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Keywords Abstract

Shipping Emissions of exhaust gases from oceangoing ships are a significant and growing
emissions, deaths contributor to the total emissions from the transportation sector. Emissions by
from pollutants, shipping, comprising both “greenhouse gases” and traditional pollutants, cause an

greenhouse gases, e§timated 87,000_ deaths per year from I_ung—can_cer, cardiopulmonary and pther

Strait of Gibraltar. dlsez_is_es, Worldvylde_. In order jto_ reduce air pollution _from ships, the_ Ir]ternatlonal
Maritime Organization has officially designated certain zones as Emission Control
Areas (ECAS). In this study, we estimate health impacts attributable to NOy, SOx
and particulate matter (PM.s), emitted by shipping in the Strait of Gibraltar. This
contamination causes many deaths that could potentially be prevented if the Strait
were designated an ECA. In this case, the models devised by Krewski and Lepeule
were applied. Both models use a direct relationship between mortality and the
precursor pollutants, in tons, emitted from ships. Data for other areas are analysed
for comparison. Comparing only the emissions by ships operating in the Strait of
Gibraltar with the yearly total emissions from all sources in Europe, up to 0.81%
of all NOx, 3.96% of all PM,s and 0.51% of all SOx is emitted in the Strait of
Gibraltar. Because these shipping lanes run at an average distance of only 13 km
from the coast, the effects of pollutants on the resident population are almost
immediate. To mitigate the adverse environmental and health outcomes from ship-
sourced air pollution, and potentially to reduce premature deaths by 45%, it is
recommended that the Strait of Gibraltar be designated an ECA by the IMO.
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1. Introduction

The powering of maritime and land-based means of transport by the inefficient combustion of coal,
oil, diesel and other fuels is a major contributor to air pollution and climate change emissions which
ultimately can affect human health and environmental quality, and thus jeopardize global
sustainability in the widest sense. Health impact assessments need to be an integral part of the design
and implementation of global energy policies.

According to a recent assessment by the World Health Organization (WHO), whereas the deaths of
around 6 million people each year are attributed to tobacco, approximately 4.3 million deaths per
year can be attributed to air pollution [1]. In this latter context, the South East Asian and Western
Pacific regions account for most of the total, with 1.69 and 1.62 million deaths, respectively. Almost
600,000 deaths occur in Africa, 200,000 in the Eastern Mediterranean region, 99,000 in Europe and
81,000 in the Americas; exposures are highest in and around developing cities [2].

The maritime transport sector, which is one of the least-regulated anthropogenic sources of
emissions, contributes significantly to air pollution, particularly in coastal areas near major ports. In
this sector, was estimated [3] that particulate matter (PM2s) emissions from maritime transport (MT)
cause 60,000 cardiopulmonary and lung-cancer deaths yearly worldwide. More recently, was,
estimated [4] that this global figure had increased to 87,000 deaths per year. Similarly, in a recent
study [5] was estimated that MT emissions accounted for 3,500 premature deaths from PM_ s and
O3 across the USA in 2013. Another recent US study [6] estimated that emissions of PM2s by the
MT sector were associated with a health risk of 520-1,200 premature deaths per year. European
Union [7] estimated that 1,000 premature deaths per year are attributable to MT emissions. In the
East Asia region [8] was estimated that MT emissions cause 14,500-37,500 premature deaths per
year. Finally, for Australia [9] was estimated that MT emissions were responsible for 90-300
premature deaths per year.

Pollution from ships is thus a significant contributor to global air pollution; this occurs not only in
ports and along coastlines - pollution is also carried long distances across the sea and over land.
Direct emissions from ships (known as precursor pollutants) are mainly constituted by CO2, NOx,
SOx, CO and PM.

Many factors can influence air quality in port cities and coastal areas, including geography and
climate, road, rail and maritime traffic, industrial and residential emissions, but very little is known
about the magnitude and effects of air pollution due to marine vessels [10].

