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ABSTRACT
Benzene is one of the main air pollutants because of its dispersion throughout the territory and its carci-
nogenicity. Thus, in accordance with the current European Directive 2008/50/EC, benzene is monitored 
punctually in EU countries. In this context, the University of Trento and Telecom Italia, in response to 
specific studies, have developed an approach that could be conceptually divided into two phases: (A) 
the first one assumes the distribution of low-cost sensors to a part of the local population for the moni-
toring of carbon monoxide that, in this case, could be used for its indirect role of tracer. These sensors, 
compatible with smartphones and therefore with the network, allow acquiring remotely a huge amount 
of data that could be used to create detailed maps of air quality after a process of validation/selection 
(based on algorithms already developed by Telecom). (B) The second phase is based on the fact that 
the correlation between carbon monoxide and benzene is scientifically proven in homogeneous areas; 
thus, through an ad hoc study, it is possible to set a specific correlation carbon monoxide – benzene for 
each pre-selected area. The result of this method is quantitative information on exposure of the resident 
population to benzene with a detail not reachable through conventional approaches and suitable for an 
enhanced activity of decision makers. For a full scale exploitation, this approach requires an economic 
effort achievable only with external financing as, presently, the official monitoring activity allows only 
conventional actions.
Keywords: correlation CO – C6H6, human exposure, low cost and portable sensors, new approach, 
smart monitoring.

1 INTRODUCTION
Air pollution is one of the major environmental health problems to which about 7 millions of 
premature deaths are ascribable worldwide. This finding confirms that air pollution is now the 
world’s largest single environmental health risk [1–5]. In particular, the same WHO estimates 
approximately 80% of premature deaths related to air pollution are caused by ischemic heart 
disease and stroke, 14% of deaths are due to chronic lung disease or acute infections of the 
lower respiratory tract, and finally, the 6% of deaths are due to lung cancer. Related studies 
have shown that these diseases are related to several factors, such as the consumption of tobacco 
combined to air pollution promote lung cancer. These studies also showed some of these deaths 
could be prevented improving air quality or reducing the consumption of tobacco [6].

The problem of air pollution is still related to sources that could not be managed and con-
trolled by the individuals (transports, waste, construction, agriculture, etc.), it is why in recent 
years, especially in advanced countries, a specific legislation focused on air quality standards 
has been developed. For example in European countries, enacting the European Directive 
50/2008, it was necessary also to establish monitoring networks in order to control the con-
centrations of the main pollutants. This methodology employs expensive equipment that need 
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fixed locations or dedicated mobile stations. Then the collected data are used to extrapolate 
the air quality throughout the related area, only for some of the pollutants monitored. How-
ever, with this method, there are pollutants, with significant impacts on health and environment, 
excluded from the air quality analysis. It is important to note the general environment reveals 
different and multiple air contaminants’ concentrations. The advantage of the mobile plat-
forms instead of traditional monitoring station is the ability to acquire air quality data referred 
to a wider area. This is very important considering for example the different effect regarding 
air pollution, in space and time, referred to the primary emissions and secondary formation. 
Another important factor to take in consideration is the high level of temporal changes that 
affect generally the air in our cities [7]. The mobile measurements consent to monitor better 
this kind of pollutant data also to a micro-scale level of variation. The mobile monitoring 
could also be used to collect data on a wider level in term of space and time [8] and need to 
be taken into account on a European level for future recommendations regarding the air qual-
ity to the related countries.

The objective of this study is to create spatial and temporal high-resolution maps of a 
determined pollutant currently measured in few fixed stations in the referred area. With this 
kind of monitoring, it is not possible to extrapolate the concentrations in the related area. For 
the purpose of this study, the polluting substance chosen is benzene (C6H6): a colourless 
hydrocarbon, with a characteristic odour, highly inflammable, in volatile liquid form, able to 
evaporate quickly. Its dispersion in the atmosphere, being a natural compound of petroleum 
and its derivatives, is due for the most part to the vehicle traffic (over 80%), as used as anti-
knock in gasoline [9]. The hazard level of benzene is due to its strong toxicity; in facts, its 
carcinogenicity was classified belonging to the group 1 by the International Agency for 
Research on Cancer [10]. The substances included in this group have been proved to be car-
cinogenic to humans, and in this regard the IARC specifies [11]: this category is used when 
there is sufficient evidence of carcinogenicity in humans. Exceptionally, an agent may be 
placed in this category when evidence of carcinogenicity in humans is less than sufficient but 
there is sufficient evidence of carcinogenicity in experimental animals and strong evidence in 
exposed humans that the agent acts through a relevant mechanism of carcinogenicity.

