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Published during the European Year of Air, this 
issue conveys some important thoughts on air 
quality. Broadly speaking, the articles have three 

themes: a retrospective showing how we have reached 
the current situation, a review of some topical issues and 
an attempt to look to the future. 

Martin Williams gives an overview of the development 
of air-quality management policy over the last 20 years. 
Given his close involvement in the process, both at UK 
and European levels, this is an authoritative review, even 
if some might debate a few of the points raised.

We have two perspectives on the legislation relating to 
air quality and its application, one from a lawyer, Alan 
Andrews of ClientEarth, and one from a practitioner  
(myself). Alan takes a wider view, whereas I look mainly 
at two domestic aspects and their successes and failings.

We then move onto the topic of how to engage the public, 
with a contribution from the indefatigable campaigner 
Simon Birkett, of Clean Air for London. There can be 
no doubt that Simon has played an important part in 
UDLVLQJ�WKH�SURÀOH�RI�DLU�TXDOLW\�DQG�LQ�SRVLQJ�DZNZDUG�
and necessary questions.

Perhaps appropriately, given that they have been long-
standing sparring partners at conferences, the piece 
following Simon’s is by Robert (Bob) Maynard. Bob 
provides an authoritative overview of the health impacts 
of air quality and how our understanding of the problem 
has developed. 

From here we move on to examine the interactions of 
air pollution and the aquatic environment. Although 
one of the major reasons for improving air quality is 
to address human health problems, it is vital that as 
environmental scientists we consider all effects of air 
pollution. Mark Everard examines the interactions 
between the atmospheric and aquatic environments, 
and Herman van Dam and Adrienne Mertens present the 
results of studies that demonstrate that eutrophication 
remains a problem.

Claire Holman summarises issues related to dust and 
biological airborne materials. Although they have 
generally been considered to be nuisance pollutants, 
these generally larger fractions may also have adverse 
health effects.

Maria Arnold describes the work of the Healthy Air 
Campaign which is working to raise awareness of the 
health impacts of air pollution.

In part to mark 10 years of the Institute of Air Quality 
Management, the new chair, Roger Barrowcliffe, provides 
a review of air quality in recent years, concluding with a 
mixed prognosis: essentially optimistic in the long term 
but more than slightly tinged with pessimism when 
considering how the necessary improvements in air 
quality might be achieved. 

Sam Arnold examines the inconsistencies that have 
hindered improvements in air quality and seeks to 
identify way that improvements might be achieved.

Finally a number of people who are involved in air quality 
in different ways speculate on the reasons why there is 
not a greater public demand for action on air quality. One 
common strand that also runs through several of the other 
articles is that what is needed is better communication 
of the risks associated with air quality.

This, perhaps, suggests part of the way forward for both 
IES and IAQM. Within these bodies there is a wealth 
RI�H[SHULHQFH�DQG�NQRZOHGJH�LQ�WKH�DLU�TXDOLW\�ÀHOG�
which could be used to inform policy decisions. The 
challenge is to open the doors so that this knowledge 
and experience can be used properly to strengthen 
the basis for and lead to better policy decisions. 
 
 
David Muir has worked in the air quality field for 37 years, with 
Bristol City Council from 1976 to 2009 and as an independent 
consultant/researcher since 2009. He gained a PhD from the 
University of the West of England in 2003. He has been a member 
of IAQM since its foundation and serves both on its committee 
and on the IES Council.
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Good-quality air: working towards a 
cleaner atmosphere in the 21st century
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INTRODUCTION

David Muir emphasises the importance of good air quality.

cases this can lead to death, sometimes within a short 

timescale but possibly after several weeks. Similarly 

WKH�HIIHFWV�RI�GULQNLQJ�XQÀW�ZDWHU�ZLOO�XVXDOO\�EH�IHOW�
within a short period of time. In contrast, breathing 

polluted air can have both short-term (acute) effects, 

such as asthma attacks, and long-term (chronic) effects, 

such as cardiovascular damage. In both cases death is 

also a possible outcome. 

Although much criticism has been levelled at the 

regulators for the food and drink industry (notably 

the recent horsemeat episode), it does seem that many 

instances of food poisoning actually arise from cross-

contamination in kitchens (handling raw ingredients 

after handling meat, where the meat has not been fully 

cooked, or where food has been prepared by someone 

carrying an infection). This is not to say that there are 

QRW�LQVWDQFHV�ZKHUH�XQÀW�IRRG�KDV�EHHQ�FRQVXPHG�DIWHU�
being purchased in a shop, but such cases do appear to 

be few and far between, serious as they might be. In 

summary, although the regulatory system for food and 

GULQN�PD\�EH�ÁDZHG��WKHUH�VHHP�WR�EH�UHODWLYHO\�IHZ�
instances where its failings have resulted in long-term 

ill health or death.

Modern life; 
choices or no choice

T
here are three basic requirements for human life: 

we need to eat, we need to drink and we need to 

breathe. Each of these requires that whatever we 

consume is not going to be injurious to our health and 

wellbeing. To this end, in the UK and in many other 

countries, regulations are in place to try to ensure that 

the quality of what we eat, drink and breathe is, at the 

very least, acceptable. 

In addition to the quality of what we eat, drink and 

breathe, quantity is also important as deprivation of 

any of these three can lead to adverse health effects and, 

ultimately, to death. There is, however, one important 

difference between eating, drinking and breathing. 

We have a large measure of choice in what we eat, and 

although we have to rely on the supplier of domestic 

water for safe supplies, we do have choices in whatever 

else we drink. In total contrast we have almost no choice 

so far as what we breathe. 

IMMEDIATE AND DELAYED EFFECTS
It is instructive to look at the timescales involved in the 

effects of ingesting ‘contaminated’ food, drink or air. 

:LWK�IRRG��WKH�RQVHW�RI�DQ\�HIIHFWV�IURP�HDWLQJ�XQÀW�
food is usually a matter of a few hours and in extreme 
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FAILING AIR REGULATION
In contrast, the apparent failings of the regulatory system 
for air pollution, or at least the failures to meet air-quality 
standards, are estimated to result in some 29,000 ‘early’ 
deaths per year in the UK. Of these it is estimated that 
some 4,000 are in London alone.

There are, however, other aspects to the environmental 
effects of air quality and so as environmental scientists 
we cannot ignore these. One major issue is the linkage 
between air pollution and climate change. The linkages 
here are two way. There are measures that may be 
taken to improve air quality that may have an adverse 
effect on climate change.  A possible example is the 
increased CO2 emissions when catalytic converters were 
ÀUVW�LQWURGXFHG���7KH�SUREDELOLW\�LV��KRZHYHU��WKDW��DW�
OHDVW�RQ�D�SHU�YHKLFOH�EDVLV��LPSURYHG�IXHO�HIÀFLHQF\�
has balanced this out.  And there are measures taken to 
address climate change, such as increased use of diesel 
engine road vehicles and biomass burning, that are 
known to have adverse effects on air quality.

The other main aspects of air pollution are its effects on 
both the natural environment and the built environment. 

ES

David Muir has worked in the air quality field for 37 years, with 
Bristol City Council from 1976 to 2009 and as an independent 
consultant/researcher since 2009. He gained a PhD from the 
University of the West of England in 2003. He has been a 
member of IAQM since its foundation and serves both on its 
committee and on the IES Council.  

The effects on the built environment are twofold: there 
are the permanent effects, mainly the erosion of building 
materials such as stone, and effects that are usually 
more or less temporary, such as the soiling of surfaces.

There are many possible interactions between air 
pollution and the natural environment of which the best 
known is the case of acid rain. This can have implications 
IRU�ERWK�WKH�ÁRUD�DQG�IDXQD�RI�D�UHJLRQ�

The aim of this issue of the environmental SCIENTIST 
is to present to our readers an overview of some of the 
issues and complexities involved in managing air quality.

= 100 air-quality related deaths in London

= 100 air-quality related deaths in the rest of the UK

The apparent failings of the regulatory system 
for air pollution, or at least the failures to meet 
air-quality standards, are estimated to result 
in some 29,000 ‘early’ deaths per year in the 
UK. Of these it is estimated that some 4,000 
are in London alone.
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Martin Williams reviews developments in UK and European air-quality policy 
and legislation.

levels of particulate matter (PM) that were previously 
considered to be harmless. These studies employed 
sensitive and sophisticated statistical techniques but 
were initially greeted with scepticism in some quarters. 
However, further studies by other groups and intensive 
reanalysis and scrutiny by independent researchers, 
notably the Health Effects Institute in the USA6, led to 
WKHVH�VWXGLHV�EHLQJ�DFFHSWHG�DQG�WKHLU�ÀQGLQJV�XVHG�
to inform policy development in the USA, the EU and 
elsewhere. Moreover, the health impacts of long-term 
H[SRVXUH�WR�ÀQH�SDUWLFOHV��302.5��GHÀQHG�DV�SDUWLFXODWH�
matter that passes through a size-selective inlet with a 
���SHU�FHQW�HIÀFLHQF\�FXW�RII�DW������P���KDYH�QRZ�EHHQ�
shown to be substantial, and monetisation of these effects 
LV�QRZ�WKH�GRPLQDQW�IDFWRU�LQ�FRVW²EHQHÀW�DQDO\VHV�RI�
ambient air-pollution policies. 

SCIENCE AND STRATEGY
These scientific developments contributed to a 
resurgence in strategic thinking in the UK with work 
beginning to develop a coherent strategic approach to 
air quality that lead to the Air Quality Strategy (AQS) 
being published in May 1997. During the formulation 
of the AQS, legislation to incorporate the thinking 
was also being drawn up and this culminated in the 
JURXQG�EUHDNLQJ�(QYLURQPHQW�$FW�������WKH�ÀUVW�SLHFH�
of primary legislation in the UK to incorporate the 
concept of ambient air-quality standards in a coherent 
manner. Space does not permit an adequate appraisal of 

The evolution of air 
quality policies over the 
past 20 years

During the 1980s, UK policy on air quality had 
EHJXQ�WR�EH�GULYHQ�E\�(8�LQLWLDWLYHV��7KH�ÀUVW�
air-quality directives were already in place1,2,3,4 

giving the UK an obligation to achieve explicit levels 
RI�DPELHQW�DLU�TXDOLW\�IRU�WKH�ÀUVW�WLPH��7KHUH�ZDV�D�
feeling – certainly in the UK – that urban air pollution 
was a problem solved, and in the 1980s attention had 
been more focused on ecosystem issues such as acid 
UDLQ�ZKLFK�KDG�D�KLJK�SROLWLFDO�SURÀOH��

In the 1990s the two main instruments for controlling air 
pollution in the UK were essentially source based: the 
Environmental Protection Act 1990 controlled industrial 
emissions (through the concept of integrated pollution 
control, which tries to ensure that any particular solution 
does not lead to problems elsewhere) and the Clean 
Air Act 1993 relied on smoke control. Motor-vehicle 
emissions were also recognised as important sources 
of urban air pollution and emission standards were in 
place, but these were essentially capping limits and did 
nothing of substance to force technological developments 
or drive emissions down. 

At about the same time in the early 1990s, a series of what 
proved to be ground-breaking papers emerged from the 
Harvard School of Public Health in the USA through 
the work of Dockery, Schwartz, Pope and others5. They 
demonstrated associations between adverse health 
effects, including premature deaths, and relatively low 

Environmental protection act Clean air act Environment act

air quality framework directive

1990 1993 1995 1996

EU legislation

UK legislation
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WKH�LPPHQVH�DPRXQW�RI�VFLHQWLÀF�DQG�PHGLFDO�UHVHDUFK�
and assessments that have underpinned the UK Air 
Quality Strategy, its successors and the formulation of 
legislation and policy. 

7KHUH�KDV�EHHQ�D�VHULHV�RI�GHÀQLWLYH�V\QWKHVLV�UHSRUWV�
from expert groups in both the environment and health 
GHSDUWPHQWV��2YHU�WKH�SDVW����\HDUV��DQG�HYHQ�HDUOLHU���
reports produced by the Photochemical Oxidants Review 
Group, the Quality of Urban Air Research Group, the 
Airborne Particles Research Group and more recently the 
Review of Transboundary Air Pollution and Air Quality 
Expert Group, together with the series of reports from 
the Department of Health Committee on the Medical 
Effects of Air Pollutants (COMEAP) and its forerunner 
the group on the Medical Aspects of Air Pollution 
Episodes (MAAPE), as well as the Defra group the 
Expert Panel on Air Quality Standards (EPAQS), have 
EHHQ�WUHPHQGRXVO\�LQÁXHQWLDO�LQ�WKH�ZLGHU�(XURSHDQ�
and international arenas, and have been highly regarded 
by both scientists and policy-makers. 

AIR-QUALITY MANAGEMENT AND EUROPE
At the same time as the UK was developing these 
policies, the EU also began working along similar lines, 
formulating a more strategic approach to air-quality 
policy through the so-called air quality framework 
GLUHFWLYH��������(&�7, which was agreed in 1996. This 
SDYHG�WKH�ZD\�IRU�¶GDXJKWHU�GLUHFWLYHV·�WKH�ÀUVW�RI�ZKLFK�
(99/30/EC)8 dealt with PM, sulphur dioxide (SO2), lead 
and nitrogen dioxide (NO2) and was agreed during a 
UK presidency of the EU and then adopted in 1999. 
Subsequent directives dealt with carbon monoxide 
DQG�EHQ]HQH����������(&�9�DQG�ZLWK�R]RQH���������
EC)10. The latter did not contain mandatory limit values 
OLNH�WKH�RWKHU�GLUHFWLYHV��UHÁHFWLQJ�WKH�WUDQVERXQGDU\�
nature of ozone and the fact that a member state would 
not necessarily have complete control over ozone 
sources measured within its territory. The fourth in 
the series covered arsenic, nickel, cadmium, mercury 
and polynuclear aromatic hydrocarbons11, and like the 
ozone directive did not set mandatory limit values but 
incorporated target values for the pollutants concerned. 

The European Commission consolidated this earlier 
work in a Thematic Strategy on Air Pollution under 
the Sixth Environmental Action Programme adopted 
RQ����6HSWHPEHU�������7KH�REMHFWLYHV�RI�WKH�WKHPDWLF�

strategy were achieving “levels of air quality that do 
QRW�JLYH�ULVH�WR�VLJQLÀFDQW�QHJDWLYH�LPSDFWV�RQ�DQG�
risks to human health and the environment”12. The 
VWUDWHJ\�VHW�LQWHULP�REMHFWLYHV�IRU������DV�IROORZV��  

�� 47 per cent reduction in loss of life expectancy as a 
result of exposure to particulate matter;  

�� 10 per cent reduction in acute mortalities  
as a result of exposure to ozone;  

�� Reduction in excess acid deposition up to 74 per 
cent in forest areas and 39 per cent in surface 
freshwater areas; and     

�� 43 per cent reduction in areas or ecosystems 
exposed to eutrophication.    

It is worth noting here that the thematic strategy is 
a Commission document, not a directive, and is not 
binding on member states.

The most recent development in Europe has been 
the agreement of a revised Air Quality Directive that 
EURXJKW�WRJHWKHU�IRU�UHYLVLRQ�WKH�ÀUVW�WKUHH�¶GDXJKWHU�
GLUHFWLYHV·��7KH�QHZ�GLUHFWLYH����������(&�13, which was 
SXEOLVKHG�LQ�0D\�������LQFRUSRUDWHG�VRPH�VLJQLÀFDQW�
developments in air-quality management, including the 
concept of exposure reduction for PM2.5, foreshadowed 
LQ�WKH�8.�$LU�4XDOLW\�6WUDWHJ\�RI�������DQG�GXH�LQ�QR�
small part to UK input into the European process. 

This novel approach was intended to drive air-quality 
policy to result in improved public health over a much 
larger part of the population (in principle most of the 
XUEDQ�SRSXODWLRQ��DV�FRPSDUHG�WR�WKH�PRUH�GLIÀFXOW��
H[SHQVLYH�DQG�LQHIÀFLHQW��LQ�WHUPV�RI�SXEOLF�KHDOWK��
approach of incrementally approaching single-point 
limit values in smaller and smaller areas. As the directive 
WXUQHG�RXW�KRZHYHU��WKH�ÀQDO�WH[W�IHOO�EHWZHHQ�WZR�VWRROV��
the negotiations on the exposure-reduction approach 
resulted in the driving obligations for PM2.5 being non-
mandatory, but, contrary to the original concept, with a 
mandatory limit value that is relatively easily achieved 
over most of the EU. At the time of writing, the directive 
seems unlikely to be reviewed as part of the European 
Commission’s review of air-quality legislation, so this 
state of affairs will continue for some years. 

UK air quality strategy

UK climate change act

(99/30/EC)8 (2000/69/EC)9 (2002/3/EC)10 (2008/50/EC)13

20081999 2000 2002 2007
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LIMITS AND TARGETS
As noted above, the UK Environment Act of 1995 
HVWDEOLVKHG�WKH�FRQFHSWV�RI�VWDQGDUGV�DQG�REMHFWLYHV�IRU�
DPELHQW�DLU�IRU�WKH�ÀUVW�WLPH�LQ�OHJLVODWLRQ��,QLWLDOO\�WKHVH�
were based on the work of EPAQS and related advice 
from other expert groups mentioned above. Accordingly, 
a series of UK standards was formulated and as the EU 
process began to develop, a parallel stream of air-quality 
limit values and target values emerged, mostly, but not 
FRPSOHWHO\��IRU�WKH�VDPH�SROOXWDQWV��'XULQJ�WKH�����V�WKLV�
led to a relatively cumbersome set of standards (in the 
broad sense of the word) embodying both UK and EU 
values. In recent years these have become increasingly 
harmonised, through the process of transposing the 
most recent EU directive into UK law, although there 
are still strong arguments for rationalising even the 
set of EU limits and targets, not least for PM. This of 
course should not be seen as a means of avoiding the 
non-compliance positions in which many member states 
FXUUHQWO\�ÀQG�WKHPVHOYHV��SDUWLFXODUO\�IRU�122 and to a 
lesser extent for PM10��GHÀQHG�DV�SDUWLFXODWH�PDWWHU�WKDW�
passes through a size-selective inlet with a 50-per-cent 
HIÀFLHQF\�FXW�RII�DW�����P��

VEHICLE EMISSIONS
So far this discussion has centred on policy on ambient air 
quality. A large amount of activity has taken place over 
WKH�SDVW����\HDUV�RQ�VRXUFH�UHODWHG�HPLVVLRQ�UHJXODWLRQ��
3HUKDSV�WKH�PRVW�VLJQLÀFDQW�LQ�WHUPV�RI�LPSURYLQJ�DLU�
quality has been the series of so-called Euro standards 
IRU�YHKLFOH�HPLVVLRQV��7KH�ÀUVW�GLUHFWLYH�GDWHG�IURP�
�������������((&�14 and applied to light-duty vehicles. 
This and subsequent amendments simply set a cap on 
emission performance rather than forcing technological 
improvements and large emission reductions, and it was 
not until the amendment embodied in Directive 88/76/
EEC15 – the so-called Luxembourg Agreement – that 
VLJQLÀFDQW�UHGXFWLRQV�ZHUH�DFKLHYHG��7KLV�GLUHFWLYH��
which has become known as the Euro 1 standard, 
effectively mandated the use of three-way catalysts 
(which reduce levels of all three regulated pollutants: 
carbon monoxide, hydrocarbons or volatile organic 
compounds (VOCs), and oxides of nitrogen). A fully 
functioning catalyst can reduce emissions by more than 
90 per cent compared to an uncontrolled vehicle. 
A subsequent series of directives limiting vehicle 
emissions, covering light- and heavy-duty vehicles, and 
extending to particles as well as gaseous emissions, has 
since been agreed and subsequent improvements are 
now up to Euro 6 for light-duty vehicles, due to come into 
IRUFH�LQ�6HSWHPEHU�������7KH�SDUDOOHO�VHULHV�RI�KHDY\�GXW\�
standards are designated with Roman numerals and the 
most recent level is Euro VI, which came into force in 
-DQXDU\�������7KH�LQWURGXFWLRQ�RI�WKUHH�ZD\�FDWDO\VWV�LQ�
response to the Euro 1 standard for petrol vehicles, the 
subsequent tightening of the standards and the change 

to the test cycle sampling to require sampling to include 
the cold-start emissions, have been responsible for the 
PRVW�VLJQLÀFDQW�LPSURYHPHQW�LQ�XUEDQ�DLU�TXDOLW\�LQ�
the UK and Europe in the last two decades. 

However, for diesel vehicles regulation has been less 
successful. It is now well known that although the 
emission limits have reduced consistently over the past 
two decades, the emissions of oxides of nitrogen (NOx) 
from diesel cars in real-world driving have not reduced. 
This has been largely due to the fact that the regulatory 
WHVW�F\FOH�GRHV�QRW�DGHTXDWHO\�UHÁHFW�GULYLQJ�FRQGLWLRQV�
in the real world. However, the lack of reduction in 
ambient NO2 levels is also due to the increase in the 
fraction of NOx emitted as NO2 at the tailpipe due to 
the use of oxidation catalysts (to reduce hydrocarbon 
and particle emissions) followed by particulate traps 
(which use NO2 generated from NO (nitric dioxide) in 
the exhaust to oxidise the particles on the trap). 

These facts, coupled with the increase in the number of 
diesel cars, not only in the UK but elsewhere in the EU 
in response to targets for CO2, has meant that ambient 
levels of NO2 (and NOx) have not decreased in the last 10 
years or so to the extent expected, and in many cases have 
QRW�GHFUHDVHG�DW�DOO��7KLV�KDV�FRQWULEXWHG�VLJQLÀFDQWO\�
to the wide extent of non-compliance across most of the 
EU with the ambient limit values for NO2�LQ�WKH������
Air Quality Directive. 

VEHICLE EMISSIONS IN THE NEXT TWO DECADES 
This article provides a very brief summary of most 
of the main features of the air-quality policy over the 
SDVW����\HDUV�RU�VR��:KDW�RI�WKH�QH[W����\HDUV"�,Q�WHUPV�
of urban air quality and public health, much depends 
on the success of the Euro 6 and Euro VI standards in 
delivering real reductions in everyday use, both for 
NO2�DQG�IRU�30��:RUN�LV�DOUHDG\�XQGHUZD\�ZLWKLQ�WKH�
European Commission to devise a ‘not to exceed’ test 
procedure to be imposed after the improved regulatory 
test to address real-world driving. Early indications from 
tests on a very small number of Euro 6 diesel vehicles 

“Ambient levels of NO2 (and 
NOx) have not decreased in the 
last 10 years or so to the extent 
expected, and in many cases 
have not decreased at all”
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Directive 70/220/EEC on the approximation of the laws of 
the Member States relating to measures to be taken against air 
pollution by gases from the engines of motor vehicles. 

suggest that improvements over Euro 5 are likely but 
real emissions will not be at the level of the regulatory 
standard in grams per kilometre. 

The Euro 5 and 6, and V and VI standards have now 
stimulated the use of selective catalytic reduction (SCR) 
on vehicles and there is a concern that urban driving may 
not generate high-enough temperatures for the catalyst 
to work effectively. Likewise there are already some 
LQGLFDWLRQV�WKDW�WKH�GLHVHO�SDUWLFXODWH�ÀOWHUV�HPSOR\HG�
in response to the Euro 5 and 6 standards may not get 
hot enough to regenerate effectively, leading to increased 
fuel consumption and reduced performance. Challenges 
such as these will need to be overcome to realise fully 
WKH�SRWHQWLDO�EHQHÀWV�RI�WLJKWHU�HPLVVLRQ�VWDQGDUGV��

FUTURE AIR-QUALITY MANAGEMENT
:KDW�RI�WKH�IXWXUH�IRU�DSSURDFKHV�WR�PDQDJLQJ�DPELHQW�
DLU�TXDOLW\�PRUH�JHQHUDOO\"�6XFFHVVLYH�LPSURYHPHQWV�
ZLOO�FOHDUO\�EHFRPH�PRUH�GLIÀFXOW��DQG�PXFK�GHSHQGV�
on the economic circumstances of the UK and the EU in 
the future, as ambitious environmental improvements 
DUH�QRWRULRXVO\�GLIÀFXOW�WR�DFKLHYH�LQ�UHFHVVLRQV��7KHUH�
will probably be a review of the ambient air-quality 
GLUHFWLYH�LQ�D�IHZ�\HDUV·�WLPH��:LOO�WKH�SKLORVRSK\�RI�
air-quality management and policy move further away 
from a heavy reliance on limit values to a more balanced 
blend of source-related regulation and ambient controls 
based on a form of exposure reduction across large 
DUHDV�DQG�SRSXODWLRQV"�7KHUH�DUH�VWURQJ�DUJXPHQWV�
for this approach. 

:KDW�LPSURYHPHQWV�DUH�OLNHO\�E\�DOLJQLQJ�SROLFLHV�RQ�
FOLPDWH�FKDQJH�DQG�DLU�TXDOLW\"�$PELWLRXV�WDUJHWV�IRU�
greenhouse-gas emission reductions, such as those 
in the UK Climate Change Act and the declaration of 
LQWHQW�RI�WKH�*����QDPHO\�UHGXFWLRQV�RI�WKH�RUGHU�RI����
SHU�FHQW�E\��������FRXOG�UHVXOW�LQ�ODUJH�LPSURYHPHQWV�
in air quality and public health, but will the actions 
to achieve the targets materialise on a large-enough 
VFDOH"�$LU�TXDOLW\�PDQDJHPHQW�RYHU�WKH�SDVW����\HDUV�
has become increasingly regional and international 
– will this trend continue and result in hemispheric/
JOREDO�DFWLRQ�RQ�DLU�TXDOLW\"�7R�ZKDW�H[WHQW�ZLOO�ORFDO�
DFWLRQV�EH�LPSRUWDQW"�$V�D�K\SRWKHWLFDO�H[DPSOH��LI�WKH�
health effect evidence on PM suggests that the primary 
combustion emissions are the most important in toxicity 
terms, the balance shifts to a very large degree from the 
present position where local authorities can do very little 
on their own about total PM10 or PM2.5 mass. These are 
all speculative questions, and there are many others, 
EXW�ZKDW�LV�FHUWDLQ�LV�WKDW�WKH�QH[W����\HDUV�ZLOO�EH�
DV�FKDOOHQJLQJ�DQG�IDVFLQDWLQJ�DV�WKH�ODVW����� � 
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Alan Andrews reflects on the fact that the domestic air quality regime laid 
down in the Clean Air Act and Environment Act interacts in a complex and 
often confusing way with EU law.

However, many member states struggled to ensure 
compliance with the PM10 limit value by 2005. A 
resident of a busy road in Munich, where breaches of 
the limits were frequent, went to court to demand that 
the authorities take action. The case was eventually 
referred to the ECJ for a preliminary ruling, which went 
VRPH�ZD\�WRZDUGV�UHLQIRUFLQJ�WKH�LGHD��ÀUVW�VXJJHVWHG�
in the Commission v Germany case, that citizens enjoyed 
a right to clean air:

“Natural or legal persons directly concerned by a risk that the 
limit values or alert thresholds may be exceeded must be in a 
position to require the competent authorities to draw up an 
action plan where such a risk exists, if necessary by bringing 
an action before the competent courts”3.

