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Abstract

In order to quantify the NO, NO: and NOx, SO2, CO and PM emissions from ship traffic on the Danube, seasonal measurements
(autumn, spring and summer) were performed during the period 2017-2018, using high precision mobile equipment. It is the first-
time air quality monitoring actions and activities of this type have been carried out on inland waterway traffic in Romania. The
selected indicators were analysed according to ISO standards in force, using chemiluminescence-based methods and non-dispersive
infrared spectroscopy. The results were supplemented by measurements of ambient temperature, humidity and with observations
on the number of ships transiting the fixed point, their category and the time interval. The statistical analysis is based on the daily
average measurements for the monitoring points located upstream of the Danube Delta Biosphere Reserve; for Sulina monitoring
area in the Danube Delta, hourly average values were used in correlation with the environmental factors. The results showed
significant increases in emissions in the diurnal range, and the statistical analysis of the data showed good correlations between the
power developed by ship engines and nitric gases. It has also been observed that the emission peaks can be attributed to the maximum
power developed by the ships’ engines. Ambient temperature and air humidity showed values typical of the monitored period, and
the wind direction was favourable during the three monitoring campaigns.
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1. Introduction with a high degree of importance (Dunea et al., 2017,
Rusanescu et al., 2018). In addition to industry and

At both European and global level, the urban agglomerations, the transport sector is presented
reduction of pollutant emissions is one of the priorities in many studies as a major emission factor (Beloev et
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al., 2017; Du et al., 2018; Rosu et al., 2016;).
Compared to land transport, shipping is considered as
a relatively clean form of transport if we take into
account the tonnage/distance ratio (Cullinane and
Bergqvist, 2014; Rosu et al, 2016; Viana et al., 2007).
However, about 15% of NOx emissions have an
anthropogenic source, out of which about 8% can be
attributed to waterborne transport (Eyring et al., 2005;
Viana et al., 2014). Also, the increased use of
resources and the scale of trade in the last decades
have impacted on inland waterway traffic and
consequently the increase of inland waterway
transport capacities has been achieved without much
attention to the negative impact on the neighboring
areas of the waterways, often being wetlands or
protected reserves.

Danube River is clearly not used to its full
potential for navigation purposes. Cargo volumes
transported on the Danube are only between 10% and
20% of those carried on the Rhine River (Nicolae et
al., 2017). Increasing ship traffic will aggravate local
ecological problems on the Danube River and its
surroundings, but its potential could be better
exploited by enhanced multimodality, improved
infrastructure, and modernization of the fleet in order
to reduce the negative impact of emissions.

Over the last decades there has been a lack of
investment and little innovation in the river fleet of
Danubian countries such as Romania, Bulgaria,
Serbia, Hungary, Slovakia and Croatia whereas the
state of waterway infrastructure raises safety issues,
impacting the transport efficiency (possible payload)
and fuel consumption.

Another important aspect in the field of
shipping is that the vast majority of engines used for
propulsion is represented by diesel engines that often
use lower quality diesel as compared to road vehicles
(Viana et al., 2014). Due to low fuel quality, even the
most modern ship engines produce high levels of
emissions (Cullinane and Bergqvist, 2014).

If for sea traffic levels quantification of
emissions is based on fuel consumption (Corbett and
Farell, 2002, Nicolac et al., 2017) and on
measurements using satellite imagery, in the case of
Danube ship traffic, there have been no measurements
made in situ, so far. In this context, the present study
aims at quantifying the main components of pollutant
emissions, namely, the nitrogen dioxides (NO>),
carbon monoxide (CO) and particulate matter (PM)
coming from ships on inland waters in order to limit
their impact on the quality of the environment.

The EU has committed itself to pursue the goal
of shifting transport to less energy-intensive, cleaner
and safer modes of transport. Danube River can play a
prominent role in reaching these targets. The Danube
region includes one of the air pollution “hot spots” in
Europe.

