Carcinogenic risk assessment from inhalation exposure in a heavily industrialized area
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Risk assessment and management approaches to
environmental issues are increasingly being used at all
levels of policy and regulation, in order to implement
more stringent strategies to reduce air pollution and its
health effects. Dispersion models are an appropriate tool
to carry out a risk assessment for environmental health in
a complex meteorological area, where industrial
emissions are particularly relevant.
This study allowed to evaluate the carcinogenic
inhalation risk of the population living in Brindisi area,
one of the most industrialized cities of Apulia Region in
the southern Italy, to micro-pollutants (heavy metals and
organics) and benzene. This area is characterized by
several polluting emission activities including three
power
plants,
petrochemical,
chemical
and
pharmaceutical plants, an industry for the production of
components for aircraft structures, a refinery of raw cane
sugar and two landfills. Moreover, updated estimates for
mortality, hospitalization and cancer incidence showed
the persistence in this area of excesses for some
oncological diseases (all cancers, pleural cancer in men,
lung cancer, bladder cancer) and for cardiovascular and
respiratory diseases.
To evaluate the inhalation cancer risk due to
industrial emissions for the population living in Brindisi
area the annual primary average concentrations were
estimated through a modeling system including a
diagnostic meteorological model (SWIFT), a turbulence
preprocessor (SURFPRO) and a Lagrangian particle
dispersion model (SPRAY, Tinarelli et al., 1999). The
industrial emissions for specific carcinogenic pollutants
(PAHs, Benzene, Dioxins, PCBs, As, Cd, Ni, Cr, Pb, Co,
Be) were derived from the 2010 regional atmospheric
emission inventory, built up on the basis of the
interregional software INEMAR.
The modelled concentrations of pollutants in
ambient air were used in the equations proposed by the
California OEHHA Air Toxics Hot Spots Risk
Assessment Guidelines (EHHA, 2013): the inhalation
dose for each pollutant was then calculated and
multiplied by specific inhalation slope factor to get lifetime cancer risk. The individual pollutant cancer risks
were then added up to give the overall industrial
inhalation cancer risks. Figure 1 shows the lifetime
cancer risk map referred to the modelled concentrations
in the study area, with a zoom over the areas of
maximum impact. The maximum value of carcinogenic
risk (equal to 0.3 × 10-4) does not exceed the
carcinogenic benchmark level of 1 × 10−4 (E.P.A., 1999).

The disagreement between epidemiological
framework and health risk assessment could be a
residual effect of previous industrial scenario, quickly
changed over time. This suggests the opportunity to
carry out a more detailed and comprehensive analytical
study like a specific cohort study.

Figure 1. Total carcinogenic risk maps
Apulia Atmospheric Emission Inventory (AAEI) 2010.
[online]
Available
at:
http://www.inemar.arpa.puglia.it/
EEA/EMEP-CORINAIR (2009). Atmospheric emission
inventory guidebook. EEA Technical Report
9/2009.
Tinarelli G., Anfossi D., Bider M., Ferrero E., Trini
Castelli S. (1999) ‘A new high performance
version of the Lagrangian particle dispersion
model SPRAY, some case studies’, Air Pollution
Modelling and its Applications XIII.
Office of Environmental Health Hazard Assessment
California Environmental Protection Agency.
‘The Air Toxics Hot Spots Program Guidance
Manual for Preparation of Health Risk
Assessments’, August 2003.
E.P.A. Residual risk - Report to Congress. 1999. U.S.
Environmental Protection Agency - Office of Air
and Radiation and Office of Air Quality Planning
and Standards.

