

Ambient Air Quality Monitoring 

Module within SAAQIS 

Regional 

networks 

PM, SO2, O3, NOX, 

CO, VOC, BC 

26 

regions 

nd 

Singapore 

(National 

Environment 

Agency) 

Various monitoring networks  SO2, NOX, CO, O3, 

HC, PM10 

21 

stations 

nd 

 VOCs 1 station nd 

Notes: POPS = persistent organic pollutants, OCP = organochlorine pesticide, PAH = polyaromatic hydrocarbon, 

PCB = polychlorinated biphenyl, PM = particulate matter, PM10 = particulate matter with aerodynamic diameter <10 µm, 

Hg = mercury, SO2 = sulphur dioxide, NO2 = nitrogen dioxide, NOX = oxides of nitrogen, O3 = ozone, CO = carbon 

monoxide, VOC = volatile organic compound, SPM = suspended particulate matter, NMHC = non-methane 

hydrocarbons, HC = hydrocarbons, BC = black carbon.  

Table 2 presents an evaluation of the potential case studies with regard to scope/scale and ease of 

information availability/access.   

Table 2  Selection of the Case Study Network 

Country Established 

Networks 

Scope / scale (a) Ease of 

Information Access 

(b) 

Overall Evaluation 

(c) 

Canada Yes Appropriate Good access High 

Japan Yes Appropriate Difficult access Low 

South Africa Yes Appropriate Some access Medium 

Singapore Yes Appropriate Difficult access Low 

Notes: (a) The scope and scale of the identified networks includes a subjective evaluation of the range of pollutants 

measured by the network(s), the geographical extents of the network and the number of monitoring locations within the 

network(s). 

 (b) The ease of information is not intended to represent an evaluation of the function of public dissemination of 

data to the relevant populations, but is a subjective evaluation on the relative ease of accessing data for use in this 

assessment, inclusive of considerations of time and language/interpretation. 

 (c) The assessment of overall applicability relates to the previous criteria, and is a subjective evaluation of the 

applicability of that network to be used in this assessment, inclusive of technical coverage, ease of data access, language 

limitations and time. 

In light of the above factors, Canada has been identified as a suitable study network. 
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2. AIR QUALITY MONITORING NETWORKS - AUSTRALIA 

 Key Legislation & Guidance 

2.1.1 National Environment Protection (Ambient Air Quality) Measure 

The National Environment Protection (Ambient Air Quality) Measure (AAQ NEPM) was promulgated in July 

1998 and establishes ambient air quality standards for six key pollutants (criteria pollutants) and provides a 

standard method for monitoring and reporting on air quality.  Air quality standards and performance 

monitoring goals for the key air pollutants include: 

• Carbon monoxide (CO); 

• Lead (Pb); 

• Nitrogen dioxide (NO2); 

• Particles (as particulate matter with an aerodynamic equivalent diameter of 10 microns (µm) or less (PM10); 

• Particles (as particulate matter with an aerodynamic equivalent diameter of 2.5 microns (µm) or less 

(PM2.5); 

• Photochemical oxidants, as ozone (O3); and, 

• Sulphur dioxide (SO2). 

The AAQ NEPM was varied in July 2003 to include advisory reporting standards for fine particulate matter 

(PM2.5).  The AAQ NEPM was again varied in February 2016 with the advisory reporting standards for PM2.5 (as 

set in 2003) set as standards and an annual average standard for PM10 was implemented (25 µg∙m-3) with the 

maximum number of allowable exceedances for all particle standards set to zero.  The previous 1-day standard 

for PM10 included 5 allowable exceedances each reporting year.   

Furthermore, a future goal for PM2.5 of 20 µg∙m-3 relating to a 1-day averaging period and 7 µg∙m-3 relating 

to a 1-year averaging period have been set to be achieved by 2025.  The standards and goals of the AAQ 

NEPM (as at February 2016) are presented in Table 3.   
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Table 3 National Environment Protection (Ambient Air Quality) Measure Standards and Goals 

Pollutant Averaging period Criterion Allowable exceedances 

per year 

Carbon monoxide (CO) 8 hour 9.0 ppm(a) 1 day a year 

Nitrogen dioxide (NO2) 1 hour 0.12 ppm 1 day a year 

1 year 0.03 ppm None 

Ozone (O3) 1 hour 0.1 ppm 1 day a year 

Sulphur dioxide (SO2) 1 hour 0.2 ppm 1 day a year 

1 day 0.08 ppm 1 day a year 

1 year 0.02 ppm None 

Particulates (as PM10) 

 

1 day 50 µg∙m-3 None 

1 year 25 µg∙m-3 None 

Particulates (as PM2.5)
(b) 1 day 25 µg∙m-3 None 

1 year 8 µg∙m-3 None 

Lead (Pb) 1 year 0.5 µg∙m-3 None 

Notes: (a) parts per million (1x 10-6) 

  (b) see Section 2.1.2 

2.1.2 Potential Future Changes to the AAQ NEPM 

Possible future changes to the AAQ NEPM are difficult to assess although would likely be based on those 

detailed in the AAQ NEPM discussion paper (NEPC, 2010), review (NEPC, 2011), and impact statement (NEPC, 

2014).   

Of relevance to this review are those potential changes which may impact upon the design or operation of 

the AAQ NEPM air quality monitoring networks.  Changes in pollutant standards (absolute values or averaging 

periods) for existing criteria air pollutants would have little impact upon the operation of monitoring networks 

and these are not considered further.  Of greater interest are the potential changes to the AAQ NEPM as they 

relate to the framework under which pollutant impacts are assessed (e.g. an exposure framework approach), 

the methods by which pollutants may be measured and the potential requirement to assess secondary particle 

precursors (NOX, SO2 and ammonia [NH3]).   

The potential impacts upon network design and operation are discussed further below.   
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2.1.3 Exposure Reduction Framework 

An evaluation of options for an exposure reduction framework in Australia was performed on behalf of 

NSW OEH by (PAEHolmes and Air Quality Consultants, 2012).  The report examined the advantages and 

disadvantages of an exposure reduction framework approach based on a number of methodologies including 

air quality monitoring (and modelling) and concluded that Australia is in a potentially good position to 

introduce an exposure reduction framework based on monitoring of PM2.5 concentrations.  This position is 

strengthened following the introduction of AAQ NEPM standards for PM2.5.  The evaluation identified the 

potential for combination of the AAQ NEPM standard with an exposure reduction approach as the AAQ 

NEPM already focuses PM monitoring towards the measurement of population exposure as opposed to 

monitoring of concentrations at hotspots such as roads and includes siting criteria such as minimum set-back 

distances from roads and avoidance of other major sources of pollution.    

The evaluation also considered the number of monitoring sites which might be needed for an exposure 

reduction framework approach.  Factors taken into account were population distribution and the uncertainty 

in the average exposure and uncertainty in measurements.  (PAEHolmes and Air Quality Consultants, 2012) 

considered that an exposure reduction network based on urban centres >100,000 population (covering 

approximately 70% of the Australian population) with one site per ~400,000 people could be appropriate 

with a total network across Australia of 40 sites.   

Observation 

Based on population data for urban centres and localities from the Australian Bureau of Statistics (ABS, 2015), 

NSW has four urban centres >100,000 population (Sydney, Newcastle, Central Coast and Wollongong) with a 

total population in these four areas of approximately 4,760,0001.  Based on the assumption that one site would 

serve ~400,000 people with a minimum of one site per urban area >100,000 people, a total of 13 PM2.5 

monitors would currently be required in NSW to support an exposure reduction framework.  Based upon a 

predicted population in 2031, this may increase to 17.   

NSW OEH operates a network of TEOMSs and Beta Attenuation Monitors (BAM) instruments for the 

monitoring of PM2.5.  Any network established for the assessment of exposure reduction would need to be 

consistent and direction would be required on the measurement system to be used to ensure consistency 

across jurisdictions.  Should a framework using a standard measurement system other than BAM or TEOM be 

chosen, NSW OEH may be required to update the monitoring network.   

An exposure reduction framework outlined in  (PAEHolmes and Air Quality Consultants, 2012) is potentially 

suited to any non-threshold pollutant.   

                                                           
1 Population data quoted in the PAEHolmes (2012) report (obtained via a customised report) differs slightly from that obtained for 

this study from ABS (obtained from the ABS website) 
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The implementation of an exposure reduction framework would require adaptation or removal of the current 

population threshold of 25,000 as outlined in AAQ NEPM (Clause 14 (1)).   

The AAQ NEPM Review Report (NEPC, 2011) considered the issue of air quality monitoring as it relates to the 

assessment of population exposure.  Considered in detail was the concept of GRUB monitoring stations and 

the use of the population formula in the AAQ NEPM.  The removal of this formula was suggested by the NEPC 

review and a more risk-based approach to monitoring be adopted across regional populations rather than 

population centres.  The NEPC review team also considered that the GRUB concept be discontinued given 

that it does not form part of the AAQ NEPM (rather it was a suggested approach by the PRC), the lack of 

clarity on the definition and lack of consistency in their location between jurisdictions.  The removal of GRUB 

stations may not be required; they may be still be operated to inform of trends but be part of wider approach 

to monitoring of population exposure.   

2.1.4 Air Quality Monitoring Methods 

Monitoring methods for gaseous pollutants are not anticipated as being the subject of significant change in 

the near future (<2 years) although new methods for gaseous measurements are more likely in the >2-year 

period.  Methods for particulate measurement are continually being updated, through study in the United 

States and elsewhere and a number of methods are currently implemented across Australian jurisdictions 

including TEOM, BAM, HVAS and Low Volume Air Sampler (LVAS) methods.  Schedule 3 of the AAQ NEPM 

(NEPC, 2016) includes five methods of determination of PM10 concentrations and four methods of 

determination of PM2.5 concentrations.   

Each method of particulate monitoring has disadvantages and advantages with the balance of those being 

(amongst many) a function of the location of the particulate environment being investigated in addition to 

cost.   

No consistent approach in particulate monitoring methods is apparent across jurisdictions and even within 

jurisdictions in some instances.  This is somewhat understandable as the focus of PM investigation may require 

methods better able to measure particle speciation (for example) rather than total PM mass.   

Should an exposure reduction framework be initiated in Australia, it is likely that this will be based on PM2.5 

measurements.  Some consistency in monitoring methods, or at least a definitive reference and equivalence 

program is likely to be required to ensure that the metric upon which the framework is based is suitable for 

purpose.  In some jurisdictions, this may require investigation into the equivalence of monitoring equipment 

(through field trials) or in other jurisdictions this may require a redevelopment of the PM2.5 monitoring network.  

In some cases, as is the case for NSW, an increased number of PM2.5 monitoring units would be required and 

this may offer an opportunity to examine the ‘fleet’ of monitoring equipment holistically.   

Furthermore, should speciation of particulate be required for the assessment of secondary pollutant 

precursors, a review of the reference and equivalence methods would be required at that time.   
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2.1.5 Assessment of Secondary Pollutant Precursors 

Secondary formation processes can result in either new particles or the addition of PM to pre-existing particles.  

Examples of secondary particle formation include: 

• the conversion of SO2 to sulphuric acid (H2SO4) droplets that further react with gaseous ammonia (NH3) 

to form various sulphate particles (e.g., ammonium sulphate (NH4)2SO4 or ammonium bisulphate 

(NH4HSO4); 

• the conversion of NO2 to nitric acid (HNO3) vapour that reacts further with NH4 to form ammonium 

nitrate (NH4NO3) particles; and 

• reactions involving gaseous volatile organic compounds (VOC) yielding organic compounds with low 

ambient temperature (saturation) vapour pressures that nucleate or condense on existing particles to 

form secondary organic aerosol particles.   

The first two types of secondary PM are generally labelled as ‘sulphates’ and ‘nitrates’ respectively, which 

implies that the ammonium content is encompassed. The third type of secondary PM may be aggregated 

with the directly emitted elemental or organic carbon particles and labelled ‘total carbonaceous mass,’ or the 

two types of carbonaceous PM may be reported separately as elemental carbon (EC) and organic carbon 

(OC) (USEPA, 2005).   

Formation of secondary particles happens slowly with overall oxidation rates of SO2 and NO2 are around 1% 

per hour and 5% per hour respectively.  The slowness of these reactions in the atmosphere and the fact that 

the resulting particles are physically small and therefore have a relatively long atmospheric lifetime, means 

that secondary particles are usually observed a significant distance downwind of the source of the precursors. 

Sources of SO2 typically contribute to secondary sulphate in a range from hundreds to thousands of kilometres 

downwind, whereas NOX emission sources typically contribute to secondary nitrate in a range from tens to 

hundreds of kilometres downwind.  Consequently, there is a reasonably even distribution of secondary PM 

on a regional scale, with smaller differences between urban and rural areas than for primary particles).  Various 

studies have shown that secondary particles can contribute significantly to PM concentrations, especially at 

background sites.  

Precursors to ozone formation include NOX, non-methane volatile organic compounds (NMVOC), CO and 

methane (CH4).   

Monitoring of secondary pollutant precursors under the AAQ NEPM is currently limited to NOX, SO2 and CO.  

NH3 is monitored by the EPA at the Stockton monitoring site as part of the Newcastle Local Air Quality 

Monitoring Network.  No monitoring of NMVOC or CH4 is performed as part of AAQ NEPM monitoring 

activities nor is any monitoring of secondary pollutants sulphates, nitrates, EC or OC.  
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Particle speciation and source apportionment studies have been commissioned by the NSW Government for 

Sydney and the Upper Hunter to determine the characteristics of PM2.5 particles and identify the relative 

contribution of emission sources to airborne fine particles.  Similar studies have been undertaken by the 

Australian Nuclear Science and Technology Organisation (ANSTO) for a number of Australian east coast sites 

including a site in the Lower Hunter (NSW EPA, 2013). 

Monitoring of secondary pollutant precursors may assist in the targeted reduction in emissions, although the 

likely monitoring requirements (pollutants to be measured and locations) is outside of the scope of this review.  

Should a requirement for secondary pollutant precursors, or secondary particulate be required as part of the 

AAQ NEPM, appropriate siting of monitoring sites should consider the findings of detailed modelling studies, 

whilst taking into account the likely population-exposure approach as opposed to a GRUB-style monitoring 

approach.  

2.1.6 National Clean Air Agreement 

The National Clean Air Agreement (NCAA) was agreed by Australia’s Environment Ministers on 15 December 

2015.  The NCAA establishes a framework and work plans for the development and implementation of various 

policies aimed at improving air quality across Australia.  In regard to air quality standards with relevance to 

this report, the Initial Work Plan set an objective to: 

• Vary the AAQ NEPM (see Section 2.1.1) in regard to PM10 and PM2.5 standards; 

• Review the AAQ NEPM in regard to SO2, NO2 and O3 standards; 

• Review the Fuel Quality Standards Act (2000); and, 

• Review the need for the Air Toxics NEPM and the National Environment Protection (Diesel Vehicle 

Emissions) Measure (Diesel Vehicles NEPM). 

In addition to the variations to the AAQ NEPM made in February 2016 (as discussed in Section 2.1.1), it is 

further likely that the 24-hour average PM10 concentration standard will be made more stringent from the 

current value of 50 µg∙m-3, although it is currently not possible to determine the revised standard or form of 

that metric. 

As part of the initial decision to make the AAQ NEPM, the National Environment Protection Council (NEPC) 

agreed to establish a Peer Review Committee (PRC) comprising nominees from industry and the environment 

movement, as well as from each jurisdiction, and supported by the NEPC Service Corporation (see 

Section 2.6). 
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 Significant Air Quality Monitoring Networks 

2.2.1 Ambient Air Quality (NEPM) Monitoring Network 

Ambient air quality monitoring in NSW has been performed in Sydney and Newcastle since the early 1950s.  

In recent years there has been a significant expansion in the AQMN operated by OEH and a diversification of 

the purpose, funding arrangements and reporting requirements for air quality monitoring.  These changes 

are partly a result of population and industry growth, changing technology, and changing community 

expectations.  

The NSW Government 2021 strategic plan placed an emphasis on the provision of air quality information and 

monitoring including targets to improve the provision and delivery of air quality information to local 

communities and expansion of the air quality monitoring network across Sydney.  The intention of these 

measures is to improve understanding of air quality and empower local communities to engage in informed 

discussion on air quality. 

Air quality monitoring in NSW is currently performed by the OEH and EPA, either funded through Government 

initiatives or by industry.  The requirements for air quality monitoring and the information provided by the 

monitoring networks is diverse.  One purpose of air quality monitoring both in NSW and in all jurisdictions is 

to provide information in accordance with the National Environment Protection Measure (NEPM) for Ambient 

Air Quality (the AAQ NEPM).   

Air quality monitoring undertaken in NSW within the scope of this review consist of monitoring undertaken 

by, funded by, or required by OEH or the EPA including: 

• the OEH ambient air quality monitoring network (43 stations); 

• Government funded network – Sydney, Illawarra, Hunter and regional NSW; 

• Industry funded networks – Upper Hunter, Newcastle Local; and, 

• NEPM monitoring (a subset of the ambient air quality monitoring network) – required under national 

agreement for the AAQ NEPM and the Air Toxics NEPM. 

OEH and the EPA uses information from the ambient air quality monitoring networks to: 

• Characterise regional air quality – comparing regional ambient air quality data with NEPMs or other 

benchmarks; 

• Increase public awareness – data to support the various Air Quality Indices, air pollution forecasts and 

Air Pollution and Health Alerts; 

• Describe air quality trends – detect how air quality has changed over time; 

• Evaluate emission reduction programs – determine any measurable impacts on regional air quality in 

the medium to long term of control strategies; 

• Support air policy/program development – new emission reduction strategies; 
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• Assess new sources of pollution – support the application of computer simulation models for new 

industrial/urban developments; and, 

• Support research programs – health impacts, source apportionment, model development, etc. 

OEH’s monitoring is based on principles that ensure that data from the network is robust and fit-for-purpose. 

These principles are: 

• Measure pollutants of greatest concern to the air program; 

• Use scientifically sound monitoring methods; 

• Monitor in appropriate locations; 

• Collect sufficient data to suit the defined purpose; 

• Be geographically diverse; 

• Provide flexibility to ensure that emerging monitoring needs can be met; 

• Make best use of resources; 

• Support other research activities when possible; and, 

• Review the network periodically. 

2.2.2 Upper Hunter Air Quality Monitoring Network 

The Upper Hunter Air Quality Monitoring Network (UHAQMN) is the general air quality monitoring network 

operating in the Upper Hunter region.  The UHAQMN is operated by the Agency and measures PM10, PM2.5, 

SO2 and NOX across 14 monitoring stations (although not all parameters are measured at each of the 

monitoring sites). 

2.2.3 Newcastle Local Air Quality Monitoring Network 

The Newcastle Local Air Quality Monitoring Network (NLAQMN) is operated by the Agency in response to a 

requirement identified by the Newcastle Community Consultative Committee on the Environment (NCCCE).  

The three monitoring sites measure PM10, PM2.5, SO2 and NOX and one location measures ammonia (NH3). 

 Ambient Air Quality (NEPM) Monitoring Network 

At present, the major requirement of the AAQ NEPM monitoring network in all jurisdictions is outlined within 

the AAQ NEPM.  The PRC provided a number of Technical Papers, the aim of which was to provide guidance 

to jurisdictions in the design of air quality monitoring networks (refer to Section 2.3.2).   
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2.3.1 Purpose and Scope 

As stated in Paragraph 4 of the AAQ NEPM2 “the desired environmental outcome of this Measure [the AAQ 

NEPM] is ambient air quality that allows for the adequate protection of human health and well-being.”  

2.3.2 Network Design Criteria 

As part of the initial decision to make the AAQ NEPM, the NEPC agreed to establish a PRC comprising 

nominees from industry and the environment movement, as well as from each jurisdiction, and supported by 

the NEPC Service Corporation.    

The PRC was established to assist jurisdictions to develop monitoring plans to meet the requirements of the 

AAQ NEPM, and to provide NEPC with advice on the adequacy of those plans.  The PRC produced a set of 

technical papers to guide the development of jurisdictional monitoring plans, with the aim of assuring quality 

and national consistency.  A full list of the technical papers is presented below.  It is noted that the PRC 

Technical Papers are advisory only.   

Two of these technical papers have been revised since original publication in 2001, being those for screening 

procedures (revised January 2007) and annual reporting (revised in 2010).   

• Technical Paper No. 1 – Checklist for Monitoring Plans (May 2001) (PRC, 2001a); 

• Technical Paper No. 2 – Selection of Regions (May 2001) (PRC, 2001b); 

• Technical Paper No. 3 – Monitoring Strategy (May 2001) (PRC, 2001c); 

• Technical Paper No. 4 – Screening Procedures (May 2001, rev. January 2007) (PRC, 2000), (PRC, 2007); 

• Technical Paper No. 5 – Data Collection and Handling (May 2001) (PRC, 2001d); 

• Technical Paper No. 6 – Meteorological Measurements (May 2001) (PRC, 2001e); 

• Technical Paper No. 7 – Accreditation of Performance Monitoring (May 2001) (PRC, 2001f); 

• Technical Paper No. 8 – Annual Reports (October 2002, revised 2010) (PRC, 2001g); 

• Technical Paper No. 9 – Lead Monitoring (May 2001) (PRC, 2001h); and, 

• Technical Paper No. 10 – Collection and Reporting of TEOM PM10 Data (May 2001) (PRC, 2001i). 

A recommendation (19 of 23) was made through the AAQ NEPM strategic and technical review (NEPC, 2011) 

to disband the existing PRC and replace it with a working group or groups with a broader range of expertise 

to assist with scientific and technical matters.  These matters might include the future design of networks to 

better represent population exposure and exposure risk.   

The PRC guidance documents cover a broad range of issues which may be experienced by practitioners / 

jurisdictions when implementing the AAQ NEPM.  The guidance provides a good platform to ensure a 

consistency in approach across jurisdictions and is shown to be (i) comprehensive and (ii) generally as clear, 

if not clearer, to interpret as similar guidance adopted by some other countries.   

                                                           
2 https://www.legislation.gov.au/Details/C2004H03935 
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Observation 

The PRC guidance covers a broad range of issues associated with the implementation of the NEPM and is 

shown to be comprehensive and more comprehensible/easy to access than many other guidance documents 

(e.g. US EPA).   

With reference to the current review, the following describes the major elements of Technical Papers 1, 2, 3 

and 4.   

Checklist for Monitoring Plans (Technical Paper No.1) 

The purpose of Technical Paper No. 1 (PRC, 2001a) is to provide guidance on the preparation of monitoring 

plans and to achieve consistency in structure and content across all plans.  The technical paper provides a 

checklist of items which should be covered in each monitoring plan.  Monitoring plans should outline: 

• Selection of regions (consistent with Technical Paper No.2); 

• Monitoring requirements for each selected region (with reference to Technical Paper No. 3) including an 

appropriate description of the region and evaluation of the number of Performance Monitoring Stations 

(PMS) required, a description of the balance between Trend and Generally Representative Upper Bound 

(GRUB) stations and where the number of PMS is to be lower than that required using the formula 

outlined in Clause 14(1), appropriate screening (as outlined in Technical Paper No. 4 (revised in 2007)) 

has been performed; 

• Siting of instrumentation and data handling (consistent with Technical Papers No. 5 and No. 6); 

• Accreditation of sites (with reference to Technical Paper No. 7); and 

• Reporting (consistent with Technical Paper No. 8 [revised in 2010]). 

Technical Paper No. 1 provides the framework for the development of monitoring plans and draws upon the 

information contained within the majority of the other Technical Papers.  The Technical Papers may be read 

as stand-alone documents although they should ideally be read as a compendium of guidance 

documentation given that a number of issues are common across guidance documents.    