If inhaled in high concentrations it could cause death; at lower concentrations may still 
cause disorders such as drowsiness, headache, dizziness, tachycardia, confusion or loss of 
consciousness [9].

2 MATERIAL AND METHODS
The idea that is gaining ground in many academic environments is a denser monitoring net-
work, based on devices with lower costs and better distributed on the territory. Moreover, 
given the prevalence of smartphones, it is felt the need to have free and real time data access. 
All this could lead to a raise awareness of the people on air pollution, an issue of great 
 importance and relevance, as well of public interest.

In this context, the University of Trento and Telecom Italia have developed an approach 
based on low-cost and portable sensors that allows the collection and elaboration of polluting 
data with a high spatial resolution and in real time. This method can be conceptually divided 
into two phases.

2.1 Phase A: SecondNose

The SecondNose system is composed by four components: an air pollution sensor, an Android 
mobile phone application, a backend with collection and analytics components and a web 
application to visualize the data [12].
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Eighty portable multi-sensor Sensordrone™ (Fig. 1) were distributed among the popula-
tion of Trento (Italy). This detector was produced from Sensorcon, an American company 
with over ten years of experience in the design, production and integration of environmental 
sensors. Such tool, inter - connectable with smartphones through special applications, is 
equipped with various types of sensors such as precision gases, oxidizing gases, reducing 
gases, temperature, humidity, pressure, infrared temperature, capacitive proximity, intensity 
of colour (red, green and blue) and brightness. Sensordrone™’s dimensions are 6.78 × 2.80 
× 1.24 cm3.

This tool provides a carbon monoxide concentration measurement with a quite good 
precision (resolution: 1 ppm; range: 0–2,000 ppm; accuracy: ±10% of reading; response 
time: 10–20 seconds to reach 90% of final signal; [13]), but on the other hand with not 
satisfactory reliability for the criteria required by the current law and regulations. Need to 
be underlined that the purpose of this paper is the presentation of an innovative approach 
in the field of the air quality monitoring and not an accomplished method, at least regard-
ing the instrumentation. Through an Android mobile phone application, it is possible for 
the users to visualize a real-time data collection from the ambient sensor Sensordrone™. 
The application provides real-time feedback reporting: the temperature detected, the atmos-
pheric pressure trend, that is, based on the last ten samples of pressure, and the overall air 
quality, on a 5-values scale based on EPA AQI colouring scheme. It is also necessary, for 
a proper analysis of the data, to distinguish if the sensor is located in indoor or outdoor 
environment. For this purpose, Telecom has developed a prototype, still to be finalized, 
based on an algorithm that could differentiate the signals between indoors and outdoors  
environments.

Since April 2014, for few months, data had been remotely collected, with an interval of 
five minutes and a daily total of 30k of data, values related to: temperature, pressure and the 
concentrations measured from the Sensordrone™ Precision gas sensor, pre-calibrated on car-
bon monoxide (CO). As explained better in the second stage, the CO is used in an indirect 
manner as a tracer for benzene. The web application provides access to the aggregated data 
of the last seven days collected from the reading of the users involved. In particular, the CO 
concentration levels, geo referenced using GPS, are inserted into a map and spatialized on the 
area considered after a process of validation / selection based on algorithms developed by 
Telecom (Fig. 2).

There is therefore the opportunity to view the history of personal measurements and, anon-
ymously, the ones collected by other users. It is also possible to have the detailed air quality 
maps referred to the pollutant considered.

