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1 Purpose

Usually, air pollution monitoring in urban environments is performed by operating a certain number of monitoring stations located in several sites which are representative of the general exposure to pollution by population. in such situations, pollutant concentrations are measured by means of proper analyzers. Such a conventional approach, although found satisfactory in many instances, has a number of definite limitations:

· Standard monitoring stations require high investment costs, extensive maintenance and training and highly specialized personnel.

· Data gathered by automatic analysers are not suitable for a rapid interpretation and, unless used to compare the values with pre-defined limits or air quality standards, they are not always useful.

As a conclusion, a diffuse use of the standard approach in Developing Countries and, in many instances, in developed Countries, is necessary limited. 

In order to overcome these difficulties, a new approach is suggested in this paper. This should be able to provide effective solutions to many problems related to the evaluation of atmospheric pollution, especially in developing Countries where investment and maintenance costs are major problems.

2 Features

In order to support the process of air quality improvement, it is essential to collect reliable information about air quality, which is the basis for all technical and social measures directed to reduce pollution. It is therefore essential to provide measurements and data sufficiently accurate and representative on both time and space, adopting evaluation and monitoring strategies capable to meet the basic requirements for an efficient air quality control.

In order to achieve this goal, it is necessary that an effective Air Quality Monitoring System (AQMS) is designed in order to provide information for:

· Building chronological documentation about air quality limit attainment and compliance with national air quality standards;

· Developing effective public health protection, including accurate and precise data to develop epidemiological studies, both in the short and the long term;

· Developing effective environmental legislation related to air pollution; 

· Investigating the main processes related to primary and secondary pollutants as a function of meteorological situation;

· Reducing the intensity of air pollution episodes and developing more effective control strategies in reasonably short time;

· Better planning of urban development and air quality management.

In short, the proposed AQMS consists of:

· Preliminary assessment

· Monitoring network (fixed stations + saturation stations)

· Laboratory for chemical analysis and calibrations 

· Data Control Centre 

· Maintenance and training programs

2.1 Preliminary assessment

The preliminary assessment of atmospheric pollution in urban area is a very important step for the definition of locations where to deploy fixed monitoring stations. Such locations are selected according to several information, which include: type and intensity of emitting sources; distribution of polluting sources in the urban area; expected maximum concentration points in relationship to the presence of human targets (population exposition); prevailing meteorological conditions; model applications; geographical context; other proper studies.

The monitoring sites have to be representative of a sufficiently large area in the vicinity, so that the sampling station can be considered representative of a larger area or representative of sites characterised by similar environmental conditions.

An efficient preliminary assessment may be carried out by just using essentially two experimental approaches . These consist of the use of passive samplers, supplemented by particulate measurements and of a conventional mobile station. The samplers are placed in several locations, in order to identify the spatial distribution of atmospheric pollutants. After the experimental campaigns, the results of these techniques are complemented by proper studies, which take into account for the location of emitting sources, the distribution of exposed population and the prevailing meteorological conditions. 

2.2 Passive samplers

The use of passive samplers as a possible technique for preliminary assessment of air quality in urban areas is well established in Europe and it has also been recommended by the European Union in technical reports related to preliminary assessments. Here are some of the reasons for this choice.

1. Since the adoption of the Framework Council Directive (96/62/EC), the European Commission has been working on a Daughter Directive setting target values for different pollutants in order to protecthuman health and ecosystems. One of the aims of the European Framework Directive is to assess ambient air quality on the basis of common methods and criteria. 

2. Air pollutants may be classified according to their effects on human health. These depend upon their concentration. In addition, pollutants may give acute, reversible or irreversible effects over the exposed people while some substances, in particular Benzene, do not lead any noticeable symptoms but, after a prolonged exposure, induce carcinogenic effects. 

3. The European Framework Directive states that monitoring is mandatory in areas with high population concentration. The temporary scale of measurements is not determined, but the determination of the annual mean for most pollutants is needed.