Selection of Regions (Technical Paper No.2) 

Part 4, Section 14 of the AAQ NEPM (all variations) states that air quality monitoring is required for regions 

with a population of 25,000 or more, although it does not restrict monitoring in regions with lower 

populations.  The AAQ NEPM defines ‘region’ to mean ‘an area within a boundary surrounding population 

centres as determined by the relevant participating jurisdiction’.  Technical Paper No. 2 (PRC, 2001b) provides 

guidance as to how these regions should be selected.   

Three types of region are identified in Technical Paper No. 2 being: 

Type 1 A large urban or town complex with a population of 25,000 people or more requiring direct 

monitoring and contained within a single airshed; 
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Type 2 A region with no one population centre with 25,000 people or more but with a total population of 

25,000 or more, and with significant point source or area based emissions as to require a level of 

direct monitoring; and, 

Type 3 A region with a population of 25,000 people or more but with no significant point or area based 

emissions, so that ancillary data can be used to infer that direct monitoring is not required. 

Selection of regions with >25,000 people is based on Australian Bureau of Statistics (ABS) data for the most 

recent census.  Technical Paper No. 2 suggests that ABS “urban centre” data appears to provide a transparent 

and well defined option for the selection of regions.  This is the approach adopted by all jurisdictions in 

selection of regions and should therefore represent a consistent approach.  Regions which are categorised in 

this way may also be amalgamated should there be sufficient evidence (such as monitoring data or dispersion 

modelling studies) that an airshed boundary encompasses more than one ABS urban centre.  This 

amalgamation may be especially important in terms of secondary pollutants where concentration maxima 

may be experienced at significant distances from source (and from highly populated areas).   

Following a detailed review of each selected region, and with due consideration of pollution sources, 

meteorology and topography, regions categorised as Type 1 regions may be re-categorised as Type 3 regions, 

with sufficient supporting evidence. 

Regions with <25,000 people which collectively with other nearby urban centres may result in population sizes 

>25,000 should be considered as Type 2 regions.   

Monitoring Strategy (Technical Paper No.3) 

The strategy for air quality monitoring to satisfy the AAQ NEPM is outlined in Technical Paper No. 3 (PRC, 

2001c).  The general strategy combines the requirements for PMS (Clause 14 of the AAQ NEPM) to measure 

pollutants which may be experienced by the large majority of the population but also requirements for PMS 

to measure pollutants at the upper bounds of the concentrations which may be likely to be experienced within 

a region.  These stations are termed generally representative upper bound (GRUB) stations.  Monitoring plans 

are required to demonstrate an adequate balance of GRUB and population average measurements.  Where 

only one PMS is required, the Technical Paper indicates the expectation that the PMS would be a GRUB 

station.  

GRUB stations should be at locations where pollutant gradients are generally low (i.e. away from localised 

sources) and generally reflect the categorisation of ‘neighbourhood’ stations as defined within the Australian 

Standard (AS2922-1987 [superseded by AS/NZS 3580.1.1-2007]).   

Population average sites are located to ensure adequate monitoring of large portions of the populated area 

and of the total population within a region.  Such sites may be required in addition to GRUB sites where GRUB 

sites are located away from the major populated areas (in the monitoring of ozone for example).   
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The expectation of the PRC (PRC, 2001c) was that ‘for an average urban area in Australia’ about 25,000 people 

would be living within a few kilometres of each monitoring station.  In addition, (PRC, 2001c) states ‘moreover, 

stations will be located at sites where the pollutant gradients are generally low, so that they can represent the 

pollutant level across a substantial area and fraction of the population.’ 

Observation 

The concepts of population exposure introduced in (PRC, 2001c) are broad and are poorly defined, with no 

documented ‘scale’ or terminology provided that would assist interpreting these requirements.  The use of 

loose terminology such as ‘average urban area’, ‘a few km’s’, and ‘substantial’’ do not assist with the 

appropriate siting of monitoring stations in regard to population coverage.  It is acknowledged that due to 

the differences in areas subject to monitoring, prescriptive metrics for station placement may not be able to 

be provided and should even be avoided, but the PRC Technical Paper No.3 lacks adequate definitions of 

population coverage for the monitoring strategy, 

The application of the concepts of “Population Average” and “GRUB” (and performance, ‘peak’ and trend) 

stations as advised by the PRC is not consistent across jurisdictions, and there is also inconsistency in the 

definition of monitoring sites by some jurisdictions between the monitoring plan (2001) and most recent AAQ 

NEPM monitoring report (2013/2014).  For clarity, the AAQ NEPM does not (either previously or at present) 

include the concepts of “GRUB” or “Population Average” monitoring stations.   

The formula used in the calculation of total PMS required (Clause 14(1) of the AAQ NEPM) may result in a 

lower number of sites than that required when taking into account GRUB and population average sites.  

The number of PMS required by the AAQ NEPM in each identified region of >25,000 population is given by 

1.5P+0.5, where P is the population (in millions).   

Clause 15 of the AAQ NEPM also describes the use of trend stations which must be PMS and be sufficient to 

monitor and assess long term changes in ambient air quality in different parts of the jurisdiction.  Trend 

stations must be operated for one or more decades.   

It is noted that the PRC guidance states that individual stations may monitor some pollutants in accordance 

with the GRUB concept and other pollutants as trend (for example).   

For clarity, in accordance with the PRC Technical Paper, all sites should be categorised as PMS, with sub-

categorisation (by pollutant if required) as GRUB, population average or trend stations.  The use of campaign 

monitoring is outlined in Technical Paper No. 4 as being a useful input to screening, although campaign 

monitoring is only identified in relation to GRUB monitoring locations.   

Observation 

The application of campaign monitoring has been performed by a number of jurisdictions although there is 

some inconsistency in application to GRUB monitoring locations.   
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Screening Procedures (Technical Paper No.4) 

Clause 14(3) of the AAQM NEPM states that “Fewer performance monitoring stations may be needed where 

it can be demonstrated that pollutant levels are reasonably expected to be consistently lower than the 

standards mentioned in this Measure.” 

The PRC has outlined a range of analyses that may be adopted to demonstrate this expectancy in a 

transparent manner within Technical Paper No. 4.  These analyses are termed ‘Screening Procedures’ and are 

used to reduce the number of PMS for a given pollutant below that determined using the formula outlined 

in Clause 14(1) of the AAQ NEPM, or used to justify not monitoring a pollutant in regions with populations 

over 25,000.   

The specifications presented in Technical Paper No. 4 (PRC, 2007) are presented in Section 2.6. 

 Upper Hunter AQMN 

2.4.1 Purpose and Scope 

The Upper Hunter Air Quality Monitoring Network (UHAQMN) is the general air quality monitoring network 

operating in the Upper Hunter region.  The UHAQMN is operated by the OEH and measures PM10, PM2.5, SO2 

and NOX across 14 monitoring stations (although not all parameters are measured at each of the monitoring 

sites). 

2.4.2 Network Design Criteria 

The siting of the 14 sites is required to fulfil a number of objectives, including: 

• At locations representative of larger centres of population; 

• At locations near to significant air emissions; and/or, 

• At locations representative of general background locations 

The siting was performed using expert knowledge of local conditions and following community consultation. 

The stations comprising the UHAQMN are not part of the AAQ NEPM compliance monitoring network and 

the requirements of the AAQ NEPM (in relation to number of stations, monitoring plans etc.) are not 

applicable.   
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 Newcastle Local AQMN 

2.5.1 Purpose and Scope 

The Newcastle Local Air Quality Monitoring Network (NLAQMN) is operated by the OEH in response to a 

requirement identified by the Newcastle Community Consultative Committee on the Environment (NCCCE).  

The three monitoring sites measure PM10, PM2.5, SO2 and NOX and one location measures ammonia (NH3). 

2.5.2 Network Design Criteria 

The monitoring sites were located to represent the significant centres of population in the Lower Hunter 

region. 

The stations comprising the NLAQMN partially overlap into the AAQ NEPM compliance monitoring network.  

The requirements of the AAQ NEPM (in relation to number of stations, monitoring plans etc.) are not 

applicable to the whole of the NLAQMN. 

 Network Review 

Clause 14(3) of the AAQM NEPM states that “fewer performance monitoring stations may be needed where 

it can be demonstrated that pollutant levels are reasonably expected to be consistently lower than the 

standards mentioned in this Measure.” 

The PRC has outlined a range of analyses that may be adopted to demonstrate this expectancy in a 

transparent manner within Technical Paper No. 4.  These analyses are termed ‘Screening Procedures’ and are 

used to reduce the number of PMS for a given pollutant below that determined using the formula outlined 

in Clause 14(1) of the AAQ NEPM or used to justify not monitoring a pollutant in regions with populations over 

25,000.   

The Screening Procedures were originally published in November 2000 (PRC, 2000) and formed the basis of 

the monitoring plans submitted by each jurisdiction in 2001.  A revision to the screening procedures was 

provided by the PRC in January 2007 which incorporated updated modelling results of NO2 and ozone 

concentrations expected in regional centres and in coastal locations.   

Technical Paper No. 4 (PRC, 2007) states that:  

• The maximum acceptance limit for any screening procedure, no matter how reliable, has been set at 

75%, although adjustments have been made to account for background ozone.  In other words, the PRC 

considers that if concentrations in excess of 75% of the standard for a pollutant are probable within a 

region, performance monitoring (or an approved alternative under Clause 11(b)) should occur.  This is in 

accord with the intent of Clause 14(3);   
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• To maintain a conservative approach, except for PM10, the maximum predicted or measured 

concentration in the period specified should be used for comparison with acceptance limits, even though 

the AAQ NEPM goal may specify a number of exceedences; and   

• For pollutants which have standards for more than one averaging period, the acceptance limit to be 

used is that of the standard which is most difficult to meet in any given region. In many cases, this may 

involve the shortest averaging period. 

Observation 

In the case of PM10, given the update the AAQ NEPM relating to numbers of exceedances allowed (previously 

five, now zero), the screening procedures should consider maximum concentrations of PM10, or take into 

account the impacts of exceptional events.   

Minor updates to Technical Paper No. 4 relate to ambiguities in the number of years of monitoring data to 

apply for particular methods.  The significant updates relate to a dispersion modelling assessment of the likely 

population limits of inland and coastal towns which may demonstrate compliance with the NO2 and O3 

acceptance limits for Procedures E and F.   

The hierarchy of screening procedure for each pollutant are presented in Table 5, Table 6, and Table 7.  

Italicised bold text indicates changes from the 2000 version of the procedures.   

Table 4 AAQ NEPM Procedures E and F 

Pollutant Population Threshold 

Coastal Inland 

Procedure E 

NO2 150,000 58,000 

O3 62,000 <25,000 

Procedure E and Procedure F 

NO2 250,000 250,000 

O3 95,000 75,000 

Table 5 PRC Screening Procedure - CO, NO2, SO2 and Pb 

Screening Procedure Acceptance Limit (% of AAQ NEPM Standard) 

CO, NO2, SO2 and Pb 

A. Campaign monitoring at a Generally Representative Upper 

Bound (GRUB) monitoring location (with no significant 

deterioration expected over 5-10 years). 

55% for 1 year of data 

60% for 2 or more years of data 
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Screening Procedure Acceptance Limit (% of AAQ NEPM Standard) 

CO, NO2, SO2 and Pb 

B. Use of historical data within a region which will contain one 

or more GRUB monitoring stations to demonstrate that the full 

number of stations (according to 14(1)) is not required, either 

to detect exceedences or gain a more representative depiction 

of pollutant distribution. 

65% for 2 - 4 years of data 

75% for 5 or more years of data 

Replaces: 

65% for 2 or more years of data 

75% for 5 or more years of data 

C. Use of modelling within a region which will contain one or 

more GRUB monitoring stations to demonstrate that the full 

number of stations (according to 14(1)) is not required, either 

to detect exceedences or gain a more representative depiction 

of pollutant distribution 

55% 

D. In a region with no performance monitoring, use of 

validated modelling with detailed and reliable estimates of 

emissions and meteorological data.   

As above in combination with F.   

45% 

 

 

50% 

E. In a region with no performance monitoring, and in the 

absence of emissions and detailed meteorological data, use of 

generic model results based on gross emissions estimates, 

“worst case” meteorology estimates and other conservative 

assumptions. Appendix 1 establishes corresponding 

population limits of 150,000 for coastal towns and 58,000 

for inland towns.   

As above in combination with F. Appendix 1 establishes 

corresponding population limits of 250,000 for coastal and 

inland towns. 

35% 

 

 

 

 

 

45% 

F. In a region with no performance monitoring, comparison 

with an AAQ NEPM compliant region with greater population, 

emissions and pollution potential. 

40% 

G. Use of non-standard monitoring methods, including passive 

samplers, which have been “calibrated” against data from 

performance monitoring stations. 

This procedure should only be used in support 

of C, D, E or F, adding say 5% to the respective 

acceptance limits 

Table 6 PRC Screening Procedure -O3 

Screening Procedure Acceptance Limit (% of AAQ NEPM Standard) 

O3 

A. Campaign monitoring at a Generally Representative Upper 

Bound (GRUB) monitoring location (with no significant 

deterioration expected over 5-10 years). 

60% for one year of data 

70% for 2 – 4 years of data 

75% for 5 or more years of data 

Replaces: 
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Screening Procedure Acceptance Limit (% of AAQ NEPM Standard) 

O3 

70% for 2 or more years of data 

75% for 5 or more years of data 

B. Use of historical data within a region which will contain one 

or more GRUB monitoring stations to demonstrate that the full 

number of stations (according to 14(1)) is not required, either 

to detect exceedences or gain a more representative depiction 

of pollutant distribution. 

78% for 2 – 4 years of data 

82% for 5 or more years 

Replaces: 

78% for 2 or more years of data 

82% for 5 or more years of data 

C. Use of modelling within a region which will contain one or 

more GRUB monitoring stations to demonstrate that the full 

number of stations (according to 14(1)) is not required, either 

to detect exceedences or gain a more representative depiction 

of pollutant distribution 

70% 

D. In a region with no performance monitoring, use of 

validated modelling with detailed and reliable estimates of 

emissions and meteorological data. Appendix 1 establishes 

corresponding population limits of 62,000 for coastal 

towns and 25,000 for inland towns.   

As above in combination with F. Appendix 1 establishes 

corresponding population limits of 95,000 for coastal 

towns and 75,000 for inland towns 

65%  

 

 

 

 

68%  

E. In a region with no performance monitoring, and in the 

absence of emissions and detailed meteorological data, use of 

generic model results based on gross emissions estimates, 

“worst case” meteorology estimates and other conservative 

assumptions.   

As above in combination with F. 

62% (replaces 58%) 

 

 

 

 

65% (replaces 66%) 

F. In a region with no performance monitoring, comparison 

with a AAQ NEPM compliant region with greater population, 

emissions and pollution potential. 

60% 

G. Use of non-standard monitoring methods, including passive 

samplers, which have been “calibrated” against data from 

performance monitoring stations. 

This procedure should only be used in support 

of C, D, E or F, adding say 5% to the respective 

acceptance limits 
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Table 7 PRC Screening Procedure – PM10 

Screening Procedure Acceptance Limit (% of AAQ NEPM Standard) 

PM10 

A. Campaign monitoring at a Generally Representative Upper 

Bound (GRUB) monitoring location (with no significant 

deterioration expected over 5-10 years). 

55% for one year of data 

60% for 2 or more years of data 

B. Use of historical data within a region which will contain one 

or more GRUB monitoring stations to demonstrate that the full 

number of stations (according to 14(1)) is not required, either 

to detect exceedences or gain a more representative depiction 

of pollutant distribution. 

65% for 2 – 4 years of data 

75% for 5 or more years of data 

Replaces: 

65% for 2 or more years of data 

75% for 5 or more years of data 

C. As in B above but using TSP and a conservative assumption 

about PM10:TSP ratios. 

60% for 2-4 years of data 

70% for 5 or more years of data 

Replaces: 

70% for 5 more years of data 

60% for 2 or more years of data 

D. In a region with no performance monitoring, comparison 

with a AAQ NEPM compliant region with greater population, 

emissions and pollution potential. 

40%  

E. Use of non-standard monitoring methods, which have been 

“calibrated” against data from performance monitoring 

stations. 

This procedure should only be used in support 

of C, D, E or F, adding say 5% to the respective 

acceptance limits.  

Observation 

The specification for compliance over time under the AAQ NEPM (as in number of years’ compliance) should 

be reviewed in regard to standardisation, if deemed appropriate. 

 Conclusions 

The key design criteria and observations regarding the air quality monitoring networks discussed above are 

outlined in Table 8. 
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Table 8 NSW Network Design Summary Table 

Network Pollutant Purpose Scaling Factors(a) Minimum Threshold Spatial Scale 

all 

Review 

pop BG source spat. 

AAQ NEPM 

AQMN 

CO population ✓ 

   

population ≥25,000 y PRC Technical Paper No4 

NO2 population ✓ 

   

population ≥25,000 y PRC Technical Paper No4 

O3 population ✓ 

   

population ≥25,000 y PRC Technical Paper No4 

Pb population ✓ 

   

population ≥25,000 y PRC Technical Paper No4 

PM10 population ✓ 

   

population ≥25,000 y PRC Technical Paper No4 

PM2.5 population ✓ 

   

population ≥25,000 y PRC Technical Paper No4 

SO2 population ✓ 

   

population ≥25,000 y PRC Technical Paper No4 

NLAQMN NO2 population 

     

y 

 

PM10 population 

     

y 

 

PM2.5 population 

     

y 

 

SO2 population 

     

y 

 

UHAQMN NO2 population 

     

y 

 

PM10 population 

     

y 

 

PM2.5 population 

     

y 

 

SO2 population 

     

y 

 

Notes: (a) Scaling Factors: pop – requirements are scaled by population; BG – requirements are scaled by background pollutant concentrations; source – requirements are scaled by source emissions; spat 

– requirements are scaled by spatial considerations. 
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3. INTERNATIONAL CASE STUDY 1 – US EPA 

 Key Legislation and Guidance 

The key legislation in the United States of America regarding the design of ambient air quality monitoring 

networks is the Clean Air Act (2004).  

Under Section 110(a)(1) and 110(a)(2) of the Clean Air Act (CAA) each State is required to submit a State 

Implementation Plan (SIP) for the implementation, maintenance, and enforcement of each primary or 

secondary national ambient air quality standard (NAAQS).  Under Part A, Section 110(a)(2) each State is 

required to implement a SIP to ensure that the National Ambient Air Quality Standards (NAAQS) are achieved, 

and make a new SIP submission within 3 years after the promulgation of a new / revised NAAQS.  These 

revised SIPs are referred to as “infrastructure SIPs”.  

For clarity, the current NAAQS are specified in Table 9. 

Table 9 NAAQS Summary 

Pollutant Primary / 

Secondary 

Averaging 

Time 

Concentration Form / Notes 

Carbon 

monoxide 

(CO) 

P 8 hours 9 ppm Not to exceeded more than once per year 

P 1 hour 35 ppm Not to exceeded more than once per year 

Lead (Pb) P/S Rolling 3-month 

average 

0.15 µg∙m-3 Not to be exceeded 

Nitrogen 

dioxide 

(NO2) 

P 1 hour 100 ppb 98th percentile of 1-hour daily maximum 

concentrations, averaged over 3 years 

P/S 1 year 53 ppb Annual mean 

Ozone (O3) P/S 8 hours 0.070 ppm Annual fourth-highest daily maximum 8-hour 

concentration, averaged over 3 years 

Particulates 

(as PM2.5) 

P 1 year 12.0 µg∙m-3 Annual mean averaged over 3 years 

S 1 year 15.0 µg∙m-3 Annual mean averaged over 3 years 

P/S 24 hours 35 µg∙m-3 98th percentile, averaged over 3 years 

Particulates 

(as PM10) 

P/S 24 hours 150 µg∙m-3 Not to be exceeded more than once per year on 

average over 3 years 

Sulphur 

dioxide 

(SO2) 

P 1 hour 75 ppb 99th percentile of 1-hour daily maximum 

concentrations, averaged over 3 years 

S 3 hours 0.5 ppm Not to be exceeded more than once per year 

The purposes of the State Implementation Plan (SIPS) are: 
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• To ensure that there is no deterioration of ambient air quality in areas that achieve the concentration 

limits specified in the NAAQS. 

• Reduce pollutant concentrations in areas that do not achieve the ambient air quality standards specified 

in the NAAQS. 

When the US EPA revises one of the national ambient air quality standards (NAAQS) or establishes a new 

NAAQS, States and EPA must undertake specific obligations to ensure the NAAQS are met. The following is 

provided by the US EPA website3 as a brief summary of those requirements: 

• Within two years after NAAQS promulgation: With input from the states and tribes, EPA must identify 

or "designate" areas as meeting (attainment areas) or not meeting (nonattainment areas), the standards. 

Designations are based on the most recent set of air monitoring data. 

• Within three years after NAAQS promulgation: All states must submit plans, known as state 

implementation plans (SIPs), to show they have the basic air quality management program components 

in place to implement a new or revised NAAQS, as specified in Clean Air Act Section 110.  These plans 

are often called "infrastructure SIPs." 

• Within 18-36 months after designations: Due dates for nonattainment area SIPs are based on the 

area designation date and vary by pollutant and area classification.  SIPs for areas designated as 

nonattainment for SO2, NO2, PM10, and Lead are generally due no later than 18 months from the date of 

designation.  SIPs for O3, PM2.5, and CO nonattainment areas are generally due within 36 months from 

the date of designation.  Each nonattainment area SIP must outline the strategies and emissions control 

measures that show how the area will improve air quality and meet the NAAQS.  In addition, the CAA 

mandates that areas adopt certain specified control requirements.  

 Significant Air Quality Monitoring Networks 

Under Title 40, Chapter I, Subchapter C, Part 58 (40 CFR Part 58) ‘Ambient Air Quality Surveillance’, Section 

58.10, the following is required to be addressed by each State (or local agency) in an annual monitoring 

network plan which shall provide for the establishment and maintenance of an air quality surveillance system 

that consists of: 

• NCore: National Core multipollutant monitoring stations (NCore).  This network measures particles 

(PM2.5, speciated PM2.5, PM10-2.5), O3, SO2, CO, nitrogen oxides (NO/NO2/NOY), Pb, and basic 

meteorology.  NCore measures multiple pollutants in order to provide support to integrated air quality 

management data needs.  NCore sites include both ‘neighbourhood’ and ‘urban’ scale measurements 

(see Table 10) in general, in a selection of metropolitan areas and a limited number of more rural 

locations.  Continuous monitoring methods are to be used at the NCore sites when available for a 

pollutant to be measured, as it is important to have data collected over common time periods for 

integrated analyses.  NCore multipollutant sites are intended to be long-term sites useful for a variety of 

                                                           

3 https://www3.epa.gov/airquality/urbanair/sipstatus/process.html 

https://www3.epa.gov/airquality/urbanair/sipstatus/process.html
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applications including air quality trends analyses, model evaluation, and tracking metropolitan area 

statistics.  As such, the NCore sites should be placed away from direct emission sources that could 

substantially impact the ability to detect area-wide concentrations. 

• SLAMS: A network of State or Local Air Monitoring Stations (SLAMS).  The SLAMS make up the ambient 

air quality monitoring sites that are primarily needed for NAAQS comparisons, but may serve other / 

further purposes.  SLAMS exclude special purpose monitor (SPM) stations and include NCore, PAMS, 

and all other State or locally operated stations that have not been designated as SPM stations. 

• STN: Speciation Trends Network (STN).  The STN network comprises PM2.5 speciation stations, providing 

chemical species data of fine particulate. 

• SPM: Special Purpose Monitors (SPM) stations are designated as a special purpose monitor station in 

the US EPAs monitoring network plan and in the Air Quality System, and which the US EPA does not 

count when showing compliance with the minimum requirements of this subpart for the number and 

siting of monitors of various types.  

• PAMS: Photochemical Assessment Monitoring Stations.  These are required in serious, severe and 

extreme ozone nonattainment areas. 

