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Air quality monitoring and application of measures to contain urban air pollution in Rome
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Air quality monitoring within Rome’s Town Council territory has been continuously carried out since 1993, when monitoring network was implemented. At present it is composed of 12 stations located in different specific urban areas. As it is provided for by Italian regulation (DM 20/5/91), different types of monitoring stations (A, B, C and D) are entirely represented in the monitoring network which, as a result of that, is fully equipped and reliable.

· Type A: in areas which are not directly affected by urban emission sources, where main primary and secondary pollutants are monitored (urban basis stations);
· Type B: in areas of high population density, where pollutants like NO2, hydrocarbons, SO2, TSP and metals are monitored;
· Type C: in areas located in proximity of scantly ventilated high-traffic roads, where pollutants such as CO and aromatic hydrocarbons directly emitted by vehicles are monitored;
· Type D: in the outskirts or sub-urban areas, where photochemical pollutants (ozone, NO2 and PAN) are monitored.

The present situation of the air quality monitoring network is described in the Table 1 showing names, types and main pollutants monitored by the single stations.

	Name
	Type
	CO
	SO2
	O3
	PAN
	NO
	NOX
	NO2
	BTX
	PM10
	Traffic

	Ada
	A
	(
	(
	(
	
	(
	(
	(
	(
	(
	

	Arenula
	B
	(
	(
	
	
	(
	(
	(
	
	(
	

	Cinecittà
	B
	(
	
	
	
	(
	(
	(
	
	
	

	Magna Grecia
	B
	(
	
	(
	
	(
	(
	(
	(
	(
	

	Preneste
	B
	(
	
	(
	
	(
	(
	(
	
	
	

	Fermi
	C
	
	(
	(
	
	(
	(
	(
	
	(
	(

	Francia
	C
	(
	
	(
	
	(
	(
	(
	
	
	(

	Libia
	C
	(
	
	
	
	(
	(
	(
	(
	
	

	Montezemolo
	C
	(
	
	
	
	(
	(
	(
	
	
	

	Tiburtina
	C
	(
	
	
	
	(
	(
	(
	(
	
	

	Castel di Guido
	D
	(
	
	(
	(
	(
	(
	(
	
	
	

	Tenuta del Cavaliere
	D
	(
	
	(
	(
	(
	(
	(
	
	
	

	BTX = Benzene, Toluene, Ethyl benzene, O-xylene, M-xylene, P-xylene


Table 1 Present situation of the monitoring network

The trend of some of the main pollutants air concentrations has gradually decreased in the last years. Mainly, CO has shown a gradual drop in the annual average concentration since 1993 up today (Picture 1). During last year (1999), CO reached an annual average of 24% less if compared to the first monitoring year (average of the stations which have not changed location and typology during years and that herebelow will be indicated as “historical”: Arenula, Fermi, Francia, Magna Grecia, Montezemolo, Tiburtina).
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As regards NO2 (Picture 2), in the last few years there has been a drop in its annual average concentration which in 1999 has been nearly 17% less than in 1993 (average rates calculated for the 
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“historical” stations Arenula, Fermi, Magna Grecia).
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Even for benzene (Picture 3), whose monitoring has started at the end of 1997, in the last two years there has been an improvement in the moving averaged concentration over 12-month period so far that today only one station out of the four equipped with the benzene analyser turns out to exceed the quality standard of 10 (g/m3 set out by Italian regulation (DM 25/11/94). The reason for such a drop is to be found in the reduced benzene (1% vol.) and aromatic content (40% vol.) in gasoline provided for by Italian regulation (L. 4/11/97) and the increasing number of vehicles equipped with catalytic converters.
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Whereas carbon monoxide, benzene and nitrogen dioxide air concentrations have been on the downtrend, from 1993 to 1999 there has been an increase of 77% in the annual average ozone concentration in the three “historical” stations (Francia, Fermi and Magna Grecia) for which data from 1993 are available (Picture 4).
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Type D and A monitoring stations installation in 1997 (Villa Ada, Castel di Guido and Tenuta del Cavaliere) has made it possible to acquire deeper understanding of photochemical pollution than what was possible with the previous network configuration. The annual average ozone concentration trend (Picture 4) shows that photochemical smog has been growing on in the last few years (1997-1999), that is exactly since when the new A and D stations have become operational, thus making it possible to measure ozone concentration right in those areas where air concentrations are generally higher, such as the green areas (Villa Ada) and the outskirts (Tenuta del Cavaliere and Castel di Guido).

Air pollution in Rome is due mainly to vehicular traffic because of the very low number of big industrial sites and wide spread of methane heating facilities (98% of CO come from vehicular emissions). In order to protect public health, environmental policies have to consider limitation measures of traffic circulation in those areas mostly affected by vehicular emissions.

Because the different categories of circulating vehicles in the cities are characterised by different emissions rates, it is important to know the exact composition of circulating fleet in order to define suitable measures to improve air quality. Nowadays, relating to ACI data (Picture 5), cars without catalysts travelling in town territory are about 51% of total number (1.750.000), 34% include cars with catalysts while remaining part includes diesel, LPG and methane vehicles. It is very important for the Municipality of Rome mopeds and motorcycles fleet. Actually, there is an high number of mopeds and motorcycles (600.000) circulating many months per year. Because of the very high number (450.000) of two-stroke mopeds with high emission rate in terms of carbon monoxide and benzene, it is clear that to lower their emission rates is a strategic key of traffic limitation policies. 