It is known that SOx emissions, together with NOX, exacerbate secondary formation of fine
particulate matter, PM.s [11]. NOx emissions from diesel engines also contribute to increasing
ozone (Os) regionally. All of these emitted and generated compounds represent a major threat not
only to human health but they will also be deposited onto soils and water bodies to which the
organisms living in those compartments are exposed. Apart from the scarcity of research of the
contribution of oceangoing ships to air pollution, and the associated effects on human health, the
environmental toxicology of this kind of pollution has been completely neglected to date. Hence,
reductions of the various combinations of emissions that could influence public health are necessary.
Moreover, these emissions are known to be related particularly closely to both mortality and
morbidity in young children, and to the respiratory infections and asthma that affect them [2].
However, to our knowledge, the effects of these emissions on ecosystems and the organisms living
in them have never been assessed. Pollutant-specific, location-specific, and source-specific models
of health impacts are important and must be considered in the design of policies for the control of
emissions to minimize health-risk; this has been demonstrated [12].

Breathing air with a high concentration of NO> can irritate airways in the human respiratory system.
Such exposures, even over short periods, can aggravate respiratory diseases, particularly asthma,
leading to respiratory symptoms (such as coughing, wheezing or difficulty breathing), hospital
admissions and visits to emergency departments. Longer exposures to elevated concentrations of
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NO. may contribute to the development of asthma and potentially increase susceptibility to
respiratory infections. NO», together with other NOx gases, reacts with other chemicals in the air to
form both particulate matter and ozone. Both of these are also harmful when inhaled due to effects
on the respiratory system. On April 6, 2018, based on a review of the full body of scientific evidence,
the US EPA issued a decision to retain the current national ambient air quality standards (NAAQS)
for oxides of nitrogen (NOx). The EPA has concluded that the current NAAQS protect the public
health, including the at-risk populations of older adults, children and people with asthma, with an
adequate margin of safety. NOy in the atmosphere also contributes to the pollution of nutrients vital
for marine life in coastal waters [13].

Cleaner marine fuels with low sulphur content will reduce ship-related premature mortality and
morbidity by 34% and 54%, respectively, representing global reductions of about 2.6% in
cardiovascular and lung cancer deaths and about 3.6% in childhood asthma, due to exposure to
PM2s [14].

In order to prevent and reduce the adverse impacts of air pollution from ships on human health, the
International Maritime Organization (IMO) has adopted environmental regulations under the
International Convention for the Prevention of Pollution from Ships (Annex VI MARPOL Protocol
1997, Marine Environment Protection Committee, MEPC). These regulations establish special
Emission Control Areas (ECAS) that have been legally binding since May 2005, in areas that can
demonstrate a need for prevention; in these designated areas emissions of oxides of nitrogen and
sulphur, and particulate matter, are controlled and reduced.

The first ECA to come into effect was in the Baltic Sea in 2006, and in 2007 the North Sea was
another. The east and west coasts of the United States and Canada, the Hawaiian Islands, and areas
around the United States’ Puerto Rico and Virgin Islands territories were also designated as ECAs
by the IMO in 2012. Subsequently, the IMO has strengthened regulations both in ECAs and globally
in non-ECA areas.

Outside ECAs, the current limit for fuel oil sulphur content by weight is 3.50%, and should be
reduced to 0.50% on and after January 1, 2020. However, this date is subject to a review to be
completed by 2018, which will consider the availability of the required fuel oil; depending on the
review’s outcome, this date could be delayed to January 1, 2025. In contrast the limit for sulphur
content of fuel used in an ECA has been reduced in phases, and since January 1, 2015, has been
0.1%. Therefore, ships operating in an ECA must comply with regulations regarding the sulphur
content their on board fuel that are 35 times more stringent than outside an ECA.

The regulation includes a global cap of sulphur fuel content (SFC) and contains provisions allowing
for the establishment of special SO2 and NOx emission control areas (ECAS), i.e., a SECA (for
Sulphur) and a NECA (for Nitrogen Oxide). Only the Baltic Sea, the North Sea, English Channel
and the coastal waters around the US and Canada are designated as SECAs, for both gases, with the
North American area as a NECA only. The U.S. government proposes to amend MARPOL Annex
VI to designate certain waters adjacent to the coasts of the Commonwealth of Puerto Rico and the
United States Virgin Islands, as a full ECA for the control of nitrogen oxides (NOx), sulphur oxides
(SOx), and particulate matter (PM) emissions, the same as the Baltic Sea, the North Sea, English
Channel and the coastal waters around the US and Canada.

