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“London’s dirty air is a public health emergency” 

The Mayor of London

A Public Health Emergency

— Mayor committed to improving air quality

— Over 400 primary schools located in areas 
which exceed legal pollution limits

— 25% of primary schools in areas with 
dangerously high levels of air pollution

— Primary school children are amongst the most 
vulnerable
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− Increased mortality
− Long-term exposure to air pollution 

causes up to 36,000 premature 
deaths per year

− Increased morbidity
− Exacerbation of cardio-pulmonary 

diseases, e.g., asthma, stroke, 
bronchitis

− Financial cost to society
− Health impacts: £billions
− Damage to ecosystems & crops: 

£millions

Lost productivity

The Air Quality Challenge

− Illegal levels of air pollution 

represent a serious challenge

− Road transport responsible for 80% 

of NOx at roadside, large part of 

that diesels

− Diesel fumes recently reclassified as 

a “grade 1 carcinogen”, meaning 

they are a “definite cause of cancer”

− World Health Organisation declared 

diesel exhaust a carcinogenic, in the 

same category as asbestos and 

mustard gas.
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1. Identify the sources of outdoor air 

quality and potential exposure

2. Identify, evaluate and recommend a 

combination of hard hitting measures 

and pragmatic approaches 

3. Engage school children and 

communities to raise awareness

4. Engage eligible London boroughs and 

other relevant stakeholders

5. Provide recommendations

Project Scope and Objectives of the School 
Air Quality Audits

— Audited 50 schools across London

…and establish a robust process and toolkit of measures to be rolled 
out across London by boroughs
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Completing an Air Quality Audit

— Three broad stages
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Stage 1 - Understanding the Local Context
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−Nitrogen dioxide (NO2)
− No ‘safe’ level

− Combustion emissions are the primary source

− ~80% of urban NOX emissions are from road vehicles 

−Particulate matter (PM10 and PM2.5)
− Wide range of sources: natural & anthropogenic

− Diverse chemical composition

− Particles can penetrate deep into the lung

Stage 1 – Understanding the Key Air Pollutants & Sources
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Greater London Authority (GLA) publish maps of modelled air pollutant 
concentrations

Baseline Concentrations
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Where is Exposure Greatest?

A

B

C
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Very 
Bad

Very 
Good

Bad

A

B

C

B AC

− Exposure 
dependent on 
location and 
duration

− Have all 
sources been 
identified?

− Which road 
sources 
contribute the 
most?

Annual mean NO2
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Engagement Activities with the children 
….we asked them the same question
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Industrial 
combustion 
sources

Railway 
line
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—External site walk and 
observations
—Peak arrival or departure 

times

—with borough school air quality 
officers/ school transport 
officer/ school staff

— Internal site walk
—Layout of the building/ 

playgrounds 

—School building audit

Stage 2 - Fieldwork - Site Observations and Assessments
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Stage 2 - Fieldwork - Site Observations and Assessments

— Systematic approach: checklists and guidance
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Stage 2 - Brainstorming with council officers and 
schools 

— Discussing observations 
and possible measures
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Identifying the issues
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Summary of key recurring issues 

Highways

— Heavily trafficked roads

— Road transport ~50% of NOX emissions in London

— Large numbers of buses passing the school

— 32% of road based emissions for schools audited

— Lorries and freight activity

— 22% of road based emissions 

— Congestion and queuing traffic

— Queuing back from junctions and bottlenecks

— Rat running traffic past schools 

— Hostile environments for pedestrians, cyclists and 
scooters

— Unsafe stopping and parking 

— including on School Keep Clear markings

— Severance and exposure whilst crossing busy 
roads 

— Discouraging greater travel by sustainable modes 

— Engine idling

— During peak drop off times, close to school gates

— Construction activity

— including non-mobile machinery, such as 
generators and dust

— Major trip attractors and sources of emissions 
nearby

— e.g. hospitals, railway stations, colleges, major 
office complexes or shopping centres

— Generate vehicle movements, including taxis, 
cars and delivery vehicles

— Plus the buildings themselves contribute to local 
emissions

— Rail/ tube lines 
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Summary of key recurring issues 

School grounds and buildings

— Playgrounds and outdoor spaces exposed to emissions

— Children waiting to enter the school grounds on busy roads

— School buildings reliant on natural ventilation

— worsening exposure to emissions

— Poor insulation and inefficient heating

— Greater heat loss during winter months = potentially 
increased run times by school boilers, therefore greater 
emissions

— Summer - greater heat gain, making it more likely the 
windows and doors would need to be opened, worsening 
exposure to local emissions.

