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Presentation 
According to the EXPAH project protocols, preliminary actions have been conducted before the 
two regular in-field monitoring campaigns to be held in Rome. 
These activities were aimed to check: 

- The detectability of PM-associated PAHs in indoor (and outdoor) environments in Rome, 
by collecting air at low volume conditions; this wanted be especially true for “carcinogenic” 
PAH congeners, namely benz(a)anthracene, benzo(b)fluoranthene, benzo(j)fluoranthene, 
benzo(k)fluoranthene, benzo(a)pyrene, indeno(1,2,3-cd)pyrene and dibenz(a,h)anthracene; 

- The reliability of analytical procedure(s) adopted to collect particulates and analyze PAHs; 
- The homogeneity of analytical approaches conducted by the two Partners committed of 

PAH determination (i.e., INAIL and CNR); 
- The concentration levels of PAHs in indoor environments in Rome; 
- A broad estimate of the indoor/outdoor concentration ratio for PAHs; 
- The concentration levels of gaseous monoaromatic hydrocarbons, concurrent to particulate 

PAHs.  
A set of actions was foreseen in the original shape of the project, while some other have been 
carried out to enrich and improve the information available to other Partners, to better evaluate the 
aftermaths of PAH occurrence in indoor environments on population. 
These actions are described below, and the main corresponding outputs are provided. 
This document encompasses all (very) preliminary actions performed in the frame of the Project, 
and reports referring to them (e.g., those included in the Inception Report).  
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&1. Preliminary actions and in-field campaign: PAH measurements in the Metro Network of 
Rome; size-segregated PAH measurements in indoor and outdoor particulates (Actions 3.2.2. 
and 3.3) 
 
A. Cecinato, C. Perrino, C. Balducci, M. Carratù, S. Dalla Torre, E. Guerriero, F. Marcovecchio, 
M. Montagnoli, T. Sargolini, L. Tofful. 
CNR-IIA, Via Salaria km 29.3, I-00015 Monterotondo Stazione RM, Italy (cecinato@iia.cnr.it) 
 

1.1. Introduction 
Both the preliminary investigation and the first regular campaign, originally foreseen to be 
undertaken by summer 2011, have been postponed due to the delay in the purchase of the sampling 
instruments. Nevertheless, an important activity has been performed, which is of key importance 
for future work.  
Overall, three PM collections have been made in duplicate, inside the Metro network of Rome, to 
have preliminary information about the general quality (i.e., repeatability and reproducibility) of 
our analytical approach to measure PAH collected at low-volume conditions. 
Afterward, the PAH dimensional distribution in PM (eight size fractions between 0.18 and 18 µm) 
has been investigated both in indoor and outdoor environments. 
 

1.2. Experimental 

1.2.1. PAH concentration estimate in indoor environment -1: the public METRO lines of Rome 
A very preliminary approach, aimed to test the ability of Partners to monitor PAH at low-volume 
conditions and the homogeneity of results, was conducted through twin samplings and analyses. 
Samplings were carried out during three different days, by using a pair of SKC low volume 
sampler, each one equipped with a PM2.5 inlet (breathable fraction) and a 37 mm o.d. filter holder. 
Sampled particles were processed according to the procedure set-up by CNR-IIA and shared to 
INAIL, which is based on solvent extraction (dichloromethane/acetone, ultra-sonic bath), clean-up 
through column chromatography (basic alumina) and CGC-MSD analysis. 
 
1.2.1.1. Sampling, analysis and results 
a. Metro Line A (between Battistini and Vittorio Emanuele stations): April 29th, 2011. 8-h 
samplings (from 09:15h to 17:15h). PM2.5 collection operated by IIA, INAIL and ARPA Personnel. 
Analyses made by IIA and INAIL (INAIL data are not reported).  
As for the sampling “quality”, after each collection the soot did not appear as uniformly distributed 
over the filter surface; on the contrary, discrete aggregation points were observed over the active 
surface, suggesting that the gas flow through the filter was irregular. That potentially gave rise to 
marked differences between two samples formally collected in parallel. Moreover, it remains under 
question how much the samples collected were indicative of the true environmental conditions. In 
conclusion, the first field experiments (and similarly, the second and the third ones) confirmed that 
dedicated sampling systems and procedures are mandatory for PAH monitoring in indoor 
environments and/or at low-volume conditions. 
Despite the above mentioned limitations, PAHs were determined in the sample in order to 
investigate both intra- and inter-laboratory variability. These samples were processed by CNR-IIA 
with two different CGC-MSD systems, which provided the results reported below. Concentrations 
as low as 0.09 ng/m3 could be evaluated, although the equivalent air volume of the sample was only 
1.47 m3 .  
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Table 1. PAH concentrations in the Metro A line, April 29th, 2011 (data provided as 
ng/m3). “Total PAHs” includes “non-carcinogenic” PAH congeners.  

 
compound IIA (1) IIA (2) 
fluoranthene 2.25 2.44 
pyrene 1.39 1.55 
benz(a)anthracene 0.44 0.46 
chrysene+triphenylene 1.02 1.05 
benzo(b/j)fluoranthene 0.84 0.88 
benzo(k)fluoranthene 0.30 0.32 
benz(e)pyrene 0.37 0.39 
benzo(a)pyrene 0.10 0.11 
indeno(1,2,3-cd)pyrene 0.22 0.23 
benzo(ghi)perylene 0.27 0.28 
dibenz(a,h)anthracene 0.09 0.09 
total PAHs 8.5 8.9 

 
Semi-volatile PAHs were also present in the PM extracts, overall phenanthrene and anthracene. 
Nevertheless, the procedure adopted was unable to determine the corresponding contents in the air, 
due to the wide and irregular losses observed along the analytical run. 
Similarly, the outputs of fluoranthene and pyrene (known to occur at least at 50% as vapors in the 
air) were the most affected by uncertainty. Since they are not regarded as carcinogenic, their 
evaluation will not carried out in the future. By contrast, both chrysene and benzo(e)pyrene are not 
included among carcinogenic PAHs; nevertheless, they were determined, since their ratios vs. 
benz(a)anthracene and benzo(a)pyrene, respectively, provide indication of the PAH degradation in 
induced by light or atmospheric oxidants. 
 
 
b. Metro Line B (shopping centre at the underground floor of the Termini railway station): May 
11th, 2011. 8-h samplings (from 09:15h to 17:15h). PM2.5 collection operated by IIA, INAIL and 
ARPA Personnel. These samples were processed by CNR-IIA with the same CGC-MSD system. 
Burdens as low as 0.04 ng/m3 were measured in ~1.73 m3 of air. A CGC-MSD apparatus was used 
for both analyses. The results are reported below (see Table 2). 

  
Table 2. PAH concentrations in the Metro B line, May 11th, 2011 (data provided 
as ng/m3). “Total PAHs” includes “non-carcinogenic” congeners.  

 
compound IIA (1)  IIA (1)  average 

BaA 0.11 0.18 0.15 ± 0.05 
CH 0.37 0.46 0.41 ± 0.06 

BbjF 0.35 0.34 0.35 ± 0.00 
BkF 0.17 0.16 0.16 ± 0.01 
BeP 0.23 0.23 0.23 ± 0.01 
BaP 0.11 0.11 0.14 ± 0.00 
IP 0.16 0.16 0.14 ± 0.00 

BPE 0.25 0.25 0.20 ± 0.00 
DBahA 0.04 0.04 0.04 ± 0.00 

Total PAHs 2.3 2.6 2.5 ± 0.2 
 
Symbols: BaA = benz(a)anthracene; CH = chrysene + triphenylene; BbjF = benzo(b)fluor-
anthene + benzo(j)fluoranthene; BkF = benzo(k)fluoranthene; BeP = benzo(e)pyrene; BaP = 
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benzo(a)pyrene; IP = indeno(1,2,3-cd)pyrene; BPE = benzo(ghi)perylene); DBahA = 
dibenzo(a,h)anthracene;  X = detected but not quantified (amount < limit of quantification); 
n.d. = not detected (amount < limit of detection). 

 
In conclusion, PAH could be determined with good precision [variability within 10%, except for 
benz(a)anthracene (±30%) and chrysene (±15%)].    
 
 
c. Metro Line A (from Re di Roma to Battistini stations): May 12th, 2011. (from 09:15h to 17:15h). 
PM2.5 collection operated by IIA, INAIL and ARPA Personnel. Analyses made by IIA (see &1.2). 
Sampled air volumes were 2.12 and 2.06 m3. The results are reported below (Table 3): 

 
 

Table 3. PAH concentrations in the Metro A line, May 12th, 2011 (data provided 
as ng/m3). “Total PAHs” includes “non-carcinogenic” PAH congeners.  

 
compound IIA (1)  IIA (1)  average 

BaA 0.36 0.41 0.39 ± 0.04 
CHT 0.90 1.13 1.02 ± 0.16 
BbjF 0.77 0.95 0.86 ± 0.13 
BkF 0.31 0.32 0.32 ± 0.01 
BeP 0.37 0.44 0.40 ± 0.05 
BaP 0.13 0.15 0.14 ± 0.01 
IP 0.14 0.18 0.14 ± 0.05 

BPE 0.17 0.22 0.20 ± 0.04 
DBahA X 0.04 0.04 ± 0.01 

Total PAHs 3.8 4.5 4.2 ± 0.3 
 
 
In this case, the uncertainty was some higher than in the previous tests (14%, on the average, vs. 
4%). Nevertheless, carcinogenic PAH could be reliably determined. 
 
1.2.1.2 Discussion 
According to the Tables above reported, PAH resulted prone to be monitored in indoor suspended 
particulates, conceded the content in the air of each congener reaches or exceeds 0.04 ng/m3. It is 
worth noting that the highest uncertainties are observed for the semi-volatile, non-carcinogenic 
PAH (namely, fluoranthene and pyrene) and dibenz(a,h)antracene, which is often the less abundant 
PAH congener in atmospheric samples.  
 
 
1.2.2. PAH concentration estimate in indoor environments - 2. Study of the PAH congener 

partition among the size fractions of aerosols. 
1.2.2.1 Experimental 
Two experiments have been carried out at the IIA building (Montelibretti RM, Italy). In each 
experiments, particulates were collected by means of a MOUDI-100 cascade impactor (MSP 
Corporation, MN, USA) running at 30 L/min, equipped with nine cut-off lines and one end-point 
filter collecting residual particles. The 50%-efficiency cut-offs were fixed at 18 (inlet), 10, 3.2, 1.8, 
1.0, 0.56, 0.32, 0.18 µm. Samplings were performed in parallel indoor (inside an office room) and 
outdoor (just in front of the building windows) and lasted seven consecutive days. The experiments 
were made from April 26th to May 3rd, 2011 and from May 3rd to May 10th, 2011. The PM fractions  
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(labeled from S0 up to S9, in the order) were collected on pre-baked 47-mm o.d. quartz 
membranes. An aliquot of 1.50 cm2 of the active surface of the filters (14% of the total surface) was 
cut to carry out the evaluation of both elemental and organic contents in each size fraction of 
particulates. PAH were measured on the remaining portion of the filter, by applying the same 
procedure used for low-volume experiments inside the Metro lines (&1).  
 
1.2.2.2. Results 
a. The first experiment was carried out outside and inside an office room that had been closed and 
unused for several months. Two identical multi-stage impactors were used for the purpose, each of 
which collected 284 m3 of air.  
The results of the experiment are shown in Tables 4-5, where the PAH contents in the samples are 
provided as nanograms per volume unit (m3). Tables 6-7 report the percent distribution of each 
congener within the PM size fractions (For symbols, see Table 2). 
Finally, Figure 1 provides the percent distribution of total PAH along the size-segregated 
particulates. 
As expected, we found that most PAH were associated to the finest fractions, although some 
percentages accumulated on the large particles.  

 
 

Table 4. Concentrations of individual PAHs in the size-segregated particulates. Montelibretti, 
April 26th – May 3rd, 2011. Numbers in ng/m3 of air. Indoor sampling. 

 
fraction S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 

particle 
size, µm 

>18  10 - 
18 

 5.6 - 
10 

 3.2 - 
5.6 

 1.8 - 
3.2 

 1.0 - 
1.8 

 0.56 
– 1.0 

 0.32 
-0.56 

 0.18 
-0.32 

< 
0.18 

BaA X n.d. n.d. n.d. n.d. X 0.004 X X X 
CHT 0.006 n.d. n.d. n.d. X 0.004 0.006 0.006 0.009 0.007 
BbjF 0.025 X X 0.003 0.003 0.012 0.020 0.020 0.019 0.020 
BkF 0.008 n.d. X X X 0.003 0.006 0.005 0.006 0.005 
BeP 0.014 n.d. X X X 0.006 0.012 0.010 0.010 0.009 
BaP 0.009 n.d. n.d. X X 0.004 0.006 0.007 0.005 0.002 
IP 0.013 X n.d. X X 0.007 0.012 0.014 0.013 0.007 

BPE 0.013 n.d. n.d. X X 0.007 0.012 0.014 0.013 0.007 
DBahA X n.d. n.d. X n.d. X 0.003 X X X 

Total PAH 0.122 0.006 0.006 0.017 0.017 0.064 0.112 0.106 0.111 0.088 
 
 

Table 5. Concentrations of individual PAHs in the size-segregated particulates. Montelibretti, 
April 26th – May 3rd, 2011. Numbers in ng/m3 of air. Outdoor sampling. 

 
fraction S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 

BaA n.d. X X X X 0.010 0.010 0.013 0.010 0.009 
CHT X 0.006 0.004 0.006 0.010 0.029 0.032 0.044 0.037 0.038 
BbjF X 0.005 0.004 0.005 0.016 0.045 0.073 0.100 0.070 0.055 
BkF 0.003 0.004 0.003 0.005 0.008 0.032 0.056 0.082 0.055 0.040 
BeP X 0.004 0.003 0.005 0.013 0.034 0.061 0.082 0.058 0.038 
BaP X X X 0.005 0.005 0.020 0.037 0.044 0.023 0.010 
IP X X X 0.003 0.010 0.044 0.066 0.085 0.045 0.022 

BPE X X X 0.003 0.010 0.041 0.061 0.087 0.052 0.027 
DBahA n.d. n.d. n.d. X X 0.008 0.009 0.012 0.006 0.003 

Total PAH 0.029 0.042 0.035 0.063 0.109 0.342 0.513 0.708 0.492 0.341 
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Table 6. Percent distribution of individual PAHs in the size-segregated particulates. 
Montelibretti, April 26th – May 3rd, 2011. Indoor sampling. 

 
fraction S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 

particle 
size, µm 

>18  10 - 
18 

 5.6 - 
10 

 3.2 - 
5.6 

 1.8 - 
3.2 

 1.0 - 
1.8 

 0.56 
– 1.0 

 0.32 
-0.56 

 0.18 
-0.32 

< 
0.18 

BaA 13.8 0.2 0.8 0.2 2.6 11.3 27.5 14.2 17.7 11.6 
CHT 16.2 0.6 1.2 0.4 2.0 9.9 15.0 14.6 22.6 17.5 
BbjF 20.1 0.7 0.9 2.1 2.3 9.5 16.1 16.1 15.9 16.2 
BkF 21.4 0.8 1.5 2.9 1.8 8.1 17.0 14.4 18.2 14.0 
BeP 21.4 0.7 1.1 2.1 2.1 9.5 18.0 15.8 15.6 13.8 
BaP 26.0 1.1 1.0 1.9 2.0 10.6 17.7 18.3 14.8 6.7 
IP 18.5 0.9 0.5 2.5 2.1 10.0 17.2 20.1 18.2 9.9 

BPE 17.9 0.7 0.3 2.7 2.1 10.3 16.5 20.6 18.9 9.8 
DBahA 14.1 0.9 1.1 6.0 2.7 11.4 27.2 17.0 12.5 7.1 

Total PAH 18.7 0.9 1.0 2.6 2.6 9.8 17.2 16.4 17.1 13.6 
 
 

Table 7. Percent distribution of individual PAHs in the size-segregated particulates. 
Montelibretti, April 26th – May 3rd, 2011. Outdoor sampling. 

 
fraction S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 

BaA 0.8 1.3 1.3 2.3 3.8 17.8 17.3 22.8 17.1 15.4 
CHT 1.1 3.0 1.9 2.9 4.8 13.7 15.1 21.2 17.9 18.4 
BbjF 0.6 1.3 1.2 1.4 4.4 11.9 19.4 26.6 18.8 14.6 
BkF 0.9 1.4 1.0 1.6 2.8 11.0 19.5 28.6 19.1 14.0 
BeP 0.6 1.2 1.0 1.7 4.4 11.4 20.3 27.3 19.5 12.6 
BaP 0.4 0.6 0.5 3.2 3.3 13.8 25.7 30.3 15.5 6.8 
IP 0.3 0.5 0.5 1.0 3.6 15.9 23.7 30.6 16.1 7.8 
BPE 0.4 0.5 0.7 1.2 3.5 14.3 21.4 30.5 18.2 9.4 
DBahA 0.5 0.5 0.4 1.4 4.0 19.2 21.8 29.2 14.8 8.1 
Total PAH 1.1 1.6 1.3 2.4 4.1 12.8 19.2 26.5 18.4 12.8 
 
 

Figure 1. Percent distribution of total PAHs in the size-segregated suspended  
particulate fractions. Montelibretti, April 26th – May 3rd, 2011. 