As prescribed in 40 CFR Part 58 the following plans are required to be submitted annually: 

• A plan for establishing / maintaining NCore multi-pollutant stations; 

• A plan for source-orientated Pb monitoring sites for sources emitting greater than 0.5 ton per year of 

Pb; 

• A plan for area-wide NO2 monitoring to protect human health and reduce exposure risk; 

• A plan for a road-side NO2 monitoring to protect human health and reduce exposure risk; 

• A plan for SO2 and CO monitoring; 

• A plan for PM10 and PM2.5 monitoring; 

• A plan for O3 monitoring; and, 

• A plan for Photochemical Assessment Monitoring Stations (PAMS). 

The SIP and annual plan shall include a statement of purposes for each monitor and evidence that siting and 

operation of each monitor meets the requirements of 40 CFR Part 58 in regard to: 

• Appendix A – relating to quality assurance, health and safety, data capture, measurement uncertainty, 

and other ‘operational’ considerations; 

• Appendix C – relating to approved and designated air quality monitoring methodologies; 

• Appendix D – relating to the network design criteria; and 

• Appendix E – relating to site location, relevant to local conditions. 

40 CFR Part 58 (Appendix B) relates to quality assurance of data relating to Prevention of Significant 

Deterioration (PSD) air monitoring and data collected as part of the PSD program is not used in making 

NAAQS decisions.   
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40 CFR Part 58 (Appendix D) provides a useful summary of the design criteria for the various monitoring 

components of the ambient air quality monitoring network. 

Data collected from Federal Reference Methods (FRM), Federal Equivalent Methods (FEM) and Approved 

Regional Methods (ARM) are used by the US EPA to compare against the NAAQS.  The SLAMS and NCore 

stations are used to validate regional air quality management assumptions / modelling. 

The various monitoring networks must be designed to deliver the objectives for the monitoring, including 

providing information to communities, reporting compliance with ambient air quality standards, emission 

control programs and providing data for research on human health and environmental management.  To 

that end, the requirements of data will vary, including: 

• Measurement of the peak concentrations anticipated across an area; 

• Measurements of typical exposure rates for a community; 

• Measurements associated with source-specific emissions; 

• Measurement of general background concentrations; 

• Measurements of regional or transboundary pollution transport; and, 

• Measurements of non-human health impacts, such as welfare impacts, vegetation, visibility, etc.  

3.2.1 General Spatial Considerations 

Generally, based upon the data requirements, there will be a spatial component of the network design, as 

indicated in Table D-1 of 40 CFR, Part 58, reproduced in Table 10.   

Table 10 Relationship Between Site Types and Scales of Representativeness 

Site Type Siting Scales (Including Typical Representative Scales) 

Micro Middle 
Neighbour-

hood 

Urban / 

Rural 
Regional National 

<100m 100m-0.5km 0.5km-4km 4km-50km 10/100s km National 

Highest concentration     

Highest concentration 

(secondary pollutants) 
     

Population oriented      

Source impact     

General/background 

& regional transport 
     

Welfare-related 

impacts 
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3.2.2 General Monitoring Requirements 

The National ambient air monitoring system includes several types of monitoring stations, each targeting a 

key data collection need and each varying in technical sophistication. 

Research grade sites are platforms for scientific studies, either involved with health or welfare impacts, 

measurement methods development, or other atmospheric studies.  These sites may be collaborative efforts 

between regulatory agencies and researchers with specific scientific objectives for each.  Data from these sites 

might be collected with both traditional and experimental techniques, and data collection might involve 

specific laboratory analyses not common in routine measurement programs.  The research grade sites are 

not required by regulation; however, they are included here due to their important role in supporting the air 

quality management program. 

The NCore multipollutant sites are sites that measure multiple pollutants in order to provide support to 

integrated air quality management data needs.  NCore sites include both neighbourhood and urban scale 

measurements in general, in a selection of metropolitan areas and a limited number of more rural locations.  

Continuous monitoring methods are to be used at the NCore sites when available for a pollutant to be 

measured, as it is important to have data collected over common time periods for integrated analyses.  

Monitoring sites designated as SLAMS sites, but not as NCore sites, are intended to address specific air quality 

management interests, and as such, are frequently single-pollutant measurement sites.  

 State or Local Air Monitoring Stations (SLAMS) 

3.3.1 Purpose and Scope 

The SLAMS network makes up the ambient air quality monitoring sites that are primarily needed for NAAQS 

comparisons, but may serve other / further purposes.  SLAMS exclude special purpose monitor (SPM) stations 

and include NCore, PAMS, and all other State or locally operated stations that have not been designated as 

SPM stations. 

3.3.2 Network Design Criteria 

As reported in 40 CFR Part 584, the following describes the consideration of population upon the design of 

the monitoring network. 

                                                           
4 http://www.ecfr.gov/cgi-bin/retrieveECFR?n=40y6.0.1.1.6#ap40.6.58_161.d 

http://www.ecfr.gov/cgi-bin/retrieveECFR?n=40y6.0.1.1.6#ap40.6.58_161.d
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Carbon Monoxide  

40 CFR Part 58 Section 4.2.1 states that one CO monitor is required to be co-located with a near-road NO2 

monitor in all core based statistical areas (CBSA’s) with a population of 1,000,000 or more.  For clarity, this is 

a core area of a population of 10,000 or more with adjacent centres having a high degree of economic and/or 

social interaction with the core, with an aggregated population of 1,000,000 or more. 

The spatial scale relevant to CO monitoring is at the microscale or middle scale (<100 m to 0.5 km). 

Nitrogen Dioxide 

The design criteria for NO2 is set out in 40 CFR Part 58 Section 4.3.  There is a requirement for at least one 

near-road NO2 monitoring station in each CBSA with a population of 500,000 or more, located in an area of 

anticipated maximum 1-hour NO2 concentrations.  An additional monitoring location is required for a CBSA 

with a population over 2,500,000 or, if there is a roadway section with an annual average daily traffic (AADT) 

count of 250,000 vehicles or more.   

The site(s) selected should be based upon a ranked assessment of road AADT to determine location, and 

population risk accounted for in the selection, and where there is a requirement for more than one monitor, 

the two sites should be differentiated by route, geography, traffic patterns etc. 

There must also be at least one neighbourhood monitoring station within each CBSA with a population of 

1,000,000 or more and located to account for exposure risk (population density, emission profile). 

The spatial scale relevant to area wide NO2 monitoring is neighbourhood or greater (>0.5 km). 

Sulphur Dioxide 

A population weighted emissions index is used to determine the required number of SO2 monitoring stations, 

as: 𝑃𝑊𝐸𝐼 (𝑆𝑂2) = 𝑃 ∙ 𝐸 ∙ 10−6 

Where 

PWEI (SO2) = population weighted emission index for SO2 (million person-tons per year) 

P   = population 

E   = total emission estimation of SO2 in tons [imperial] per year 

The number of SO2 monitoring stations is determined according to the estimated PWEI, as outlined in Table 

11.   
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Table 11 Population Weighted Emission Index for Sulphur Dioxide 

PWEI (SO2) Number of SO2 monitoring Stations in CBSA 

≥ 1,000,000 3 

≥100,000 2 

≥5,000 1 

The spatial scale relevant to area wide SO2 monitoring is the micro to urban scales (<100 m to 50 km). 

Particulate Matter (PM10) 

The requirements for PM10 monitoring sites is set out in 40 CFR Part 58 Section 4.6.  The number of monitoring 

sites is determined by (i) the population(s) within each CBSA and (ii) the maximum ambient PM10 concentration.  

The classifications and resultant value in presented in Table D-4 of 40 CFR Part 58 Section 4.6, and is 

reproduced in Table 12. 

Table 12 Population and Concentration Matrix for Number of PM10 Monitoring Sites 

Population High Concentration 

>120% of NAAQS 

>180 µg∙m-3 

Medium Concentration 

>80% of NAAQS 

> 120 µg∙m-3 

Low Concentration 

<80% of NAAQS 

< 180 µg∙m-3 

>1,000,000 6-10 4-8 2-4 

>500,000 4-8 2-4 1-2 

>250,000 3-4 1-2 0-1 

>100,000 1-2 0-1 0 

Particulate Matter (PM2.5) 

The requirements for PM2.5 monitoring sites is set out in 40 CFR Part 58 Section 4.7.  Similar to PM10, the 

number of monitoring sites is determined by (i) the population(s) within each CBSA and (ii) the maximum 

ambient PM2.5 concentration.  The classifications and resultant value is presented in Table D-5 of 40 CFR Part 

58 Section 4.7, and is reproduced in Table 13. 

Table 13 Population and Concentration Matrix for Number of PM2.5 Monitoring Sites 

Population High Concentration 

≥85% of NAAQS 

Low Concentration 

<85% of NAAQS 

>1,000,000 3 2 

>500,000 2 1 

>50,000 1 0 

Note: As determined by the most recent 3-year design value, compared to any applicable metric 
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Ozone 

The requirements for O3 monitoring sites is set out in 40 CFR Part 58 Section 4.1.  The number of monitoring 

sites is determined by (i) the population(s) within the CBSA and (ii) the maximum ambient O3 concentration.  

The classifications and resultant value in presented in Table D-5 of 40 CFR Part 58 Section 4.1, and is 

reproduced in Table 14. 

Table 14 Population and Concentration Matrix for Number of O3 Monitoring Sites 

 Population. High Concentration 

≥85% of NAAQS 

Low Concentration 

<85% of NAAQS 

>10,000,000 4 2 

≥4,000,000 3 1 

≥350,000 2 1 

<350,000 1 0 

Note: As determined by the most recent 3-year design value, compared to any applicable metric 

The spatial scale relevant to O3 monitoring is neighbourhood, urban and regional (0.5 km to 100’s km). 

Lead 

Monitoring for lead is required at any locations that are expected to, or shown to exceed the NAAQS.  As a 

minimum, there must be one SLAMS site located at a point representative of maximum Pb concentrations 

near to each non-airport source of Pb emitting greater than 0.5 tons per year, and from each airport emitting 

1.0 tons per year. 

The spatial scale relevant to Pb monitoring is micro to neighbourhood (<100 m to 4 km).   

 National Core Multipollutant Monitoring Stations (NCore) 

3.4.1 Purpose and Scope 

The NCore network was formally operational on January 1 2011, and its purpose is to provide long-term multi-

pollutant data for a number of purposes including air quality trends analyses, model evaluation, and tracking 

metropolitan area statistics.  Each station is to measure:  

• PM2.5 particle mass using continuous and integrated/filter-based samplers; 

• speciated PM2.5, PM10-2.5 particle mass; 

• speciated PM10-2.5; 

• O3; 

• SO2; 
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• CO; 

• NO/NOX; and, 

• wind speed, wind direction, relative humidity, and ambient temperature. 

NCore sites in a CBSA with a population of 500,000 people or greater are also required to measure Pb either 

as: 

• Pb-TSP or  

• Pb-PM10. 

Coarse Particulate Matter (PM10-2.5) 

NCore sites are required to measure coarse particulate matter (PM10-2.5).  The spatial scale relevant to these 

measurements is the middle to neighbourhood scale (4 km to 100 km). 

3.4.2 Network Design Criteria 

Each State is required to operate at least one NCore site, although this may increase depending upon the 

number of distinct airsheds and the corresponding spatial variability of the respective pollutant(s).  

The NCore sites should be placed away from direct emission sources that could substantially impact the ability 

to detect area-wide concentrations and may be representative of urban or rural conditions. 

• Urban NCore stations are to be generally located at urban or neighbourhood scale to provide 

representative concentrations of exposure expected throughout the metropolitan area; however, a 

middle-scale site may be acceptable in cases where the site can represent many such locations 

throughout a metropolitan area. 

• Rural NCore stations are to be located to the maximum extent practicable at a regional or larger scale 

away from any large local emission source, so that they represent ambient concentrations over an 

extensive area.  

 Special Purpose Monitors (SPM) 

3.5.1 Purpose and Scope 

Special purpose monitors are excluded from the SLAM network and are used to fulfil specific monitoring 

objectives.     

3.5.2 Network Design Criteria 

There are no design criteria set for SPM sites, as they are sited specific to each discrete requirement. 
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 Photochemical Assessment Monitoring Stations (PAMS) 

3.6.1 Purpose and Scope 

Section 182(c)(1) of the 1990 Clean Air Act Amendments (CAAA) requires the Administrator to promulgate 

rules for the enhanced monitoring of O3, NOX, and VOC to obtain more comprehensive and representative 

data on O3 air pollution. 

The data requirements are set out on the US EPA website as: 

Data Quality Objectives (DQOs) are statements that relate the quality of environmental measurements to the 

level of uncertainty that decision-makers are willing to accept for results derived from the data.  It is never 

possible to be absolutely certain that a future data set will satisfy the data needs exactly.  There is always a 

chance that variables, variation, and uncertainty beyond the program's control will lead to a "softness" in the 

data and a resulting uncertainty that the subsequent decisions are appropriate.  For example, it is not possible 

to be 100% certain that a downward trend in ozone concentration has been confirmed or denied, since it is 

possible that local meteorology unexpectedly affected the two highest-reading days, one way or the other.  

By carefully designing the equipment and schedules, however, it is possible to reduce to acceptable levels the 

possibility of making an “erroneous call”.  

Objective 1 - Provide a speciated ambient air database which is both representative and useful for 

ascertaining ambient profiles and distinguishing among various individual VOC.  These data can later be used 

as evaluation tools for control strategies, cost-effectiveness, and for understanding the mechanisms of 

pollutant transport.  

• DQO #1.1 The data for any given pollutant measured at a PAMS site must be able to show the presence 

of a diurnal pattern, if one exists, with an 80% confidence level. 

• DQO #1.2 The data for any given pollutant measured at a PAMS site must be able to show a change in 

the diurnal pattern, if a change exists, with an 80% confidence level. 

Objective 2 - Provide local, current meteorological and ambient data to serve as initial and boundary 

condition information for photochemical grid models.  These data can later be used as a baseline for model 

evaluation and to minimize model adjustments and reliance on default settings.  

• DQO #2.1 The speciated VOC, O3, NOX and meteorological data must satisfy the regulations, including 

monitor siting, operation, and data quality criteria.  

Objective 3 - Provide a representative, speciated ambient air database which is characteristic of source 

emission impacts.  These data can be particularly useful in analysing emissions inventory issues and 

corroborating progress toward attainment.  
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• DQO #3.1 The monitoring data for Total Volatile Organic Compound (Total VOC) concentrations 

collected at #2 Sites must be able to demonstrate a 3% annual trend (upward or downward) over a 

5-year monitoring period, if it exists, with an 80% confidence level. 

• DQO #3.2 The speciated VOC monitoring data collected at a #2 Site, when composited into categories, 

must be able to demonstrate a 20% change (upward or downward) in the seasonal average between 

two consecutive years, if it exists, with an 80% confidence level.  

Objective 4 - Provide ambient data measurements which would allow later preparation of unadjusted and 

adjusted pollutant trends reports.  

• DQO #4.1 The composite monitoring data for a given MSA/ Combined MSA for O3, NOx, and speciated 

VOC must be able to demonstrate a yearly downward trend with an 80% confidence level until an area 

achieves attainment.  

Objective 5 - Provide additional measurements of selected criteria pollutants.  Such measurements can later 

be used for attainment/nonattainment decisions and to construct NAAQS maintenance plans.  

• DQO #5.1 The O3 (and NO2 where appropriate) monitoring data must satisfy the criteria specified in the 

National Ambient Air Monitoring Strategy (NAAMS) and SLAMS monitoring regulations, including 

monitor siting, operation, and data quality criteria.  

Objective 6 - Provide additional measurements of selected criteria and non-criteria pollutants from properly-

sited locations.  Such measurements can later be used for evaluating population exposure to air toxics as well 

as criteria pollutants.  

• DQO #6.1 The speciated VOC monitoring data must be able to provide annual average concentration 

data at #2 Sites to within +/-50%, with a confidence level of 80%. 

3.6.2 Network Design Criteria 

Each State is required to obtain PAMS measurements at each NCore site at a location with a population of 

1,000,000 or more, including: 

• Hourly averaged speciated VOCs; 

• 3x 8-hr averaged carbonyl samples per day in a 1-day-in-3 schedule or hourly averaged formaldehyde; 

• Hourly averaged O3; and, 

• Hourly averaged nitrogen oxide NO, nitrogen dioxide (NO2) total reactive nitrogen (NOY). 

Methods used for O3 monitoring at PAMS must be automated reference or equivalent methods. 

Methods used for NO, NO2 and NOY monitoring at PAMS should be automated reference or equivalent 

methods.  If alternative NO, NO2 or NOY monitoring methodologies are proposed, such techniques must be 

detailed in the network description and subsequently approved by the Administrator. 
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Methods for meteorological measurements and speciated VOC monitoring are included in the guidance.  If 

alternative VOC monitoring methodology (including the use of new or innovative technologies), which is not 

included in the guidance, is proposed, it must be detailed in the network description and subsequently 

approved by the Administrator.  

 Network Review Processes 

3.7.1 Guidance 40 CFR Part 58 

As discussed in Section 3.1, each State is required to submit an annual monitoring plan that outlines the 

adopted approach for air quality monitoring that serves multiple purposes of environmental and human 

health protection, monitoring changes in environmental conditions, or measuring the effects of specific 

programs. 

Annually, each State is required to submit a revision to the plan that demonstrates whether: 

• the network meets the identified and stated monitoring objective(s); 

• whether additional sites are required to achieve the objective(s); 

• whether operating sites are no longer needed and can be relocated or cease operation; and, 

• whether new technologies are appropriate for incorporation into the ambient air monitoring network.  

The network assessment must consider the ability of existing and proposed sites to support air quality 

characterisation for areas with relatively high populations of susceptible individuals and, for any sites that are 

being proposed for discontinuance, the effect on data users other than the US EPA itself, such as nearby 

states and tribes or health effects studies. 

3.7.2 National Ambient Air Monitoring Strategy 

In 2005, the USEPA prepared a draft National Ambient Air Monitoring Strategy (NAAMS) in order to provide 

a framework for the optimisation of ambient air quality monitoring networks.  The NAAMS methodology 

facilitates a national, regional and local scale evaluation of monitoring resources against the needs of the 

networks.  The purpose of NAAMS is to optimise the various air quality monitoring networks to achieve the 

optimum value, protection of public and environmental health with an acknowledged limited budget. 

A facet of NAAMS is to facilitate periodic network assessment, which includes: 

• re-evaluation of the objectives and budget constraints for air monitoring; 

• evaluation of a network’s effectiveness and efficiency relative to its objectives and costs; and, 

• development of recommendations for network reconfigurations and improvements. 
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In 2007, the US EPA published the guidance document “Ambient Air Monitoring Networks: Guidance - 

Analytical Techniques for Technical Assessments of Document EP-D-05-004” (USEPA 2007) in which the 

following factors are listed as contributing to the requirement for network design review: 

• “Air quality has changed—for the better in most geographic areas—since the adoption of the 

federal Clean Air Act and National Ambient Air Quality Standards (NAAQS). For example, 

the problem of high ambient concentrations of lead has largely been solved.  

• Populations and behaviors have changed. For example, the U.S. population has (on average) 

grown, aged, and shifted toward urban and suburban areas over the past four decades. In 

addition, rates of vehicle ownership and annual miles driven have grown. 

• New air quality objectives have been established, including rules to reduce air toxics, fine 

particulate matter (PM2.5), and regional haze. 

• The understanding of air quality issues and the capability to monitor air quality have both 

improved. Together, the enhanced understanding and capabilities can be used to design more 

effective air monitoring networks.” 

As a result of these changes, air monitoring networks may have unnecessary or redundant 

monitors or ineffective and inefficient monitoring locations for some pollutants, while other 

regions or pollutants suffer from a lack of monitors. Air monitoring agencies should, therefore, 

refocus monitoring resources on pollutants that are new or persistent challenges, such as PM2.5, 

air toxics, and ground-level ozone, and should deemphasize pollutants that are steadily becoming 

less problematic and better understood, such as lead and carbon monoxide (CO). 

In addition, monitoring agencies need to adjust networks to protect today’s population and 

environment, while maintaining the ability to understand long-term historical air quality trends.  

Moreover, monitoring networks can take advantage of the benefits of new air monitoring 

technologies and improved scientific understanding of air quality issues. Existing monitoring 

networks should be designed to address multiple, interrelated air quality issues and to better 

operate in conjunction with other types of air quality assessments (e.g., photochemical modeling, 

emission inventory assessments).  

Reconfiguring air monitoring networks can enhance their value to stakeholders, scientists, and 

the general public.” 

The basic structure of the NAAMS is outlined below in Table 15. 
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Table 15 Descriptions and Examples of Steps Involved in Performing Network Assessments 

(USEPA, 2007) 

Step Description Examples 

1 Prepare or update a regional description, 

discussing important features that should be 

considered for network design. 

Topography, climate, population, demographic 

trends, major emissions sources, and current air 

quality conditions. 

2 Prepare or update a network history that explains 

the development of the air monitoring network 

over time and the motivations for network 

alterations, such as shifting needs or resources. 

Historical network specifications (e.g., number and 

locations of monitors by pollutant and by year in 

graphical or tabular format); history of individual 

monitoring sites. 

3 Perform statistical analyses of available monitoring 

data. These analyses can be used to identify 

potential redundancies or to determine the 

adequacy of existing monitoring sites. 

Site correlations, comparisons to the NAAQS, trend 

analysis, spatial analysis, and factor analysis. 

4 Perform situational analyses, which may be 

objective or subjective. These analyses consider the 

network and individual sites in more detail, taking 

into account research, policy, and resource needs. 

Risk of future NAAQS exceedances, demographic 

shifts, requirements of existing state 

implementation plans (SIP) or maintenance plans, 

density or sparseness of existing networks, scientific 

research or public health needs, and other 

circumstances (such as political factors). 

5 Suggest changes to the monitoring network on the 

basis of statistical and situational analyses and 

specifically targeted to the prioritized objectives 

and budget of the air monitoring program. 

Reduction of number of sites for a selected 

pollutant, enhanced leveraging with other 

networks, and addition of new measurements at 

sites to enhance usefulness of data. 

6 Acquire the input of state and local agencies or 

stakeholders and revise recommendations as 

appropriate. 

 

Note:  From (Sonoma Technology Inc, 2005) 

The guidance document “Analytical Techniques for Technical Assessments of Ambient Air Monitoring 

Networks: Guidance Document” (USEPA 2007) provides a good summary of the NAAMS process. 

NAAMS Step 1:  Identify Monitoring Needs 

The initial step involves the identification of purpose.  For any given station, it may serve more than one 

purpose if it meets the criteria for each purpose or used judiciously if it is used as a ‘near substitute’ for a 

secondary purpose. 
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The identified purpose may be to monitor compliance with the NAAQS, assessment of population exposure 

risk, assessment of geographical / spatial variability and pollutant transport, monitoring for compliance 

purposes from identified emission source of specific emissions sources, background characterisation, etc (refer 

Table 16). 

Table 16  Typical Purposes for Ambient Air Monitoring Networks (USEPA, 2007)  

Purpose Examples Comments 

Establish regulatory 

compliance 

Meet national 

requirements 

Monitors may be sited to address NAAQS 

compliance or may be mandated by prior regulations 

or SIP provisions.  

Meet state and local 

regulations 

States, or local air districts, may have air quality 

regulations that are more stringent than federal 

requirements.  

Develop scientific 

understanding of air 

quality by supporting other 

types of assessments or 

analyses 

Air quality model 

evaluation 

Monitors near modelling domain boundaries are 

useful for defining boundary conditions. Monitors 

throughout a domain assist model application and 

evaluation.  

Emission reduction 

evaluation or emission 

inventory evaluation  

Urban core and maximum emission area monitors 

can be helpful for evaluating inventories and tracking 

emissions.  