— Aging boilers

— Contributes to emissions locally
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Stage 3 - Developing the Solutions

Toolkit of measures for improving air quality

— Comprehensive toolkit of over 100 measures

— Assessed against key criteria including: 
potential air quality improvement, wider 
benefits, cost, deliverability, stakeholder 
support

— Hard hitting measures and low cost 
approaches

— Includes precedents and examples

https://www.london.gov.uk/sites/default/files/school_aq
_audits_-_toolkit_of_measures_dr_v3.3.pdf

https://www.london.gov.uk/sites/default/files/school_aq_audits_-_toolkit_of_measures_dr_v3.3.pdf
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Developing the Solutions



— Buses

— Cleaning up the bus fleet, 
and targeted improvements 
of bus routes near schools

— Freight 

— Weight restrictions and re-
routing, re-timing and 
consolidation schemes

— Engaging with local 
businesses

— Low emission vehicles and 
cycle cargo freight

— Delivery and Servicing Plans 
(DSPs) for new 
developments

— Sustainable transport

— Footway widening, kerb 
build-outs, improved 
crossing facilities on desire 
line, traffic calming

— Restricting/ reducing traffic

— Scope to fully restrict often 
limited

— School streets or filtered 
permeability in places

— Parking and loading restrictions

— Removing or relocating 
parking/ loading bays

— Amending restrictions, 
tougher enforcement

— Park and stride sites

— Additional parking charges 
for more polluting vehicles

— Car clubs

— Promoting a switch to low 
emission vehicles

— Electric vehicle charging 
points to facilitate the uptake 
of ULEVs 

— Construction activity

— Planning conditions to 
reduce impacts

— Engaging with developers to 
review routings to sites, 
times of day, opportunities 
for consolidation

— Promoting lower emission 
fleet usage
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Summary of the key recurring measures 

— Holistic approach is needed

— Package of quick win/ lower impact improvements

— Alongside medium/ longer term recommendations for more transformational change

Highways



School Grounds

Focus largely on reducing exposure

— Green infrastructure

— Green screening/ climbers, and/or 
trees and planting

— Reducing time in exposed areas

— Design out use of more polluted 
parts of the playground/ free-flow 
spaces

— Promoting sustainable travel 

— Additional scooter/ cycle parking, 
for children, parents, visitors and 
staff

— Managing the impact of deliveries 

— Re-time deliveries 

School Building

— Upgrade windows to be double glazed 
or add secondary glazing

— Upgrade aging boilers 

— Air filtration systems for classrooms 
most exposed. 

— Encouraging initial scientific 
evidence of efficacy, titanium 
dioxide proven to act as a reducer 
for NOx and NO2

— Reduce over-heating and heat gain

— Internal blinds or film on the glass. 

— Thermostatic radiator valves (TRVs) 

— Air-conditioning in more exposed 
locations
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Summary of the key recurring measures 



Behaviour change

— Key role in raising awareness 

— Reducing travel by car and 
engine idling 

— Promote car sharing 

— Promoting cleaner walking routes 
to school - www.walkit.com

— Park & Stride 

— ‘Welcome packs’ for new pupils / 
parents

— Delivery of air quality focused 
lessons

— CPD supporting teachers subject 
knowledge on air quality.

Wider Measures

— London-wide and national level 
interventions:

— Targeted scrappage scheme 
for polluting vehicles

— Reforming Vehicle Excise 
Duty

— Promoting a transition to 
electric heating and heat 
pumps

— Zero emission zones
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Summary of the key recurring measures 

http://www.walkit.com/
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▪ Collaboration is fundamental to success

▪ Borough officers, teachers, pupils, school community all had parts to play 

▪ Stakeholders know their area the best

▪ Multi-disciplinary approach is fundamental when completing the audits

▪ Some challenges with borough inter-departmental working 

Some Key Findings and Learnings from the Programme
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Exposure limitation

Improved health & well-being

Environmental co-benefits

Increased physical activity

Noise reduction

Greater road safety

Climate change mitigation

Sir Dave Brailsford: “The 1% 
factor”

Multiple interventions, each producing a small benefit, 

cumulatively produce significant overall benefits



Solutions can be low cost and quick to implement

▪ Key concern was the availability of funding and challenges with resources 

Suitable for trialling, low cost & with wider benefits
St Joseph's Catholic Primary School, Camden
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Solutions can be low cost and quick to implement

▪ Key concern was the availability of funding and challenges with resources 

Some measures can be temporary
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Stage 3 - Reporting and Recommendations

— Summary audit reports prepared for 
each school

— Featuring a comprehensive set of 
recommendations

— Presentation to boroughs and schools

https://www.london.gov.uk/what-we-
do/environment/pollution-and-air-quality/mayors-
school-air-quality-audit-programme

https://www.london.gov.uk/what-we-do/environment/pollution-and-air-quality/mayors-school-air-quality-audit-programme
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— Additional funding was announced to implement the 
measures 

— Generated real momentum amongst schools and 
local authorities

— Wide range of schemes already implemented or 
underway – best practice summary to be released

— Audit approach by the Chief Medical Officer in 
annual report on the Health Impacts of Pollution.