However, the court made clear that there was no 
requirement that limit values must never be breached. 
Moreover, action plans merely had to ensure a gradual 
return to compliance. 

THE AMBIENT AIR QUALITY DIRECTIVE
*HUPDQ\�ZDV�QRW�DORQH�LQ�KDYLQJ�GLIÀFXOWLHV�LQ�PHHWLQJ�
the limits laid down by the 1999 directive. Severe 
and widespread breaches of the PM10 limit values, in 
particular the daily limit, were a common occurrence 
in member states across the EU after 2005. One of the 
GLIÀFXOWLHV�ZDV�WKDW�EUHDFKHV�ZHUH�RIWHQ�FDXVHG�E\�
unfavourable weather conditions, which transported 
pollution and dust from long distances, and which 
member states were powerless to do anything about. 
member states also projected that they would similarly 
struggle to comply with the limit for NO2 by 2010. 

So when the Commission proposed a new directive, 
PHPEHU�VWDWHV�OREELHG�IRU�ÁH[LELOLW\��7KH������GLUHFWLYH�
on ambient air quality and cleaner air for Europe was 

Air quality law: 
the EU context

ALU�TXDOLW\�ZDV�RQH�RI�WKH�ÀUVW�HQYLURQPHQWDO�
issues addressed by the EU. Early directives 
VXFK�DV�WKH������'LUHFWLYH�RQ�OHDG�LQ�WKH�DLU1 

established legally binding limits, called ‘limit values’, 
on concentrations of harmful pollutants in ambient air. 
The European Court of Justice (ECJ) ruled that these 
limit values conferred rights on individuals that could 
be relied on in court: 

“The obligation implies, therefore, that whenever the exceeding 
of the limit values could endanger human health the persons 
concerned must be in a position to rely on mandatory rules 
in order to be able to assert their rights”2.

To complement the ambient air quality legislation, EU 
legislation also regulates emissions of air pollution from 
mobile sources (such as vehicle engines and ships) and 
non-mobile sources (such as industrial facilities and 
power stations). 

The current ambient air quality system has its origins in 
WKH������$LU�)UDPHZRUN�'LUHFWLYH��$)'���ZKLFK�WULHG�WR�
bring previous laws together into a coherent, overarching 
OHJDO�IUDPHZRUN��7KH�$)'�ODLG�GRZQ�D�IUDPHZRUN�
system of limit values, which member states were 
required to comply with. Limit values were informed 
by World Health Organisation (WHO) guidelines.

)OHVK�ZDV�DGGHG�WR�WKH�ERQHV�RI�WKH�$)'�WKURXJK�YDULRXV�
¶GDXJKWHU�GLUHFWLYHV·��7KH������'DXJKWHU�'LUHFWLYH�ODLG�
down limit values for particulate matter with a diameter 
of 10 µm or less (PM10���QLWURJHQ�GLR[LGH��VXOSKXU�GLR[LGH�
DQG�EHQ]HQH��7KLV�VSHFLÀHG�GHDGOLQHV�IRU�DFKLHYLQJ�
compliance, including 2005 for PM10 and 2010 for nitrogen 
GLR[LGH��,W�DOVR�LQFOXGHG�D�UHTXLUHPHQW�WKDW�PHPEHU�
states draw up action plans where there was a risk of 
limit values being breached. 
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a case of ‘one step forwards, two steps back’. Out went 
the requirement to produce short-term action plans – 
unpopular and seen as ineffective by many. Member 
states were given power to introduce them but were not 
required to do so. However, the obligation to produce air 
quality plans was strengthened with a new obligation to 
ensure that where breaches of limits occurred after the 
H[SLU\�RI�WKH�UHOHYDQW�GHDGOLQH��D�SODQ�ZDV�GUDZQ�XS�
to ensure that the limits were achieved in the shortest 
time possible4.

Another small step forward was the introduction of new 
controls on particulate matter with a diameter of 2.5 µm 
or less (PM2.5��²�D�OLPLW�YDOXH�DQG�DQ�H[SRVXUH�UHGXFWLRQ�
obligation. However the PM2.5 limit was very weak – 25 
µg/m3 compared to the 10 µg/m3 recommended by the 
WHO, which greatly reduced the value of such a move. 

However, the protection of public health was seriously 
undermined by the introduction of the possibility of 
delaying compliance with the limits (to 2011 for PM10, 
and to 2015 for NO2 and benzene) on condition that the 
&RPPLVVLRQ�ZDV�VDWLVÀHG�WKDW�FHUWDLQ�FRQGLWLRQV��7KH�
Commission was given a role in approving or rejecting 
applications from member states. The conditions were: 

�� The member state had taken all appropriate 
measures for compliance by the original deadline;  

,Q�WKH�FDVH�RI�3010, the failure to achieve compliance was the 
result of factors beyond the control of member states, e.g. 
unfavourable weather conditions or ‘street canyons’ which 
prevented dispersion of pollution from busy roads; and 

�� The member state had a plan in place to achieve 
FRPSOLDQFH�E\�WKH�QHZ��H[WHQGHG�GHDGOLQH�

THE AIR QUALITY STANDARDS REGULATIONS 2010
7KH������(8�GLUHFWLYH�ZDV�WUDQVSRVHG�LQWR�8.�ODZ��
almost word for word, by the Air Quality Standards 
Regulations 2010. Unusually, the Secretary of State 
assumes responsibility for all obligations, including 
ensuring compliance with the limit values throughout the 
8.��PRQLWRULQJ�DQG�DVVHVVLQJ�DLU�TXDOLW\��GLVVHPLQDWLQJ�
information about air quality and crucially, drawing up 
plans where breaches of limits occur.

Limit values under the Air Quality Standards Regulations 
are, for all intents and purposes, identical to those laid 
GRZQ�E\�WKH�(QYLURQPHQW�$FW�������,QVWHDG�RI�EHLQJ�
mere objectives which local authorities and the Secretary 
of State must work towards, they impose a strict duty 
on the Secretary of State to ensure compliance by the 
relevant date. However, in practice the Secretary of State 
continues to rely, at least in part, on local authorities 
to deliver local air quality improvements through the 
system of air quality management laid down by the 
Environment Act 1995. 

SUCCESS OR FAILURE?
There remains widespread breaches of both PM10 and 
NO2 limits in urban areas throughout the EU, 14 years 
DIWHU�WKH�OLPLWV�DQG�GHDGOLQHV�ZHUH�ÀUVW�ODLG�GRZQ�LQ�
WKH�'DXJKWHU�'LUHFWLYH��'HVSLWH�VLJQLÀFDQW�UHGXFWLRQV�
in emissions of PM, there was no discernible downward 
WUHQG�LQ�WKH�VL]H�RI�WKH�SRSXODWLRQ�H[SRVHG�WR�OHYHOV�RI�
PM10��,Q����������SHU�FHQW�RI�WKH�(8�XUEDQ�SRSXODWLRQ�
lives in areas where the daily limit value for PM10 was 
H[FHHGHG5. The picture for NO2 is similarly discouraging: 
GHVSLWH�VLJQLÀFDQW�RYHUDOO�GHFUHDVHV�LQ�HPLVVLRQV�RI�
NOx, concentrations of NO2 have actually increased at 
some roadside locations, with seven per cent of the EU 
population living in areas in breach of the NO2 annual 
limit in 20105. 

7KLV� IDLOXUH� LV� WR� VRPH�H[WHQW�PLUURUHG� LQ� WKH�8.��
DOWKRXJK�WKH�8.�KDV�KDG�VRPH�VXFFHVV�LQ�DFKLHYLQJ�
the limits for PM10��$FFRUGLQJ�WR�WKH�PRVW�UHFHQW�RIÀFLDO�
GDWD�VXEPLWWHG�E\�WKH�8.�WR�WKH�(XURSHDQ�&RPPLVVLRQ��
there were no breaches of the PM10 limit value in 2011. 
However, London remains very close to the daily limit 
YDOXH��,Q�DQ\�HYHQW��FRPSOLDQFH�ZLWK�WKH�3010 limits is 
SUREDEO\�DV�PXFK�D�UHÁHFWLRQ�RQ�WKH�ZHDNQHVV�RI�WKH�
limits as evidence that great strides have been made in 
improving air quality: the limits for PM10 are double 
WHO guidelines. 

%\�FRQWUDVW�� WKH� OLPLW�YDOXH� IRU�QLWURJHQ�GLR[LGH� LV�
equivalent to the WHO guidelines, and there are 
widespread breaches of the NO2 limit values in urban 
DUHDV� WKURXJKRXW� WKH�8.��2IWHQ� WKHVH�DUH�E\�KXJH�
PDUJLQV��LQ�/RQGRQ·V�%UL[WRQ�5RDG�DQG�3XWQH\�+LJK�
Street, annual mean concentrations are between three 
and four times the legal limits. The picture is similar 
in major urban centres, with roadside measurements 
and modeling showing levels of NO2 around double 
the legal limits. Current plans show that compliance in 
15 air quality zones will not achieve compliance until 
2020. For one zone, Greater London, compliance is not 
H[SHFWHG�XQWLO������

REASONS
There have been a number of well-documented policy 
failures that have contributed to the breaches of the 
NO2� OLPLWV��([DPSOHV�RI�WKHVH�LQFOXGH��GLHVHOLVDWLRQ�
RI�WKH�ÁHHW��IDLOXUH�WR�DFKLHYH�PRGDO�VKLIW�DZD\�IURP�
road transport and the failure of planning authorities 
to prevent development that has a negative impact on 
air quality. However, this article will focus on the legal 
aspects of these failures.

A crucial factor has been the failure of EU emissions 
legislation, particularly the Euro standards for diesel 
vehicles. These have failed to deliver real-world 
emissions reductions and in some cases measures such 
DV�WKH�ÀWWLQJ�RI�'LHVHO�3DUWLFXODWH�)LOWHUV�KDV�DFWXDOO\�
increased primary emissions of NO2. The main problem 
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ZLWK�DLU�SROOXWLRQ�IURP�URDG�WUDIÀF�LV�LQ�XUEDQ�DUHDV��EXW�
the test cycles used to check that engines comply with 
the Euro standards greatly favour vehicles being driven 
under motorway or other open road conditions rather 
than the low-speed, stop–start conditions prevalent in 
WRZQV�DQG�FLWLHV��,Q�DGGLWLRQ��WKHUH�KDV�EHHQ�D�ODFN�RI�
ambition in EU measures to tackle emissions from other 
sources such as agriculture, shipping and non-road 
mobile machinery, and member states, supported by 
H[WHQVLYH�OREE\LQJ�IURP�LQGXVWU\��KDYH�ZDWHUHG�GRZQ�
and delayed proposals.

But the failure of EU emissions legislation is only half 
the story. A lack of political will means that too often 
central government, which has the deepest pockets 
and its hands on the main policy levers, has failed to 
take timely action to tackle urban air pollution. For 
H[DPSOH��WKH�8.�*RYHUQPHQW�GRHV�QRW�KDYH�DQ�XS�WR�
date, coherent and holistic plan to address air quality. 
The current national air quality strategy dates back to 
2007. Plans submitted to the Commission at the end 
of 2011 contain very little in the way of effective new 
PHDVXUHV��DQG�DGGUHVV�RQO\�EUHDFKHV�RI�QLWURJHQ�GLR[LGH��
The only hint of a major national initiative is a very 
weak commitment to “investigate the feasibility” of a 
national framework of low-emission zones, which has 
until now seen little progress.

From a legal perspective, the most obvious reason for 
the lack of political will is the absence of an effective 
enforcement mechanism. Limit values can be breached 
without any real consequences for those charged with 
HQVXULQJ�FRPSOLDQFH��'HIUD�FDQ�SURGXFH�SODQV�WKDW�VKRZ�
WKDW�FRPSOLDQFH�ZLWK�QLWURJHQ�GLR[LGH�OLPLWV�ZLOO�QRW�EH�
achieved until 2025; Local Authorities can get away with 
failing to designate Air Quality Management Areas or 
giving development consent to new projects that worsen 
DOUHDG\�SRRU�DLU�TXDOLW\�E\�LQFUHDVLQJ�ÁRZV�RI�WUDIÀF�
to polluted areas. 

7KHUH�LV�D�ORQJ�VWDQGLQJ�OHJDO�PD[LP�WKDW� H́YHU\�ULJKW�
must have a remedy, and without a remedy, there is no 
right”. Any notion that we have a right to clean air must 
be viewed with this in mind. 

LACK OF ENFORCEMENT BY THE COMMISSION
The European Commission is the guardian of the EU 
treaty, with the power to refer member states to the ECJ 
where they fail to properly implement EU directives6. 
There is a particular onus on the commission to enforce 
environmental directives such as the ambient air quality 
directive. However, this is a role that the Commission 
LV�SRRUO\�HTXLSSHG�WR�FDUU\�RXW��,W�ODFNV�QRW�RQO\�WKH�
QHFHVVDU\�QXPEHUV�RI�H[SHUW�VWDII�WR�VFUXWLQLVH�DQG�
process the data submitted by member states, but also 
the powers, procedures and institutional autonomy it 
needs to effectively enforce the directive. 

First, the Commission has no powers of inspection, 
relying instead on information provided to it by 
member states to establish whether compliance has been 
achieved. This is compounded in the air quality directive 
as member states are given nine months after the end of 
a calendar year to report breaches to the commission.

Second, the Commission’s enforcement procedure takes 
WRR�ORQJ��,QIULQJHPHQW�DFWLRQ�XQGHU�$UWLFOH�����LV�D�WKUHH�
stage process. First the Commission sends the member 
state a written warning, known as a ‘letter of formal 
QRWLFH·��7KHQ��WKH�&RPPLVVLRQ�PXVW�VHQG�D�ÀQDO�ZULWWHQ�
warning, known as a ‘reasoned opinion’, setting out the 
basis for the alleged breach of EU law and requiring the 
member state to take certain steps by a certain deadline. 
2QO\�DW�WKH�H[SLU\�RI�WKLV�GHDGOLQH�FDQ�WKH�&RPPLVVLRQ�
refer the member state to the ECJ. But even assuming 
that the Commission successfully persuades the ECJ 
of the member state’s failure to comply, this does not 
OHDG�WR�ÀQHV��$W�WKLV�VWDJH�WKH�(&-�RQO\�KDV�WKH�SRZHU�
WR�LVVXH�D�GHFODUDWLRQ��D�ZULWWHQ�VWDWHPHQW�FRQÀUPLQJ�
WKDW�WKH�PHPEHU�VWDWH�KDV�EURNHQ�(8�ODZ��,W�LV�RQO\�
once a member state has failed to heed this declaration, 
and continues to be in breach of the Court’s judgment, 
that the Commission can use its powers under Article 
260 to refer the member state back to the ECJ with a 
UHFRPPHQGDWLRQ�IRU�D�ÀQH��HYHQ�WKHQ�RQO\�DIWHU�LVVXLQJ�
a new letter of formal notice and reasoned opinion. This 
LV�D�ORQJ�DQG�FRPSOH[�SURFHVV�ZKLFK�LV�DOVR�QRWDEOH�IRU�D�
ODFN�RI�WUDQVSDUHQF\��IRU�H[DPSOH��WKH�OHWWHUV�RI�IRUPDO�
notice and reasoned opinion are not made public).

A recent run of disastrous ECJ judgments in commission 
infringement cases illustrates perfectly how these 
problems render the air quality directive virtually 
unenforceable by the Commission. To take the most 
UHFHQW�H[DPSOH��LQ�'HFHPEHU������WKH�(&-�JDYH�MXGJPHQW�
in Commission v Italy7��7KH�(&-�GHFODUHG�WKDW�,WDO\�KDG�
EUHDFKHG� LWV� REOLJDWLRQV� XQGHU� WKH� �����'DXJKWHU�
'LUHFWLYH�E\�IDLOLQJ�WR�HQVXUH�FRPSOLDQFH�ZLWK�3010 

limits in 2006 and 2007, but refused to take a view on 
ZKHWKHU�,WDO\�ZDV�LQ�RQJRLQJ�EUHDFK�DIWHU�WKLV�GDWH��7KLV�
was because when the case was referred to the ECJ, the 
latest data the Commission had at its disposal was that 
IRU�WKH�\HDUV������DQG�������ZKLFK�ZDV�SURYLGHG�E\�,WDO\�
LQ�������7KH�&RPPLVVLRQ�ÀUVW�ZURWH�WR�,WDO\�WR�ZDUQ�LW�
RI�LWV�LQWHQWLRQ�WR�EULQJ�LQIULQJHPHQW�DFWLRQ�LQ�-XQH������
– four-and-a-half years before the court gave judgment. 

As a result of judgments like this, which make it 
impossible for the Commission follow up with 
proceedings under Article 260, the Commission has 
had to go back to the drawing board and change the 
way it brings these cases8. Rather than merely stating 
that member states were in breach at a certain date and 
calling on the court to infer continued breach from that, 
it will now try to prove to the court that the member 
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state is in ongoing breach of the directive based on its air 
TXDOLW\�SODQV��7KLV�LV�D�PXFK�PRUH�FRPSOH[�DQG�ODERXU�
intensive way of bringing cases which will stretch the 
Commission’s already limited resources to breaking 
point. Crucially, the Commission has had to go right 
back to the very start of the process with these member 
VWDWHV��VR�ZH�ZLOO�SUREDEO\�QRW�ÀQG�RXW�ZKHWKHU�WKLV�
strategy is successful until as late as 2017.

ENFORCEMENT IN MEMBER STATES
(QIRUFHPHQW� RI� WKH� 'LUHFWLYH� LV� QRW� VROHO\� WKH�
responsibility of the European Commission. Member 
states’ domestic courts are required to ensure compliance 
by providing effective remedies for breaches of EU law. 
The Janecek case was heralded by campaigners and 
environmental lawyers alike as a powerful precedent 
that would give citizens and concerned groups such as 
NGOs the right to go to court and demand action where 
limit values were breached. The reality is that accessing 
WKH�FRXUWV�UHPDLQV�YHU\�GLIÀFXOW�LQ�PRVW�PHPEHU�VWDWHV��
EXW�HVSHFLDOO\�WKH�8.��/HJDO�DFWLRQ�LV�H[SHQVLYH��:RXOG�
be litigants must not only fund their own lawyers (a 
profession not renowned for its reasonable hourly rates) 
but also face the prospect of paying the defendant’s legal 
fees if they lose (although some limits are now set on 
this potentially liability). Even if a claimant is successful 
in proving that there has been a breach of EU law, this 
GRHV�QRW�JXDUDQWHH�VXFFHVV��,Q������&OLHQW(DUWK�EURXJKW�
a case against the Secretary of State for the Environment, 
)RRG�DQG�5XUDO�$IIDLUV�EHIRUH�WKH�+LJK�&RXUW��'HVSLWH�
forcing the Secretary of State to admit that she was in 
EUHDFK�RI�KHU�REOLJDWLRQV�XQGHU�WKH�'LUHFWLYH��WKH�FRXUW�
declined to give any remedy, ruling that it was for the 
Commission to take action against the Secretary of 
State. ClientEarth fared no better in the Court of Appeal 
and to add insult to injury were ordered to pay £10,000 
towards the Secretary of State’s legal costs9. A further 
appeal was heard by the Supreme Court in March 2013.

THE 2013 REVIEW
So at the beginning of the EU’s Year of Air10, the EU 
air pollution law is in something of a mess. The limits 
LQ�WKH�'LUHFWLYH�DUH�IDU�WRR�OD[�WR�DGHTXDWHO\�SURWHFW�
KXPDQ�KHDOWK��DV�FRQÀUPHG�E\�D�UHFHQW�UHSRUW�E\�WKH�
WHO, which recommended that its own guidelines 
be tightened, with the implication that, at least from 
a health point of view, the EU should follow suit11. 
'HVSLWH�WKLV��OLPLWV�DUH�EHLQJ�EUHDFKHG�DFURVV�WKH�(8�
and are projected to continue to do so for many years 
to come. EU emissions legislation is failing to deliver 
real-world emissions reductions, giving member states 
WKH�SHUIHFW�H[FXVH�WR�MXVWLI\�SURORQJHG�EUHDFKHV�RI�WKH�
OLPLW�YDOXHV��6RPH��LQFOXGLQJ�WKH�8.��DUH�HYHQ�FDOOLQJ�
IRU�¶ÁH[LELOLW\·�LQ�WKH�DSSOLFDWLRQ�RI�OLPLWV��)DFHG�ZLWK�
this, the Commission understandably wants to focus on 
improving the emissions legislation for now, rather than 
opening up the ambient air quality directive and risking 

IXUWKHU�WLPH�H[WHQVLRQV�RU�D�ZHDNHQLQJ�RI�VWDQGDUGV�WR�
be forced on it by member-state lobbying.

,Q�WKH�ORQJ�WHUP��OLPLW�YDOXHV�DUH�WKH�NH\�WR�GHOLYHULQJ�
clean air. However, they need to be aligned with the 
ODWHVW�VFLHQWLÀF�GDWD�DQG�WKH\�QHHG�WR�EH�IDLWKIXOO\�
respected by national and local authorities. Where 
they are breached, plans must be produced that lay 
down additional measures to tackle the problem, 
with clear timetables for implementation. The public 
must be given the opportunity to participate in the 
formulation of those plans – this is not only a legal 
requirement but also an important tool for raising 
awareness and garnering support for local air quality 
measures. Ultimately, where the authorities fail to 
produce adequate plans or implement them in good 
time, both the Commission and concerned citizens 
within member states must have the ability to go to 
court and obtain effective remedies that force them to 
live up to their legal and moral responsibilities.  

Alan Andrews is a lawyer with ClientEarth, a not-for-profit 
environmental law organisation. Alan’s work focuses primarily 
on air pollution issues, and particularly on promoting better 
compliance with European air quality standards in the UK. He 
also sits on the stakeholder expert group for the EU’s “Year of 
Air” air policy review. 
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David Muir analyses the effectiveness of the various Clean Air Acts and the 
Environment Act 1995 in resolving urban air pollution.

result of air pollution. Even then, the Government was 
reluctant to act. The Clean Air Act 1956 was the result 
of a private member’s bill that was eventually accepted 
by the government of the day. This was followed by the 
Clean Air Act 1968, and both, along with some related 
legislation, were consolidated into the Clean Air Act 
(CAA) 1993. 

These Acts approached the problem from a number of 
directions. The measure that was most evident to the 
general public was the power given to local authorities 
to establish Smoke Control Areas (SCAs) where only 
approved fossil fuels (i.e. ‘smokeless’ coal, coke, gas 
or oil) could be burnt on domestic premises. Another 
power included assessing smoke emissions from steam 
locomotives, especially when on shed, i.e. when in 
storage.  This is because other emissions (when trains are 
in motion) are transient whereas on shed the emissions 
could be prolonged especially when raising steam 
from an initially cold boiler. (There is a particularly 
interesting discussion of the railway emissions in the 
1975 history of the King’s Cross locomotive depot, Top 
Shed2). Local authorities also gained powers to prosecute 
small industrial smoke emitters such as scrap yards 
(they burnt cable and other waste materials). These 
measures were supplemented by a shift from production 
of electricity in small power stations located in urban 
DUHDV�WR�ODUJH�FRDO�ÀUHG�SRZHU�VWDWLRQV�LQ��VXSSRVHGO\��
more rural locations. 

Air quality legislation and 
practice – a practitioner’s 
perspective

Legislation on air quality, and in particular local 
air quality, has a long history in the UK: in the 
13th century there are references to Henry III’s 

queen (Eleanor of Provence) leaving Nottingham during 
a meeting of a parliament because of smoke, and the 
ÀUVW�VPRNH�DEDWHPHQW�ODZ�ZDV�SDVVHG�LQ�WKH�\HDU�DIWHU�
Henry’s death (1273). In 1306 a Royal Proclamation 
banned coal burning in London. This must have been 
’forgotten’ with the passing years, as Queen Elizabeth I 
also banned coal burning in London, though only when 
Parliament was sitting. 

Further similar measures were introduced from 
time-to-time between the 17th and 20th centuries. 
The effectiveness of such measures can be judged by 
reference to such publications as John Evelyn’s 1661 tract 
Fumifugium1, and in the 19th and early 20th centuries, 
the frequent references to London fogs and smogs in 
the novels of Charles Dickens and Arthur Conan Doyle, 
and the London paintings of Claude Monet and Sir 
William Blake Richmond. The latter was so frustrated 
by poor light caused by winter smoke in London that 
in 1898 he founded the Coal Smoke Abatement Society 
to campaign for cleaner air.

THE CLEAN AIR ACTS
The key event leading to legislation to address the issue 
of urban air pollution was the Great London Smog 
of 1952, during which at least 4,000 people died as a 
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Number of current AQMAs by source

Source England Northern 
Ireland

Scotland Wales London

Road transport, unspecified 167 22 20 10 26

Country or unitary authority road 155 4 16 1

Mixture of road types 79 3 4 2

Highways agency road 43 1

Industrial source 11 1 1

Transport and industrial source 10 1 4

Transport, industrial and domestic sources 8

Not defined 3 1

Domestic heating 2 5 1

Total 478 28 30 32 33

6XSHUÀFLDOO\�WKH�&$$V�ZHUH�D�VSHFWDFXODU�VXFFHVV�LQ�
that there have been no more smogs on the scale of the 
1952 London smog, though there were lesser episodes 
in 1956, 1957, 1957–8 and 1962, all involving black smoke 
and sulphur dioxide. Just how much of the overall 
success can be directly attributed to the legislation is 
more questionable. There can be little doubt that the 
legislation assisted in the improvements achieved but 
other factors, notably social factors, also made a major 
contribution. In addition the legislation had some weak 
points, especially that the declaration of SCAs was at 
the discretion of local authorities.

PHASING OUT COAL
A major social factor behind the improvements achieved 
was the growing discontent with the inconvenience of 
domestic coal burning, in particular with the lower-
grade coals in general use, which normally produced 
larger quantities of residual ash than the ‘smokeless’ 
fuels. The CAAs did assist considerably in the move away 
from using low-grade coal by making grants available 
to subsidise the installation of smokeless grates and 
heating systems using alternative fuels.

Air quality problems also increased over the years in 
part because some local authorities failed to declare 
SCAs, but also because large local authorities had to 
stagger the process over a number of years. Typically a 
city would declare SCAs in its central areas, followed 

E\�WKH�ZHVWHUQ�VLGH�RI�WKH�FLW\��ÀQLVKLQJ�LQ�WKH�HDVWHUQ�
side. A major consequence of this was that by the time 
the last SCAs were being declared, the areas in question 
ZHUH�EHQHÀWLQJ�IURP�HDUOLHU�GHFODUDWLRQV�RI�6&$V��ZLWK�
the result that there were more challenges to the SCA 
programmes and less willingness to cooperate. On 
the other hand, any new build in those areas usually 
contained heating systems that would comply with the 
CAA requirements.