Because these emissions are known to be particularly closely associated with both mortality and
morbidity, and respiratory infections and asthma in young children (WHO, 2012), pollutant-
specific, location-specific, and source-specific models of health impacts must be taken into account
in the design of control policies to minimize health-risk emissions [12].

It is important that three new emission control areas are being established in China. They have been
created to reduce the levels of ship-generated air pollution and mainly focus on the sulphur content
of fuels. These areas are the Pearl River Delta, the Yangtze River Delta and Bohai Bay. It should be
noted that these ECAs will be imposed under Chinese domestic law and will not be MARPOL
Annex VI-designated ECAs. Details of these areas were first announced when the “Ship and Port
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Pollution Prevention Special Action Plan (2015-2020)” was issued by the Chinese Ministry of
Transport; this was followed by the implementation plan, released in December 2015.

The new Chinese regulations apply to all vessels entering or operating within the designated areas,
with the exception of military, pleasure craft and fishing vessels, according to the following
schedule:

e From 1 January 2017: Vessels at berth in a core port within an emission control area should
use fuel with a maximum sulphur content of 0.5% - except during the first hour after arrival
and the last hour before departure.

e From 1 January 2018: Vessels at berth in any port within an emission control area should
use fuel with a maximum sulphur content of 0.5% - except during the first hour after arrival
and the last hour before departure.

e From 1 January 2019: Vessels operating anywhere within an emission control area should
use fuel with a maximum sulphur content of 0.5% at all times.

At a date which has yet to be advised after 31 December 2019 an assessment will be made by the
Chinese authorities with a view to adopting one or more of the following measures:

e Reducing the maximum sulphur content to 0.1% for vessels operating in the ECA areas.

« Expansion of the geographical size of the ECA areas.

« Consideration of further initiatives.

IMO members have been reminded that, as of 1 January 2018, the requirement to use low sulphur
fuel whilst visiting all ports within the Chinese ECAs is in force. Low sulphur requirements in all
ports within the previously-designated Zhejiang ECA, which includes the ports of Ningbo,
Zhoushan, Jiaxing and Taizhou, came into force 1 September 2017.

In Europe, the maximum sulphur content of the marine fuel used by ships operating in the sulphur
emission control areas (SECAS) is restricted to 0.1% since January 2015; however, the EU sulphur
directive has limited the sulphur content to 0.1% in harbour areas since January 2010. There are no
NECAs in Europe yet.

Based on other studies, Johansson et al. report that, from 2009 to 2011, the emission limitations
have had a significant effect on reducing the emissions of SOx measured in the ECAs in northern
Europe. In contrast [15], report that sulphur emissions in sea areas outside the SECAs, and emissions
of other species (especially NOXx), in all sea areas around Europe have been increasing over the past
few decades, while land-based emissions have been gradually decreasing.

Similarly, Volker Matthias et al., 2010, reported that sulphur emissions (low sulphur) in the North
and Baltic Seas were reduced by 45% after these areas were designated ECAs.

IfNECAs and SECAs were extended to all the EU’s Exclusive Economic Zones, then health effects
(from fine particles and ozone) would decrease by one third; and the area of marine ecosystems
affected by acidification and eutrophication would be reduced by about 45% [16].

The benefits of designating the U.S. and Canadian waters an ECA are expected to include the
prevention of as many as 14,000 premature deaths and the relief of respiratory symptoms for nearly
five million people each year [17]. In addition to the determination of total premature mortalities,
health damage functions (estimated as premature mortalities per unit of emissions) can be calculated
to provide insight about sources and locations in which emissions reductions may be more or less
efficient from a public health perspective [12].

Set against the benefits, however, ECA regulations can harm port efficiency, as reflected in the
concerns expressed by policy-makers and industrial managers: it has been estimated that the average
efficiency loss from an ECA designation amounts to 0.058-0.066 on a scale of 0-1, accounting for
a 15-18% loss from the ECA ports’ average efficiency scores [18]

The key question emerging from these considerations is how cruise shipping, ports and the related
economic chain can operate efficiently, within a socially responsible and acceptable framework.
The various environmental externalities refer to the handling of waste produced, water quality, air
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emissions, noise, and soil contamination, whereas other issues (i.e. constructions that alter the
natural or built environment, fauna, energy resources, etc.) are also part of the relevant agendas.
Addressing two key externalities produced by the provision of cruise shipping and the hosting of
vessels and cruise passengers at cruise ports stand out today as priorities. The same externalities are
illustrative of the need for discussion and conclusions on measures to be taken at international level.
These externalities are waste management, and the various forms of emissions, including air and
noise emissions. Air emissions in and near ports and other shipping-related emissions have attracted
the serious interest of decision-makers in port-cities that experience the negative externalities of
port and port-related operations. Without countermeasures, emissions of SOx and NOx by the
shipping industry would exceed all other sources of emission in the transport sector, and would
result in poor air quality in ports and their surroundings.