4. The approach to the cancer risk determination requires the evaluation of average exposure of people over a long time period. This approach needs a monitoring strategy characterized by low temporal frequency (several weeks) and a high spatial resolution.

There are several methods for pollutants measurement which are meeting such features. In order to choose the right alternative, it is necessary to estimate their advantages and disadvantages according to the goal to be achieved. 

The use of automatic equipment is valid for measuring the temporal trend of air pollutants, which is related to the reactivity and transport on regional and local scale, but it is very expensive for the evaluation of the long-term toxicological risk on human health. In fact, continuous equipments require high costs of maintenance and, since they are often highly sophisticated, they can be only used in a limited number of sites. That does not allow a detailed mapping of exposure in large areas.

Another method to assess pollutant concentration is based on the use of diffusive devices. The samplers collect gas by diffusion due to the gradient established between ambient air and a suitable adsorbing material. Diffusive sampling measurement techniques for assessing air quality may offer a cost effective alternative to conventional techniques for large-scale measurements carried out for mapping the air quality distribution as required by the Directive. In principle, passive sampling represents a perfect tool to characterise those areas where the limit values are expected to be exceeded and/or where other assessment methods are needed to comply with EC legislation (i.e. preliminary assessment). In contrast to active samplers, in which air is brought into contact with a detector or collector device by means of a pump, diffusive samplers rely on diffusion to bring the pollutant into contact with a sorbent. Compared with the pump-dependent active sampling procedure, main advantages of the method are: cost effectiveness, simplicity and the potential for large-scale Diffusive samplers do not require any electric supply and so it is possible to measure the pollutants in most sites. However, due to the low apparent sampling rate, a sampling time of at least 1 week is usually needed.

In order to provide effective tools for passive monitoring, the Italian CNR-National Research Council’s laboratories developed a diffusive sampler, the Analyst, with a geometry shown in Figure 1, designed to carry out in the same vial both collection and solvent extraction The ANALYST, was developed, patented and certified by CNR (Rome, Italy), by the Institute for Atmospheric Pollution (Primary Reference Laboratory for Atmospheric Pollution), as equivalent method for the determination of the concentration in ambient air of sulphur dioxide, nitrogen oxides, and benzene in accordance with Italian legislation. The ANALYST has been tested over a relatively long periods of time and their performances are documented in a large number of scientific publications. These devices are commercially available and the analysis of the pollutant contents is very simple if carried out with Ion or gas chromatographic techniques. 

Accuracy, precision and long exposition time makes the ANALYST the best choice for the preliminary assessment of pollutants. Since the technique is very inexpensive, a large number of passive samplers may be deployed in the urban environment in order to gain detailed information about spatial distribution of pollution and about the occurrence of sites where the exposition of population is at high levels. For an urban ambient, the sites should be equipped with passive samplers for the measurement of:

· Nitrogen Oxides NOx (NO and NO2), 

· Sulphur Dioxide SO2, 

· Ammonia NH3,

· Ozone O3,

· BTX (benzene, toluene, xylene).

Since the passive samplers cannot be used for particulate matter, it is suggested to use small electronic sampler equipped with standard filter holders to evaluate particulate concentration by gravimetry.

2.2.1 Saturation stations

A saturation stations provide with saturation monitoring a selected area, being composed by different passive samplers for the monitoring of each selected pollutants and a new device for the collection of particulate matter on filter membrane. 

The saturation stations are characterised by low-cost devices for the evaluation of atmospheric pollution. They can be deployed in a relatively high number. These stations can be easily relocated, making the system flexible in case the need arises to measure the concentration of atmospheric pollutants over a specific part of territory. Because of their low cost and maintenance, these stations could be deployed in large numbers per unit area of territory, providing an effective evaluation of space distribution of the atmospheric pollution. Such approach will allow identifying new and useful data in addition to those gathered from fixed stations. The term Saturation is derived from the fact that the cost of monitoring is so low that a given area may be saturated with monitors.

