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jlhl.lll AirMonTech WP1 EMPAQ

1. provide information on technologies and performance of available
instruments for measurement of air pollutants regulated in AQD 2008/50/EC

2. provide guidance for optimal use of available instruments (measurement
technologies)

3. provide easy access to this information through AirMonTech data base

—> harmonisation of air quality measurements in Europe



j|-|.|.L AirMonTech WP1 - approach EMPAQ

aterials Science & Technalogy

— collect and write documents relevant for persons involved
in air quality monitoring (network operators) ...

... and make these documents easily accessible.



Document types EMPAQ

Materials Scienca & Technalogy

. Basic documents on air pollutants and measurement technologies

. Information about individual instruments

Type approval test reports
Standard operating procedures (SOPSs)
Equivalence test reports (PM2.5/PM10 monitors)



Materials Science & Technalogy

jlhl.lnL Info about individual instruments EMPA®

lhitkan Manitarng Tedhnokagie
i Arpad

March 2011: Call for SOPs, type approval reports, and equivalence reports
(to network operators and manufacturers)

Received documents:

SOPs 60
Type approval reports 6
Equivalence reports 4
Application reports 2
Specification sheets 33

Austria, Bulgaria, Cyprus, Estonia, France, Ireland,

Italy, Netherlands, Slovenia, Spain, Switzerland,
United Kingdom



jlhl.lll Info about individual instruments Eﬁ“’“‘

Next steps:

—Upload of received documents into AirMonTech data
base |

—Call for more documents (early 2012)
Completeness is essential

—Evaluation of collected SOPs and preparation of
«standard» SOPs



alsslllal  Basic documents on pollutants/technologies EMPAQ

For each pollutant/metric:

—Metric Basic Information (MBI)

includes definitions, sources (briefly), health relevance, regulations,
reference methods, references

—Metric Measurement Technology Overview (MMTO)

table listing identified measurement technologies, typical operational
characteristics, applicability to remote/rural/urban sites

—Metric Measurement Technology Information (MMTI)

details for each technology listed in the MMTO document



alnalllal Current status of work EMPAQ

Air Pallution Manitaring Technobagie Materials Scrence & Technalogy

for Urban Areas

MBI, MMTO, MMTI files

WP1 air pollutant

S0,

03
= vl aat vl

PM2.5/PM10 not yet available

Benzene



EMPAQ

Materials Science & Technalogy

MBI document for NO,

Air Pallutian Monitorng Technolagie
for Urban Areas

AirMonTech
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A Poytion Monitoring Technologies
for Urban Areas

Background Information on
Air Pollutants and Air Quality Metrics

Background Information on
Air Pollutants and Air Quality Metrics

In spite of the evidence, there is skepticism on whether the NO2 health effects are causal or are reflect-
ing effects from other traffic related pollutants and in particular particles with which NO2 concentrations
are highly correlated in time and space. NO2 results have been more inconsistent compared with the
ones reported for particles and are also more dependent on the lag times examined as well as the sus-
ceptibility of the population. Evidence from toxicological studies suggests that there are NO2 effects in
animals concerning lung metabolism, emphysema like structural changes, lung function, airway inflam-
mation, bronchial hyperresponsiveness and decrease in host defense against pulmonary infections
(Becker & Soukup 1999; Pathmanathan et al 2003; Forastiere et al 2006; Hodgkins et al. 2010;). There is
some evidence that NO2 acts synergistically with ozone or PM from controlled exposure human studies
(Gong et al 2005). These can be considered in favor of independent NO2 effects but most have detected
effects at higher than ambient level concentrations. However Koehler et al. 2011 demonstrated genotox-
icity and DNA alterations at NO2 exposure of 200ug/m3 on nasal epithelial cells.

Pollutant Type: Gaseous Pollutants

Pollutant Name:

‘ Description of the metric

Nitrogen dioxide (NO2) is an important gaseous air pollutant as it is directly linked with a number of ad-
verse effects on human health (see below). In addition, NO2 plays an important role in the formation of
tropospheric ozone (03) and is a precursor of nitrates which contribute to atmospheric fine particulate
matter. As other N-compounds it contributes also to the eutrophication of soils and waters.

Nitrogen Dioxide (NO2)

NO2 is directly emitted from various sources but also formed in the atmosphere from reaction of nitro-

gen monoxide (NO) with 03, NO2 can on the other hand photolyse to form NO and ozone, resulting in a Compound | Toxicological References Epidemiological References

cycling between NO and NO2 in the troposphere during daytime at time scales of minutes (Jacob, 1999). Information infarmation

C juently, current Europ legislative standards control the emissions of nitrogen oxides (NOx, the NO2 Effects on lung Becker & Soukup | Short-term  increase | Anderson et al 1997;
sum of NO and NO2) rather than of NO2. metabolism, 1999; Hodgkins et | in respiratory symp- [ Sunyer et al 1997;

al. 2010; toms, asthma | Katsouyanni et al
Forastiere et al exacerbations in | 2001; Stieb et al

emphysema like

The most impaortant emission sector for NOx in Europe is transportation followed by combustion in pow- structural changgsJ

er plants and industry. Commercial, residential and other stationary combustion sources and agricultural
activities are other important sources of NOx (see EMEP emission data, available from
http://www.emep-emissions.at/emissiondata-webdab).