 

  
Symbols: S0, d >18 µm;  S1, 10 µm ≤ d ≤ 18µm; S2, 5.6 µm ≤ d ≤ 10µm;  S3, 3.2 µm ≤ d ≤ 
5.6µm;  S4, 1.8 µm ≤ d ≤ 3.2µm;  S5, 1.0 µm ≤ d ≤ 1.8 µm;  S6, 0.56 µm ≤ d ≤ 1.0 µm;  S7, 
0.32 µm ≤ d ≤ 0.56 µm;  S8, 0.18 µm ≤ d ≤ 0.32 µm;  S9, d ≤ 0.18 µm. 
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Although total amounts of PAHs associated to indoor PM were much lower than outdoors (namely, 
0.65 ng/m3 vs. 2.67 ng/m3), the percent distribution was similar, except for S0 and S7 particles 
(~18% vs. 1% and ~16% vs. 27% of the total indoors, respectively). Probably fine particles tend to 
aggregate with their PAH burden, whilst large particles can adsorb semi-volatile compounds. 
 
As for organic and elemental carbon, the absolute amounts associated to PM fractions are reported 
in Table 8. Considering the blank values, the detection limit for these samples is 1 µg/sample for 
EC and 12 µg/sample for OC. 

 
Table 8. Organic and elemental carbon contents in the PM size-segregated fractions. Indoor and 
outdoor aerosols, Montelibretti, April 26th – May 3rd, 2011. Amounts in µg.  

 
amounts, µg OC EC 

size, µm IN OUT Ri/o IN OUT Ri/o 
> 18 50 87 0.57 b.d.l. b.d.l.  

10 -18 65 144 0.45 b.d.l. b.d.l.  
5.6 - 10 31 71 0.43 b.d.l. b.d.l.  
3.2 - 5.6 105 116 0.90 3.7 b.d.l.  
1.8 - 3.2 125 91 1.38 b.d.l. 1.4  
1.0 - 1.8 215 123 1.74 1.4 2.5 0.56 
0.56 - 1 228 169 1.35 2.6 3.9 0.67 

0.32 - 0.56 632 677 0.93 3.8 5.6 0.67 
0.18 - 0.32 443 395 1.12 3.7 2.7 1.38 

< 0.18 175 82 2.12 37.8 21.8 1.74 
total 2068 1956 1.06 53 38 1.40 

 
 
Figure 2 (a/b) reports the indoor and outdoor size distribution of EC and OC, respectively. 
Concentrations are expressed as ug/m3. The data show that most of the elemental carbon is in the 
size fraction below 180 nm, and that the rest of it is distributed with a relative maximum in the size 
between 0.32 and 0.56 µm (S7), as in the case of PAH. The same maximum in S7 is shown by 
organic carbon. For both elemental carbon and organic carbon, the difference between indoor and 
outdoor concentration was very small and variable between the size ranges. A general prevalence of 
the indoor concentration of elemental carbon over outdoor values is however observed for the size 
ranges between 0.32 and 1.8 µm. 
 

Figure 2. Size distribution of EC and OC in the PM 
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b. The second experiment was carried out outside, and inside an office room which was opened 
and partly used. Two multiple impactor were used for the purpose, each of which collected 286 m3 
of air. The results of the experiment are shown in Tables 9-10, where the PAH contents in the 
samples are provided as nanograms per volume unit (m3).  
 

Table 9. Concentrations of individual PAHs in the size-segregated particulates. Montelibretti, 
May 3rd – 10th, 2011. Numbers in ng/m3 of air. Indoor sampling. 

 
fraction S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 
particle 
size, µm 

>18  10 - 
18 

 5.6 - 
10 

 3.2 - 
5.6 

 1.8 - 
3.2 

 1.0 - 
1.8 

 0.56 
– 1.0 

 0.32 
-0.56 

 0.18 
-0.32 

< 
0.18 

BaA X n.d. n.d. X X 0.005 0.008 0.007 0.005 0.004 
CHT 0.003 0.003 0.003 0.005 0.013 0.019 0.025 0.023 0.019 0.020 
BbjF 0.003 0.003 0.003 0.006 0.014 0.025 0.038 0.036 0.030 0.039 
BkF X 0.003 0.002 X 0.008 0.016 0.027 0.025 0.024 0.022 
BeP 0.003 X X 0.004 0.008 0.019 0.028 0.028 0.023 0.019 
BaP X X X 0.002 0.002 0.009 0.016 0.014 0.008 0.004 
IP X X X 0.003 0.005 0.018 0.033 0.033 0.020 0.011 

BPE X X X 0.003 0.004 0.017 0.030 0.032 0.023 0.014 
DBahA X X n.d. X X 0.002 0.000 0.004 0.003 0.002 

Total PAH 0.034 0.025 0.028 0.052 0.088 0.205 0.305 0.295 0.224 0.180 
 
 

Table 10. Concentrations of individual PAHs in the size-segregated particulates. Montelibretti, 
May 3rd – 10th, 2011. Numbers in ng/m3 of air. Outdoor sampling. 
 

fraction S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 
BaA X X X X X 0.004 0.006 0.009 0.006 0.004 
CHT 0.004 0.003 0.009 0.006 0.010 0.013 0.019 0.030 0.023 0.027 
BbjF 0.006 0.003 0.007 0.007 0.019 0.022 0.039 0.054 0.038 0.066 
BkF 0.004 0.002 0.005 0.004 0.014 0.015 0.026 0.047 0.026 0.040 
BeP 0.010 0.002 0.004 0.005 0.015 0.017 0.029 0.048 0.031 0.042 
BaP X X 0.003 0.002 0.005 0.008 0.015 0.023 0.012 0.004 
IP 0.005 X X 0.004 0.010 0.016 0.032 0.049 0.021 0.010 

BPE 0.014 X X 0.005 0.009 0.015 0.030 0.052 0.025 0.013 
DBahA 0.004 n.d. n.d. X X X 0.005 0.007 0.003 0.002 

Total PAH 0.066 0.028 0.054 0.060 0.124 0.175 0.286 0.443 0.281 0.268 
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Tables 11-12 report the percent distribution of each congener within the PM size fractions.  
Figure 3 provides the percent distribution of total PAH in the size-segregated particulates.  

 
Table 11. Percent distribution of individual PAHs in the size-segregated particulates. 
Montelibretti, May 3rd – 10th, 2011. Indoor sampling. 
 
fraction S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 
particle 
size, µm 

>18  10 - 
18 

 5.6 - 
10 

 3.2 - 
5.6 

 1.8 - 
3.2 

 1.0 - 
1.8 

 0.56 
– 1.0 

 0.32 
-0.56 

 0.18 
-0.32 

< 
0.18 

BaA 2.3 1.4 1.4 3.7 6.8 14.8 21.9 20.6 15.2 11.9 
CHT 2.1 2.0 2.1 3.8 10.0 14.7 18.7 17.1 14.5 14.9 
BbjF 1.5 1.5 1.7 2.8 7.3 12.8 19.4 18.1 15.3 19.7 
BkF 1.6 1.9 1.6 1.1 6.1 12.0 20.5 19.2 18.6 17.3 
BeP 1.9 1.6 1.4 2.9 5.9 14.2 20.4 20.8 16.8 14.0 
BaP 2.3 1.3 1.4 3.1 3.4 15.4 27.3 24.5 14.0 7.2 
IP 2.0 0.9 1.1 2.5 3.6 13.9 25.7 25.6 15.7 8.9 
BPE 1.8 1.0 1.0 2.6 3.2 12.9 23.4 25.1 17.9 11.1 
DBahA 13.8 3.7 2.9 4.9 4.5 12.8 2.3 24.9 19.1 11.1 
Total PAH 2.4 1.8 1.9 3.6 6.1 14.3 21.3 20.6 15.6 12.6 
 
 
Table 12. Percent distribution of individual PAHs in the size-segregated particulates. 
Montelibretti, May 3rd – 10th, 2011. Outdoor sampling. 
 
fraction S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 

BaA 2.4 1.7 0.6 3.8 6.7 11.3 17.4 25.9 17.3 12.9 
CHT 2.7 2.2 6.2 4.2 6.8 9.3 13.3 20.5 16.1 18.7 
BbjF 2.4 1.3 2.6 2.7 7.2 8.4 15.0 20.7 14.4 25.4 
BkF 2.2 1.1 2.5 2.1 7.9 8.2 14.1 25.5 14.3 22.1 
BeP 4.8 1.1 2.1 2.6 7.3 8.5 14.5 23.7 15.0 20.5 
BaP 2.8 0.9 3.5 2.9 6.6 10.5 20.6 31.3 15.4 5.3 
IP 3.3 0.7 1.1 2.7 6.4 10.8 21.2 32.6 14.2 7.0 
BPE 8.5 0.8 1.2 3.2 5.4 9.0 18.0 31.1 15.0 7.8 
DBahA 15.8 0.7 1.3 2.8 6.3 9.6 18.5 26.2 12.5 6.2 
Total PAH 3.7 1.6 3.0 3.3 7.0 9.8 16.0 24.8 15.8 15.0 

 
 
Figure 3. Percent distribution of total PAHs in the size-segregated suspended 

particulate fractions. Montelibretti, May 3rd – 10th, 2011. 
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In the 2nd test total concentrations of PAH indoors and outdoors were quite similar (~1.4 vs. 1.8 
ng/m3). The distribution in the PM fraction did not exhibit the important contribution of large 
particles indoors. Most PAH accumulated into the finest fractions. 
As for the “penetration factor” (Ri/o) of PAH from indoors into indoors, the average equals 0.24 in 
the first test and 0.70 in the second one. Thus, Ri/o varies appreciably from sample to sample.  
Looking to organic and elemental carbon, the absolute amounts associated to PM fractions are 
reported in Table 13. 
 

Table 13. Organic and elemental carbon in the PM size-segregated fractions. Montelibretti, 
April 26th – May 3rd, 2011. Amounts in µg.  

 
amounts, µg OC EC 

size, µm IN OUT Ri/o IN OUT Ri/o 
> 18 b.d.l. 158  b.d.l. b.d.l.  

10 -18 65 201 0.32 b.d.l. b.d.l.  
5.6 - 10 41 92 0.45 b.d.l. b.d.l.  
3.2 - 5.6 100 122 0.82 b.d.l. 1.8 0.00 
1.8 - 3.2 86 40 2.14 b.d.l. b.d.l.  
1.0 - 1.8 127 90 1.41 1.3 2.7 0.48 
0.56 - 1 150 130 1.16 0.5 2.3 0.21 

0.32 - 0.56 409 485 0.84 2.9 5.1 0.57 
0.18 - 0.32 318 296 1.07 1.2 2.6 0.49 

< 0.18 115 89 1.29 19.2 15.5 1.24 
total 1411 1702 0.83 25 30 0.84 

 
 
Figure 4 (a/b) reports the indoor and outdoor size distribution of EC and OC, respectively, during 
the 2nd test. Concentrations are expressed as ug/m3. The data show that, as for the 1st test, most of 
the elemental carbon is in the size fraction below 180 nm, and that the rest of it is distributed with a 
relative maximum in the size between 0.32 and 0.56 µm (S7), as in the case of PAH. The same 
maximum in S7 is shown by organic carbon. For both elemental carbon and organic carbon, the 
difference between indoor and outdoor concentration was very small and variable between the size 
ranges. A general prevalence of the indoor concentration of elemental carbon over outdoor values 
is, again, observed for the size ranges between 0.32 and 1.8 µm. 
 
 

Figure 4. Size distribution of EC and OC in the PM 
 
 
 
 
 
 
 
 
 
 
 
 
 

ELEMENTAL CARBON

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

>18 10 -18 5.6 - 10 3.2 - 5.6 1.8 - 3.2 1.0 - 1.8 0.56 - 1 0.32 - 0.56 0.18 - 0.32 < 0.18

ug

indoor

outdoor 

a 



 
 

12 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
1.2.2.3. Remarks and Conclusions  
The analytical procedure set-up for PAH monitoring at low-volume conditions in indoor 
environments seems reliable for the purpose. One further, conclusive test is scheduled for next 
September, when a Reference material (i.e. an urban particulate matter), whose PAH contents are 
certified, will be analyzed at conditions simulating the low-volume experiments. 
According to the two test performed, the distribution of all PAH congeners is similar indoors and 
outdoors, unlike the indoor environment is “sealed” for long time and prevented from outer 
contamination. In particular, BaP accounts for ~5.5% of total PAHs at both sides in the first test, 
and for ~4.2% in the second one.  
EC/OC results show that the dimensional distribution of these species is in the finest range, with 
maximum in the interval 0.32 – 0.56 µm for organic carbon and bimodal distribution with maxima 
in the ranges below 0.18 µm and between 0.32 and 0..56 µm for elemental carbon. Outdoor-indoor 
differences higher than 1 are observed only for  EC in the size range between 0.32 and 1.8 µm 
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&2. Inter-comparison campaign on determination of carcinogenic PAHs in the urban airborne 
particulate matter. Preliminary in-field campaign July – August 2011 (Actions 3.2.1 and 3.2.2) 

 
 

Cecinato A.1, C. Balducci1, P. Romagnoli1, M. Carratù1, M. Perilli1, M. Gherardi2, M.P. Gatto2, A. 
Gordiani2 
1 CNR, Istituto sull’Inquinamento Atmosferico 
2 INAIL, Ex-ISPESL, Dipartimento Igiene del Lavoro 

 
 
2.1. Summary 
The actions 3.2.1 and 3.2.2 concern a preliminary inter-comparison campaign aimed at testing the 
effectiveness of reliable procedures to measure carcinogenic PAHs, including benzo(a)pyrene, 
(BaP) associated to fine particulate matter (aerodynamic diameter less than 2.5 µm). 
This inter-comparison consists of both inter-laboratory PAH measurements and intra-laboratory 
particulate sampling. In fact, both samplings and analyses will be made by more than one partner in 
the Project, and also when a common method will be adopted for chemical processing, the variety 
of equipments and personnel expertise could render unreliable the data comparison.  
 
As preliminary activity, an intra-laboratory test has been carried out in order to verify the 
performance of the analytical method used by both INAIL and CNR laboratories to measure PAH’s 
particulate content (inter-laboratory PAH measurements).  
Then, the reliability of analytical procedures as well as the homogeneity and comparability of data 
have been investigated “on the field” through a preliminary 5x3-day campaigns conducted at three 
living/working buildings (intra-laboratory particulate sampling). The in-field study has been 
conducted on the PM2.5 fraction, which is known to contain most of PAHs (see par. 1.2.2), by using 
low volume samplers (LV) and medium volume samplers (MV). In each sampling site, two lines 
have been used to collect PM2.5 indoor for intra-laboratory tests and a third indoor one has been 
used for inter-laboratory tests. All these sampling have been performed by means of LV. A fourth 
line will be used to collect PM2.5 outdoor by using a LV sampler. At the same locations fifth line 
collected PM2.5 outdoor at medium volume condition. Moreover, a sixth sampling line has been set 
in one site to have indoor samples for inter-laboratory triplicate measurements. The experiment has 
been replicated in the second and in the third week. For the inter-laboratory comparison, INAIL-
DIL has been committed of PAHs characterization of samples collected at one location. One third 
of indoor samples have been given to CNR-IIA for duplicate analyses. CNR-IIA has been 
committed of PAHs characterization of samples collected at two locations and conversely one third 
of samples collected by CNR-IIA in each site have been analyzed by ISPESL.  
The work in Actions 3.2.1 and 3.2.2 have been conducted during the summer 2011 instead of the 
last quarter of 2010 and the 1st quarter of 2011, as programmed at the beginning of the project’s 
activity, due to the problems associated to instrumental and consumables purchasing, as reported in 
the inception report. 
 
The monitoring method adopted for PAHs is based on the active sampling of airborne particulates 
at low volume conditions and the gas chromatography/mass spectrometry determination of PAH’s 
non-volatile congeners, characterized by higher carcinogenic and mutagenic potencies.  
In Table 1 CAS numbers and carcinogenic classifications on the basis of IARC principles of 
compounds of concern are reported. Worth to note, recently benzo(a)pyrene has been moved from 
group 2A to 1. 
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Table 1. IARC Classification of “carcinogenic” PAHs 

 
  CAS  Group*  
1. benz(a)anthracene  56-55-3 2B 
2. benzo(b)fluoranthene  205-99-2 2B 
3. benzo(j)fluoranthene  205-82-3 2B 
4. benzo(k)fluoranthene  207-08-9 2B 
5. benzo(a)pyrene 50-32-8 1 
6. indeno(1,2,3-cd)pyrene  193-39-5 2B 
7. dibenz(a,h)anthracene 13250-98-1 2A 

 
*Group 1: carcinogenic to human; Group 2A: probably carcinogenic to human; Group 2B: 
possibly carcinogenic to human. 
 
The following paragraphs are structured into two parts, as far as the PAHs measuring method is 
concerned: the first one is aimed at testing the accuracy and the precision of the analytical method 
by intra-laboratory performance (Part A. PAH’s Analytical Method Development). The second part 
is aimed at testing the precision of all the measurement methods by applying both intra-laboratory 
and inter-laboratory tests based on simultaneous sampling activity at different sites (Part B. PAH’s 
Sampling method development). This latter will be also useful for the homogeneity assessment for 
PAH databases obtained by the Partners with the same methods processed. 
 
 
2.2. Part A: PAH Analytical Method Development 
The PAH’s method determination is based on active sampling at low volume condition and gas 
chromatography/mass spectrometry determination of PAH’s non-volatile congeners, characterized 
by higher carcinogenic and mutagenic potencies. In Table 1 CAS number and carcinogenic 
classification on the basis of IARC principles of compounds of concern is reported. 
 