THE COPA AND THE EPA 
The Control of Pollution Act (COPA) 1974, although 
important in its own right, has only limited applicability 
in relation to general urban air pollution. There are 
provisions in relation to the composition of fuel, both 
for furnaces and motor vehicles, and it makes cable 
EXUQLQJ�D�VSHFLÀF�RIIHQFH��,W�DOVR�FRQIHUV�SRZHUV�RQ�ORFDO�
authorities to obtain information relating to air pollution.

The Environmental Protection Act (EPA) 1990 is also more 
important in the wider context. The two main airquality 
elements relate to integrated pollution control (IPC) by 
the Environment Agency and Air Pollution Control 
(APC) by local authorities as a means of regulating 
emissions from industry and statutory nuisance.

Although both of these pieces of legislation appear to 
have been reasonably effective, their relevance to local 
air quality is low.

T�Table 1. Current air quality management areas in the UK3
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ENVIRONMENT ACT (1995) 
Potentially the most important recent piece of legislation 
relating to local air quality is Part IV of the Environment 
Act (EA) 1995. (A curious parallel with the original Clean 
Air Act is that Part IV was originally introduced in the 
House of Lords as an amendment to the Government’s 
Environment Bill.) The key elements of the legislation 
are that all local authorities are required to review and 
DVVHVV�DLU�TXDOLW\�DJDLQVW�VSHFLÀHG�FULWHULD�FDOOHG�DLU�
quality objectives (AQOs) and, if these are not being 
PHW�RU�DUH�XQOLNHO\�WR�EH�PHW�E\�WKH�VSHFLÀHG�GDWH��WR�
declare one or more Air Quality Management Areas 
(AQMAs) and develop an action plan to work towards 
meeting the criteria within the AQMAs.

One element of the legislation that was a clear success 
was that most majority local authorities carried out the 
ÀUVW�SDUW�RI�WKH�SURFHVV��WKH�UHYLHZ�DQG�DVVHVVPHQW���
although many did not meet the original time scale 
for this process. Given that many local authorities had 
little or no experience of air quality, this was perhaps 
a better outcome than might have been anticipated. 
The development of action plans was far patchier and 
SRVVLEO\�UHÁHFWV�WKH�IDFW�WKDW�WKLV�SURFHVV�LQYROYHV�D�
number of parties, within and outside the local authority, 
for whom air quality might not be a priority.

FAILING LEGISLATION
The main point at which the legislation fails appears to 
be in implementing the action plans and achieving the 
AQOs. There are a number of possible reasons, probably 

acting in combination, why this is the case. One is the 
sheer size of the problem. Tables 1 and 2 show the 
numbers of current and revoked AQMAs in the UK 
as of February 20133 and Table 3 shows the pollutants 
responsible for the declarations.

There are two main factors illustrated by the data in the 
WDEOHV��7KH�ÀUVW�LV�WKH�ODUJH�QXPEHU�RI�$40$V�GHFODUHG��
Although the actual number of local authorities declaring 
AQMAs is lower than Table 1 might suggest (due to 
some declarations coming from the whole authority 
or a single part of it and others coming from multiple 
discrete parts within authority areas), there is a very 
strong belief that it is much greater than Government 
had originally expected. The second factor is that only 
about 4 per cent of the declarations have no transport 
component. 

7KH�VLJQLÀFDQFH�RI�WKHVH�WZR�PDLQ�IDFWRUV�LV�WKDW�GHDOLQJ�
with the problem of air pollution will involve far more 
action than had been anticipated, and this implies the 
allocation of greater resources than had been anticipated. 
In addition, much of that action will have to focus on 
transport, which will need to involve the general public.

A third factor is that implementation of local authority 
action plans involves a number of agencies, both inside 
and outside the authority declaring an AQMA. These 
problems can be exacerbated in two-tier authorities 
where action on transport requires the co-operation of 
a county council as the highways authority.

Number of revoked AQMAs by source

Source England Northern
Ireland

Scotland Wales London

Road transprt, unspecified 55 5 2

Country or Unitary Authority rd 23 3

Industrial source 7

Mixture of road types 5

Transport and industrial source 1

Not defined 1

Domestic heating 1 6

Highways agency road 1

Total 94 11 0 2 3

T�Table 2. Revoked air quality management areas in the UK3 
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However, probably the major factor is the general public. 
There are certainly two main elements here. Firstly, the 
facts that air pollution is now largely invisible and the 
effects may be described as a ‘trickle effect’ (in contrast 
to the 1952 London smog) mean that recognition of 
the scale of the problem is greatly reduced. Secondly, 
effective action in the majority of AQMAs will involve 
VRPH�PHDVXUH�RI�DFWLRQ�RQ�URDG�WUDIÀF��ZKLFK�LV�OLNHO\�
to be unpopular with the majority of drivers.

CONCLUSIONS 
There are two main elements to all legislation: enactment 
and implementation/enforcement. In the case of the 
two main pieces of legislation considered here, the 
Clean Air Acts have, to a large extent, been effectively 
implemented, whereas the Environment Act Part IV 
KDV�SURYHG�IDU�PRUH�GLIÀFXOW��LQ�VSLWH�RI�DQ�DSSDUHQWO\�
greater awareness of environmental issues.

Although there are many possible reasons why 
implementation of the Environment Act has not been 
HIIHFWLYH�WKHUH�DUH�WZR�WKDW�VWDQG�RXW��7KH�ÀUVW�LV�WKH�
lack of political will to commit resources to achieve the 
aims of the legislation, allied to a probable belief that 
there is no major problem to address. The second is 
WKDW�DOWKRXJK�WKHUH�LV�VXSHUÀFLDO�VXSSRUW�IRU�EHWWHU�DLU�
quality, there appears to be little public will to achieve 
improved air quality, by means of individuals taking 
action themselves to reduce air pollution arising from 
URDG�WUDIÀF�
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A further point, albeit a small one, is that some AQMAs 
were declared on the grounds of domestic emissions. 
This would appear to be a consequence of the Clean 
Air Acts not being implemented in these areas. There 
are, of course, a number of additional factors such as 
the apparent failure of Euro standards for emissions 
IURP�URDG�YHKLFOHV�WR�GHOLYHU�WKHLU�SURPLVHG�EHQHÀWV��
and the more general issue of apparently reduced 
HPLVVLRQV�IDLOLQJ�WR�WUDQVODWH�LQWR�VLJQLÀFDQW�UHGXFWLRQV�
in concentrations in real-life measurements. 

SUCCESS OR FAILURE OVERALL?
There can be no doubt that the Clean Air Acts did have 
some effect in improving air quality in those UK towns 
and cities where they were implemented. On the other 
hand, the lack of universal application did mean that 
WKH�EHQHÀWV�ZHUH�QRW�HQMR\HG�E\�DOO�WKH�SRSXODWLRQ��
There was also some success, albeit in the longer term 
and not necessarily 100 per cent, in controlling smoke 
emissions from industrial premises such as scrap yards. 
A key element in the successes is the fact that, at least 
LQ�WKH�HDUOLHU�VWDJHV��WKH�OHJLVODWLRQ�EURXJKW�EHQHÀWV�
to the general public in those areas where it was fully 
implemented. However, unforeseen and negative 
consequences came about because of the emissions from 
ODUJH�FRDO�ÀUHG�SRZHU�VWDWLRQV�FRQWULEXWLQJ�WR�DFLG�UDLQ��

Although it might be wrong to describe the Environment 
Act as a failure, there can be no doubt that it has not 
achieved the desired improvements in urban air quality. 
There is probably no single factor responsible for this; 
rather it is a combination of factors. The resource 
implication is one that seems to stand out in spite of the 
DSSDUHQW�EHQHÀWV�WKDW�FRXOG�DFFUXH�IURP�LPSURYHPHQWV�
in public health. The fact that air-quality management 
needs the co-operation of a number of agencies, not all 
of which may regard air quality as one of their priorities, 
is also important.

Pollutant Benzene Nitrogen 
dioxide

Particulate 
matter

Sulphur 
dioxide

England 456 43 7

Northern 
Ireland

22 6

Scotland 20 20 1

Wales 31 1

London 33 29

T�Table 3. Current air quality management areas by pollutant3
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Simon Birkett reviews a long campaign to build public understanding 
of air pollution.

in 2006. Before long, and wanting to start at the top, 
the new Committee had written to the then-Mayor of 
London Ken Livingstone, urging a bolder low-emission 
zone. Next thing, the Committee was responding on 
behalf of the KA to the Department for Environment 
Food and Rural Affairs (Defra) consultation on a new 
$LU�4XDOLW\�6WUDWHJ\�ZLWK�VXSSRUW�IURP�HYHU\�RIÀFLDO�
amenity society in the City of Westminster. Each of 
these letters was laboriously printed and posted until 
I realised the power of email.

THE LAUNCH OF THE CAMPAIGN
It was beginning to become administratively cumbersome 
to encourage others to support each committee letter. 
That was when Dr Charles Tannock, a Conservative 
MEP, suggested I set up a campaign that people could 
support. This culminated in February 2007 in the launch 
of the cross-party Campaign for Clean Air in London 
with a group of Honorary Founder Supporters who are 
still involved in the campaign. Ken Livingstone wrote 
personally in support of the aims of the campaign.

By then the campaign had a blog on the BBC Action 
Network to publish its letters and announcements, 
and  I was starting to be interviewed by the press and 
television. Perhaps annoyingly for the Government, 
,�KDG�WKHQ�ÀJXUHG�RXW��ODUJHO\�E\�WULDO�DQG�HUURU��WKH�
BBC search engine algorithm and the campaign was 
appearing top in searches on the BBC’s global website. 
Ned Temko of The Observer�KDG�DOVR�ZULWWHQ�WKH�ÀUVW�ELJ�
press story, ‘Chelsea choked by its tractors’2.

Clean Air in London 

Don’t drink the water and don’t breathe 
the air!” I can still remember the brutal 
satire of the Tom Lehrer song ‘Pollution’1 

in the 1960s. I guess that was what got me interested in 
the environment. But lots of things have come together 
to make the Clean Air in London campaign what it is 
today. From a personal perspective, the best part has 
been creating something, delivering results and working 
with such a large, diverse and wonderful network of 
supporters and others. 

The story began over 20 years ago when I jumped at an 
opportunity from my employer to attend a 12-month 
programme with Common Purpose (a leadership training 
organisation) which introduced me to nearly a dozen 
different aspects of society, including health, housing, 
transport and the environment. It was inspiring. A few 
years later, I joined my local residents’ association. Before 
long I was helping the association and my work mentor, 
who was by then a near neighbour, run a campaign 
against the City of Westminster (a London borough) 
WKDW�HQGHG�XS�LQ�WKH�+LJK�&RXUW�ZLWK�D�ÀQGLQJ�LQ�RXU�
favour. However, I learned that there is little point trying 
to persuade politicians to do things they do not want 
and do not have to do. I decided it would be easier to 
ask them to comply with public health laws.

Perhaps by chance or to try another route, the same 
mentor suggested air pollution was bad in our area and 
encouraged me to set up and chair a new Transport 
and Environment Committee for the Knightsbridge 
Association (KA; a local organisation in Westminster) 

“
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Most of 2006 and 2007 was spent lobbying on a proposed 
new Air Quality Directive that would replace several 
existing directives dating back to 1996 and 1999. At one 
stage, it seemed the process was logjammed. So the 
campaign wrote to the then European Commissioner 
for the Environment, Stavros Dimas, copying in MEPs 
and many others, urging the European Commission, 
the European Parliament and the Council of Ministers 
to accept the highest common denominator – in health 
and environmental terms – proposed by each of them. 
Combined, later in the process, with an insistence that 
three ‘red lines’ had to be met if a new Directive was to 
be better than the previous legislation, that is more or less 
where the new Directive ended up. Writing those letters 

and emails may have been Clean Air in London’s most 
valuable contribution to air quality and public health. 

THE CAMPAIGN PRINCIPLES
Underpinning the campaign has been a vision. It 
was obvious the campaign needed to be London-
wide, health-based and cross-party if it was to get 
established and remove hurdles to acceptance. Several 
other principles emerged:   

�� 7KH�/RQGRQ�0DWUL[� a table with two columns 
labelled ‘Air pollution’ and ‘Greenhouse gases’ (or 
‘Sustainability’) and two rows labelled ‘London’ 
(or any other city) and ‘Rest of the world’. The 
vision is to comply with air quality laws and 
health standards for air pollution in London and 
show how wider air pollution and sustainability 
issues can be tackled successfully everywhere 
through a mixture of political will, technology 
and behavioural change.  This is a powerful tool 
in discussions with policy makers to put the issue 
in context and communicate a positive vision.  

�� 7KH� /RQGRQ� 3ULQFLSOH� accept a one-per-cent 
increase in greenhouse gases (e.g. carbon dioxide) 
if a measure can achieve a 10 per cent reduction in 
air pollution (e.g. oxides of nitrogen) and vice versa 
(provided air pollution laws are complied with in 
IXOO���7KH�UDWLR�LV�QRW�SUHFLVH�RU�À[HG�EXW�WKH�SULQFLSOH�
DOORZV��IRU�WKH�ÀUVW�WLPH��SUDFWLFDO�WUDGH�RIIV�EHWZHHQ�

S�Photo credit: ©2013 Simon Birkett

AT A GLANCE: 3 RED LINES

1. no ‘burden of proof’ before member states can take 
action to improve air quality;   

2. the Directive must make clear that all limit values will 
continue to apply everywhere (as they do currently) with 
no let-out possible, e.g. no let-outs through the inclusion 
of a clause allowing member states not to measure these 
limit values everywhere; and  

3. any time extensions must not, in any circumstances, 
include so-called ‘two-stage’ time extensions which 
would have the (inevitable practical) consequence of 
making any first stage ineffective. 
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climate and air quality issues with diesel exhaust 
being the classic example.

 
�� 7KH�/RQGRQ�&LUFOHV� measures to tackle transport 

typically fall into one of two overlapping circles. 
Emission measures, like the low-emission zone, 
which tackle primarily emissions at source and 
may reduce congestion; and congestion measures, 
like road-user pricing, that tackle congestion and 
may reduce emissions. Each measure usually offers 
VHFRQGDU\�EHQHÀWV�IRU�WKH�RWKHU�

From a personal perspective, I have learned that air 
pollution problems are best tackled at their source rather 
than through offsetting (by tree planting or creating 
green walls, for example), and it is not so much a question 
– in air pollution terms – of how big a vehicle is but rather 
how much fuel it burns in total. More recently, I have 
EHJXQ�WR�XQGHUVWDQG�WKH�GDQJHU�RI�VFLHQWLÀF�UHVHDUFK�
being used (by others) to manufacture uncertainty. Also 
the danger that policy-makers and legacy industries 
use specious arguments to defend the status quo, e.g. 
we must not reduce sulphur emissions from shipping 
because they have a short-term cooling effect in the 
atmosphere! We need to keep thinking holistically and 
remember that emissions are the problem and that we 
need to get on with reducing them; Janez PotoĀnik, 
current European Commissioner for the Environment, 
ZLVHO\�FDOOV�LW�¶UHVRXUFH�HIÀFLHQF\·�

THE VITAL ELEMENTS
A campaign needs a compelling vision backed by data, 
pressure and support (which is similar to the approach 
recommended by human resources professionals to 
change the personal behaviour of employees). More 
particularly, a campaign needs:

��� *RYHUQDQFH. Clean Air in London, for example, 
is now a legal entity and is answerable primarily 
to its Honorary Founder Supporters, sponsors 
and clients. It is also important to carry your 
supporters with you. Earlier the campaign 
operated under the auspices of the KA.   

��� &RQWHQW� What are the big issues? Who is responsible 
for what and when are the milestones? Are there 
consultations to reply to? Are there cover-ups? Are 
there shocking failures or omissions? Use Google 
alerts to warn you about news or developments 
on the web. What are the top solutions? For 
example, Clean Air in London proposed 45 
measures in its manifesto for the Mayoral and 
London Assembly elections in 2012. and at 
the top of the list was political leadership.  

��� 3ULRULWLVH. Don’t be a ‘busy fool’. Identify the 
objectives, focus on mission-critical milestones and 
do not be distracted or broaden your remit just 
because it might seem more fun. Spend 80 per cent 
of your time doing ‘moving ahead’ things and 20 
per cent on maintenance. Focus on return on effort 
and outputs. Achieve something important every 
single day, in one place, for years. Measure your 
performance, e.g. number of media articles including a 
mention of your organisation. Never give up.  

��� 0DUNHWLQJ�DQG�FRPPXQLFDWLRQ. No one is under 
any obligation to listen to you or read what you 
write. Make it easy for people to access your 
content and share it. Set up a website with as much 
bandwidth as you can afford. Apart from anything 
else, it saves you looking for things and having 
to email everything to people. Repeat, again and 
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again, your most important messages, e.g. the World 
+HDOWK�2UJDQLVDWLRQ�KDV�FODVVLÀHG�GLHVHO�H[KDXVW�
DV�FDUFLQRJHQLF�IRU�KXPDQV��<RXU�ÀUVW�IRUD\�RQ�WKH�
internet can be frightening, so go at your own pace 
and take basic precautions, but remember there is 
nothing more powerful for campaigners.  

��� /HJDO�SUHVVXUH. Research the legal constraints and 
insist they are complied with in full. Make the most 
of access to environmental information laws which 
are narrower but much more powerful than freedom 
of information laws, especially when enquiries 
relate to emissions to the environment. Clean Air in 
London has taken the Government to the Court of 
Appeal, with pro-bono support from Friends of the 
Earth’s Rights and Justice Centre and two excellent 
barristers, Gerry Facenna and Laura Elizabeth John. 
We lost the case but won numerous concessions 
from the Government that are now enshrined in 
law. A new challenge might achieve more.  

��� (PSRZHU�RWKHUV� Clean Air in London writes its 
letters and publishes key resources so that, as far 
as possible, others can tailor them to their own 
circumstances. The campaign has also increased 
its productivity by publishing guides that help 
others and allow you to say ‘Please read [it], then 
call me back’. There is a call to action, ‘10 steps for 
Clean Air in London’. Clean Air in London is also 
FHOHEUDWLQJ�LWV�ÀUVW�&OHDQ�$LU�LQ�/RQGRQ�$ZDUGV�
to recognise a wider circle of contributors.   

��� %H� FRQVWUXFWLYH�� SRVLWLYH� DQG� XSEHDW� Your 
campaign has a vision to save the world, e.g. by 
using The London Matrix. Always be ready to 
propose solutions and try to end on a positive 

note. Don’t get bogged down by negativism or 
GLVWUDFWLRQV��DERXW�(XURSHDQ�ÀQHV��IRU�H[DPSOH��DV�
WKH\�DUH�QHFHVVDU\�EXW�ÀQDO�VDQFWLRQV��OLNH�MDLO�� 

��� &HOHEUDWH�DQG�HQMR\�\RXU�VXFFHVVHV��

WORKING WITH THE MEDIA
The important role of the media deserves a special 
mention. Media professionals have a very demanding 
occupation. The best and almost all are incredibly 
rigorous. Occasional mistakes are inevitable because 
they operate under near-impossible deadlines. If they 
contact you, you must respond immediately. You could 
offer or ask to send campaign quotes by email. Be willing 
to give robust quotes but weigh your potential liability. 
Build reciprocal relationships: suggest ideas to reliable 
media contacts. Bear in mind that you can spend days 
or weeks without any success, despite even thinking 
you have the best story in the world, then ‘all hell breaks 
loose’ and everyone wants to speak to you. Remember 
that the media is often fobbed off and managed by a large 
RUJDQLVDWLRQ·V�PHGLD�RIÀFH��SUHYHQWHG�IURP�VSHDNLQJ�
to decision-makers, so direct access to campaigners is 
valuable to them. 

Each media channel has different characteristics. Online 
can reach many people, is there forever (more or less) 
and can be corrected, if wrong. Everyone likes seeing 
something in the paper. Radio is often live and allows 
slightly longer comment. Television is perhaps the most 
powerful medium but you only get a sound bite and it 
is usually recorded and therefore edited. Remember a 
sound bite is roughly one sentence, not a headline. It 
can take me up to a day beforehand to distill a complex 
issue and myriad facts into one sentence and make 
notes of other points to answer or offer. Then, of course, 
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you have to be lucky to be included! Do not make the 
mistake of thinking the television or radio can afford 
to let you ramble on. 

Social media has a vital role to play too. It builds real 
relationships with a vast number of potential contacts 
and it is cheap. It is ideal for campaigners and often 
used by the media to source ideas and identify trends. 
Facebook is better for longer items. Twitter is fabulous 
for offering small inputs for big outputs and immediacy. 
Make sure that you use hashtags, lists, searches and 
people’s usernames: no one can follow their timeline once 
they are following more than 20 people! Ask questions: 
some followers asked Clean Air in London to tweet 
shorter messages (to allow others to add comments, 
make it easier to retweet and do less to help others, i.e. 
‘spoonfeeding’ some followers). The power of Twitter 
is shown by people often referring to the campaign by 
its username, CleanAirLondon, (because Twitter does 
not allow space for ‘in’).

WHY IS AIR QUALITY STILL BAD?
With all these weapons at our disposal, why is something 
not being done about air pollution now it has been 
LGHQWLÀHG�DV�WKH�ELJJHVW�SXEOLF�KHDOWK�ULVN�DIWHU�VPRNLQJ"�
Why does the public not know about it? The answer to 
both questions is that successive Governments have not 
understood the health evidence or wanted to be asked 
what they are doing about air pollution or wanted to 
take action to deal with it (e.g. banning the oldest diesel 
vehicles from cities as Germany has done in over 45 
cities). Scientists have only discovered in the last 10 years 
or so that the health impacts of long-term exposure to 
dangerous and invisible airborne particles dwarf those 
from short-term exposure to visible air pollution as we 
saw during the Great London Smog of 1952. Scientists 
are as certain now about these risks as they are of those 
from smoking. 

Air Quality Ministers have sometimes displayed their 
LJQRUDQFH�DQG�EHHQ�UHVKXIÁHG�ZLWKLQ�ZHHNV��%XW�LW�LV�
worse than that. 

In CAL’s view, the current Government is still failing to 
warn people and may be misleading them with statistics 
VXFK�DV�� D́LU�SROOXWLRQ�KDV�GHFOLQHG�VLJQLÀFDQWO\�LQ�
recent decades”; air quality is “good across 99% of the 
UK”; and “air pollution still reduces life expectancy by 
an average of six months” (if averaged over 60 million 
people alive at the moment). 

When asked about legal breaches, the government says 
it is concerned and has plans in place to reduce air 
pollution. Of course, Governments have omitted to 
mention that scientists have only known about the 
longer-term health impacts in the last decade or so. No 

wonder that the general public does not understand the 
importance of this issue.

WHAT NEXT? 
The European Commission has named 2013 the Year of 
Air. The number of organisations actively campaigning 
on air pollution has mushroomed and media interest is 
rising exponentially. So far this year media interest is 
running two or three times that of last year, which was 
itself a record year. We need continuity and the further 
tightening of health and legal protections from new EU 
and UK legislation. 

In my view, the solution lies in building public 
understanding of the dangers of air pollution, 
enforcement and tightening of existing laws, new 
legislation on sources of pollution.

Clean Air in London has had many successes in the last 
seven years. Together, we might just ‘save the world’ in 
the next seven!
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Simon Birkett founded the cross-party Campaign for Clean 
Air in London in 2006. In 2009, Simon accused the previous 
British Government of one of the biggest public health failings 
or ‘cover-ups’ in modern history for not publishing an estimate 
for the number of deaths attributable to long-term exposure to 
dangerous airborne particles. 

The campaign won the City of London’s inaugural Sustainable 
City Award for outstanding contributions to improving air 
quality. Simon is Founder and Director of Clean Air in London.
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This article summarises the subjects covered by the speakers at this year’s air 
quality and emissions show. 

RI�LQVWUXPHQW�HTXLYDOHQFH�DQG�0&(576�FHUWLÀFDWLRQ�
of continuous ambient air quality monitoring systems 
(CAMs).

EMISSIONS MONITORING
The second day addressed emissions monitoring, and 
Richard Vincent, Head of Industrial Pollution Control at 
Defra, explained that the Industrial Emissions Directive 
(IED) applies to around 10,000 installations in England 
and Wales, including a wide variety of processes, from 
power stations to dry cleaners. Importantly, the IED 
tightens the implementation of Best Available Techniques 
(BAT) through the progressive adoption of the BAT 
conclusions reached in the BREFs (Best Available 
Techniques Reference Documents).

In the next presentation Michelle Gallagher from the 
Environment Agency (EA) explained that odour is a form 
of pollution and any EA-regulated process that creates 
an odour needs to develop an Odour Management Plan. 

Also from the EA, Rick Gould outlined the development 
of Operator Monitoring Assessment (OMA), which 
provides a systematic tool for auditing the monitoring 
provisions required by an operator’s permit and scoring 
the degree of risk.

In the afternoon session, Carsten Röllig from TÜV in 
Germany discussed EN 15267, which is a European 
Committee for Standardisation (CEN) standard for 
testing and certifying automated measuring systems 
(AMS), which applies to AMS for both stack emissions 
and ambient-air monitoring. 

,Q�WKH�ÀQDO�FRQIHUHQFH�SUHVHQWDWLRQ��5RG�5RELQVRQ�IURP�
the National Physical Laboratory provided an outline 
of the emissions-monitoring methods standardised 
LQ�(XURSH��H[SODLQLQJ�KRZ�WKHVH�ÀW�ZLWK�(XURSHDQ�
Directives, BATs and BREFs. 

The next AQE show will take place on 22–23 April 2015. 
Visit www.aqeshow.com for further information. 

AQE 2013: monitoring 
emissions and ambient air  

Many of the UK’s major towns and cities are 
failing to meet EU air-quality targets, so 
several of the AQE speakers and workshop 

leaders looked at ways in which monitoring could help 
the UK and other countries to do better. The fact that 
DLU�TXDOLW\�LV�DOVR�D�JOREDO�FRQFHUQ�ZDV�UHÁHFWHG�LQ�WKH�
fact that there were visitors from 38 countries. 

AMBIENT AIR QUALITY
7KH�IRFXV�RI�WKH�ÀUVW�GD\�RI�WKH�FRQIHUHQFH�ZDV�DPELHQW�
air quality. Brian Stacey from Ricardo-AEA spoke on 
behalf of Defra, providing his interpretation of UK 
and EU air quality policy, and how this interacts 
with monitoring and modelling. Looking forward, he 
VSHFXODWHG�WKDW�YHU\�ÀQH�SDUWLFOHV�DQG�GDUN�SDUWLFOHV�
are likely to be the focus of attention.

Professor Frank Kelly from King’s College London 
explained the need for a new approach to monitoring. 
His colleague, Dr Ben Barratt, has used  portable 
aethalometers to continuously measure the  black 
carbon exposure of a variety of people, highlighting 
the advantages of portable monitors and showed that 
the main risks occur during travel on busy roads.

Professor Roy Harrison from Birmingham University 
delivered a presentation in which he explained how to 
gain added value from monitoring data by understanding 
air pollution processes. His talk illustrated some of the 
VFLHQWLÀF�DGYDQFHV�WKDW�KDYH�EHHQ�GHULYHG�IURP�WKH�
analysis of routinely collected data. 