This paper describes the atmospheric pollution
along the Danube River in context with the impact of
Inland Water Transport by performing the
measurements of pollutant emission levels in four
critical environmental areas. GREEN DANUBE
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project responded to identified challenges through
direct contribution to more effective and integrated
approaches to limit impacts of Inland Waterway
Transport on the Danube ecosystem by performing the
measurements of pollutant emissions level in critical
environmental areas along the Danube and analysing
pollutant emissions impact on air quality.

2. Materials and method

The monitoring of pollutant emissions was
carried out between 2017 and 2018 in three seasonal
campaigns (autumn, spring and summer). At the same
time, measurements have been made on temperature,
wind rose, humidity and observations on the number
of ships that have crossed the fixed point, their
category and the time interval. The duration of a set of
measurements was 24 hours, under optimal conditions
(weather and hydrological level) for navigation.

The importance of conducting this study
started from the need to know the present level of the
main compounds of pollutant emissions, namely,
nitrogen oxides (NO), carbon monoxide (CO), sulphur
dioxide (SO;) and particulate matter (PM10 and
PM2.5) resulting from ship traffic on four Danube
selected areas that are part of the UNESCO list and
part of Natura 2000 (2016).

An area plan has been drawn for measurements
(Fig. 1), with the representation of the Danube region
areas and the points where the measurements were
made. The following 4 (four) critical environmental
areas along the Danube River were selected as the
most relevant ones for the performance of air pollutant
emission measurements.

Danube Delta: Sulina Channel MM 0-MM 34
(RO) - It is a uniquely dynamic relatively wild
ecosystem with a rich diversity of wetland habitats but
at the same time, it is the main access route for
seagoing ships.

Iron Gates I km 930-km 947(RO-RS) - This
area of the Danube is the route for maritime transport
in Romania, Bulgaria, Serbia, Hungary, Austria and
Germany and is characterized by the presence of the
Iron Gates 1 hydroelectric power plant, the largest
dam on the Danube and one of the largest hydropower
plants in Europe, located on the Iron Gate, between
Romania and Serbia. Gemenc (Baja) km 1475-km
1480 (HU) — It is a unique forest area between
Szekszard and Baja, Hungary, located in the vicinity
of the navigable Danube sector for the transport of
goods, passengers and leisure. It is a Ramsar site, a
wetland of international importance, the only
remaining tidal area of the Danube in Hungary.

Confluence of the Danube River and Inn River
(Engelhartszell) km 2200 - km 2224. (DE-AT) - Along
Engelhartszell-Confluence of the Danube and Inn
section, there is one of the starting points for cruises.
There are only a few small settlements and the
Donauleiten Park in this area.

Prior to the measurements, the following items
were taken into consideration: components to be
measured, methods to ensure representative samples,
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applicable standard techniques, ways to ensure
accuracy or uncertainty requirements and conditions
of the air pollution source. A set of main air pollutant
emissions CO, SO;, NO,, PM10 and PM2.5,
according to ISO 17025 standard was collected and
the equipment (Fig. 2) used for the measurements was
in full compliance with the reference method
mentioned in Annex VI of the EC Directive (2008)
and certified according to the following European
Standards: EN 14211 (2012), EN 14212(2012), EN
14626 (2012), EN 12341 (2014).

The device can generate three types of values:
instantaneous, short-term and long-term. 24 hour -
continuous determinations of the concentrations were
performed in all the measuring points. The device was
placed on the wind direction, at the maximum possible
distance away from industrial areas and urban
agglomerations.

The data collected also included observations
on the number and types of vessels passing by the

ns from inland waterway transport system in the Danube region

fixed point and on the time interval. The observation
of the ships was also made visually using the Marine
Traffic application at the same time the equipment was
measuring the concentrations of the pollutants in the
investigated ambient air.