2.2.1. Analytical Procedure test for PAH (Action carried out by INAIL – ex ISPESL Occupational 
Hygiene Department) 
a. Introduction 
The analytical method for carcinogenic non-volatile PAH determination has been developed as 
preliminary activity aimed at measuring particulate matter content for PAHs: the performance of 
the analytical method also includes solvent extraction and cleaning processes.  
The sampling procedure refers to the modified NIOSH method 5515i. Fine particulate matter is 
collected on a PTFE filter by means of active sampling at low volume condition (i.e. 6 l/min flow 
rate) by achieving the selection of PM2.5 with a cyclone selector.  
After sampling, the target PAHs are extracted from the PTFE membrane by using the 
dichloromethane/acetone sequence, then purified by means of neutral alumina elution and 
concentrated to low volume for analysis. The extraction of samples and their purification is carried 
out by following the consolidated method proposed by A. Cecinato (CNR), excepted for the 
mechanical extraction procedure that consists of ultrasonic extraction instead of soxhlet method.  
The GC/MS analysis of the samples is performed in the positive single-ion monitoring (SIM) 
mode; the identification and quantitation of PAH compounds is performed by means of isotopic 
PAHs as internal standards. Simultaneous chromatographic determination of benz(a)anthracene, 
benzo(b)fluoranthene , benzo(j)fluoranthene, benzo(k)fluoranthene,  benzo(a)pyrene, indeno(1,2,3-
cd)pyrene, dibenz(a,h)anthracene is carried out and the analytical method is optimized for both 
instrumental parameters and sample treatment. 
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Figure 1 summarizes the whole measuring procedure adopted (sampling + analysis) 
 

Figure 1.  Flow-chart of the procedure adopted 
 

 

 

 

 

 

   

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PM2.5 SAMPLING ON PTFE FILTER AT LOW VOLUME CONDITION  

ULTRASONIC EXTRACTION BY USING DICHLOROMETANE (5 ML/15 
MINUTES) (TWICE) AND ACETONE (5 ML/15 MINUTES) 

DRYING TO LOW VOLUME 
UNDER  N2 STREAM 

PURIFICATION OF EXTRACTED PAH BY 
ELUTION THROUGH NEUTRAL ALUMINA COLUMN  
(ISOOCTANE-DICHLOROMETHANE 3:2) VOLUME) 

INTERNAL STANDARD (ISOTOPIC PAH) ADDITION 

SOLVENT EVAPORATION UNDER N2 STREAM AND 
PAH RECOVERY WITH TOLUENE (VFIN= 100 µL) 

PAH ANALYSIS BY GC/MS IN SIM MODALITY 
(DAILY CALIBRATION, 3 REPLICATES FOR ANALYSIS) 

 
 
b.  GC-MSD analysis 
The instrumental analysis is carried out through GC (6890 Agilent Technologies) coupled with a 
mass spectrometer detector (5975C Agilent). The instrument calibration is made before the sample 
analysis together with the blank controls. Instrument parameter are showed in Table 2 

 

Table 2. GC operating conditions for the PAH instrumental analysis 

GC parameters 
Column 5%phenyl-methil-siloxane  

30.0m x 250µm x 0.25µm  
Carrier Gas He 
Flow rate 1.0 mL/min 

Injection mode Split-less 
oven temperature 

program  
 
 
 
 
 

 

°C/min Next 
°C 

Hold Run 
Time 

 90 1 1 
15.00 180 2 9 
4.00 280 0 34 
15.00 290 5 39.67 

 0 0 39.67  
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CNR adopts a Thermo GCQ gas chromatogtaph coupled to a Thermo DSQ mass spectrometer. 
The GC column and oven temperature programme are the same chosen by INAIL. 
The GC/MS analysis is performed in the positive single-ion monitoring (SIM) mode; the 
identification and quantification of PAH compounds is performed by using deuterium labeled 
PAHs as internal standards. The retention times and the ratios mass/ion selected for each compound 
are shown in Table 3. 
 
 

Table 3. Retention times (Rt) of PAHs during the GC run 
 

N° PAH  Tr m/z 
1* benz(a)anthracene-d12 23.99 240 

1 benz[a]anthracene 24.08 228 

2* benzo(bj)fluoranthene-d12 29.69 264 

2 benzo(bj)fluoranthene 29.78 252 

3* benzo(k)fluoranthene-d12 29.82 264 

3 benzo(k)fluoranthene 29.91 252 

4* benzo(a)pyrene-d12 30.99 264 

4 benzo[a]pyrene 31.28 252 

5* indeno(1,2,3-cd)pyrene -d12 36.09 288 

5 indeno(1,2,3-cd)pyrene 36.17 276 

6* dibenz(a,h)anthracene-d14 36.29 292 

6 dibenz(a,h)antracene 36.41 278 

7* benzo(ghi)perilene-d12 37.10 288 

7 benzo(ghi)perilene 37.21 276  

 

c. Materials and methods 
Reference standard materials and sample materials are stored at 4°C: any natural light exposure is 
avoided. Every reagent (toluene, dichloromethane, acetone, isooctane, neutral alumina) is far UV-
HPLC purity grade. 
A certified EPA 610 PAH mixture in toluene (purchased from Supelco) is used to prepare standard 
mix stock solution. From this standard stock solution, working standard solutions for calibration are 
prepared in toluene at five levels for each compound, in the range 5.0 -70.0 ng/mL. The 
quantitative determination of the target compounds is performed with the internal standard method: 
for this purpose deuterium-labeled PAHs are added to each sample just before GC analysis. Table 4 
summarizes the calibration levels referred to both analytes and internal standard. 
All samples are analyzed in triplicate and the average peak area normalized to corresponding 
deuterate reference compound is used for each analyte. The ChemStation Software (Agilent 
Technologies) integrates the peak areas generated by analysis of standard working solutions. 
 
The calibration curve is built with five level concentrations of the target compounds reporting peak 
areas normalized to that of internal standard (Ax/A i) versus the ratio of nominal concentrations to 
that of internal standard (Cx/Ci) for each target analyte. The calibration curves are fitted by a linear 
regression analysis, following the equation (Ax/A i) = B1(Cx/Ci), where “B1” is the slope of the 
regression line. 
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Table 4. Contents of target PAHs (ng/mL) in the standard solutions used for calibration 
 

 LEV 1 LEV 2 LEV 3 LEV 4  LEV 5  
benz[a]anthracene-d12 101.00 101.00 101.00 101.00 101.00 

benz(a)anthracene 4.99 9.98 29.94 49.90 69.85 

benzo(bj)fluoranthene-d12* 97.00 97.00 97.00 97.00 97.00 

benzo(bj)fluoranthene 9.98 19.96 59.88 99.80 139.72 

benzo(k)fluoranthene-d12 103.00 103.00 103.00 103.00 103.00 

benzo(k)fluoranthene 4.98 9.96 29.88 49.80 69.71 

benzo[a]pyrene-d12 95.00 95.00 95.00 95.00 95.00 

 benzo(a)pyrene 4.99 9.98 29.93 49.89 69.84 

indeno(1,2,3-cd)pyrene-d12 95.00 95.00 95.00 95.00 95.00 

indeno(1,2,3-cd)pyrene  5.02 10.04 30.12 50.20 70.28 

dibenz(a,h)antracene-d14 97.00 97.00 97.00 97.00 97.00 

dibenz(a,h)anthracene 9.96 19.92 59.76 99.60 139.44 

benzo(ghi)perilene-d12 99.00 99.00 99.00 99.00 99.00 

benzo(ghi)perilene 10.08 20.16 60.48 100.80 141.12  

 

d. Short method validation 
Based on the Manuale UNICHIM N. 179/0 (Ed. 1999) “Linee guida per la validazione di metodi 
analitici nei laboratori chimici”, the following analytical method parameters have been evaluated: 
a. sensitivity;  
b. range of linearity (qualitative evaluation); 
c. accuracy; 
d. precision. 
The method sensitivity is expressed in terms of the limit of detection (LOD) and the lower limit of 
quantification (LLOQ) defined as three and ten time the standard deviation of the appropriate blank 
baseline value, respectively. These values are expressed as mass of analyte for each sample 
(ng/sample).  
The range of linearity has been evaluated in terms of the “best fit” obtained in the range 
experimented, because of the low levels of the PAHs of concern in the EXPAH project. 
Accuracy is expressed as recovery percentage. For this purpose, quality control samples were used 
(3 replicates for each concentration level). The concentrations of the analyte in the quality control 
samples were calculated on a calibration curve analyzed in the same day. Accuracy is expressed by 
its mean at 95% confidence interval, using the equation:  
 

%R = 100 × ((OV − BV)/ KV) 
 
where %R is the recovery percentage, OV is the observed value of quality control samples 
(ng/mL), BV is the background value of the zero sample (ng/mL) and KV (known value) is the 
theoretical value (ng/mL). The known values are provided by the true PAHs contents in the 
Standard Reference Material 1649a (Urban Dust) certified and distributed by National Institute of 
Standards & Technology (NIST).  
The precision has been tested for both intra- and inter-day repeatability. Precision is expressed as 
relative standard deviation (RSD). 
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Chemical processing and Clean-up  
Laboratory tests for the accuracy determination have been carried out by adding a mix PAHs 
standard solution to PTFE membrane which is ultrasonically extracted with the dichloromethane/ 
acetone sequence. Then, the extract was reduced close to dryness under gentle flow of ultrapure 
nitrogen, at room temperature and back-dissolved with isooctane.  
The “PAH” fraction is purified from most possible analytical interferences by elution through an 
alumina column. The clean-up was reached by transferring the extract at the top of the column and 
eluting with 100% isooctane, isooctane/dichloromethane 60:40 and dichloromethane/acetone 50:50, 
in the sequence. PAH collected into the second eluate are than reduced close to dryness and 
dissolved again with toluene.  
 
e. Assay performance 
Gas chromatography with mass spectrometric detection is a very selective instrumental technique 
because it allows a good chromatographic separation and analytes identification through their 
characteristic ion fragmentation. All the target analytes were well separated, excepted for 
benzo(b)fluoranthene, benzo(j)fluoranthene and benzo(k)fluoranthene: these latter are expressed as 
the sum of the three congeners.   
 

Table 5. LODs and LLOQ of the PAH congeners investigated 
 

 R2 LOD (ng) LLOQ (ng)  
Benz(a)anthracene 0.998 0.018 0.060 

Benzo(b+k+j)fluoranthene 0.994 0.018 0.061 
 Benzo(a)pyrene 0.998 0.019 0.064 

Indeno(1,2,3-cd)pyrene  0.995 0.128 0.427 
Dibenz(a,h)anthracene 0.999 0.098 0.327 

Benzo(ghi)perilene 0.996 0.113 0.375  
 
The calibration line is linear in the range from 0 to 70 ng/mL excepted for benzo(ghi)perylene, 
whose calibration line results linear only up to 50 ng/ml. The determination coefficients are always 
higher than 0.994. The method enables the detection of PAHs of interest with LODs ranging from 
0.018 ng/sample (benzo(a)antracene; benzo(b+j+k)fluoranthene) to 0.128 ng/sample [indeno(1,2,3-
cd)pyrene] and a LLOQ ranging from 0.060 ng/sample (benzo(a)antracene) to 0.427 ng/sample 
[indeno(1,2,3-cd)pyrene]. Table 5 summarizes the determination coefficient, The LOD and LLOQ 
for each target compound. 

 
Table 6. Method recoveries of investigated PAHs  

 
Compound Mean Recovery 

(%, N=10) 
Relative Std. 

Deviation (%) 
B(a)A 64.2 8.0 

B(bjk)F 109.4 10.5 

B(a)P 70.2 15.3 

IP 76.5 11.3 

DBA 69.7 12.7 

BP 75.6 7.4 

 
Symbol: B(bjk)F = sum of benzofluoranthenes 
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The accuracy of the method, expressed as mean recovery percentage, has been evaluated by 
measuring 10 levels of NIST powder, ranging from 2.7 mg to 11.7 mg. The recovery percentages 
resulted ranging from 64% [Benz(a)anthracene] to 109 % [Benzo(b+k+j)fluoranthene] with relative 
standard deviations ranging from 3% to 14 % on the basis of N=10 measurements for each 
compounds. The recovery data, at the 95% confidence interval, are summarized in Table 6. 
The mass recovery for each analyte has been plotted as function of the weight processed of the 
NIST Powder, in order to verify the linearity of the recovery in the mass range investigated: 
according to linear regression, determination coefficients higher than 0.9 have resulted for all 
compounds. Figure 2A/F shows the linear regressions obtained for each target compound. 
 

Figure 2 
PAH’s recovery efficiency in the PM mass range 2.7÷11.7 mg  
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The precision of the method, expressed as Relative Standard Deviation (RSD), based on 10 analysis 
replicates for each level experimented, for both intra- and inter-day repeatability, ranges from 
1.07% to 18%. 
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f. Uncertainty evaluation 
The uncertainty was evaluated following the recommendations in the Guide to Quantifying the 
Uncertainty in Analytical measurements. (EURACHEM/CITACT Guide, Quantifying Uncertainty 
in Analytical Measurement, 2nd ed., 2000). The estimation of uncertainty was carried out on the 
basis of “top-down” empirical model using the data derived from the method validation 
experiments. The main components of uncertainty were calculated through the calibration data, the 
recovery and the repeatability assays, respectively. Therefore, the calibration uncertainty u(c0), the 
recovery uncertainty u(R) and the repeatability uncertainty u(rep) were used to obtain the combined 
uncertainty uc, by the following formula based on the theory of variance propagation:  
 

222
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where: 

- p, number of measurements to determine c0;  
- n, number of measurements for the calibration;  
- c0, determined chromatographic concentration of each standard solution;  
- c, mean value of the different calibration standards (n number of measurements);  
- i, index for the number of calibration standards;  
- j, index for the number of measurements to obtain the calibration curve; 
- Aj, detector response (Ax/A i) of the i-th calibration standard;  
- ci, concentration of the i-th calibration standard (Cx/Ci);  
- B1, the slope value.  

 
The extended uncertainty was found to range from 8.8 % to 13.9 % for B(a)A and B(b)F+ B(j)F+ 
B(k)F, respectively. The results are shown in Table 7.  
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Table 7. Percent uncertainty associated to PAH determination in airborne particulates 
 

compound c (µg L−1) u(cal)  u (rec)  u (pre)  Ut k = 1,96 
B(a)A 0.7 1.63 3.16 2.72 8.8 

B(bjk)F 1.0 5.42 3.43 3.02 13.9 

B(a)P 0.7 3.75 5.26 2.84 13.8 

IP 0.7 2.44 3.95 1.28 9.4 

DBahA 1.0 5.51 4.22 0.96 13.7 

BPE 0.6 3.71 2.62 1.69 9.5 
 

Symbols: u(cal) = calibration uncertainty (%); u(rec) = recovery uncertainty (%); u(pre) = 
precision uncertainty (%); Ut = total uncertainty (%); B(bjk)F= sum of benzofluoranthenes. 

 
 
Figure 3 shows the uncertainty contributions and the extended relative uncertainty for each target 
compound.  
 

Figure 3. PAH’s individual contribution to the extended relative uncertainty 
 

 
 
 
g. Conclusions 
According to the results of the tests carried out to evaluate the assay performance of the method for 
PAHs analysis by GC/MS, the procedure adopted seems suitable to determine PAHs ranging from 
BaA to BPE in suspended dusts presumably collected during the in-field campaigns of the EXPAH 
Project.  
The calibration curves are linear in the PAH concentration range tested and the method shows a 
good sensitivity and selectivity. The accuracy, as assessed through the recovery percentage, ranges 
from 64% to 109% and the relative standard deviation associated to it shows a good repeatability: 
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this property, together the constancy of the extraction efficiency, renders the extraction procedure 
adopted suitable for PAHs measurement in airborne particulates, by introducing a correction factor 
accounting for the bias induced by the recovery percentage. It must be also stressed that the 
analytical measurements are affected by a limited uncertainty.  
 
 
2.2.2. PAH contents in the NIST 1449A reference material (Action carried out by CNR – IIA) 
a.  Introduction 
Before processing the chemical characterization of aerosols collected in Rome and Montelibretti 
(“Preliminary in-field campaign”), the performances of the procedure applied were tested by 
determining the PAH contents in a reference atmospheric dust, namely the SRM 1649A standard 
material purchased from NIST.  
 
b. Experimental 

The reference material was kindly provided by dr. Monica Gherardi (INAIL). It was stored at low 
temperature (<-16°C) until processed. 
 
Reference material weighting and solvent extraction  
According to rough amounts of suspended particulate expected to be analyzed in the preliminary 
and regular in-field experiments, two groups of SRM portions were processed, comprising aliquots 
of 2.0 mg and 20.0 mg each, respectively. Three aliquots were analyzed of the first group, and four 
of the second. They were: 
 

Group A:       Group B: 
- A1: 2.0 mg;     B1: 20.0 mg; 
- A2: 2.4 mg;     B2: 20.1 mg; 
- A3. 2.5 mg.     B3: 20.5 mg; 

B4: 20.1 mg. 
 
Each aliquot was spiked with a toluene solution containing chrysene-d12 and perylene-d12 as 
internal reference compounds for analysis. 12 ng of each compound were used in the first set, and 
20 ng in the second. 
After homogenization, each aliquot was soxhlet extracted with dichloromethane and acetone (4:1 in 
volume) for 24 h. Then, the extract was reduced close to dryness under gentle flow of ultrapure 
nitrogen, at room temperature and back-dissolved with isooctane and dichloromethane (9:1, 200 
µL).  

 
Chemical processing 
2.1 Clean-up 
The “PAH” fraction was purified from most possible analytical interferences by applying the 
column chromatography on alumina. For this purpose, two kinds of columns were adopted: 

a. The aliquots belonging to the group A were processed with micro-columns containing 3 g of 
adsorbent in adapted Pasteur pipettes (i.d. 6 mm). 

b. The portions of the group B were processed with 6.3 g each of adsorbent through borosilicate 
glass columns (i.d. 9 mm). 

The clean-up was reached by transferring the extract at the top of the column and eluting with 
100% isooctane, isooctane/dichloromethane 60:40 and dichloroethane/acetone 50:50, in the 
sequence. PAH were collected with the second eluate, reduced close to dryness and dissolved again 
with toluene.  
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A third perdeuterated PAH, i.e. fluoranthene-d10, served as “injection control” compound.  
 