Whilst the demand for environmental monitoring data 
grows, the funding for doing so is under pressure, and 
Ruth Fain from Golder Associates explained how section 
106 agreements (section 75 in Scotland) can be used to 
secure the implementation of air-quality monitoring 
programmes or other mitigation as part of the granting 
of planning permission. 

Emphasising the importance of commonality of 
monitoring amongst EU member states, Emily Jarvis 
IURP�6,5$�FORVHG�WKH�ÀUVW�GD\�E\�H[SODLQLQJ�WKH�UROH�
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Robert Maynard outlines what is known and what is yet to be discovered about 
the causes of ill-health associated with air pollution.

loss of life expectancy of about 340,000 life years. How 
this effect is distributed across the population is not 
known but, on average, there is a loss of about six months 
of life expectancy. By any standards this is a large effect.

CARDIOVASCULAR DISEASE
Perhaps even more surprising is the fact that the majority 
of this effect is due to an increase in the risk of death 
from cardiovascular disease rather than from an effect 
on respiratory disease, with the notable exception of 
lung cancer. That deaths from cardiovascular disease 
comprised a large proportion of the deaths associated 
with high concentrations of smoke was, in fact, known 
as a result of analyses of the effects of the London smog 
of 1952 but at the time the focus was on the acute effects 
of exposure to very high concentrations. 

It is accepted that long-term exposure to comparatively 
low concentrations also has a large effect, indeed a much 
larger effect than that imposed by day-to-day variations in 
concentrations. The effects of the latter may be estimated 
E\�WKH�XVH�RI�FRHIÀFLHQWV�GHULYHG�IURP�WLPH�VHULHV�VWXGLHV��
For 10 µg/m3 PM10�WKH�WLPH�VHULHV�FRHIÀFLHQW�LV�����SHU�FHQW�
but size of those derived from cohort studies that look 
DW�WKH�HIIHFWV�RI�ORQJ�WHUP�H[SRVXUH�LV�����SHU�FHQW��  

WHAT ARE PARTICULATES?
Ambient particulate matter comprises a complex mixture 
of inorganic and organic components. In UK cities, about 
a third of material monitored as PM10 is produced by the 
combustion of fuel by motor vehicles, about a third is 
made up of secondary particles (largely sulphates and 

Air pollution and health: 
past, present and future 

It is now widely accepted that air pollution imposes 
a heavy burden on public health. That this was the 
case in the ‘bad old days’ of coal smoke smogs, when 

annual average concentrations of particles monitored as 
black smoke in London ran to several hundred µg/m3 
was hardly surprising. That this is still the case when 
levels of many air pollutants are now lower in UK cities 
than perhaps at any time since the Industrial Revolution 
is remarkable. The use of soft coal for domestic heating 
in urban areas has been banned, emissions from motor 
vehicles are very substantially lower than they were a 
few decades ago, emissions of sulphur dioxide from 
power stations burning fossil fuels have been much 
reduced and as a result annual average concentrations 
of particulate matter monitored as PM10 are now down 
to 20–25 µg/m3, and of PM2.5 down to about 10–12 µg/m3. 

Yet the burden on public health remains large. The 
magnitude of this was estimated by the UK Departments 
of Health’s Committee on the Medical Effects of Air 
Pollutants in 20101. The committee, using a large US 
FRKRUW�VWXG\��WRRN�FRHIÀFLHQWV�OLQNLQJ�ORQJ�WHUP�DYHUDJH�
concentrations of PM2.5 and the risk of death from all 
non-accidental causes, and applied these to a life-table 
for the UK. This approach allowed both an estimate of 
the current burden imposed on health by PM2.5 and a 
calculation of the impact on health of policies designed 
to reduce concentrations of particulate matter. 

The results were surprising; current concentrations 
of PM2.5 imposes a burden equivalent to nearly 29,000 
deaths per year in the UK population and an associated 
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nitrates) and the rest is mechanically generated particles 
largely of crustal origin. It is unlikely that particles 
from all these sources have the same toxicological 
potential. It follows that reducing concentrations of 
particles generated by these various sources is likely to 
have variable effects on the burden of disease imposed 
by the ambient aerosols. The desirability of reducing 
concentrations of the more active components is obvious. 

Which are the more active components? It seems likely 
that some components, for example sodium chloride 
(common salt) are unlikely to be very active. Secondary 
particles, for example, ammonium sulphate, would also 
not be expected to be, per se, toxicologically active, 
though the compound may act as a surrogate for more 
active species that are produced in the chain of reactions 
linking sulphur dioxide with ammonium sulphate. In 
fact none of the components of the ambient aerosol 
VHHPV�OLNHO\�WR�EH�VXIÀFLHQWO\�DFWLYH��DW�OHDVW�LQ�WHUPV�RI�
classical toxicology, to produce the effects noted above. 
How odd this is! 

:H�NQRZ�WKDW�WKH�DHURVROV�KDYH�VLJQLÀFDQW�HIIHFWV�RQ�
health, and yet we cannot point to any one component, 
or indeed group of components, that is present in 
VXIÀFLHQW�DPRXQWV�WR�SURGXFH�WKHVH�HIIHFWV��7KLV�KDV�
led some critics to take the view that we are being 
misled by the results of epidemiological studies. 
Such a view has now been discarded by the majority 
RI�H[SHUWV�ZRUNLQJ�LQ�WKH�ÀHOG��DQG�PRUH�LQWHUHVWLQJ�
suggestions as to how very low mass concentrations 
of particulate matter might produce significant 
toxicological effects are being put forward.   

NUMBER VERSUS MASS
2QH�VXJJHVWLRQ�LV�WKDW�ZH�VKRXOG�QRW�EH�FRQÀQHG�WR�
thinking about mass concentrations; perhaps it is the 
number of particles, rather than the mass of particles, per 
unit volume of air that is the important factor. If this is 
so then very small particles that make up the majority 
of the number but contribute only a small fraction of the 
mass concentration are an obvious target for research. It 
should also be noted that very small particles contribute 

“Anyone who reads the current 
evidence linking exposure to 
ambient particles with effects 
on health will be struck by how 
closely the effects resemble 
those of cigarette smoking:”

a large surface area per unit mass. This theory, the 
¶XOWUDÀQH�K\SRWKHVLV·��ZDV�SXW�IRUZDUG�PRUH�WKDQ����
years ago and remains in play. 

The very limited monitoring of particle number 
concentrations has delayed progress in testing the 
hypothesis. Epidemiological studies are impossible 
without monitoring, and few epidemiological studies are 
VXIÀFLHQWO\�ZHOO�IXQGHG�WR�DOORZ�PRQLWRULQJ�QHWZRUNV�
to be set up and maintained. However, some work has 
indeed shown that number concentrations of particles 
are more strongly linked with some effects on health 
than are mass concentrations. As far as effects on 
cardiovascular disease are concerned, the current focus 
is on PM2.5 rather than PM10, and it has been suggested 
WKDW�XOWUDÀQH�SDUWLFOHV�PLJKW�EH�HVSHFLDOO\�LQYROYHG�
with producing effects on the cardiovascular system. 
7KH�VXJJHVWLRQ�KDV�EHHQ�SXW�IRUZDUG�WKDW�VLJQLÀFDQW�
QXPEHUV�RI�XOWUDÀQH�SDUWLFOHV�PLJKW�ÀQG�WKHLU�ZD\�LQWR�
the blood, where they might have effects. This links with 
the rapidly developing area of nanotoxicology though, 
perhaps surprisingly, it has been shown that only a 
small percentage of nanoparticles that are deposited in 
WKH�OXQJV�DFWXDOO\�ÀQG�WKHLU�ZD\�LQWR�WKH�EORRGVWUHDP��

THE LINK WITH INFLAMMATION
Another, more general, theory suggests that particles 
GHSRVLWHG�LQ�WKH�OXQJV�VHW�XS�DQ�LQÁDPPDWRU\�FDVFDGH��
perhaps triggered by and certainly involving free 
radicals. Once the cascade is triggered, the particles 
will have induced a much larger reaction than could 
be explained by their mass alone. Yet another theory 
suggests that metals present on particles act as catalysts 
and by so doing ‘punch above their weight’. If it is 
DGPLWWHG�WKDW�LQÁDPPDWLRQ�SOD\V�DQ�LPSRUWDQW�UROH��
then effects on the cardiovascular system are more 
easily explained. Secondary production of what are 
known as ‘acute phase reactants’ by the liver (including 
ÀEULQRJHQ��PLJKW�DIIHFW�WKH�FORWWLQJ�SURSHUWLHV�RI�WKH�
blood and could lead to the accumulation of blood clots 
on the surface of plaques of atheromatous material found 
in, for example, the coronary arteries. It has also been 
suggested that such plaques might be destabilized and 
undergo surface rupture. The potential link with heart 
disease becomes explicable if these theories are correct. 
Important support for this theory has been produced by 
epidemiological studies which have correlated the rate 
of development of atherosclerotic disease with long-term 
exposure to ambient particles.

VARYING EFFECTS WITH VARYING COMPOSITIONS
One of the important implications of theories that focus 
RQ�VSHFLÀF�FRPSRQHQWV�RI�WKH�DPELHQW�DHURVRO�LV�WKDW�
EHFDXVH�WKH�PL[WXUH�RI�PDWHULDO�WKDW�PDNHV�XS�ÀQH�
particles (PM2.5) varies in composition from place to 
place, we should not expect identical effects to occur in 
all areas. This is a very important deduction and one 
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WKDW�ZLOO�FDXVH�PXFK�GLIÀFXOW\�IRU�WKRVH�UHVSRQVLEOH�
for regulating concentrations of particles. What has 
been so impressive about the results of epidemiological 
studies linking particle concentrations with effects on 
health has been the consistency of the results. This 
very consistency has buttressed the argument that the 
associations described by the studies are in fact causal 
in nature and that they indicate real effects. 
Having accepted that the associations are causal, perhaps 
we should now begin to look at why the associations are 
not identical. This may throw light on the components 
that are producing the effects. If it turns out that the 
effects of the composition of PM2.5 vary from place to 
place, then it is clear that there will have to be some 
rethinking about methods of estimating the burden 
of disease imposed by exposure to such particles. The 
XVH�RI�D�VLQJOH�FRHIÀFLHQW�OLQNLQJ�PDVV�FRQFHQWUDWLRQV�
with effects may be found to be unsatisfactory. The 
need for more epidemiological studies with much better 
characterisation of the particles studies is obvious.

GASEOUS POLLUTANTS
Progress with thinking about the effects on health of 
gaseous air pollutants, such as nitrogen dioxide and 
ozone, has lagged behind thinking about particles. But 
recent work has suggested that nitrogen dioxide may be 
having important effects of its own even at rather low 
concentrations. This, too, requires rethinking of some of 
our assumptions. It has been argued, for example, that 
QLWURJHQ�GLR[LGH�DFWV�DV�D�VXUURJDWH�IRU�ÀQH�SDUWLFOHV��
and thus controlling concentrations of nitrogen dioxide 
ZLWKRXW�DOVR�FRQWUROOLQJ�FRQFHQWUDWLRQV�RI�ÀQH�SDUWLFOHV�
ZRXOG�EH�RI�OLWWOH�EHQHÀW�WR�KHDOWK��

The latest World Health Organisation (WHO) review of 
the problem suggests that this may not be correct and that 
nitrogen dioxide may be, itself, playing a role in causing 
effects on health. This raises an interesting question: to 
what extent are studies of the effects of nitrogen dioxide 
UHÁHFWLQJ�WKH�HIIHFWV�RI�FORVHO\�FRUUHODWHG�FRQFHQWUDWLRQV�
of particles and to what extent are studies of particles 
UHÁHFWLQJ�WKH�HIIHFWV�RI�QLWURJHQ�GLR[LGH"�7KLV�TXHVWLRQ�
has not yet been answered. That nitrogen dioxide better 
UHÁHFWV�WKH�DFWLYLW\�RI�VRPH�FRPSRQHQW�RI�WKH�DPELHQW�
aerosol than does any currently available measure or 
index of the ambient aerosol if also possible. Once again 
the need for more and better focused research is obvious.

SMOKING
Anyone who reads the current evidence linking 
exposure to ambient particles with effects on 
health will be struck by how closely the effects 
resemble those of cigarette smoking:   

�� effects on the risk of death from cardiovascular 
disease; 

�� effects on the rate of development of atherosclerotic 
disease; 

�� effects on the risk of death from lung cancer; and 
�� effects on birth weight.   

Only effects on the risk of chronic obstructive pulmonary 
disease (chronic bronchitis and emphysema) appear 
to be lacking or, at least, not yet well described at 
low ambient concentrations. Such an effect has been 
described in studies of the effects of exposure to very 
high concentrations of particles found where cooking 
RYHU�RSHQ�ÀUHV�LV�GRQH�LQGRRUV�LQ�GHYHORSLQJ�FRXQWULHV��
Like cigarette smoke the ambient aerosol is a complex 
mixture; the aerosols have much in common.

Reducing the effects of exposure to cigarette smoke is, 
at least in principle, easy: stop smoking! Reducing the 
HIIHFWV�RI�DPELHQW�DLU�SROOXWLRQ�LV�PXFK�PRUH�GLIÀFXOW��
complete prevention of exposure to the ambient aerosol is 
impossible, though the extent of exposure can be reduced 
by reducing the concentration of that aerosol. But levels 
DUH�DOUHDG\�ORZ�DQG�IXUWKHU�VLJQLÀFDQW�UHGXFWLRQV�LQ�
mass concentration will be costly. Finding and reducing 
exposure to the active components of that the ambient 
aerosol are now the priority.

Professor Robert Maynard qualified in physiology and 
medicine in Cardiff and, having completed junior appointments 
as a hospital doctor, was appointed as a lecturer in the 
Department of Physiology at University College Cardiff. He 
has undertaken research in the mechanisms of injury and 
toxicology and, for the last 20 years of his career, led work 
on air pollution within the UK Department of Health and the 
Health Protection Agency.
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Mark Everard explores the way that the air and water systems profoundly 
influence each other.

the water environment. Aerial emissions have been 
IRXQG�WR�KDYH�VLJQLÀFDQW�DQG�ZLGHVSUHDG�HXWURSKLFDWLRQ�
LPSDFWV�RQ�LPSRUWDQW�RU�WKUHDWHQHG�KDELWDWV�LQ�WKH�
8.��ERWK�DTXDWLF�DQG�WHUUHVWULDO��SDUWLFXODUO\�WKURXJK�
QLWURJHQ�HQULFKPHQW��

)XUWKHUPRUH�� DFLGLÀFDWLRQ� RI� ERWK� IUHVKZDWHU� DQG�
WHUUHVWULDO�KDELWDWV�URVH�VLJQLÀFDQWO\�LQ�SXEOLF�SURÀOH�
DQG�SROLWLFDO�FRQFHUQ�IURP�WKH�����V��ODUJHO\�GULYHQ�E\�
DHULDO�HPLVVLRQV�RI�VXOSKXU�GLR[LGH��622���7KH�VFDOH�RI�
WKLV�LPSDFW�ZDV�QRW�LPPHGLDWHO\�DSSUHFLDWHG��H[SUHVVHG�
DV�LW�LV�RYHU�ORQJ�GLVWDQFHV��\HW�WUDFLQJ�ZLGHVSUHDG�DQG�
VLJQLÀFDQW�DFLGLÀFDWLRQ�LQ�6FDQGLQDYLD�WR�8.�HPLVVLRQV�
KLJKOLJKWHG�WKH�VFDOH�RI�WKH�SUREOHP��7KLV�OHDG�WR�D�YDULHW\�
RI� WHFKQRORJLFDO�À[HV�FRPELQHG�ZLWK� LQWHUQDWLRQDO�
SURWRFROV�GHVLJQHG�WR� LPSURYH�WKH�PDQDJHPHQW�RI�
HPLVVLRQV�DW�VRXUFH��

:HOVK�XSODQGV�UHPDLQ�D�%ULWLVK�¶KRW�VSRW·�RI�DFLGLÀFDWLRQ�
LPSDFWV��H[DFHUEDWHG�E\� WRSRJUDSK\�� WKHLU� ORFDWLRQ�
GRZQZLQG�RI�LQGXVWULDO�HPLVVLRQV��SROOXWDQW�FDSWXUH�
E\�FRQLIHURXV�SODQWDWLRQV�DQG�ORZ�EXIIHULQJ�FDSDFLW\��
�$FWLYH�PRQLWRULQJ�RI�DFLGLÀFDWLRQ�LPSDFWV�RQ�8.�ZDWHUV�
DULVLQJ�IURP�DLU�SROOXWLRQ�LV�XQGHUWDNHQ�E\�WKH�$FLG�
:DWHUV�0RQLWRULQJ�1HWZRUN��

7KH�PXOWLSOH�LQÁXHQFHV�RI�WKH�DTXDWLF�HQYLURQPHQW�
RQ�DLU�DUH�HTXDOO\�VXEVWDQWLDO��2EYLRXVO\��HYDSRUDWLRQ�
from water bodies and water films, as well as 

Air quality and the water 
environment 

7KH�ELRVSKHUH�RI�SODQHW�(DUWK�LV�D�VHDPOHVV�FRQWLQXXP�
RI� HQHUJ\�DQG�PDWWHU�� FLUFXODWLQJ�SULPDULO\�XQGHU�
WKH�LQÁXHQFH�RI�LQFLGHQW�VRODU�UDGLDWLRQ�VLJQLÀFDQWO\�
PRGLÀHG� WKURXJK� WKH� DJHQF\� RI� RUJDQLF� OLIH�� 7KH�
VXVWDLQDELOLW\�RI�WKH�(DUWK�V\VWHP�GHSHQGV�XSRQ�ÀQHO\�
WXQHG�DQG�DGDSWLYH�LQWHUDFWLRQV�RI�OLYLQJ�DQG�QRQ�
OLYLQJ�HOHPHQWV�WKDW�KDYH�EHHQ�VKDSHG�E\�HYROXWLRQDU\�
SUHVVXUHV�RYHU�ELOOLRQV�RI�\HDUV��

:H�PD\�VSOLW�WKLV�FRQWLQXXP�LQWR�VRLO��DLU��ZDWHU�DQG�
OLYLQJ�RUJDQLVPV��EXW�WKH�GHSWK�RI�WKHLU�LQWHUGHSHQGHQFH�
LV�H[HPSOLÀHG�E\�WKH�ZDWHU�F\FOH��:DWHU�UXQV�IURP�DQG�
WKURXJK�ODQG��VKDSLQJ�LW��PRGLI\LQJ�LWV�VWUXFWXUH�DQG�
HFRORJ\��WUDQVIRUPLQJ�FKHPLFDOV��DQG�EHDULQJ�VROXWHV�
DQG�VXVSHQGHG�PDWWHU�LQWR�XQGHUJURXQG�DQG�VXUIDFH�
water bodies. From water bodies, wetlands and soils, 
ZDWHU�HYDSRUDWHV�RU�LV�WUDQVSLUHG�LQWR�WKH�DWPRVSKHUH��
IURP�ZKHUH�LW�PD\�EH�FDSWXUHG�DQG�UHFLUFXODWHG�ORFDOO\��
IRU�H[DPSOH�DV�PLVW�LQ�IRUHVWV�RU�FRPSOH[�YHJHWDWLRQ��RU�
HOVH�FRQYH\HG�RYHU�VFDOHV�IURP�WKH�ORFDO�WR�WKH�JOREDO�E\�
PHWHRURORJLFDO�V\VWHPV��

BETWEEN WATER AND AIR
$LU�DQG�LWV�TXDOLW\�DIIHFWV�WKH�ZDWHU�HQYLURQPHQW�LQ�
SURIRXQG�ZD\V��3UHFLSLWDWLRQ�LV�DQ�REYLRXV�SDWKZD\�
IURP�DLU�WR�ZDWHU��DV�FKHPLFDOV��LQFOXGLQJ�FRQWDPLQDQWV��
GLVVROYH�LQWR�SUHFLSLWDWLRQ��WKHUHE\�DIIHFWLQJ�ERWK�TXDQWLW\�
DQG�TXDOLW\�DQG��DV�D�FRQVHTXHQFH��JHRPRUSKRORJ\��
HFRORJ\�DQG�WKH�PDQ\�KXPDQ�EHQHÀWV�WKDW�ÁRZ�IURP�



April 2013 | environmental SCIENTIST | 29

FEATURE

HYDSRWUDQVSLUDWLRQ�IURP�YHJHWDWLRQ��DUH�VLJQLÀFDQW�
SDWKZD\V�E\�ZKLFK�ZDWHU�HQWHUV�WKH�DWPRVSKHUH��ZKHUH�
LW�KDV�VLJQLÀFDQW�LPSDFWV�RQ�DWPRVSKHULF�KXPLGLW\��
FKHPLVWU\�DQG�FOLPDWH�V\VWHPV��

DYNAMIC WETLANDS
6RPH�RI�WKH�PRVW�G\QDPLF�DTXDWLF�HFRV\VWHPV�RFFXU�DW�
WKH�HFRWRQH��WKH�LQWHUIDFH��EHWZHHQ�ZDWHU�DQG�ODQG�LQ�
WKH�IRUP�RI�ZHWODQGV��ZKLFK�DUH�DPRQJVW�WKLV�SODQHW·V�
PRVW� SURGXFWLYH� HFRV\VWHPV�� 5HHGEHGV� DQG� RWKHU�
FRPSOH[�ZHWODQG�V\VWHPV�DUH�H[WUDRUGLQDULO\�HIÀFLHQW�
IRU�FOHDQLQJ�DLU��7KLV�LQFOXGHV�QRW�RQO\�WKH�VHWWOHPHQW�
RI�ÀQH�SDUWLFXODWH�PDWWHU�RI�����DQG�������30�� and 
30�����EXW�DOVR�WKH�PHWDEROLVP�RI�RWKHU�DLU�TXDOLW\�
SROOXWDQWV��VXOSKXU�DQG�QLWURJHQ�R[LGHV��R]RQH��HWF����7KH�
FXPXODWLYH�EHQHÀWV�IRU�KXPDQ�KHDOWK�DQG�WKH�HFRQRPLF�
YDOXH�RI�WKHVH�HFRV\VWHP�VHUYLFHV�DUH�VXEVWDQWLDO�

:HWODQGV�FDQ�EH�KLJKO\�VLJQLÀFDQW�IRU�DTXDWLF�SURFHVVHV�
DIIHFWLQJ�WKH�H[FKDQJH�RI�FOLPDWH�DFWLYH�JDVHV�EHWZHHQ�
ZDWHU�DQG�DLU��7KH�SRWHQWLDO�RI�ZHWODQGV�WR�VHTXHVWHU�
FDUERQ�DV�SHDW�DQG�LQ�RWKHU�IRUPV�LV�VLJQLÀFDQW��+RZHYHU��
PDQ\�RWKHU�ZHWODQG�SURFHVVHV��LQÁXHQFHG�E\�IDFWRUV�
VXFK�DV�UHGR[�SRWHQWLDO�DQG�VDOLQLW\��PD\�EH�QHW�VRXUFHV�
RI�VXFK�FOLPDWH�DFWLYH�JDVHV�DV�PHWKDQH�DQG�QLWURXV�
R[LGH��ZKLFK�ERWK�KDYH�IDU�KLJKHU�FOLPDWH�IRUFLQJ�HIIHFWV�
DOEHLW� VKRUWHU� DWPRVSKHULF�KDOI�OLYHV��$Q\�ZHWODQG�
FUHDWLRQ�PXVW�WKHUHIRUH�EH�FDUHIXOO\�WKRXJKW�WKURXJK��
ZKLOVW�LW�PD\�EH�DVVXPHG�WKDW�WKH�FRQVWUXFWLRQ�RI�D�WLGDO�
EDUUDJH�ZLOO�JHQHUDWH�ORZ�FDUERQ�HQHUJ\��WKHUH�LV�DOVR�
VLJQLÀFDQW��LI�JHQHUDOO\�RYHUORRNHG��SRWHQWLDO�IRU�FUHDWLRQ�
RI�ODUJH�H[SDQVHV�RI�KDELWDW�WKDW�PD\�JHQHUDWH�VXEVWDQWLDO�
DPRXQWV�RI�FOLPDWH�DFWLYH�JDVHV�VXFK�DV�QLWURXV�R[LGH�

7KH�VDPH�FRQVLGHUDWLRQV�RI�FDUERQ�VHTXHVWUDWLRQ�YHUVXV�
JHQHUDWLRQ�RI�FOLPDWH�DFWLYH�JDVHV�DOVR�DSSO\�WR�GHHS�
ODNHV��VDOW�PDUVKHV�DQG�PDQ\�RWKHU�DTXDWLF�KDELWDWV��
)RU� H[DPSOH�� K\GURHOHFWULF� GDPV�KDYH�KLVWRULFDOO\�
EHHQ�DVVXPHG�WR�SURYLGH�ORZ�FDUERQ�HQHUJ\��\HW�UHFHQW�
UHVHDUFK�KDV�KLJKOLJKWHG�WKH�SRWHQWLDO�IRU�PHWKDQH�
HPLVVLRQV� IURP�GHHS� UHVHUYRLUV� WR� QHJDWH� RU� HYHQ�
VLJQLÀFDQWO\�H[FHHG�WKH�GLUHFW�FOLPDWH�EHQHÀWV�DULVLQJ�
IURP�K\GURHOHFWULF�JHQHUDWLRQ1,2. Generalisations that 
LJQRUH�WKH�EUHDGWK�RI�LQWHUDFWLRQV�EHWZHHQ�ZDWHU�DQG�
DLU�V\VWHPV�PD\�WKHUHIRUH�OHDG�WR�SHUYHUVH�RXWFRPHV�

THE HUMAN ELEMENT
7KH�KXPDQ�UDFH�LV�ERWK�GHSHQGHQW�XSRQ�DQG�IXOO\�
LQWHUGHSHQGHQW�ZLWK�QDWXUDO�F\FOHV��VXSSRUWHG�E\�DQG�
LQ�WXUQ�SURIRXQGO\�LQÁXHQFLQJ�WKHP��7KH�DWPRVSKHUH��
FRQVWLWXWLQJ�DV�LW�GRHV�WKH�SODQHW·V�ELJJHVW�HQYLURQPHQWDO�

V\VWHP��SURYLGHV�VXEVWDQWLDO�DQG�GLYHUVH�HFRV\VWHP�
VHUYLFHV� WR�SHRSOH��PDQ\�RI� WKHP� LUUHSODFHDEOH3. It 
LV� WKHUHIRUH� HVVHQWLDO� WR�PDQDJH� DLU� RQ� D� V\VWHPLF�
EDVLV��DFNQRZOHGJLQJ� LWV�PXOWLSOH� OLQNV�ZLWK�RWKHU�
HQYLURQPHQWDO�V\VWHPV�DQG�KXPDQ�LQWHUHVWV�

)RU�H[DPSOH��LQ�WKH�ÀUVW�IRXU�RI�WKH�ÀYH�\HDUO\�8.�ZDWHU�
LQGXVWU\�LQYHVWPHQW�F\FOHV�IROORZLQJ�SULYDWLVDWLRQ�������
WR��������OLWWOH�FRQVLGHUDWLRQ�ZDV�JLYHQ�WR�WKH�VXEVWDQWLDO�
HVFDODWLRQ�RI�HPLVVLRQV�RI�FOLPDWH�DFWLYH�JDVHV�DVVRFLDWHG�
ZLWK�HQHUJ\�FRQVXPSWLRQ�E\�ZDVWHZDWHU�WUHDWPHQW�
WR�LPSURYH�HIÁXHQW�TXDOLW\��,Q�HVVHQFH��LQDGYHUWHQW�
DWPRVSKHULF�GDPDJH�ZDV�WKH�QHW�FRVW�RI�SURWHFWLQJ�ZDWHU�
TXDOLW\��7KHUH�DUH�LQKHUHQW�GDQJHUV�LQ�HIIRUWV�WR�PDQDJH�
DQ\�HQYLURQPHQWDO�VXEV\VWHP�LQ�LVRODWLRQ�

(YHQ�ZRUVH�RXWFRPHV�FDQ�DULVH�ZKHQ�ZH�DGRSW�D�¶VLOR·�
DSSURDFK�WR�WKH�PDQDJHPHQW�RI�DQ\�VLQJOH�SDUDPHWHU�
ZLWKLQ�D�VXEV\VWHP��IRU�H[DPSOH��WKH�GLVFRQQHFWLRQ�RI�
WKH�PDQDJHPHQW�RI�FOLPDWH�DFWLYH�JDVHV�IURP�KHDOWK�
UHODWHG�VXEVWDQFHV��LQFOXGLQJ�R[LGHV�RI�VXOSKXU�DQG�
QLWURJHQ��ÀQH�SDUWLFXODWHV�DQG�R]RQH��LQ�WKH�DWPRVSKHUH��
RIWHQ�LQ�SUDFWLFH�XQGHUWDNHQ�E\�GLIIHUHQW�WLHUV�RI�ORFDO�
JRYHUQPHQW�ZLWK�OLWWOH�LQWHUDFWLRQ4��ZKLFK�FDQ�OHDG�
WR�DQWDJRQLVWLF�RXWFRPHV�GHVSLWH�WKH�IDFW�WKDW�WKHVH�
GLIIHUHQW�FDWHJRULHV�RI�JDVHV�JHQHUDOO\�DULVH�IURP�WKH�
VDPH�HPLVVLRQ�VRXUFHV5��7KLV�LV�H[DFHUEDWHG�E\�WKH�
ODFN�RI�DXWRPDWLF�FRQQHFWLRQ�ZLWK�UHJXODWRU\�DFWLRQV�
SHUWDLQLQJ�WR�HPLVVLRQV�IURP�LQGXVWULDO�VLWHV��ZKLFK�
DUH�VLJQLÀFDQW�VRXUFHV�RI�DFLGLI\LQJ�JDVHV�LQ�DGGLWLRQ�
WR�WKRVH�RI�KHDOWK�DQG�FOLPDWH�FRQFHUQ�

MAKING THE LINKS BETWEEN AIR AND WATER
7KH�LQWLPDWH�FRXSOLQJ�RI�DLU�DQG�ZDWHU�LV�H[HPSOLÀHG�
E\�ERWK�WKH�FDXVHV�DQG�FRQVHTXHQFHV�RI�FOLPDWH�FKDQJH��
$� QRZ�ZLGHVSUHDG� VD\LQJ� LQ� WKH� HQYLURQPHQWDO�
PDQDJHPHQW�FRPPXQLW\�LV�WKDW�¶PLWLJDWLRQ�LV�DERXW�
DLU��DGDSWDWLRQ�LV�DERXW�ZDWHU·��7KH�EDVLV�IRU�WKLV�LV�
WKDW� HPLVVLRQV� RI� FOLPDWH�DFWLYH� JDVHV� �UHTXLULQJ�
PLWLJDWLRQ��LQWR�WKH�DWPRVSKHUH�DUH�WKH�SULPDU\�GULYHUV�
RI�ULVLQJ�JOREDO�WHPSHUDWXUHV��EXW�WKH�FRQVHTXHQFHV�
RI� DQ� LQFUHDVLQJO\� HQHUJHWLF� DWPRVSKHUH� DUH�PRVW�
LPPHGLDWHO\�DQG�GLUHFWO\�H[SUHVVHG�YLD�LPSDFWV�RQ�
WKH�ZDWHU�F\FOH��UHTXLULQJ�DGDSWDWLRQ���7KHVH�LPSDFWV�
LQFOXGH�H[DFHUEDWLRQ�RI�DULGLW\�LQ�VRPH�UHJLRQV�ZKLOVW�
RWKHUV�H[SHULHQFH�ZHWWHU�FRQGLWLRQV��JHQHUDOO\� OHVV�
SUHGLFWDEOH�ZHDWKHU�SDWWHUQV�LQFOXGLQJ�WKH�SHULRGLFLW\�
DQG�LQWHQVLW\�RI�SUHFLSLWDWLRQ��DQG�FXPXODWLYH�LPSDFWV�
RQ�IRRG�SURGXFWLRQ��GLVHDVH�WUDQVPLVVLRQ��ÁRRGLQJ��VRLO�
HURVLRQ��FDUERQ�UHPRELOLVDWLRQ�DQG�VSHFLHV�PRYHPHQW��
1R�ODUJHO\�DUELWUDU\�SDUWLWLRQ�RI�WKH�ELRVSKHUH�RSHUDWHV�
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LQ�LVRODWLRQ��/DQG�FRYHU�DQG�ODQG�XVH�H[HUW�VXEVWDQWLDO�
LQÁXHQFHV�RQ�H[FKDQJHV�EHWZHHQ�DLU�DQG�ZDWHU�V\VWHPV��
&RQLIHURXV�SODQWDWLRQV��IRU�H[DPSOH��FDQ�H[DFHUEDWH�
DFLGLÀFDWLRQ��SDUWLFXODUO\�LQ�SRRUO\�EXIIHUHG�XSODQGV��
ZKLOVW�IRUHVW�UHVWRUDWLRQ�LQ�XSODQG�DUHDV�VXFK�DV�,QGLD·V�
:HVWHUQ�*KDWV�FDQ�GR�PXFK�WR�UHVWRUH�K\GURORJLFDO�
UHJLPHV��HFRV\VWHPV�DQG�KXPDQ�OLYHOLKRRGV�GDPDJHG�
E\�KLVWRULF�GHIRUHVWDWLRQ��/DQG�GUDLQDJH�RU�UH�ZHWWLQJ�
FDQ�VLJQLÀFDQWO\�LQÁXHQFH�WKH�WHQGHQF\�RI�ODQGVFDSHV�
WR� UHWDLQ� RU� WR� VKHG� ZDWHU�� SHUIRUP� QLWULÀFDWLRQ��
GHQLWULÀFDWLRQ�DQG�DQRWKHU�QXWULHQW�WUDQVIRUPDWLRQ�
SURFHVVHV��DQG�LQÁXHQFH�H[FKDQJHV�EHWZHHQ�DLU�DQG�
ZDWHU�ZHWODQG�V\VWHPV�

SYSTEMIC SOLUTIONS
,I�ZH�FDQQRW�GLYRUFH�WKH�PDQDJHPHQW�RI�RQH�VXEV\VWHP�
IURP�DQRWKHU��ZH�FDQ�XVH�WKLV� LQWLPDWH� OLQNDJH�IRU�
LQWHJUDWHG�PDQDJHPHQW��$OUHDG\��VRFLHW\�LV�LQQRYDWLQJ�
D�UDQJH�RI�PXOWL�EHQHÀW�VROXWLRQV�DGGUHVVLQJ�PXOWLSOH�
HFRV\VWHP�VHUYLFHV��VXSHUVHGLQJ�WKH�KLVWRULF�IRFXV�RQ�
a narrow subset.

3UDFWLFDO�H[DPSOHV�RI�VXFK�V\VWHPLF�VROXWLRQV�LQFOXGH�
6X'6��VXVWDLQDEOH�GUDLQDJH�V\VWHPV���ZKLFK�HPXODWH�
QDWXUDO�GUDLQDJH�DQG�LQÀOWUDWLRQ�SURFHVVHV�WKURXJK�
D� GLYHUVLW\� RI� HQJLQHHUHG� VROXWLRQV�� :KLOVW� 6X'6�
WHFKQLTXHV�FDQ�DGGUHVV�QDUURZO\�SUHVFULEHG�GUDLQDJH�
SXUSRVHV��WKH\�FDQ�DOVR�EH�DGDSWHG�WR�GHOLYHU�OLQNHG�
EHQHÀWV�W\SLFDOO\�LQFOXGLQJ�ZDWHU�TXDOLW\�UHJXODWLRQ��
DPHQLW\�SURYLVLRQ�DQG�KDELWDW�IRU�ZLOGOLIH6, and their 
FRPSOH[�YHJHWDWLRQ�FDQ�DOVR�LPSURYH�DLU�TXDOLW\�DQG�
DWWHQXDWH�QRLVH��([WHQGLQJ� WKHVH�SULQFLSOHV��*UHHQ�
,QIUDVWUXFWXUH� �*,�� LV� D�PRUH� JHQHULF� DQG� ÁH[LEOH�
DSSURDFK�WR�WKH�SURWHFWLRQ��UHVWRUDWLRQ�RU�HPXODWLRQ�RI�
QDWXUDO�KDELWDWV��SRWHQWLDOO\�DFKLHYLQJ�VLPLODU�EHQHÀWV�
LQ�DGGLWLRQ�WR�FUHDWLQJ�XUEDQ�JUHHQ�VSDFHV��QDWXUDO�
FRROLQJ��ORZ�FDUERQ�WUDYHOOLQJ�URXWHV��ZDONLQJ�DQG�F\FOH�
SDWKV��HWF���DQG�¶VFUXEELQJ·�SDUWLFXODWH�PDWWHU�DQG�RWKHU�
DLU�SROOXWDQWV7. 

$� PRUH� UDGLFDOO\� FURVV�GLVFLSOLQDU\� DSSURDFK� WR�
KDUQHVVLQJ�WKH�PXOWLSOH�YDOXHV�RI�QDWXUDO�SURFHVVHV�LV�
VHHQ�LQ�LQWHJUDWHG�FRQVWUXFWHG�ZHWODQGV��,&:V���ZKLFK�
VHHN�WR�RSWLPLVH�WKH�SURGXFWLRQ�RI�D�EURDG�UDQJH�RI�
HFRV\VWHP�VHUYLFHV�SURYLGHG�E\�FDVFDGHV�RI�VKDOORZ��
DHURELF�ZHWODQG�FHOOV8��7KH�VDPH�EURDGHQLQJ�RI�REMHFWLYHV�
XQGHUOLHV�WKH�HYROXWLRQ�RI�ULYHU�UHVWRUDWLRQ�WHFKQLTXHV�
IURP�DQ�LQLWLDO�IRFXV�RQ�KDELWDWV�DQG�VSHFLHV�WRZDUGV�
DGGUHVVLQJ�PXOWLSOH�EHQHÀWV��LQFOXGLQJ�QDWXUDO�ÁRRG�
PDQDJHPHQW��SURYLVLRQ�RI�DWWUDFWLYH�DQG�ELRGLYHUVH�
ODQGVFDSHV�� VXSSRUWLQJ� VHOI�VXVWDLQLQJ�ÀVK� VWRFNV��
FDUERQ�VHTXHVWUDWLRQ�DQG�QXWULHQW�F\FOLQJ9. 

:DWHU�LQGXVWU\�LQYHVWPHQW�LQ�WKH�8.�LV�DOVR�XQGHUJRLQJ�
D�WUDQVLWLRQ�WRZDUGV�D�PRUH�V\VWHPLF�DSSURDFK��ZLWK�
WKH�HPSKDVLV�RI�LQYHVWPHQW�LQ�WKH�TXDOLW\�RI�VXSSO\�RI�

SLSHG�ZDWHU�VKLIWLQJ�IURP�HQHUJ\���FKHPLFDO��DQG�ZDVWH�
LQWHQVLYH�WUHDWPHQW�SURFHVVHV�DW�WKH�SRLQW�RI�DEVWUDFWLRQ�
WRZDUGV�FDWFKPHQW�VFDOH�LQLWLDWLYHV��VXFK�DV�6&D0310 in 
WKH�1RUWK�:HVW�RI�(QJODQG�DQG�8SVWUHDP�7KLQNLQJ11 in 
WKH�6RXWK�:HVW��WKDW�UHGXFH�SROOXWLRQ�IURP�IDUPODQG�DW�
VRXUFH��7KH�HFRQRPLF�DQG�HFRORJLFDO�EHQHÀWV�LQFOXGH�
UHGXFHG�FDUERQ�IRRWSULQW�DQG��SRWHQWLDOO\��DLU�TXDOLW\�
LPSURYHPHQWV�WKURXJK�WKH�UHJHQHUDWLRQ�RI�PRUH�FRPSOH[�
ULSDULDQ�DQG�ZHWODQG�KDELWDW12.

$V� VRFLHW\� DW� ODUJH�� DQG� SROLWLFDO� DQG� UHJXODWRU\�
FRPPXQLWLHV�LQ�SDUWLFXODU��HQJDJH�SURJUHVVLYHO\�ZLWK�WKH�
QHHG�WR�DGGUHVV�ZKROH�FRPSOH[�VRFLR�HFRORJLFDO�V\VWHPV��
UDWKHU�WKDQ�DUELWUDU\�VXEGLYLVLRQV�LQ�LVRODWLRQ��WKHVH�
V\VWHPLF�VROXWLRQV�ZLOO�EHFRPH�PRUH�FRPPRQSODFH��
+RZHYHU�� WKH� WUDQVLWLRQ�UHTXLUHV�D�EURDGHU�FXOWXUH�
FKDQJH�HQWDLOLQJ�QRW�RQO\�EURDGHU�WKLQNLQJ�EXW�DOVR�
SODQQLQJ�DQG�SROLF\�IRUPXODWLRQ��WKH�UHIRUP�RI�QDUURZ�
HFRQRPLF�DQDO\VHV�DQG�ULQJ�IHQFHG�EXGJHWV�WR�EHWWHU�
DFFRXQW�IRU�QHW�EHQHÀW�WR�KXPDQ�ZHOOEHLQJ��DV�ZHOO�DV�
WKH�¶KHDUWV�DQG�PLQGV·�RI�VRFLHW\�DQG�HQYLURQPHQWDO�
PDQDJHPHQW�SUDFWLWLRQHUV�

AIR QUALITY: SHOULD WE HAVE ACHIEVED MORE?
)URP�WKH�UHYLHZ�RI�DFWLYLWLHV�LQ�WKLV�MRXUQDO��LW�LV�TXLWH�FOHDU�
WKDW�KHDOWK��FOLPDWH�FKDQJH��DFLGLÀFDWLRQ��HXWURSKLFDWLRQ�

S�Profile view of sustainable drainage system. (Photo 
credit © WWT)
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DQG�RWKHU�HQYLURQPHQWDO�FRQFHUQV�KDYH�GULYHQ�D�JUHDW�
GHDO�RI�HQYLURQPHQWDO�PDQDJHPHQW�DWWHQWLRQ��+RZHYHU��
´6KRXOG�ZH�KDYH�DFKLHYHG�PRUH"µ�LV�D�ORDGHG�TXHVWLRQ��
JLYHQ�ZKDW�ZH�NQRZ�DQG�DUH�OHDUQLQJ�QRZ�UHODWLYH�WR�
ZKDW�ZH�NQHZ�ZKHQ��ZLWK�WKH�EHVW�RI�LQWHQWLRQV��ZH�
IRUPXODWHG�WKH�UHJXODWLRQV��GHFLVLRQV��WHFKQRORJLHV�DQG�
DVVXPSWLRQV�WKDW�GULYH�FXUUHQW�SUDFWLFH�

6R�LW�LV�PRUH�SURGXFWLYH�WR�UHIUDPH�WKLV�LQWR�WZR�OLQNHG�
TXHVWLRQV��´&RXOG�ZH�KDYH�DFKLHYHG��DQG�FDQ�ZH�LQ�
IXWXUH�DFKLHYH��PRUH"µ�7KH�DQVZHU�WR�HDFK�LV�DQ�HPSKDWLF�
´<HV�µ�%XW�GHOLYHULQJ�WKLV�DVSLUDWLRQ�ZLOO�UHTXLUH�YLVLRQ�
DQG�FRXUDJH�WR�VHW�DVLGH�WUDGLWLRQDO�QDUURZ�DVVXPSWLRQV��
,W�ZLOO�DOVR�UHTXLUH�D�UHVSHFW�IRU�WKH�LQWHUDFWLRQV�ZLWKLQ�
DQG�EHWZHHQ�DLU��ZDWHU��WHUUHVWULDO�DQG�OLYLQJ�V\VWHPV��
DQG�DQ�DFNQRZOHGJHPHQW�RI�WKH�UROH�RI�DOO�LQ�VRFLHW\�DV�
EHQHÀFLDULHV�DQG�RU�YLFWLPV�DV�ZHOO�DV�FKDQJH�DJHQWV�

7KLV�LV�ZKDW�WKH�HFRV\VWHP�DSSURDFK��GHÀQHG�E\�WKH�
&RQYHQWLRQ�RI�%LRORJLFDO�'LYHUVLW\�DV� «́D�VWUDWHJ\�IRU�
the integrated management of land, water and living 
UHVRXUFHV�WKDW�SURPRWHV�FRQVHUYDWLRQ�DQG�VXVWDLQDEOH�
XVH�LQ�DQ�HTXLWDEOH�ZD\µ13��LV�DOO�DERXW��7KLV�DSSURDFK��
UHFRJQLVLQJ�SHRSOH�DV�LQWHUGHSHQGHQW�FRPSRQHQWV�RI�
LQKHUHQWO\�LQWHJUDWHG�VXEV\VWHPV��SUHVHQWV�D�URDGPDS�
WR�D�IXWXUH�UHODWLRQVKLS�EHWZHHQ�SHRSOH�DQG�WKH�QDWXUDO�
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Clare Holman summarises the dangers from airborne particles released during 
construction and demolition work.

The threats from 
construction dust and 
fungal spores

Dust is one on those unglamorous air pollutants 
that is easily dismissed as ‘just’ a local amenity 
issue – does it matter if you have to clean your 

car slightly more often? In fact, dust can have serious 
health effects for some individuals, and people who 
live near a large development or mineral extraction site 
could be exposed to elevated levels of dust for years.

'XVW�LV�GHÀQHG�E\�WKH�%ULWLVK�6WDQGDUGV�,QVWLWXWLRQ�DV�
particles below 75 microns (µm) in diameter that settle 
out under their own weight but remain suspended for 
some time1. This includes small particles that may enter 
the body, such as PM10 and PM2.5��ZKLFK�DUH�GHÀQHG�
as particulate matter (PM) that passes through a size-
VHOHFWLYH�LQOHW�ZLWK�D����SHU�FHQW�HIÀFLHQF\�FXW�RII�DW����
and 2.5 µm respectively. 

PM10 is generally considered to be inhalable particles 
and PM2.5 respirable particles. Inhalable particles are 
those that enter the body through the nose and mouth 
and are typically deposited in the trachea and bronchia 
of the lungs. Respirable particles are deposited deeper 
in the lungs, in the alveolar region, and are thought to 
be a better indicator of the health effects of PM than 
PM10. These small particles are mainly generated during 
combustion processes or formed in the atmosphere. 
However, there is evidence that particles in the size range 
between PM2.5 and PM10 (denoted as PM2.5–10) may also 
be responsible for some of the observed health impacts2.

SOURCES OF DUST
A significant proportion of PM is derived from 
mechanical processes such as weathering, wind erosion 
of aggregate stockpiles, driving on unpaved roads, 
or the wearing down of vehicle brakes and tyres. 
5HVHDUFK�XQGHUWDNHQ�LQ�WKH�86$�VXJJHVWV�WKDW�XS�WR�
90 per cent by weight of the fugitive PM10 emissions of 
from construction sites are PM2.5–10, depending on the 
source3. With European legislation essentially requiring 
WKH�ÀWWLQJ�RI�GLHVHO�SDUWLFOH�ÀOWHUV�WR�QHZ�YHKLFOHV�WR�PHHW�
the new particle number limits, mechanically derived 
particles are likely to become a major source of road-
transport PM emissions. 

This article focuses on demolition and construction sites. 
These sites are mainly in urban areas, often in localities 
with high population densities where large numbers of 
people are exposed to dust in its various forms. Dust 
emissions can occur during the preparation of the land 
(demolition and earthworks) and construction. The 
impacts vary substantially from day-to-day, depending 
RQ�WKH�VSHFLÀF�RSHUDWLRQV�EHLQJ�XQGHUWDNHQ��WKH�OHYHO�
of activity, the weather conditions and the mitigation 
measures being applied. A large proportion of the 
emissions results from vehicles moving over temporary 
roads and open ground. If mud is allowed to get onto 
public highways, dust emissions can occur at some 
distance from the originating site, a phenomenon known 
as track-out. 
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CONSTRUCTION DUST
7KHUH�LV�HYLGHQFH�WKDW�VLJQLÀFDQW�3010 impacts can 
arise very close to construction sites. For example, data 
from a monitoring station in a pedestrianised area in 
the centre of Cardiff shows the effect of adjacent works 
which included demolition, ground works, laying of 
concrete foundations, erection of a steel frame and 
FRQFUHWH�ÁRRU�VODEV��ZDOO�DQG�URRI�FRQVWUXFWLRQ��DQG�
ÀQLVKLQJ��$�VLJQLÀFDQW�LPSDFW�RQ�3010 concentrations 
was observed (measured using a tapered element 
oscillating microbalance; TEOM) in the year when most 
of the work was done. There were 54 days when PM10 

concentrations exceeded 50 µg/m3, with a maximum 
24-hour value of 96 µg/m3��FRPSDUHG�WR����GD\V�DQG�D�
maximum of 82 µg/m3 the following year when there 
was no construction. The greatest impact was on one-
hour PM10 concentrations, with 89 hours greater than 
200 µg/m3�GXULQJ�WKH�ZRUNV�FRPSDUHG����KRXUV�LQ�WKH�
following year. These high short-term concentrations 
mainly occurred during working hours, when the 
pedestrianised area was at its busiest. The impact on 
annual mean values was, however, much smaller, with 
PM10 concentrations of 34 µg/m3 during and 25 µg/m3 

after the works. It should be noted that the mitigation 
measures used on the site were not recorded4. 

Another study has shown that major construction 
sites in London can increase the number of days when 
PM10 concentrations exceed the national air quality 
objective value, as well as increasing the long-term 
average concentrations5.

HOW FAR DOES DUST TRAVEL?
7KH�VFLHQWLÀF�HYLGHQFH�RQ�WKH�GLVWDQFH�RYHU�ZKLFK�
impacts may occur is limited. Extensive monitoring 
of PM10 concentrations around construction sites has 
RFFXUUHG�VLQFH�EHVW�SUDFWLFH�JXLGDQFH�ZDV�ÀUVW�SXEOLVKHG�
for London6, however, the data is collected on a site-
by-site basis by developers who have no interest in 
DQDO\VLQJ�LW�DQG�SXEOLVKLQJ�WKH�ÀQGLQJV��3UREDEO\�WKH�
EHVW�HYLGHQFH�DYDLODEOH�LV�LQ�DQ�XQSXEOLVKHG�%5(�VWXG\�
for the Greater London Authority (GLA) commissioned to 
inform the development of its 2006 guidance. It suggested 
that the impacts on PM10 concentrations from a major 
construction site with good mitigation occur over a 
GLVWDQFH�RI�OHVV�WKDQ�����P��EXW�GXH�WR�WKH�ORFDWLRQV�RI�LWV�
monitoring sites, more precise information is not in place.

There are other potential impacts, such as the release 
RI�KHDY\�PHWDOV��DVEHVWRV�ÀEUHV�RU�RWKHU�SROOXWDQWV�
during the demolition of certain buildings such as former 
chemical works, or the release of dust containing toxic 
pollutants during the removal of contaminated soils. 

FUNGAL SPORES
Possibly more unusual is the release of fungal spores 
during the demolition of old buildings which can give 
ULVH�WR�VSHFLÀF�FRQFHUQV�LI�LPPXQH�FRPSURPLVHG�SHRSOH�
are likely to be exposed. Demolition dust contains a 
number of fungal spores, including Aspergillus, which 
when inhaled can cause fatal infections. Aspergillus is 
ubiquitous in the environment and therefore everyone 
LV�H[SRVHG�WR�LW��WKH�YDVW�PDMRULW\�FDQ�ÀJKW�WKH�LQIHFWLRQ�
and do not suffer any ill effect. However, for those with a 
severely compromised immune system the outcome can 
be very different. Around 4,000 people a year contract 
invasive aspergillosis in the UK and more than half die 
of it7. Leukaemia patients are one of the most sensitive 
groups of the population, while others include organ 
transplant recipients, patients who have undergone 
PDMRU�VXUJHU\�DQG�$,'6�SDWLHQWV�

,Q� ����� WKUHH� SHRSOH� GLHG� LQ� 1HZFDVWOH� *HQHUDO�
Hospital during demolition on the site, and their deaths 
were attributed to invasive aspergillosis although 
SRVW�PRUWHPV�WR�FRQÀUP�WKLV�ZHUH�QRW�FDUULHG�RXW��
Another three were treated for Aspergillus infections 
and recovered8. A number of other hospitals around 
the world have experienced similar outbreaks of the 
GLVHDVH��DQG�DV�D�UHVXOW�PDQ\�1+6�7UXVWV�KDYH�GHYHORSHG�
procedures for managing the risks within their estate. 
However, the threat may be from developments outside 
their control.

Aspergillus spores in the air are continuously deposited 
within buildings of all kinds. The presence of moisture 
on any biodegradable material can lead to fungal 
growth – wood and other organic materials provide 
the nutrients essential for the spores to multiply. Older 
buildings constructed with traditional materials are 
more susceptible than more modern concrete structures. 
Inside buildings fungal problems are usually associated 
ZLWK�ÁRRGLQJ��OHDNV��FRQGHQVDWLRQ��GDPS�EDVHPHQWV�DQG�
bathrooms, and dirty air conditioning systems. However 
dust and fungal spores can also accumulate in the roof 
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space of buildings, made worst by the ingress of rain 
due to the loss of any roof tiles. While the building is in 
use the spores are generally left undisturbed, but they 
become airborne during demolition. 

DUST CONTROL
As excessive dust emissions can adversely affect the 
amenity and health of the local community, all major 
construction and demolition sites should be required to 
adopt measures to control the release of dust, and thereby 
contribute to ensuring better air quality. Experience of 
demolition and construction sites suggests that dust 
control tends to get lost amongst the myriad demands 
of managing a complex site. The potential risks of dust 
emissions are not fully understood or planned for, and 
other issues tend to take higher priority. 

