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1 Executive Summary 
 

EXPAH measurement campaigns and model simulations results allowed to assess PAHs levels in 

Rome urban area, showing that the yearly average limit for B[a]P was respected everywhere, while 

higher concentrations were recorded during cold periods. The analysis of measured PAH 

congeners and of their space and time variation suggested that Rome city is exposed to a 

multiplicity of sources, with a relevant contribution from non industrial combustion during 

wintertime. The existing PAHs emission inventories allocate the major contribution to the domestic 

heating sector and, particularly, to the biomass combustion. In order to fulfill the objective of 

EXPAH Project to estimate future PAHs levels and the related population exposure, a 2020 

Current Legislation scenario was considered (2020 CLe). Moreover, since measurements 

campaigns and preliminary simulations evidenced the need to reduce wintertime concentrations, 

while Cle scenario foresees a growth of PAHs emissions, the substitution of biomass with natural 

gas for house heating, within Rome municipality, was considered as a further possible future 

mitigation measure (2020 CLe Scenario with additional measures). The mentioned emission 

scenarios are described in details in a previous EXPAH technical report (Radice et al., 2013), in 

particular, PAHs showed an increase of their emission over Rome municipality for the 2020 CLe 

Scenario (about 38%) due to the expected increase of biomass burning for domestic heating. The 

substitution of biomass with natural gas for house heating within Rome municipality has been 

estimated to determine a drastic reduction of PAHs emissions (about 94% for Rome city). For the 

other pollutants, a decrease of emission is predicted for the 2020 CLe Scenario and a further 

reduction for the 2020 Scenario with additional measures. NOx emissions remain substantially 

unchanged for the two considered scenarios, with an overall reduction of 20% with respect to 2009 

reference emissions over Rome. The two future scenarios have been then simulated using the 

modeling system described in a previous EXPAH technical report (Silibello et al., 2013), in order to 

evaluate their impact on predicted air quality levels.  

The analysis of simulation results evidences an average reduction of NO2 concentrations of about 

26% for both future scenarios; a mean decrease of PM2.5 concentrations of 7 and 17% respectively 

for 2020 CLe  and 2020 with additional measures emission scenarios. As for B[a]P, an average 

increase of concentrations of about 24% is expected for the 2020 CLe scenario while a reductions 

of 66% is predicted for the 2020 with additional measures scenario. A further product of Action 

7.2.1 consists in the preparation of corrected scenarios concentration fields, using methodologies 

developed in previous EXPAH modelling activities (Silibello et al., 2013), with the aim to produce 

more realistic concentration fields estimate to be used for population exposure evaluation and 

epidemiological studies. 

The above model results have then been used to estimate the impact to PAHs exposure on the 

target population living in Rome in the foreseen scenarios by means of the re-application of the 

software prototype already used for the base case scenario under action 5.3. The air quality 

exposure forecasting system has been applied during the period which goes from 1st June 2020 to 

31th May 2020 over the Rome domain. 

Results show that the difference of exposure between children and elderly target population 

amounts to less than 1%, for this reason only children exposure is showed in this report. 
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To better highlight the difference between the base case scenario computed under action 5.3 and 

the future scenarios of exposure, variation of exposure maps and seasonal exposure profiles have 

been carried out.  

Mean variation of exposure to PAHs in 2020CLe scenario shows an increase of exposure which 

especially involves the central part of the city. Increments of 26% and 17% are estimated 

respectively for heating season and non heating seasons. 2020CLe scenario also shows an 

increase of B[a]P exposure which is more evident during heating season (observed mean 

increment is 24%). Finally, the annual variation of B[a]P exposure ranges from 12% to 33% with 

mean value of 14% 

On the other hand, PM2.5 exposure behavior in 2020CLe scenario shows a mean decrement during 

all seasons, in particular warmer seasons (spring and summer) register an higher exposure 

decrement (-5% and -12%) than colder seasons (winter -4% and fall -5%). Annual variation of 

PM2.5 exposure ranges from -24% to -1% with a mean value of -7%. 

The second analyzed scenario 2020Cle plus measures, which adds supplementary measures of 

mitigation emissions to the pervious scenario, shows lower emission and concentration levels. 

Consequently, lower exposure of the target population is expected for all the examined 

compounds. 

PAHs and B[a]P exposure of children population show an evident decrement and reaches -69% 

and -68% for PAHs and B[a]P compounds respectively. 

Measures’ effects are evident in all season both for PAHs and B[a]P compounds. 

PAHs mean exposure variation exhibits values of -69%, -68% and -69% during heating season, 

non heating season and annual mean, respectively. Observed decrement of exposure to B[a]P is -

68% and -74% and -68% for non heating season and annual average. 