GC-MSD analysis 
The instrumental analysis was carried out through GC-MSD, using a methylphenyl silicone column 
and operating under oven temperature program from 90°C up to 290°C. Mass spectrometric 
detection was performed in SIM, EI mode, using three or four ion traces for each analyte. The 
instrument calibration was made just before the sample analyses together with the blank controls.  
 
All parameters and variables were according to the standard procedure followed at CNR-IIA for 
this kind of analysis, as described in the Laboratory Manuals.  
Two sets of calibration curves were plotted, which provided equal results within ±4% for all 
samples examined. The results of this study are reported in Table 8.  

 
Table 8. Calibration curve parameters for PAHs investigated.  

 

compound Plot1 Intercept1 R1
2 Plot2 Intercept2 R2

2 

chrysene-d12  (I.S.) CH-d12      

fluoranthene FA 1.1541 0.0013 1.1558 0.000 1.000 

pyrene PY 1.1859 0.0043 1.1916 0.000 0.999 

benz[a]anthracene BaA 0.6343 -0.0136 0.6335 0.000 0.996 

chrysene+triphenylene CH+TR 0.7421 -0.0054 0.7350 0.000 0.995 

perylene-d12  (I.S.) PE-d12      

benzo[b]fluoranthene BbF 0.9901 -0.0174 0.9670 0.000 0.994 

benzo[j]fluoranthene BjF 0.8501 -0.0160 0.7840 0.000 0.995 

benzo[k]fluoranthene BkF 1.0273 -0.0120 1.0114 0.000 0.999 

benzo[e]pyrene BeP 0.9776 -0.0064 0.9020 0.000 0.998 

benzo[a]pyrene BaP 0.7242 -0.0133 0.6520 0.000 0.992 

perylene PE 0.7667 -0.0119 0.7510 0.000 0.996 

indeno[1,2,3-cd]pyrene IP 0.5883 -0.0154 0.5030 0.000 0.995 

dibenz[a,h]anthracene DBahA 0.4880 -0.0094 0.4160 0.000 0.999 

benzo[g,h,i]perylene BPE 0.7432 -0.0179 0.6340 0.000 0.996 

 
 
Blank and recovery test 
Two kinds of blank samples were analyzed, the former consisting of pure internal standard 
solutions, and the latter of unexposed filters processed similarly to SRM aliquots. Some 
interference traces were observed for some of the PAH congeners. In the analytical determinations 
their influence was drastically reduced when special care was spent for the injector and glassware 
cleaning after processing rich solutions (for this purpose, repeated solvent analyses were run) and 
the column efficiency was checked through peak asymmetry. 
All A aliquots and two belonging to group B were extracted again and processed for determining 
the PAH contents. The percent recovery of the method for each of PAHs investigated was 
calculated by comparing the normalized area ratios vs. internal standards (see Table 10).  
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Table 9. Equivalent concentrations of PAH interferences (ng/mL) in blank solutions. 
 

compound symbol Blank-1 Blank-2 Blank-3 average std. dev. 
fluoranthene FA 0.039 0.059 0.041 0.046 0.0115 

pyrene PY 0.023 0.033 0.027 0.028 0.005 

benz[a]anthracene  BaA 0.145 0.206 0.132 0.160 0.040 

chrysene+triphenylene CH+TR 0.205 0.330 0.195 0.242 0.073 

benzo[b]fluoranthene BbF 0.135 0.156 0.116 0.136 0.020 

benzo[j]fluoranthene BjF 0.127 0.193 0.117 0.146 0.041 

benzo[k]fluoranthene BkF 0.086 0.121 0.079 0.095 0.023 

benzo[e]pyrene BeP 0.087 0.131 0.083 0.100 0.027 

benzo[a]pyrene BaP 0.155 0.225 0.146 0.175 0.043 

perylene PE 0.116 0.082 0.097 0.098 0.017 

indeno[1,2,3-cd]pyrene IP 0.142 0.189 0.118 0.150 0.036 

dibenz[a,h]anthracene DBahA 0.048 0.091 0.090 0.076 0.025 

benzo[g,h,i]perylene  BPE 0.177 0.260 0.157 0.1.98 0.055 

 
Table 10. Percent recoveries of PAHs calculated by applying the analytical procedure. 

 
aliquot A1 A2 A3 ave. st.dev. B1 B2 ave. st.dev. 

FA 94.6 93.0 92.1 93.3 1.3 67.7 80.2 74.0 8.8 

PY 96.6 92.8 91.1 93.5 2.8 50.4 64.7 57.5 10.1 

BaA 100.0 96.5 95.7 97.4 2.3 93.7 97.1 95.4 2.4 

CH+TR 100.0 96.1 94.9 97.0 2.7 97.5 97.1 97.3 0.3 

BbF 100.0 96.2 96.1 97.4 2.2 92.9 97.5 95.2 3.3 

BjF 100.0 97.8 98.1 98.7 1.2 98.3 98.7 98.5 0.3 

BkF 100.0 96.3 96.3 97.5 2.2 92.4 96.7 94.5 3.0 

BeP 100.0 95.6 94.1 96.6 3.1 92.7 97.7 95.2 3.5 

BaP 100.0 97.2 99.0 98.7 1.4 90.2 98.9 94.5 6.1 

PE 100.0 100.0 100.0 100.0 0.0 95.3 100.0 97.6 3.3 

IP 100.0 96.0 95.6 97.2 2.4 92.5 97.2 94.8 3.3 

DBahA 100.0 99.8 100.0 99.9 0.1 90.9 100.0 95.5 6.4 

BPE 100.0 94.8 95.6 96.8 2.8 92.7 96.3 94.5 2.6 
 
 
 
c. Results 
Analyte concentrations in the SRM 1649A dust 
Taking in account the neat contents of PAHs detected in the SRM-1649 portions, the recovery 
efficiencies and the amounts of dust weighted, the corresponding concentrations were determined 
(as µg/g). The results are reported in Table 11a/b, discriminated for the two groups weighted. 
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Table 11. PAH concentrations in the SRM-1649A dust. Numbers are corrected for the 
recoveries calculated through re-extraction of samples; a) group A; b) group B. 
 
 

a)               A1 A2 A3 ave. st.dev. % st.dev. 
fluoranthene 3.49 3.64 5.25 3.89 0.91 23.3 

pyrene 2.54 2.51 3.42 2.67 0.46 17.2 

benz[a]anthracene  1.67 1.88 2.99 2.12 0.67 31.5 

chrysene+triphenylene 4.15 4.85 5.63 4.74 0.63 13.3 

benzo[b]fluoranthene 4.60 4.71 6.03 5.00 0.75 14.9 

benzo[j]fluoranthene 1.43 1.73 1.88 1.66 0.21 12.7 

benzo[k]fluoranthene 1.53 1.85 2.01 1.75 0.21 12.2 

benzo[e]pyrene 2.67 2.95 3.30 2.88 0.25 8.7 

benzo[a]pyrene 1.75 2.46 2.90 2.34 0.56 24.1 

perylene 0.36 0.49 0.54 0.46 0.09 19.4 

indeno[1,2,3-cd]pyrene 2.78 3.37 3.33 3.08 0.26 8.5 

dibenz[a,h]anthracene 0.39 0.54 0.54 0.49 0.08 16.6 

benzo[g,h,i]perylene  3.53 3.60 3.69 3.50 0.08 2.3 

 
 

b)     B1 B2 B3 B4 ave. st. dev. %st.dev. 
fluoranthene 7.78 7.86 10.03 9.78 8.86 1.21 13.7 

pyrene 14.65 16.35 18.27 19.72 17.25 2.22 12.8 

benz[a]anthracene 1.91 1.84 2.04 2.12 1.98 0.13 6.4 

chrysene+triphenylene 4.21 3.78 4.31 4.29 4.15 0.25 6.0 

benzo[b]fluoranthene 4.76 4.68 5.44 5.13 5.01 0.35 7.0 

benzo[j]fluoranthene 1.45 1.33 1.57 1.41 1.44 0.10 6.7 

benzo[k]fluoranthene 1.67 1.71 2.15 1.84 1.84 0.22 12.0 

benzo[e]pyrene 2.72 2.60 2.96 2.79 2.77 0.15 5.5 

benzo[a]pyrene 2.02 2.00 2.51 2.39 2.23 0.26 11.5 

perylene 0.45 0.45 0.51 0.51 0.48 0.03 7.3 

indeno[1,2,3-cd]pyrene 2.60 3.00 2.94 2.91 2.86 0.18 6.3 

dibenz[a,h]anthracene 0.37 0.46 0.46 0.45 0.44 0.04 9.6 

benzo[g,h,i]perylene 3.24 3.64 3.63 3.43 3.49 0.19 5.4 

 
 
d. Performances of the analytical method adopted 
The comparison of PAH concentrations observed in the SRM dust with certified values is provided 
in Tables 12a/b. 

 
Notes to Table 12:   
*  “Chrysene” provided as the sum of chrysene and triphenylene (the columns adopted does not 
separate completely the two compounds; 
**   Benzo[b]fluoranthene: The certified value accounts for the sum of BbF and BjF; 
*** Dibenz[a,h]anthracene is not separated from dibenz[a,c]anthracene by the column adopted. 
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Table 12. PAH concentrations measured in the SRM-1649A dust vs. certified values; 
               a) group A; b) group B. 

 

a)                                  average ref. value. % delta notes 
fluoranthene 3.89 6.45 -39.7  

pyrene 2.67 5.29 -49.6  

benz[a]anthracene  2.12 2.21 -3.9  

chrysene+triphenylene 4.74   4.41 * 7.5 * 

benzo[b]fluoranthene 5.00     4.95 ** 0.9 ** 

benzo[j]fluoranthene 1.66 1.50 10.6  

benzo[k]fluoranthene 1.75 1.91 -8.2  

benzo[e]pyrene 2.88 3.09 -6.8  

benzo[a]pyrene 2.34 2.51 -6.8  

perylene 0.46 0.65 -28.7  

indeno[1,2,3-cd]pyrene 3.08 3.18 -3.2  

dibenz[a,h]anthracene 0.49    0.49 *** -0.3 *** 

benzo[g,h,i]perylene  3.50 4.01 -12.6  

 
 

b)                                  average ref. value. % delta notes 
fluoranthene 3.89 6.45 -39.7  

pyrene 2.67 5.29 -49.6  

benz[a]anthracene  2.12 2.21 -3.9  

chrysene+triphenylene 4.74   4.41 * 7.5 * 

benzo[b]fluoranthene 5.00     4.95 ** 0.9 ** 

benzo[j]fluoranthene 1.66 1.50 10.6  

benzo[k]fluoranthene 1.75 1.91 -8.2  

benzo[e]pyrene 2.88 3.09 -6.8  

benzo[a]pyrene 2.34 2.51 -6.8  

perylene 0.46 0.65 -28.7  

indeno[1,2,3-cd]pyrene 3.08 3.18 -3.2  

dibenz[a,h]anthracene 0.49    0.49 *** -0.3 *** 

benzo[g,h,i]perylene  3.50 4.01 -12.6  

c)                               average ref. value. % delta notes 
fluoranthene 8.86 6.45 37.4  

pyrene 17.25 5.29 226.0  

benz[a]anthracene 1.98 2.21 -10.4  

chrysene+triphenylene 4.15   4.41 * -5.9 * 

benzo[b]fluoranthene 5.01     4.95 ** 1.1 ** 

benzo[j]fluoranthene 1.44 1.50 -3.9  

benzo[k]fluoranthene 1.84 1.91 -3.6  

benzo[e]pyrene 2.77 3.09 -10.4  

benzo[a]pyrene 2.23 2.51 -11.1  

perylene 0.48 0.65 -26.1  

indeno[1,2,3-cd]pyrene 2.86 3.18 -10.0  
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dibenz[a,h]anthracene 0.44    0.49 *** -11.2 *** 

benzo[g,h,i]perylene 3.49 4.01 -13.0  

 
 
e. Conclusions 
According to the results of the test here presented, the PAH procedure applied seems suitable (∆max 
% = 13%) to determine PAHs ranging from BaA to BPE, except for perylene, in suspended dusts 
presumably present in some teens or hundreds of cubic metres of air. It must be remarked, 
however, that the values eventually determined for DBahA refer to the sum of this congener plus 
the DBacA isomer compound. By contrast, this procedure does not appear suitable for determining 
fluoranthene and pyrene with enough accuracy and precision. 
 
2.2.3. Suggestions for future work 
According to the outputs of this study, some tricks must be taken in account: 
a. With the procedure adopted, the PAH evaluation is restricted to “carcinogenic” compounds 

BaA, BbF, Bjf, BkF, BaP, IP and DBahA. It can include CH and BPE (mutagenic) and BeP 
(stable isomer of BaP). The choice of a larger list of internal standards (including PHE-d10, FA-
d10, COR-d12) is regarded as necessary if the monitoring of semi-volatile and high-molecular-
weight PAHs is required. 

b. The GC column phases usually adopted to analyze PAHs (polymethylphenyl siloxanes) are 
unable to separate completely BbF, BjF and BkF. Thus their concentrations are often provided 
as sums (BbF+BjF, BkF or BbF, BjF+BkF, or BbF+BjF+BkF). It is worth noting that the 
detector responses are a bit different for the three isomers, which introduces some uncertainty 
in their estimate. Whereas the three compounds require to be determined individually, only 
special dedicated GC phases must be used in instrumental analysis. 

c. The use of PTFE or quartz filters to collect particulate PAHs from air seems irrelevant, when 
24h or shorter periods are programmed for individual samplings. Nevertheless, the choice of 
material is influenced by the need of weighting filters to determine the PM concentration. 
Special care must be paid to cleanness, which cuts-off the use of glass fiber membranes in the 
case of quite small equivalent volumes of air sampled and/or of rural sites. 

 
 
2.3. Part B. Method development for the carcinogenic airborne PAH collection. Inter-

laboratory comparison in PAH measurements. 
 
2.3.1. Introduction 
The reliability of analytical procedures as well as the homogeneity and comparability have been 
investigated “on the field” through a preliminary 15-day campaign conducted at three 
living/working buildings: two schools and one office. The two schools were located in the urban 
area of Rome, the office one in the peri-urban site of Montelibretti (the Institute of Atmospheric 
Pollution, CNR-IIA), about 25 km from the centre of the city. 
The inter-comparison exercise has been performed during summer, from 28 July to 11 August.   
The sampling strategy was set up in order to provide information about: 
- Intra-laboratory precision assessment; 
- Inter-laboratory precision assessment. 
- Comparison of MV and LV sampling approach performances in determining PAHs in outdoor 

PM samples; 
- Performance of LV samplers in determining PAHs in indoor PM samples; 
- Homogeneity assessment for PAH databases drawn by the Partners with the methods processed. 
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The inter-comparison results were also regarded as suitable for providing information about the 
possibility to perform daily sampling of PM with low-volume devices addressed to PM2.5-
associated PAHs determination.  
It has been stressed that INAIL-DIL has monitored PAHs at one site, the school Istituto Immacolata  
in Rome, by using sampling devices and consumables, such as gas-chromatographic column and 
solvents, kindly provided by CNR-IIA: the instrumentation and consumables useful for 
experimental activity, in fact, are not yet available for INAIL-DIL, due to administrative INAIL 
procedures that make not yet usable the funds provided by European Community. 
 
2.3.2. Method applied 
The collection of particulate PAHs have been performed indoor in triplicate (or with 4 lines in one 
case) by means of low volume samplers (LV), and outdoor in duplicate by means of medium 
volume (MV) and low volume samplers. The study has been conducted on the PM2.5 fraction of 
particulates. Indoor samplings were carried out by using LV samplers operating at a flow rate of 6  
l/min (Asbesto, TCR TECORA, Corsico – Mi). Outdoor sampling were performed by MV sampler 
operating at a flow rate of 38 l/min (Skypost, TCR TECORA, Corsico – Mi), and by the same LV 
sampler model operating indoor (Asbesto, TCR TECORA, Corsico – Mi).  
Indoor sampling lines. PAHs have been collected at low-volume conditions (6 L min-1) on three 
(or four) indoor lines, by using 37 mm membranes. Two lines were equipped with Teflon filters 
that were previously baked 16 h at 60°C, conditioned in a dryer vessel, weighted and stored in a 
sealed bag, at low temperature and in the dark for the first line, while they were not conditioned in 
the case of the second line; the third line was realized by replacing Teflon membranes with quartz 
filters. In this case, filters will be baked 16 h at 350°C and stored in sealed bags, without weighting.  
Outdoor sampling lines. PAHs have been collected at low-volume conditions by using 37 mm 
Teflon membranes previously conditioned, as described above, and at medium volume by using 47 
mm not conditioned Teflon membranes.  
 