The Institute of Air Quality Management (IAQM) has 
developed guidance on assessing the air-quality risk 
from construction and demolition sites, to determine 
the level of mitigation required9. In addition, separate 
guidance on mitigation measures for low-, medium- and 
high-risk sites was issued, drawing on the soon-to-be-
published update to the GLA 2006 guidance10. 

For high-risk sites there must be proactive management 
of dust by the site management. Experience suggests 

that this works best when there is a dedicated person 
responsible for dust management and a detailed dust 
management plan (DMP). The DMP should include 
details of the mitigation measures to be applied, 
which are likely to range from staff training in the 
importance of dust mitigation to the use of water-
based dust-suppression techniques. However, to be 
effective the main day-to-day management tool should 
be the measurement of ambient PM concentrations, 
with the details set out in a dust monitoring protocol. 
)XUWKHU�JXLGDQFH�LVVXHG�LQ������E\�WKH�,$40�FRYHUV�
measurement methods11.

6LWH�ZRUNHUV�DUH�QRW�JHQHUDOO\�IDPLOLDU�ZLWK�DLU�TXDOLW\�
monitoring equipment and therefore the protocol will 
only be effective if it is very prescriptive, or the monitoring 
is undertaken by specialists. The disadvantage of the 
latter approach is that there may be little buy-in from site 
managers – it is perceived to be an expensive annoyance. 

ALERT AND ACTION LEVELS
There is little value in measuring PM concentrations 
if there are no alert and actions levels to compare the 
measurements against. If an alert level is exceeded, the 
contractor should check that best practice mitigation is 
being appropriately applied. When the action level is 
exceeded the contractor should stop work as soon as 
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practicable (recognising that the site must be made safe 
before work can cease), identify the cause and rectify it 
before work resumes. What is important is that the site 
management is quickly aware of any breaches to these 
levels so that they can respond quickly. There is no point 
in monitoring if they do not know the concentrations 
until a week later. On well-managed sites the action 
level should not be reached.

The effects of construction on air quality depend to a 
large extent on the mitigation measures adopted. The 
IAQM guidance on construction dust emphasises the 
need to identify the risk of adverse effects, in order to 
WKHQ�LGHQWLI\�WKH�DSSURSULDWH�VLWH�VSHFLÀF�PLWLJDWLRQ�
PHDVXUHV��7KH�JXLGDQFH�GHÀQHV�D�GHYHORSPHQW�VLWH�DV�
negligible, low-, medium- or high-risk, depending on 
the potential for dust to be released and the distance 
to the nearest receptors. 

6LQFH�WKH�,$40�JXLGDQFH�ZDV�SXEOLVKHG��WKH�UHVXOW�RI�D�
Transport for London trial has shown that the application 
of calcium magnesium acetate (CMA) dust suppressant, 
which binds dust particles together onto surfaces, may 
be a useful measure to reduce the emissions of PM 
from construction sites and major roadworks depositing 
on adjacent roads and being resuspended by passing 
vehicles and the wind12. 

Claire Holman has worked as an air quality consultant for 
30 years and is currently with Brook Cottage Consultants. 
She is Vice-Chair of the Institute of Air Quality Management 
(IAQM) and led the IAQM working group on assessment of 
construction impacts. She is also the chair of the Air Panel 
of the Chartered Institution of Water and Environmental 
Management (CIWEM). 
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Herman van Dam and Adrienne Mertens describe the danger of internal 
eutophication and how a reduction of sulphur and nitrogen air pollutants has 
enabled the partial recovery of shallow soft-water lakes. 

Partial recovery of 
shallow acid-sensitive 
lakes from acidification.

In the 1970s many poorly buffered Scandinavian lakes 
DSSHDUHG�WR�EH�DFLGLÀHG�E\�WKH�ORQJ�UDQJH�WUDQVSRUW�
of air pollutants, mainly sulphur compounds, from 

ZHVWHUQ�DQG�FHQWUDO�(XURSH��ZLWK�ÀVK�NLOOV�EHLQJ�WKH�
ÀUVW�VLJQ�RI�HFRORJLFDO�HIIHFWV��/RZHU�LQ�WKH�IRRG�FKDLQ��
FKDQJHV�LQ�WKH�VSHFLHV�FRPSRVLWLRQ�DQG�DEXQGDQFH�RI�
DOJDH�DQG�]RRSODQNWRQ�ZHUH�REVHUYHG1��$V�HOVHZKHUH�
LQ�(XURSH�DQG�1RUWK�$PHULFD��WKHVH�ÀQGLQJV�KDYH�
been an impetus for research on acid rain, and have 
DOVR�VWLPXODWHG�WKH�PRQLWRULQJ�RI�DFLG�VHQVLWLYH�ODNHV�
LQ�WKH�1HWKHUODQGV��ZKLFK�LV�RQH�RI�(XURSH·V�PRVW�DFLG�
LPSDFWHG�UHJLRQV2��

SHALLOW SOFT-WATER LAKES
The main water system of the Netherlands consists 
of rivers, canals and lakes that are alkaline and well 
EXIIHUHG��DQG�WKHUHIRUH�QRW�VHQVLWLYH�WR�DFLGLÀFDWLRQ��
+RZHYHU�� LQ� WKH� VDQG\� UHJLRQV� LQ� WKH� HDVWHUQ� DQG�
southern part of the country there are several thousands 
of vulnerable, small and shallow poorly buffered lakes, 
ZLWK�W\SLFDO�VL]HV�RI����²��KD�DQG�W\SLFDO�GHSWKV�RI��²��
P��7KH\�DUH�FORVH�WR�LQGXVWULDO�VRXUFHV�RI�DLU�SROOXWLRQ�
LQ�WKH�1HWKHUODQGV��%HOJLXP�DQG�*HUPDQ\�DQG�WR�DUHDV�
ZLWK�KLJK�HPLVVLRQV�RI�DPPRQLD�IURP�LQWHQVLYH�FDWWOH�
EUHHGLQJ��Figure 1)��7KHUH�DUH�VLPLODU�VKDOORZ�ODNHV�
LQ�%HOJLXP��)UDQFH��1RUWKHUQ�*HUPDQ\��'HQPDUN�DQG�
3RODQG��,Q�WKH�1DWXUD������(XURSHDQ�QHWZRUN�WKH\�DUH�
FODVVLÀHG�DV�QDWXUDO�G\VWURSKLF�ODNHV�DQG�SRQGV��DQG�
ROLJRWURSKLF�ZDWHUV�RI�VDQG\�SODLQV��FRQWDLQLQJ�YHU\�
IHZ�PLQHUDOV��0DQ\�RI�WKHVH�VKDOORZ�ODNHV��vennen) are 

�
S�Figure 1. Map of the Netherlands showing the location 
of the lakes and the precipitation monitoring stations7.
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included in nature reserves, as they harbour otherwise 
UDUH�DQG�YXOQHUDEOH�SODQWV�DQG�DQLPDOV��

$IWHU�D�EULHI�VXUYH\�LW�DSSHDUHG�WKDW�LQ�VRPH�ZHOO�VWXGLHG�
ODNHV�D�YDVW�DUUD\�RI�DFLG�VHQVLWLYH�VSHFLHV�RI�DOJDH�DQG�
ZDWHU�SODQWV�ZDV�UHSODFHG�E\�D�VPDOO�QXPEHU�RI�DFLG�
UHVLVWDQW�VSHFLHV�EHWZHHQ������DQG�����3,4��$W�DERXW�WKH�
same time national and international action plans for 
WKH�UHGXFWLRQ�RI�DLU�SROOXWDQWV��LQFOXGLQJ�VXOSKXU�DQG�
QLWURJHQ�FRPSRXQGV��ZHUH�SXEOLVKHG5,6�

MONITORING PROGRAMME
In order to monitor the expected recovery of the 
FKHPLVWU\�DQG�ELRWD��UHJXODU�VDPSOLQJ�RI����LVRODWHG�
ODNHV� WKURXJKRXW� WKH�FRXQWU\�ZDV�VWDUWHG� LQ�����7��
The lakes are in protected areas and are exclusively 
IHG�E\� UDLQZDWHU�RU� VRPH�YHU\� ORFDO� JURXQGZDWHU��
They experience relatively minor disturbance from 
KXPDQ�DFWLYLWLHV��DOWKRXJK�6FRWV�SLQH�ZDV�SODQWHG�LQ�
RU�VSRQWDQHRXVO\�FRORQLVHG�WKH�RULJLQDO�RSHQ�ODQGVFDSH�
of heathlands and sand dunes around many of these 
ODNHV�LQ�WKH�ODVW�FHQWXU\��Image 1��

7KH�PRQLWRULQJ�SURJUDPPH�IRFXVHV�RQ�FKHPLVWU\��S+��
PDMRU�LRQV��QXWULHQWV��DQG�GLDWRPV��Figure 2���&RORQLHV�
of diatoms are sometimes visible to the naked eye as a 
EURZQ�ELRÀOP�DWWDFKHG�WR�VWRQHV�RU�ZDWHU�SODQWV��2WKHU�
VSHFLHV�OLYH�RQ�WKH�ODNH�VHGLPHQWV�RU�LQ�WKH�RSHQ�ZDWHU��DV�
SODQNWRQ���7KH\�KDYH�SURYHQ�WR�EH�H[FHOOHQW�ELRLQGLFDWRUV��
$V�VHYHUDO�KXQGUHG�GLIIHUHQW�GLDWRP�VSHFLHV�PD\�EH�

IRXQG�LQ�DFLG�VHQVLWLYH�ODNHV��HDFK�ZLWK�GLIIHUHQW�S+�
optimum values, they are extensively used to show the 
impact of acid precipitation of surface waters8�

7KUHH�ODNHV�DUH�PRQLWRUHG�LQWHQVLYHO\��XVLQJ�DW�OHDVW�
four chemical and two diatom samples each year) and 
HLJKW�ODNHV�DUH�PRQLWRUHG�H[WHQVLYHO\��XVLQJ�DW�OHDVW�RQH�
chemical and one diatom sample in the early autumn 
RI�HYHU\�IRXUWK�\HDU���

ATMOSPHERIC DEPOSITION AND TEMPERATURE
7KHUH�DUH�QR�H[DFW�GDWD�RQ�WKH�WRWDO��SRWHQWLDO��DFLG�
GHSRVLWLRQ�LQ�'XWFK�VRIW�ZDWHU�ODNHV��:HW�GHSRVLWLRQ�
VHHPV�WR�SURYLGH�WKH�EHVW�HVWLPDWHV��WKRXJK�SUREDEO\�
XQGHUHVWLPDWHG�E\���²���SHU�FHQW�IRU�VXOSKXU�FRPSRXQGV�
DQG���²���SHU�FHQW�IRU�QLWURJHQ�FRPSRXQGV9��2YHU�WKH�
SHULRG�����²�����WKH�ZHW�GHSRVLWLRQ�RI�QLWUDWH�DQG�
DPPRQLXP�GHFUHDVHG�E\�DERXW����SHU�FHQW�DQG�WKDW�RI�
VXOSKDWH�E\����SHU�FHQW��S���������VHH�Figure 3���

&XUUHQW�WRWDO�QLWURJHQ�GHSRVLWLRQ�RQ�WKH�ODNHV��EDVHG�
RQ�WKHVH�GDWD��ZLOO�EH�DERXW������NPRO�KD�\��ZKLOH�WKH�
critical load for poorly buffered lakes in the Netherlands 
LV�����²�����NPRO�KD�\9��7KH�FXUUHQW�VXOSKXU�GHSRVLWLRQ�
LV�DERXW������NPRO�KD�\�DQG�ZHOO�EHORZ�WKH�FULWLFDO�ORDG�
RI������NPRO�KD�\�LQ�����9�

7KH�DYHUDJH�DLU�WHPSHUDWXUH�LQ�WKH�1HWKHUODQGV�URVH�
VLJQLÀFDQWO\�E\����&�EHWZHHQ������DQG�������S���������
see Figure 3��

S�Image 1. Sampling diatoms in Goorven in 2004. (Image credit: Martijn Bellemakers)
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CHEMICAL RECOVERY
&KHPLFDO�VDPSOHV�ZHUH�DQDO\VHG�LQ�GLIIHUHQW�ODERUDWRULHV��
EXW�DOO�XVHG�FRPSDUDEOH�'XWFK�VWDQGDUG�PHWKRGV��1(1���
The median concentration of sulphate in water decreased 
IURP�����PPRO�P3�LQ������WR����PPRO�P3�LQ�������Figure 
4���7KH�FRQFHQWUDWLRQV�LQ������ZHUH�H[FHVVLYHO\�KLJK��GXH�
to oxidation of accumulated airborne reduced sulphur in 
WKH�VHGLPHQWV��ZKLFK�ZDV�R[LGL]HG�ZKHQ�WKH�ERWWRP�RI�
WKH�ODNHV�GULHG�RXW�DIWHU�WKH�H[WUHPHO\�GU\�\HDU�����10��
*UDGXDOO\�WKH�VXOSKDWH�GHFUHDVHG�DQG�DIWHU�RWKHU�GU\�
SHULRGV��H�J������²������WKH�LQFUHDVH�ZDV�PXFK�VPDOOHU�
WKDQ�DIWHU�������6XOSKXU�ZDV�HYHQWXDOO\�ORVW�IURP�WKH�
ODNH�V\VWHP�E\�GLVFKDUJH�WR�WKH�JURXQGZDWHU�GXULQJ�
periods of elevated sulphate concentrations after dry 
\HDUV��7KH�DYHUDJH�GHFUHDVH�RI�VXOSKDWH��FRUUHFWHG�IRU�D�
FKDQJH�RI�FKORULGH��LQ�WKH�VKDOORZ�'XWFK�ODNHV�EHWZHHQ�
�����DQG������DPRXQWV�WR�����PPRO�P3�\��ZKLFK�ZDV�
FRQVLGHUDEO\�KLJKHU�WKDQ�WKH�UDWHV�RI����²����PPRO�
m3�\�LQ�WKH�GHHSHU�ODNHV�RI�RWKHU�(XURSHDQ�FRXQWULHV11��
7KLV�GLIIHUHQFH�ZDV�SUREDEO\�GXH�WR�WKH�PXFK�ODUJHU�
LPSDFW�RI�VHGLPHQW�DVVRFLDWHG�VXOSKDWH�UHGXFWLRQ�LQ�
WKH�VKDOORZHU�ODNHV�

$PPRQLXP�SHDNHG��SDUDOOHO�WR�GHSRVLWLRQ��LQ������WR�
D�PHGLDQ�YDOXH�RI����PPRO�P3 and decreased later to 
YDOXHV�RI���PPRO�P3��Figure 4���7KH�UDWH�RI�WKH�GHFUHDVH�
EHWZHHQ������DQG�������FRUUHFWHG�IRU�FKORULGH�FKDQJHV��
DPRXQWHG�WR�����PPRO�P3�\��1LWUDWH�FRQFHQWUDWLRQV�
ZHUH�XVXDOO\�EHORZ�WKH�GHWHFWLRQ�OLPLW�RI���PPRO�P3��
,Q�RWKHU�(XURSHDQ�ODNHV�QLWURJHQ�LV�PDLQO\�SUHVHQW�
as nitrate, which has decreased in central Europe by 

DERXW���PPRO�P3�\��ZKLOH�DOPRVW�QR�FKDQJHV�RU�HYHQ�
LQFUHDVHV�ZHUH�IRXQG�LQ�WKH�$OSV��6FDQGLQDYLD�DQG�WKH�
8QLWHG�.LQJGRP11�

7KH�PHGLDQ�S+�LQFUHDVHG�IURP�����LQ������WR�����LQ�
������DORQJ�ZLWK�WKH�DONDOLQLW\��$IWHU�FRUUHFWLRQ�IRU�
FKORULGH�FKDQJHV��WKH�UDWH�RI�WKH�GHFUHDVH�RI�WKH�SURWRQ�
FRQFHQWUDWLRQ�LV�����PPRO�P3�\��ZKLOH�UDWHV�EHWZHHQ���
DQG�����PPRO�P3�\�DUH�UHFRUGHG�IRU�WKH�UHVW�RI�(XURSH11�

Thus the chemistry of the lakes seems to have 
FKDQJHG� FRQVLGHUDEO\�� PXFK� PRUH� WKDQ� LQ� RWKHU�
(XURSHDQ�FRXQWULHV��7KLV�LV�QRW�RQO\�D�FRQVHTXHQFH�
RI� WKH� SROLF\�PHGLDWHG� GHFUHDVH� RI� SRWHQWLDO� DFLG�
DWPRVSKHULF�GHSRVLWLRQ��EXW�DOVR�GXH�WR�WKH�JUHDW�LPSDFW�
RI�VHGLPHQW�UHODWHG�SURFHVVHV�RI�VXOSKDWH�UHGXFWLRQ�
DQG�GHQLWULÀFDWLRQ��ZKLFK�DUH�VWURQJO\�HQKDQFHG�E\�
increased ambient temperatures, as have occurred over 
recent decades12, 13, 14�

INTERNAL EUTROPHICATION
'XH�WR�WKH�LQFUHDVHG�EDFWHULDO�EUHDNGRZQ��SKRVSKRUXV�
release from the sediments has increased, which 
promotes eutrophication15��0D[LPDO�WRWDO�SKRVSKRUXV�
concentrations seem to have increased in some lakes 
�Figure 4��

Internal eutrophication is particularly evident in Kliplo, 
a small, intensively monitored lake that has not been 
DFLGLÀHG�DV�VHULRXVO\�DV�WKH�RWKHU�ODNHV�LQYHVWLJDWHG��
Because the shores are comparatively steep and the 

S�Figure 2. Decrease in diatom species diversity by acidification of soft-water lakes4.
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VHGLPHQWV�QHYHU�GU\�RXW��D�KXJH�DPRXQW�RI�RUJDQLFDOO\�
bound sulphur, derived from atmospheric deposition, 
has accumulated in the sediments over the years16��,Q�
FRQWUDVW�WR�PDQ\�RWKHU�VKDOORZ�VRIW�ZDWHU�ODNHV��VXOSKXU�
ORVV�E\�GLVFKDUJH�WR�JURXQGZDWHU�LV�VPDOO��0RQWKO\�
measurements indicate that nutrients were released 
DEUXSWO\�LQ�������7KLV�LV�QRW�UHÁHFWHG�E\�DQ�LQFUHDVH�RI�
WRWDO�SKRVSKRUXV��EXW�VPDOO�JUHHQ�DOJDH�KDYH�SUROLIHUDWHG�
VLQFH�WKHQ�LQ�WKH�SODQNWRQ��DV�LQGLFDWHG�E\�WKH�KLJK�
FKORURSK\OO�FRQFHQWUDWLRQV��WKH�DOPRVW�SHUPDQHQW�JUHHQ�
FRORXU�RI�WKH�ZDWHU�DQG�KLJK�R[\JHQ�FRQVXPSWLRQ�E\�
WKH�DOJDH��Figure 5���7KH�PHDQ�S+��ZKLFK�ZDV�EHWZHHQ�
����DQG�����EHWZHHQ������DQG�������LQFUHDVHG�WR����²����
LQ�ODWHU�\HDUV��ZLWK�PD[LPXP�YDOXHV�XS�WR�S+�����LQ�
WKH�VXPPHU��

6XFK�KLJK�YDOXHV�KDYH�UHFHQWO\�EHHQ�PHDVXUHG�LQ�VRPH�RI�
WKH�H[WHQVLYHO\�VDPSOHG�ODNHV�WRR��7KH�FKDQJHV�PD\�KDYH�
EHHQ�WULJJHUHG�E\�WKH�KLJK�WHPSHUDWXUHV�LQ�����²������
WKH�WZR�ZDUPHVW�\HDUV�VLQFH�PHDVXUHPHQWV�EHJDQ�LQ�
����17��6LJQV�RI�LQWHUQDO�HXWURSKLFDWLRQ�KDYH�DOVR�EHHQ�
UHFRUGHG�LQ�D�VHW�RI����VKDOORZ�VRIW�ZDWHU�ODNHV�IURP�WKH�
south of the Netherlands15�

DIATOMS
)RU� DOO� ODNHV�� GLDWRP� VDPSOHV� WDNHQ� DURXQG� �����
²� SUHVHUYHG� LQ� WKH� FROOHFWLRQ� RI� WKH� 8QLYHUVLW\� RI�
$PVWHUGDP�²�ZHUH�VWXGLHG�DV�D�UHIHUHQFH��%RWK�WKH�
historical and modern samples were taken in the same 
ZD\��Figure 1) and consistent taxonomy18  was applied 
RYHU�DOO�WKH�\HDUV��,Q�HDFK�VDPSOH�����GLDWRPV�ZHUH�
LGHQWLÀHG�DQG�WKH�UHODWLYH�FRQWULEXWLRQ�RI�HDFK�VSHFLHV�
ZDV�FDOFXODWHG��DORQJ�ZLWK�GLDWRP�LQIHUUHG�S+�YDOXHV19 

DQG�HFRORJLFDO�TXDOLW\�UDWLRV��(45���DV�UHTXLUHG�IRU�WKH�
(XURSHDQ�:DWHU�)UDPHZRUN�'LUHFWLYH20��

�

,Q�WRWDO�����GLDWRP�VSHFLHV�DQG�YDULHWLHV�ZHUH�UHFRUGHG�
LQ�����VDPSOHV��7KH�VSHFLHV�KDYH�EHHQ�VSOLW�LQWR�VL[�
HFRORJLFDO�JURXSV��OLVWHG�LQ�WKH�OHJHQG�RI�Figure 6��,Q�WKH�
VDPSOHV�IURP�DERXW�������WKH�PDMRULW\�RI�WKH�GLDWRPV�
ZHUH�FRPPRQ�DFLG�ZDWHU�VSHFLHV��H�J��Frustulia saxonica) 
DQG�ORZ�DONDOLQLW\�VSHFLHV�ZHUH�DOVR�ZHOO�UHSUHVHQWHG��,Q�
WKH�ODWWHU�JURXS�UDUH�VSHFLHV�IURP��PRGHUDWHO\��QXWULHQW�
poor habitats are often present, such as Brachysira procera��
Species of alkaline eutrophic water and saprophilous 
species, such as Nitzschia paleaeformis, were particularly 
SUHVHQW�LQ�ODNHV�ZLWK�VPDOO�VFDOH�KXPDQ�DFWLYLWLHV��VKHHS�
ZDVKLQJ��GXFN�GHFR\��IRU�H[DPSOH���

,Q������DQG������PRVW�ODNHV�ZHUH�GRPLQDWHG�E\�WKH�
diatom Eunotia exigua��D�ZHOO�NQRZQ�LQGLFDWRU�RI�ODNHV�
ZLWK�DQWKURSRJHQLF�DFLGLÀFDWLRQ��LQFOXGLQJ�SROOXWLRQ�E\�
DFLG�PLQH�GUDLQDJH�ZDWHU�21-23��)URP������RQZDUGV�WKH�
FRPPRQ�DFLG�ZDWHU�VSHFLHV�JUDGXDOO\�LQFUHDVHG��7KH�
ORZ�DONDOLQLW\�WD[D�ZHUH�SDUWO\�UHSODFHG�E\�D�JURXS�RI�
species characteristic of acid but more or less eutrophic 
water, such as E. naegelii��6SHFLHV�IURP�DONDOLQH�HXWURSKLF�
ZDWHU�DQG�VDSURSKLOLF�SUHIHUHQFH�KDG�JHQHUDOO\�RQO\�
ORZ�DEXQGDQFH��5HFHQWO\��WKHVH�VSHFLHV�LQFUHDVHG�LQ�WKH�
VXEVWDQWLDOO\�HQULFKHG�/DNH�.OLSOR��Figure 5��

7KXV��DOWKRXJK�GLDWRP�LQIHUUHG�S+�YDOXHV�DQG�WKH�
HFRORJLFDO� TXDOLW\� UDWLRV� KDYH� DOPRVW� UHWXUQHG� WR�
KLVWRULFDO�YDOXHV��WKH�FKDQJHG�VSHFLHV�FRPSRVLWLRQ�RI�
WKH�GLDWRP�DVVHPEODJHV�LQGLFDWHV�RQO\�D�SDUWLDO�UHFRYHU\�
IURP�DFLGLÀFDWLRQ��7KH�ODNHV�KDYH�EHFRPH�OHVV�DFLG�
over the last few decades, but more eutrophic than in 
HDUOLHU�WLPHV�

5HFRYHU\�RI�GLDWRP�DVVHPEODJHV�RYHU�UHFHQW�GHFDGHV�KDV�
EHHQ�REVHUYHG�LQ�ODNHV�LQ�VRXWK�ZHVW�)LQODQG�DQG�WKH�
8.��6RPH�RI�WKH����)LQQLVK�VLWHV�KDG�KLJK�SURSRUWLRQV�RI�

�

S�Figure 3. Mean annual wet deposition at precipitation 
monitoring stations (data: RIVM) and mean April–September 
air temperatures in De Bilt (see Figure 1; data: KNMI). 
Mean water temperatures in shallow lakes are 2 °C higher 
than mean air temperatures. All changes are significant (p 
<0.001)7.