Finally, the effects on PM2.5 by the 2020 Current Legislation plus mitigation scenario’s exhibit 

slightly higher decrements during colder seasons than warmer ones. Mean exposure value ranges 

from -14% in warmer season to -20% during colder seasons. 

As expected, the lower exposure scenario is due to the additional measures which consider the 

substitution of the total amount of biomass used for residential heating with natural gas. The effect 

of additional measures is evident in urbanized areas where biomass heating systems are 

supposed to be intensively used.  

The 2020 current legislation scenario shows a growth of exposure to PAHs due to the increase of 

wood combustion for domestic heating. 

Reduction of exposure to PM2.5 in 2020 current legislation scenario is connected with the reduction 

of traffic emissions. Evident effects of reduction of biomass burning during heating season have 

been found in 2020 CLE plus measures scenario. 

Finally, a time activity scenario has been carried out on the base case computed exposure in 

which, in order to reduce exposure values, all the outdoor activities have been supposed to be 

conducted indoor. This scenario has been developed during the episode which goes from 

07/11/2011 to 07/12/2011 where highest outdoor concentration have been registered by FARM. 

Results show a low reduction of exposure (-2%, -3%) that is due to the low relevance of time 

occupancy of outdoor microenvironments with respect to the indoor ones. For this reason the 

modification of time activities has no considerable effects on decrease of exposure. 
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2 Introduction 
One of the main objectives of the EXPAH project is to develop a prototype method to assess the 

population exposure to present and future PAHs concentrations.  

The reconstruction of PAHs concentration fields during the year long period covered by EXPAH 

outdoor and indoor measuring campaigns, representing the first step of this method,  evidenced a 

strong seasonal variation over Rome metropolitan area, with short term mean values about one 

order of magnitude smaller during summertime with respect to the wintertime values (Silibello et 

al., 2013). Estimated B[a]P annual average values respect everywhere the target value of 1 ng/m3 

stated by the European Directive 2004/107/EC (EC, 2004) and Italian D. Lgs. 155, 2010 (DL, 2010) 

while exceedances of this reference value have been recorded during winter measurement 

periods.  

The second step, consisting in the estimation of pollution levels and population exposure expected 

for the forthcoming years, was performed considering a 2020 Current Legislation emission 

scenario. This scenario includes different factors: people behaviors/consumptions, ongoing 

technological improvements, and established air quality/climate policies at European, national and 

local levels.  

The estimated pollution levels associated with this future emission scenario represent the 

reference for possible additional mitigation strategies. As an example,  the substitution of biomass 

with natural gas for house heating within Rome municipality was considered as an additional 

measure having the goal to reduce wintertime PAHs levels and consequently to improve the air 

quality and reduce the population exposure.  

The following sections contain a brief resume of the future emission scenarios features and a 

detailed description of the simulation results together with an exposure assessment of the target 

population in each scenario. The modeling system used for EXPAH air quality simulations as well 

as the approach adopted to estimate exposure are described in previous technical reports (Silibello 

et al., 2013; Gariazzo et al., 2014). 
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3 2020 Emission scenarios 
The approach used to estimate future emissions for the reference year 2020 is described in details 

in a previous EXPAH technical report (Radice and Finardi, 2013). The GAINS-Italy modeling tool 

has been used to evaluate emissions variation expected for the forthcoming years taking into 

account: already established air quality policies, people behavioral and trends of consumptions. 

The 2020 Current Legislation Scenario produced a significant emission reduction for all pollutants ( 

Table 1 reports percent reduction for Rome municipality).  

 

Table 1. Emission scenarios simulated to evaluate 2020 concentrations variation due to current 
legislation implementation and to the possible introduction of additional mitigation measures. 

Scenario Main features Variation with respect to 
2009 reference emissions in 
Rome Municipality 

Current Legislation (CLE) 2020 GAINS-Italy CLE reference 
scenario 

CO: -26%, NOX: -20%, 
SO2: -24%, NMVOC: -11%, 
PM10: -8%, PM2.5: -4%, 
PAHs: +38% 

Additional Measures (AM) 2020 GAINS-Italy CLE + substitution of 
biomass with natural gas for non-
industrial combustion 

CO: -59%, NOX: -20%, 
SO2: -25%, NMVOC -17%, 
PM10: -43%, PM2.5: -45%, 
PAHs: -94%. 

 

PM emissions show a smaller reduction with respect to the other pollutants due to the 

compensation of reduction of emissions from transport and industrial sectors and of increase of 

residential combustion contribution. PAHs emission increase is foreseen due to the estimated 

increase of wood combustion for residential heating. The contribution of the different emission 

sectors to the emission scenarios for NOx, PM and PAHs is illustrated in Figure 1 for Rome 

municipality. PAHs refer to the sum of B[a]P, B[b]F, B[k]F and I(1,2,3-cd)P, as commonly assumed 

in air pollutants emission inventories.  

