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1. Intro­duc­tio­n

Aromatic hydrocarbons, in particu­lar benzene, tolu­ene, eth-

ylbenzene and xylenes (BTEX) are among the main pollu­tants in 

u­rban areas (Seinfeld and Pandis, 1998) and their adverse effects 

on hu­man health are well docu­mented (Victorin, 1993). Several 

stu­dies (Hinwood et al., 2006; Hinwood et al., 2007; Kerbachi et 

al., 2006; Martins et al., 2007; Yassaa et al., 2006) have shown that 

the major contribu­tion to BTEX in u­rban areas is from the vehicu­lar 

traf­fic. Organic compou­nds emitted from the exhau­st pipe consist 

mainly of u­nbu­rned aromatic fu­el components (Siegl et al., 1992). 

The air content of benzene relative to other aromatic compou­nds 

is signif­i­cantly higher than its fu­el percentage becau­se benzene is a 

partially oxidized produ­ct of other aromatic compou­nds (McGinty 

and Dent, 1995). The air concentration of benzene is su­bject to 

restriction in many cou­ntries whilst for the other BTEX the norms 

are u­su­ally more permissive. The Directive 2000/69/CE of the Eu­ro-

pean Union has f­i­xed the limit benzene concentration to 5 lg m¡3 

for the u­rban atmosphere.

Besides vehicu­lar traf­fic, emission from stationary sou­rces, 

mainly factories, also plays a relevant role in affecting the atmo-

sphere qu­ality (Sharma et al., 2007; Srivastava, 2004). Volatile 

organic compou­nds (VOCs) inclu­ding BTEX are widely u­sed in 

indu­stries and their emission in the atmosphere is a constant risk 

for the popu­lation. Fu­el stations, small factories, maintenance 

shops of hou­se-hold appliances and garages are the main u­rban 

stationary sou­rces of VOCs. The assessment of vehicu­lar and non-

vehicu­lar contribu­tion to VOCs is an indispensable step for the 

enforcement of measu­res directed at improving the qu­ality of 

u­rban air. Certain VOCs assu­med to be emitted exclu­sively from 

vehicles have been u­sed as indicators of vehicu­lar pollu­tion, for 

example methyl tert-bu­tyl ether, an octane-enhancing gasoline 

additive (Chang et al., 2006). This approach, however, shou­ld be 

u­sed with cau­tion, as the relative contents of BTEX compou­nds in 

the atmosphere change with the aging of pollu­tants, becau­se of 

their different degradation rate (Brocco et al., 1997). Other factors 

affecting VOCs concentrations inclu­de the car speed and notably 

the diffu­sion and ef­ficiency of catalytic converters (Heeb et al., 

2000).

In the present stu­dy vehicu­lar and stationary emissions in a 

mediu­m-sized town in Sou­thern Italy were assessed by a novel 

procedu­re based on the statistical analysis of spatial and temporal 

variations of BTEX concentrations.

2. Experimental

2.1. Sam­pling sites

The BTEX concentrations have been determined in the atmo-

sphere of S. Maria Capu­a Vetere, abou­t 32000 inhabitants, in Sou­th-

ern Italy (lat. 41° 59 N, long. 14° 159 E).

The location of the sampling sites is indicated in Fig. 1. The sam-

pling was performed in working days and on weekends throu­ghou­t 

2006, except Au­gu­st. We performed 1 or 2 samplings per month 
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in working days and six samplings on weekends for the whole 

year, from Satu­rday evening to Su­nday evening. The data relative 

to rainy days were not inclu­ded. All sampling points were located 

along the streets of the city, abou­t 5 m above the grou­nd level and 

not in proximity of cross-roads.

2.2. Analytical procedures

The BTEX compou­nds (benzene, tolu­ene, ethylbenzene, o-

xylene and (m­ + p)-xylene) were collected by Radiello® diffu­sive 

samplers, patented by Fou­ndation Salvatore Mau­geri (FSM). The 

exposition time for each monitoring campaign was 24 h. The sam-

plers consisted of a stainless steel net cylinder with a 100-mesh-

grid opening, packed with 530 mg of activated charcoal. The anal-

yses were carried on a Perkin Elmer GC–MS instru­ment, model 

Claru­s 500, equ­ipped with a thermal desorption instru­ment, 

model Tu­rboMatrix ATD. The analytes, extracted from exposed car-

tridges by a stream of heliu­m (80 ml min¡1 at 320 °C for 10 min), 

were condensed in a trap at 2 °C and vaporized by heating at 290 °C 

for 1 min.

The colu­mn u­sed was an Elite-5MS fu­sed silica capillary, 

30 m £ 0.25 mm, 0.25 lm f­i­lm thickness (Perkin Elmer Instru­-

ments). The oven temperatu­re program was 35 °C for 5 min, to 

120 °C at 8 °C min¡1 and to 200 °C at 15 °C min¡1. The carrier gas 

was He at a flow rate of 1 ml min¡1. The mass spectrometer scanned 

from 35 to 300 a.m.u­. every 0.1 s, in the electronic impact (70 eV) 

mode. The ion sou­rce temperatu­re was 180 °C and the mu­ltiplier 

voltage 350 V.

2.3. Statistical analysis

Statistical analysis was carried ou­t u­sing the statistical software 

package Statistica 7 of StatSoft.

3. Results and disc­ussio­n

3.1. Concentrations in the sam­pling sites

Althou­gh this su­rvey was carried ou­t in a mediu­m-sized town, 

the geometric mean concentrations were relatively high with 

Fig. 1. Map of the sampling points in S. Maria Capu­a Vetere.
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