Source apportionment Monitors collecting data on many species (e.g., 

speciated PM2.5) and at fairly high time resolution (1-

in-3-day or better) are useful for source 

apportionment analyses. 

Temporal variability Sub-daily (e.g., 1-hr, 3-hr) data can be used to track 

diurnal patterns.  

Understand historical 

trends in air quality 

Trend tracking Monitors with long histories are valuable for 

understanding and tracking long-term trends. 

Historical consistency Monitoring sites whose sampling methods have not 

changed help maintain consistency for annual 

comparisons. 

Characterise specific 

geographical locations or 

emission sources 

Monitor the air quality 

impacts of an emission 

source 

Monitors located close to specific  

source hot spots are useful for tracking emissions 

from a particular source and developing emission 

reduction strategies or tracking changes due to 

controls.  

Monitor the area of 

maximum precursor 

emissions 

For secondary pollutants such as ozone, monitors 

located in areas of maximum precursor emissions are 

useful for modelling and control strategy design.  
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Purpose Examples Comments 

Monitor the area of 

maximum pollutant 

concentration 

Monitors located downwind of maximum emissions.  

Monitor the background 

concentration 

Properly sited background monitors routinely 

measure the lowest expected values in the region. 

These monitors are used to asses regional vs. local 

contributions.  

Monitor surrogate 

pollutants 

Some measurements are useful as surrogates for 

other pollutants that are not widely monitored. For 

example, CO monitors can be used as surrogates for 

wood smoke. 

Track the spatial 

distribution of air 

pollutants 

transport / border 

characterisation 

Sites located near political boundaries or between 

urban or industrial areas are useful for characterizing 

transport of pollutants between jurisdictions.  

interpolating and 

understanding pollutant 

gradients 

High monitor density improves interpolation maps 

such as those used in AIRNow. Monitors near the 

urban boundary are particularly useful for 

constraining the interpolation of high concentrations.  

Forecasting assistance Upwind monitors are useful for air quality 

forecasting. For forecasting ozone, NOX 

measurements are helpful. For PM2.5, continuous 

monitors are very valuable.  

Evaluating population 

exposures to air pollutants 

Environmental justice Monitors located in areas that have large low income 

and/or minority populations may be of particular 

value for assessing environmental justice issues 

Sensitive groups Monitors located where people live, work, and play 

are important for addressing exposure and 

protecting public health.  

NAAMS Step 2:  Technical Assessment 

The document identifies three idealised assessment processes for network review: 

• Site-by-site analysis: to identify existing resources that are least valuable to the identified purpose of the 

network; 

• Bottom up analysis: provides an evaluation of existing resources relative to their optimal location; and, 

• Network optimisation: to identify the value of alternative network configurations. 

For each case, the level of complexity (as described by the US EPA) is colour grades as shown below (in 

increasing complexity): 
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<- Less Complex 
  More Complex -> 

Minimal special skills 

required; quick 

May require common 

tools, readily available 

data, basic analysis, quick 

Requires analysis skills, 

moderate investment of 

time 

Significant analytical skills, 

specialised tools; time-

intensive or iterative 

 

Site-by-site analysis.  This involves determining the required metrics and weighting, and determining a 

ranking for the analyser review.  The strength of this process is in ranking contribution to the network 

objective(s), and the identification of poor performance, but it does not allow for network optimisation (see 

Table 17). 

Table 17 NAAMS Step 2 – Site-by-Site Analysis (USEPA, 2007) 

Techniques Objectives Assessed (see Table 16) Complexity 

Number of 

parameters 

measured 

overall site value, model evaluation, source 

apportionment 

Minimal special skills required; quick 

Trends impact trend tracking, historical consistency, 

emission reduction evaluation 

May require common tools, readily 

available data, basic analysis, quick 

Measured 

concentrations 

Maximum concentration location, model 

evaluation, regulatory compliance, 

population exposure  

May require common tools, readily 

available data, basic analysis, quick 

Deviation from 

NAAQS 

regulatory compliance, forecasting 

assistance 

Requires analysis skills, moderate 

investment of time  

Area served spatial coverage, interpolation, background 

concentration 

Requires analysis skills, moderate 

investment of time 

Monitor-to-

monitor 

correlation 

model evaluation, spatial coverage, 

interpolation 

Requires analysis skills, moderate 

investment of time 

Population served population exposure, environmental justice Requires analysis skills, moderate 

investment of time 

Principal 

component 

analysis 

background concentration, forecasting 

assistance 

Requires analysis skills, moderate 

investment of time 

Removal of bias regulatory compliance, model evaluation, 

spatial coverage, background 

concentration, interpolation 

Requires analysis skills, moderate 

investment of time 
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Bottom-Up Analysis.  These methods look at factors such as emission density and distributions, meteorology 

and population as contributing factors to pollutant concentrations measured (hazard) and population 

exposure (risk).  The analysis of underlying datasets is the critical component of these methods, and the 

approach would naturally lend itself to the use of Geographical Information Systems (GIS) that can examine 

the contribution, correlation and/or interposition of large data sets. 

The guidance document states that these methods are best suited to identify where optimum monitoring 

locations are against specific objective(s).  It is noted that ‘bottom-up analysis’ (see Table 18) and ‘site-by-

site’ analysis are complimentary approaches. 

Table 18 NAAMS Step 2 – Bottom-Up Analysis (USEPA, 2007) 

Techniques Objectives Assessed (see Table 16) Complexity 

Emissions 

inventory 

Emission reduction evaluation, maximum 

precursor location 

Significant analytical skills, specialised tools; 

time-intensive or iterative 

Population density Population exposure, environmental justice May require common tools, readily 

available data, basic analysis, quick 

Population change Population exposure, environmental justice, 

maximum precursor location 

Requires analysis skills, moderate 

investment of time 

Suitability 

modelling 

Population exposure, environmental justice, 

source orientated, model evaluation, 

maximum concentration location, 

background concentration, transport / 

border characterisation 

Significant analytical skills, specialised tools; 

time-intensive or iterative 

Photochemical 

modelling 

Maximum concentration location, source-

oriented, transport/border characterisation, 

population exposure, background 

concentration  

Significant analytical skills, specialised tools; 

time-intensive or iterative 

Network Optimisation Analysis.  These approaches offer a more ‘holistic’ approach, and are useful for 

evaluating options for network design, or the effect of a network change against the current configuration.  

The guidance document cites the US EPA Region 3 ozone network reassessment, using a Multi-Criteria 

Integrated Resource Assessment (MCIRA) as an example of this approach (see Table 19).  
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Table 19 NAAMS Step 3 – Network Optimisation Analysis 

Techniques Objectives Assessed (see Table 16) Complexity 

Monitor-to-

monitor 

correlation 

model evaluation, spatial coverage, 

interpolation 

Requires analysis skills, moderate 

investment of time 

Principal 

component 

analysis 

background concentration, forecasting 

assistance 

Requires analysis skills, moderate 

investment of time 

Removal bias regulatory compliance, model evaluation, 

spatial coverage, background 

concentration, interpolation 

Requires analysis skills, moderate 

investment of time 

Section 3 of the guidance document “Analytical Techniques for Technical Assessments of Ambient Air 

Monitoring Networks: Guidance Document”  (Sonoma Technology Inc, 2005) provides example method 

summary sheets for the above methodologies and provides a good summary of the NAAMS process.  These 

are not reproduced in this report. 

 Conclusions 

The key design criteria and observations regarding the air quality monitoring networks discussed above are 

outlined in Table 20. 
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Table 20 United States Network Design Summary Table 

Network Pollutant Purpose Scaling Factors(a) Minimum Thresholds Spatial Scales(b) Review 

Process Pop BG Source Spat  all mic mid nei urb reg 

USEPA 

SLAMS 

CO roadside 

    
pop ≥1,000,000, co-located w/NO2  

✓ ✓    40 CFR Part 

58 §58.14, 

NAAMS 

NO2 roadside ✓  
✓ 

 
pop ≥500,000, AADT ≥250,000  

✓     

population    
 

pop ≥1,000,000    
✓ ✓ ✓ 

SO2 PWEI ✓  
✓ 

 
PWEI ≥5,000 ✓      

PM10 population ✓ ✓  
 

pop ≥100,000 w/background >120% standard   
✓ ✓   

population ✓ ✓  
 

pop ≥250,000 w/background >80% standard   
✓ ✓   

population ✓ ✓  
 

pop ≥500,000 w/background <80% standard   
✓ ✓   

PM2.5 population ✓ ✓  
 

pop ≥50,000 w/background >85% standard    
✓   

population ✓ ✓  
 

pop ≥500,000 w/background <85% standard    
✓   

O3 population ✓ ✓  
 

pop ≥350,000 w/background <85% standard    
✓ ✓ ✓ 

Pb source 

    
industry ≥0.5tpa, airports ≥1.0tpa  

✓ ✓    

USEPA 

NCore 

CO population 

    
1 per State    

✓ ✓ ✓ 40 CFR Part 

58, NAAMS NOX population 

    
1 per State    

✓ ✓ ✓ 

SO2 population 

    
1 per State    

✓ ✓ ✓ 

PM2.5 population 

    
1 per State    

✓ ✓ ✓ 

PM10-2.5 population 

    
1 per State    

✓ ✓ ✓ 

O3 population 

    
1 per State    

✓ ✓ ✓ 

Pb population 

    
1 per State pop ≥500,000    

✓ ✓ ✓ 

USEPA 

PAMS 

VOCs population 

    
1 per State pop ≥1,000,000    

✓ ✓ ✓ None 

identified carbonyl population 

    
1 per State pop ≥1,000,000    

✓ ✓ ✓ 

O3 population 

    
1 per State pop ≥1,000,000    

✓ ✓ ✓ 

NOX population 

    
1 per State pop ≥1,000,000    

✓ ✓ ✓ 

NOY population 

    
1 per State pop ≥1,000,000    

✓ ✓ ✓ 
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Notes: (a) Scaling Factors: pop – requirements are scaled by population; BG – requirements are scaled by background pollutant concentrations; source – requirements are scaled by source emissions; 

spat – requirements are scaled by spatial considerations. 

 (b) Spatial Scales: mic – micro; mid – middle; nei – neighbourhood; urb – urban; reg – regional (see Table 10). 
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4. INTERNATIONAL CASE STUDY 2 – EUROPEAN UNION 

 Key Legislation and Guidance 

The “Air Quality Framework Directive” on ambient air quality assessment and management (96/62/EC) was 

adopted by the European Council in September 1996.  Supplementing the Air Quality Framework Directive 

were a series of ‘daughter’ directives: 

• Council Directive 1999/30/EC of the European Parliament and of the Council relating to limit values for 

sulphur dioxide, nitrogen dioxide and oxides of nitrogen, particulate matter and lead in ambient air (First 

Daughter Directive). 

• Directive 2000/69/EC of the European Parliament and of the Council relating to limit values for benzene 

and carbon monoxide in ambient air (Second Daughter Directive). 

• Directive 2002/3/EC of the European Parliament and of the Council relating to ozone in ambient air 

(Third Daughter Directive). 

• Directive 2004/107/EC of the European Parliament and of the Council relating to arsenic, cadmium, 

mercury, nickel and polycyclic aromatic hydrocarbons in ambient air (Fourth Daughter Directive). 

Subsequently, the Framework Directive and the First, Second and Third daughter directives have been brought 

together under the Ambient Air Quality and Cleaner Air for Europe (CAFE) Directive (2008/50/EC).   

The objectives of the CAFE Directive5 are summarised in Article 1 as: 

• defining and establishing objectives for ambient air quality designed to avoid, prevent or reduce harmful 

effects on human health and the environment as a whole; 

• assessing the ambient air quality in Member States on the basis of common methods and criteria; 

• obtaining information on ambient air quality in order to help combat air pollution and nuisance and to 

monitor long-term trends and improvements resulting from national and Community measures; 

• ensuring that such information on ambient air quality is made available to the public; 

• maintaining air quality where it is good and improving it in other cases; and, 

• promoting increased cooperation between the Member States in reducing air pollution. 

Under 2008/50/EC, common assessment criteria for priority pollutants are specified as required to be achieved 

across Europe.  Clause 5 of 2008/50/EC states: “a common approach to the assessment of ambient air quality 

should be followed according to common assessment criteria.  When assessing ambient air quality, account 

should be taken of the size of populations and ecosystems exposed to air pollution.  It is therefore appropriate 

to classify the territory of each Member State into zones or agglomerations reflecting the population density.” 

                                                           
5 http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008L0050&qid=1462353120108&from=EN 
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In regard to monitoring methodology, Clause 7 of 2008/50/EC states “in order to ensure that the information 

collected on air pollution is sufficiently representative and comparable across the Community, it is important 

that standardised measurement techniques and common criteria for the number and location of measuring 

stations are used for the assessment of ambient air quality.  Techniques other than measurements can be 

used to assess ambient air quality and it is therefore necessary to define criteria for the use and required 

accuracy of such techniques.” 

In regard to PM2.5, Clause 11 of 2008/50/EC states “fine particulate matter (PM2.5) is responsible for significant 

negative impacts on human health. Further, there is as yet no identifiable threshold below which PM2.5 would 

not pose a risk.  As such, this pollutant should not be regulated in the same way as other air pollutants.  The 

approach should aim at a general reduction of concentrations in the urban background to ensure that large 

sections of the population benefit from improved air quality.  However, to ensure a minimum degree of health 

protection everywhere, that approach should be combined with a limit value, which is to be preceded in a 

first stage by a target value.” 

This adapted approach moves the requirements for PM2.5 in Europe away from a limit value approach to an 

exposure reduction approach.  

Importantly to the situation in Australia, Clause 15 states: “contributions from natural sources can be assessed 

but cannot be controlled.  Therefore, where natural contributions to pollutants in ambient air can be 

determined with sufficient certainty, and where exceedances are due in whole or in part to these natural 

contributions, these may, under the conditions laid down in this Directive, be subtracted when assessing 

compliance with air quality limit values.  Contributions to exceedances of particulate matter PM10 limit values 

attributable to winter-sanding or -salting of roads may also be subtracted when assessing compliance with 

air quality limit values provided that reasonable measures have been taken to lower concentrations.” 

In regard to methods, Clause 24 states “it is appropriate to provide for the possibility of adapting the criteria 

and techniques used for the assessment of the ambient air quality to scientific and technical progress and 

adapting them to the information to be provided.” 
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 Significant Air Quality Monitoring Networks 

4.2.1 EU Air Quality Directive 

Council Directive 2008/50/EC specifies the pollutants to be assessed in Chapter II6, under the following 

Sections: 

• Section 1: Assessment of ambient air quality in relation to sulphur dioxide, nitrogen dioxide and oxides 

of nitrogen, particulate matter, lead, benzene and carbon monoxide. 

• Section 2: Assessment of ambient air quality in relation to ozone. 

Council Directive 2008/50/EC specifies the upper and lower assessment thresholds for the relevant pollutants 

to be applied, as defined by Chapter 1, Article 1(12) and 1(13): 

• Article 1(12): ‘upper assessment threshold’ shall mean a level below which a combination of fixed 

measurements and modelling techniques and/or indicative measurements may be used to assess 

ambient air quality. 

• Article 1(13): ‘lower assessment threshold’ shall mean a level below which modelling or objective-

estimation techniques alone may be used to assess ambient air quality. 

Correspondingly, the ‘upper assessment thresholds’ are the criteria applicable to the designation of pollutant 

concentrations and are presented in Table 21.   

Table 21 Upper and Lower Assessment Thresholds by Pollutant – 2008/50/EC 

Pollutant Upper Assessment Thresholds Lower Assessment Thresholds 

Sulphur 

dioxide 

Health Protection 60 % of 24-hour limit value 

(75 µg∙m-3, not to be exceeded 

more than 3 times in any 

calendar year) 

40 % of 24-hour limit value 

(50 µg∙m-3, not to be exceeded 

more than three times in any 

calendar year) 

Ecosystem Protection 60 % of winter critical level 

(12 µg∙m-3) 

40 % of winter critical level 

(8 µg∙m-3) 

 

Nitrogen 

dioxide 

Hourly limit value for 

the protection of 

human health 

70 % of limit value (140 µg∙m-3 

not to be exceeded more than 

18 times in any calendar year) 

50 % of limit value (100 µg∙m-3 

not to be exceeded more than 18 

times in any calendar year) 

Annual limit value for 

the protection of 

human health 

80 % of limit value (32 µg∙m-3) 65 % of limit value (26 µg∙m-3) 

                                                           
6 http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32008L0050 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32008L0050
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Pollutant Upper Assessment Thresholds Lower Assessment Thresholds 

Oxides of 

nitrogen 

Annual critical level for 

the protection of 

vegetation and natural 

ecosystems 

80 % of critical level (24 µg∙m-3) 65 % of critical level (19.5 µg∙m-3) 

Particulate 

matter (PM10) 

24-hour average 70 % of limit value (35 µg∙m-3, 

not to be exceeded more than 

35 times in any calendar year) 

50 % of limit value (25 µg∙m-3, 

not to be exceeded more than 

35 times in any calendar year) 

Annual average 70 % of limit value (28 µg∙m-3) 50 % of limit value (20 µg∙m-3) 

Particulate 

matter (PM2.5) 

Annual average 70 % of limit value (17 µg∙m-3) 50 % of limit value (12 µg∙m-3) 

Lead Annual average 70 % of limit value (0.35 µg∙m-3) 50 % of limit value (0.25 µg∙m-3) 

Benzene Annual average 70 % of limit value (3.5 µg∙m-3) 40 % of limit value (2 µg∙m-3) 

Carbon 

monoxide 

8-hour average 70 % of limit value (7 mg∙m-3) 50 % of limit value (5 mg∙m-3) 

Note: Concentration limits standardised to 293 K (20°C) and 101.3 kPa. 

As noted above, the requirements for PM2.5 are somewhat different to that for the other priority pollutants, 

and shifts focus towards an exposure reduction program rather than attainment of a limit level (albeit with a 

staged limit value set), as follows: 

• Target value   1 January 2010 25 µg∙m-3 

• Exposure concentration obligation 2015  20 µg∙m-3 

The National Exposure Reduction Target is set out in Annex XIV of the CAFE Directive.  The specifications 

require that for each zone and agglomeration, the three year running annual mean is used to derive an 

Average Exposure Indicator (AEI). 

The reduction targets applicable to each zone and agglomeration are set out in Table 22 below: 
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Table 22 National Exposure Reduction Target for Ozone – 2008/50/EC 

Exposure Reduction Target Relative to the AEI in 2010 Year by which the exposure 

reduction target should be met 
Initial concentration in µg∙m-3 Reduction target in percent 

<8.5 0 % 2020 

>8.5 to <13 10 % 

=13 to <18 15 % 

=18 to <22 20 % 

≥22 All appropriate measures to achieve 

18 µg∙m-3  

4.2.2 Spatial Considerations 

The macroscale siting classification of monitoring sites is defined by Annex VIII and is presented in Table 23.   

Table 23 Macroscale Siting Classification – 2008/50/EC 

Type of 

station 

Objectives of measurement Representativeness(a) Macroscale siting criteria 

Urban Protection of human health: 

to assess the exposure of the 

urban population to ozone, 

i.e. where population density 

and ozone concentration are 

relatively high and 

representative of the exposure 

of the general population 

A few km2  Away from the influence of local emissions 

such as traffic, petrol stations, etc.; 

vented locations where well mixed levels 

can be measured; 

locations such as residential and 

commercial areas of cities, parks (away 

from the trees), big streets or squares with 

very little or no traffic, open areas 

characteristic of educational, sports or 

recreation facilities 
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Type of 

station 

Objectives of measurement Representativeness(a) Macroscale siting criteria 

Suburban Protection of human health 

and vegetation: 

to assess the exposure of the 

population and vegetation 

located in the outskirts of the 

agglomeration, where the 

highest ozone levels, to which 

the population and vegetation 

are likely to be directly or 

indirectly exposed occur 

Some tens of km2  At a certain distance from the area of 

maximum emissions, downwind following 

the main wind direction/directions during 

conditions favourable to ozone formation; 

where population, sensitive crops or 

natural ecosystems located in the outer 

fringe of an agglomeration are exposed to 

high ozone levels; 

where appropriate, some suburban 

stations also upwind of the area of 

maximum emissions, in order to 

determine the regional background levels 

of ozone 

Rural Protection of human health 

and vegetation: 

to assess the exposure of 

population, crops and natural 

ecosystems to sub-regional 

scale ozone concentrations 

Sub-regional levels 

(some hundreds of km2) 

Stations can be located in small 

settlements and/or areas with natural 

ecosystems, forests or crops; 

representative for ozone away from the 

influence of immediate local emissions 

such as industrial installations and roads; 

at open area sites, but not on summits of 

higher mountains 

Rural 

background 

Protection of vegetation and 

human health: 

to assess the exposure of 

crops and natural ecosystems 

to regional-scale ozone 

concentrations as well as 

exposure of the population 

Regional/ national/ 

continental levels 

(1,000 to 10,000 km2) 

Station located in areas with lower 

population density, e.g. with natural 

ecosystems, forests, at a distance of at 

least 20 km from urban and industrial 

areas and away from local emissions; 

avoid locations which are subject to locally 

enhanced formation of ground-near 

inversion conditions, also summits of 

higher mountains; 

coastal sites with pronounced diurnal wind 

cycles of local character are not 

recommended 

Note: (a) Sampling points should, where possible, be representative of similar locations not in their immediate vicinity. 
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4.2.3 EuroAirNet 

EuroAirNet is a Europe wide monitoring network developed in 1996 “to provide the Community and the 

Member States with objective, reliable and comparable information at the European level enabling them to 

take the requisite measures to protect the environment, to assess the results of such measures and to ensure 

that the public is properly informed about the state of the environment". 

4.2.4 European Monitoring and Evaluation Programme 

The European Monitoring and Evaluation Programme (EMEP) is a European co-operative program for the 

monitoring of long-range transmissions of air pollutants under the UNECE (1979) Convention on Long-Range 

Transboundary Air Pollution (CLRTAP).   

 EU Air Quality Directive 

4.3.1 Purpose and Scope 

The monitoring networks implemented by Member States across the European Union are to measure air 

quality to demonstrate compliance with, or implement plans to improve air quality to achieve the air quality 

standards as specified in 2008/50/EC.  

4.3.2 Network Design Criteria 

Council Directive 2008/50/EC, Chapter II, Section 1, Article 4 ‘Establishment of zones and agglomerations’ 

states: “Member States shall establish zones and agglomerations throughout their territory.  Air quality 

assessment and air quality management shall be carried out in all zones and agglomerations.” 

A zone is defined as: ‘zone’ shall mean part of the territory of a Member State, as delimited by that Member 

State for the purposes of air quality assessment and management. 

An agglomeration is defined as: ‘agglomeration’ shall mean a zone that is a conurbation with a population in 

excess of 250 000 inhabitants or, where the population is 250 000 inhabitants or less, with a given population 

density per km2 to be established by the Member States. 

Chapter II, Section 1 addresses the specific requirements for sulphur dioxide, nitrogen dioxide, oxides of 

nitrogen, particulate matter, lead, benzene and carbon monoxide, and Section 2 addresses the specific 

requirements for ozone.  
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In regard to the priority pollutants (excluding ozone), Council Directive 2008/50/EC, Article 6 states: “member 

States shall assess ambient air quality with respect to the pollutants referred to in Article 5 in all their zones 

and agglomerations, in accordance with the criteria laid down in paragraphs 2, 3 and 4 of this Article and in 

accordance with the criteria laid down in Annex III.  

Essentially this defines the minimum requirement for a monitoring station (‘sampling point’) per 250,000 

people.  

