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ARTICLE INFO ABSTRACT

Article history: In EU, a significant percentage of urban population is exposed to
Received 19 July 2013 pollutant concentrations above limit/target values stated by air
Revised 17 December 2013 quality legislation. In Italy, this percentage is even higher: 71%

SREEPCU O Nien 201 for PMq (daily limit value), 58% for O5 (target value), and 45% for

NO; (annual limit value).

In this paper a 20-year (1993-2012) air quality analysis in the
city of Florence (Italy) is reported based on observations from all
stations of urban air quality monitoring network. Main atmo-

Keywords:
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Emission categories spheric pollutants have been examined: SO,, CO, NO, NO,, PMyq,
Linear trend analysis and Os. Actually, Florence is affected by serious air quality
Meteorological data problems, with NO,, O3 and PM;¢ limit values regularly exceeded

in recent years. Trends of annual pollutant concentrations have
been analysed to assess the significance of their long-term pattern.
Trends of inventory emission data have been related to concentra-
tions through a linear regressive framework to assess the capability
of each emission category to control annual concentration trends.

As a result, primary pollutants exhibited a significant decrease,
while this was poorly significant for secondary species despite

remarkable reduction in their precursors emissions. A major role is
played by meteorological conditions strongly unfavourable to pol-
lutant dispersion, along with vehicle fleet increase and variation
over the years.

© 2014 Elsevier B.V. All rights reserved.
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Abstract A multivariate analysis was performed in the
city of Florence (Italy) to investigate the influence of
road traffic and meteorology on air pollution levels at
urban traffic stations. Focussing on main traffic-related
pollutants (CO, NO, NO,, NO, and PM,), two typical
urban road configurations were analysed: a street can-
yon and an open road. In addition to traffic flows, basic
meteorological parameters were considered: wind
speed, air temperature and relative humidity. The influ-
ence of all drivers by period of the year and day of the
week was analysed with correlation analysis, while a
statistical model was developed to predict concentra-
tions at traffic stations by using predictors as urban
background concentrations, traffic flows and a site-
specific constant. Trained on a l-year period (2008),
the model was validated over an independent I-year
period (2007). The highest correlation of urban traffic
concentrations was found vs. background concentra-
tions, markedly for PM,q (»=0.85-0.87). The influence
of road traffic was the highest for NO, (r=0.51-0.58)
and the lowest for PM;q (r=0.36-0.40). Urban-scale
poor advection conditions proved to affect PM,, peak
levels more significantly than local traffic increase. For

all pollutants, good forecasting capability was achieved
by the developed statistical model, generally performing
better at the street canyon (#=0.79-0.86) than at the
open road (r=0.72-0.82).

Keywords Urban air pollution - Multivariate analysis -
Road traffic - Meteorological data - Statistical models
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Development of Low-Cost Air Quality Stations for
Next Generation Monitoring Networks: Calibration
and Validation of PM> 5 and PMyp Sensors
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check for
Received: 17 July 2018; Accepted: 24 August 2018; Published: 28 August 2018 updates

Abstract: A low-cost air quality station has been developed for real-time monitoring of main
atmospheric pollutants. Sensors for CO, CO,, NO,, Oz, VOC, PM; 5 and PMjg were integrated
on an Arduino Shield compatible board. As concerns PM; 5 and PM; sensors, the station underwent
a laboratory calibration and later a field validation. Laboratory calibration has been carried out at
the headquarters of CNR-IBIMET in Florence (Italy) against a TSI DustTrak reference instrument.
A MATLAB procedure, implementing advanced mathematical techniques to detect possible complex
non-linear relationships between sensor signals and reference data, has been developed and
implemented to accomplish the laboratory calibration. Field validation has been performed across
a full “heating season” (1 November 2016 to 15 April 2017) by co-locating the station at a road
site in Florence where an official fixed air quality station was in operation. Both calibration and
validation processes returned fine scores, in most cases better than those achieved for similar systems
in the literature. During field validation, in particular, for PM; 5 and PM1g mean biases of 0.036 and
0.598 1g/m?3, RMSE of 4.056 and 6.084 11g/m?, and R? of 0.909 and 0.957 were achieved, respectively.
Robustness of the developed station, seamless deployed through a five and a half month outdoor
campaign without registering sensor failures or drifts, is a further key point.