Concentrations of NO2 are usually reported in pg/m?* using the respective molar masses of 46 g/mol.
Concentrations are reported with reference to standard pressure of 101,3kPa and standard temperature
of 293 K.

Health Relevance

Adverse health effects of ambient NO2 have been reported through many epidemiological studies. Many
studies reported short-term respiratory effects including the increase of respiratory symptoms, asthma
exacerbations in children and adults, and increases in related emergency visits and admissions as well as
respiratory mortality (Anderson et al 1997; 1998; Sunyer et al 1997; Katsouyanni et al 2001; Stieb et al
2002; Galan et al 2003; Peel et al 2005; Samoli et al. 2006; Chiusolo et al. 2011; Tramuto et al. 2011;
Mann et al. 2010). There is evidence that NO2 exposure increases symptoms and affects the infection
defense mechanism among asthmatics (Mortimer et al 2002). There are also reports on the effects on
the cardiovascular system and increases in cardiovascular admissions and mortality (Burnett et al 1999;
Metzger et al 2004; Samoli et al. 2006; Chiusolo et al. 2011; Felber Dietrich et al. 2008), but not all evi-
dence is consistent (Schwartz et al 1997; Roemer et al 1998). Recently there have been reports from
Spanish cohorts associating prenatal exposure with decreased fetal growth (Estarlich et al. 2010; Es-
tarlich et al. 2011). Several long-term studies assessed the effects of NO2 and reported effects on asth-
ma incidence in children (Simons et al 2011), lung function decrements in children (Gauderman et al
2004) and adults (Schindler et al 1998), cardiac autonomic dysfunction (Felber Dietrich et al 2008) and
mortality (Hoek et al 2002; Nafstad 2004; Filleul et al 2005) but the results across studies are not con-
sistent (Forastiere et al 2006).
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lung function, airway
inflammation,
branchial
hyperresponsiveness
and decrease in host
defense against
pulmonary infections

2006

children and adults,
increases in related
emergency visits and
admissions and
respiratory mortality.
Short-term  increase

in cardiovascular
admissions and
maortality

2002; Peel et al 2005;
Samoli et al. 2006;
Chiusolo et al. 2011

Genotoxicity and
DNA alterations in
human nasal
epithelium

Koehler et al
2011

Emergency  room
visits  for  acute
respiratory  symp-
toms, asthma exca-
cerbation in
children

Anderson et al 1998;
Galan et al 2003;
Tramuto et al. 2011;
Mann et al. 2010;
Weinmayr et al. 2010

Prenatal exposure
affects fetal growth

Estarlich et al. 2010,
Estarlich et al. 2011

Long-term effects on
asthma incidence in
children, lung
function decrements
in children and

adults; cardiac
autonomic
dysfunction in

susceptible  groups
and mortality

Schindler et al 1998;
Hoek et al 2002;
Nafstad 2004;
Gauderman et al
2004; Filleul et al
2005; Forastiere et al
2006; Felber Dietrich
et al. 2008; Simons et
al 2011
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EC legislation, limit values (EU Directive 2008/50/EC)

Averaging period Limit value Date by which limit value
is to be met
One hour 200 pg/m’ (not to be exceeded 1 January 2010
more than 18 times in a calendar
year)
Calendar year 40 pg/m* 1 January 2010
Ref hod for determination of the metric

The reference method for NO2 is based on the catalytic conversion of NO2 into NO and subsequent de-
termination of NO by the chemiluminescence signal resulting from the reaction of nitrogen monoxide
with ozone(EN14211:2005 “Ambient air quality — Standard method for the measurement of the concen-
tration of nitrogen dioxide and nitrogen ide by ch ence”). The method is described in
detail in the AirMonTech Technology Description File for NO2.
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MMTO document for NO,

EMPAQ

Materials Science & Technalogy

Overview of Measurement Technologies for Air Pollutants and Air Quality Metrics

Gaseous Pollutant
Nitrogen Dioxide (NO2)

Pollutant Type:
Pollutant/Metric Name:

Disclaimer: This document ...

#  Technology

Characteristics and performance

Availability and

Suggested area of

current use of application
instruments

1 Chemiluminescence com- European referance method (EN14211; 2005). Commercial; moni-  Urban
bined with metal converter Robust instruments available from various manufacturers. Widely used in monitoring ~ tOTiNg networks

networks.

Indirect method. NO2 is calculated as difference of NOx and NO.

Mot selective for NO2, because of interferences of other oxides of nitrogen [1]. This is
especially important at rural and remote locations.

Precision of typical instruments +0.4 ppb or J:i'J_Ir'El.l,lg,,"r|'||;l {1, 6B0min). Higher sensitivi-
ty for remote locations is possible.

2 Chemiluminescence com- Similar to Technology 1, Commercial; moni-  Urban
bined with photalytic con- but higher selectivity through photolysis of NO2, and toring networks Rural
verter

slightly more complicated because correction of measured signal with converter effi- Remote
ciency required.

