
Chapter 21
Health Parameters Under Climate Change
Projections for Airborne Benzo[a]Pyrene

Pedro Jiménez-Guerrero and Nuno Ratola

Abstract Semi-volatile organic pollutants (SVOCs) have a recognized impact on
the environment and some of them have been banned in many countries for that
reason. Others are not regulated in air quality legislation, except for benzo(a)pyrene
(BaP), a polyaromatic hydrocarbon resulting from natural and anthropogenic
combustion processes. The EU set an annual average limit of 1 ng/m3 in air and
some health parameters can also be inferred from the correspondent ecotoxicity
thresholds established for this chemical. With the help of chemistry transport
models, the evolution of these parameters can be assessed under climate change
scenarios, along with the BaP concentrations themselves. Hence, a scenario with
MM5-CHIMERE driven by ECHAM5 SRES A2 forcing were calculated for the
years 1991 to 2050, in a European domain with a spatial resolution of 25 km. An
enhanced risk of lung cancer was registered throughout the covered area, deriving
from a parallel increase in the BaP levels in air.

21.1 Introduction

Polycyclic aromatic hydrocarbons (PAHs) are widespread chemicals of concern
due to their carcinogenicity and mutagenic properties (IARC 2010). Plus, having
high lipid solubility, they are absorbed in the lung tissue, skin, breast or intesti-
nes, which raises the potential risk of affecting human health (Kim et al. 2013).
With these evidences, monitoring programs and modelling strategies are needed to
better evaluate their presence and fate over a large geographical area to help
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decision-making on their impacts in the future. PAHs are released into the envi-
ronment via many natural and anthropogenic sources and can be found in either gas
or particulate phase in the atmosphere (Ramírez et al. 2011). Almost entirely in
particulate-bound material, benzo(a)pyrene (BaP) is the only PAH with a legal limit
set by the European Union (Directive 2004/107/EC, amended by Regulation
219/2009) for air: 1 ng/m3 as mean for a year on PM10. As we are dealing with
hazardous substances, it is also important to consider health issues and some
guidelines have been presented in literature to characterize their harmful potential
(Butterfield and Brown 2012). The impact of climate change on air quality is a
crucial topic (Jiménez-Guerrero et al. 2013) and can also play a decisive part on the
expression of these parameters, yet need downscaled scenarios, with the highest
spatial resolution possible. The aim of this work is thus to evaluate the impact of
climate change on future levels of benzo[a]pyrene over Europe until 2050 under the
A2 SRES scenario.

21.2 Experimental

The regional modelling set-up used in this study consists of a coupling between a
climatic version of the MM5 model and CHIMERE chemistry transport model, on a
domain covering most of Europe with a spatial resolutions of 25 km and 24 sigma
levels are in the vertical, up to 100 hPa. The regional climate simulations driving
the CTM were performed using the regional climate model MM5 driven by the
European Centre/Hamburg 5-Run1 simulation forced by the SRES-A2 scenario,
which lies towards the upper end of the IPCC emission range. Further details on the
regional climate simulations and the validation of the present-day simulations can
be found in Jerez et al. (2013). In the current study, simulations cover the period
from 1991 to 2050. Simulations for present-day climatologies (1991–2010) have
been compared to a time slice covering 2031–2050. In order to isolate the possible
effects of climate change on the ground concentrations of air pollution, unchanged
anthropogenic emissions derived from the European Monitoring and Evaluation
Programme (EMEP) database are considered not accounting for possible changes
on vegetation, land use, anthropogenic pollutant emission changes or any feedbacks
from the chemical compounds to the meteorological fields, but allowing changes in
natural emissions.

21.3 Results and Discussion

Results reveal that the modelled BaP concentrations for the 1991–2010 period
exceed 0.1 ng m−3 as annual averages in some areas in Europe, namely Portugal,
Spain, Netherlands, Germany or Italy, and rising above 0.5 ng m−3 over parts of
Poland. Overall, and as expected, the highest modelled levels are found where most
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anthropogenic sources like traffic, building heating or industrial combustion occur,
that is, in urban (e.g. Lisbon, Portugal) and industrial locations (Ruhr area,
Germany). The concentrations obtained for the 2031–2050 period under the SRES
A2 scenario show the highest increases over western France (up to 25 %), an area
with a very low current BaP incidence (Fig. 21.1, top). In the areas with the highest
BaP presence (for instance, eastern Europe and western Iberia), there are projec-
tions of a about 15 % increases. The general decay of precipitation modelled for
future climates (e.g. Jiménez-Guerrero et al. 2013) suggest less wet deposition of
BaP and the consequent increase of its air concentration. As an example of the
health parameters available for BaP, we selected the increased risk of lung cancer
due to industrial exposure to PAHs. The European Union calculated the increased
risk for three possible target values: 0.01 ng m−3 with an associated increased risk
of 1 × 10−6; 0.1 ng m−3 (increased risk of 1 × 10−5); and 1 ng m−3 (increased risk of
1 × 10−4). Being the last value the EU limit for the annual mean concentration of
BaP (1 ng m−3), the upper limit of the additional life-time risk should be below
1 × 10−4 (Butterfield and Brown 2012). Considering the present-day scenario, this

Fig. 21.1 (Top, left) Present day mean concentrations of BaP over Europe (1991–2010) (pg m−3)
and (top, right) percentual increase in the levels of this compound for the 2031–2050 period under
the SRES A2 scenario compared to present-day levels. (Bottom) Exceedances of the possible target
values (shaded, ng m−3) and associated increased risk of lung cancer, life-time exposure to the
target value (contours), as defined by the Quantitative Risk Assessment included in Butterfield and
Brown (2012). (Bottom, left) Present-day conditions; (bottom, right) SRES A2 scenario
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target is only exceeded in Ukraine. However, as seen in Fig. 21.1 (bottom), for
SRES A2-driven projections, the risks of lung cancer escalate noticeably all over
Europe. Although the 1 ng m−3 target value is still only exceeded in Ukraine, a
greatly larger area in Europe surpasses the 0.1 ng m−3 mark, such as over the Ruhr
Valley in Germany or the Netherlands. In view if these findings it can be stated that
the general increased risk of lung cancer over Europe (1 × 10−6 for the present
scenario) becomes an order of magnitude higher (1 × 10−5).

21.4 Conclusions

The regional climate modelling coupling (MM5-RCM and CHIMERE) used in
simulations comprising present conditions (1991–2010) and the future SRES A2
scenario (2031–2050) show the plausible influence of climate change on the
atmospheric concentrations of BaP and on the increased risk of lung cancer over
Europe. For BaP incidence, the A2 scenario revealed a projection of regional
increase in the levels up to 25 % in some areas and about 15 % in a vast portion of
the domain. In terms of health indicators, the general increased risk of lung cancer
in Europe becomes an order of magnitude higher under the A2 scenario: 1 × 10−5

versus 1 × 10−6 for the present scenario.
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Question and Answer

QUESTIONER: Jaakko Kukkonen

QUESTION: Small-scale combustion is also responsible for the emissions of
BaP. These emissions will very likely increase in the future, caused by climate
change reduction policies that favour the use of renewable energy. How is this
projected increase of BaP emissions reflected in your results?

ANSWER: In the approach followed in this contribution, the main objective is to to
isolate the possible effects of climate change on the ground concentrations of air
pollution. Therefore, the hypothesis of unchanged anthropogenic emissions has
been implemented in the simulations. Therefore, BaP emissions coming from
anthropogenic combustion processes have been kept constant.
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