The above requirements are supplemented by Article 7(3): “For zones and agglomerations within which 

information from fixed measurement sampling points is supplemented by information from modelling and/or 

indicative measurement, the total number of sampling points specified in Section A of Annex V may be 

reduced by up to 50 %, provided that the following conditions are met: 

(a) the supplementary methods provide sufficient information for the assessment of air quality with 

regard to limit values or alert thresholds, as well as adequate information for the public; 

(b) the number of sampling points to be installed and the spatial resolution of other techniques are 

sufficient for the concentration of the relevant pollutant to be established in accordance with the data 

quality objectives specified in Section A of Annex I and enable assessment results to meet the criteria 

specified in Section B of Annex I.” 

In regard to PM2.5: “one sampling point shall be installed every 100 000 km2” 

Annex V provides a tabulation of the number of sampling points required based upon population thresholds 

under Council Directive 2008/50/EC, for diffuse sources of air pollution where fixed measurements are the 

sole determination of air quality conditions.  The numerical values represented by the ‘Upper Assessment 

Threshold” (UAT) and the “Lower Assessment Threshold” (LAT) are presented in Table 21.  Note that the 

specification for the UAT and LAT are different for each pollutant.  

Conceptually, the prevailing ambient air quality concentrations define the broad requirement for monitoring.  

A useful conceptualised figure for this relationship is provided in the European Union (EU) Guidance on 

Assessment under the EU Air Quality Directives7, and which is adapted in Figure 1. 

  

                                                           
7 http://ec.europa.eu/environment/air/pdf/guidanceunderairquality.pdf 
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Figure 1  Conceptualised Requirements for Monitoring - 2008/50/EC 

 Compliance Assessment Requirements 

Limit Value 

non compliance regime 1 

 

High quality measurement is mandatory. Data from 

measurement may be supplemented by information from other 

sources, including air quality modelling 

 compliance   

UAT    

LAT 

 regime 2 Measurement is mandatory, but fewer measurements may be 

needed, or less intensive methods may be used, provided that 

measurement data are supplemented by reliable information 

from other sources 

 

 

  regime 3 In agglomerations, only for pollutants for which an alert 

threshold has been set. 

   Modelling, objective estimation, and indicative measurements 

alone are sufficient. 

 

The number of sampling points for each pollutant (except ozone) as a function of population and the 

prevailing background concentrations are reproduced in Table 24. 

Table 24  Minimum Sampling Points for Principal Pollutants (Excluding Ozone) - Diffuse Sources - 

2008/50/EC 

Population of 

agglomeration or 

zone (thousands) 

Maximum Concentration of Pollutant [P] 

[P] > Upper Assessment 

Threshold (UAT) 

Upper Assessment Threshold 

(UAT) > [P] > Lower 

Assessment Threshold (LAT) 

[P] < LAT 

CO, SO2, NO2, 

NOX, Pb, C6H6 
(a) 

PM (b) CO, SO2, NO2, 

NOX, Pb, C6H6 

PM SO2, NO2 

0-249 1 2 1 1 na 

250-499 2 3 1 2 1 

500-749 2 3 1 2 1 

750-999 3 4 1 2 1 

1,000-1,499 4 6 2 3 1 

1,500-1,999 5 7 2 3 1 

2,000-2,749 6 8 3 4 2 

2,750-3,749 7 10 3 4 2 

3,750-4,749 8 11 3 (C) 6 2 

4,750-5,999 9 13 4 6 2 

≥ 6,000 10 15 4 (C) 7 3 

Note: (a) To include at least one background and traffic-orientated station as specified in 2000/69/EC for carbon 

monoxide and benzene, as specified in 1999/30/EC for nitrogen dioxide 

 (b) To include at least one background and traffic-orientated station as specified in 1999/30/EC for particulate 

matter (as PM10) 
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In regard to point sources, Council Directive 20008/50/EC states that the number of sampling points needs 

to account for the density of emissions, the potential distribution of air pollutants and the potential exposure 

of the population. 

In regard to PM2.5, the minimum number of sampling points is 1 per 1,000,000 inhabitants summed over 

agglomerations in excess of 100,000 people, and which may coincide with those nominated as required in 

Table 24.   

In regard to the protection of vegetation, the requirement is for one station every 20,000 km2 if the maximum 

concentrations exceed the upper assessment thresholds and 1 station every 40,000 km2 if the maximum 

exceeds the lower assessment threshold.  See Table 21 for the determination of upper and lower assessment 

thresholds by pollutant. 

Table 25 presents the minimum required sampling points for ozone in accordance with 2008/50/EC.   

Table 25 Minimum Sampling Points for Ozone - 2008/50/EC 

Population (thousands) Agglomerations (urban 

and suburban) (a) 

Other zones (suburban 

and rural) (a) 

Rural background 

<250  1 1 station / 50,000 km2 as 

an average density over all 

zones per country(b) 

<500 1 2 

<1,000 2 2 

<1,500 3 3 

<2,000 3 4 

<2.750 4 5 

<3,750 5 6 

>3,750 +1 per 2M inhabitants +1 per 2M inhabitants 

Notes: [a] At least 1 station in suburban areas, where the highest exposure of the population is likely to occur. In 

agglomerations at least 50 % of the stations should be located in suburban areas. 

 [b] 1 station per 25,000 km2 for complex terrain is recommended. 

Annex IX, Section B makes the following qualifier in regard to the number of ozone monitoring stations:  

“The number of sampling points for ozone shall, in combination with other means of supplementary 

assessment such as air quality modelling and collocated nitrogen dioxide measurements, be sufficient to 

examine the trend of ozone pollution and check compliance with the long-term objectives.  

The number of stations located in agglomerations and other zones may be reduced to one-third of the 

number specified in [Table 25]. Where information from fixed measurement stations is the sole source of 

information, at least one monitoring station shall be kept. If, in zones where there is supplementary 

assessment, the result of this is that a zone has no remaining station, coordination with the number of stations 

in neighbouring zones shall ensure adequate assessment of ozone concentrations against long-term 

objectives.  
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The number of rural background stations shall be one per 100 000 km2.” 

Directive 2002/3/EC Article 9(1) states that in any zone or agglomeration, where the measured ozone exceeds, 

or has exceeded the long-term objective in any of the preceding 5 years, monitoring is mandatory.  It also 

states that co-located monitoring of nitrogen dioxide (employing continuous analysis everywhere except rural 

background stations) is also required at a minimum of 50% of ozone monitoring sites. 

Under 2008/50/EC, Annex X there is a requirement for each member state to monitor for ozone precursor 

substances, including the ‘recommended’ VOCs as presented in Table 26. 

Table 26  Ozone Precursors - 2008/50/EC 

 1-Butene Isoprene Ethyl benzene 

Ethane Trans-2-Butene n-Hexane m + p-Xylene 

Ethylene cis-2-Butene i-Hexane o-Xylene 

Acetylene 1,3-Butadiene n-Heptane 1,2,4-Trimethylebenzene 

Propane n-Pentane n-Octane 1,2,3-Trimethylebenzene 

Propene i-Pentane i-Octane 1,3,5-Trimethylebenzene 

n-Butane 1-Pentene Benzene Formaldehyde 

i-Butane 2-Pentene Toluene Total non-methane hydrocarbons 

There is a requirement for background measurement to be performed for the following stated reasons: 

• to judge the enhanced levels in more polluted areas (such as urban background, industry related 

locations, traffic related locations); 

• assess the possible contribution from long-range transport of air pollutants; 

• support source apportionment analysis; 

• for the understanding of specific pollutants such as particulate matter; and, 

• for the increased use of modelling also in urban areas. 

For background assessment purposes, including demonstration of compliance, PM2.5 measurements should 

also include the following anions and cations: 

• Sulphate (SO4
2-) 

• Sodium (Na+) 

• Ammonium (NH4
-) 

• Calcium (Ca2+) 

• Nitrate (NO3
-) 

• Potassium (K+) 

• Chloride (Cl-) 

• Magnesium (Mg2+) 

• Organic carbon (OC) 

• Elemental carbon (EC) 
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 EuroAirNet 

4.4.1 Purpose and Scope 

The following information is derived from European Environment Agency (1999) Technical report No.12: 

Criteria for EUROAIRNET - The EEA Air Quality Monitoring and Information Network.8 

The EuroAirNet is an air quality monitoring network run by the European Topic Centre on Air Quality (ETC-

AQ) under contract to the European Environment Agency (EEA).  It is a network of existing monitoring stations 

operated by the member States, and there is no requirement to establish new stations for this network. 

The purpose of EuroAirNet is “to provide the Community and the Member States with objective, reliable and 

comparable information at the European level enabling them to take the requisite measures to protect the 

environment, to assess the results of such measures and to ensure that the public is properly informed about 

the state of the environment". 

The key differentiators between the EuroAirNet program and 2008/50/EC (i.e. the ‘Regulatory Network’) are: 

• The Regulatory Network is set up to detect exceedances (or near exceedances).  EUROAIRNET shall give 

representative air quality information, and thus also requires monitoring in less polluted areas.  

• The compounds in the Regulatory Network are those for which the EC has set limit or targets values.  

EUROAIRNET will also report other compounds of interest.  

• The Regulatory Network covers the EU area.  Norway, Iceland and Liechtenstein are also obliged to 

follow the same directives, as part of the “European Economic Area” Agreement.  Accession countries 

will eventually be required to follow the directives.  EUROAIRNET is intended to cover all of Europe. 

The specific objectives behind the EUROAIRNET network can be separated in three stages:  

• Stage 1 objective: Air pollution exposure assessments on the European scale to be produced by 

monitoring alone.  The Stage 1 objective requires a network that is representative for the different 

exposure situations in the various cities and regions in Europe. 

• Stage 2 objective: Air pollution exposure assessments to be produced by a combination of monitoring 

and modelling.  The Stage 2 objective requires in addition that stations are selected that are suitable for 

comparison with calculations using dispersion models.  Also, meteorological measurements in the 

various areas (i.e. cities) are necessary, and also local inventories of emissions, spatially distributed in a 

grid net. 

• Stage 3 objective: The network will support quantitative assessments of exposure and effects, a basis for 

proposing cost-effective abatement strategies.  The Stage 3 objective requires in addition quantitative 

information about details in the distribution of the exposed objects (population, materials, ecosystems), 

and dose-response relationships.  For example, assessing detailed population exposure to quantify 

                                                           
8 http://www.eea.europa.eu/publications#c14=&c12=&c7=en&c11=5&b_start=0 

http://www.eea.europa.eu/publications#c14=&c12=&c7=en&c11=5&b_start=0
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health effects needs models for coupling between air quality and population in space and time, and 

dose-response relationships for the various health effects. 

The scope of the EuroAirNet network (Stage 1) are presented in Table 27: 

Table 27 EuroAirNet Stages 

Priority Population Exposure Materials Exposure Ecosystems Exposure 

Priority 1 SO2, NO2, NOX, O3, PM10, 

PM2.5, Pb 

SO2, O3, NO2, temp RH 

Precipitation: mm and pH 

O3, SO2, SO4
2-, NO2, NOX  

Precipitation: SO4
2-, NO3, 

NH4
-, Ca2

-, pH (H+) 

Priority 2 CO, SPM, BS. Benzene, 

PAH, Cd, As, Ni, Hg 

HNO3 

Precipitation: Cl, SO4
2- 

VOC, NOX 

Priority 3 other pollutants   

4.4.2 Network Design Criteria 

Each member state should include the following monitoring stations into EuroAirNet: 

Table 28 EuroAirNet Site Requirements 

Type of area Area 

selected 

Station selected 

Urban   

> 0.5Million 

Population (M) 

100% of cities All stations, for up to 20 stations in the agglomeration. When subset is 

selected (when >20 stations), the selection must contain all station 

categories represented in the city, and must be spatially distributed in the 

agglomeration to cover the whole population 

0.25M-0.5M ≥25% of cities The selected areas (cities) must represent high, medium and low levels of 

industrialisation, as occurring in the country. 

0.05M-0.25M ≥10% of cities The selected areas (cities) must represent high, medium and low levels of 

industrialisation, as occurring in the country. 

Rural Monitoring needs and network/station selection to be done by each country. At least 50% of 

the rural population should be covered in terms of being reasonably well represented by 

monitoring stations. 

Industrial area 

outside cities 

All areas with 

air pollution 

above the 

WHO AQ 

Guidelines 

All existing monitoring stations in these areas 

Urban Areas 

• 100% of large cities (population >0.5M) 

• 25% of medium cities (population 0.25M-0.5M) 



 

16.1015.FR1V2  INTERNATIONAL CASE STUDY 2 – EUROPEAN UNION Page 70 

• 10% of small cities (0.05M to 0.25M) 

For each city included, all monitoring stations (up to 20) should be included in EuroAirNet. 

Rural Areas 

As a guide, 50% of the rural population should be covered (defined as outside of urban areas with a 

population of >0.05M).  The areas should be selected based upon the areas with the highest population 

density, and the area of representativeness of the monitoring stations located in the areas. (see Table 29) 

Industrial Areas Outside Cities 

Areas should be identified where the relevant pollution levels approach those representative of a medium 

sized city, or the pollution concentration ‘approaches’ (undefined) WHO or EU air quality limit values. 

Table 29 EuroAirNet Radius of Representativeness  

Station Class Radius of Area 

Traffic Stations 

- Central city locations 100 m road length 

- Suburban areas 1,000 m road length 

Industrial Stations 10m – 100m 

Background Stations 

- Urban background stations 100m – 1 km 

- Near-city background stations 1km – 5 km 

- Regional stations 25 km – 150 km 

- Remote stations 200 km – 500 km 

 European Monitoring and Evaluation Programme (EMEP) 

4.5.1 Purpose and Scope 

The European Monitoring and Evaluation Programme (EMEP) is a European co-operative program for the 

monitoring of long-range transmissions of air pollutants under the UNECE (1979) Convention on Long-range 

Transboundary Air Pollution (CLRTAP).  The EMEP has three main components: 

• Collection of emissions data; 

• Measurements of air quality and precipitation quality; and 

• Modelling of atmospheric transport and deposition of air pollutants. 
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As stated in the Steering Body to the Cooperative Programme for Monitoring and Evaluation of the Long-

range Transmission of Air Pollutants in Europe (EMEP) (2009) Progress in Activities in 2009 and Future Work 

Measurements and Modelling (Acidification, Eutrophication, Photo-oxidants, Heavy Metals, Particulate Matter 

and Persistent Organic Pollutants)9 the main objectives of EMEP are: 

• To provide observational and modelling data on air pollutant concentrations, deposition rates, emissions 

and transboundary fluxes on the regional scale and identify the trends in time; 

• To identify the sources of the pollution concentrations and depositions and to assess the effects of 

changes in emissions; 

• To improve understanding of chemical and physical processes relevant to assessing the effects of air 

pollutants on ecosystems and human health in order to support the development of cost-effective 

abatement strategies; and, 

• To explore the environmental concentrations of new chemical substances that might require the 

attention of the Convention in the future. 

EMEP 2008 Paragraph 8 states: “EMEP monitoring should be designed to support the achievement of the 

main objectives of EMEP.  In view of the considerations outlined in the EMEP Strategy, the monitoring 

programme should ensure:  

• Sufficient ongoing long-term monitoring of concentrations and deposition fluxes to test the effectiveness 

of the Convention’s protocols as well as other European policies;  

• Adequate spatial coverage in new EMEP areas as well as in areas that have been insufficiently covered 

up to now;  

• Sufficient temporal resolution that will allow investigation of atmospheric processes and model 

improvements as well as analysis of individual pollution events important in relation to human health 

and ecosystem impacts;  

• Co-located and concurrent monitoring of all relevant components and adoption of standard 

methodologies and adequate quality assurance procedures;  

• Conduct of monitoring in an affordable way for all Parties, particularly those with economic limitations, 

but at the same time in a way that takes advantages of the scientific development and emerging 

capabilities at the national level.” 

The monitoring network is defined by three levels: 

• Level 1 The main objective of monitoring at level 1 sites is to provide long-term basic chemical and 

physical measurements of the traditional EMEP parameters.  Level 1 activities should be the first priority 

when extending the network to areas not adequately covered by measurements up to now in Eastern 

Europe, Caucasus and Central Asia (EECCA) and in South-Eastern Europe (SEE). By undertaking a more 

demanding monitoring programme, a subset of the level 1 stations should gradually be upgraded to 

level 2 sites. 

                                                           
9 http://www.unece.org/fileadmin/DAM/env/documents/2009/EB/ge1/ece.eb.air.ge.1.2009.15.e.pdf 
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• Level 2 sites provide the additional physical/chemical speciation of relevant components that is 

necessary for assessing the air pollution including long-range transport of air pollutants, and thus 

represent an essential supplement to the level 1 sites.  The aim is to operate 20–30 level 2 sites 

throughout the EMEP domain.  Level 2 sites are defined according to a topic that Parties choose to focus 

on as the basis of their national priorities, and they do not have to cover all topics.  A level 1 site extending 

its programme to include the level 2 activities for any of the specific topics will be identified as a 

“supersite” for this topic.  Level 1 and level 2 sites will typically be operated by institutions nominated by 

the respective Parties for implementing their monitoring obligations.  Level 2 sites activities will typically 

involve long-term continuous monitoring. 

• Level 3 activities are research-oriented. The main objective of level 3 sites is to improve the scientific 

understanding of the relevant physio-chemical processes in relation to regional air pollution and its 

control.  Level 3 activities will typically be undertaken by research groups and may also include campaign 

data.  Level 3 sites are a voluntary component of the monitoring network. Level 3 sites are also nominated 

as “EMEP supersites”; this is intended to be an important motivation factor and to provide appropriate 

recognition of the data providers. 

4.5.2 Network Design Criteria 

The specification of the different levels of monitoring is as follows: 

• Level 1: 

(i) Measurements at level 1 sites include parameters required to describe basic aspects of tropospheric 

chemistry and deposition rates of substances involved in the atmospheric cycling of particulate 

matter, photochemical oxidants, acidifying and eutrophying compounds and heavy metals, as well 

as their trends over time.  Although it is not a formal requirement at level 1 sites, the EU Member 

States that have commitments under Directive 2008/50/EC are recommended to undertake the 

required background measurements at their existing EMEP sites rather than establish new sites for 

this purpose.  Requirements at level 1 sites also include meteorological parameters, but these may be 

taken from an adjacent meteorological site, if representative; 

(ii) Supplemental level 1 sites are sites from which only a selected number of the full level 1 site 

parameters are measured; 

(iii) The costs for establishing and operating level 1 sites are lower than for level 2 sites.  Furthermore, 

low-cost methods can be applied for determining the partitioning between gas and particle phases 

of nitrogen compounds; 

(iv) Measuring of persistent organic pollutants (POPs) is not required at level 1. 

• Level 2: measurements at level 2 sites include all parameters required at level 1 sites plus a series of 

additional parameters.  Such additional parameters could include high time resolution (by continuous 

methods), reliable gas/particle distribution information for semi-volatile nitrogen compounds, speciation 

of precursors to photochemical oxidants (nitrogen oxide (NOx) compounds and volatile organic 

compounds (VOCs)), physical and optical characterization of aerosols (particulate matter 1 (PM1) mass 
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concentration, size number distribution, aerosol optical depth, light scattering and light absorption 

measurements), extended chemical speciation of particles (elemental and organic carbon, mineral dust), 

tracers to address air mass origin and the role of anthropogenic versus natural influence (carbon 

monoxide, methane and halocarbons).  For heavy metals, the level 2 programme includes air 

concentrations of cadmium (Cd) and lead (with copper (Cu), zinc (Zn), arsenic (As), chromium (Cr) and 

nickel (Ni) as a secondary priority) and mercury (Hg) in air and precipitation.  POPs monitoring is 

mandatory in level 2 and should include measurements both in air and in precipitation.  Not all 

parameters listed above are required, however, to comply with the level 2 “supersite” requirements. 

Many of these observations are available as a result of research efforts undertaken at EMEP sites and are 

typically funded from other sources than from national EMEP monitoring budgets.  

• Level 3: Level 3 measurements are research-driven and may partly be available at locations other than 

level 1 and level 2 sites.  The research measurements at level 3 need to respond to the EMEP monitoring 

objectives and challenges.  Parameters of interest for EMEP include: 

(i) dry deposition flux measurements (sulphur, nitrogen, ozone, VOCs, Hg, others);  

(ii) vertical profiles of ozone and aerosols (soundings or lidar);  

(iii) Hg speciation (total gaseous mercury (TGM), reactive gaseous mercury (RGM), total particulate 

mercury (TPM)); 

(iv) congener specific POPs (polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), 

polychlorinated dibenzodioxins (PCDDs), and polychlorinated dibenzofurans (PCDFs)); 

(v) observations of POPs and Hg in other compartments than in the atmosphere, to be obtained through 

collaboration with other relevant bodies and institutions;  

(vi) chemical speciation of organic carbon (OC) in aerosols, including also carbon dioxide (CO2) and 

nitrous oxide (N2O) measurements made at EMEP sites in association with other monitoring 

frameworks; and 

(vii) isotope information on OC and VOCs. 

 

In terms of siting, paragraph 25-27 states: “the site density is defined through target densities for each level, 

whilst providing for some flexibility. In general, the monitoring density should reflect on the residence time of 

the pollutants in the atmosphere and should be highest in areas with strong gradients in air concentrations 

and deposition.  For the compounds of interest for EMEP, a target site density of at least one to two sites per 

100,000 km2 is recommended.  All Parties with an area larger than 10,000 km2 are requested to operate at 

least one level 1 site.”  

Level 2 activities represent the core requirement of the EMEP monitoring network and all Parties with a land 

area larger than 50,000 km2 are expected to operate at least one site, and countries with a land area larger 

than 100,000 km2 are expected to operate Level 2 sites for more than one topic.  Possibilities for regional 

collaboration on the operation of sites should be explored, and the collaboration with World Meteorological 

Organisation (WMO) through the operation of joint EMEP-Global Atmosphere Watch (GAW) supersites is 

essential in the implementation. 
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Level 3 measurements are voluntary, but at the same time important for further progress.  Most Parties already 

operate sites addressing these components, and efforts should be made to involve the relevant groups to the 

EMEP work as well as to make the data available for further review and use.   

 Network Review Processes 

The Upper and Lower Assessment Thresholds [Table 21] are used as the primary tool for determining network 

design criteria.  Where data supports the redesignation of an agglomeration to a different category (as 

achieving the UAT or LAT, the requirements of that category would apply.  Compliance is determined, in light 

of the following (as stated in Annex II): 

Exceedances of upper and lower assessment thresholds shall be determined on the basis of concentrations 

during the previous five years where sufficient data are available. An assessment threshold shall be deemed 

to have been exceeded if it has been exceeded during at least three separate years out of those previous five 

years. 

Where fewer than five years’ data are available, Member States may combine measurement campaigns of 

short duration during the period of the year and at locations likely to be typical of the highest pollution levels 

with results obtained from information from emission inventories and modelling to determine exceedances 

of the upper and lower assessment thresholds. 

As stated in Article 10 of the CAFE Directive, relating to ozone: 

The sampling points for fixed measurements of ozone in each zone or agglomeration within which 

measurement is the sole source of information for assessing air quality shall not be less than the minimum 

number of sampling points specified in Section A of Annex IX [see Table 25]. 

For zones and agglomerations within which information from sampling points for fixed measurements is 

supplemented by information from modelling and/or indicative measurements, the number of sampling 

points specified in Section A of Annex IX may be reduced provided that the following conditions are met: 

(a) the supplementary methods provide sufficient information for the assessment of air quality with regard to 

target values, long-term objectives, information and alert thresholds; 

(b) the number of sampling points to be installed and the spatial resolution of other techniques are sufficient 

for the concentration of ozone to be established in accordance with the data quality objectives specified… 

and enable assessment results to meet the criteria…; 

(c) the number of sampling points in each zone or agglomeration amounts to at least one sampling point per 

two million inhabitants or one sampling point per 50,000 km2, whichever produces the greater number of 

sampling points, but must not be less than one sampling point in each zone or agglomeration; 
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(d) nitrogen dioxide is measured at all remaining sampling points except at rural background stations.... 