2.3 Conventional Mobile Unit

In addition to saturation stations, the proposed AQMS may also include a mobile station for the monitoring of atmospheric pollutants. Such mobile units may be very conveniently used for the preliminary evaluation of pollution and to complement fixed stations when required.

The configuration of the mobile station may include the following analysers: SO2, NOx (NO and NO2), PM10, CO, O3, Meteorological Instruments.

2.4 Fixed Stations

The station equipment, positioning and type depend on several factors: type and intensity of emissions; types of pollutants, which are present in the atmospheric environment; local and international legislation requirements, criteria and guidelines; additional information provided by preliminary assessment; population exposure; siting of stations; expected trend of atmospheric pollution.
The types of station are related to macro-siting criteria, which are adopted to define the site where a fixed station should be located. Consequently, the siting criteria, together with local legislation, are also affecting the type of equipment installed in each station, which are designed for the measurement of different pollutants. 

The Italian legislation recommends the following criteria for siting monitoring stations.

Type A - Urban background exposure Station. Located in the centre of the urban area, but not close to major streets with heavy traffic. Typical sites are park, malls, and landscaped area with no traffic. In these stations, every pollutant should be measured and data are referenced to the general exposure of the population.

Type B - Residential population exposure stations. Located in residential sites, with high density of population. These sites should not be very far from local traffic source, but far enough from heavy traffic streets. In these stations, pollutants having long-term effects on population health are usually and preferably measured.

Type C - Traffic exposure stations. Located on congested or heavy traffic streets, especially if surrounded by buildings (i.e., street canyons), and having many pedestrians directly exposed to emissions from mobile sources. In these stations, pollutants characterised by short-term effects on population health should be preferably measured.

Type Bind – Industrial exposure stations. These stations are similar to Type B stations, but are located in sites where the population is affected by specific pollutants released from local industrial sources. In addition to pollutants having long-term effects, specific pollutants released from industrial sources are monitored.

Type D - Non-urban background station. These stations are located in non-urban remote areas having no traffic and no industrial activity. They are used to monitor the regional pollution contribution to the air quality in the urban environment. Such information may be very valuable for air quality monitoring of pollutants such as Ozone and fine particles. 

The European legislation suggests some broader criteria for station siting They suggest having stations for the monitoring of the population exposure in heavy traffic sites (Type C) or in urban background (Type A), but also considering the need to monitor sites where the exposure of population may be a problem (Type B). In addition, they suggest that any Member States should set-up a proper background monitoring network for regional or national background evaluation of atmospheric pollution (Type D).

In addition to criteria for macro scale siting, the European legislation suggests also criteria for micrositing. It is worth to mention that the micro and macro siting criteria affects to a large extent the significance of the concentration levels observed in a given area, thus affecting the enforced limits. 

According to the Framework Directive, the pollutants considered for the definition of limits and are:

· Sulphur Dioxide SO2
· Nitrogen Oxides NOx (NO and NO2)
· Particulate matter (PM10 and PM 2.5)

· Lead

· Ozone O3
· Benzene

· Carbon Monoxide CO
· Reactive Hydrocarbons (i.e. Benzo-a-pyrene: BaP)

· Metals and BaP

· Atmospheric Stability analyser
· Meteorological Instruments

2.5 Data Control Centre

The Data Control Centre (DCC) allows for assessment of atmospheric pollution and interpretation of data according to the prevailing meteorological situation.

 The AQMS-DCC is the core of the real-time data management functionsIt accesses monitoring stations, extracts data from them and organise these data in databases. It also provides the possibility of automatic data validation, advanced data processing and calculations, generation of reports and many other features. Any data, real-time as well as historical, can be made available for future reference.

Special attention is given to the possibility of real time QA/QC of collected data through control protocols, which take into account for possible malfunctions in any element of the network.