Considering the relevant impact of domestic heating on PM and PAHs emissions, an Additional 

Measures Scenarios has been built to reduce domestic heating emissions thanks to the variations 

of fuel usage, forcing the substitution of biomass with natural gas. This measure has the potential 

impact to reduce PAHs emissions up to more than 90% within Rome municipality and to largely 

improve PM emissions ( 

Table 1; Figure 1). 
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Figure 1. Total yearly NOx, PM10, PM2.5 and PAHs emissions inside Rome municipality for the 
2009 reference inventory, 2020 Current Legislation and 2020 Additional Measures Scenario. 
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4 Modelling results  
The previously introduced emission scenarios have been developed at municipal level, gridded 

emissions to support air quality simulations have been computed using methodologies and 

software tools described in a previous EXPAH technical report (Radice et al., 2012). 

In the following Figures (Figure 2-Figure 6) a comparison between present (Base case scenario) 

and future (CLe and additional measures scenarios) yearly average diffuse emissions is reported 

in order to examine the space distribution of emissions actually considered by the adopted 

modeling system. The emissions from larger industrial stacks (considered separately as individual 

point sources) are not included in these Figures. 

 

Base Case Scenario 

 

 

2020 CLe Scenario 
 

 

 
 
 
 
 
 

 

2020 Scenario with additional measures 
 

 

Figure 2. Yearly average NOx emissions [Mmoles km
-2

 y
-1

]. Maps headers report minimum, 
maximum and average values. 
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Base Case Scenario 

 

 

2020 CLe Scenario 
 

 

 
 
 
 
 
 
 

 
 

2020 Scenario with additional measures 

 

 

 

Figure 3. Yearly average PM2.5 emissions [Mmoles km
-2

 y
-1

]. Maps headers report minimum, 
maximum and average values. 
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Base Case Scenario 

 

 
 

2020 CLe Scenario 
 

 

 
 
 
 
 

 
 

2020 Scenario with additional measures 
 

 
 

Figure 4. Yearly average PM2.5-10 (coarse fraction) emissions [Mmoles km
2
 y

-1
]. Maps headers 

report minimum, maximum and average values.  
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Base Case Scenario 

 

 

2020 CLe Scenario 
 

 

 
 
 
 
 
 

 

2020 Scenario with additional measures 

 
 

Figure 5. Yearly average other VOCs (i.e. without Isoprene and Monoterpenes) emissions 
[Mmoles km

-2
 y

-1
]. Maps headers report minimum, maximum and average values.   
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Base Case Scenario 

 

 

2020 CLe Scenario 
 

 

 
 
 
 
 
 
 
 
 
 
 

 

2020 Scenario with additional measures 
 

 

Figure 6. Yearly average PAHs  emissions [Mmoles km
-2

 y
-1

]. Maps headers report minimum, 
maximum and average values. 

 

Table 2 presents the variation of future 2020 diffuse emissions with respect to the present situation 

(Base Case Scenario). These values are different from those reported in  

Table 1 because they refer to FARM computational domain that extends over an area larger than 

Rome municipality and represent the variation actually seen by the model. As for PAHs, the 

increase in emission for the 2020 CLe Scenario (about 33%) is due to an expected increase of 

biomass for domestic heating. The substitution of biomass with natural gas for house heating 

within Rome municipality (2020 Scenario with additional measures) is expected to determine a 

drastic reduction of PAHs emissions (about 91%) and a significant reductions for all the other 

pollutants but NOX.  

 



LIFE+ Project EXPAH. Impact to PAHs outdoor concentrations and population exposure in the policy and mitigation 

scenarios 

ARIANET R2014.05 - INAIL  Pagina 12 

Table 2. Average variation of future 2020 diffuse emissions with respect to the present situation over 
FARM computational domain. 

Pollutant 2020 CLe Scenario 2020 Scenario with 
additional measures 

NOX -33% -33% 

PM2.5 -16% -42% 

PM2.5-10 -7% -11% 

OVOCs -11% -15% 

PAHs +33% -91% 

 

To complete the emission analysis, the following Figures (Figure 7-Figure 10) present the 

comparison between anthropogenic and natural emissions (VOCs from vegetation and dust from 

the action of wind on soils and sea). These Figures highlight the relevance of natural emissions for 

the coarse fractions over the sea (sea salts) and for Monoterpenes and Isoprene (emitted by the 

vegetation). The other VOCs natural emissions are estimated to be lower than anthropogenic ones 

(about 60 %). 