When emissions from shipping account for up to 50% of local emissions at seaport cities, the
application of technology that already exists would decrease these emissions notably.

Cruise shipping is a source of relatively heavy emissions, due to the large hoteling load. Even though
the average emissions in port account for comparatively small amounts, the fact that cruise terminals
are often close to city centres means that the size of the population exposed to the polluted air is
likely to be large.

There are over 51,405 merchant ships operating internationally, transporting every kind of cargo
and passengers. Approximately 2,850 (i.e. 5.7%) are fast ferries propelled by waterjet; however, the
emissions from ships of this type are not proportional. For example, although passenger and RoPax
vessels only accounted for approximately 5% of the ships operating in the Baltic Sea in 2007, they
were responsible for approximately 27% of all the emissions to air. Similarly, 4.7% of ships
operating In the Strait of Gibraltar during 2007 were Fast Ferries [19]. It can therefore be stated that
more than 27% of total emissions from maritime transport operations are now generated by
Passenger and RoPax ship operations

In this study, we quantify premature mortalities from ships for each emitted pollutant across the
Strait of Gibraltar and estimate the benefit per ton of reducing PM25, NOx and SOy, based on the
Technical Support Document issued by the U.S. EPA in 2011. This work presents an analysis that
quantifies the deaths per year by applying different methods, and demonstrates the regional health
benefits to be expected from the IMO designating the Strait of Gibraltar an ECA.

2. Methods

The primary objective of the study is to determine the optimum way to define the impact of ship
emissions on urban air quality and human health in a particular region of heavy maritime traffic, the
Strait of Gibraltar. The study uses a traditional framework for integrated impact assessment, as
presented in Fig. 1.

In the case of MT, such assessments are based on air quality dispersion models in which the amounts
of primary pollutants (CO2, NOx, SOx, CO and PM) that are emitted directly into the atmosphere
are calculated by a bottom-up approach (inventories compiled from ship activity records and
activity-based emission factors for different ship types); these data serve as main input for the
models [20].

We compiled shipping emissions inventories on the basis of 2015 data on shipping traffic obtained
from the Automatic Identification System (AIS), which recorded 82,000 individual ship movements
for the year along and across the Strait of Gibraltar.

In order to calculate the effects of emissions resulting from these movements, various air quality
dispersion models are used. Examples of these models include ISCT3 and AERMOD v.5.2 [21],
SMOKE [22], CMAQ-DDM and SILAM: a System for Integrated modeling of Atmospheric
coposition [23].

These types of models use mathematical and numerical techniques to simulate the physical and
chemical processes that affect air pollutants as they disperse and react in the atmosphere. Based on
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inputs of meteorological data, (relative/real wind speed and direction, temperature, air pressure,
relative humidity and water vapour mixing ratio, including clouds) and source information like
emission rates and stack height, these models are designed to characterize primary pollutants that
are emitted directly into the atmosphere from anthropogenic sources (from ships in this case). Some
models also consider secondary pollutants that are formed as a result of complex chemical reactions
within the atmosphere [17]. The problem is that both air quality models and ships”™ emission
inventories present many uncertainties.

An extensive epidemiology literature has also documented the association of fine particulate air
pollution with mortality. Most of this research consists of time-series studies of the effects of particle
exposures experienced over a relatively few days before death, but the estimated effect of particulate
air pollution has been shown to increase as longer exposure periods (up to 7 weeks) are considered,
indicating that exposures in the months before death may be important. Three follow-up cohort
studies in the United States and a recent pilot study from Europe evaluated the effects of long-term
average ambient concentrations of fine particles and other air pollutants over many years [24].
With respect to the operation of these models, they entail significant sources of errors from
imprecisions in measurement; this is, for example, the case of PM2 s in epidemiological studies, as
noted above [20]. Exposure assessment thus depends strongly on the accuracy of the emissions
inventory and on the outcomes of the air quality model where a chemical transport model is included
[10].