The software for data transmission allows:

· Evaluation of diagnostic data from instruments. The proposed instruments contain Built in Test (BIT) of all relevant parameters, which might influence the response. The system is then able to interpret any malfunction of the instruments and alert the user to provide a prompt action to fix the problem.

· Automatic validation of data gathered from the instrument by setting ranges of validity for concentration data and for data related to time their time derivative.

· Automatic acquisition of status alarm from instrumentation and from other station devices (i.e., sampling lines, intrusions, etc.).

· Management of historical archive of data and concentration levels for future reference.

· Automatic evaluation of environmental indexes derived from experimental observation in order to provide a more direct approach in data presentation and in public information packages.

Special attention is addressed to the preparation and maintenance of standard gas mixtures to be used for the calibration of the instruments. As some analysers include internal calibration facilities while others do not, it is essential that the main laboratory, responsible for the monitoring network, be acquainted with these techniques to provide continuous assurance about data quality. In addition, the Quality Control on the measurements of ozone and nitrogen dioxide is carried out by means of Gas Phase Titration (GPT), which may be employed to check, on a routinely time basis, the quality of data derived from O3 and NOx analysers.

2.6 Training programs

An extensive training program is a crucial item for the delivery of an Air Quality Monitoring System and it must be carried out as one of the most important parts of the project. The program may be addressed:

·  Chemical Analysis and calibration,

·  Maintenance of equipment,

·  Data interpretation,

·  Air Pollution management.

3 The AQMS of Suzhou in China

The proposed design of AQMS has been used in several instances wich includes urban and industrial sites in Italy and a recent experience (that is under way), in the city of Suzhou (China) within a Sino-Italian Cooperation Program.

With reference to a Memorandum of Understanding signed in November 2001, the Italian National Research Council-Institute for atmospheric pollution (CNR-IIA) was appointed from Italian Ministry of the Environment and Territory (IMET) as implementation agency, to develop a pilot project for the establishment of an air monitoring system AQMS in China, in cooperation with State Environmental Protection Administration (SEPA) of China and with the Municipality of Suzhou. 
The project consists in the establishment of an air monitoring system in the city of Suzhou and in the management of the system for one year after installation of the equipment. Furthermore, the project will support the municipal authorities in the policy making process to elaborate appropriate guidelines for establishing the AQMS, facilitating the eventual introduction of AQMS services to further Chinese cities.
The scope of the project consists in a preliminary assessment, which will be carried out by means of passive samplers and particulate matter samplers and a conventional mobile unit, supplied from Italy. The samplers will be placed in several locations in order to identify the spatial distribution of atmospheric pollutants: the assessment will be carried out using 100 sites equipped with passive samplers, 20 of which supplemented by particulate measurements. The preliminary assessment will also provide information for the identification of sites for the placement of fixed and saturation stations: the sampling sites for passive samplers will be reduced, at the end of this stage, to 20, integrating the data gathered from fixed stations and including saturation measurements with particulate samplers.

After the preliminary assessment, Suzhou AQMS will be structured around 9 fixed stations and 20 saturation stations. The latter will evaluate air pollution by using the same techniques employed in the preliminary assessment. In this way, a detailed spatial and temporal representation of atmospheric pollution will be obtained. In addition the conventional mobile unit will complement the 9 fixed stations. During the first phase, two unconventional mobile units will be tested to provide georeferenced and real time data to be integrated with the conventional system information; some experimental tests units will also be carried out in order to better plan the activities in phase II. An extensive program for maintenance and for personnel training is also included. In addition, the air quality management system will include a laboratory for chemical analysis and calibrations, plus a data centre for data collection, treatment and presentation. The Data Control Centre includes all necessary equipment for the appropriate functioning of fixed stations and mobile units. Data validation will include procedures for accurate Quality Assurance and Quality Control (QA/QC). These procedures refer to the maintenance of equipment and the calibration of analysers to be carried out on the site by proper calibrators. They refer also to the use of off-line high precision calibrations such as those employed for GPT (Gas Phase Titration) for Ozone and Nitrogen Dioxide calibration. This will provide the traceability to primary standards. An important role in data validation will also be played by the automatic control of diagnostic signals coming from the analysers, which are able to provide a real time automatic Quality Assurance. A strict protocol for QA/QC will also be included and applied to the sampling and chemical analysis procedures that are needed by the saturation stations.