 

Base Case Scenario 

 

 

Natural emissions 
 

 

Figure 7. Yearly average PM2.5-10 emissions [Mmoles km
2
 y

-1
]. Comparison between anthropogenic 

and natural emissions. Maps headers report minimum, maximum and average values. 
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Base Case Scenario 

 

 

Natural emissions 
 

 

Figure 8. Yearly average Other VOCs (i.e. without Isoprene and Monoterpenes) emissions [Mmoles 
km

2
 y

-1
]. Comparison between anthropogenic and natural emissions. Maps headers report minimum, 

maximum and average values. 

 

Base Case Scenario 

 

 

Natural emissions 
 

 

Figure 9. Yearly average Monoterpenes emissions [Mmoles km-2 y-1]. Comparison between 
anthropogenic and natural emissions. Maps headers report minimum, maximum and average levels. 
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Base Case Scenario 

 

 

Natural emissions 
 

 

Figure 10. Yearly average Isoprene emissions [Mmoles km
2
 y

-1
]. Comparison between anthropogenic 

and natural emissions. Maps headers  report minimum, maximum and average values. 

 

The emissions associated with the two future scenarios have been provided to the modeling 

system depicted in the previous EXPAH technical report (Silibello et al., 2013). Same period 

(lasting from June 2011 to May 2012) and input data (meteorological, natural emissions and 

boundary conditions) of the Base Case simulations have been considered in order to evaluate the 

impact of future emissions on predicted concentrations. In the following Figures the relative 

differences between Base Case and future emission scenarios concentrations, computed as 

follow: 
 

BaseCase

BaseCaseScenario

C

CC 
, are reported. The analysis evidences a general reduction of NO2 

concentrations with a mean value over the whole computational domain of 26% for both future 

scenarios (Figure 11). The larger concentration decrease (up to 33%) is located outside Rome 

central area. A decrease of PM2.5 concentrations with mean values of 7 and 17% is observed 

respectively for 2020 CLe and 2020 with additional measures emission scenarios (Figure 12). In CLe 

scenario the concentration reduction is mainly correlated to the road network location and due to 

the reduction of traffic related emissions (Figure 1). Over the major road network links the 

decrease rate grows up to 16%. The additional measures cause maximum concentration reduction 

(32%) over Rome city and the surrounding inhabited areas because they are strictly related to 

residential heating emission mitigation. 

As for B[a]P (Figure 13), an evenly distributed increase of concentrations is expected for the 2020 

CLe scenario, with a mean value of about 24%, while a strong reduction, with mean value of 66% 

is predicted for the 2020 with additional measures emission scenario. Coherently with what already 

observed for PM2.5, the areas interested by the largest concentration decrease (up to 85%) are 

those characterized by high population density. The overall results for mean concentration 

variation are summarized in the following Table 3. 
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2020 Cle - Base Case 

 

2020 with additional measures - Base Case  

 

Figure 11. NO2 relative differences (fraction) between Base Case and future emission scenarios 
yearly average concentrations. Maps headers report minimum, maximum and average values.  

 

2020 Cle - Base Case 

 

2020 with additional measures - Base Case 

 

Figure 12. PM2.5 relative differences (fraction) between Base Case and future emission 
scenarios yearly average concentrations. Maps headers report minimum, maximum and 

average values.  
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2020 Cle - Base Case 

 

2020 with additional measures - Base Case  

 

Figure 13. B[a]P relative differences (fraction) between Base Case and future emission 
scenarios. Maps headers report minimum, maximum and average values.  

 

Table 3. Variation of future 2020 predicted concentrations with respect to the present situation (mean 
values over the whole computational domain. 

Pollutant 2020 CLe Scenario 2020 Scenario with 
additional measures 

NOX -26.4% -26.1% 

PM2.5 -7.2% -17.4% 

B[a]P +24.5% -66.4% 

 

4.1 Correction of Scenarios concentrations 

In the EXPAH technical report concerning air quality modelling (Silibello et al., 2013) two methods 

have been illustrated to reduce uncertainties associated with model simulations. Under the 

assumption that similar uncertainties may affect these newer simulations, the predicted 

concentrations associated to the future scenarios have been corrected using a coherent approach. 

The first, based on a Data Fusion techniques, has been applied for routinely measured pollutants 

such as PM2.5. Following this approach, the concentration fields of a generic pollutant C, 

associated to the future scenario, have been corrected as follows: 

)t,j,i(C

)t,j,i(C
)t,j,i(C)t,j,i(C

BaseCase

DF

BaseCase
Scenario

DF

Scenario   

where CBaseCase (i,j,t), CDF
BaseCase (i,j,t) and CScenario (i,j,t) are the concentration fields computed at 

time t and grid point (i,j) associated respectively to the Base Case, to the Data Fusion corrected 

Base Case and to the considered Scenario.  