Spain has a very intense maritime traffic along its Mediterranean coast, especially in the Strait of
Gibraltar (the North-western and Northern coasts are also subject to considerable traffic, including
vessels on North Atlantic routes). The emission of NOx, SOx and PM from international shipping
close to the Spanish coast is 10 times higher than from national shipping and much higher than
emissions from aviation. In this study the model we apply is a recently preferred concentration—
response (C-R) function by [25], in the Strait of Gibraltar. The linear C-R function reflects new
understanding about the relationship between health impacts and exposure to increased air pollution
concentrations and better describes the range of exposures to global shipping pollution across a
long-tailed distribution of PM2.s concentrations.

The production of an emissions inventory is very important, but the production of an emissions
inventory for each individual ship that is identified in the movements record is a much-debated
issue; several contradictory papers have been published during the last 10 years reporting results
following the application of emissions inventories in different areas. Other results published [26],
confirm that the estimation problem is still a topic that is worth investigating because there are still
no unified criteria for the methods to use (involving calculations of engine load factors, ship”s speed,
specific fuel oil consumption, emissions factors, etc.). However, in the appraisal of possible
strategies for the reduction of damage to the environment caused by the maritime transportation
sector, it is crucial to know the total amount of emissions attributable to shipping activities, and the
evolution of these data [27].

The issue of speed, for example, is especially complex for RoPax vessels (the type of ship that
operates frequently in the Strait of Gibraltar), more than for other categories of ship. It is also evident
that slow steaming in the RoRo/RoPax vessel category has received little attention from emissions
researchers, compared to other segments of shipping industry operations [19]. This complex issue
has not been taken into account by other autors[14], who have calculated global ship emissions
using the Ship Traffic Emissions Assessment Model (STEAM). That model does not take into
account significant parameters such as ship’s draught, sea current, speed and wind direction, and
others. It is evident that debate on this issue is still on-going. Because we apply a direct relationship
between pollutants emitted and mortality produced, it is very important to know the types and
quantities of pollutants actually emitted as precisely as possible for this type of study.

On the question of producing reliable emission inventories, the selection of the most appropriate
method for calculating fuel consumption data and emission factors has been studied recently in the
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Strait of Gibraltar [28], 2015, but that study did not include estimates of the impacts on human
health of specific pollutants emitted, NOx, SOx and PM2s.

Health impacts of global shipping. Whereas the WHO in 2013 considered that the relationship
between PM emitted as primary pollutant and deaths produced should be expressed as a supra-linear
function, other authors [30, 12, 31 and 25] take this relationship as a linear function.

However, the WHO only considers the ratio between the concentration of PM1o (not emitted as
primary pollutant) and daily mortality. For example, for PM1o an increase in concentration of 10
pg/m? is associated with a 0.6% increase in daily mortality for both the USA and the EU, and 0.7%
for Canada. Other researchers [12] have estimated the concentration-response function to be a 1%
increase in mortality associated with every 1 ng/m? increase in the annual average concentration of
PMzs.

In the case of shipping, it is very important to take into account the emissions of the ship when
anchored and at berth; in both situations a reduced quantity of PM is emitted as primary pollutant,
compared with when the ship is under way. However, the resulting concentrations in the air are
higher [8], because the ship remains for a relatively long time in the same place in port or close to
the coast, and its auxiliary engine continues to emit a relatively large quantity of pollutants that are
not so widely dispersed. The same argument can be applied for ships when operating close to land,
as is the case of the Strait of Gibraltar, compared with when they are operating in the open sea.