— Councils now leading on auditing the rest of their 
schools – e.g. Westminster, Brent, Southwark

— Mayor commissioned further air quality audit 
programme - 20 of the most polluted nurseries

Legacy and ongoing work
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Mayor’s Nurseries Air Quality Audit 
Programme Update

− Air Quality Audits completed for 20 nurseries in early 2019
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− Followed the technical methodology developed for the 
primary school air quality audits, including:

Mayor’s Nurseries Air Quality Audit

− Desktop study highlighting local sources 
of pollution and exposure

− Air quality modelling 

− Visited nurseries and audited the building, 
grounds and surrounding area

− Stakeholder discussions

− Developing recommendations
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− Additional elements to the Nurseries programme:
− Broader scope (PM10, PM2.5 and VOC)

− Greater focus on indoor air quality

− Baseline air quality monitoring undertaken

− Air Filtration System Trials

Mayor’s Nurseries Air Quality Audit
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Mayor’s Nurseries Air Quality Audit Programme

− Audit Reports published and 
announced at Mayoral event, in March 
2020

− Funding and match funding awards to 
Nurseries distributed, boroughs and 
nurseries are now implementing 
measures

− Updated Toolkit of Measures Report 
also completed and published alongside 
the AFS Trial Report and an overall 
Programme Report.

https://www.london.gov.uk/what-we-
do/environment/pollution-and-air-
quality/mayors-nursery-air-quality-audit-
programme#acc-i-60589

https://www.london.gov.uk/what-we-do/environment/pollution-and-air-quality/mayors-nursery-air-quality-audit-programme#acc-i-60589
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Baseline Air Quality Monitoring in 20 Nurseries 

— Nitrogen Dioxide using Passive Diffusion Tubes

— Volatile Organic Compounds using sorption tubes

— Formaldehyde using passive sorption badges

NO2 Diffusion Tube  VOC Sorption Tube  Formaldehyde Badge
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Baseline Air Quality Monitoring in 20 Nurseries 

• Baseline air pollutant survey:

• 5 NO2 diffusion tubes

• 1 formaldehyde diffusion tube

• 1 VOC diffusion tube were deployed in 

• Nitrogen Dioxide (NO2) 

▪ roadside outside the nursery 

▪ immediately outside the nursery entrance 

▪ playground 

▪ immediately inside the nursery entrance 

▪ inside a nursery classroom. 

• Formaldehyde and VOCs 

▪ Inside a nursery classroom
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Baseline Air Quality Monitoring in 20 Nurseries 

4

Distance from roadside

Consistently lower 
levels of NO2 

indoors

Some incidences 
of high VoC, but 

both typically well 
within guidelines

Modelled outdoor data matches 
well with measurements

PM levels are high in each
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Air Filtration Systems (AFS) Trial

6 month trial of AFS 

Aim was to understand their effectiveness at 
reducing key air pollutants (NO

2
), and 

particulate matter (PM
10

and PM
2.5

) in “Real 

world” nursery environments

Reporting on overall effectiveness, plus wider 
impacts, such as Filtration/removal technology, 
efficiency, costs, maintenance, operation, 
nursery feedback

6 Air filtration systems installed at 6 different 
nurseries



Air Filtration Systems (AFS) Trial



Baseline Air Quality Monitoring 

6 Target Nurseries



A Camfil

B Radic8

C Blueair

D IQAir

E Fellowes

F Airlabs

Air Filtration Supplier Selection

− AFS suppliers were shortlisted based on the 

criteria below and invited to participate

Shortlisted AFS suppliers
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Detailed Air Quality Monitoring During AFS Trials at 6 
Nurseries 

— Nitrogen Dioxide using Passive Diffusion Tubes

— PM2.5 and NO2 using Zephyr Continuous 
monitoring device

NO2 Diffusion Tube                     Zephyr Continuous Monitor
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Summary AFS Pollutant Reduction - 6 Target Nurseries
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Ozone Testing Columbia Market
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AFS Trial – Findings

− Clear reduction in PM2.5 concentrations in the ‘AFS’ rooms when 
compared to the measurements from the ‘control’ classroom. Thereby
reducing exposure risk of young pupils to particulate matter. 

− Overall, weekend traces are typically lower when compared to the 

weekday traces, reflecting the lower activity rates when the classrooms 

are not in use.

− Reductions in NO2 concentrations measured by diffusion tube have 

been less distinct, with no substantial increase in NO2 concentrations 

detected between the AFS and Control classrooms. 

− Nitrogen dioxide concentrations were lower in four of the six AFS 
classrooms in comparison to the corresponding Control classrooms.

Ozone Results

− Though concentration profiles varied, there appears to be little 

evidence Ozone is generated by AFS. Ozone in the classrooms is 

likely to be associated with a combination on intrusion of ambient 

air and photochemical oxidation within the classrooms.



AFS Trial – Findings

https://www.london.gov.uk/what-we-do/environment/pollution-and-air-quality/mayors-nursery-air-quality-audit-programme

https://www.london.gov.uk/what-we-do/environment/pollution-and-air-quality/mayors-nursery-air-quality-audit-programme


AFS Trial – Findings

https://www.london.gov.uk/what-we-do/environment/pollution-and-air-quality/mayors-nursery-air-quality-audit-
programme

https://www.london.gov.uk/what-we-do/environment/pollution-and-air-quality/mayors-nursery-air-quality-audit-programme


AFS Trial – Findings (Non-technical Summary)

https://www.london.gov.uk/sites/default/files/non-technical_afs_summary_v4.pdf

https://www.london.gov.uk/sites/default/files/non-technical_afs_summary_v4.pdf


Thank you!

wsp.com