For pollutants not routinely collected, such as PAHs, a simpler approach using a monthly varying 

factor has been used to correct Scenario concentrations: 
c

mm,Scenario

Corrected

m,Scenario f)t,j,i(C)t,j,i(C   

The methodology used to compute CDF
BaseCase (i,j,t) and the correction factors fm

c is thoroughly 

described in Silibello et al. (2013). The use of this approach is expected to produce a reliable 
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evaluation of concentration fields to be used for later population exposure estimation and 

epidemiological studies. The following Figure 14 and Figure 15 present, respectively for PM2.5 and 

B[a]P, the yearly average concentration fields associated to the Base Case and the two future 

scenarios, as predicted by modeling system and obtained by the application of above mentioned 

correction approaches. These Figures confirm that the use of these method produce concentration 

fields coherent with those estimated for the reference simulations. As evidenced in Figure 15, 

PAHs concentrations associated to the 2020 CLe with additional measures scenario, have not 

been corrected because the main uncertainties are assumed to lie in the residential heating 

emissions and attributable to biomass burning contribution. This emission sector contribution has 

been removed from Rome municipality making the correction inappropriate. 
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Scenario Predicted Data Fusion 
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2020 

CLE 

with  

additional  

measures 

 
 

Figure 14. PM2.5 yearly averaged concentrations predicted by the modeling system and 
obtained by the application of data fusion method. Maps headers report minimum, maximum 

and average values. 
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Scenario Predicted c

mf  
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Not Computed 

Figure 15. B[a]P  yearly averaged concentrations predicted by the modeling system and 
obtained by the application of a monthly correction factor. Maps headers report minimum, 

maximum and average values. 
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5 Exposure assessment in the 2020 CLE scenario 
Human exposure is defined as an event that occurs when a person comes in contact with a 

pollutant. The approach adopted to estimate the exposure is based on the following expression: 





n

1j

j,iji tCExp  

where Expi is the total exposure for a person i over the specified period of time; ti,j is the time spent 

by the person i in microenvironment j and Cj is the pollutant concentration in each 

microenvironment j. More details on the methodology of exposure assessment can be found in 

EXPAH technical Report Action 5.3-5.4, 2014. 

The indoor concentrations of the pollutant have been calculated as the product between the 

ambient (outdoor) concentration and the infiltration factor from outdoor to indoor environments: 

jinf,ambj FCC   

Evaluation of the infiltration factor Finf,j, which involves Outdoor/Indoor concentration 

measurements (more details are reported in EXPAH Technical Report Action 3.3, 2013) and data 

on population time activities ti,j (for more detailed information see EXPAH Technical Report action 

3.1, 2013), are indispensable for exposure assessment. The ambient concentration Camb has been 

predicted by the air quality modeling system considering the two emission scenarios (2020CLe and 

2020CLe plus measures). Daily PAHs predicted concentrations include following four congeners: 

Benzo[a]Pyrene(B[a]P), Benzo[b]fluoranthene (B[b]f), Benzo[k]fluoranthene (B[k]f) and Indeno 

Pyrene (IP) which are considered in the list of most carcinogenic PAHs compounds (eg. Agency for 

Toxic Substances and Disease Registry (ATSDR)). 

To highlight the effects associated with the considered emission scenarios, the relative differences 

between Base Case and future emission scenarios exposures, computed as follow:  

BaseCase

BaseCasescenario

Exp

ExpExp 
exp  

Results show that the difference of exposure between children and elderly target population 

amounts to less than 1%, for this reason only children exposures are presented in the following 

sections. 

Finally, to  take in account of the relation between concentration and density of population, 

exposure population profiles have been obtained by matching exposure maps with density 

population maps.  

The air quality exposure forecasting system has been applied during one year, from 1st June 2020 

to 31th May 2020 over the Rome domain considering an emission scenario that supposes the 

application and the accomplice of current legislation on PAHs emissions. 

According to the objectives defined, results consists of daily exposure maps to PAHs and PM2.5 of 

the target population which have been calculated by means of previous exp formula. In the 

following paragraphs are presented, for different pollutants, percentage variation of exposure 

between 2020CLe and the base case (actual) scenario. 

 

5.1 PAHs 

Figure 16 shows a general enhancement of exposure which results mainly focused in the central 

part of the city for heating, non heating season and annual average periods. 
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Heating Non-Heating  
 
 
 
 
 
 

 

  

Annual 

 

Figure 16. Heating,  Non-Heating and Annual averaged variations of exposure to PAHs in 2020 
CLe scenario. Lakes are shown (dark blue). 