Keywords: air quality monitoring; low-cost sensors; next generation networks; laboratory calibration;
field validation; PM> 5; PM1g
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Abstract: The Arctic is an important natural laboratory that is extremely sensitive to climatic changes
and its monitoring is, therefore, of great importance. Due to the environmental extremes it is often
hard to deploy sensors and observations are limited to a few sparse observation points limiting the
spatial and temporal coverage of the Arctic measurement. Given these constraints the possibility
of deploying a rugged network of low-cost sensors remains an interesting and convenient option.
The present work validates for the first time a low-cost sensor array (AIRQino) for monitoring basic
meteorological parameters and atmospheric composition in the Arctic (air temperature, relative
humidity, particulate matter, and CO;). AIRQino was deployed for one year in the Svalbard
archipelago and its outputs compared with reference sensors. Results show good agreement with the
reference meteorological parameters (air temperature (T) and relative humidity (RH)) with correlation
coefficients above 0.8 and small absolute errors (1 °C for temperature and 6% for RH). Particulate
matter (PM) low-cost sensors show a good linearity (r? ~ 0.8) and small absolute errors for both PM, 5
and PMyp (=1 png m~3 for PM, 5 and =3 ug m~3 for PMjg), while overall accuracy is impacted both by
the unknown composition of the local aerosol, and by high humidity conditions likely generating
hygroscopic effects. CO, exhibits a satisfying agreement with r? around 0.70 and an absolute error
of 23 mg m™3. Overall these results, coupled with an excellent data coverage and scarce need of
maintenance make the AIRQino or similar devices integrations an interesting tool for future extended
sensor networks also in the Arctic environment.

Keywords: low-cost sensors; Arctic environment; atmospheric composition
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Innovative low-cost air quality stations as a supporting means
for road traffic regulations in urban areas

L. Brilli', A. Berton’, F. Carotenuto’, B. Gioli', G. Gualtieri', F. Martelli’, S.
Profeti’, G. Trombi®, C. Dibari*, M. Moriondo®, C. Vagnoli' and A. Zaldei*".

"National Research Council-Institute of Bioecomony (CNR-IBE), Via Madonna del
Piano 10, 50019 Sesto Fiorentino, Italy

*Universita di Pisa, Dipartimento di Ricerca Traslazionale N.T.M.C, Via San Zeno 35,
56123 Pisa, Italy
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Abstract. Air pollution 1s currently one of main issues affecting urbanized areas worldwide.
Industrial activities, road traffic and heating systems are main emission sources significantly
increasing the levels of atmospheric pollutants as particulate matter, ozone, and nitrogen
oxides. Local administrations monitor these harmful gases by means of reference monitoring
stattons provided by regional/mational environmental protection agencies. These stations,
however, have limitations due to the little presence over the whole municipality, low time-
frequency, and high costs. In this framework, CNR-IBE, University of Florence — Department
of Agriculture, food, environment, and forestry (DAGRI), Tuscany Region Environmental
Protection Agency (ARPAT) and epidemiologists of the Pisa University agreed an mitiative to
create an environmental “living lab" aimmed at assessing the impacts due to anthropogenic
activities on air quality and thus on population exposure. Two study areas located m the
Tuscany region (Italy) were chosen: the rural town of Capannori, and the city of Florence. The
town of Capannori was selected since it lies within a critical area both affected by a variety of
emission sources and wimnter weather conditions unfavourable to pollutant dispersion. The city
of Florence was chosen for assessing air quality in urban areas following a possible traffic
reduction due to creation of new urban tramway lines. The air quality analysis was carried out
by means of a monitoring network comprising innovative low-cost stations (named AIRQino).
PM concentrations were mainly considered for providing indicative air quality measurements.
The preliminary results indicated that: 1) low-cost stations, after calibration and validation
against more than one-year observations from a reference air quality station, contirmed their
reliability in measuring air quality data; 1) AIRQino data can supplement air quality
mformation from reference stations and may be used to help traffic regulation actions at urban
scale.

Keyword: Air quality; Urban area; Low-cost stations; PM concentrations; Road traffic.
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