3. Results and discussion
3.1. General analysis of results

Concerning the first mechanism, the European
Directives currently regulating concentrations of main
pollutants in ambient air are outlined to avoid, reduce
and even put a stop to harmful effects of these
pollutants on human health and the environment. Air
Quality Standards under Directive 2008/50/EU (EC,
2008), can apply over different periods due to the fact
that health impact linked to certain pollutants can arise
over different exposure; these are summarised in
Table 1)

Table 1. Limit value and period under Directive 2008/50/EU - Air pollutant
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Fig. 1. Map of the monitoring points
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40 pg/ m? 1 year n/a
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INitrogen dioxide (NO2) 200 pg/ m3 1 hour 18
not exceeded
40 ug/ m? 1 year n/a
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Analyser type Measurement rang B I Detection limit Accuracy
Carbon monoxide (CO) 1-100 ppm 0.03 ppm 1-3 ppb
Nitrogen oxides (NOx) 0-10 ppm 0.55 ppb

Sulphur dioxide (SO2) 1-10 ppm 1.5 ppb < 0.03ppm
Suspended particles in ambient air 3 / 5

(PM10 and PM2.5) <10 mg/m3 0.002 mg/m3

Fig. 2. Measurement equipment and measuring capabilities

It is important to distinguish contamination
representing the presence of elevated concentrations
of a particular air pollutant from pollution which
means the evidence that these concentrations have
adverse effects on different ecosystems. In this
respect, the evidence that elevated concentrations have
significant ecological impacts is more limited
(Richard et al., 2016). The intensity of vessel traffic
has been measured by the number of vessels passing
within a time unit, in this case 24 hours (Fig. 3).

The naval traffic in Sulina Channel and Iron
Gates selected areas is uniformly distributed over the
three sampling seasons, with the highest number of
ships recorded in July, and consisting of speed boats,
almost 80% (Fig. 3). This confirms the importance of
the area for tourism activities in summer and naval
transportation as a significant activity for these two
areas. During the three periods in which the
measurements were made, the largest number of both
passenger ships and powered barges were recorded at
Engelhartzell and Gemenc.

These types of crafts use only diesel as fuel.
The direction of navigation (upstream/downstream)
could be a factor influencing gas emissions as a greater
power is needed to navigate upstream, especially with
heavy loaded transports.

During the three monitoring campaigns there
were completely different ambient and traffic
conditions, the graphical analysis of total PM
concentrations did not reveal links between vessel
traffic intensity and hourly dynamics of this indicator.
We estimate that for this parameter, the high humidity
conditions of the Danube are of decisive influence.

In the first set of measurements (October 2017)
a smaller number of motor boats were observed, most
of them being large vessels or barges, especially in
Iron Gates. In April and July 2018, the variation and
the values are similar, with values ranging from 15 to
20 pg/m3 (fig. 4). Because in the afore mentioned
months the number of ships and the power generated
by their engines have different dynamic, not being so
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well synchronized, we can conclude that the source
emitting those PMs is not represented by naval traffic,
especially in the monitoring points located in
Engelhartszell and Gemenc, where the access for road
traffic was in the vicinity of the Danube. In case of the
Danube River, we compared two measured indicators
for the studied areas. Fig. 4 shows the air pollutant
concentration and trends in PM2.5, PM10 for all
selected critical environmental areas.

An increase in NO, emissions (Fig. 4)
comparable to the increase in particulate matter less
than 2.5 microns/ PM2.5 was observed in Gemenc,
possible sources of particulate matter (fraction PM10)
being the influence of road traffic and industrials
areas, besides emissions from vessels transiting the
river at the time of the measurements or the
direction/intensity of the wind and atmospheric
humidity. In the case of PM2.5, the significant
variations over monitored period could not be
attributed to the traffic of the ships that crossed the
monitoring point. (reviewer 2). The maximum values
for this parameter were up to 28.75 pg/m3 and are
comparable to those reported by Kurtenbach et. al,
(2016) in a study conducted in Germany on the Rhine
River (km 843), near "Wunderland Kalkar". PM10,
showed the same pattern of variation as PM2.5.

Nitrogen dioxide (NO,) is a gas with a sharply
strong smell that, together with fine airborne
particulate matter (PM), gives smoggy air its reddish-
brown haze appearance (WHO Report, 2003).