The growth of PAHs emissions in scenario 2020CLe determines the consequent exposure growth. 

The enhancement results more evident during heating season due to the strong use of biomass for 

the residential heating. Annual averaged exposure variation ranges between 14% and 33% with a 

mean value of 24%. Heating season shows a variation range between 15% and 34% with mean 

value of 26%, finally, non heating season range moves from 6% to 31% with mean value of 17%. 

5.2 B[a]P 

As for PAHs, the 2020CLe emission scenario causes an enhancement of exposure to B[a]P which 

is more evident during heating season (Figure 17, variation range between 13% and 34% with 

mean value of 25%). During non-heating periods exposure grows inside the urban area with minor 

variations in the suburban area (from 4% to 32% with mean value of 16%). Annual averaged 

exposure variation ranges between 12% and 33% with a mean value of 24%. 
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Figure 17. Heating,  Non-Heating and Annual averaged variations of exposure to B[a]P in 2020 
CLe scenario. Lakes are shown (dark blue). 

5.3 PM2.5 

PM2.5 exposure of children target population shows higher reductions during warmer seasons 

ranging from -35% and -4% and from -28% and -1%, respectively during spring and summer (with 

mean values of -5% and -12%). Colder seasons shows mean variations of -4% (ranging from -17% 

and 3%) and -5% (ranging from -20% and 2%) respectively during winter and fall. 

Conversely to what has been found in PAHs and B[a]P, no evident difference of spatially variation 

of exposure is present. In spite of the other two compounds, the reduction of exposure to PM2.5 can 

be addressed to the reduction of emission in this scenario. Total emission has been found slightly 

reduced due to the reduction of traffic emission (see Figure 1). 
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Figure 18. Seasonal and annual averaged variations of exposure to PM2.5 in 2020 CLe scenario. 
Lakes are shown (dark blue). 
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6  Exposure assessment in the 2020 CLE plus 

measures scenario 
The air quality exposure forecasting system has been applied during the same yearly period 

considering the future emission scenario that supposes the application of current legislation on 

PAHs emissions and the addition of new measures which will achieve PAHs emission reductions. 

These measures consist in the substitution of the total amount of biomass, which seems to be the 

more responsible of PAHs emissions for residential heating, with natural gas. 

In the following paragraphs, the percentage variation of exposure between this emission scenario 

and the base case for different pollutants, are presented. 

6.1 PAHs 

In the following figure percentage variations of exposure, with respect to the Base Case, to PAHs 

are presented. 

Heating Non-Heating  
 
 
 
 

 

  

Annual 

 

Figure 19. Heating, Non-Heating and Annual variations of exposure to PAHs in 2020 CLe + 
measures scenario. Lakes are shown (dark blue). 
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The 2020 CLe scenario plus measures shows high reductions of exposure especially in urbanized 

zone. It reaches -89% in heating season and -90% in non heating season. Mean exposure 

variation of annual average ranges from -36% and -90% with mean value of -69%. 

The high reduction of exposure can be addressed to effect of the added measures which achieve 

high PAHs emission reduction. 

6.2 B[a]P 

In the following figure percentage variations of exposure, with respect to the Base Case, to B[a]P 

are presented. 

Figure 20. Heating, Non-Heating and Annual variations of exposure to B[a]P in 2020 CLe + 
measures scenario. Lakes are shown (dark blue). 

In this case higher decrements are noted in the simulated area, that is due to the substitution of 

biomass with natural gas for domestic heating. Mean decrement of annual exposure is -68% 

ranged between -34% and -90%. The maximum decrement of exposure (-92%) is obtained during 

non heating season. 
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6.3   PM2.5 

In the following figure percentage variations of exposure, with respect to the Base Case, to PM2.5 

are presented. 

Spring Summer a)  
b)  

 
c)  
d)  
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Figure 21. Seasonal and annual variations of exposure to PM2.5 in 2020 CLe + measures 
scenario. Lakes are shown (dark blue). 

All maps show a decrease of exposure respect to the base case. Higher decrease is evident, 

especially in the urbanized areas, during colder seasons (fall and winter). 

Annual exposure variation mean value is -18% inside the interval which goes from -31% to -9%. 

In this case some effects of measures are evident in the urbanized area where exposure 

decrement is higher during cold seasons. 

In order to have a clear vision of computed variation of exposure for each scenario and compound 

a resuming table is presented below. 

Table 4. Percentage variation of exposure between Base Case and 2020 scenarios. 