On this point, other study [32], studied the impact of emissions on air-quality in Alaska’s National
Parks, both with and without ship emissions. They concluded that there is a significant effect of
ships’ emissions on air pollution during the tourist season in the study areas located downwind of
the shipping lanes; these areas receive, on average, 75% of the total NOx and SO emitted, and 35%
and 10% respectively of the total PM2.s and PM1o mass concentrations attributable to shipping.
Recently the US EPA published a regulatory impact analysis of the incidence of avoidable
mortalities and morbidities per ton of pollutants (NOx, SOz and PM> ) directly emitted as precursor
pollutants in 2016 from the ocean-going vessels sector. That analysis utilized data [31 and 25] to
determine that the incidence of avoidable mortalities per ton of directly emitted NOx in 2016 from
the ocean-going vessels sector was 0.000210 [31] and 0.000490 [25]; for SOz, the corresponding
incidence rate was 0.0014 [31] and 0.0031 [25]; for PM2 s the rate was 0.0052 [31] and 0.012 [25].

3. Results

A summary of all articles and reports reviewed in this paper is given in table 1. This table shows
the total emissions by ships in the respective ECAs and other areas studied, for each pollutant, in
tons per year, and the estimated premature or avoidable deaths per year produced by these emissions.
Comparing the deaths attributable to ships™ emissions with the total deaths attributable to all
emissions, for the world and the regions studied, shipping accounts for the following proportions:
2% of the total world deaths; between 1.7% and 2.1% of the total US deaths; 2.6% of the EU total,
between 0.8% and 3.1% of the East Asia total; and between 0.5% and 10% of the Australia total.
In the case of the Strait of Gibraltar the results are as follows: As proportions of the amounts of each
pollutant emitted in the EU, shipping in the Strait accounts for up to 0.81% of NOx; 3.96% of PM2s;
and 0.51% of SOx. Because these shipping lanes are only 13 km from the coast on average, the
effects of pollutants on the population are likely to be almost immediate.

Currently emissions from ships are responsible for 10% to 20% of sulphur deposition in coastal
areas, and this proportion has been forecast to increase to more than 30% in much of Europe and up
to 50 percent in coastal areas, by 2020 [15]. If this is the case for SO it can reasonably be assumed
that the maritime zones of Europe not controlled as ECAs will suffer substantially increased
emissions of NOx and PMzs, as well.
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4. Discussion

As a general rule, the highest emissions generally take place along the busiest shipping lanes near
the coast. In China, only a few port cities and provinces have begun to pay attention to emissions
from ships and port activities. Hong Kong was the first to enforce strictly the use of low-sulphur
fuel (500 ppm, or 0.05% sulphur content) by local vessels and will soon be the first in China to
require Ocean-Going Vessels to use lower-sulphur marine fuel while docking [33].

In Australia, controls on fuel used within ports and harbours, such as a requirement for ships to use
low-sulphur fuel while at berth, could potentially be implemented by state governments but controls
on fuel use outside ports would require federal government regulation [30].

Currently in Spain, only the use of low sulphur-content fuels (EU Directive 2005/33/EC) is
stipulated for ships operating at Spanish ports but no regulation is applied for ships cruising at sea
within Spanish waters, such as the Strait of Gibraltar. This absence of regulation is of particular
importance for the Mediterranean Sea, where many ships travelling between, say, the Suez Canal
and the Strait of Gibraltar do not enter any EU port. To draw the attention to this situation, a study
has been carried out recently to evaluate fuel usage and emissions in the Mediterranean Sea; it has
been found that, over the period between 2007 and 2010, fuel consumption had increased in the area
by 10%, and the resulting emissions were distributed principally along the Suez Canal-Strait of
Gibraltar route [34]. In this situation the increased uncertainty regarding measurement is important
because shipping in the Mediterranean Sea is responsible for an estimated 49% of the total European
emissions of SOx by ships; the possibility of proposing the Mediterranean Sea as a future ECA is
currently being studied.

In this paper quantitative results from 17 different sources have been analysed and compared with
the object of determining the most appropriate model for relating the amount of each main pollutant
(NOx, SOx and PM25) emitted by ships — usually expressed in tons weight per year — and the number
of premature or avoidable deaths produced. Table 1 combines the data available on amounts of
emissions by ships and numbers of deaths per year attributable to those emissions on a global basis
and for the main geographical regions that have been studied.

For the world as a whole, it is estimated that 2% (87000 out of 4.3 million) of all deaths per year
attributable to emissions of these main pollutants are accounted for by shipping. In the USA region
only, this percentage ranges between 1.75% [5] and 2.1% [35]. For the European region, i.e. the 28
members of the EU, considering only international shipping was estimated [7] that 3.5% of total
deaths per year due to emissions, i.e. 1000, were produced by shipping. In these cases, applying the
relationship proposed by Lepeule to the emissions data is found to be more reasonable than the
alternative proposed by another author [31].