PAH collection locations 
The Istituto Don Bosco was a primary school, located in the south-east area of the city. The indoor 
PAH samplings were carried out by means of instruments sited at the end of a corridor, normally 
used by the children to enter the classroom, at the same floor of the outdoor site, 20 meters away.  
Outdoor samplers were placed at first building floor, on the roof above the main entrance; this 
position was the best choice from the point of view of avoiding possible obstructions in the 
proximity of the sampler (buildings, trees). The sampling was carried out during the summer school 
vacations and only the personnel of the school was allowed to enter the sampling site.  
The Montelibretti sampling site was inside the Research Area RM1 in Montelibretti; the indoor 
sampling was carried out inside a disused laboratory of the CNR-IIA building, at a distance of 
about 100 meters from the outdoor site. The outdoor samplings were carried out inside the EMEP 
monitoring station of CNR-IIA.  
The Istituto Immacolata  was a school (primary and secondary) located in the south side of Rome 
downtown. The indoor sampling lines were located inside a classroom, at the first floor of the 
building: this classroom faced a street characterized by high urban traffic. The outdoor sampling 
lines were located on a balcony at the same side and floor of the adjacent indoor sampling location. 
The PAH collection was carried out during the summer holidays and only the personnel of the 
school was allowed to enter the sampling site. 
Table 13 reports the sampling schedule with periods and locations of all PM samplers displayed in 
this study. As airborne particulates were collected, the procedure above described (see &2.2.1, 
&2.2.2) was used to determine the PAH concentration, as far as the seven carcinogenic congeners 
are concerned. Individual samplings were performed daily, starting at 11:00 h.  
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The chemical characterizations were performed on a “five days” basis, which means samples 
corresponding to five consecutive days were gathered and simultaneously extracted for each line 
set-up. So far, the results were organized into three data sets for each aspirating line and for each 
compound, namely: 1st period, 2nd period and 3rd period, which corresponded to July 27-August 1, 
August 2-August 7 and August 8-August 11, respectively.  
Samples collected through each site were case-by-case analyzed by CNR and INAIL laboratories, 
in order to assess the precision at both level of replicability (intra-laboratory comparison of 
performances) and reproducibility (inter-laboratory comparison). 
  
 

Table 13. Airborne PM sampling and PAH analysis schedule 

 

Site A: Istituto Don Bosco, Rome (PM collected by CNR)  

INDOOR OUTDOOR 

1st period 2nd period 3rd period 1st period 2nd period 3rd period 

sampling 
line 

analysis 
by 

sampling 
line 

analysis 
by 

sampling 
line 

analysis 
by 

analysis carried out                    
by CNR 

LV7 CNR LV7 CNR LV7 CNR LV5  LV5  LV5  

LV8 INAIL LV8 INAIL LV8 INAIL MV2  MV2  MV2  

    LV6 INAIL    

Site B: Istituto Inquinamento Atmosferico, Montelibretti (PM collected by CNR) 

INDOOR OUTDOOR 
1st period 2nd period 3rd period 1st period 2nd period 3rd period 

sampling 
line 

analysis 
by 

sampling 
line 

analysis 
by 

sampling 
line 

analysis 
by 

analysis carried out                 
by CNR 

LV3 CNR LV3 CNR LV3 CNR LV11 LV11 LV11 

LV13 CNR LV13 CNR LV13 INAIL MV1 MV1 MV1 

LV4 INAIL LV4 INAIL LV4 INAIL    

    LV2 INAIL    

Site C: Istituto Immacolata , Rome (PM collected by INAIL) 

INDOOR OUTDOOR 

1st period 2nd period 3rd  period 1st period 2nd period 3rd  period 

sampling 
line 

analysis 
by 

sampling 
line 

analysis 
by 

sampling 
line 

analysis 
by 

analysis carried out                    
by INAIL 

LV10 INAIL LV10 INAIL LV10 INAIL LV9 LV9 LV9 

LV11 CNR LV11 CNR LV11 CNR MV3 MV3 MV3 

LV12 INAIL LV12 INAIL LV12 INAIL    
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2.3.3. Results 
The data obtained in each site, expressed as ng/m3 on the basis of the above sampling schedule are 
reported in the following tables (see Tables 14- 16). 
 

Table 14.  Site Don Bosco; sampling performed by CNR. Analysis performed by both CNR and 
INAIL: the indication is reported as prefix of the sampling line. 

 

Indoors 
CNR 
LV7 

INAIL 
LV8  

CNR 
LV7 

INAIL 
LV8  

CNR 
LV7 

INAIL 
LV8  

INAIL 
LV6  

time 1st period 2nd period 3rd period 
BaA 0.037 0.027 0.046 0.014 0.030 0.021 0.025 

BbjkF 0.133 0.133 0.164 0.066 0.120 0.087 0.104 

BaP 0.045 0.049 0.061 0.027 0.030 0.034 0.035 

IP 0.057 0.070 0.072 0.031 0.030 0.029 0.028 

DBahA 0.008 0.012 0.010 0.006 0.002 n.e.* n.e.* 

BPE 0.059 0.057 0.089 0.025 0.050 0.041 0.038 

 

Outdoors 
CNR MV2 CNR LV5 CNR MV2 CNR LV5 CNR MV2 CNR LV5 

time 1st period 2nd period 3rd period 
BaA 0.044 0.044 0.047 0.037 0.021 0.008 

BbjkF 0.223 0.138 0.333 0.123 0.082 0.032 

BaP 0.068 0.050 0.103 0.039 0.032 0.005 

IP 0.044 0.056 0.133 0.056 0.044 0.010 

DBahA 0.004 0.008 0.024 0.000 0.004 0.000 

BPE 0.061 0.059 0.148 0.066 0.061 0.017 

 
Table 15.  Site Montelibretti; sampling performed by CNR. Analysis performed by both CNR and 
INAIL: the indication is reported as prefix of the sampling line. 
 

Indoors CNR 
LV3 

CNR 
LV13 

INAIL 
LV4 

CNR 
LV3 

CNR 
LV13 

INAIL 
LV4 

CNR 
LV3 

CNR 
LV13 

INAIL 
LV4 

INAIL 
LV8 

time 1st period 2nd period 3rd period 
BaA 0.013 0.013 0.008 0.034 0.032 0.024 0.039 0.023 0.014 0.012 

BbjkF 0.054 0.053 0.041 0.123 0.136 0.082 0.129 0.119 0.082 0.075 

BaP 0.014 0.012 0.018 0.031 0.033 0.050 0.025 0.041 0.060 0.053 

IP 0.027 0.025 0.019 0.056 0.056 0.035 0.043 0.042 0.043 0.042 

DBahA 0.002 0.002 n.e.* 0.009 0.006 n.e.* 0.008 0.003 n.e.* 0.026 

BPE 0.027 0.022 0.028 0.052 0.056 0.053 0.042 0.044 n.e.* 0.074 

 
Indoors CNR MV1 CNR LV1 CNR MV2 CNR LV5 CNR MV2 CNR LV5 

time 1st period 2nd period 3rd period 
BaA 0.013 0.017 0.023 0.023 0.019 0.021 

BbjkF 0.087 0.064 0.142 0.105 0.118 0.112 

BaP 0.022 0.020 0.043 0.033 0.036 0.026 

IP 0.020 0.028 0.075 0.040 0.032 0.056 

DBahA 0.003 0.010 0.012 0.007 0.004 0.008 

BPE 0.025 0.025 0.069 0.040 0.028 0.059 



 
 

31 
 

 
 
Table 16.  Site Immacolata; sampling performed by INAIL. Analysis performed by both CNR and 
INAIL: the indication is reported as prefix of the sampling line. 
 

Indoors INAIL 
LV10 

INAIL 
LV12 

CNR 
LV11 

INAIL 
LV10 

INAIL 
LV12 

CNR 
LV11 

INAIL 
LV10 

INAIL 
LV12 

CNR 
LV11 

time 1st period 2nd period 3rd period 

BaA 0.071 0.078 0.081 0.055 0.059 0.074 0.044 0.038 0.063 

BbjkF 0.161 0.177 0.215 0.146 0.160 0.212 0.131 0.091 0.150 

BaP 0.085 0.052 0.064 0.075 0.066 0.097 0.050 0.029 0.039 

IP 0.092 0.081 0.087 0.061 0.045 0.059 0.061 0.029 0.051 

DBahA 0.012 0.013 0.011 0.012 0.007 0.007 0.036 0.027 0.004 

BPE 0.163 0.155 0.147 0.107 0.081 0.106 0.109 0.064 0.089 

 

Outdoors INAIL 
MV3 

INAIL 
LV9 

INAIL 
MV3 

INAIL 
LV9 

INAIL 
MV3 

INAIL 
LV9 

time 1st period 2nd period 3rd period 
BaA 0.117 0.098 0.099 0.091 0.078 0.060 

BbjkF 0.165 0.173 0.153 0.176 0.106 0.116 

BaP 0.085 0.090 0.084 0.085 0.060 0.049 

IP 0.064 0.071 0.071 0.077 0.056 0.049 

DBahA 0.010 0.010 0.010 0.011 0.007 0.006 

BPE 0.108 0.134 0.119 0.131 0.088 0.094 

 
2.3.4. Intra-laboratory precision assessment 
For each site the figures below show the results concerning the reproducibility of the study (that 
means the same site, sampled from the same laboratory by using the same low volume sampling 
devices and analyzed from the same laboratory). 
 
Site A: Istituto Don Bosco. Rome. PM sampled by CNR 
For the Don Bosco site two parallel lines in the 3rd period were available for evaluating the intra-lab 
reproducibility of the method with regards to the analyses performed by INAIL (DBA resulted not 
evaluated) through LV8 and LV6 sampling.  
 

 
Figure 4. Intra-lab reproducibility of indoor PAH measurements by INAIL at Don Bosco Institute 

 

?? 
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During the first two periods one indoor line was dedicated to the chemical composition 
determination, thus it was not available for the parallel evaluation of the CNR analysis 
performances (see Figure 4). 
 
Site B: Istituto Inquinamento Atmosferico. Montelibretti. PM sampled by CNR 
For the Montelibretti site. two parallel lines over all the period were available for evaluating the 
intra-laboratory reproducibility of the method regarding to the analysis performed by CNR. (see 
Figure 5). For this purpose, the LV3 and LV13 sampling systems were used. 
 
 

Figure 5. Intra-lab reproducibility of indoor PAH measurements by CNR at Montelibretti;  
a) 1st period; b) 2nd period; c) 3rd period of measurement. 

 

 

 

 

 
 
 
 
 
Site C: Istituto Immacolata . Rome. Sampled by INAIL 
For the Istituto Immacolata site two parallel lines over all the period are available for evaluating the 
reproducibility of the method associated to the analysis performed by INAIL (see Figure 6). 
In this case, the sampling lines no. LV10 and LV12 were used. 
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Figure 6. Intra-lab reproducibility of indoor PAH measurements by INAIL at Istituto Immacolata ;  

a) 1st period; b) 2nd period; c) 3rd period of measurement. 
 

 

 

 
 
For the site C, the difference between parallel samples is included in the uncertainty interval 
associated to each result, at 95% of confidence level, for each compound during the first two 
periods, while in the third period a lack of precision has occurred. 
In order to describe this phenomenon, we qualitatively analyzed the behavior of both the sampling 
and the analysis performances by fitting the parallel samples results with a linear regression (see 
Figure 7A/C). So far, we can observe that these results well fit during the first two periods 
(regression coefficient R2 about 0.9 and slope about 1) whilst the third fit results in a regression 
coefficient about 0.9 and in a slope of 0.6 instead of 1 (7C). It presumably indicates that one of the 
sampling devices involved in the parallel test was not running well, i.e., the sampled volume does 
not correspond to instrument counting. Thus, we suspect a change (decrease) in the flow rate in this 
period due to a defective property of the pump.  
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Figure 7. Regression fit of PAH measurements made through collection with parallel pumps at 
Immacolata Institute. 

 

 
 

 
 

 
 
In general, during the inter-comparison campaign very good results have been obtained, as far as 
the precision at level of reproducibility is concerned, for both CNR and INAIL performances. 
 
 
2.3.5. Inter-laboratory precision assessment 
For each sites the figures below show the results concerning the reproducibility of the study (that 
means the same site. sampled from the same laboratory by using the same low volume sampling 
devices and analyzed from different laboratory). 
 
 
 
 

A 

B 

C 
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Site A: Istituto Don Bosco. Rome. PM sampled by CNR 
For the Don Bosco site two parallel lines over the all period are available for the reproducibility 
method evaluation on the analysis performed by both CNR and INAIL. During the third period 
three lines are available for the comparison. Two of which are analyzed by INAIL (Figure 8). 
 

Figure 8. Inter-lab reproducibility of indoor PAH measurements at Don Bosco Institute 
 

 

 

 

 
 
 
As we can see, the parallel data set belonging to the second and the third period do not look in 
agreement, whilst they well overlap during the first one. As above, we analyzed this parallel data 
set by means of a linear regression fit (Figure 9 A to C).  
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Figure 9. Regression fit of PAH measurements made through collection with parallel pumps at Don 
Bosco Institute. 
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Also in this case, the loss in the precision of reproducibility can be ascribed to a defective property 
of one of the sampling devices used in the test (the slope of the regression line collapses to 0.39 in 
the second period and to 0.66 in the third one): the hypothesis of really sampled volumes not 
corresponding to values recorded by instrument counters is still active for this comparison. The 
fourth sampling line, LV6, analyzed by INAIL is also useful to verify the measurements 
reproducibility: the results coming from comparison of LV6 (INAIL) with LV7 (CNR) seem to be 
overlapping compatibly with the regression slope of 0.82. 
 
Site B: Istituto Inquinamento Atmosferico. Montelibretti. PM sampled by CNR 
For the Montelibretti Site two parallel lines over all the period are available for the reproducibility 
method evaluation on the analysis performed by both CNR and INAIL. On the third period two 
lines were analyzed by INAIL and two by CNR. 

 
Figure 10. Inter-lab reproducibility of indoor PAH measurements by INAIL at Montelibretti 

 

 

 

 
 

This comparison between CNR and INAIL performances does not appear fine with regard to the 
requirement of measurement’s reproducibility: besides, this finding cannot be ascribed to any 
systematic error, such as insufficient accuracy of sampling volume determination, due to the 
random distribution of INAIL data compared to those released by CNR.  



 
 

38 
 

 
Site C: Istituto Immacolata. Rome. PM sampled by INAIL 
For the Istituto Immacolata site two parallel lines over all the period were available to evaluate the 
method reproducibility on the analysis made by both CNR and INAIL. 
 

 
Figure 11. Inter-lab reproducibility of indoor PAH measurements by INAIL at Immacolata Institute 
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In the case of Immacolata site, the reproducibility evaluation has to be done not taking into account 
the INAIL LV12 results, because of the low level of precision in counting the sampled volume of 
this line, as observed during the intra-laboratory precision test. 
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2.3.6. Comparison of MV and LV performances in determining PAHs in outdoor samples. 
Two lines for each sampling site were available to compare the performances of medium volume 
and low volume sampling approaches with regards to PAH determination (outdoor air) 
 
Site A: Istituto Don Bosco. Rome. Sampled and analyzed by CNR 
No data are available for outdoor low volume sampling because the LV5 pump failed after the first 
sampling. 
 
 
 
Site B: CNR-IIA estate. Montelibretti. PM sampled and analyzed by CNR  
 

Figure 12.  Comparison between MV and LV sampling of particulate PAHs at Montelibretti 
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Site C: Istituto Immacolata . Rome. PM sampled and analyzed by INAIL 
 
Figure 13.  Comparison between MV and LV sampling of particulate PAHs at Istituto Immacolata  

 

 

 

 

 

2.3.7. Discussion 
Performance of LV samplers in determining PAHs in indoor PM samples 
The results of the intra-laboratory reproducibility tests show different performances for different 
sampling devices. In general, during the inter-comparison campaign good results have been 
obtained, as far as the reproducibility is concerned for both CNR and INAIL performances. As an 
example, it is possible to consider the first sampling period in the Montelibretti site, experiments 
carried out by CNR, and the second sampling period in Istituto Immacolata site, conducted by 
INAIL. Each pair of results for all target compounds well overlap. 
It means that both laboratories applied analytical methods suitable for PAH determination with a 
good level of reproducibility by means of low volume samplers.  
The tests performed to evaluate the reproducibility of the measurements methods, by means of 
inter-laboratory analysis, show a good precision too. It is worth to remark, nonetheless, that in a 
few cases BaP results are affected by a level of precision level lower than the other PAHs. This 
finding is due to a presence of a chemical compound interfering with the analyte in the instrumental 
analysis step. In fact, a co-eluted unidentified compound inducing positive response of the mass 
spectrometer can be released by the silicone septum located at the top of the GC injector port. 
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The determination of BbjkF carried out by INAIL results affected by an error influencing the 
reproducibility of the method, as far as the inter-laboratories tests are concerned. 
 
 
2.4. MV and LV performances in determining PAHs in outdoor PM samples. 
The tests conducted by CNR and INAIL confirm the ability of both partners to conduct co-
ordinated investigations about the PAH occurrence both in outdoor environments, by operating 
collection at low-volume conditions and carrying out instrumental analysis through GC-MSD. The 
results obtained indicate that these compounds can be determined with precision and accuracy 
usually better than 90% also at unfavorable conditions (i.e., in summer, when PAH concentrations 
touch their minimums of the year), whereas the investigation is restricted to “carcinogenic” 
congeners of the group. If the determination of semi-volatile PAHs is required, the procedure must 
be modified by introducing a suitable set of internal reference compounds for analysis.     
Nevertheless, a special care must be paid to the quality of performances of the PM sampling 
devices: the precise volume sampled is mandatory for calculations, while the constancy and 
accuracy of the aspiration flow is important with regard to the true particle size cut-off of the inlet. 
 
 
2.5. Homogeneity assessment for PAH databases obtained by the Partners with the 

methods processed. 
According to the tests performed in indoors and outdoors, both partners are able to determine PAHs 
associated to PM2.5 by operating low-volume sampling of airborne suspended particulates. They 
can also conduct co-operative studies, thanks to the homogeneity of results obtained by the 
respective laboratories during laboratory analyses and field experiments.   
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&3. Determination of carcinogenic PAHs in the atmosphere of the Rome metropolitan area 
(Preliminary Study, July – August 2011) (Actions 3.2.2) 

 

A. Cecinato, C. Balducci, P. Romagnoli, M. Perilli. 
CNR-IIA, Via Salaria km 29.3, I-00015 Monterotondo Stazione RM, Italy (cecinato@iia.cnr.it) 
 
 
3.1. Introduction 
As ancillary information to environmental and epidemiological investigations, the contents of 
carcinogenic PAHs in the atmosphere of Rome have been determined during the two months of 
measurements dedicated to the preliminary campaign. 
In our mind, the data bases collected allow to picture the variability of benzo(a)pyrene and PAHs  
across the metropolitan region of Rome, and in particular the differences among the PAH levels at 
the regional network stations and those characterizing the true living places of population exposed 
to toxicants. 
The outcomes of this study will be useful also for Action 3.3 (in-field PAH monitoring). 
 