 Conclusions 

The key design criteria and observations regarding the air quality monitoring networks discussed above are 

outlined in Table 30. 
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Table 30 European Union Network Design Summary Table 

Network Pollutant Purpose Scaling Factors(a) Minimum Thresholds Spatial Scales(b) Review 

Process Pop BG Source Spat  all urb sub rur rBG 

EU AQ 

Directive 

CO roadside     1 per agglomeration  
✓    Not identified 

population ✓ ✓   Min=1, varying by background and population ✓     LAT 

NO2 population ✓ ✓   Min=1, varying by background and population ✓     LAT 

population ✓ ✓   pop ≥250,000 w/background <50% standard ✓     LAT 

NOX population ✓ ✓   Min=1, varying by background and population ✓     LAT 

SO2 population ✓ ✓   Min=1, varying by background and population ✓     LAT 

population ✓ ✓   pop ≥250,000 w/background <40% standard ✓     LAT 

Pb population ✓ ✓   Min=1, varying by background and population ✓     LAT 

C6H6 population ✓ ✓   Min=1, varying by background and population ✓     LAT 

roadside     1 per agglomeration  
✓    Not identified 

PM10 population ✓ ✓   Min=1, varying by background and population ✓     LAT 

PM2.5 

 

 

 

 

speciated 

population ✓ ✓   Min=1, varying by background and population ✓     LAT 

population    
✓ 1 per 100,000km2 ✓     LAT 

population ✓    1 per pop=1,000,000 ✓     LAT 

ecosystems  
✓  

✓ 1 per 20,000 km2 w/background ≥ 70% standard    
✓ ✓ Not identified 

ecosystems  
✓  

✓ 1 per 40,000 km2 w/background ≥ 50% standard    
✓ ✓ Not identified 

population     - ✓     Not identified 

O3 

precursors 

population ✓    pop ≥500,000 w/background  
✓ ✓   LAT 

population ✓   
✓ Min=1, varying by population. 1 per 50,000km2    

✓ ✓ LAT 

population     -    
✓ ✓ 

 

Euro 

AirNet 

SO2 population 
✓    100% pop ≥500,000, 25% pop ≥250,000, 10% pop 

≥50,000 

 
✓    Not identified 

NO2 population 
✓    100% pop ≥500,000, 25% pop ≥250,000, 10% pop 

≥50,000 

 
✓    Not identified 
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Network Pollutant Purpose Scaling Factors(a) Minimum Thresholds Spatial Scales(b) Review 

Process Pop BG Source Spat  all urb sub rur rBG 

NOX population 
✓    100% pop ≥500,000, 25% pop ≥250,000, 10% pop 

≥50,000 

 
✓    Not identified 

O3 population 
✓    100% pop ≥500,000, 25% pop ≥250,000, 10% pop 

≥50,000 

 
✓    Not identified 

PM10 population 
✓    100% pop ≥500,000, 25% pop ≥250,000, 10% pop 

≥50,000 

 
✓    Not identified 

PM2.5 population 
✓    100% pop ≥500,000, 25% pop ≥250,000, 10% pop 

≥50,000 

 
✓    Not identified 

Pb population 
✓    100% pop ≥500,000, 25% pop ≥250,000, 10% pop 

≥50,000 

 
✓    Not identified 

EMEP various population    ✓ existing monitoring stations only ✓     Not identified 

Notes: (a) Scaling Factors: pop – requirements are scaled by population; BG – requirements are scaled by background pollutant concentrations; source – requirements are scaled by source emissions; 

spat – requirements are scaled by spatial considerations. 

 (b) Spatial Scales: urb – urban; sub – suburban; rur – rural; rBG – rural background 

.
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5. INTERNATIONAL CASE STUDY 3 – CANADA 

 Key Legislation and Guidance 

In Canada, a number of pollutants are managed by the establishment of Canada-wide Standards (CWS) under 

the Canadian Council of Ministers of the Environment (CCME) Environmental Standards Sub-Agreement.  The 

agreed CWS are implemented by application of the Canadian Environmental Protection Act (1999). 

 Significant Air Quality Monitoring Networks 

CWS are applied at federal, provincial and territorial levels of government across Canada to address key 

environmental and health risk matters.  The CWS are agreed at a level (and timeframe for achievement) that: 

• provide protection for the environment and human health; and, 

• are technologically and economically feasible. 

In regard to air pollutants, there are a number of CWS relating to: 

• benzene; 

• dioxins and furans; 

• mercury; 

• particulate matter and ground-level ozone; and, 

• petroleum hydrocarbons. 

Under the CWS for particulate matter and ozone each jurisdiction was afforded significant freedom and 

flexibility in the design of the implementation plan.  This was considered to be critical given the variability of 

environmental conditions across Canada.  For example, some jurisdictions which are geographically proximate 

to the international border with the United States considered transboundary air pollution to be a critical 

component to manage, whereas other jurisdictions faced the biggest challenge in managing background 

concentrations from naturally occurring events (such as forest fires) and diffusive localised emissions (such as 

wood burning for household heat). 

On October 20, 2010 the CCME agreed to strengthen the CWS for particulate matter and ozone with the 

implementation of the collaborative Air Quality Management System (AQMS) to provide better protection for 

the environment and human health.   

The AQMS contains several key elements, including: 

• the development of new Canadian Ambient Air Quality Standards (CAAQS) for; 

o fine particulate matter (PM2.5) 

o ozone 
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• the more formalised delineation of air zones and airsheds; 

• the development and implementation of Base Level Industrial Emissions Requirements (BLIERs) for 

industry, and,  

• an Air Zone Management Framework.  

The Canadian National Air Pollution Surveillance Program (NAPS) was established in 1969 to provide data 

regarding air pollution levels in the populated areas of Canada.  At the time of the report preparation there 

are some 286 monitoring stations located in 203 communities, providing long-term data on the ambient 

concentrations of sulphur dioxide, nitrogen dioxide, ozone, fine particulate matter and carbon monoxide.  The 

data is used by the provinces to report to the Air Quality Index (AQI) and by Environment Canada to report 

to the Air Quality Health Index (AQHI). 

5.2.1 General Spatial Considerations 

A CAAQS reporting station located in a regional / rural location is required to be representative of a “regional” 

scale, whereas siting in a community location is required to be representative of a “neighbourhood” or “urban” 

scale, as defined by the US EPA (US EPA, 1998) (see Table 10) and not overly biased by local emissions from 

industry or transport. 

In terms of CAAQS reporting stations for ozone, they should be located at a location representative of the 

expected maximum ozone concentrations, which is naturally located outside of the urbanised areas.  

As noted above, the Canadian AQMS uses definitions consistent with those published by the US EPA (US EPA, 

1998), which are reproduced below: 

• Micro Scale: Localised areas such as downtown street canyons, traffic corridors or a major stationary 

source such as a power plant where the general public would be exposed to maximum concentrations. 

• Middle Scale: Downtown areas that people typically pass through, areas near major roadways, areas 

such as parking lots, and feeder streets generally with dimensions of a few hundred metres. 

• Neighbourhood Scale: Reasonably homogeneous urban sub-regions with dimensions of a few 

kilometres and of generally more regular shape than the middle scale. 

• Urban / Rural Scale: Entire metropolitan or rural area ranging in size from 4 to 50 kilometres. 

• Regional Scale: Dimensions of as much as 100s of kilometres with some degree of homogeneity. 

 

Table 10 presents a graphical summary of the interaction between monitoring purpose(s) and the spatial 

consideration.  For clarity, Environment Canada have adopted the same descriptors. 
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 Air Quality Management System 

5.3.1 Purpose and Scope 

The AQMS, as discussed above, provides guidance on achieving the CAAQS for PM2.5 and ozone, and replaces 

the CWS for those specific pollutants.   The long-term goal is: “to minimize the risks of these pollutants on 

human health and the environment”. 

5.3.2 Network Design Criteria 

CCME (2011) Ambient Air Monitoring Protocol for PM2.5 and Ozone - Canada-wide Standards for Particulate 

Matter and Ozone (CCME, 2011) provides some further guidance on the requirements for ambient monitoring 

for PM10, sulphur dioxide, oxides of nitrogen, ammonia, carbon monoxide and volatile organic compounds as 

relevant to the CWS for PM2.5 and ozone. 

The NAPS program is used to assess overall trends in Canadian air quality, evaluate the performance of action 

plans to reduce overall community exposure, and provide support to the achievement of the CAAQS for PM2.5 

and ozone. 

The measured ambient concentrations (or levels) of PM2.5 and ozone at CAAQS reporting stations serve 

different purposes:  

•  To evaluate the achievement status of the CAAQS in an air zone;  

• To assist in identifying air management levels in an air zone and associated actions;  

• To identify parts of the air zones with elevated PM2.5 and/or ozone concentrations; 

• To communicate to the public their local PM2.5 and ozone air quality conditions and trends; and 

• To assist in identifying the spatial variability in PM2.5 and ozone levels across the air zone.  

There are cases where an air zone does not achieve a given CAAQS because of contributions of pollutants 

over which jurisdictions have little or no control.  These contributions can originate from two broad categories:  

• transboundary flows (TF); and,  

• exceptional events (EE).  

Under the Air Quality Management System (AQMS), provinces and territories can report that a given CAAQS 

would have been achieved in an air zone if not for the influence of TF/EE.  Provinces and territories will use a 

Weight of Evidence (WOE) approach in which a number of analyses are conducted that collectively support 

the conclusion.  The occurrence of TF/EE can have implications from an air zone management perspective.  
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Under the AQMS, provinces and territories were delineated into “air zones”, in which air quality was to be 

managed to achieve the CAAQS, improve air quality and afford greater protection for the environment and 

human health.  Each air zone was to be defined so as to be reflective of general air quality within its boundary 

and broadly typifying similar local source contributions and circumstances. 

Canada was further delineated into regional airsheds (each comprising one or more air zones), which serve 

as the basis for coordinating action between jurisdictions on transboundary/inter-jurisdictional air quality 

issues.   

Each Province and Territory is required to establish CAAQS reporting stations for each air zone.  The purpose 

of the CAAQS reporting stations is to provide achievement status against the CAAQS in each air zone, and is 

required to: 

• Spatial variability.  Account for the spatial variability in PM2.5 and ozone concentrations.  Where there 

is sufficient evidence that a single reporting station is justified in providing representative PM2.5 and ozone 

data for the air zone a single station may be permitted, otherwise the jurisdiction must provide evidence 

to the federal government that defines the number of stations required to adequately describe the 

variability. 

• Local siting criteria.  A CAAQS reporting station located in a regional / rural location is required to be 

representative of a “regional” scale, whereas siting in a community location is required to be 

representative of a “neighbourhood” or “urban” scale (as defined by the US EPA (US EPA, 1998) (and 

reproduced in Table 10) and not overly biased by local emissions from industry or transport.  

In terms of CAAQS reporting stations for ozone, they should be located at a location representative of 

the expected maximum ozone concentrations, which is naturally located outside of the urbanised areas.  

• Population.  The minimum requirement is for one CAAQS reporting station for a population of 100,000 

inhabitants, although the AQMS does allow jurisdictions to locate stations reflective of populations below 

the 100,000 threshold, particularly if there is significant spatial variability (see above) or a smaller rural 

community.  

In defining community size, the AQMS uses definitions of geographic units provided by Statistics Canada, 

which may be used to group municipalities (or “census subdivisions”) that are closely interconnected 

(geographically or economically) and/or may be reasonably aggregated as air zones.  The Statistics Canada 

definitions list all communities as a Census Metropolitan Area (CMAs) with a discrete population in excess of 

100,000 which requires a CAAQS reporting station in its own right, and a list of Census Agglomerations (CAs) 

which are lower than the threshold.  

The Guidance Document on Achievement Determination Canadian Ambient Air Quality Standards for Fine 

Particulate Matter and Ozone  (Canadian Council of Ministers of the Environment (CCME), 2012) provides 

‘reference’ populations by CMA and CA.  Based upon the 2006 census data published in (Canadian Council 

of Ministers of the Environment (CCME), 2012) the population captured by designations of CMA and CA 

accounts for an estimated 81% of the Canadian population. 
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 National Air Pollution Surveillance (NAPS) Network 

5.4.1 Purpose and Scope 

The National Air Pollution Surveillance (NAPS) Network is a federal–provincial/territorial/regional government 

program that manages a national network of air pollution monitoring stations primarily located in Canadian 

urban centres.   

As stated in (CCME, 2011), the key objectives of the NAPS program are: 

• Determining the nature and levels of air pollutants affecting human health and the environment in 

Canada. 

• Supporting near real-time reporting of air quality information to the public.  

• Supporting air quality prediction and forecasting programs.  

• Assessing long-term trends in air contaminants across Canada.  

• Tracking the occurrence and extent of new contaminants in ambient air.  

• Providing data to support scientific research into the effects of air pollution on health and environment.  

• Supporting the development of air quality standards and objectives.  

• Supporting evaluation of the success of pollution control strategies procedures.  

• Supporting national and international air quality agreements and initiatives. 

• Supporting the development and evaluation of new monitoring technologies, and the development and 

application of quality assurance/quality control. 

The NAPS network supports data needs for joint air quality initiatives including the National Air Quality 

Objectives, the Air Toxics Program, the Canada-Wide Standards, the Canada-U.S. Air Quality Agreement, the 

Quality Prediction Program, Special Studies, and other initiatives that may arise.  

5.4.2 Network Design Criteria 

One of the key components of the NAPS network is supporting the development of air quality standards and 

objectives.  The network focuses on monitoring the following criteria pollutants to characterize ambient air 

quality: sulphur dioxide, particulate matter (PM2.5, PM10), carbon monoxide, ozone, and nitrogen dioxide.  

Other pollutants such as polyaromatic hydrocarbons (PAHs), volatile organic compounds (VOCs), and acid 

aerosols are also monitored in NAPS stations although there are no air quality objectives established for these 

pollutants at the present time. This data provides valuable information on the conditions and trends of the 

Canadian atmosphere.  
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The selection of sites for the NAPS network is done in consultation with network agencies to meet the network 

objective of producing air quality data representative for the geographic area of interest.  The sites in the 

network are selected based on the requirements for distribution, location, separation and spatial scale of 

representativeness.  Sites in the network are generally selected to represent where the population lives, plays 

and works.  Air monitoring stations at these sites are meant to measure air quality trends over the long term 

and therefore are intended to have some degree of permanency.  There are also stations established to 

characterize long range transport and trans-boundary movement of air pollutants.  

Depending on the specific reasons and purpose for monitoring, some or all of the air quality criteria pollutants 

may be monitored. Some stations are used by jurisdictions for air quality index (AQI) reporting, other stations 

are used for CWS achievement determination or for trans-boundary transport monitoring or for special 

studies of local air pollution problems.  Some of the stations are air pollution oriented but not source specific 

oriented.  The goal is to provide the best assessment of the air quality or of an air pollution problem, for the 

general population, with the most efficiency.  

Site selection criteria for the CWS achievement determination monitors are outlined in “Guidance Document 

on Achievement Determination: Canada Wide Standards for Particulate Matter and Ozone” and the 

accompanying document “Ambient Air Monitoring Protocol”. 

The specification for numbers and locations of NAPS and CWS sites is presented as Table 4 in the “Ambient 

Air Monitoring Protocol”, which has been reproduced in Table 31.   

Table 31 NAPS network Station Classification and Distribution Criteria 

Network Distribution Separation Location Spatial Scale 

NAPS 

Sites 

1 per 250,000 

people (max 

6 per urban 

area) 

6-8 km 1st site Downtown Middle 

2nd site Residential with worst air quality Neighbourhood 

3rd site Residential with poor air quality 

at a 90° quadrant from the 1st 

and 2nd sites 

Neighbourhood 

4th site Secondary commercial with 

heavy traffic 

Middle of 

neighbourhood 

5th site Residential in third quadrant Neighbourhood 

6th site Residential in fourth quadrant Neighbourhood 

CWS 

designate

d urban 

sites 

Minimum 1 

per CMA or 

CA >100,000 

and 

Reporting 

Sub-Area 

(RSA) 

Dependent 

on 

population 

density 

Sited to satisfy 

CWS reporting 

requirements 

and objectives 

Maximum representative for 

ozone  

Uniform concentration for the 

RA for PM2.5  

Where possible PM2.5 and O3 

monitors to be collocated 

Neighbourhood 

and urban 
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Network Distribution Separation Location Spatial Scale 

CWS 

designate

d upwind 

rural sites 

1 or more per 

CMA / CA 

Dependent 

on distance 

between 

CMA and 

major 

source area 

that may 

be 

affecting it 

To assess 

transboundary 

influence 

Sited upwind between the 

community and the major 

source area that may be 

affecting it 

Regional 

To assess 

background 

influence 

Sited upwind of the community 

and not downwind of any major 

anthropogenic source area 

 Canadian Air and Precipitation Monitoring Network (CAPMoN) 

5.5.1 Purpose and Scope 

The Canadian Air and Precipitation Monitoring Network (CAPMoN), operated by Environment Canada, is 

designed to study the regional patterns and trends of atmospheric pollutants such as acid rain, smog, 

particulate matter and mercury, in both air and precipitation.   

The objectives of CAPMoN are as follows: 

• To determine spatial patterns and establish temporal trends of pollutants. 

• To provide information for atmospheric model evaluations and effects research (aquatic, terrestrial, 

building materials and health). 

• To ensure the compatibility of federal, provincial, US and global measurements. 

• To study atmospheric processes. 

• To provide real-time information for air quality forecasts. 

CAPMoN has been in operation for more than 20 years.  The initial focus was on acid rain, but now some 

sites also measure smog pollutants (NOX, PM and ozone), including:  

• Precipitation chemistry, 24 hour integrated samples. Cl-, NO3
-, SO4

=, NH4
+, Na+, K+, Ca++, Mg++, pH. 

• Particles and related trace gases , 24-hour integrated filter samples. particulate Cl-, NO3
-, SO4

=, NH4
+, 

Na+, K+, Ca++, Mg++, gaseous HNO3 and SO2. 

• Tropospheric (ground level) ozone measurements, as hourly averages. 

• Nitrogen Measurements, gaseous NO, NO2, and NOy as hourly averages. 

• Size-selective particulate matter, 24 hour integrated samples PM2.5, PM10 and coarse fraction mass. 

• Total gaseous mercury, hourly averages. 

• Hg in precipitation, weekly integrated samples. 

Data from the CAPMoN are used to assess regional background levels and long-range transport of pollutants. 

https://www.ec.gc.ca/rs-mn/default.asp?lang=en&n=42D909F1-1
https://www.ec.gc.ca/rs-mn/default.asp?lang=en&n=3B37AC4C-1
https://www.ec.gc.ca/rs-mn/default.asp?lang=en&n=CEF57CE8-1
https://www.ec.gc.ca/rs-mn/default.asp?lang=en&n=72C88CD8-1
https://www.ec.gc.ca/rs-mn/default.asp?lang=en&n=7DBD317C-1
https://www.ec.gc.ca/rs-mn/default.asp?lang=en&n=515F8274-1
https://www.ec.gc.ca/rs-mn/default.asp?lang=en&n=9740DA6B-1
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5.5.2 Network Design Criteria 

CAPMoN is a non-urban air quality monitoring network with siting criteria designed to ensure that the 

measurement locations are regionally representative and are not affected by local sources of air pollution. 

Table 8 of Ambient Air Monitoring Protocol for PM2.5 and Ozone - Canada-wide Standards for Particulate 

Matter and Ozone provides the relevant siting requirements for CAPMoN stations.  Components of that table 

are reproduced in Table 38. 

Table 32 CAPMoN Network Requirements (Precipitation Constituents and Ozone) 

Influence Consideration 

Industrial pollution sources >50 km for individual point sources (>10,000 tonnes SO2 / NOX) or sum 

collective point and area sources (>10,000 tonnes SO2 / NOX). 

Population centres > 5 km (pop <5,000) 

>10 km (pop 5,000 - 10,000) 

>40km (pop >10,000) 

Transportation routes >500 m from transport route 

>3km from small airports 

>10 km from large airports 

Local pollution sources >500 m from small-scale sources 

Agriculture >500 m from intensive agriculture 

 Network Review Processes 

CWS are applied at federal, provincial and territorial levels of government across Canada to address key 

environmental and health risk matters.  The CWS are agreed at a level (and timeframe for achievement) that: 

• provide protection for the environment; and human health; and, 

• are technologically and economically feasible  

The methods used by the National Air Pollution Surveillance (NAPS) program have been adapted over its 

lifetime to address emerging technologies and identified risks, such as speciated VOC compounds that 

contribute to smog formation. 

CCME (2012) ’Guidance Document on Air Zone Management’ (CCME, 2012b) sets out the Air Zone 

Management Framework (AZMF), and provides guidance on the implementation of air quality management 

to achieve and maintain the CAAQS under the AQMS (see Section 5.3).  Various aspects of the guidance 

produced in CCME 2012b have been reproduced into Table 33. 
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Table 33 AZMF Air Management Threshold Values and Management Actions 

Management Level & Objective Air Management Threshold Values Management 

Actions Ozone 

(ppb) 

PM2.5 Annual 

(µg∙m-3) 

PM2.5 24-hr 

(µg∙m-3) 

Red Actions for achieving air zone CAAQS 

Achieve air zone CAAQS through advanced air zone management actions 

see Table 34 

Highest Threshold Value 2015 

63 

2020 

62 

2015 

10 

2020 

8.8 

2015 

28 

2020 

27 

 

Orange Actions for preventing CAAQS exceedance 

Improve air quality through active air management and prevent a CAAQS 

exceedance 

see Table 35 

Middle Threshold Value 56 6.4 19  

Yellow Actions for preventing AQ deterioration 

Improve air quality using early and ongoing actions for continuous 

improvement 

see Table 36 

Lowest Threshold Value 50 4.0 10  

Green Actions for keeping clean areas clean 

Maintain good air quality through proactive air management measures 

see Table 37 

Chapter 5 of CCME 2012b sets out a range of suggested management actions applicable to each of the 

management levels (red, orange, yellow and green).  The information presented in Table 5 in Chapter 5 has 

been reproduced below. 

Table 34 CCME Suggested Management Actions – Red Management Level 

Category of 

Action 

Suggested 

Actions 

Description Primary Responsibility 

Red Management Level 

Air Zone 

Characterisation 

Monitor Air 

Quality 

Ensure monitoring devices for PM and ozone 

within an airzone are sufficient to accurately 

characterize air quality 

Provinces and 

territories, with 

assistance from federal 

science and technical 

experts where possible 

Emissions 

Inventory  

Compile an air zone-specific emissions 

inventory, derived from the national 

emissions inventory and supplemented with 

location specific data as required.  

Provinces and 

territories, with 

assistance from federal 

science and technical 

experts where possible 

Collaboration Stakeholder 

Engagement  

Local stakeholders engaged with roles and 

deliverables identified. 

Provinces and territories 

Airshed 

Coordination  

Engage airshed coordination if there are 

transboundary air pollution issues. 

Federal government 

Air Management 

Planning 

Develop Air 

Zone 

Develop a comprehensive Air Zone 

Management Plan to achieve the CAAQS. 

Provinces and 

territories, all levels of 
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Category of 

Action 

Suggested 

Actions 

Description Primary Responsibility 

Red Management Level 

Management 

Plan to Achieve 

the CAAQS  

The Plan may consider current and likely 

future directions in air quality, and include: 

actions to be undertaken by governments 

and stakeholders to reduce emissions with 

short, medium and long-term milestones 

and targets, and detailed modelling to show 

how planned actions will improve air quality. 

government have 

responsibility to ensure 

CAAQS achievement. 

Publish Air Zone 

Management 

Plan  

Provinces and territories review and publish 

the Air Zone Management Plan, ensuring it is 

achievable and consistent with 

provincial/territorial policies. 