 2020CLe scenario 
Heating Non Heating Annual 

Max Min Mean Max Min Mean Max Min Mean 

PAHs 34% 15% 26% 31% 6% 17% 33% 14% 24% 

B[a]P 34% 13% 25% 32% 4% 16% 33% 12% 24% 

 2020CLe scenario + measurements 
Heating Non Heating Annual 

Max Min Mean Max Min Mean Max Min Mean 

PAHs -36% -90% -69% -37% -89% -68% -36% -90% -69% 

B[a]P -33% -90% -68% -40% -92% -74% -34% -90% -68% 

 

 2020CLe scenario 2020CLe scenario + measurements 

Max Min Mean Max Min Mean 

 
 

PM2.5 

Spring -4% -35% -5% -6% -36% -15% 

Summer -1% -28% -12% -1% -29% -13% 

Fall 2% -20% -5% -9% -37% -21% 

Winter 3% -17% -4% -8% -37% -20% 

Annual -1% -24% -7% -9% -31% -18% 

 

7 Cumulative Population exposure profiles 
Exposure maps don’t take in account population distribution over the considered domain. Since 

exposure assessment requires the relation between concentration and population density, 

exposure profiles have been obtained by spatially matching exposure maps, associated to each 

emission scenario, with density population maps. 

In Figure 22 seasonal and annual exposure profiles to PAHs are showed. Cumulative population 

exposure profiles confirm the above maps results, since they exhibit higher exposure values in 

2020 Current Legislation scenario than in the base case scenario as a consequence of the 

extensive use of biomass in heating systems. 

Conversely, the 2020 Current Legislation plus measures scenario shows a relevant decrement of 

exposure with values lower than 1 ng/m3 in the majority of cases. These decrements are the 

consequence of the substitution of biomass with natural gas. 
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Figure 22. Heating, Non-Heating and Annual children PAHs exposure profiles: comparison 
between 2020CLe, 2020Cle+measures  scenarios and actual exposure. 

 

In next figure B[a]P exposure profiles are showed. As for PAHs, all the exposure scenarios have 

been reported for each considered period. 
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Figure 23. Heating, Non-Heating and Annual children B[a]P exposure profiles: comparison 
between 2020CLe, 2020CLe+measures  scenarios and actual exposure. 

As expected, lower exposures are registered in 2020CLe plus measures scenario, conversely 

higher levels than Base case are found in 2020CLe scenario. 

Finally, PM2.5 cumulative population exposure profiles are showed in the following figure. 
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Figure 24. Seasonal and annual children PM2.5 exposure profiles: comparison between 
2020CLe, 2020Cle+measures  scenarios and actual exposure. 
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Contrary to PAHs and B[a]P CLE scenario results, forecasted exposure to PM2.5 shows a 

decrement in all season for both predicted scenarios and lowest exposure is found in the 2020 

Current Legislation with mitigation measurement. 

As reported in Figure 1, emissions originated from heating systems don’t involve PM2.5 as much as 

PAHs compound, for this reason the application of current legislation can be enough to obtain a 

slight decrease of exposure to PM2.5 particulate matter. Remarkable reduction of exposure is found 

with the addition of measures. Based on the WHO guideline limit for PM2.5 set at 10 µg/m3, it can be 

noticed from the annual results that only about 8% of population is exposed to concentrations 

lower than WHO limit in the current base-case scenario. Conversely by applying the CLE and CLE 

plus measure scenarios the amount of population within the WHO limit increase to 10% and 30% 

respectively with correspondent benefits of population exposure.  

8 A time activities based mitigation scenario of 

exposure during a polluted episode 
An episode characterized by high concentration of pollutants has been selected in order to 

estimate the influence of time activity on exposure during such conditions. Figure 25 shows 

outdoor concentration of PM2.5 and B[a]P set in a representative point of the urban area of Rome 

and computed in the period of simulation. The period lasting from November, 7 to December, 7 

2011 (Figure 25, red box) characterized by high PM2.5 and B[a]P concentrations has been 

selected. For this period a new exposure scenario have been considered. Hereafter, we refer to 

this episode as “Episode1”. 

 

PM2.5 
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Figure 25. Modeled concentrations of PM2.5 and B[a]P. 

Both for children and elderly target population all activities conducted outdoor (i.e. school outdoor, 

home outdoor, work outdoor) have been supposed to be done inside the corresponding 

microenvironment (i.e. school indoor, home indoor, work indoor), in order to quantify exposure 

variations. The following tables show the new time activities of the studied episode. 