 
3.2. Experimental 

3.2.1. Collection of atmospheric PAHs 
Since our concern was focused on the carcinogenic congeners of the PAH group, the investigation 
was restricted to suspended particulates. In particular, it is well known that PAHs accumulate on 
the fine and ultra-fine particles, so that the burdens of the PM10, PM2.5 and PM2.1 size fractions are 
indistinguishable in the practice. As a preliminary approach to Action 3.3.2, the airborne 
particulates were collected by ARPA Lazio at a set of stations sited in downtown Rome or in its 
neighbourhood (Action 3.3.4), and variously classified according to European nomenclature, on the 
basis of the principal expected pollution sources. In addition, sampling was carried out at the CNR 
monitoring station in Montelibretti. 
The localities investigated and the corresponding sampling periods are listed below:  

a) Via Belloni (BEL), downtown, residential area: Aug 3-21; 
b) Via Cipro (CYP), downtown, residential area: Jul 27- Aug 1; Aug 24-31; 
c) Corso Francia (FRA), vehicular traffic site: Jul 27 – Aug 30; 
d) Villa Ada (VAD) city garden, downtown, urban background: Jul 26 – Aug 15; 
e) Malagrotta (MAG), suburban, small industry/landfill area: Aug 2-17; Aug 26-31; 
f) Tenuta del Cavaliere (TCA), suburban, mixed: July 22 – Aug 8; Aug 16-27; 
g) Castel di Guido (CGU) , extra-urban, rural background: Jul 27 – Aug 17; 
h) Montelibretti (MLI), suburban, mixed: Jul 27 – Aug 11. 
 
(“Mixed” means a site formally suburban or rural, but exposed to important emissions from 
stationary and/or mobile sources) 

 
 
3.2.2. Determination of PAHs in atmospheric dust: analytical procedure 
To determine carcinogenic PAHs, the procedure optimized by CNR-IIA and usually adopted in 
routine monitoring was used. This was similar to that optimized for indoor/outdoor experiments in 
the frame of the preliminary investigation concerning the result homogeneity for PAH 
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measurements, with the sole difference that the aerosol sampling was operated at medium-volume 
conditions (38 L/min) instead of at low-volume (6 L/min).  
 
Since most carcinogenic PAH congeners are “low-“ or “non-volatile” and accumulate in the fine 
and ultrafine fractions of aerosols and emissions, the study conducted in the frame of the EXPAH 
project was restricted on PM2.5 aerosol. This soot fraction was enriched from air by aspiration at 
low-flow or medium-flow conditions, namely ~6 and 38 L/min, respectively, in indoor or 
indoor/outdoor experiments.  
 
Each sampling conducted by the Regional ARPA Lazio Network (REN) lasted 24 h, starting at 
00:00 h; particulates were collected on ultra-pure quartz or glass filters. For our purposes, the daily 
samples were grouped before chemical analysis, in agreement with the pools chosen for the inter-
comparison exercises (namely, indoor vs. outdoor PAHs; low volume vs. medium volume 
sampling; low volume vs. low volume sampling).  
 
The time pools selected were as listed below: 

Period start day end day 

  t-1       Jul 22    Jul 26 
  t-2   Jul 27   Aug 1 
  t-3   Aug 2   Aug 7 
  t-4   Aug 8   Aug 11 
  t-5   Aug 12   Aug 17 
  t-6   Aug 18   Aug 23 
  t-7   Aug 24   Aug 30 
 

This choice allowed to keep the special EXPAH sites (Immacolata  Institute, Don Bosco Institute 
and Montelibretti) as a portion of the REN, and compare the PAH concentrations observed at all 
locations.  
 
The pools were processed even if lacking of one daily sample, and compared with parallel sets.  
Only for Villa Ada, the daily particulates collected from July 26th to August 11th were analyzed 
separately and, for homogeneity to the other sites, the numerical data were averaged according to 
corresponding periods. 
 
 
3.3. Results 

Tables 1-6 provide the concentrations of individual and cumulative PAHs recorded at all REN sites 
investigated.  
In addition, Tables 7-9 show the concurrent concentrations of carcinogenic PAHs found at 
Montelibretti (MLI), Don Bosco (DBO) Institute and Immacolata  Istitute (ICO), respectively. 
Tables 10-11 shows the concentrations of PAHs (pooled and day-by-day) recorded at the Villa Ada 
station. The symbols adopted for PAH congeners in all Tables are the following: 
 

BaA: benz(a)anthracene; CH: chrysene + triphenylene; BbjF: benzo(b)fluoranthene + 
benzo(j)fluoranthene; BkF: benzo(k)fluoranthene; BeP: benzo(e)pyrene; BaP: 
benzo(a)pyrene; IP: indeno(1,2,3-cd)pyrene; DBA: dibenz(a,h)anthracene; BPE: 
benzo(ghi)perylene. 
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Table 1. PAHs recorded at via Belloni, downtown Rome. Summer 2011. Data in ng/m3 units. 
 

PAH Jul 22 – 
Jul 26 

Jul 27 - 
Aug 1 

Aug 2 – 
Aug 7 

Aug 8 – 
Aug 11 

Aug 12 – 
Aug 17 

Aug 18 – 
Aug 23 

Aug 24 – 
Aug 31 

BaA   0.038 0.034 0.064   

CH   0.106 0.098 0.166   

BbjF   0.123 0.119 0.261   

BkF   0.034 0.038 0.072   

BeP   0.063 0.057 0.118   

BaP   0.050 0.045 0.074   

IP   0.038 0.060 0.108   

DBA   0.006 0.003 0.022   

BPE   0.049 0.071 0.105   

total   0.513 0.529 1.000   
 
 

Table 2. PAHs recorded at via Cipro, downtown Rome. Summer 2011. Data in ng/m3 units. 
 

PAH Jul 22 – 
Jul 26 

Jul 27 - 
Aug 1 

Aug 2 – 
Aug 7 

Aug 8 – 
Aug 11 

Aug 12 – 
Aug 17 

Aug 18 – 
Aug 23 

Aug 24 – 
Aug 31 

BaA  0.036     0.091 

CH  0.237     0.237 

BbjF  0.073     0.232 

BkF  0.021     0.088 

BeP  0.059     0.122 

BaP  0.021     0.074 

IP  0.017     0.098 

DBA  0.002     0.016 

BPE  0.043     0.134 

total  0.512     1.102 
 
 

Table 3. PAHs recorded at corso Francia, downtown Rome. Summer 2011. Data in ng/m3 units. 
 

PAH Jul 22 – 
Jul 26 

Jul 27 - 
Aug 1 

Aug 2 – 
Aug 7 

Aug 8 – 
Aug 11 

Aug 12 – 
Aug 17 

Aug 18 – 
Aug 23 

Aug 24 – 
Aug 31 

BaA  0.134 0.108 0.051 0.107 0.120 0.118 

CH  0.249 0.194 0.122 0.227 0.253 0.223 

BbjF  0.233 0.105 0.069 0.179 0.214 0.220 

BkF  0.067 0.035 0.021 0.062 0.060 0.050 

BeP  0.186 0.081 0.048 0.129 0.167 0.143 

BaP  0.087 0.036 0.014 0.061 0.067 0.099 

IP  0.054 0.024 0.032 0.039 0.029 0.064 

DBA  0.007 0.003 0.004 0.007 0.004 0.008 

BPE  0.135 0.058 0.028 0.088 0.078 0.125 

total  1.166 0.650 0.392 0.909 1.004 1.061 
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Table 4. PAHs recorded at Malagrotta (Rome). Summer 2011. Data in ng/m3 units. 
 

PAH Jul 22 – 
Jul 26 

Jul 27 - 
Aug 1 

Aug 2 – 
Aug 7 

Aug 8 – 
Aug 11 

Aug 12 – 
Aug 17 

Aug 18 – 
Aug 23 

Aug 24 – 
Aug 31 

BaA   0.075 0.019 0.019  0.034 

CH   0.163 0.070 0.094  0.109 

BbjF   0.274 0.052 0.115  0.137 

BkF   0.090 0.019 0.035  0.045 

BeP   0.126 0.029 0.063  0.074 

BaP   0.072 0.025 0.025  0.047 

IP   0.148 0.023 0.041  0.076 

DBA   0.023 0.002 0.008  0.013 

BPE   0.138 0.027 0.049  0.080 

total   1.119 0.266 0.451  0.620 
 
 

Table 5. PAHs recorded at Tenuta del Cavaliere (Rome). Summer 2011. Data in ng/m3 units. 
 

PAH Jul 22 – 
Jul 26 

Jul 27 - 
Aug 1 

Aug 2 – 
Aug 7 

Aug 8 – 
Aug 11 

Aug 12 – 
Aug 17 

Aug 18 – 
Aug 23 

Aug 24 – 
Aug 31 

BaA 0.039 0.048 0.050   0.047 0.040 

CH 0.092 0.118 0.123   0.126 0.110 

BbjF 0.110 0.142 0.144   0.182 0.112 

BkF 0.038 0.047 0.042   0.051 0.046 

BeP 0.052 0.062 0.067   0.079 0.056 

BaP 0.050 0.057 0.052   0.065 0.039 

IP 0.081 0.085 0.079   0.090 0.066 

DBA 0.015 0.018 0.021   0.016 0.014 

BPE 0.080 0.091 0.074   0.085 0.068 

total 0.562 0.675 0.659   0.749 0.556 
 
 

Table 6. PAHs recorded at Castel di Guido (Rome). Summer 2011. Data in ng/m3 units. 
 

PAH Jul 22 – 
Jul 26 

Jul 27 - 
Aug 1 

Aug 2 – 
Aug 7 

Aug 8 – 
Aug 11 

Aug 12 – 
Aug 17 

Aug 18 – 
Aug 23 

Aug 24 – 
Aug 31 

BaA  0.010 0.006 0.004 0.009   

CH  0.041 0.024 0.020 0.038   

BbjF  0.059 0.029 0.022 0.042   

BkF  0.017 0.010 0.008 0.013   

BeP  0.029 0.014 0.012 0.024   

BaP  0.016 0.012 0.008 0.022   

IP  0.022 0.008 0.008 0.022   

DBA  0.001 0.001  0.003   

BPE  0.027 0.012 0.011 0.025   

total  0.224 0.115 0.094 0.199   
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Table 7. PAHs recorded at Montelibretti (Rome). Summer 2011. Data in ng/m3 units. 
 

PAH Jul 22 – 
Jul 26 

Jul 27 - 
Aug 1 

Aug 2 – 
Aug 7 

Aug 8 – 
Aug 11 

Aug 12 – 
Aug 17 

Aug 18 – 
Aug 23 

Aug 24 – 
Aug 31 

BaA  0.013 0.023 0.019    

CH  0.039 0.049 0.054    

BbjF  0.066 0.113 0.088    

BkF  0.021 0.029 0.030    

BeP  0.032 0.051 0.042    

BaP  0.022 0.043 0.036    

IP  0.020 0.075 0.032    

DBA  0.003 0.012 0.004    

BPE  0.025 0.069 0.028    

total  0.243 0.469 0.337    
 
 

Table 8. PAHs recorded at Don Bosco Institute, Rome. Summer 2011. Data in ng/m3 units. 
 

PAH Jul 22 – 
Jul 26 

Jul 27 - 
Aug 1 

Aug 2 – 
Aug 7 

Aug 8 – 
Aug 11 

Aug 12 – 
Aug 17 

Aug 18 – 
Aug 23 

Aug 24 – 
Aug 31 

BaA  0.044 0.047 0.021    

CH  0.102 0.123 0.063    

BbjF  0.172 0.255 0.062    

BkF  0.051 0.078 0.020    

BeP  0.085 0.133 0.035    

BaP  0.068 0.103 0.032    

IP  0.044 0.133 0.044    

DBA  0.004 0.024 0.004    

BPE  0.061 0.148 0.061    

total  0.630 1.04 0.34    
 
 

Table 9. PAHs recorded at Immacolata  Institute, Rome. Summer 2011. Data in ng/m3 units. 
 

PAH Jul 22 – 
Jul 26 

Jul 27 - 
Aug 1 

Aug 2 – 
Aug 7 

Aug 8 – 
Aug 11 

Aug 12 – 
Aug 17 

Aug 18 – 
Aug 23 

Aug 24 – 
Aug 31 

BaA  0.098 0.091 0.060    

BbjkF  0.173 0.176 0.116    

BaP  0.090 0.085 0.049    

IP  0.071 0.077 0.049    

DBA  0.010 0.011 0.006    

BPE  0.134 0.131 0.094    

total  0.575 0.572 0.375    
 

Notes: Chrysene, Benzo(e)pyrene and perylene not evaluated;  
           Bbjk = benzo(b)fluoranthene + benzo(j)fluoranthene + benzo(k)fluoranthene. 
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Table 10. PAHs recorded at the Villa Ada garden, Rome. Summer 2011. Data in ng/m3 units. 

 

PAH Jul 22 – 
Jul 26 

Jul 27 - 
Aug 1 

Aug 2 – 
Aug 7 

Aug 8 – 
Aug 11 

Aug 12 – 
Aug 17 

Aug 18 – 
Aug 23 

Aug 24 – 
Aug 31 

BaA  0.036 0.025 0.011 0.040   

CH  0.088 0.072 0.034 0.108   

BbjF  0.112 0.072 0.035 0.143   

BkF  0.030 0.021 0.010 0.041   

BeP  0.062 0.039 0.020 0.066   

BaP  0.040 0.026 0.013 0.063   

IP  0.065 0.031 0.016 0.062   

DBA  0.010 0.002 0.001 0.010   

BPE  0.092 0.040 0.022 0.066   

total  0.540 0.329 0.162 0.602   
 
 

Table 11. Daily PAHs at the Villa Ada garden, Rome. Summer 2011. Data in ng/m3 units. 
 

PAH Jul 26 Jul 27 Jul 28 Jul 29 Jul 30 Jul 31 Aug 1 Aug 2 

BaA 0.064 0.070 0.026 0.029 0.030 0.032 0.028 0.022 

CH 0.130 0.144 0.069 0.085 0.073 0.078 0.077 0.066 

BbjF 0.150 0.265 0.067 0.107 0.073 0.082 0.080 0.054 

BkF 0.043 0.059 0.021 0.031 0.021 0.024 0.023 0.016 

BeP 0.093 0.160 0.035 0.054 0.036 0.041 0.049 0.032 

BaP 0.082 0.103 0.019 0.029 0.024 0.034 0.031 0.026 

IP 0.086 0.209 0.023 0.056 0.032 0.036 0.033 0.020 

DBA 0.017 0.038 0.004 0.011 0.003 0.003 0.003 0.001 

BPE 0.133 0.319 0.038 0.062 0.039 0.041 0.056 0.032 

total 0.808 1.388 0.303 0.466 0.332 0.371 0.381 0.269 
 

PAH Aug 4 Aug 5 Aug 6 Aug 7 Aug 8 Aug 9 Aug 10 

BaA 0.023 0.028 0.030 0.016 0.014 0.006 0.013 

CH 0.065 0.087 0.084 0.052 0.041 0.024 0.037 

BbjF 0.063 0.084 0.100 0.057 0.039 0.026 0.037 

BkF 0.020 0.021 0.031 0.016 0.011 0.007 0.011 

BeP 0.032 0.045 0.061 0.028 0.020 0.015 0.024 

BaP 0.025 0.027 0.037 0.023 0.014 0.009 0.015 

IP 0.022 0.027 0.063 0.026 0.016 0.012 0.019 

DBA 0.001 0.002 0.007 0.002 0.000 0.000 0.004 

BPE 0.031 0.045 0.067 0.027 0.023 0.015 0.022 

total 0.282 0.366 0.484 0.247 0.178 0.111 0.182 
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The comparison of parallel burdens of toxicants at the localities investigated is provided by Figures 
1-2, reporting the concentrations of BaP and total PAHs from July 27 to August 11, respectively. 
 

Figure 1. BaP concentrations across Rome and its neighbourhood. Summer 2011. 
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Symbols: BEL: via Belloni; FRA: corso Francia; MAG: Malagrotta; VAD: Villa Ada garden; TCA: 
via della Tenuta del Cavaliere; CGU: Castel di Guido; MLI: Montelibretti  
 
 

Figure 2. PAH concentrations at the stations of the metropolitan Rome network. Summer 2011. 
 

 
 
 
3.4. Discussion 
First of all, the PAH burdens were in all cases much lower than the limits established by European 
and Italian legislation (namely, 1.0 ng/m3 as annual average). This was in agreement with the year 
time of the field experiment (usually PAHs are much lower in the warm season).  
Besides that, the concentrations varied site to site and day to day; thus, the numbers collected at the 
REN appeared as “indicative” of the true micro-environments experienced by humans.  
In  particular, looking to the average BaP and total PAHs concentrations during the period shared 
with the core of inter-comparison exercises (July 27 to August 11), we obtained the data reported in 
Table 12.  
According to the results, the BaP outdoor concentration at DBO and ICO was a bit higher than in 
the other urban sites (also compared to the rush traffic station of FRA), whilst total PAHs were 
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more similar. MLI shows BaP values higher than CYP, VAD and CGU. At DBO and ICO both 
BaP and PAHs were higher outdoors, whilst indoor and outdoor PAHs were similar at MLI. 
 