The monitoring area of the Sulina channel is
discussed in point 3.2. Detailed analysis of results -
Case study: Sulina channel. Regarding CO emissions
(Fig 5) the average values recorded showed variations
of up to 0.48 ppm between the monitored areas. In
terms of seasonality, the largest variations were
identified in the Sulina channel monitoring area.
However, the average values did not exceed 0.65 ppm.
Considering the maximum permitted levels for this
parameter (Table 1), we can see that there are no
reasons for concern regarding this type of pollutant.
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Analyzing the obtained concentrations, it can
be observed that the average measured SO, values
were below 2 ppb (Fig. 6). These values are most
likely due to the legislative restrictions at European
levels (ECA) which imposed the use of low sulphur
content fuels by ships. (Kotchenruther, 2015).

® Cargo vessel/Tanker ship
= Maotor boat/Speed boat

100%

observation boat no./24h

m Powered barges/Pusher craft

(reviewer_2) The highest average value was 1.68 ppb
obtained in October at the Iron Gates 1. It is possible
that these significantly higher values are caused by the
relief of the area (mountain gorge), which caused the
exhaust gases to be concentrated in the monitored
area.

® Cruise ship/Passenger vessel

| Tughoat

Fig. 3. Number and category of vessels crossing the monitoring points in 24 hours
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3.2. Detailed analysis of results - Case study: Sulina
channel

Sulina channel in the Danube Delta Biosphere
Reserve was selected for the detailed analysis of the
results. The location of this monitoring area
(N45°10"25.2"/E029°29'11.8") makes the influence of
large urban and industrial agglomerations to be at a
minimum level compared to the other upstream areas.

Starting from the ship traffic situation,
respectively the power developed by the engines of the
ships crossing the fixed point, reported in KW,
depending on the type of fuel (Fig 7a), the hourly
dynamics of monitored pollutants was develop. Fig. 7
Ship traffic and dynamics of pollutants monitored in
meteorological conditions - temporal variation,
October 2017

Taking into account the day / night interval, a
relative stability was noticed at night, namely in the
interval 20:00 — 06:00 for nitric gas (NO, NO,, NOx)
(Fig. 7b), when their values did not exceed the
threshold of 2 ppb, while in the case of carbon
monoxide (CO) (Fig. 7d), the values were below 2
ppm. A significant increase was noted during the day
when 2 emission peaks with different duration of
presence were observed. In the case of the first
emission peak, which was measured between 08:00-
09:00 respectively 13:00-14:00 for both nitric gases
and carbon monoxide (Fig. 7b-d ), the correspondence
with the two power peaks developed by diesel engines
in the range 09:00- 10:00 —14:00-15:00 is obvious
(Fig. 7a). Also, in the case of these gases, a good
correlation with the power developed by the engines
of the vessels (Fig. 8a-d) is observed, which shows
that the values of the pollutant concentrations are
directly proportional to the power developed by the
engine ships. The 1 hour gap between the peak of
gases and power developed by diesel engines can be
attributed to the predominant wind direction, namely
S-SE (Fig. 7c), which favoured the faster movement
of pollutants towards the monitoring point. The
second peak, measured between 16:00-17:00
respectively 18:00-19:00, cannot be correlated with
ships that have crossed the monitoring point and is
most likely the result of wind-borne emissions from
other neighbouring areas. Possible sources in this case
are maritime and fluvial-naval vessels waiting to enter
the Sulina Marine Line at a distance of 8 MN (14.8
km) from the monitoring point, as well as the ships in
Sulina port, which, during the standstill, have the
generating sets in operation. Also, the possibility that
the measured emissions came from much more distant
sources was not ruled out.