Table 5. Children time activity (%) – Episode1 

 Day walk  

bike 

motor 

cycle 

car    

taxi 

bus  

tram 

metro  

train 

Home   school  sport  other i 

       in out in out in out in out 

HEATING 
workday 2.2 0.2 3.8 0.2 0.0 60.5 0.0 28.5 0.0 1.8 0.0 2.8 0.0 

weekend 3.2 0.1 4.1 0.1 0.1 77.7 0.0 0.1 0.0 0.4 0.0 14.2 0.0 

NON 

HEATING 

workday 2.1 0.2 3.9 0.3 0.0 59.6 0.0 23.8 0.0 1.6 0.0 8.4 0.0 

weekend 3.1 0.1 4.7 0.0 0.0 72.2 0.0 0.1 0.0 0.3 0.0 19.5 0.0 

 

Table 6. Elderly time activity (%) -  Episode1 

 Day walk  

bike 

car    

taxi 

bus  

tram 

metro  

train 

home work other 

      in out in out in out 

HEATING workday 5.0 2.0 0.8 0.2 83.3 0.0 1.2 0.0 7.4 0.0 

weekend 4.1 2.3 0.3 0.2 84.0 0.0 0.1 0.0 9.1 0.0 

NON 

HEATING 

workday 6.6 2.5 0.6 0.3 81.2 0.0 1.5 0.0 7.2 0.0 

weekend 5.9 2.7 0.4 0.4 81.4 0.0 0.3 0.0 9.0 0.0 
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As evidenced in following Figure 26 and Figure 27 the exposure reduction for this episode is low 

(2-3%), due to the low impact of outdoor activities in the overall daily exposure. Legal limits are still 

overcome in both cases with a low exposure benefit. 

 

Children Elderly 

  

Figure 26 Children and elderly cumulative exposure to B[a]P – Episode1 

 

Children Elderly 

  

Figure 27. Children and Elderly cumulative exposure to PM2.5 during – Episode1 
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9 Conclusions 
The estimation of future air quality levels, of population exposure trends and the evaluation of the 

health impact of possible mitigation measures are relevant objectives of EXPAH Project. To fulfill 

such goals a 2020 Current Legislation scenario has been considered (2020 Cle Scenario). Since 

this scenario foresees an increase of wood combustion determining an increase of PAHs 

emissions, the substitution of biomass with natural gas for house heating within Rome municipality 

has been identified as a possibly effective mitigation measure (2020 Scenario with additional 

measures Scenario).  

The modeling system adopted to simulate air pollution levels during EXPAH experimental 

campaigns has been applied to evaluate the two emission scenarios impact on predicted air quality 

levels for year 2020. The analysis of simulation results evidences an average reduction of NO2 

concentrations of about 26% for both future scenarios; a decrease of PM2.5 concentrations of 7 and 

17% respectively for 2020 CLe  and 2020 with additional measures emission scenarios. As for 

B[a]P, an increase of concentrations of about 24% is expected for the 2020 CLe scenario while a 

reductions of 66% is predicted for the 2020 with additional measures emission scenario. Finally, 

scenario’s concentration field have been corrected using methodologies developed in previous 

EXPAH modeling activities (Silibello et al., 2013) in order to reduce the model uncertainties and 

produce concentration fields coherent with those estimated for the reference simulation. These 

corrected fields are suitable to be used for population exposure evaluation and for later 

epidemiological studies. 

The software prototype availed for exposure assessment in the base case has been adopted to 

assess scenarios’ exposure. 

Results shows no evident differences between children and elderly exposure and they confirm the 

positive impact of mitigation measures, added to CLe scenario, on exposure to PAHs and B[a]P. 

By applying these measures, a reduction of respectively -69% and -68% in the level of exposure 

are foreseen for PAHs and B[a]P on a yearly bases. Measures’ effects are evident all over the 

simulated domain. 

Conversely, the 2020 CLe scenario shows a general increment of exposure (+24% for both PAHs 

and B[a]P) whose rate results lower in the downtown area. 

A quite different behavior was found in PM2.5 exposure which slightly decreases in the 2020 CLe 

scenario thanks to reduction of traffic emission. Higher exposure decrement is evident in the most 

urbanized areas with the addition of mitigation measures. The application of these additional 

measures is found to have a significant impact on the amount of population exposed to 

concentrations within the WHO guideline limit (from 8% to 20%). 

 

Finally, a time activity scenario has been carried out on the base case exposure in which, in order 

to reduce exposure values, all the outdoor activities have been supposed to be conducted indoor. 

This scenario has been applied during an high PAHs and PM2.5 concentrations episode as 

estimated by the FARM model. 

Results show a low reduction of exposure (-2, -3%) that is due to the reason that the relevance of 

occupancy of outdoor microenvironment is low respect to the time occupancy of indoor 

microenvironments. 
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