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A1 Extract from LBC’s Document ‘Consultation: Torrington
Place/ Tavistock Place route’ 2016

A1.1  The following is a reproduction of section 5 Air Quality from the Consultation document, showing

how LBC has used the results of its monitoring to ‘sell the scheme’.

5. Air Quality

Nitrogen dioxide (NOz), which iz harmiul to humarn heallh, Is the key alr pellutant of coneerry in Central
London, where many slreels breach the annual mean health-based limit of 40 micrograms per cubic
meire (pg/m=). The main source of NG is mofor traffic. Monitering infermiation at the three sites in the
project area where nitrogen dioxide emissions have been measurad indicates significant improvements
in air quality, following implementation of tha trial, of between 9% and 20%.

Monitor Location  Befare trial During trial Absaolute %
01/07/2015 - 24/11/2015 - change Change
08/M11/2015 1072016
Gordon Sguare 51.38 48,67 471 -G%
Russell Sguare 46.60 41.78 4.82 -10%
Tavistock Flace 33.1 26.23 5.88 - 21%
J2976A 2 September 2017
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A2 World Meteorological Organization Technical Advice Note

on Lower Cost Air Pollution Sensors

WORLD
METEOROLOGICAL :

G
ORGANIZATION ATMOSPHERE

WATCH

Technical advice note on lower cost air pollution sensors

Alastair C Lewis’, Christoph Zellweger®, Martin G Schultz®, Oksana A Tarasova®and Reactive
Gases Science Advisory Group, GAW.

[1] National Centre for Atmospheric Science, University of York, Heslington, York; Y010 SDD United
Kingdom. o o

[2] Empa, Swiss Federal Laboratories for Materials Science and Technology, Laboratory for Air
Pollution/Environmental Technology, 8500 Dubendorf, Switzerland

[3] Institute for Energy and Climate Rezearch (IEK-8), Forschungszentrum Jilich, Jilich, Germany

[4] World Meteorological Organization, 7bis Avenue de la Paix, 1211 Geneva, Switzerland

[5] Details at: htip:liwww.wmo int/pages/progfarep/gaw!ScientificAdvisoryGroups.hitmi
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This revision: 6™ July 2017

Introduction

Low cost air pollution sensor networks are an appealing new technology for use in both research
and operational applications. They offer the potential to greatly increase the spatial resolution of
observations, provide localised validation of models and more precise estimates of human
exposure, particularly in locations that do not have traditional monitors. Arays of air pollution
sensors are now being used in indoors 1234 and out®®"8 and there are an increasing diversity of
applications being proposed in the atmospheric sciences_‘g. Low cost sensors uillise a very wide
tange of different underpinning technologies and the fundamental analytical principles can differ
‘significantly from methods used in curent regulatory measurements and in global networks of
obsefvations such as WMO-Global Atmosphere Watch. This advice note is aimed at users ;
considering adopting sensor approaches for pollution measurement; it identifies some of the basic
technologies, some key eperational factors and possible deployment scenarios.

Basic principles ‘

The low cost sensor descriptor spans a very wide range of different devices from those with unit
costs of only a few dollars through to complex miniaturised micro-electro-mechanical instruments
costing several thousand. Most of the major urban and regional air pollutants can now be detected
using sensor-based methods including Oz, CO, NO, NOz, SO;, total VOCs and particulate matter
(PM). Many commercialised instruments package together multiple different sensors within a
single device to support multi-parameter measurements.

Gas phase air pollutants are typically detected using sensors based on either metal oxide (MO)
sensing or electrochemical (EC) sensing. MO sensors work on the principle of a surface oxidation
«of reducing gaseous pollutants that then generate a change in the electrical conductivity of the

q Air Quality
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semiconductor material. A measurement of the change in surface conductance, and hence
resistance, is proportional to the atmospheric concentration. In EC sensors gaseous pollutants and
oxygen react in a pair of amperometric fuel cells, the cument generated again being proportional to
the concentration of the pellutant. For parficulate matter a variety of methods are available, with the
most commeon being opfical detection of particle number based on light scattering principles.