 
Table 12. Average BaP and total PAH concentrations at the sites investigated, during the inter-
comparison study period. Data in ng/m3. 
 

site BaP PAHs 

BEL 0.047 0.521 

CYP 0.021 0.512 

FRA 0.046 0.736 

MAG 0.048 0.692 

VAD 0.026 0.344 

TCA 0.055 0.667 

CGU 0.012 0.145 

MLI 0.034 0.350 

MLI, in 0.026 0.354 

DBO 0.068 0.672 

DBO, in 0.045 0.497 

ICO 0.075 0.507 

ICO, in 0.049 0.417 
 
(Symbols: as in Figure 1. DBO: Don Bosco Institute; ICO: Immacolata  Institute; MLI in, DBO in 
and ICO in: indoor concentrations. 
 
 
3.5. Suggestions for future work 
The set of stations where PAHs are concurrently measured is increased. By consequence, by 
modulating the true burden of toxicants across the domain of study, probably the exposition of 
population to PAHs and the corresponding health impact can be better estimated. Although the 
indoor/outdoor concentration ratios change with site and are expected to change also with year time 
and with congeners (i.e., they differ for the sole BaP and total PAHs), nevertheless the knowledge 
of PAH burdens and profiles in more than three sites (the minimum required by the project) appears 
as a suitable improvement of the project. Thus, it is suggested of repeating this “wide scale” 
investigation to the “regular” campaigns, or at least to portions of the corresponding periods. 
The knowledge of the “environmental contour” (namely, of concentrations reached by other 
regulated pollutants like PM, O3 and NO2) is also important to cut off the corresponding impacts on 
health. Thus, all ambient air data must be collected, whenever available, to discriminate the neat 
impact of PAHs. 
Special care must be spent to aerosol sampling: the fine control of aspiration and collection 
parameters prevents for differences in the PM size cut-off and for uncertainty in the air volume 
really sampled. Well trained people must conduct each step of the procedure.   
Solvents must be of high-purity grade. 
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& 4.   Volatile hydrocarbons in the indoor and outdoor air (Preliminary in-field campaign) 
 

A. Cecinato, C. Balducci, P. Romagnoli, M. Perilli. 
 
CNR-IIA, Via Salaria km 29.3, I-00015 Monterotondo Stazione RM, Italy (cecinato@iia.cnr.it) 
 
 
4.1. Introduction 
Volatile hydrocarbons and fine aerosols are recognized as toxicants and regulations exist both at 
national and European levels, compelling the Local Authorities to control their contents in the 
atmosphere. Therefore, a number of instruments and devices have been set-up to monitor 
unattended these pollutants in continuous, semi-continuous modalities. Many others procedures and 
techniques are applied to carry out spotty or discontinuous measurements (e.g., in the frame of 
dedicated in-field experiments or during time scheduled campaigns).As for volatile hydrocarbons 
(VOCs), the concern is mainly focused on the aromatic fraction, since benzene is carcinogenic. 
This is the reason why its use is strongly restricted and, in particular, its adoption as main 
component in mineral fuels has been banned. Analogously, other mono-aromatic compounds have 
been replaced with more suitable octane number modulators in the gasoline, since many of them 
are ozone and photochemical smog precursors. 
Two different philosophies are adopted to measure VOCs, the former limited to the BTEX series 
(namely, to benzene, toluene, ethylbenzene and xylenes), and the latter including many more 
volatile hydrocarbons (e.g., butadiene, n-pentane, n-hexane, isoprene) and/or heavier aromatics 
(C3-C4 benzenes, styrene, up to naphthalene). While for an extensive characterization of airborne 
VOCs complex procedures and/or instrumental apparatuses are required, when the investigation is 
limited to BTEX the analytical approach is easier. For this purpose, it is possible to follow two 
ways, based on the active or passive (diffusive) sampling of the compounds of concern. 
The active sampling consists in the collection of the target substances by means of a pumping 
system and a filtering medium: a gas line is set up, where an aspirating pump equipped with a flow 
controller and/or volume counter is coupled to cartridge(s) containing filled with adsorbing 
material. A train of cartridges can eventually collect different categories of substances. After 
sampling, the cartridges are thermally desorbed or solvent extracted and processed by gas 
chromatography. The analyte detection (for identification and quantification) is carried out by FID 
(flame ionization), MS (mass spectrometry), PID (photo ionization), or EC (electron capture: only 
for halogenated compounds).   
The passive (or diffusive) sampling exploits the ability of gases to diffuse in the atmosphere. When 
the gaseous molecules encounter an adsorbing surface, they can be retained according to the phase 
partition equilibrium. Stronger is the interaction with the adsorbent, higher is the percentage of gas 
retained. Thus, the active surface of and adsorbing material can enrich from air the substances of 
concern. Passing over the formulas determining the efficiency of this kind of gas collector, it is 
worth to mention that none of them requires electric power or special facilities and work 
unattended, since they need only to be exposed to open air without any close barrier to gas 
movement. Besides that, they are cheap, simple to use and often renewable. Two principal types of 
diffusive devices have been optimized for BTEX, the former (Radiello-type) designed for “short” 
sampling (hours to a few days), the latter (Analyst-type) for periods ranging from one week to 
some months. Both of them have been tested through several samplings concurrent with active 
(cartridge) collection, and adopted for a number of investigations over the world.  
The measurement of BTEX is crucial to assess the air quality, overall when combined to that of 
fine particulate (PM2.5) and its content in benzo(a)pyrene (BaP), which is a highly carcinogenic 
substance. Thus, the preliminary campaign conducted in the frame of the EXPAH Project included 
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the BTEX and PM, although the main purpose was ensuring the homogeneity and affordability of 
PAH measurements collected at low-volume in indoor environments.  
 
 
4.2. Experimental  
The preliminary in-field campaign has been carried out in July and August 2011. Three sites have 
been characterized for the ambient air contents of VOCs, PAHs and PM both indoors and outdoors. 
Only for VOCs the monitoring period has prolonged up to September, according to the time 
schedules specified for each site (see below). 
PM2.5 has been determined through the gravimetric method, while the evaluation of PAHs through 
solvent extraction, column chromatography and GC-MSD analysis, has been completed (see the 
technical report by Monica Gherardi, providing also the outcomes of the test conducted with the 
NIST SRM-1649A urban dust reference material). 
Volatile hydrocarbons, namely benzene, toluene, ethylbenzene, m/p-xylene and o-xylene (BTEX), 
have been monitored by applying the diffusive sampling approach to enrich them from air, and GC-
FID for the instrumental analysis. A few other aromatic species have been evaluated in the C9-C10 
range. The usual procedure adopted for quantifying the analytes has been a bit improved by using 
the internal standard method instead of the external standard method. For this purpose, dioxane 
(dietylendioxide) was used as internal reference compound. Suitable amounts of internal standard 
were spiked both in the calibration standards of analytes and in the sample extract, ensuring the 
reference compound reached equal concentration (i.e.,1.0 ng/µL) in all solutions.    
 

4.2.1 VOC measurement sites 
According to the activity program arranged with EXPAH Partners, the three sites selected for this 
preliminary in-field campaign were: 

a.  the Atmospheric Pollution Monitoring Station “Arnaldo Liberti” near the CNR-IIA estate at 
Montelibretti (site “ML”); 

b. The “Don Bosco” school in Rome (site “DB”); 
c. The “Immacolata ” Institute in Rome (site “IC”).  

 
4.2.2 VOC collection 
To collect VOCs a set of “Analyst” passive samplers have been placed at the three sites. Each 
collecting device was accompanied by one control twin (blank), kept sealed.  
The samplers were exposed to air in locations free from close walls, surfaces or obstacles, facing 
the ground.  
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According to the Analyst device features, the virtual collection velocities for the analytes were as 
reported in Table 1. 
 

Table 1. Virtual aspiration flow velocities (VF) of monoaromatic hydrocarbons by the 
Analyst diffusive sampler. 

 
compound Symbol VF, mL/min. 

Benzene Bz 8.93 

Toluene Tol 7.96 

Ethylbenzene EBz 6.93 

m/p-Xylene mpXy 6.93 

o-Xylene oXy 6.93 

Styrene St 7.00 

Isopropylbenzene iPBz 6.51 

n-Propylbenzene nPBz 6.51 

1,3,5-Trimethylbenzene 135T 6.51 

tert-Butylbenzene tBuB 6.20 

1,2,4-trimetylbenzene 124T 6.51 

sec-Butylbenzene sBuB 6.20 

p-Isopropyltoluene piPT 6.20 

n-Butylbenzene nBuB 6.20 

 
 
4.2.3 VOC analysis 
The transport to/from the sampling sites was made in glass drying containers, stored in the dark at 
room temperature (20°C). The devices were sealed soon in aluminum cartridges at the end of the 
VOC sampling and analyzed for VOC within 15 days. 
 
VOCs were extracted from the adsorbing material of devices (consisting of graphitized carbon) by 
applying 2.0 mL of benzene-free carbon disulphide.  
Diethylendioxide spiked into the extracting solution was adopted as internal standard compound for 
analysis 
Chlorobenzene, at a concentration equal to 2.0 ng/µL, was used as “injection control”.  
The calibration curves were set up just before analyzing the sample extracts, and test runs with pure 
solvent and standard solutions were replicated to check for overall method uncertainty. This latter 
was better than 12% for all analytes.  
The calibration plots typical of benzene, toluene and m/p-xylene are reported in Figure 1a/c. Figure 
1d provides the response plot for isopropyl benzene. All plots were linear in the range investigated, 
with x and y intercepts very close to 0. 
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Figure 1. Calibration plots typical of benzene (a), toluene (b), m/p-xylene (c)  
and isopropyl toluene (d). 

 

 

 

 

 
 
4.2.4 Periods of VOC collection at the sites 
At the ML site, the collection of VOCs was carried out from July 28th, 17:30 h to September 6th, 
11:00 h (total sampling time: 52950 min). Sampling conducted by IIA. 
At the DB site, the collection of VOCs was carried out from July 20th, 12:00 h to September 5th, 
12:30 h (total sampling time: 69120 min). Sampling conducted by IIA. 
At the IC site, the collection of VOCs was carried out from July 20th, 11:00 till September 5th, 
13:00 h (total sampling time: 69150 min). There, the samplers were positioned by DIPIA. 
All chemical analyses of the diffusive samplers were performed by IIA. 
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4.3 Results 
The concentrations of airborne monoaromatic hydrocarbons at the ML, DB and IC sites, expressed 
in µg/m3 units, are reported in Tables 2-4. Ambient concentrations were calculated taking in 
account both the collection time of VOCs at each site and the virtual aspiration flow valid for each 
of the compounds studied. The virtual flows of analytes are typical of the sampling device model 
adopted. For Analyst, they are those provided in Table 1. 
The neat values were calculated by subtracting the amounts detected in the corresponding blank 
samples; these amounts are shown, for sake of completeness, in Table 5. 
 

Table 2. VOC concentrations in the atmosphere at Montelibretti. July 28th - September 6th, 2011. 
 

compound indoor, µg/m3 outdoor, µg/m3 
Benzene 0.49 0.68 

Toluene 2.85 1.86 

Ethylbenzene 0.32 0.30 

m/p-Xylene 1.12 0.83 

o-Xylene 0.27 0.21 

Styrene 0.10 n.d. 

Isopropylbenzene n.d. n.d. 

n-Propylbenzene n.d. n.d. 

1,3,5-Trimethylbenzene n.d. n.d. 

tert-Butylbenzene n.d. n.d. 

1,2,4-trimetylbenzene 0.42 0.21 

sec-Butylbenzene 0.52 0.29 

p-Isopropyltoluene 0.18 n.d. 

n-Butylbenzene n.d. n.d. 

 
Symbols: “n.d.” = not detected. 

 
Table 3. VOC concentrations in the atmosphere at Don Bosco Institute. 

July 20th - September 5th, 2011. 
compound indoor, µg/m3 outdoor, µg/m3 

Benzene 0.59 1.42 

Toluene 3.19 7.13 

Ethylbenzene 0.54 0.71 

m/p-Xylene 2.45 2.94 

o-Xylene 1.38 0.85 

Styrene 0.20 0.17 

Isopropylbenzene 0.88 0.32 

n-Propylbenzene 0.43 0.17 

1,3,5-Trimethylbenzene 0.38 0.13 

tert-Butylbenzene 0.38 0.09 

1,2,4-trimetylbenzene 1.91 0.55 

sec-Butylbenzene 3.65 1.76 

p-Isopropyltoluene 0.85 0.26 

n-Butylbenzene n.d. n.d. 
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Table 4. VOC concentrations in the atmosphere at Istituto Immacolata . July to September, 2011. 
 

compound indoor, µg/m3 outdoor, µg/m3 
Benzene 1.41 2.03 

Toluene 5.59 9.32 

Ethylbenzene 0.77 1.44 

m/p-Xylene 3.21 5.66 

o-Xylene 1.12 1.71 

Styrene 0.19 0.21 

Isopropylbenzene 0.55 1.32 

n-Propylbenzene 0.24 0.64 

1,3,5-Trimethylbenzene 0.28 0.76 

tert-Butylbenzene 0.32 0.47 

1,2,4-trimetylbenzene 0.80 1.95 

sec-Butylbenzene 0.61 2.26 

p-Isopropyltoluene 0.28 0.50 

n-Butylbenzene 0.13 0.35 

 
 

Table 5. Neat VOC contents in the blank devices at the three sites investigated. July to September, 
2011. Average ± std. dev. of indoor and outdoor blank, in ng units. 

 
compound Montelibretti Don Bosco Immacolata  

Benzene 36 ± 1 29 ± 7 61 ± 19 

Toluene 42 ± 27 60 ± 28 83 ± 41 

Ethylbenzene n.d. n.d. n.d. 

m/p-Xylene n.d. 31 ± 29 n.d. 

o-Xylene n.d. n.d n.d. 

Styrene n.d. n.d n.d. 

Isopropylbenzene n.d. 146 ± 47 79 ± 2 

n-Propylbenzene n.d. 64 ± 18 36 ± 5 

1,3,5-Trimethylbenzene n.d. 75 ± 31 35 ± 1 

tert-Butylbenzene n.d. 41 ± 22 n.d. 

1,2,4-trimetylbenzene n.d. 210 ± 72 128 ± 4 

sec-Butylbenzene n.d. 47 ± 66 26 ± 36 

p-Isopropyltoluene n.d. 19 ± 27 n.d. 

n-Butylbenzene n.d. n.d. n.d. 

 
 
Table 6 reports the indoor/outdoor concentration ratios calculated for all analytes at the three 
locations, according to the numbers reported in Tables 2-4. 
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Table 6. Indoor vs. outdoor concentration ratios of monoaromatic VOCs at 
Montelibretti, and at Don Bosco school and Istituto Immacolata  in Rome. 
 

compound Montelibretti Don Bosco Immacolata  
Benzene 0.73 0.41 0.69 

Toluene 1.54 0.45 0.60 

Ethylbenzene 1.04 0.75 0.53 

m/p-Xylene 1.36 0.83 0.57 

o-Xylene 1.27 1.62 0.66 

Styrene n.e. 1.16 0.86 

Isopropylbenzene n.e. 2.76 0.41 

n-Propylbenzene n.e. 2.48 0.37 

1,3,5-Trimethylbenzene n.e. 3.03 0.36 

tert-Butylbenzene n.e. 4.11 0.68 

1,2,4-trimetylbenzene 2.02 3.47 0.41 

sec-Butylbenzene 1.79 2.07 0.27 

p-Isopropyltoluene n.e. 3.23 0.56 

n-Butylbenzene n.e. n.e. 0.36 

 
Symbol: “n.e.” = not evaluated 

 
 
4.4 Discussion 

Total contents of VOCs in indoor air were similar at the two Rome downtown sites (~16 vs. 17 
µg/m3), however the corresponding in/out concentration ratios were different since outdoor 
atmosphere at IC was more polluted than at DB (~29 v.s. 17 µg/m3; see Figure 2). Nevertheless, it 
seems worth noting that the percentages of benzene derivatives were different inside and outside at 
both locations. In fact, the average in/out concentration ratio was ~0.5 at IC and ~2.0 at DB 
considering all VOCs investigated, however the same ratio was < 0.9 at both locations if restricted 
to BTEX group. Thus, the differences were mainly associated to C9-C10 compounds, which were 
richer indoors at DB, and outdoors at IC. The atmosphere was poorer of VOCs at Montelibretti, 
both indoors and outdoors. There, the VOC burdens in the air were higher indoors than outdoors 
(in/out ratio ~ 1.4), except for benzene (in/out ratio = 0.73).  
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Figure 2. Airborne concentrations of monoaromatic VOCs in downtown Rome (Immacolata  and  
 
Don Bosco Institutes) and at Montelibretti. July to September 2011. 
 

 

 

 
 

 
Looking to the toluene/benzene ratio, , it reached ~4.3 at IC and ~5.3 at DB (average of indoor and 
outdoor measurements; at ML, is reached 5.8 indoors, but only 2.7 outdoors. This was indicative of 
ageing of gasoline vehicle emissions at the suburban site. 
 
According to the data archives released by ARPA Lazio, the average benzene concentrations over 
the monitoring period were as high as 1.40 µg/m3 at Corso Francia and 1.55 µg/m3 at Fermi Square, 
namely two sites characterized by high vehicle traffic volumes. Concurrently, benzene reached 0.40 
µg/m3 in the green park of Villa Ada (urban background station), and 0.26 at Malagrotta (suburban 
site hosting small industrial plants, waste incinerators and a landfill). Thus, the benzene 
concentrations measured at IC and DB were in agreement with those typical of Rome downtown.   
The airborne concentrations of benzene, toluene, ethylbenzene and xylenes (sum) detected at the 
three sites during this campaign were compared with those collected at the main CNR estate in the 
university district of Rome. Three sets of measurements were carried out in autumn 2010 and 
winter 2010-11, by applying the same procedure adopted for this study. Three indoor sites (work 
place rooms) were investigated concurrently with three outdoors. The results are reported in Figure 
3, as the averages of data collected indoors and outdoors.  
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Figure 3. Average concentrations of benzene, toluene, ethylbenzene and xylenes (sum) measured at 
the CNR estate, university district of Rome. A) November 18 – December 2010; B) December 20 
2010 – January 14 2011; C) January 14 – March 12 2011.  
 