Considering the composition of vehicular fleet and traffic flows estimates, it has been possible to map the entire Roman territory in terms of carbon monoxide, by means of TransCAD software (Transportation GIS Software by Caliper Corporation) (Picture 6). This makes it possible to locate more polluted areas in town and to define the best measures of circulation limitation. Other than these calculations, more than 500 benzene samples in 1999 were tested and analysed during March-June 2000 by means of passive samplers (RADIELLO®) located in different areas. Even average daily traffic and noise levels were measured in the same sampling sites in order to prepare a data base for the Noise Level Zoning of Roman territory.
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The results of this monitoring campaign agree with those achieved by the implementation of TransCAD traffic model, showing an high number of sites with benzene levels higher than 10 g/m3 (quality standard according to Italian laws) inside the so-called Railway Ring (about 50 km2 in the central area of the town territory). Even average daily traffic values were higher (between 8.000 to 40.000 units) than data related to the outside areas (less than 8.000 units). Considering that 64% of inner traffic are due to vehicles coming from outside the Railway Ring, such results show the importance to focus on traffic limitation inside the Railway Ring in order to decrease local benzene concentrations.

Studies carried out by means of statistical analyses of carbon monoxide and benzene concentrations before, during and after past traffic restriction days, show a benzene concentration abatement of 42% (only for cars without catalysts). Effectiveness of different traffic restriction measures have been evaluated considering that local air quality improvement could be detrimental to other areas.

Due to these studies, the Municipality of Rome has decided of gradually limiting circulation, for some categories of vehicles (Table 2).

	
	Area
	Measures

	from 6/10/199 to 5/1/2000 every Wednesday from 3 pm to 9 pm
	GREEN AREA
	Circulation ban on cars without catalytic converters

	from 1/1/2000
	
	Incentives for the acquisition of electric and four stroke mopeds

	from 1/1/2000
	MUNICIPAL TERRITORY
	Emission testing for all vehicles every year

	from 1/1/2000
	BLU AREA
	Permits for authorised non-residents only available to vehicles with catalytic converters 

	from 1/9/2000
	RAILWAY RING
	Circulation ban on cars without catalytic converters (except of residents)

	from 1/1/2002
	RAILWAY RING (incl. BLU AREA
	Circulation ban on cars without catalytic converters


Table 2 Measures to contain air pollution in Rome

From October 6th 1999 to January 5th 2000, cars without catalysts could not travel inside a large area (Green Area), including the Railway Ring, each Wednesday from 3 to 9 p.m.. This preliminary measure was targeted at forcing citizens toward substitution of cars with high emission rates and accustoming citizens to next more stringent measures. In fact, starting from September 1st, 2000 interdiction measures will concern Railway Ring, 24 hours per day, every day. Effectiveness of traffic limitation measure was evaluated comparing CO concentration measured and CO concentrations estimated by means of stability conditions of the atmosphere and assuming traffic levels for common working days. It is known the strong dependency between stability/instability conditions of the atmosphere and Radon concentration in low layer of troposphere and the same strong relationship could be found between Radon and CO concentrations (Picture 7).



By means of this strong correlation it was possible to compare CO forecasted and CO measured (Picture 8) in order to evaluate CO reduction due to the traffic limitation measure (3% from 14h. to 20h.; 7% from 0h. to 24h. -mean value over 14 days-) 



A measure of optimisation of public transportation network is the Green Street application in order to reduce private traffic and increase public transportation supply and finally lowering benzene concentration in the air. The study of primary effects of Green Street application regarding mobility and air pollution was carried out by means of traffic simulation model and sampling campaign in order to evaluate traffic flows and benzene concentrations before and after application of Green Street (Picture 9).



Even if traffic flows are higher in some roads around Green Street respect the old situation, overall air quality of the area has been improved (from 16 mg/m3 to 8 mg/m3 of average benzene concentration), but it is recommended to investigate impact on areas not directly abutting Green Street.
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Figura 2 Andamento delle concentrazioni medie annue di biossido di azoto per le stazioni “storiche” e per tutte le stazioni











Picture 3 Benzene moving averaged concentration over 12 month period trend in the time span October 98 – June ’00





Picture 4 Ozone annual average concentration trend calculated for the “historical” stations and for all the stations (since 1997 Villa Ada, Castel di Guido and Tenuta del Cavaliere stations have been installed)








Picture 1 Carbon monoxide annual average concentration trend calculated for the “historical” stations and for all the stations





Picture 2 Nitrogen dioxide annual average concentration trend calculated for the “historical” stations and for all the stations





Picture 5  Car fleet composition (ACI 1999)





Picture 6 CO emission per area (Kg/km2) based upon all the day: Cars + Motorcycles 








Picture 7 Relationship between Radon and CO concentrations in low layer of troposphere











Picture 8 CO measured and CO forecasted trend during a ban circulation day








Picture 9 Benzene concentrations measured before and after application of Green Street
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