Provinces and territories 

Implementation  Implement Air 

Management 

Plan 

Implement the Management Plan, with clear 

role and responsibilities for all participants, 

timelines, and process for review. 

Provinces and 

territories, all levels of 

government have 

responsibility to ensure 

CAAQS achievement. 

Reporting Prepare Air 

Zone Reports  

Prepare annual reports summarizing current 

air quality and trends. 

Provinces and territories 

Progress 

Assessments  

Assess progress in implementing 

management actions, track the 

implementation of the action plans, and 

demonstrate how the management actions 

contribute to improved air quality. 

Provinces and territories 

Education  Public Education Educate the public on air quality, and publish 

air quality reports and progress assessments. 

Provinces and territories 

Table 35 CCME Suggested Management Actions – Orange Management Level 

Category of 

Action 

Suggested 

Actions 

Description Primary Responsibility 

Orange Management Level 

Air Zone 

Characterisation 

Monitor Air 

Quality 

Ensure monitoring devices for PM and ozone 

within an air zone are sufficient to accurately 

characterize air quality.  

Provinces and 

territories, with 

assistance from federal 

science and technical 

experts where possible 

Emissions 

Inventory  

Compile an air zone-specific emissions 

inventory, derived from the national 

emissions inventory and supplemented with 

location specific data as required.  

Provinces and 

territories, with 

assistance from federal 

science and technical 

experts where possible 



 

16.1015.FR1V2   INTERNATIONAL CASE STUDY 3 – CANADA Page 89 

Category of 

Action 

Suggested 

Actions 

Description Primary Responsibility 

Orange Management Level 

Collaboration Stakeholder 

Engagement  

Local stakeholders engaged, with roles and 

deliverables identified.  

Provinces and territories 

Airshed 

Coordination  

Engage airshed coordination if there are 

transboundary air pollution issues.  

Federal government 

Air Management 

Planning 

Develop Air 

Zone 

Management 

Plan to Achieve 

the CAAQS  

Develop a comprehensive Air Zone 

Management Plan to improve air quality. The 

Plan may identify key emissions sources, 

consider current and likely future directions 

in air quality, set out actions to be 

undertaken by governments and 

stakeholders to reduce emissions, and 

include short, medium and long-term 

milestones and targets.  

Provinces and 

territories, all levels of 

government have 

responsibility to ensure 

CAAQS achievement. 

Publish Air Zone 

Management 

Plan  

Provinces and territories review and publish 

the Air Zone Management Plan, ensuring it is 

achievable and consistent with 

provincial/territorial policies.  

Provinces and territories 

Implementation  Implement Air 

Management 

Plan 

Implement the Management Plan, with roles 

and responsibilities for all participants, 

timelines, and process for review.  

Provinces and 

territories, all levels of 

government have 

responsibility to ensure 

CAAQS achievement. 

Reporting Prepare Air 

Zone Reports  

Prepare annual reports summarizing current 

air quality and trends.  

Provinces and territories 

Progress 

Assessments  

Assess progress in implementing 

management actions, track the 

implementation of the action plans, and 

demonstrate how the management actions 

contribute to improved air quality. Air Zone 

Management Plan to be revised as needed 

to achieve continuous improvement in air 

quality. 

Provinces and territories 

Education  Public Education Educate the public on air quality, and publish 

air quality reports and progress assessments. 

Provinces and territories 
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Table 36 CCME Suggested Management Actions – Yellow Management Level 

Category of 

Action 

Suggested 

Actions 

Description Primary Responsibility 

Yellow Management Level 

Air Zone 

Characterisation 

Monitor Air 

Quality 

Ensure monitoring devices for PM2.5 and 

ozone within an air zone are sufficient to 

accurately characterize air quality.  

Provinces and 

territories, with 

assistance from federal 

science and technical 

experts where possible 

Emissions 

Inventory  

Compile an air zone-specific emissions 

inventory, derived from the national 

emissions inventory and supplemented with 

location specific data as required.  

Provinces and 

territories, with 

assistance from federal 

science and technical 

experts where possible 

Collaboration Stakeholder 

Engagement  

Local stakeholders engaged as appropriate 

for local conditions.  

Provinces and territories 

Air Management 

Planning 

Develop Air 

Zone 

Management 

Plan to Achieve 

the CAAQS  

Develop an Air Zone Management Plan if 

required to prevent air quality deterioration. 

Plans may consider current and likely future 

directions in air quality; defined air zone 

goals, role of stakeholders, priority emission 

sources, mechanisms to achieve air quality 

improvements, and any additional 

monitoring and inventory required.  

Provinces and territories 

to lead the 

development of Air 

Zone Management 

Plans, and all levels of 

government have 

responsibility to ensure 

CAAQS achievement 

Implementation  Implement Air 

Management 

Plan 

Implement the Management Plan (if 

required), with roles and responsibilities for 

all participants, timelines, and process for 

review.  

Provinces and territories 

to lead the 

implementation of Air 

Zone Management 

Plans, and all levels of 

government have 

responsibility to ensure 

CAAQS achievement 

Reporting Prepare Air 

Zone Reports  

Prepare annual reports summarizing current 

air quality and trends.  

Provinces and territories 

Progress 

Assessments  

Assess the effectiveness of the management 

actions implemented and track the 

implementation of the action plans. 

Assessment to also forecast impacts based 

on projected air zone growth. Air Zone 

Management Plan to be revised as needed 

to achieve continuous improvement in air 

quality.  

Provinces and territories 
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Category of 

Action 

Suggested 

Actions 

Description Primary Responsibility 

Yellow Management Level 

Education  Public Education Educate the public on local air quality, and 

publish air quality reports and progress 

assessments.  

Provinces and territories 

Table 37 CCME Suggested Management Actions – Green Management Level 

Category of 

Action 

Suggested 

Actions 

Description Primary Responsibility 

Green Management Level 

Air Zone 

Characterisation  

Air Quality 

Monitoring 

Basic air quality monitoring or surveillance, 

potentially via remote sensing or modelling. 

Provinces and 

territories, with 

assistance from federal 

science and technical 

experts where possible 

Reporting  Prepare Air 

Zone Reports 

Prepare annual reports summarizing current 

air quality and trends. 

Provinces and territories 

Education  Public Education Educate the public on local air quality, 

publish air quality reports and progress 

assessments. 

Provinces and territories 

The AZMF provides a framework for determining a range of air quality management actions (including 

compliance monitoring) for a range of circumstances determined by the prevailing conditions. 

 Conclusions 

The key design criteria and observations regarding the air quality monitoring networks discussed above are 

outlined in Table 38. 
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Table 38 Canadian Network Design Summary Table 

Network Pollutant Purpose Scaling Factors(a) Minimum Thresholds Spatial Scales(b) Review 

Process Pop BG Source Spat all mic mid nei urb reg 

AQMS PM2.5 population ✓   
✓ 1 per airshed, 1 per 100,000 population    

✓ ✓  AZMF 

O3 population ✓   
✓ 1 per airshed, 1 per 100,000 population    

✓ ✓  AZMF 

NAPS SO2 population ✓   
✓ 1 per airshed, 1 per 250,000 population   

✓ ✓   
 

PM10 population ✓   
✓ 1 per airshed, 1 per 250,000 population   

✓ ✓   
 

PM2.5 population ✓   
✓ 1 per airshed, 1 per 250,000 population   

✓ ✓   
 

CO population ✓   
✓ 1 per airshed, 1 per 250,000 population   

✓ ✓   
 

O3 population ✓   
✓ 1 per airshed, 1 per 250,000 population   

✓ ✓   
 

NO2 population ✓   
✓ 1 per airshed, 1 per 250,000 population   

✓ ✓   
 

CAPMoN precipitat’n population     None identified ✓      
 

Notes: (a) Scaling Factors: pop – requirements are scaled by population; BG – requirements are scaled by background pollutant concentrations; source – requirements are scaled by source emissions; 

spat – requirements are scaled by spatial considerations. 

 (b) Spatial Scales: mic – micro; mid – middle; nei – neighbourhood; urb – urban; reg – regional (see Table 10) 
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6. SUMMARY 

 Air Quality Monitoring Network Design 

A summary of the significant air quality monitoring networks operated within the case study areas is presented 

below in Table 39.  The table is sorted by pollutant, for ease of comparison between the various requirements. 

The criteria for network design varies from: 

• No stated or formal criteria (for example the UHAQMN and NLAQMN in Australia); 

• A requirement for one monitoring station per airshed (for example, USEPA NCore and PAMS, 

EuroAirNet); 

• A single criterion for each network applicable to all pollutants (for example the AAQ NEPM AQMN in 

Australia); and 

• Pollutant specific criteria for each pollutant (for example, the USEPA SLAMS). 

The following sections provide further clarification on the range of identified drivers for network design, 

including: 

• The requirement for a minimum number of monitoring stations per jurisdiction; 

• The requirements for monitoring stations based upon population thresholds; 

• The relevant screening criteria (typically x% of the relevant ambient air quality concentration standard); 

• The descriptions used and the application of spatial considerations; and, 

• The specification for roadside monitoring. 

 



 

16.1015.FR1V2                                                                                            SUMMARY        Page 94 

Table 39 Network Design Summary Table (By Pollutant) 

Pollutant Country Network Purpose Scaling Factors Minimum Threshold Review 

pop BG so spat 

C=O United States USEPA PAMS population     1 per State pop ≥1,000,000 40 CFR Part 58, NAAMS 

C6H6 Europe EU AQ Directive population 
✓ ✓   Min=1, varying by background and population Lower assessment 

thresholds 

Europe EU AQ Directive roadside     1 per agglomeration None identified 

CO United States USEPA SLAMS roadside     pop ≥1,000,000, co-located with roadside NO2 40 CFR Part 58 §58.14, 

NAAMS 

United States USEPA NCore population     1 per State 40 CFR Part 58, NAAMS 

Europe EU AQ Directive roadside     1 per agglomeration None identified 

Europe EU AQ Directive population 
✓ ✓   Min=1, varying by background and population Lower assessment 

thresholds 

Canada NAPS population ✓   
✓ 1 per airshed, 1 per 250,000 population 

 

Australia AAQ NEPM population ✓    population ≥25,000 PRC Technical Paper No4 

NO2 United States USEPA SLAMS roadside 
✓  

✓  pop ≥500,000 AADT ≥250,000 41 CFR Part 58 §58.14, 

NAAMS 

United States USEPA SLAMS population     pop ≥1,000,000 42 CFR Part 58 §58.14, 

NAAMS 

Europe EU AQ Directive population 
✓ ✓   Min=1, varying by background and population Lower assessment 

thresholds 

Europe EU AQ Directive population 
✓ ✓   pop ≥250,000 w/background <50% standard Lower assessment 

thresholds 

Europe Euro AirNet population 
✓    100% pop ≥500,000, 25% pop ≥250,000, 10% 

pop ≥50,000 

None identified 

Europe Euro AirNet ecosystems 
✓ ✓   50% of rural population covered, background 

≥ standards 

None identified 
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Pollutant Country Network Purpose Scaling Factors Minimum Threshold Review 

pop BG so spat 

Canada NAPS population ✓   
✓ 1 per airshed, 1 per 250,000 population 

 

Australia AAQ NEPM population ✓    population ≥25,000 PRC Technical Paper No4 

Australia UHAQMN population     
  

Australia NLAQMN population     
  

NOX United States USEPA NCore population     1 per State 40 CFR Part 58, NAAMS 

United States USEPA PAMS population     1 per State pop ≥1,000,000 40 CFR Part 58, NAAMS 

Europe EU AQ Directive population 
✓ ✓   Min=1, varying by background and population Lower assessment 

thresholds 

Europe Euro AirNet population 
✓    100% pop ≥500,000, 25% pop ≥250,000, 10% 

pop ≥50,000 

None identified 

Europe Euro AirNet ecosystems 
✓ ✓   50% of rural population covered, background 

≥ standards 

None identified 

NOY United States USEPA PAMS population     1 per State pop ≥1,000,000 40 CFR Part 58, NAAMS 

O3 

 

 

 

 

 

 

 

 

 

 

 

United States USEPA SLAMS population 
✓ ✓   pop ≥350,000 w/background <85% standard 49 CFR Part 58 §58.14, 

NAAMS 

United States USEPA NCore population     1 per State 40 CFR Part 58, NAAMS 

United States USEPA PAMS population     1 per State pop ≥1,000,000 40 CFR Part 58, NAAMS 

Europe EU AQ Directive population 
✓    pop ≥500,000 w/background Lower assessment 

thresholds 

Europe EU AQ Directive population 
✓   

✓ 
Min=1, varying by population. 1 per 50,000km2 Lower assessment 

thresholds 

Europe Euro AirNet population 
✓    100% pop ≥500,000, 25% pop ≥250,000, 10% 

pop ≥50,000 

None identified 

Europe Euro AirNet ecosystems 
✓ ✓   50% of rural population covered, background 

≥ standards 

None identified 
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Pollutant Country Network Purpose Scaling Factors Minimum Threshold Review 

pop BG so spat 

 

 

 

O3 

precursors 

Canada AQMS population 
✓   

✓ 
1 per airshed, 1 per 100,000 population Air Zone Management 

Framework 

Canada NAPS population ✓   
✓ 1 per airshed, 1 per 250,000 population 

 

Australia AAQ NEPM population ✓    population ≥25,000 PRC Technical Paper No4 

Europe EU AQ Directive population     
  

Pb United States USEPA SLAMS source     industry ≥0.5tpa, airports ≥1.0tpa 50 CFR Part 58 §58.14, 

NAAMS 

United States USEPA NCore population     1 per State pop ≥500,000 40 CFR Part 58, NAAMS 

Europe EU AQ Directive population 
✓ ✓   Min=1, varying by background and population Lower assessment 

thresholds 

Europe Euro AirNet population 
✓    100% pop ≥500,000, 25% pop ≥250,000, 10% 

pop ≥50,000 

None identified 

Europe Euro AirNet ecosystems 
✓ ✓   50% of rural population covered, background 

≥ standards 

None identified 

Australia AAQ NEPM population ✓    population ≥25,000 PRC Technical Paper No4 

PM10 United States USEPA SLAMS population 
✓ ✓   pop ≥100,000 w/background 120% standard 44 CFR Part 58 §58.14, 

NAAMS 

United States USEPA SLAMS population 
✓ ✓   pop ≥250,000 w/background 80% standard 45 CFR Part 58 §58.14, 

NAAMS 

United States USEPA SLAMS population 
✓ ✓   pop ≥500,000 w/background <80% standard 46 CFR Part 58 §58.14, 

NAAMS 

Europe EU AQ Directive population 
✓ ✓   Min=1, varying by background and population Lower assessment 

thresholds 

Europe Euro AirNet population 
✓    100% pop ≥500,000, 25% pop ≥250,000, 10% 

pop ≥50,000 

None identified 

Canada NAPS population ✓   
✓ 1 per airshed, 1 per 250,000 population 
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Pollutant Country Network Purpose Scaling Factors Minimum Threshold Review 

pop BG so spat 

Australia AAQ NEPM population ✓    population ≥25,000 PRC Technical Paper No4 

Australia UHAQMN population     
  

Australia NLAQMN population     
  

PM10-2.5 United States USEPA NCore population     1 per State 40 CFR Part 58, NAAMS 

PM2.5 United States USEPA SLAMS population 
✓ ✓   pop ≥50,000 w/background >85% standard 47 CFR Part 58 §58.14, 

NAAMS 

United States USEPA SLAMS population 
✓ ✓   pop ≥500,000 w/background <85% standard 48 CFR Part 58 §58.14, 

NAAMS 

United States USEPA NCore population     1 per State 40 CFR Part 58, NAAMS 

Europe EU AQ Directive population 
✓ ✓   Min=1, varying by background and population Lower assessment 

thresholds 

Europe EU AQ Directive population    
✓ 

1 per 100,000km2 Lower assessment 

thresholds 

Europe EU AQ Directive population 
✓    1 per pop=1,000,000 Lower assessment 

thresholds 

Europe EU AQ Directive ecosystems  
✓  

✓ 
1 per 20,000 km2 w/background ≥ 70% 

standard 

None identified 

Europe EU AQ Directive ecosystems  
✓  

✓ 
1 per 40,000 km2 w/background ≥ 50% 

standard 

None identified 

Europe Euro AirNet population 
✓    100% pop ≥500,000, 25% pop ≥250,000, 10% 

pop ≥50,000 

None identified 

Europe Euro AirNet ecosystems 
✓ ✓   50% of rural population covered, background 

≥ standards 

None identified 

Canada AQMS population 
✓   

✓ 
1 per airshed, 1 per 100,000 population Air Zone Management 

Framework 

Canada NAPS population ✓   
✓ 1 per airshed, 1 per 250,000 population 
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Pollutant Country Network Purpose Scaling Factors Minimum Threshold Review 

pop BG so spat 

Australia AAQ NEPM population ✓    population ≥25,000 PRC Technical Paper No4 

Australia UHAQMN population     
  

Australia NLAQMN population     
  

PM2.5sp Europe EU AQ Directive population     
 

None identified 

precipitat’n Canada CAPMoN population     None identified 

 

SO2 United States USEPA SLAMS PWEI 
✓  

✓  PWEI ≥5,000 43 CFR Part 58 §58.14, 

NAAMS 

United States USEPA NCore population     1 per State 40 CFR Part 58, NAAMS 

Europe EU AQ Directive population 
✓ ✓   Min=1, varying by background and population Lower assessment 

thresholds 

Europe EU AQ Directive population 
✓ ✓   pop ≥250,000 w/background <40% standard Lower assessment 

thresholds 

Europe Euro AirNet population 
✓    100% pop ≥500,000, 25% pop ≥250,000, 10% 

pop ≥50,000 

None identified 

Europe Euro AirNet ecosystems 
✓ ✓   50% of rural population covered, background 

≥ standards 

None identified 

Canada NAPS population ✓   
✓ 1 per airshed, 1 per 250,000 population 

 

Australia AAQ NEPM population ✓    population ≥25,000 PRC Technical Paper No4 

Australia UHAQMN population     
  

Australia NLAQMN population     
  

SO4
2-, SPM, 

metals 

Europe Euro AirNet ecosystems 
✓ ✓   50% of rural population covered, background 

≥ standards 

None identified 

various Europe EMEP population    
✓ Existing monitoring stations only None identified 

VOCs United States USEPA PAMS population     1 per State pop ≥1,000,000 40 CFR Part 58, NAAMS 
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6.1.1 Network Design Criteria – Minimum Requirements per Jurisdiction 

Table 40 presents a summary of ‘minimum monitoring requirements’ specified by the study networks.  For 

clarity, these are requirements for monitoring under the various networks irrespective of other requirements, 

such as population, prevailing air quality pollutant concentrations, etcetera. 

Table 40 Network Design Summary – Minimum Requirements 

Jurisdiction Network Minimum Monitoring Requirement (by Pollutant) (Number) 

CO NO2 NOX SO2 PM10 PM2.5 O3 Others 

USEPA SLAMS         

NCORE 1 1 1 1 1 1 1  

PAMS         

EU AAQ Dir 1    1 1 1 CO(road) 1, Pb 1, C6H6 1, VOC 1 

EuroAirNet         

EMEP         

Canada 

 

AQMS      1 1  

NAPS 1 1  1 1 1 1  

CAPMoN         

Australia AAQ NEPM         

The US EPA imposes a requirement for a minimum of one NCORE monitoring station in each State, 

irrespective of other considerations, although this minimum requirement increases in some states that 

encompass a number of distinct airsheds. A discussion of the purpose and requirements for an NCORE 

monitoring station are presented in Section 3.4. The SLAMS network encompasses NCORE monitoring 

stations, but there is no identified specification for a minimum number of monitoring stations directly under 

SLAMS. Similarly, under PAMS there is a requirement for an expanded NCORE monitoring station to include 

photochemical species but this is dependent upon population. 

In the EU, the EU Air Quality Directive states a requirement for at least one monitoring station, irrespective of 

other considerations, with the exception of NO2 and SO2 which is dependent upon population. This minimum 

requirement includes one monitoring station, for roadside CO, benzene (C6H6) and Pb.  EuroAirNet and EMEP 

require minimum participating stations to be included from each Member State, but there is no specification 

under those programs directly.   

In Canada, the AQMS requires a minimum of one monitoring station in each airshed for PM2.5 and O3, and 

one monitoring station per airshed under NAPS for SO2, PM10, PM2.5, CO, O3 and NO2.  CAPMoN does not 

specify and minimum monitoring requirement. 
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Observation 

Whilst the USEPA NCORE, EU AAQ Directive and Canadian NAPS provide a minimum requirement, 

irrespective of other criteria, other AQMNs (including the AAQ NEPM) do not specify a minimum number of 

monitoring stations per State / Territory. 

6.1.2 Network Design – Population Thresholds 

Table 41 below provides a summary of the population threshold criteria applied by jurisdiction for the various 

AQMNs discussed above. 

Table 41 Network Design Summary – Population Thresholds 

Jurisdiction Network Population Threshold (by Pollutant) (Thousand Persons) 

CO NO2 NOX SO2 PM10 PM2.5 O3 Others 

USEPA SLAMS 1,000 1,000   50 (a) 50 (a) 350  

NCORE        Pb 500 

PAMS   1,000    1,000 VOC, carbonyl, NOY 

1,000 

EU AQ Dir 250 (a) 250 (a) 250 (a) 250 (a) 250 (a) 250 (a) 250 (a)  

EuroAirNet  50 (b) 50 (b) 50 (b) 50 (b) 50 (b) 50 (b) Pb 50 (b) 

EMEP         

Canada 

 

AQMS      100 (c) 100 (c)  

NAPS 250 (c) 250 (c)  250 (c) 250 (c) 250 (c) 250 (c)  

CAPMoN         

Australia AAQ NEPM 25 (d) 25 (d) 25 (d) 25 (d) 25 (d) 25 (d) 25 (d)  

Notes:  (a) Minimum population threshold, varying by background concentration criteria also 

 (b) The requirement is for 10% populations greater than 50,000 persons to have a monitoring station per Member 

State 

 (c) Minimum of 1, and 1 per stated population size 

 (d) Minimum population threshold, varying by total population also 

The US EPA SLAMS AQMN requires one monitoring station per 1,000,000 persons for CO and NO2, one 

monitoring station per 50,000 persons (as a minimum) for PM, and one per 350,000 persons for O3, all varying 

by background concentrations.  The population thresholds for PM10, PM2.5 and O3 are different by pollutant. 

The US EPA PAMS network is one station for each 1,000,000 aggregated persons. 

The EU Air Quality Directive requires one monitoring station per 250,000 persons, varying by background, 

with options to reduce that requirement under certain circumstances. 

The same population threshold of 1 monitoring station per 250,000 persons is applied to the Canadian NAPS, 

which also applies that population threshold as a unit multiplier (i.e. one station per 250,000 persons).  The 

AQMS network specifies one monitoring station per 100,000 persons. 
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The AAQ NEPM requires one Performance Monitoring Station (PMS) per 25,000 persons, varying upwards by 

population in accordance with n = 1.5P+0.5. 

Observation 

All study jurisdictions apply a criterion to reflect population size in the design of the AQMNs.  The EU and 

Canada apply (broadly) similar scales in the order of ~250,000 persons.  The US EPA applies less conservative 

criteria for CO and NO2/X and lower thresholds for PM.  The population criteria applied to the AAQ NEPM are 

(1) consistent for all pollutants and (2) are lower than any other jurisdiction’s population criteria. 

6.1.3 Network Design – Screening Criteria 

Table 42 presents a summary of ‘screening criteria applied to the study networks.  The relevant screening 

criteria are presented as the prescribed percentage of the applicable air quality standard, and then as the 

corresponding (criterion╳screening criteria (%)) concentration value. 