S�Figure 4. Changes of median values and 25th and 75th 
percentiles of selected chemical variables in the surface water of 
11 isolated shallow poorly buffered lakes between 1978 and 2010. 
With the exception of total phosphate all changes are significant 
(p <0.05)7.
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WKH�DFLGLÀFDWLRQ�LQGLFDWRU�Eunotia exigua, which declined 
EHWZHHQ������DQG�������7KH�DYHUDJH�GLDWRP�LQIHUUHG�
S+�LQFUHDVHG�IURP�����WR����22��6LJQLÀFDQW�FKHPLFDO�
DQG�ELRORJLFDO�UHFRYHU\�ZDV�REVHUYHG�LQ�WKH����ODNHV�
RI� WKH�8.�$FLG�0RQLWRULQJ�1HWZRUN� LQ� WKH�SHULRG�
����²������EXW�PRVW�VLWHV�DUH�VWLOO�IDU�IURP�UHIHUHQFH�
conditions23, 24��+RZHYHU��WKHVH�ODNHV�ZHUH�PXFK�OHVV�
DFLGLÀHG�WKDQ�WKH�'XWFK�VKDOORZ�ODNHV��DV�DSSHDUV�IURP�
the much lower proportion of E. exigua��6RPH�VSHFLHV�
�FODVVLÀHG�LQ�WKH�1HWKHUODQGV�DV�ORZ�DONDOLQLW\�VSHFLHV��
were rare in the reference UK samples but are more 
FRPPRQ�LQ�WKH�PRUH�UHFHQW�8.�VDPSOHV��0D\EH�WKLV�LV�
D�FRQVHTXHQFH�RI��VOLJKW��HXWURSKLFDWLRQ�E\�DWPRVSKHULF�
QLWURJHQ�FRPSRXQGV22,23,24��,Q�DOO�EXW�RQH�RI����VRXWK�
6ZHGLVK� VRIW�ZDWHU� ODNHV�� FKHPLFDO� GDWD� LQGLFDWHG�
UHFRYHU\�IURP�DFLGLÀFDWLRQ�EHWZHHQ������DQG�������EXW�
the diatoms did not25��6HYHUH�HXWURSKLFDWLRQ�E\�LQFUHDVHG�
GHFRPSRVLWLRQ�RI�VXSHUÀFLDO�VHGLPHQWV�LQ�WKHVH�FRXQWULHV�
LV�QRW�LQGLFDWHG�E\�GLDWRPV�

CONCLUSIONS
'XH�WR�QDWLRQDO�DQG�LQWHUQDWLRQDO�SROLF\�PHDVXUHV5,26, 
WKH�DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�DQG�VXOSKXU�
FRPSRXQGV�LQ�VKDOORZ�'XWFK�VRIW�ZDWHU�ODNHV�RYHU�WKH�
ODVW�WKUHH�GHFDGHV�KDV�GHFUHDVHG�E\�DERXW����DQG����SHU�
FHQW�UHVSHFWLYHO\��6LPXOWDQHRXVO\��WKH�FRQFHQWUDWLRQV�
of sulphate and ammonium in the lakes decreased 
substantially, much faster than in deep lakes in other 
(XURSHDQ�FRXQWULHV��GXH�WR�VHGLPHQW�UHODWHG�SURFHVVHV�
RI�VXOSKDWH�UHGXFWLRQ�DQG�GHQLWULÀFDWLRQ��7KH�LQFUHDVHG�
decomposition of the sediment, also enhanced by climate 
FKDQJH��KDV�FDXVHG�LQWHUQDO�HXWURSKLFDWLRQ��SDUWLFXODUO\�
in the lakes with steep shores, where the sediments do 
QRW�GHVLFFDWH�LQ�GU\�\HDUV��

7KH�GLDWRPV�LQGLFDWH�D�UHYHUVDO�RI�DFLGLÀFDWLRQ�VLQFH�
WKH�����V��EXW�WKH�DVVHPEODJHV�GR�QRW�UHWXUQ�WR�WKH�
UHIHUHQFH�VWDWH��GXH�WR�LQWHUQDO�HXWURSKLFDWLRQ��7KH�
QXWULHQWV�DUH�VWRUHG�LQ�WKH�VHGLPHQWV��DV�D�OHJDF\�RI�
H[FHVVLYH�DWPRVSKHULF�GHSRVLWLRQ�LQ�WKH�SDVW��&DUHIXO�
UHPRYDO�RI�DFFXPXODWHG�RUJDQLF�PDWWHU�PLJKW�SUHYHQW�

IXUWKHU�HXWURSKLFDWLRQ��+RZHYHU��WKLV�LV�QRW�D�VXVWDLQDEOH�
PHDVXUH�DV�ORQJ�DV�WKH�DWPRVSKHULF�GHSRVLWLRQ�UHPDLQV�
DERYH�WKH�FULWLFDO�ORDG��$�UHGXFWLRQ�RI�WKH�DWPRVSKHULF�
QLWURJHQ�GHSRVLWLRQ�RI�RQO\���²���SHU�FHQW�E\������LV�
expected27�
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S�Figure 5. Changes of annual mean monthly values of 
selected biological and chemical data from Lake Kliplo. 

S�Figure 6. Changes of mean abundance of 
ecological groups of diatoms, diatom-inferred pH 
and ecological quality ratio in 11 isolated shallow 
lakes7.
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Maria Arnold questions the Government’s commitment to clean air.

have been set on the Healthy Air Campaign website1, 
and we will be engaging local authorities, business 
and other relevant stakeholders to further explore the 
issues. Apart from anything else, this particular policy 
provides an interesting account of how the Government 
uses economic arguments as a brake to progress rather 
WKDQ�DV�D�ZD\�RI�FKRRVLQJ�WKH�PRVW�HIÀFLHQW�ZD\�IRUZDUG�

BUSINESS SENSE 
There is a very strong business case for a national 
framework of LEZs. Defra’s Impact Assessment in 
January 20112�ZHLJKHG�XS�WKH�FRVWV�DQG�EHQHÀWV�RI�D�
national framework of LEZs and showed very clearly that 
WKH�EHQHÀWV�RXWZHLJKHG�WKH�FRVWV�E\������PLOOLRQ��<HW�
lack of action is defended in the Government’s response 
to the Environmental Audit Commission (EAC)3 by 
saying that “while these measures may represent the 
most cost effective approach to reducing NOx emissions 
«�WKH�FRVW�WR�LQGXVWU\�ZHUH�VWLOO�VLJQLÀFDQWµ��

Setting aside the question of whether cost to industry 
should be valued more highly than cost to health, what 
this fails to take into account is that the cost to polluting 
industries represents a direct boost to the greener 
industries that provide the cleaner technologies. This 
LV�HQWLUHO\�LJQRUHG�LQ�WKH�WDOO\�RI�FRVWV�DQG�EHQHÀWV�DQG�
WKHUHIRUH�HQWLUHO\�XQGHUVHOOV�WKH�HFRQRPLF�EHQHÀWV�RI�
a national framework for LEZs.

Are we losing our sense 
of values?

In January 2013 the Healthy Air Campaign met with 
Lord de Mauley, the Defra minister responsible for 
air quality. Among others, Frank Kelly from King’s 

College London put forward compelling evidence 
for urgent action, particularly referencing recent 
research that indicates that air pollution reduces the 
lung capacity of children living near busy roads. The 
primary response was that unless an action can play 
directly to the Government’s growth agenda then there 
was not much more that could be done. It was entirely 
what the Healthy Air Campaign had anticipated, and I 
only began to feel outraged a few days later.   

The whole premise of a focus on economic growth is 
that it is an important indicator of societal wellbeing. 
But surely the premise ceases to be valid if we become 
willing to bypass such clear indicators of health problems 
as reduced lung capacity and premature death, in the 
name of economic growth. Improving the quality of the 
DLU�WKDW�ZH�EUHDWKH�FDQ�DFKLHYH�D�EURDG�UDQJH�RI�EHQHÀWV��
and short-term economic gains surely cannot become 
the only valid currency for making a case.

One of the Healthy Air Campaign’s key recommendations 
is that the Government delivers a national framework for 
low-emission zones (LEZs). The Government have been 
‘investigating the feasibility’ of this measure for years 
and yet progress is sluggish, despite analysis that yields 
promising indications. The full case for this measures 
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Of course there is a complex set of factors to consider 
about how to design LEZs to be as effective as possible 
for nitrogen dioxide (NO2), and why Euro V failed to 
deliver real-world emission reductions. Especially with 
Euro VI now in force, there is little question that the 
UK needs some form of LEZs to achieve legal limits, 
and yet without a national framework it is likely to be 
prohibitively costly for local authorities. While there 
might be some general concerns about LEZs from some 
local authorities consulted by Defra, they also recognised 
many advantages of a national framework – creation 
RI�D�OHYHO�SOD\LQJ�ÀHOG��PDNLQJ�ORFDO�LPSOHPHQWDWLRQ�
PXFK�HDVLHU��DQG�WKHUHE\�KHOSLQJ�WR� ÚDLVH�WKH�SURÀOH�
of air quality and the health impacts so as to encourage 
support for low emission zones and other actions to 
LPSURYH�DLU�TXDOLW\µ3. 

Defra’s sluggish attitude to a national framework means 
that in effect they are pushing a patchy bottom-up 
process, funding a small number of feasibility studies 
for local areas. This is an almost-perfect recipe for 
undermining the case for LEZs – if each local authority 
has to develop their own framework it will become 
prohibitively expensive, and also lead to inconsistency 
as well as competition issues across the country.

The Government’s inconsistency points to a lack of 
genuine ambition to reduce emissions. Indeed this seems 
to be a common view. The European Commission’s 
rejection of time-extension applications for 12 areas of 
the UK were partly based on the fact that the Air Quality 
Plans setting out how they would achieve the legal limits 
referred to measures such as LEZs that were clearly not 
being pursued with any sincerity. Back in September 
20114 Defra talked about how the investigations into 
a national LEZ framework  “will continue over the 
coming months and decisions will be made following 
the investigation as to whether or not it is feasible...’’ A 
year-and-a-half later and the only decision seems to 
have been to cause as much delay as possible.
 
A SENSE OF PROPORTION
In their response to the EAC3 Defra also went on to say 
“…there was never an intention for any of the [EU] 
deadlines to force measures that would impose 
disproportionate costs on society. Deadlines … must 
UHÁHFW� ERWK� WKH� DYDLODELOLW\� RI� PHDVXUHV� DQG� WKH�
DIIRUGDELOLW\�RI�LPSOHPHQWDWLRQ�UHODWLYH�WR�WKH�EHQHÀWV�µ�
(Defra, 2012, p6, para. 23).

‘Disproportionate costs’ is certainly an apt phrase. 
Tell that to the most deprived 10 per cent of areas 
in England, which are subject to 41 per cent higher 
concentrations of nitrogen dioxide from transport 
and industry than the average5. Or the average Black 

Briton, who is exposed to 28 per cent higher levels 
of the pollutant PM10 than the average urban white 
person6 (PM10 is particulate matter that passes through 
D�VL]H�VHOHFWLYH�LQOHW�ZLWK�D����SHU�FHQW�HIÀFLHQF\�FXW�
off at 10 μm respectively) . Surely if this phrase is to 
be used it should be in a sentence like this:   

“Air pollution is imposing disproportionate costs on the most 
vulnerable in our society, and so we have no choice but to ask the 
polluter to pay to clean up the dirtiest vehicles in our towns and 
cities, at the same time boosting the green economy.”  

But this would require a broader understanding of the 
ZRUG�¶FRVWV·�EH\RQG�WKH�SXUHO\�ÀQDQFLDO��,�ZDV�VWUXFN�
by a refreshing statement during a conference by John 
Vandenburg at the US Environmental Protection Agency, 
who spoke about how it was certainly useful to monetise 
KHDOWK�EHQHÀWV��EXW�ZKHUH�LW�ZDV�QRW�SRVVLEOH��WKH�DELOLW\�
to value some things qualitatively should be preserved. 
 
It would seem that if you add the economic case to the 
legal and moral case for action, the need to develop a 
national framework of LEZs is undeniable. However, if 
we become coerced into valuing only the economic case, 
and giving far more weight to cost to business than cost 
to human health, and then within this category valuing 
cost to polluting businesses more than a boost for green 
EXVLQHVVHV��WKHQ�ZH�DUH�ÀJKWLQJ�D�ORVLQJ�EDWWOH��7KH�
Healthy Air Campaign and partners will work to put 
pressure on the Government to value things consistently 
and fairly, and take their responsibility seriously.

ACTION
In order to apply pressure we need to build and sustain 
organisational, public, business and local authority 
support for action. Low public awareness of the 
issue is unsurprising, considering the long-term lack 
of a public campaign from the Government, but the 
situation is gradually improving. Air quality was a 
key issue in the London mayoral election, and while 
Boris Johnson’s announcement in February this year 
of an ultra-low-emission zone in London by 2020 
seems to lack substance, it must surely be in response 
to growing public demand for bold action.   

�����KDV�EHHQ�GHVLJQDWHG�WKH�<HDU�RI�$LU��ZLWK�(8�DLU�
policy due to be reviewed this autumn, and this will 
bring increased public attention to a neglected area. We 
are lucky to have a strong and growing set of partners 
from a range of sectors who recognise the serious 
impacts of air pollution and are committed to using 
WKHLU�LQÁXHQFH�WR�UDLVH�DZDUHQHVV��

We’ll be continuing work in London to engage 
with communities across the capital to help raise 



44 | environmental SCIENTIST | April 2013

OPINION

awareness of the importance of healthy air and help 
people understand how to reduce their exposure and 
contribution. There are also many local campaigns 
across the UK and we plan to consolidate these and 
provide a network within which support can be 
provided and successes can be learned from.  

The new public health framework offers some real 
potential for mainstreaming air quality within the 
health sector, with an indicator on air quality in the 
Public Health Outcome Framework. But Public Health 
England and others will need to carefully support the 
change to this new system if we are to achieve a change 
LQ�WKH�SURÀOH�RI�DLU�TXDOLW\��7KH�1DWLRQDO�,QVWLWXWH�RI�
Clinical Excellence (NICE) is looking into the possibility 
of developing public health guidance on air quality, a 
measure that seems to unite support from every part 
of the air quality community.

Of course we should not forget the business world, often 
quoted as an obstacle to progress by the Government. 
I don’t think this is necessarily accurate: in many 
cases business tend to be far more progressive than 
the Government, more dynamic and prepared for 
change. Take the New West End Company which 
represents major retailers and property owners 
in London’s Bond Street, Oxford Street and Regent 
Street. In advance of the London Mayoral election, it 
set out ten steps the Mayor should take for the West 
End, including “commit to meeting legal emission 
standards within one year by putting in place a Berlin-
type low-emission zone for the West End7�µ��  

If these elements of our society can come together to 
recognise that some things, such as giving children the 
chance to develop a good set of lungs, are too important 
to dismiss out of hand, then perhaps the quality of 
our air can receive the attention it deserves.   
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CURRENT MONITORING TECHNOLOGY
A network of monitoring stations routinely measures 
air quality across the UK employing standard reference 
methods so that data are comparable spatially and 
temporally. Data from this network, supplemented 
by modelling, are available within one hour of each 
measurement (see http://uk-air.defra.gov.uk/latest/
currentlevels). Unfortunately however, these stations 
are large and expensive to install and operate; so their 
number is limited. As a result, recent research with 
both portable and low cost monitors has shown that 
the measurements from these stations does not always 
accurately represent the air that people breathe.

NEW TECHNOLOGY
A new concept in air quality monitoring was launched 
in March at AQE 2013, the air quality and emissions 
show. Known as ‘AQMesh’ the new monitors are low cost, 
small, battery powered, web enabled and suitable for 
mounting on a normal lamp post. Initially the monitors 
will measure ambient levels of NO, NO2, O3 (ozone), 
CO, SO2, humidity and atmospheric pressure. This will 
dramatically change air quality monitoring, because it 
will enable the location of accurate monitoring systems 
at the locations of most interest. 

AQMesh will supplement existing networks by enabling 
air quality to be monitored in the locations that need 
to be monitored rather than where equipment can be 
conveniently positioned. The small post-mounted units 
will be completely wireless, using battery power and 
GPRS communications. AQMesh ‘pods’ will wirelessly 
communicate air quality data to a ‘cloud’ where 
sophisticated data management will generate accurate 
readings. Users will be able to view or download data 
from up to hundreds of pods via an online portal.

In addition to routine ambient air quality monitoring, 
$40HVK�ZLOO�DOVR�KHOS�LQ�WKH�LGHQWLÀFDWLRQ�RI�SROOXWLRQ�
KRWVSRWV�� RIWHQ� FDXVHG� E\� WUDIÀF� IXPHV�� 7KH� SRGV�
are quick and easy to install which means that they 
FDQ�EH�HDVLO\�PRYHG�IRU�VSHFLÀF�SURMHFWV��VXFK�DV�WKH�
evaluation of pollution mitigation measures or to support 
development planning proposals. Other applications 
include occupational safety investigations and fenceline 
or fugitive emission monitoring at industrial plants.

New technology will also help in our understanding 
of particulates. Traditional monitoring techniques have 
focused on the mass of particulates and for this reason 
the focus has been on the larger, heavier particles, 
whereas it is the smaller particles, which have almost 
no mass, that travel deepest into the lungs and have the 
most serious health effects. In response, a technology 
company in Germany, Palas, has developed a new type 
of particulate monitor; a Fine Dust Analysis Systems 
(FIDAS), that is able to simultaneously measure all of the 
most important dust fractions, including the smallest, 
in addition to providing a reading for particle number 
concentration.

SUMMARY
Both of the new technologies mentioned above provide 
substantially improved air quality data at a fraction of 
the cost of traditional methods; which means that more 
of them can be deployed; which means that data will 
be more representative; which means that air quality 
management will be easier and more effective.  

For more information see: www.airmonitors.co.uk

Monitoring technology will improve air quality management
As the full impact of air pollution on health and mortality becomes better known and many countries 
fail to meet urban air quality targets, Jim Mills, Managing Director of Air Monitors, explains how new 
monitoring technology can help.

ADVERTORIAL



46 | environmental SCIENTIST | April 2013

OPINION

Roger Barrowcliffe reviews the recent history of the concern about the air we 
breathe and outlines possible future directions.

contributing factors were the role of science and, 
eventually, the introduction of catalytic converters in 
cars. Intriguingly, there has been a recent echo of this 
subject in the hypothesis that the phasing out of lead in 
petrol explains the widespread fall in crime rates since 
then. This claim is made on the basis of some sound 
epidemiological evidence )which may yet prove to be a 
false link), but the topic does remind us that our subject 
is still capable of surprises. 

AIR QUALITY IN TOWNS AND CITIES
One aspect of air quality that was not especially 
prominent in the 1980s was urban air quality and human 
health. With the decline of smoke levels and the near-
disappearance of SO2 as an issue for towns and cities, it 
was assumed that the problem of human health effects 
was essentially solved. This view changed profoundly 
in the1990s, not least when it became increasingly clear 
from epidemiological evidence that air pollution was 
much more strongly associated with mortality than 
had been hitherto recognised. In particular, the role 
RI�ÀQH�SDUWLFXODWH�PDWWHU��30��SURPSWHG�D�VLJQLÀFDQW�
re-appraisal of policy and our approach to air quality. 

Up to this point, the notion that air quality should be 
DFWLYHO\�PDQDJHG�E\�PRQLWRULQJ��PRGHOOLQJ�DQG�VSHFLÀF�
counter-measures had not properly taken root in the 
UK. Air-quality standards had not been especially 
fashionable as regulatory tools in the UK but had been 

Transforming air quality: 
reflections on the past, 
present and future 

NRZ�WKDW�WKH�,QVWLWXWH�RI�$LU�4XDOLW\�0DQDJHPHQW�
�,$40��LV����\HDUV�ROG��DQG�ZLWK�D�SHUVRQDO�
career in air quality spanning more than two 

GHFDGHV��WKLV�LV�DQ�RSSRUWXQH�WLPH�IRU�PH�WR�UHÁHFW�RQ�
the state of the UK’s air quality as I take on the role of 
,$40�&KDLU��,Q�WKLV�DUWLFOH��,�VHW�RXW�P\�UHÁHFWLRQV�RQ�WKH�
changes that have taken place since I began working in 
air quality and on those we might expect in the future, 
along with some thoughts on the reasons why we may 
or may not see improvements.

When I started my career in this area, the priorities 
and issues were very different than they are today. 
Smoke and SO2 control still featured prominently in 
policy and practice, with the national smoke and SO2 
monitoring network still in place from its beginnings 
in the 1960s, albeit in decline. Long-range transport of 
SROOXWDQWV�DQG�DFLGLÀFDWLRQ�ZDV�D�ELJ�LVVXH��VSDUNHG�LQ�
part by Scandinavian indignation at the damage it was 
VDLG�WR�EH�FDXVLQJ�HFRV\VWHPV��DOWKRXJK�WKH�*HUPDQV��
&]HFKV��3ROHV�DQG�RWKHUV�ZHUH�VXIIHULQJ�DQ�HTXDO�RU�
greater amount of damage, but were also burning coal 
and thereby contributing to the problem.) 

3HUKDSV�WKH�JUHDWHVW�LVVXH�RI�WKH�WLPH�ZDV�WKH�XVH�RI�
�WHWUDHWK\O��OHDG�LQ�SHWURO��FXOPLQDWLQJ�LQ�LWV�UHGXFWLRQ�
and eventual removal from the market. One factor 
in this transition to better air quality was the very 
HIIHFWLYH�&DPSDLJQ�IRU�/HDG�)UHH�$LU��&/($5���2WKHU�
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LQWURGXFHG�E\�(8�'LUHFWLYHV�IRU�VRPH�SROOXWDQWV�LQ�WKH�
1980s. By the mid 1990s, however, the transformation 

was complete – the UK became much more active and 

had begun to set the agenda on air quality. The 1995 

(QYLURQPHQW�$FW�JDYH�ORFDO�DXWKRULWLHV�D�PDQGDWH�WR�
examine local air quality and take action. 

7KH�ÀUVW�KDOI� RI� WKH�GHFDGH�KDG� VHHQ�D� VLJQLÀFDQW�
expansion of monitoring activity by national government, 

providing a real insight into the concentrations of 

more pollutants in more places than had been the case 

previously, when resources were focused instead on 

smoke and SO2. Local air-quality management had 

facilitated the continued development of monitoring 

networks, so that the scale of air-quality problems could 

EH�GHÀQHG��1HZ�DLU�TXDOLW\�REMHFWLYHV�LQWURGXFHG�E\�
WKH�ÀUVW�QDWLRQDO�$LU�4XDOLW\�6WUDWHJ\�KDG�WR�EH�PHW��VR�
that monitoring and modelling work by local authorities 

became commonplace. 

REDUCED EMISSIONS
7KH�����V�DOVR�VDZ�VLJQLÀFDQW�UHGXFWLRQV�LQ�HPLVVLRQV��
both from certain industrial sectors and from road 

transport. There was a reasonable expectation then that, 

as we entered the 21st century, everything was in place 

for a real and continued improvement in air quality, 

HVSHFLDOO\�LQ�WRZQV�DQG�FLWLHV�ZKHUH�WKH�EHQHÀWV�IURP�
the anticipated reduction in emissions from vehicles 

would be observed most strongly. 

Very demonstrably, this has not materialised for all 

pollutants. Although it is true that concentrations for 

VRPH�SROOXWDQWV��VXFK�DV�EHQ]HQH��KDYH�GLPLQLVKHG��IRU�
many people, exposure to some of the key pollutants 

has remained stubbornly static for the last 10 years or 

PRUH��DV�WKH�PRVW�UHFHQW�DQQXDO�VXPPDU\�E\�'HIUD1 

amply demonstrates, most obviously for NO2 DQG�3010 

�SDUWLFXODWH�PDWWHU�WKDW�SDVVHV�WKURXJK�D�VL]H�VHOHFWLYH�
LQOHW�ZLWK�D����SHU�FHQW�HIÀFLHQF\�FXW�RII�DW�����P���
This is particularly true for monitoring stations that 

KDYH�EHHQ�LQ�RSHUDWLRQ�IRU�WKH�ORQJHVW�WLPH��(YHQ�IRU�
the most optimistic interpretation of the data, it has 

to be concluded that any improvements in ambient 

concentrations have not been commensurate with 

emission reductions.

If this was a marathon, it would feel very much like the 

phenomenon runners refer to as ‘hitting the wall’: the 

sensation around about the 20-mile mark where fatigue 

VHWV�LQ��/RWV�RI�HIIRUW�KDV�EHHQ�H[SHQGHG��EXW�WKH�ÀQLVK�
IHHOV�D�ORQJ�ZD\�RII��$FWXDOO\��RXU�UDFH�LV�LQÀQLWH��LQ�WKDW�
we strive to improve air quality regardless of where we 

are relative to standards, but in the short term we at least 

QHHG�WR�PDNH�VXUH�WKDW�FRPSOLDQFH�ZLWK�(8�OLPLW�YDOXHV�
LV�DFKLHYHG�HYHU\ZKHUH��&XUUHQWO\��WKDW�UHSUHVHQWV�D�KXJH�
challenge for our biggest cities where road transport is 

a major contributor to NO2 concentrations. 

7KLV� LV�D�SUREOHP�RQ�PDQ\�OHYHOV��&OHDUO\�� LW� LV�QRW�
HQRXJK�WR�GHÀQH�D�UHTXLUHG�DPELHQW�FRQFHQWUDWLRQ�DV�
a target and rely on the increasingly stringent emission 

concentrations for new vehicles to meet that target. 

That process has been in place for 20 years and has 

not delivered air quality that is universally compliant 

with standards, although it may be true that we are 

beginning to understand why the emission standards 

are not working as had been hoped and therefore how 

they might be redesigned to ensure a better outcome.

STRONGER MEASURES
The reality is that, for some places, more drastic 

action is required and truly effective action is likely to 

LQYROYH�UHGXFLQJ�WUDIÀF�ÁRZV�VXEVWDQWLDOO\��RU�DW�OHDVW�
substituting internal combustion engines with a non-

emitting drive mechanism. Is this likely to happen? On 

present evidence, it seems unlikely on any foreseeable 

timescale. On so many occasions, the public appetite 

for curbs on the use of vehicles has been found to be 

very small. This represents a paradox for some. How 

can we ignore such a large public health problem and 

ZK\�GRHVQ·W�WKH�*RYHUQPHQW�GR�VRPHWKLQJ�DERXW�LW"

The answer, I believe, lies in the fact that most members 

of the public are in fact cognisant, at different levels, of 

the damage that air pollution causes, but are not willing 

to make the trade-off with restrictions on the transport 

system that a radical improvement would require. The 

problem cannot be framed simply as one in which an 

external party is imposing a burden on the rest of society. 

(YHQ�LI�LQGLYLGXDOO\�ZH�GR�QRW�RZQ�RU�XVH�D�YHKLFOH��ZH�
rely on a logistics system that makes extensive use of 
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the internal combustion engine. We expect shops to be 
full of the things we wish to buy and parcels to arrive at 
our doorstep. This is a collective issue and change will 
not happen until a majority recognise that a change is 
D�QHW�EHQHÀW�IRU�HYHU\RQH��ERWK�LQ�WHUPV�RI�WKH�KHDOWK�
outcome and the means to achieve it. 

0HUHO\�SRLQWLQJ�RXW�WKDW�WKH�PRUWDOLW\�LPSOLFDWLRQV�DUH�
ODUJH�LV�QRW�LQ�LWVHOI�VXIÀFLHQW��$IWHU�DOO��WKH�FDVXDOW\�
statistics for Britain’s roads make for sobering reading, 
despite improvements over time, but that does not 
provoke a major re-appraisal of our road transport 
V\VWHP��0D\EH�RQH�UHDVRQ�IRU�WKLV�LV�WKDW�GHDWKV�DQG�
injuries on the roads are not visible as a major event, in 
the same way as, say, a train or airplane crash is. With 
air pollution, the same is true. In the infamous London 
VPRJ�HYHQW�RI�'HFHPEHU�������WKH�GHDWK�WROO�EHFDPH�
KLJKO\�YLVLEOH�DQG�ZDV�D�VLJQLÀFDQW�VSXU�IRU�OHJLVODWLRQ��
Until that point, only a few people had recognised the 
scale of the effects of air pollution on health. 

LEAD-FREE PETROL
To consider how change comes about, it is worth 
UHWXUQLQJ�WR�WKH�VWRU\�RI�OHDG�LQ�SHWURO��7KH�(XURSHDQ�
(QYLURQPHQW�$JHQF\�KDV�UHFHQWO\�SXEOLVKHG�DQ�H[FHOOHQW�
collection of essays under the title of Late Lessons from 

Early Warnings II2. In it is a useful summary of the history 
of the use of lead as an additive in petrol and its eventual 
removal, both in Britain and around the world. Lead 
has been recognised as a poison for a very long time, 
SHUKDSV�HYHQ�DV�IDU�EDFN�DV�WKH�WLPH�RI�WKH�5RPDQ�
empire. Throughout the intervening time, however, 
it has continued to be used in a variety of ways, and 
many economic interests have sought to downplay its 
toxic properties, resulting in human exposure. When it 
was considered for use as an additive to petrol in 1925 
�DV�WHWUDHWK\O�OHDG��WKHUH�ZDV�VXIÀFLHQW�HYLGHQFH�LQ�WKH�
literature to show that lead was a neurotoxin at low 
doses, but economics and politics prevailed nonetheless, 
despite the availability of alternatives. 