3 Chemiluminescence with lu- Commercial instruments using this technigue are no longer available. Mo longer commer-
minol cially available

4 Cavity ringdown spectrosco- Highly selective and sensitive method Mot commercially Urban
py (CRDS) Currently no commercial instruments, only research instruments available [2, 3]. available, Research  gyra)

Remote

5 Cavity enhanced laser ab- Highly selective and sensitive method Commercial; Re- Urban
SOFpElan Spectrasenpy High precision of around £0.05 ppb or iO.l].Lg.;'ma {1, 1sec), very high temporal reso- search; monitoring  gyral

lution {e.g. SHz). networks Remote
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MMTI document for NO, with CL method

Aii Pallutian Manitaring Technokagiel
for Urban Areas

AirMonTech
: Description of Automated Technologies for
ﬂ- Air Pollutants and Air Quality Metrics
Air Pellution Monitering Tethnaloghes

it Lirkuan Areas

Pollutant Type: Gaseous Pollutants
Pollutant Name: Nitrogen Dioxide (NO2)
Measurement Technology: Chemiluminescence method - detection of chemilumines-

cence from reaction of nitrogen monoxide with ozone

The measurement of NO; by detection of the chemiluminescence signal from the reaction of nitrogen
monoxide with ozone is the reference method for ambient NO, measurements in Europe (EN
14211:2005). Monitors using this measurement principle measure the concentration of nitrogen monox-
ide (NO) and NOx (NO,=NO+NO;). The concentration of NO, is calculated by subtracting the measured
MO concentration from the measured MO, concentration,

In a chemilumi ence ly air is fed into the reaction chamber of the analyser, where it is mixed
with an excess of ozone. All NO is oxidized to NO2 by following reactions:

NO + 03— NO,* + 0,
NO;*— NO; + hv

* = excited state of species

Infrared light that is released from the decay of NO,* from an excited state to the ground state is detect-
ed by a photomultiplier tube. The intensity of the detected light (chemiluminescence) is proportional to
the concentration of nitrogen monoxide, For determination of nitrogen dioxide, the sampled air is fed
through a converter where the nitrogen dioxide is catalytically reduced to nitrogen monoxide and ana-
lysed in the same way as previously described. The chemiluminescence signal is proportional to the sum
of concentrations of nitrogen dioxide and nitrogen monoxide. The concentration of nitrogen dioxide is
calculated from the difference of the measured NO, and NO concentrations.

A. Instruments with heated catalytic converters

Typical converters used for reduction of NO; into NO are made of a material such as stainless steel, cop-
per, molybdenum, tungsten or spectroscopic pure carbon and are maintained at constant temperatures.
The reference method for ambient NO, (EN 14211:2005) requires that the converter is capable of con-
verting at least 95% of the nitrogen dioxide to nitrogen monoxide. A drawback of these converters is that
other oxidized nitrogen compounds (e.g. HNO; and Peroxiacetyl nitrate) are reduced to NO with high
efficiencies as well and can cause significant interferences (Steinbacher et al., 2007; Dunlea et al., 2007).
These interferences are especially important at rural and remote sites.
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AirMonTech

Description of Automated Technologies for
..‘ H Air Pollutants and Air Quality Metrics

Air Pellution Monitnring Trchasingies
for Urkan Areas

Sample

Dronator Capillary

P‘\‘nmp

Flow schematic of a typical NO-NO,-NO, chemiluminescence monitor using a catalytic converter.

with photolytic converters
An alternative to the above mentioned catalytic converters are photolytic converters, where conversion
af NQ; is achieved by irradiation of NO, with UV light (< 410nm) according to following reactions:

NO; +hv — NO+0O
0+0; — 04
NO+0; -—»NO,+0,

leading to following equilibrium:
NO; + 0 +hv « NO+0,

Instruments equipped with photolytic converters do not suffer from interferences to other oxidized ni-
trogen compounds and allow much more specific i ents of NO,. However, the conversion effi-
ciencies of photolytic converters are around 50% and much lower than the requirements of the Europe-
an standard (EN 14211:2005). The converter efficiency of photolytic converters needs to be regularly
determined for the correction of the measured signal.

There are photolytic converters available on the market that can be integrated into conventional instru-
ments equipped with catalytic converters, more or less simply by changing the converter type (see flow
schematic below).
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alsslllal  Basic documents on pollutants/technologies EMPAQ

Next steps:
—Production of MBI, MMTO, MMTI files for all other
regulated air pollutants

Completeness is important!

—Upload into AirMonTech data base
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alsabllal Summary EMPAQ

Materials Science & Technalogy

— WP1 of AirMonTech is focused on collection and preparation of
documents on regulated air pollutants

— Documents will be easily accessible through AirMonTech data base
— Documents are thought to be valuable for network operators

— We hope that AirMonTech data base will be widely used (by networks
operators), thereby supporting harmonisation of air quality monitoring
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Thank youl!

Questions/comments ?

EMPAQ
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