It is important to look at these data in two formats as both the percentage thresholds and the relevant criterion 

vary by jurisdiction. 

with regard to Canada, the guidance provided in CCME 2012 ‘Guidance Document on Air Zone Management’ 

(CCME 2012)10 sets out the Air Zone Management Framework (AZMF).  The AZMF sets ‘Threshold Values’ for 

categorising ambient concentrations of PM2.5 and O3, into a number of Management Levels, which determines 

the management responses required to be implemented.  The ‘highest threshold value’ equates to the CAAQS 

for PM2.5 and O3 respectively, and the ‘lowest threshold value’ is set at a concentration equivalent to Canada-

wide ‘background’ concentrations.  The ‘middle threshold value’ is the half-way point between the highest 

and lowest threshold values.  

Accordingly, CCME 2012 specifies the following threshold values for PM2.5 and O3, although these may change 

depending upon (a) changes to the CAAQS (which would affect the Highest Threshold Value) and (b) 

determination of alternative ‘Lower Threshold Value’ concentrations, based upon empirical evidence. 

   Highest  Middle  Lowest 

• Ozone:   63 ppb  57 ppb  50 ppb [100 µg∙m-3]; 

• PM2.5 (24-hr): 28 µg∙m-3 19 µg∙m-3 10 µg∙m-3 

• PM2.5 (annual): 10 µg∙m-3 7.0 µg∙m-3 4.0 µg∙m-3 

In order to present comparable data, the CAAQS volumetric standards for 8-hour ozone have been converted 

to mass concentrations by: 

𝑐𝑜𝑛𝑐 (𝜇𝑔 ∙ 𝑚−3
(298𝐾)) =  𝑐𝑜𝑛𝑐(𝑝𝑝𝑏) × (

𝑚𝑤

22.4
) × (

273

298
) 

                                                           
10 http://www.ccme.ca/files/Resources/air/aqms/pn_1481_gdazm_e.pdf 
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Table 42 Network Design Summary – Screening Criteria (% of Criterion and Threshold Concentration) 

Pollutant Averaging 

Period 

USEPA SLAMS EU AQ Directive Canada Australia NEPM 

UAT LAT 

CO 8-hr 80% of 10 mg∙m-3 

[8 mg∙m-3] 

70% of 10 mg∙m-3 

[7 mg∙m-3] 

50% of 10 mg∙m-3 

[5 µg∙m-3] 

-- 55%-60%(a) of 10 mg∙m-3 

[5.5-6.0 mg∙m-3] 

NO2 1-hr 80% of 214 µg∙m-3 

[171 µg∙m-3] 

70% of 200 µg∙m-3 

[140 µg∙m-3] 

50% of 200 µg∙m-3 

[100 µg∙m-3] 

-- 55%-60%(a) of 246 µg∙m-3 

[135-148 µg∙m-3] 

annual 80% of 113 µg∙m-3 

[90 µg∙m-3] 

80% of 40 µg∙m-3 

[32 µg∙m-3] 

65% of 40 µg∙m-3 

[26 µg∙m-3] 

-- 55%-60%(a) of 62 µg∙m-3 

[34-37 µg∙m-3] 

NOX annual -- 78% of 30 µg∙m-3 

[23 µg∙m-3] 

65% of 30 µg∙m-3 

[20 µg∙m-3] 

-- -- 

SO2 

 

 

 

1-hr 80% of 194 µg∙m-3 

[155 µg∙m-3] 

-- -- -- 55%-60%(a) of 570 µg∙m-3 

[314-342 µg∙m-3] 

24-h health -- 60% of 125 µg∙m-3 

[75 µg∙m-3] 

40% of 125 µg∙m-3 

[50 µg∙m-3] 

-- 55%-60%(a) of 228 µg∙m-3 

[125-137 µg∙m-3] 

winter eco -- 60% of 20 µg∙m-3 

[12 µg∙m-3] 

40% of 20 µg∙m-3 

[8 µg∙m-3] 

-- -- 

annual -- -- -- -- 55%-60%(a) of 60 µg∙m-3 

[33-36 µg∙m-3] 

PM10 

 

24-hr 80% of 150 µg∙m-3 

[120 µg∙m-3] 

70% of 50 µg∙m-3 

[35 µg∙m-3] 

50% of 50 µg∙m-3 

[125 µg∙m-3] 

-- 55%-60%(a) of 50 µg∙m-3 

[28-30 µg∙m-3] 

annual -- 70% of 40 µg∙m-3 

[28 µg∙m-3] 

50% of 40 µg∙m-3 

[20 µg∙m-3] 

-- 55%-60%(a) of 30 µg∙m-3 

[17-18 µg∙m-3] 

PM2.5 

 

24-hr 80% of 35 µg∙m-3 

[28 µg∙m-3] 

-- -- AZMF Threshold Values(b) 

[28 / 19 / 10 µg∙m-3] 

55%-60%(A) of 25 µg∙m-3 

[14-15 µg∙m-3] 

annual 80% of 12 µg∙m-3 

[10 µg∙m-3] 

70% of 25 µg∙m-3 

[18 µg∙m-3] 

50% of 25 µg∙m-3 

[13 µg∙m-3] 

AZMF Threshold Values(b) 

[10 / 7 / 4 µg∙m-3] 

55%-60%(a) of 8 µg∙m-3 

[4-5 µg∙m-3] 
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Pollutant Averaging 

Period 

USEPA SLAMS EU AQ Directive Canada Australia NEPM 

UAT LAT 

O3 

 

 

1-hr -- -- -- -- 60%-75%(a) of 214 µg∙m-3 

[128-161 µg∙m-3] 

4-hr -- -- -- -- 60%-75%(a) of 171 µg∙m-3 

[103-128 µg∙m-3] 

8-hr 80% of 140 µg∙m-3 

[112 µg∙m-3] 

exposure reduction exposure reduction AZMF Threshold Values(b) 

[123 / 112 / 98 µg∙m-3] 

-- 

Pb annual 80% of 0.15 µg∙m-3 

[0.12 µg∙m-3] 

70% of 0.50 µg∙m-3 

[0.35 µg∙m-3] 

50% of 0.50 µg∙m-3 

[0.25 µg∙m-3] 

-- 55%-60%(a) of 0.50 µg∙m-3 

[0.28-0.30 µg∙m-3] 

C6H6 annual -- 70% of 5 µg∙m-3 

[3.5 µg∙m-3] 

40% of 5 µg∙m-3 

[2.0 µg∙m-3] 

-- -- 

Notes:  (a) value depends upon the duration of supporting data 

 (b) Air Zone Management Framework 
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All study jurisdictions apply a criterion to consider the impact of ambient pollutant concentrations upon (i) the 

requirement to perform monitoring and (ii) determine (to some extent) the validity for cessation of the 

monitoring program at particular locations.  The proportion (%) of criterion is generally similar, although as 

the criterion applied varies across the study jurisdictions the relevant screening concentration threshold value 

varies significantly. 

Observation 

It is suggested that the screening criterion concentration (proportion [%] ╳ criterion [µg∙m-3]) applied under 

the NEPM may be periodically reviewed to ensure that the stipulated NEPM screening procedure is reflective 

of current understanding of risks of exposure to specific pollutants. 

Through the US EPA SLAMS provisions, a standard threshold of 80% of criterion is applied to all pollutants.  

This approach is similarly adopted under the AAQ NEPM as 55% to 60% of criterion, depending upon the 

quality of supporting data, with the exception of O3 for which the proportion of the criterion is 60% to 75%.   

The EU apply pollutant-specific screening criteria in a tiered approach, such that each pollutant is screened 

according to the perceived risks (as stipulated under the EU Directives) and that the management actions and 

responses are proportionate to the ambient air quality conditions, rather than a monitor / don’t monitor 

decision. 

Similar to the EU, Environment Canada apply a similar screening procedure (for PM2.5 and O3 only) based 

upon the ambient concentration against a scale from the CAAQS to the ‘published’ (assumed) ‘background’ 

concentration with a documented air quality management response accordingly. 

Observation 

Further to the above, it is suggested that the screening value [%] is periodically reviewed on a pollutant-

specific basis to ensure that the stipulated NEPM screening procedure is reflective of current understanding 

of risks of exposure to specific pollutants. 

The application of a structured management approach as a consequence of the applied screening procedure 

may also be considered. 
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6.1.4 Network Design Criteria – Spatial Scales 

Table 43 presents a summary of the spatial scale requirements specified by the study networks, as monitoring 

stations per unit area. 

Table 43 Network Design Summary – Spatial Requirements 

Jurisdiction Network Spatial Requirement (by Pollutant) (Thousands of square kilometres) 

CO NO2 NOX SO2 PM10 PM2.5 O3 Others 

USEPA SLAMS         

NCORE         

PAMS         

EU AAQ Dir      100 

20(a) 

50  

EuroAirNet         

EMEP        see Section 4.5  

Level 1: 10, Level 2: 50 

Canada 

 

AQMS         

NAPS         

CAPMoN         

Australia AAQ NEPM         

Note: (a) For the protection of ecosystems where background >70% 

The only spatial requirements identified are applied to PM2.5 and O3 monitoring under the EU AQ Directive.  

The requirements for spatial under EMEP utilise existing monitoring stations and are provided as a 

recommended monitoring station spatial resolution only. 

Observation 

Only PM2.5 and O3 monitoring under the EU AQ Directive have any spatial component to the network design 

criteria.  The lack of spatial design criteria under the AAQ NEPM is not ‘at odds’ with other jurisdictional 

requirements. 

The descriptors used to define the spatial scales used in the study jurisdictions differ.  Environment Canada 

adopts the spatial descriptors used by the US EPA, whereas the EU adopts different descriptors.  Table 44 

below provides a tabulated interpretation of the descriptors applied in each of the study jurisdictions. 
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Table 44 Network Design Summary – Spatial Scale Descriptors 

Jurisdictio

n 

Spatial Descriptors (Approximate Range of Representation in km) 

0.1 1 10 100 1000 

USEPA / 

Canada 

Micro 

<0.1 

Middle 

0.1-0.5 

        

 Neighbourhood 

0.5-4 

       

   Urban / Rural  

4-50 

     

    Regional  

10-100 

    

      National 

 

EU  Urban  

‘a few km’ 

      

    Suburban  

‘10’s of km’ 

    

      Rural  

‘100’s km’ 

  

        Rural background  

1,000-10,000 

Note: not to scale 

Observation 

PRC Technical Paper No3 provides general comments regarding spatial scales, but not through a structured 

approach such as used by the US EPA, Environment Canada and through the EU AQ Directive.  The 

development of a spatial scale may assist with a more consistent application of requirements under the AAQ 

NEPM. 
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6.1.5 Network Design – Roadside Monitoring 

The requirements for (specifically) roadside monitoring are summarised in Table 45 below. 

Table 45 Roadside Network Design Summary 

Jurisdiction Network Traffic Threshold (by Pollutant) (Thousand vehicles AADT) 

CO NO2 NOX SO2 PM10 PM2.5 O3 Others 

USEPA SLAMS ✓
(a) 250 250      

NCORE         

PAMS         

EU AAQ Dir         

EuroAirNet         

EMEP         

Canada 

 

AQMS         

NAPS         

CAPMoN         

Australia AAQ NEPM         

Notes:  (a) there is a requirement for a CO monitor to be co-located with roadside NO2 monitor 

The USEPA (2012) Near-Road NO2 Monitoring Technical Assistance Document (USEPA 2012)11 provides 

guidance on the methodology for the selection and ranking of roads based upon a number of factors, 

including total traffic counts (as AADT), but also including weighting factors for fleet composition.  The factors 

are used to add weighting to AADT rankings and used to prioritise near-road monitoring requirements. 

The only network that specifies a threshold value for the monitoring of near-road air quality is the USEPA 

SLAMS, which has a dual population / vehicle count threshold.   

Reference is made to the following selection of AADT data derived from publicly accessible data sources 

regarding a cross-section of roads in VIC, NSW and QLD, as indicators of peak road traffic in Australia. 

Table 46 Selection of Road Traffic Volumes (AADT) in VIC, NSW, QLD 

Road Node AADT (2-Way) / Heavy Vehicles (%) 

2014 2015 

Westgate Freeway, VIC(a) - 188,000 / 9% 

Western Link Tollway, VIC(a) - 188,000 / 8% 

Sydney Harbour Bridge, NSW(b) 152,865 / 6.22% 152,433 / - 

U12A at Underwood Road Bridge, QLD(c) 149,618 / - - 

South of Underwood Road Overpass, QLD(c) 147,043 / - - 

M4 Western Motorway, NSW(b) 144,880 / 8.61% 140,508 / - 

Western Distributor, NSW(b) 132,007 / - 132,707 / - 

M1, Southern Cross Drive, NSW(b) 131,639 / - 132,421 / - 

                                                           
11 https://www3.epa.gov/ttnamti1/files/nearroad/NearRoadTAD.pdf 
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Notes:  (a): VICRoads OpenData12 

(b): Roads and Maritime Traffic Volume Viewer13 

(c): Queensland Government 2014 Traffic Census Data14 

Based upon the US EPA threshold of 250,000 vehicles (AADT) none of the selected Australian roads (as 

presented in Table 46) would satisfy the US EPA threshold requirement.   

However, the reliance upon traffic count (AADT) alone is insufficient to assess the risks from road traffic exhaust 

emissions, and the US EPA has taken some steps to address this in USEPA (2012) Near-Road NO2 Monitoring 

Technical Assistance Document, which also considers factors such as fleet composition, congestion and street-

canyon effects in its procedure to identify and rank roads that may pose risks. 

Observation 

The specific requirement for near-roadside monitoring is only prescribed in the US EPA SLAMS network.  All 

other study networks do not provide this requirement, and it is captured by more general considerations of 

population risk.  By not specifying the requirement for near-roadside monitoring it does not preclude or 

exempt the risks of road traffic exhaust emissions upon the population from being considered to be a 

component of overall compliance. 

It is recommended that any future consideration of a requirement for near-roadside monitoring is 

encompassed within a broader population exposure framework. 

 Air Quality Monitoring Network Review 

A summary of the review processes for the various air quality monitoring networks is presented in Table 39.  

The table is sorted by pollutant, for ease of comparison between the various requirements. 

The review process similarly varies from: 

• No formal review process (for example, NAPS in Canada); 

• Criteria based upon achievement of x% of the relevant standard (for example, AQMS in Canada, AAQ 

AQMN in Australia); and, 

• A multi-level review process to optimise network resources (for example, USEPA SLAMS). 

                                                           
12 http://vicroadsopendata.vicroadsmaps.opendata.arcgis.com/datasets?q=AADT 

13 http://www.rms.nsw.gov.au/about/corporate-publications/statistics/traffic-volumes/aadt-map/index.html#/?z=6 

14 https://data.qld.gov.au/dataset/traffic-census-for-the-queensland-state-declared-road-network/resource/26a60055-acf7-409d-

8891-593b991c2ff4 



 

16.1015.FR1V2  SUMMARY Page 109 

The US EPA requires a formal review of the program every 5 years.  Since its implementation in 1998, the 

Ambient Air Quality NEPM was varied in 2003, formally reviewed 2011 and there is currently a proposed 

variation to the AAQ NEPM implemented through the National Clean Air Agreement (see Section 2.1.6).  

Under the current terms of the AAQ NEPM, the process and guidance does not require review against any 

formal timeframe.  

Observation 

A formal timetable of AAQ NEPM review should be considered. 

Similarly, under the US EPA SLAMS program each State is required to submit a revised Air Quality Monitoring 

Plan annually.  Under the AAQ NEPM this has been performed on an ad-hoc basis as a component of some 

NEPM Annual Reports, although the degree of complexity / thoroughness that this has been performed to 

varies by State / Territory and over time. 

Observation 

An annual requirement of air quality monitoring plans under the AAQ NEPM review should be considered. 

The USEPA has implemented NAAMS, a multi-facetted review procedure designed to look at the performance 

of the AQMN from a number of viewpoints, to identify extraneous monitoring capability, review performance 

against started objectives and offer a procedure for the rationalisation of the networks holistically (see 

Section 3.7). 

CCME in Canada has implemented the AZMF (see Section 5.6), which provides a procedure for air quality 

management, of which the operation of an AQMN is just one component.  Through an annual review process 

the requirements of the AQMN can be reviewed through comparison of measured data against the CAAQS 

(similar to the AAQ NEPM Screening Procedure) to determine future requirements.  However, somewhat 

different to the AAQ NEPM guidance, the AZMF considers air quality monitoring as a component of more 

structured air quality management (see Table Table 34 to Table 37). 

Observation 

It is observed that other jurisdictions have implemented more structured procedures to air quality 

management that may provide a more holistic approach than is currently (formally) adopted under the AAQ 

NEPM, and which may ultimately provide a mechanism for a more efficient, multi-purpose and integrated air 

quality monitoring network. 

  



 

16.1015.FR1V2  SUMMARY Page 110 

 International Benchmarking Studies 

In 2013 the Asian Development Bank commissioned Clean Air Asia to perform a study to review the methods 

and programs for the monitoring of air pollutants in Asia.  The results of that study are published in Asian 

Development Bank (2013) Improving Air Quality Monitoring in Asia: A Good Practice Guidance (ADB, 2013) 15.  

The study: 

• Assessed AQ data (PM10, SO2 and NO2) in 273 Asian cities using the Air Pollution and Health Index of the 

Clean Air Scorecard Tool.  These results were used as input in shortlisting cities to be included for the 

detailed assessment of air quality monitoring systems. 

• Conducted a baseline survey of air quality monitoring systems in 69 Asian cities (from 17 countries) 

covering (City Details; Air Quality Monitoring System; monitoring Station Details; and Data Reporting). 

• Reviewed several international guidelines on air quality monitoring and identified five essential 

characteristics of a good monitoring system. 

• Conducted a detailed assessment of air quality monitoring systems in eleven Asian cities (Bandung 

(Indonesia), Bangkok (Thailand), Delhi (India), Hanoi (Viet Nam), Ho Chi Minh City (Viet Nam), Jakarta 

(Indonesia), Rayong (Thailand), Seoul (Republic of Korea), Singapore (Singapore), Surabaya (Indonesia), 

and Ulaanbaatar (Mongolia) based on these five essential characteristics. 

• Developed initial criteria/considerations for twinning arrangements on air quality monitoring and 

identified potential twinning opportunities. 

• Organised a pre-event on improving air quality monitoring systems in Asia as part of the 2012 Better Air 

Quality Conference in Hong Kong SAR to discuss status of AQ monitoring in Asia, as well as the technical 

challenges, sustainable management and financing of AQ monitoring systems, and capacity 

development of AQ monitoring.  This was attended by 48 participants, mostly AQ monitoring 

practitioners from national and city agencies representing 13 countries in Asia.  There were also several 

international experts on AQ monitoring from Asia, US and Europe and representatives from 

development agencies and private sector.  

The ADB, 2013 study concluded five “essential” characteristics of a good monitoring system, namely: 

• Plan and establish a monitoring network according to the monitoring objectives and is representative of 

actual air quality conditions. 

• Proper implementation of QA and QC procedures. 

• Sustainable operation of the air quality monitoring network. 

• Effective communication of air quality information to the public. 

• Effective communication of air quality information to policy and decision-makers. 

  

                                                           
15 http://cleanairasia.org/wp-content/uploads/portal/files/improving_aqmt_in_asia.pdf 

http://cleanairasia.org/wp-content/uploads/portal/files/improving_aqmt_in_asia.pdf
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Observation 

The guidance documentation provided to assist with the implementation of the AAQ NEMO monitoring 

network may be reviewed in light of the Clean Air Asia findings. 
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7. CONCLUSION 

Provided below is a summary of the observations made in this review document. 

Table 47 Summary of Observations 

Section Observation 

AIR QUALITY MONITORING NETWORKS - AUSTRALIA  

2.1 Key 

Legislation & 

Guidance 

Based on population data for urban centres and localities from the Australian Bureau of 

Statistics , NSW has four urban centres >100,000 population (Sydney, Newcastle, Central Coast 

and Wollongong) with a total population in these four areas of approximately 4,760,000.  Based 

on the assumption that one site would serve ~400,000 people with a minimum of one site per 

urban area >100,000 people, a total of 13 PM2.5 monitors would currently be required in NSW 

to support an exposure reduction framework.  Based upon a predicted population in 2031, this 

may increase to 17.   

The application of campaign monitoring has been performed by a number of jurisdictions 

although there is some inconsistency in application to GRUB monitoring locations.   

2.6 Network 

Review 

In the case of PM10, given the update the AAQ NEPM relating to numbers of exceedances 

allowed (previously five, now zero), the screening procedures should consider maximum 

concentrations of PM10, or take into account the impacts of exceptional events.   

The specification for compliance over time under the AAQ NEPM (as in number of years’ 

compliance) should be reviewed in regard to standardisation, if deemed appropriate. 

SUMMARY 

6.1.1 Network 

Design Criteria – 

Minimum 

Requirements per 

Jurisdiction 

Whilst the USEPA NCORE, EU AAQ Directive and Canadian NAPS provide a minimum 

requirement, irrespective of other criteria, other AQMNs (including the AAQ NEPM) do not 

specify a minimum number of monitoring stations per State / Territory. 

6.1.2 Network 

Design – 

Population 

Thresholds 

All study jurisdictions apply a criterion to reflect population size in the design of the AQMNs.  

The EU and Canada apply (broadly) similar scales in the order of ~250,000 persons.  The US 

EPA applies less conservative criteria for CO and NO2/X and lower thresholds for PM.  The 

population criteria applied to the AAQ NEPM are (1) consistent for all pollutants and (2) are 

lower than any other jurisdiction’s population criteria. 

6.1.3 Network 

Design – 

Screening Criteria 

It is suggested that the screening criterion concentration (proportion [%] ╳ criterion [µg∙m-3]) 

applied under the NEPM may be periodically reviewed to ensure that the stipulated NEPM 

screening procedure is reflective of current understanding of risks of exposure to specific 

pollutants 

Further to the above, it is suggested that the screening value [%] is periodically reviewed on a 

pollutant-specific basis to ensure that the stipulated NEPM screening procedure is reflective of 

current understanding of risks of exposure to specific pollutants. 

The application of a structured management approach as a consequence of the applied 

screening procedure may also be considered. 
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Section Observation 

6.1.4 Network 

Design Criteria – 

Spatial Scales 

Only PM2.5 and O3 monitoring under the EU AQ Directive have any spatial component to the 

network design criteria.  The lack of spatial design criteria under the AAQ NEPM is not ‘at odds’ 

with other jurisdictional requirements. 

PRC Technical Paper No3 provides general comments regarding spatial scales, but not through 

a structured approach such as used by the US EPA, Environment Canada and through the EU 

AQ Directive.  The development of a spatial scale may assist with a more consistent application 

of requirements under the AAQ NEPM. 

6.1.5 Network 

Design – 

Roadside 

Monitoring 

The specific requirement for near-roadside monitoring is only prescribed in the US EPA SLAMS 

network.  All other study networks do not provide this requirement, and it is captured by more 

general considerations of population risk.  By not specifying the requirement for near-roadside 

monitoring it does not preclude or exempt the risks of road traffic exhaust emissions upon the 

population from being considered to be a component of overall compliance. 

It is recommended that any future consideration of a requirement for near-roadside monitoring 

is encompassed within a broader population exposure framework. 

6.2 Air Quality 

Monitoring 

Network Review 

A formal timetable of AAQ NEPM review should be considered. 

 

An annual requirement of air quality monitoring plans under the AAQ NEPM review should be 

considered. 

It is observed that other jurisdictions have implemented more structured procedures to air 

quality management that may provide a more holistic approach than is currently (formally) 

adopted under the AAQ NEPM, and which may ultimately provide a mechanism for a more 

efficient, multi-purpose and integrated air quality monitoring network. 

6.3 International 

Benchmarking 

Studies 

The guidance documentation provided to assist with the implementation of the AAQ NEMO 

monitoring network may be reviewed in light of the Clean Air Asia findings. 
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