Figure 1: Portable multi-sensor SensordoneTM.
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2.2 Phase B: Correlation carbon monoxide – benzene

The correlation between carbon monoxide and benzene has been scientifically proven: there 
are many studies recognizing trends of similar concentration for the two pollutants in homo-
geneous areas [14, 15]. This correlation is due to the fact that the two pollutants’ main sources 
of emission are the same [14] among which: the vehicular traffic, the combustion of the wood 
and the tobacco’s smoke. Another correlation’s factor between the concentrations of carbon 
monoxide and benzene has been found: the atmospheric lifetime of benzene, that could last 
for several days [16]. That means that benzene is removed from the urban environment by 
meteorological processes, which is how CO is mostly removed [17].

Through an ad hoc study, it is possible to set a specific correlation carbon monoxide – ben-
zene for each pre-selected area. It is possible to establish a relationship of proportionality 
between the two pollutants considered, starting by measured data in the fixed monitoring 
stations (determined station as required by the European Directive 50/2008). This relation-
ship could be explicated through different expressions depending by the choices made during 
the study of the pollutant concentration’s data. This is also due to some gaps at regulation and 
law level to a precise procedure in this regard.

Some Italian Regional Agencies for Environmental Protection (ARPA) have already ana-
lysed and used the correlation between carbon monoxide and benzene for further deductions 
and observations. In the Table 1, some correlation - relationships could be observed as 
reported from different Italian ARPA. Uniformity as already reported above is not present in 
the formulation of this table.

Figure 2: Example of a monoxide carbon’s concentration map.
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Once got the correlation- relationship between carbon monoxide and benzene, it is suffi-
cient to apply it to the monoxide carbon concentrations’ data measured by Sensordrone™. 
Applying this method air quality’s maps could be provided related to benzene at high spatial 
and temporal variability.

3 RESULTS AND FUTURE DEVELOPMENTS
The result of the approach developed jointly by the University of Trento and Telecom Italy 
is a quantitative information on the exposure of the resident population to carcinogenic sub-
stance as benzene. This approach, extendible to other pollutants, primarily allows to sensitize 
and erudite the population on an issue very important as the air quality is. This theoretically 
could lead to improve the life quality of the population involved, limiting as much as pos-
sible the exposure to certain pollutants. At this regard, changing the route of the journey or 
minimizing the permanence in the areas with the highest concentrations could be practical 
examples. Moreover, the authorities and the decision makers could find in so detailed infor-
mation and data analysis a useful tool to understand which are the critical areas. This could 
help also to define more appropriated solutions and plans in order to reduce pollutants’ expo-
sure. However, such considerations make sense only with regard to very detailed information 
that nowadays is impossible to get from conventional approaches. On the other hand, it is 
clear that the approach here presented would like to be an example of an innovative method 
and not a concrete proposal. For a full scale exploitation further studies are needed, possible 
through an economic effort achievable only with external financing. In fact there are many 
aspects that would deserve an in-depth analysis, here are illustrated the main ones:

•	 To develop a sensor with the sensitivity and reliability to ensure this approach could meet 
the requirements imposed by the relevant law and regulations;

•	 To establish the sensor density (n. Sensors / km2) useful to obtain a number of data neces-
sary in order to proceed: previously to their validation and then to the spatialization on 
the related area;

•	 To study a standard methodology in order to set a correlation CO - C6H6 starting from 
fixed stations’ data, also for other pollutants;

•	 To study a methodology able to define the extension of the area within which the ratio of 
carbon monoxide – benzene could be considered homogeneous;

•	 To study an algorithm that allows users (of sensors) passing close to the fixed monitoring 
stations to reset the baseline’s sensor that could provide certainly more precise values.

In conclusion, also with the above mentioned in-depth analysis, this approach could be 
thought as a support and a complement to the possible gaps of the current legislation. This 

Table 1: Some ARPA’s correlation between CO – C6H6.

Correlation CO - C6H6 
(*) ARPA Year References

[C6H6] ≈ 2 * [CO] Emilia Romagna 1999 [18]

[C6H6] = 3.465 * [CO] – 0.3616 Piemonte 2001 [19]

[C6H6] = 2.017817 * [CO] Puglia 2007 [20]

(*) [C6H6] and [CO] are respectively expressed in μg/m3 and mg/m3
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could help in the future to develop an air quality mapping with a higher spatial and temporal 
variability.
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