» Recommendation 1: It is essential that users identify the underpinning sensor
technologies being used since this impacts on data guality and fit to application.

Key considerations

Methods for air pollution measurements in GAW, and in most regulatory environments, use ,
analytical methods that have a high degree of molecular specificity, for example through the use of
spectroscopic and mass spectrometric identification of the pollutant being measured. Whilst
sensors can be optimised o maximise their responses to certain chemicals, the analytical
techniques are generally less specific. Consideration must be given to potential interferences, or
false signals, generated by other components present in air. There is a considerable and growing
literature on this subject, beyond the scope of this advice note, but some examples are discussed
here.

Some sensors show a degree of sensitivity and response to other reactive air pollutants and also
fo stable but abundant gases such as water vapour, methane or carbon dioxide; these interference
signals must be corrected for before a chemically-specific measurement value can be reported.
Many commercial devices attempt comections of this kind automatically, but this should be
independently evaluated wherever possible against known reference measurements. Optical
detection of particle number uses some basic principles that are common to some more expensive
reference instruments. Humidity is known to affect the response of sensor optical particle counters,
and the value retumed is not easily translated into 2 mass concentration of particles, which is the
metric of air quality standards.

Current reference methods for air pollution are typically based on instruments that operate under
tightly defined environmental condiions. Intemal components of many instruments are temperature
controlled for stability and the instruments themselves housed in climate-controlled cabinets or
laboratories. Sensor packages are typically mounted outside (for example on lamp-posts}), have
limited or no thermal regulation and the sensing element is exposed to a very wide range of
environmental conditions and are often battery powered. This inevitably impacts on the
measurement and again comections must be made for the influence of these broader environments
effects.
e Recommendation 2: Sensor measurements can be impacted by a wide range of
different chemical and physical interferences. Any corrections that are made to
account for these need to be validated against reference measurements.

Calibration

Existing methods for air pollution measurement are supported by a iraceable set of reference
matenals, and calibration {and zerc-ing) is fypically a daily or weekly occurrence. Calibration and
associated QA/QC is typically one of the mostly costly aspects of operational air pollution
networks. Sensor networks rely primarily on a one-fime factory calibration and one-time zero
setpoint. They are not easily field calibrated due to a variety of reasons, for example many sensors
do not respond in a representative way to synthetic gas standards in nitrogen. Calibrating very
large numbers of sensors across a city may be physically impractical. The real-world long-term
stability of air pollution sensors is not yet proven and there is liftle peer-reviewed literature that
would support that a single calibration factor would be applicable over periods of months to years. -
Literature sources also caution that extrapolating laboratory calibration results to the real-world
may not be appropriate and that field calibration is essential to account for local environmental
conditions. The relative changes in response in a population of identical sensors over time has also
not yet been reporied in literature and this impacts on longerterm estimates of uncertainty.

= Recommendation 3: Air pollution sensors must be treated like any other analytical
instrument. They will likely require regular field calibration and will show long-term
changes and drift in sensitivity and response.

J2976A 4 September 2017
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Applications

There are‘a vary broad fange of different applications where air pollution sensors could be used,
ranging from direct replacements for regulatory methods through to purely indicative
measurenments of pollution in general terms'™. It is important that the analytical requirements of-
‘sach application ‘are matched against the proven capabilities of any given sensor device. Since the
variefy of sensors on the commercial market is wide there is no straightforward answer fo the
qungESﬁcni”what can sensors be used for"? This must be established by the user on a case-by-case
: IS .