The general scheme of the air quality monitoring system is shown in figure 2. 

4 Conclusions

The proposed Air Quality Monitoring System is characterised by a high degree of innovation, which has been extensively tested in Italy with positive results. An analysis is presented in order to demonstrate the potential applications of the suggested innovations and to demonstrate how they are increasing the added value when compared to a more conventional approach.
The use of passive samplers is not new. However, the development of the ANALYST passive sampler in Italy resulted in a great step forward toward a more efficient use of these devices in monitoring networks. In fact, the ANALYST passive samplers may be employed to monitor several pollutants in gas phase for a long period of time (up to one month in polluted areas). This means that ANALYST may provide data characterised by longer time coverage and high spatial density at a very reasonable cost. In addition to standard monitoring activities, they can also be used for preliminary evaluation of the spatial distribution of pollutants. 

Diffusive samplers are an ideal tool to determine the pollutant distribution over a large area and to assess integrated concentration levels, over long period of time. The main advantage of these sampling devices is that they are inexpensive and easy to use. In addition, the diffusive device is not constrained to sites where electrical power is available. Compared with pump-dependent active sampling procedure (i.e. diffusion denuders or automatic analysers), the main advantages of the method are cost effectiveness, simplicity and the potential for large-scale measurements carried out at the same time. The typical questions, that an assessment by using diffusive sampling can answer is that they can: find locations where a risk of excessive pollution exists and where certain conditions such as the compliance of thresholds is satisfied in order to plan a correct preliminary assessment; find the differences within an area over time (trends); find the spatial distribution of concentrations in a specific area .

Meteorological indexes are derived from Radon and Radon daughter measurements and provide a direct evaluation of mixing properties of the atmosphere. The indexes are able to separate the emission contribution from the meteorological factor. In fact, the concentration of a given pollutants is a function of both components and when a change in concentration is observed, is usually not very simple to evaluate different contributions. Such indexes have been successfully used in the monitoring network of the City of Rome, providing very useful results for the evaluation of primary and secondary pollutants.

The instruments proposed for monitoring particulate in saturation stations have been found to be very accurate and precise. As they operate at ambient temperature, they do not suffer limitations shared by almost all instruments designed for the collection and measurement of particulate matter. In fact, high temperatures are causing evaporation of the collected particles that may led to underestimation of the PM10 concentration up to 50% and much higher for PM 2.5. These instruments have also the capability to collect particulate matter on standard 47mm membrane filters that can be analysed to evaluate the chemical content. Such feature is very important since it lead to a simplification of the monitoring network structure, allowing also the collection of samples for the analysis of the history of atmospheric pollution in a given area, including future epidemiological studies on the composition of the atmosphere.

An additional innovation on the proposed system is related to the design of data transmission. Data are gathered from the stations and, after a first validation, may be sent to the main control station. These data may be elaborated in a workstation in order to provide technicians for technical assistance of the instruments.

In short, standard monitoring stations are reduced to a minimum in order to provide effective time resolution by using standard pollution analysers; saturation monitoring stations, employing passive samplers and simple particulate PM10-PM2.5 membrane filter samplers are employed in several locations and, thanks to their relatively simplicity and low cost, they may provide effective spatial resolution over urban are under investigation; atmospheric stability analysers are used to provide directly the mixing properties of the atmosphere and its time evolution.

Such a simple design should be able to provide effective solutions to many problems related to the evaluation of atmospheric pollution!
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Figure 1. The Analyst Passive Sampler
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Figure 2. Scheme of the Suzhou AQMS
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