It was not until the 1970s that its use in petrol began to 
EH�FKDOOHQJHG�VHULRXVO\��ÀUVW�LQ�WKH�86$�DQG�WKHQ�ODWHU�LQ�
(XURSH��,W�ZDV�RQO\�LQ������WKDW�LW�ZDV�ÀQDOO\�HOLPLQDWHG�
IURP�ZLGHVSUHDG�XVH�DV�D�IXHO�DGGLWLYH��(YHQ�WKHQ��WKH�
reasons for its demise are associated as much with the 
need to remove lead from fuel so as not to poison catalytic 
converters as for public health reasons. Having said 
that, there were at least two factors that assisted in its 
reduction in, and removal from, petrol sold in the UK, 
in spite of vigorous industry lobbying for its retention. 
2QH�ZDV�XQGRXEWHGO\�WKH�FRQWULEXWLRQ�RI�&/($5�LQ�
the early 1980s. Another was the emotive hypothesis 

T�Photo credit: ©2013 Simon Birkett
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that lead was hindering the cognitive development of 

children and lowering IQ. The idea that children may be 

harmed is always a powerful one in the human psyche.

The point of this brief historical summary is that science 

and campaigning rarely bring about effective change 

by themselves, even if the case is a powerful one. The 

arousal of public conscience is a positive agent for 

change, but economics and politics are also necessary 

ingredients. In the case of lead in petrol, what would 

the outcome have been if catalytic converters had been 

tolerant of lead?

IMPROVEMENTS AHEAD?
5HWXUQLQJ�WR�WKH�FRUH�WKHPH�RI�KRZ��RU�LI��RXU�DLU�TXDOLW\�
can be improved from where it is now, we need to see 

several factors aligned if we are to achieve the requisite 

change in emissions. These factors are public support, 

SROLWLFDO�ZLOO��ZKLFK�GHULYHV�IURP�SXEOLF�VXSSRUW�RU�
pressure) and economics. We already have much of the 

science pointing in the right direction. By public support, 

I do not mean simply recognition that improved air 

TXDOLW\�LV�D�JRRG�WKLQJ��EXW�WKDW�WKLV�VWDWH�LV�VXIÀFLHQWO\�
desirable and important that achieving it will entail 

change that may be costly or inconvenient. We can 

safely assume that most members of the electorate 

see improved air quality as a good thing in itself; the 

crucial factor is mobilising opinion to effect the required 

changes that will have implications for us all and which 

might not be comfortable. 

As I stated earlier, this recognition needs to embrace the 

idea that air pollution is a collective problem that we 

are all partially responsible for. Without that, measures 

to reduce emissions could be perceived as an external 

LPSRVLWLRQ�ZLWK� QR� SHUVRQDO� JDLQ�� &RQWHPSRUDU\�
examples of proposals for congestion charging and 

ORZ�HPLVVLRQ�]RQHV�DURXQG�WKH�FRXQWU\�VXJJHVW�WKDW��
given a free choice, most people opt for the status quo. 

On issues such as demand pricing for road use, either 

through tolling of new roads or of charging for using 

existing roads per mile, the current evidence is that the 

public is distinctly cool on these ideas. The strength of 

feeling aroused by fuel prices also suggests that most 

people are very keen on maintaining, or increasing, 

vehicle use at present levels. Of course, the problem 

could be solved instantly if all vehicles on the road were 

electrically powered, but with the current capital cost of 

these vehicles being so high and the fact that they are 

mainly powered with electricity generated from coal 

or gas, the take-up is inevitably minuscule, even before 

considerations of style and range are taken into account. 

In summary, I believe that urban air quality will improve. 

In one scenario, it will do so eventually and over a long 

period of time as economics make it more favourable to 

use transport modes that are less polluting. 
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With present-day economics and the relatively low cost 

of using vehicles with petrol and diesel as fuels, that 

could take some considerable time. Alternatively, we 

can change public opinion to create the political will 

to intervene in a positive way, resulting in either a 

reduction in the use of pollutant-emitting vehicles or 

the substantial rise in the use of non-emitting vehicles. 

We can only bring about such a change by changing our 

approach to persuading the public of the case. To do so, 

we need to increase our understanding of the barriers to 

change and how to shift the psychology of the problem 

from where it is now to one where many more people 

are both aware of the issue and willing to recognise 

WKH�RYHUDOO�EHQHÀWV�RI�DFWLRQ�²�HYHQ�WDNLQJ�LQWR�DFFRXQW�
the personal cost. On a ‘business-as-usual’ scenario, it 

LV�GLIÀFXOW�WR�VHH�ZKHUH�WKH�GHFLVLYH�DJHQW�RI�FKDQJH�
will come from, barring an unforeseen development in 

the link between air quality and human health, or an 

unrelated transformation in transport modes.

That may appear to be a discouraging and pessimistic 

conclusion, yet if I compare the current state of air 

quality, and our attitudes towards it, to that which 

existed when I began my career, I can see that we have 

taken great strides forward and we experience fewer 

health effects across the population as result. As in many 

ÀHOGV�RI�KXPDQ�HQGHDYRXU��HDUO\�SURJUHVV�LV�UHODWLYHO\�
easy; later changes are harder. We have not yet exhausted 

the opportunities for improvement and further advances 

will be made, but we may need to be more ambitious 

than hitherto if the progress is not to peter out. ES

Roger Barrowcliffe is a meteorologist by training, and began 
his career in air quality with the Central Electricity Generating 
Board (CEGB) in 1988, before going on to spend 21 years as 
ERM’s lead consultant for air quality in the UK. More recently 
he has established his own company, Clear Air Thinking 
Limited. In November 2012, he succeeded Bernard Fisher as 
Chair of the IAQM.
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Samantha Arnold exposes the way that variations in our approaches to 
pollutants make moves towards cleaner air difficult to achieve.

Inconsistency undermines 
progress for air quality  

Good-quality air is vital to our own well-being, as 
well as that of our planet. United by a European 
Union (EU) Directive on ambient air quality and 

cleaner air for Europe (Directive 2008/50/EC, currently 
under review/consultation), Europe has managed to 
substantially decrease emissions of air pollutants and 
improve ambient air quality over the past decade. 
Despite this action, air quality in many areas does 
not yet meet the EU’s long-term objective “to achieve 
OHYHOV�RI�DLU�TXDOLW\�WKDW�GR�QRW�JLYH�ULVH�WR�VLJQLÀFDQW�
negative impacts on and risks to human health and the 
environment”1. Over 80 per cent of people in Europe 
still live in areas where air-pollutant concentrations 
exceed World Health Organisation (WHO) limits set 
to protect their health. 

In an increasingly aware society obsessed with healthy 
lifestyles, why do we continue to fail to prioritise the 
safeguarding of one of the elements vital to all life – 
the quality of our air? This, despite poor air quality 
being strongly linked with health issues and indeed the 
premature deaths of those exposed. This failure of to 
adequately act towards the continual improvement of air 
quality is partly due to inconsistencies that undermine 
the perception of its importance by the general public, 
industry, regulators and governments. Examples of such 
inconsistencies are explored below.

SPATIAL INCONSISTENCIES
Member states across the EU have integrated the 
overarching EU legislation on air quality into their 
own country’s individual legislative structure. However, 
VLJQLÀFDQW�VSDWLDO�LQFRQVWDQFLHV�H[LVW��HYHQ�ZLWKLQ�D�
country, in how air-quality requirements are interpreted 
and applied. This is particularly the case with respect 
to the demands of the regulatory authorities and/or 
the process of obtaining a planning consent. Indeed, 
WKH�IDLOXUH�RI�WKH�FXUUHQW�SODQQLQJ�JXLGDQFH�WR�EH�ÀW�
for purpose has been recently considered in the Lord 

Taylor’s External Review of Government Planning Practice 
Guidance2 and the on-going consultation process. 

Currently, there is huge variability in the requests by 
the planning authorities for air-quality assessments 
(and indeed the importance given to the results of 
any requested air-quality assessments) between areas 
WKDW�DUH�VXSHUÀFLDOO\�VLPLODU�EXW�IDOO�XQGHU�GLIIHUHQW�
council boundaries – for example, a rural area with no 
sensitive habitat sites but in different areas of the UK. For 
developments of similar scale and nature, recent experience 
has shown up differences in air-quality assessments 
in support of planning requests between different 
areas of the same UK countries, ranging from:  

�� Full air-quality impact assessment, including 
air-dispersion modelling, leading to appropriate 
redesign of the proposed development (e.g. 
stack height or location analyses, combined 
VWDFN�ÁXHV��DEDWHPHQW�RSWLRQV��HWF��WR�PHHW�DLU�
quality standards off-site for the protection of 
human health and habitats (in line with the 
environmental permitting requirements, even if the 
facility may not need a permit to operate); to   

�� Air-quality assessment for habitats, a request often 
initiated by bodies such as Natural England, even if 
no assessment has been requested by other bodies for 
human health (which raises the question that perhaps 
an air-quality assessment for the protection of human 
health should also have been required?); to   

�� Qualitative air-quality assessment and 
discussion of potential air-quality impacts; to  

�� No air-quality assessment at all.

These regional inconsistencies in planning-related air-
quality assessment requests can mean that the same 
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developer will in some areas have to undertake detailed 

air-quality assessments and the potential redesign 

of their proposed facility to meet off-site air-quality 

standards, whilst in other areas the developer may have 

to undertake no assessment of air-quality impacts from 

their proposed facility (regardless of what was learnt 

about the best design with respect to air quality for the 

proposed facility for the protection of human health 

and habitats in other areas). 

As air pollutants do not respect arbitrary land boundaries, 

the protection of the quality of air necessitates spatial 

consistency in the legislation, and its interpretation and 

DSSOLFDWLRQ��$LU�SROOXWDQWV�DUH�WUDQVSRUWHG�E\�DLU�ÁRZV�
across site boundaries, county boundaries and country 

boundaries. On a European scale this transboundary 

effect was seen in the 1970s and 1980s when acid 

rain from other southern European countries fell on 

Scandinavian countries. Acid rain is rainfall polluted by 

water-soluble air pollutants, and the acidity is damaging 

to sensitive habitats. 

There is a variable off-set distance (and equivalent time 

of travel) between where the pollutants are emitted and 

where acid rain falls. Every area that emits pollutants 

to the atmosphere will itself be impacted by pollutants 

IURP�RWKHU�DUHDV��7KHUH�ZLOO�WKHUHIRUH�EH�QR�QHW�EHQHÀW�
in air quality until every area takes responsibility 

IRU�LWV�RZQ�HPLVVLRQV��7KLV�ZDV�H[HPSOLÀHG�E\�WKH�
VLJQLÀFDQW�UHGXFWLRQ�LQ�DFLG�UDLQ�DFKLHYHG�ZKHQ�WKH�
United Nations Economic Commission for Europe 

(UNECE) implemented the 1979 Geneva Convention 

on Long-range Transboundary Air Pollution3. The aim 

of the convention was the reduction of acidic emissions 

across Europe by predominantly reducing emissions of 

sulphur dioxide (SO2). 

TEMPORAL INCONSISTENCIES 

Temporal inconsistencies in the perception of air quality, 

and action taken, predominantly concern a mixture 

of fashionable trends, ‘hot topics’ often pioneered by 

research bringing increased understanding to some 

aspect of the environment and/or technology, and 

political changes. 

In the early 1950s most houses burnt coal for heat. This 

OHG�WR�WKH�LQIDPRXV�FLW\�VPRJV�DQG�WKH�ÀUVW�VLJQLÀFDQW�
UK air-quality legislation, the Clean Air Act 1956 (which 

was consolidated with the Clean Air Act 1968 into the 

Clean Air Act 1993, and which is currently under review/

consultation). The Act introduced a number of measures 

to reduce air pollution, especially Smoke Control Areas 

(SACs) in some towns and cities, where only smokeless 

fuels could be burnt. The introduction of central heating 

using coal gas followed by natural gas, and the location 

RI�RLO��DQG�FRDO�ÀUHG�SRZHU�VWDWLRQV�DZD\�IURP�WKH�
densely populated city areas led to a dramatic reduction 

in the exposure of the general population to air pollution. 

Recently, the heating of homes via solid fuel and biomass 

boilers and burners has increased. One of the reasons 

for the rise in popularity of biomass burners is the 

increased public concern over climate change and the 

As air pollutants do not respect 
arbitrary land boundaries, the 
protection of the quality of air 
necessitates spatial consistency 
in the legislation, and its 
interpretation and application.
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emissions contributing to a decline in air quality, 
and unsurprisingly, in some urban areas local air 
quality is being negatively impacted. These emissions 
are particularly important when multiple biomass-
burning sources are clustered in areas where existing 
FRQFHQWUDWLRQV�RI�ÀQH�SDUWLFXODWHV�DUH�DOUHDG\�TXLWH�KLJK��
With respect to biomass for local heating, the recognition 
of the need to address air quality and climate-change 
issues together has been considered by Environment 
Protection UK in their biomass and air-quality guidance 
for local authorities4. Within the guidance a screening 
methodology to consider the cumulative effects of 
multiple small sources is provided. 

Air pollutants such as nitrogen dioxide (NO2) and 
particulate matter (PM) as well as greenhouse gases 
such as carbon dioxide (CO2) often come from the 
same sources, including power- and heat-generation 
activities, emissions from transport, major industry 
and waste management. Therefore co-ordinated way 
forward between climate change and air-quality policy 
LV�UHTXLUHG�WR�SURGXFH�EHQHÀWV�IRU�ERWK�DWPRVSKHULF�
areas of concern. 

2YHU�WKH�ODVW�FHQWXU\��FRQWLQXHG�VFLHQWLÀF�UHVHDUFK�
has dramatically changed our understanding of our 
planet’s environment and our interaction with it. The 
degradation of the quality of the air that we breathe is 
affecting our health over relatively short timescales: the 
WHO air-quality standard for NO2 (adopted by the EU) 
considers time periods as short as one hour. Over longer 
timescales emissions into our atmosphere can be seen 
to be affecting our climate. 

Through time our understanding of air quality will 
continue to evolve. Previous areas of concern may decline 
as technology changes our behaviours (for example 
the decrease in smogs with the decrease in domestic 
coal burning). There will be new areas of discovery 
and interest (the true impact of PMs, for example). 
Prioritised behaviours related to air quality will change 
WKURXJK�WLPH��EXW�WKHVH�VKRXOG�EH�GULYHQ�E\�VFLHQWLÀF�
understanding and the inter-relationships with existing 

need to decarbonise our energy supplies. The use of 
biofuels is also being encouraged by:   

�� the UKs Renewable Energy Strategy to deliver 15 per 
cent of the UK’s energy from renewable sources by 2020 
across electricity, heat and transport (the UK share 
of the EU target for a 20-per-cent share of renewables 
in overall EU ÀQDO energy consumption);   

�� the Renewable Heat Incentive (RHI) to help 
the UK meet the 80-per-cent reduction in CO2 
emissions from 1990 levels by 2050 under the 
2050 Pathways of Department of Energy & 
Climate Change (DECC); and    

�� the Climate Change Act 2008 (which requires 
greenhouse gas emissions to be reduced by at least 
80 per cent by 2050, compared to 1990 levels).  

Biomass is at present considered carbon neutral due 
to the simplistic calculation that the carbon emitted 
when plant matter is burned is equal to that which is 
absorbed during growth. However, the use of biomass 
fuel still produces potentially harmful combustion 

Prioritised behaviours related to 
air quality will change through 
time, but these should be driven 
by scientific understanding and 
the inter-relationships with 
existing aims for the benefit of 
all rather than fashion (political 
or otherwise).
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DLPV�IRU�WKH�EHQHÀW�RI�DOO�UDWKHU�WKDQ�IDVKLRQ��SROLWLFDO�
or otherwise). 

LOOKING AHEAD
The 2013 European Year of Air is a fantastic opportunity 
for air quality to take the spotlight. A number of 
consultations on existing legislation, within the EU 
and UK countries, are currently under way, giving 
everyone the opportunity to provide their points of view 
and to collectively think about how we can do better to 
improve the quality of the air around us.    

Taking a positive view, actions, even if in response to 
regulatory requirements, that are integrated across space 
DQG�WLPH��OHDG�WR�EHQHÀWV�LQ�LPSURYHG�DLU�TXDOLW\�IRU�
all. Some examples of such actions include:  

�� Adjustments to everyday activities – using public 
transport, increasing occupancy in vehicles and 
using well-maintained low-emission vehicles;  

�� Best-practice management and mitigation options – 
considering emissions to air as a waste of a potential 
resource, and redesigning the industrial process 
to use the emissions, or at least minimise emission 
impacts through site design;    

�� Greater consistency in the interpretation and 
enforcement of appropriate legislation, over 
various spatial and temporal scales;    

�� Co-operation to promote and exploit the 
synergies between related subject areas that can 
affect the quality of the air; and   

�� Continued research into understanding the 
complexities of our atmosphere, and our effects 
upon our planet’s environment as a whole.  

Join us in contributing to the European Year of Air 2013 
and working together to address inconsistencies in air 
quality and to improve the quality of the air.

Samantha Arnold (CGeog, CSci, MIAQM, MIEnvSc, FRGS, PhD, 
BSc) is Head of the UK Air Services team at Golder Associates 
UK Ltd and co-ordinator of their European air-quality teams. 
(sarnold@golder.com)

Sam would like to thank her colleagues Dan Birkinshaw, 
Stuart McGowan, Chris Willans and Zhiyuan Yang for their 
contribution to this article. 
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This issue raises the question of why air quality standards are not yet good 
enough in spite of attempts to legislate to that effect. This article examines 
opinions on the role of the public in driving better measures and why it is that 
the public does not seem to be agitating for more stringent regulation.

Where is the public
outcry against poor 
air quality in the UK?  

Too many cars?
Peter Fryer  

There is no doubt in my mind that if petrol- and diesel-
engine vehicles had just been invented, they would 
be closely controlled and would not reach the mass 
market. The lethal and toxic gases they emit have already 
EHHQ�LGHQWLÀHG�DQG�DUH�VXEMHFW�WR�YHU\�VWULFW�FRQWUROV�LQ�
laboratories and workplaces.

So how has the madness we now suffer arisen? A 
very powerful mix of the liberating effect of cheap 
travel, dare I say democratic travel, and two massively 
powerful industrial concerns – the oil industry and the 
car manufacturers – so powerful that we measure the
strength of our national budgets in terms of car sales
and the price of a barrel of Brent crude. These two highly
LQÁXHQWLDO�OREE\�JURXSV�KDYH�WKH�HDU�RI�WKH�EDQNHUV�DQG
industrialists who run the global economy, they use the
advertising industry to promote both the glamour of
owning a car and just how liberating it is.

Have the last 15 years’ work resulted in better air quality
management? Or been a cynical ploy to ‘park’ the 
problem with those without the resources to solve it? 
To me the answer is obvious: years wasted gaining 
more and more data whilst air quality fails to improve
and the public just becoming more confused.

We professionals have adopted a particular language 
WR�EH�VFLHQWLÀF�DQG�SUHFLVH��EXW�LW�KDV�QR�UHVRQDQFH 
with the general public: ‘harvesting effect’, ‘lost months 

of life’, ‘PM10’, ‘hourly means’, ‘98th percentiles’… We 
have to reforge the powerful public-health alliance that 
promoted the Clean Air Acts and smoke control in the 
50s, 60s and 70s, we have to employ the advertising 
industry to best effect to use words and concepts 
the public can understand, and use arguments that 
galvanise politicians to action. We must force improved, 
meaningful vehicle-testing cycles that represent the 
real-world stop–start and hilly driving conditions of 
our cities.

Our public-health colleagues tell us that we need to get
more exercise – this equates with ‘use cars less’. We need
to reduce carbon emissions to establish control over a
runaway greenhouse effect – this equates with ‘use cars
less’, and we need to reduce emissions of toxic and lethal
gases – this also equates with ‘use cars less’. Let us focus
on the words “toxic and lethal” as the warning and the
words “use cars less” as the message.

 

Pete Fryer (BSc, CMIEH, NEBOSH2, PGDip Mgnt) is a qualified 
and chartered member of the Institute of Environmental 
Health, and a NEBOSH qualified safety practitioner. Peter heads 
up the Environment Team within the Bristol Futures Division 
of the city council. and is the councils champion for electric 
vehicles and electric vehicle infrastructure. 
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Looking back, not forwards?
Jimi Irwin  

With increasing evidence about the effects 

of air pollution on human health, it may 

seem strange that there is little action on 

the issue. In the absence of evidence, we can only 

speculate as to why.

Perhaps a clue lies in our reluctance to look too 

far ahead. Apart from those suffering respiratory 

ailments, which may be exacerbated by poor air 

quality and in themselves justify action, the effects 

of poor air quality are most likely to manifest 

themselves in a reduced life expectancy of up to 

six months. But the loss of a few months of possibly 

poor-quality life some decades in the future may 

well seem less pressing than many other issues.

And perhaps we simply agree with Nobel laureate 

Rita Levi-Montalcini (1909–2012) that “it is better to 

add life to your days than days to your life”1. 
 

 

Jimi Irwin was formerly Head of Risk and Forecasting for 
the Environment Agency. Before moving to the Environment 
Agency, Jimi worked at Warren Spring Laboratory, the 
Government’s former environmental research laboratory, where 
he established the national acid-rain research programme. Jimi 
has been a member of the IES Council since 2007.

If I can’t see it, is it still a problem?
Sasha Englemann

Air is never present. As we grow, we are taught 

to develop multi-sensory relationships with 

things around us, and to recognize their 

status as ‘being in the world’. But we are rarely 

attentive to the fact that, “being in the world is always 

and without exception … being in the air”2.

As an environmental scientist and art critic, I see 

the lack of engagement with issues of air and the 

atmosphere as a symptom of an inability to engage 

speculatively and imaginatively with the invisible 

DQG�WUDQVLHQW��+XPDQV�ÀQG�LW�GLIÀFXOW�WR�PDLQWDLQ 

an interest in things that are not tangible in everyday 

experience. In some places, as in present-day Hong 

Kong, the air is heavy, and a constant reminder of 

the city’s deadly levels of air pollution. In order to 

SUHYHQW�VXFK�DWPRVSKHULF�FRQGLWLRQV��ZH�PXVW�ÀQG 

ways to inventively and seamlessly map air-quality 

science onto urban life. It is for this reason that 

atmospheric scientists might effectively collaborate 

with contemporary artists to make their research not 

only visible, but emotionally present.  

Sasha Englemann is a Marshall Scholar pursuing a PhD in 
geography and the environment at Oxford University, and 
a freelance writer for Invisible Dust. Sasha’s interests lie at 
the intersection of climate change and contemporary art: 
her research explores the way atmospheric science is made 
tangible in art projects.
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Lack of understanding?
David Muir

The question of why there is not more public 
pressure for improving air quality potentially 
has many answers. One, perhaps rather 
cynical, view is that the general public do not feel 
that ‘the greenest government ever’ would pay 
much attention to such pressure. Perhaps more 
UHDOLVWLFDOO\��WKH�ODFN�RI�SXEOLF�IHHOLQJ�UHÁHFWV�D�ODFN 
of understanding of the scale of the problem.

Many of the issues on which public feeling is strongly 
H[SUHVVHG�DUH�WKRVH�ZLWK�D�VKRFN�IDFWRU��5RDG�WUDIÀF 
accidents, especially those involving children and 
drunk drivers, frequently lead to demands for 
punitive sentences, tighter drink–drive limits and 
more testing of drivers. Rail accidents such as Potters 
Bar (2002) lead to prominent enquiries and sometimes 
ODUJH� ÀQHV� IRU� WKH� FRPSDQLHV� LQYROYHG�� 6R�FDOOHG 
binge drinking leads to demands for minimum prices 
for alcohol, especially from the medical profession 
When the numbers of deaths per year from these 
WKUHH� FDXVHV� DUH� H[DPLQHG�� KRZHYHU�� WKH� ÀJXUHV 
DUH� IDU� VPDOOHU� WKDQ� IRU� DLU� SROOXWLRQ��5RDG�WUDIÀF 
accidents account for about 3,000 per year (10 per 
cent of these being drink related), rail accidents 
rarely involve more than 10 fatalities per accident, 
and the total number of alcohol-related deaths per 
year was recently given as being about 10,000.

One final thought, again on the cynical side, 
is that addressing air pollution effectively will 
mean that people in general will have to make 
VRPH� VRUW�RI� VDFULÀFH� LQ� WHUPV�RI�XVLQJ� WKHLU� FDUV� 
People might vote for ‘bread and circuses’ but 
turkeys do not vote for Christmas.

 
David Muir has worked in the air-quality field for 37 years, 
with Bristol City Council from 1976 to 2009 and as an 
independent consultant/researcher since 2009. He gained 
a PhD from the University of the West of England in 2003. 
He has been a member of IAQM since its foundation and 
serves both on its committee and on the IES Council.

?????
?

?????
?



April 2013 | environmental SCIENTIST | 57

OPINION

SOURCES

1. AU (2012) Rita Levi-Montalcini, great lady of science, dies at 103. 
http://atheistuniverse.net/group/science/forum/topics/rita-
levi-montalcini-died-at-age-103.  [Accessed: 27th March 2013].

2. Sloterdijk, P. (2009) Terror from the Air. MIT Press, Boston, MA.

Too complex an issue?
Frank Kelly

The majority of individuals do not consider 
air quality a pressing concern due to poor 
understanding of what is undisputedly a 
complex science. There is therefore a pressing need for 
accessible, easy-to-interpret and engaging information 
systems designed to communicate the subject. Further, a 
lack of vested interest in the topic amongst nonsensitive 
individuals, less likely to be committed 
to behavioural changes, may also contribute to 
inadequate engagement. A further explanation is 
the discrepancy between measured and perceived 
air pollution, since attitudes and behaviour can be 
driven by a person’s immediate and geographical 
environment and own experiences rather than data 
communicated via an advisory service.

Encouraging research does, however, exist that 
points not only to concern, but also to awareness 
and compliance, particularly amongst susceptible 
groups (and, where relevant, their parents), and this 
must be built upon. Focused education and continued 
evolution of sophisticated information systems have 
the potential to achieve a lasting change in public 
attitude and in turn behaviour, in a way that improves 
our health as well as the quality of the air we breathe.

Professor Frank Kelly holds the chair in Environmental 
Health at King’s College London, where he is Director of 
the Environmental Research Group and Deputy Director of 
the MRC-HPA Centre for Environment & Health. As well as 
providing policy support to the WHO on air pollution issues, 
he is Chairman of COMEAP, the Department of Health’s Expert 
Committee on the Medical Effects of Air Pollution.
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