A generalised set of possible example applications are shown in the figure below alongside a
measurement ‘question’and then a set of sensor technical requirements. The scenarios increase
‘in challenge from left to right. The applications identified here include the use of sensors to
determine temporal variability, spatial variability, concentration dependence and long-terms trends.
Many other applications can be conceived of, but in all cases the appropriateness of sensors for

the task must be established.
15 Linit value
" Referenoce =
2] |

~ree Lt valig

! %

Lt
i

1 §vd

b YR ,:i , |
‘M M L ]. w\ e Limit vlie

mn
Ll

;[' g §verzhit 2 li{s a*{“\.ﬁls‘ qu%flﬂld\
Tampora! varziib LT RY : s et
A\s. ,mﬂ i - M _:__;________4_‘_4,5. Limitvaiue ‘.?m“ :
8.9, Iraffic counting, ‘Spaicl varakiity LW N TPLY
UPelistionis lighest ) _ Ae ‘,a_..f ”&"’;\ “’W’?ﬁh“&h‘
Ihe marning o ;ﬁi:?‘gg Goerisfondeadrdariie:  Ledg-tem trends
- Rarsrs s skahile i o - M - <
*: ;gﬁ?ﬁ;gﬁﬂrﬁggﬂ z B4 ket xexceedsthe @9, “species atlocation x
Merest 1. Slabloavertha paiodar 08 bty and zdo el ‘g rigressng at 3% v
2. Sensors respard intgrest o Lo e et e
S R0 o HEEL i 4; Stshle over ihe pefiod of 1. Slabile over s pérod
broady togeition 2. Eglsfﬁ%rnwgsbmad]ﬂo ot s ~ ofintersst
3. Sensors ars internally 2 St dpoa % .S{aﬂg??fs_arscﬂrnsamd
A BEnsdrs ars internall  specifi ‘ . mpedBy
reproducibie 5. Senzars ara externally 3. Senscrs 2re globally-
reproduchiz intercomparable

s Recommendation4: The current body of research literature would support the use of
_low cost air pollution sensors for certain applications but not others. The advice is
summarised below.

i) Peer-reviéwed literature would indicate that many current sensor technologies provide 2
useful gualitative measurement of the temporal vaniability of general air pollution levels ata
‘given location over periods of days to months.

i) There is some evidence to support the use of sensors fo assess spatial variability in air
‘pollution, that is, the refafive differences in overall air pollution between two different
-geographic locations. '

‘iii) There is rather limited evidence for sensors being ar appropriate’ methdd 1o assess the
_goncentration dependence of a specific chemical, for example for determining compliance
“with legal or regulatory standards.

iv) There is no evidence for sensor approaches being currently suitable for disceming long-
term trends in atmospheric composition.
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A3 Tables
Table 1: Measured Nitrogen Dioxide Concentrations between 2010 and 2016 in the
study area ?
Monitoring | Monitor | o 7o 0e | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Site Type
Russell : Urban :
Square Automatic Background 55 50 55 44 45 48 42
St Automatic | Roadside 89 76 71 74 69 83 84
Avenue
Euston . -
Road Automatic | Roadside - 122 106 106 98 90 88
Diffusion -
CA4 Roadside 82 93 82 108 90 87 83
Tube
Diffusion Urban
CA6 o Eacke oot 34 46 39 40 36 36 31
Diffusion Urban
CA10 Tube el 52 48 40 49 47 45 40
CA11 Difiusion | poadside | 92 92 83 88 87 86 84
Tube
CA21 i Roadside - 77 72 76 81 71 72
Tube
Objective 40
?  Exceedances of the objective values are shown in bold.
J2976A 6 September 2017
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Figure 1: Locations of Relevant Monitoring Sites and Study Area
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Figure 2: Measured NO, Annual Mean Concentrations between 2010 and 2016 at

Monitoring Sites within the Study Area with Best-fit Linear Trend Lines
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Figure 3:

Changes in Traffic Flows (as AADT flows) with the Scheme at LBC Count
Points. The Roads with a Change in Flow of more than 1,000 AADT are
Highlighted (red for an increase, green for a decrease). '
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