 
 
According to them, the indoor locations (i.e., work place rooms) are a bit less VOC-polluted than  
outdoor air. In fact, the indoor/outdoor concentration ratio is equal to 0.82±0.05 independently of 
the year time and the site. This was a situation quite different from those observed at the EXPAH 
sites. There, the average in/out ratio for these compounds was ~ 0.6 at IC, ~1.3 at ML and variable 
between 0.4 and 1.1 at DB. These different behaviors merit to be further investigated by 
comparison with renewed measurements at the three sites and with data emerging from the 
locations of the two main campaigns to be held. 
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&5. Comparison study of PM2.5 chemical composition by using MV and LV samplers (Action 
3.2.2)  

 
C. Perrino. L. Tofful. T. Sargolini 
CNR-Institute of Atmospheric Pollution Research. Via Salaria Km 29.300. 00015 - Monterotondo 
Stazione RM. Italy (Perrino@iia.cnr.it) 
 
 
5.1. Introduction 
 
A study of PM2.5 mass concentration and chemical composition has been carried out during the 
preliminary campaign (action 3.2.2) in the framework of the research project “EXPAH” 
(Population Exposure to PAH). The study was preparatory to the field campaigns to be carried out 
during the winter of 2011-2012 and the summer of 2012 (action 3.3); it was aimed to obtain a data 
set of the chemical composition of PM2.5 samples collected in indoor and outdoor environments by 
using different sampling devices (low-volume and medium-volume samplers) and to evaluate their 
performances. In addition, the study was aimed to provide preliminary information about the 
indoor-outdoor differences of the daily concentration of PM mass, water-soluble inorganic 
compounds. Elements, organic carbon (OC) and elemental carbon (EC). 
The study was performed at two different sites, one in the urban area of Rome (the infant school 
“Don Paolo Albera”), the other one in the peri-urban site of Montelibretti (the Institute of 
Atmospheric Pollution. CNR-IIA), about 25 km from the centre of the city. At each site indoor and 
outdoor daily PM samplings were carried out by using medium volume (MV) and low volume 
(LV) PM2.5 samplers equipped with Teflon or with quartz fiber filters.  
The comparison study was scheduled over two weeks (from 28th July to 11th August. 2011); the 
results discussed in this report were obtained during the first week; the second week was addressed 
to PAH determination.  
The sampling strategy was set up in order to provide information about: 
- comparison of MV and LV performances in determining EC and OC in outdoor PM samples; 
- performance of LV samplers in determining EC and OC in indoor PM samples; 
- comparison of indoor and outdoor PM composition. 
In general. the study was aimed to provide information about the reliability of the sampling strategy 
to be used in future EXPAH field campaigns, in particular about the possibility to perform daily 
sampling of PM with low-volume devices.  
 
 
5.2. Experimental 
5.2.1. Indoor and outdoor sampling: Montelibretti site (ML) 
Sampling time was 24h, starting at 11:00 a.m. of each day (from Thursday 28/7 to Wednesday 3/8). 
On 30th and 31st, LV samplings lasted for 48 hours.  
The outdoor sampling site was located in the EMEP monitoring station of CNR-IIA, inside the 
Research Area RM1 in Montelibretti; the indoor sampling was carried out inside a disused 
laboratory of the CNR-IIA building, at a distance of about 100 meters from the outdoor site. 
Outdoor samplings were carried out by using a MV device operating at a flow rate of 38 l/min 
(SWAM Dual Channel, FAI Instruments, Fonte Nuova - RM) set side-by-side with a LV sampler 
operating at a flow rate of 6 l/min (Asbesto. TCR TECORA. Corsico – Mi). The dual channel MV 
was equipped with filters 47 mm in diameter; Teflon membranes were used in one channel 
(TEFLO Pall Co.. USA. 2 µm pore size) and quartz membranes in the other one (PALLFLEX. Pall 
Co.. USA). The LV was equipped with 37 mm quartz filters  (PALLFLEX. Pall Co.. USA). 
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Three identical LV samplers (Asbesto, TCR TECORA, Corsico – MI) were operated indoor; two of 
them were equipped with quartz filter, the third one with Teflon membranes. 
All the devices were equipped with PM2.5 sampling heads following the requirements of UNI EN 
12341:2001. 
 
5.2.2. Indoor and outdoor sampling: Don Bosco site (DB) 
As for the ML site, sampling time was 24h, starting at 11:00 a.m. of each day (from Thursday 28/7 
to Wednesday 3/8). On 30th and 31st, LV samplings lasted for 48 hours.  
The sampling was performed at the “Don Paolo Albera” primary school. located in the south-east 
area of the city. Outdoor samplers were placed at first floor, on the roof above the entrance of the 
building; this position was the best choice from the point of view of avoiding possible obstructions 
in the vicinity of the sampler (buildings. trees).  
Outdoor samplings were carried out by using two MV samplers operating at a flow rate of 38 l/min 
(Skypost. TCR TECORA. Corsico – MI) set side by side with a LV sampler operating at a flow rate 
of 6 l/min (Asbesto, TCR TECORA, Corsico – MI). Two identical LV samplers (Asbesto, TCR 
TECORA, Corsico – MI) were operated indoor; the instruments were sited at the end of a corridor, 
normally used by the children to enter the classroom, at the same floor of the outdoor site, 20 
meters away. Both outdoor and indoor, the pair of instruments was equipped with one Teflon and 
one membrane filters (47 mm in diameter for outdoor instruments, 37 mm for indoor instruments). 
The sampling was carried out during summer vacation and only the personnel of the school was 
allowed to enter the sampling site.  
 
5.2.3. Chemical analysis.  
The Teflon membranes used in the comparison study were weighted before and after the sampling; 
the quartz membranes were pre-fired at 600°C for 6 hours before use. 
The Teflon filters were first analysed by energy dispersion X-ray fluorescence (X-Lab 2000. 
Spectro, MI) for determining their elemental content (Na, Mg, Al, Si, S, Cl, K, Ca, Ti, V, Cr, 
Mn, Fe, Ni, Cu, Zn, As, Pb). Then they were water extracted in an ultrasonic bath and analysed 
by means of ion chromatography (ICS-90, Dionex Co., USA); the instrument was equipped with 
Ionpac AS14 column for anions (Cl-, NO3

-, SO4
=) and Ionpac CS12A column for cations (Na+, 

NH4
+, K+, Mg2+, Ca2+). 

The quartz filters were punched and each punch (1.5 cm2) analysed for its EC/OC content by 
means of a thermal-optical analyser (OCEC Carbon Aerosol Analyser, Sunset Laboratory, OR-
U.S.A.). The instrument operates in two phases: during the first step the sample is heated up to 
870°C in helium atmosphere (evolution of organic compounds); then, during the second step, 
after a cooling-off period, it is heated again up to 900°C in oxidant atmosphere (evolution of 
elemental carbon). Both the evolved organic and elemental compounds are converted from CO2 
to CH4 and determined by a flame ionization detector. Pyrolitic conversion is taken into account 
through laser monitoring.  
The limits of detection for all the analysed species are reported in Table I. 
 
5.2.4. Mass closure 
For a better evaluation of the day-to-day PM variations, we considered the following PM macro-
sources: soil, sea-spray, combustion (traffic. domestic heating, industries), inorganic secondary 
species, organic matter.  
PM fraction due to soil (SOIL) was estimated by the following equation, which takes into account 
the main elements that are considered as components of the earth’s crust: 
 

[SOIL] = (1.89 [Al] + 2.14 [Si] + 1.42 [Fe]  
+ 1.35 [Nains] + 1.2 [Kins] + 1.67 [Mgins]+ 1.4 [Cains] +  Mgsol + Casol + CO3

= 
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Aluminium. silicon and iron were determined by XRF. The insoluble fraction (ins) of Na. K. Mg 
and Ca was calculated as the difference between the XRF determination (total) and the IC 
determination (soluble fraction only). As we assume that these seven elements are in the form of 
oxides, their concentration was multiplied by the ratio between the molecular weight of the oxide 
and the molecular weight of the element. Calcium and magnesium carbonates were calculated as 
the soluble (sol) fractions of Ca and Mg (determined by IC) plus CO3

=, which was estimated as: 
 

CO3
= = 2.5 Mgsol + 1.5 Casol 

 
Sea-spray (SEA) was estimated by the following equation, which takes into account sodium and 
chloride and estimates the minor constituents (S, Mg, Ca, K): 
 

[SEA] = ([Na+] + [Cl-]) * 1.176 
 

Combustion sources (COMB) were estimated as the elemental carbon concentration plus an amount 
of organic matter equivalent to the elemental carbon multiplied by 1.1: 
 

[COMB] = [EC] + [EC] * 1.1 
 

Organic matter (OM) was estimated as the remaining amount of organic carbon content multiplied 
by a factor α that takes into account the non-carbon component of organic molecules; this factor 
was set to 1.6 for the urban station DB and 1.8 for the peri-urban station of ML: 
 

 [OM] = α ([OC] – 1.1[EC]) 
 

Inorganic secondary species (ISS) were estimated as the sum of ammonium. nitrate and non-sea-
salt sulphate: 

[ISS] = [NH4
+
] + [NO3

-] + nss[SO4
=
] 

 
To verify the mass closure. the gravimetric determination of the PM mass was compared with the 
reconstructed mass (sum of the PM amounts from the five macro-sources). 
 
 
5.3. Results 
Figure 1 reports the comparison between the gravimetric determination of PM2.5 mass at the urban 
site DB and the sum of the analytical determinations (mass closure), calculated as detailed in the 
Experimental section. The results are very satisfactory, in spite of the very low concentrations 
recorded during the period (average value: 13.5 µg/m3): the regression analysis between the two 
series of data shows a Pearson’s coefficient better than 0.87, a slope of 1.05 and an intercept of 0.72 
µg/m3.  
These good results allow the calculation of the day-by-day (Figure 2) and average (Figure 3) 
composition of PM2.5 during the campaign. The data show that outdoor PM2.5 is mainly composed 
of organic matter (40%) and secondary inorganic species (34%) and that a relevant contribution 
comes from combustion sources (17%). Natural sources (soil and sea-spray) show a lower 
contribution, as expected for the fine fraction of PM. 
The comparison with the average composition at the ML site (Figure 4) shows, as expected, that at 
the peri-urban site the contribution of the combustion sources (mainly traffic) was lower and that of 
organic matter was slightly higher.  
These results, all obtained by using certified medium-volume samplers, constitute a reliable starting 
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point for the evaluation of the performances of low-volume samplers. Figure 5 shows the 
comparison of the results obtained when analysing OC and EC sampled outdoor with the LV and 
the MV, while in Figure 6 we report, for the only site of ML, the comparison of the results obtained 
when analysing OC and EC sampled indoor with two identical LVs. The data shows a good 
consistence of the results obtained by two co-located LV samplers (Figure 6) for both OC and EC 
(the per cent difference between the pairs of values ranges from -2% to +3% for OC and from -18% 
to + 4% for EC, whose concentration is much lower).  
When comparing LV and MV (Figure 5), however, a good consistence is obtained only for EC, in 
spite of its very low concentration. The EC per cent difference between the pairs of values ranges 
from -4% to +20%. with an average value of +3.1% at BD and from -11% to +7%, with an average 
value of -1.2% at ML. In the case of OC, instead, the per cent differences are not only higher, but 
also take always positive values (the data obtained by using LVs are higher than those obtained by 
using MVs). The OC per cent difference between the pairs of values ranges from -1% to +13%. 
with an average value of +6.7% at BD and from +0.7% to +25%, with an average value of +11.3% 
at ML. To explain this bad performance of the LVs, we must consider that the sampling of 
particulate organic species suffers from the artifact due to the retention of organic vapors, which 
may adsorb on the filter media and on the collected dust. The extent of this artifact is in inverse 
proportion to the face velocity, which is lower for the LVs than for the MVs (13.3 cm/s against 
54.7 cm/s). 
Figures 7-11 report the comparison of indoor and outdoor results in the determination of PM mass 
(Figure 7) and of some selected PM components (Figures 8-11). In Figures 8 and 9 we also report a 
comparison of the results obtained by different analytical techniques (XRF and IC). The data show 
that the difference between indoor and outdoor PM2.5 mass concentration was very small, ranging 
from 0.3% to 11% at DB (average 0.5%) and from 1.4% to 13.2% at ML (average 4.2%). Small 
differences between indoor and outdoor values were observed also for sulphate, nitrate and 
ammonium. As these species have no direct emission sources and are produced by secondary 
atmospheric reactions, it is not surprising that indoor and outdoor concentration levels are quite 
similar.  
The variable behavior which is shown by the other species (Cl. K. EC and OC) may, in principle, 
depend both on the day-to-day variability in the relative strength of the sources and on the 
uncertainty associated to the sampling and analytical steps. For the considered species, these errors 
are generally not higher than some percents of the measured amount. Moreover, the comparison 
between XRF and IC analyses of some components allows a direct estimation of an upper limit for 
the analytical uncertainty (XRF determines the total amount of the elements. while IC determines 
only the water-soluble fraction). In the case of Cl and K. for example. the difference between XRF 
and IC determination is much lower than the difference between indoor and outdoor results. Also. it 
is worth noting that the errors associated to the sampling step would influence at the same extent all 
the determinations carried out on the same membrane. The great variability which is observed in 
the indoor/outdoor ratios for the different components during different days indicate that the errors 
due to the uncertainty in the sampling step cannot be the cause of the observed differences, as well 
as the uncertainty in the analytical phases. This implies that the analyses highlight a real difference 
in the indoor-outdoor concentration of the analysed PM components. 
As far as EC and OC are concerned. the graphs reported in Figure 11 show that their indoor and 
outdoor levels are similar. particularly at the ML site: moreover, a variability in the sign of the 
small differences is observed, making the evaluation of the infiltration coefficient a very difficult 
task. For OC, a further source of uncertainty in the evaluation of the indoor/outdoor ratio when 
using LVs is constituted by the adsorption of organics, which themselves show a variable 
distribution between indoor and outdoor environments. 
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5.4. Conclusions and suggestions 
 
The results of the comparison study of PM2.5 chemical composition lead to the following 
preliminary conclusions: 
- LV samplers seem to exhibit good performances in sampling atmospheric PM as far as mass 
concentration and inorganic components are concerned; 
- a positive artifact in the collection of organics, due to the retention of vapors. makes the use 
of LV samplers scarcely reliable for OC daily determinations; 
- some PM components (e.g.: Cl, K) showed reliable differences in indoor-outdoor 
concentration, while for other components (e.g.: S. NO3

-, NH4
+) the differences were negligible;  

- low and variable indoor-outdoor differences were observed also for EC and OC, making the 
evaluation of the infiltration coefficient a very difficult task. 
 
These results were obtained in conditions of very low PM concentration (13.5 µg/m3). It is likely 
that during the winter campaign the concentration will increase substantially, leading to a 
substantial increase in the reliability of the results. Anyway, to increase the collected PM amounts 
and to obtain a further improvement of the quality of the results we suggest: 
- to increase the flow rate of the low-volume samplers to 10 l/min; 
- to decrease the area of sampling surface of quartz filters when using LVs; for example. by 
inserting a reduction plate with an open area of about 2 cm2 inside the filter holder, the linear 
velocity across the membrane would increase to values of the same order of magnitude as the MVs 
(about 50 cm/s), strongly reducing the extent of the positive artifact due to organic vapors; 
- to increase the sample time from one to five days in case of low PM concentration (e.g. 
advection meteo condition). 

 
 
 

Table I: Limits of detection (LOD) and limits of qualtification (LOQ) expressed in �g/m3 
for the chemical species analysed during the intercomparison. 

 

 MV LV 
 LOD LOQ LOD LOQ 

Al 0.02 0.07 0.09 0.28 
Si 0.02 0.07 0.09 0.28 
Fe 0.01 0.01 0.02 0.06 
Na 0.02 0.07 0.09 0.28 
K 0.01 0.04 0.05 0.14 

Mg 0.02 0.07 0.09 0.28 
Ca 0.01 0.04 0.05 0.14 
Cl- 0.002 0.006 0.013 0.038 

NO3
- 0.005 0.015 0.031 0.094 

SO4
= 0.010 0.030 0.063 0.19 

Na+ 0.002 0.006 0.013 0.038 
NH4

+ 0.002 0.006 0.013 0.038 
K+ 0.005 0.015 0.031 0.094 

Mg2+ 0.005 0.015 0.031 0.094 
OC 0.4 1.2 1.6 4.8 
EC 0.1 0.3 0.4 1.2 
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Figure 1: Comparison between gravimetric determinations and reconstructed mass at the DB site. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Daily composition of outdoor  PM2.5 at the DB site (MV samplers). 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Average composition of outdoor PM2.5 at the DB site (MV samplers). 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Average composition of outdoor PM2.5 at the ML site (MV samplers). 
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Figure 5: Comparison of MV and LV results in determining OC and EC at the two sites. 
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Figure 6: Comparison of  two LV samplers in determining OC and EC at the ML site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Comparison of  MV and LV samplers in determining PM2.5 mass at the two sites. 
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Figure 8: XRF and IC determination of Cl. S. K and Na in PM2.5 sampled by MV and LV at DB. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

68 
 

Figure 9: XRF and IC determination of Cl. S. K and Na in PM2.5 sampled by MV and LV at ML. 
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Figure 10: Determination of NO3

- and NH4
+ in PM2.5 sampled by MV and LV at DB and ML 
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Figure 11: Determination of OC and EC in PM2.5 sampled by MV and LV at DB and ML 
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