For the case of the Sea of Marmara and its two Straits, a study [36] gives a total of 955 deaths per
year produced by shipping emissions; this is practically 100% of the total for all of Europe estimated
by Campling et al. However, by applying the [31] and [25] methods, the figures for deaths per year
are 170 and 681 respectively; these represent 8% and 14% respectively of the total for Europe. In
this case also, when the 31 and/or 25 methods are applied, the percentage seems more realistic. The
Sea of Marmara is an area that also has very heavy maritime traffic. Since the region around the
Marmara is highly urbanized, emissions from ships affect human health, but the overall regulation
of the environment and emissions to the air from ships is virtually non-existent. As elsewhere, this
situation requires the attention of the local, national and international authorities, to take appropriate
action.

For the Mediterranean Sea, the European average value (2.6%) is applied to calculate deaths per
year due to shipping emissions. However, applying both 31 and 25 models, the resulting figures are
higher. For the case of Australia, the results from all the methods are similar, but for East Asia the
results show very large differences.
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In the case of Spain there is no equivalent data but by applying the same percentage, 3.5%, as
estimated for Europe [7] to the total deaths attributable to these emissions, we obtain a figure of 79
deaths per year caused by shipping. However, from other study [37], 2007, for the Strait of Gibraltar
only (as a part of Spain), a figure of 314 deaths per year from shipping emissions was reported; this
is 30% of the total for all of Europe. Alternatively, based on emissions data study [28] and applying
both [31 and 25 methods], figures of 57 (2.6%) and 130 (5.92%) deaths per year respectively, are
obtained.

In this case, when both methods are applied, the percentage seems more realistic. The Strait of
Gibraltar, in the extreme south of Spain, is second only to the English Channel among the world’s
busiest shipping lanes: around 110,000 yearly transits are currently being operated by ships in this
channel, which is only 15 km wide at its narrowest, between the African and European continents,
that connects the Atlantic Ocean and the Mediterranean Sea. Despite this fact, neither the Spanish
Government nor the IMO have taken any action to regulate ship emissions generally in the
Mediterranean, particularly in the Strait of Gibraltar where it is clearly most needed. Spain has,
however, begun to regulate land-side emissions, through Directive 1999/30/CE, and as long ago as
1999 established that the air is a public good to be protected.

It is hoped that this article serves to call the attention of local, national and international authorities
to take action on emissions given the circumstances of this maritime zone that adjoins a Spanish
zone with heavy industrial emissions (La Linea and Algeciras). The sum total of harmful emissions
from both shipping and industry represent a very considerable health risk to the population.

For the USA, compliance with ECA standards could be expected to result in annual reductions,
starting in 2020, of 320,000 tons less of NOx; 90,000 tons less of PM2s; and 920,000 tons less of
SOx, i.e. reductions of 23%, 74% and 86% respectively, from levels predicted in the absence of an
ECA [38]. If reductions of this scale could be achieved for the high-risk areas identified, the Strait
of Gibraltar and Sea of Marmara, they should be designated as ECAs.

5. Conclusions

In this article we have associated the effects of contamination emitted as precursor pollutants with
mortalities caused directly. Considering the influence of NOx on PM formation, it is evident that
NOx emissions have a strong adverse impact on human health, as can be seen when the Krewski and
Lepeule models are applied; both methods are based on the pollutants emitted as precursors by ships.
For this reason, it is urgent and necessary that, for all maritime countries, ships” emissions
inventories that quantify the actual emissions of NOx and other pollutants, are produced and
published.

The main objective includes reducing scientific uncertainties in respect of emissions inventories. It
is therefore concluded that an agreement is needed on the procedures both for producing emissions
inventories and for the air quality model to be used.

It is recommended that the Strait of Gibraltar be designated an ECA zone, to help alleviate the
adverse health and environmental outcomes from ship-sourced air pollution. Prior to the future entry
into force of the proposed ECA, a change-over to the use of ECA-compliant fuel, for example, fuel
oil as defined in MARPOL regulation 14.6, needs to be completed, and vessels need to have on
board written procedures for how this is to be undertaken, and to implement those procedures.
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