In the case of total PMs (Fig. 7f), significant
variations over the diurnal/ nocturnal range cannot be
attributed to the traffic of ships that crossed the
monitoring point. The maximum values for this
parameter were up to 28.75 ug/m? and are comparable
to those reported by Kurtenbach et al. (2016) in a study
conducted in Germany on the Rhine River (km 843)
near "Wunderland Kalkar". There is no correlation
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between the hourly dynamics of the total PMs and the
power developed by the engines of the ships that
crossed the monitoring point (Fig. 8¢), which shows
that this parameter was not influenced by the ship
traffic.  Atmospheric  humidity and ambient
temperature during the monitored period (Fig. 7c)
showed usual values for October, namely maximum of
93.6% and 22.010C, during the 24 hours of monitoring
there were no anomalies of these parameters.

If during the October 2017 measurements,
ships crossing the monitoring point were all equipped
with diesel engines (engines that use diesel fuel or
equivalent), during the April 2018 campaign, a second
type of engine was met, respectively petrol engines
(Fig. 9a). Another aspect that differentiated the set of
measurements in April was the ambient temperature,
with values inferior to the previous campaign,
reaching maximum 19.40C and air humidity
variations between 55.8 % and 92.5% (Fig. 9c¢).

Although there were significant differences in
atmospheric conditions and in the number of ships
crossing the monitoring point, in the case of nitric
gases (NO, NO,, NOx) (Fig 9b), there was the same
number of emission peaks between 11:00-12:00 —
13:00 — 14:00 and 13:00-14:00 —15:00-16:00 that can
be attributed to the two peaks of power developed by
diesel engines in the same timeframe (Fig 9a).

This finding is supported by the good
correlation of nitric gases (NO, NO,, NOx) with the
power developed by diesel engines (Fig 10). In the
case of power developed by petrol engines, there were
no differences in the hourly dynamics of the above-
mentioned pollutants. It is worth mentioning that ships
crossing the monitoring point and having petrol
engines do not have the capacity to develop a
maximum power of more than 223.7 KW, compared
to diesel engine cases with ships having the capacity
to develop power of up to 4800 KW.

However, the statistical analysis revealed a
correlation, statistically significant (a0 = 0.50) in the
case of petrol engines, too (Fig 10). Also, for the
spring period, it was noted that the maximum values
recorded for nitric gases/ nitrogen oxides (NO, NO»,
NOx) were up to 58% lower compared to the autumn
campaign measurement set.

This difference was most likely caused by the
higher ambient temperature in October, which led to
an acceleration of oxidation process of atmospheric
NO,, first of NO and then of NO,, to which it was
added a difference of about 2000KW in the maximum
power developed by ships crossing the monitoring
point in October compared to April. A similar
situation is presented in the studies conducted by
Sadanaga et al. (2008) and Geddes et al., (2009). In the
case of carbon monoxide (CO), variations within the
range of 0.146-0.203 ppm in the diurnal / nocturnal
range are observed. In the hourly interval 13:00-14:00
respectively 15:00-16:00 there is an emission peak
with values up to 0.435 ppm (Fig. 9d), which can be
attributed to the power peak developed by diesel
engines in the same timeframe.
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PM total in correlation with Diesel kW
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For the first peak of power developed between
11:00-12:00 —13:00 — 14:00, in the hourly dynamics
of carbon monoxide (CO), there is a slight increase in
concentrations compared to the time interval 0500-
0600, when the monitoring point was not transited by
any of the two types of ships. Compared with nitric
gases NO; and NOXx, there is no significant correlation
between carbon monoxide (CO) and the power
developed by the two types of engine (Fig. 10).

The total PMs monitored in the spring
campaign (Fig. 10) showed the same variation pattern
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on the diurnal / nocturnal interval compared to the
previous campaign and the maximum values showed
differences of up to 21.0 pg/m? higher than values in
autumn.

Despite the fact that starting from the graphical
representation of PM concentrations, none of the
emission peaks can be attributed to ship traffic, the
correlation between this indicator and the power
developed by the two types of motorization reveals a
strong link supported by the values of those two
correlation coefficients (Fig. 10).
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PM total in correlation with Diesel k\W
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Fig. 10. Correlation between developed power (KW) and concentrations of (a) NO in diesel; (b) NO in gasoline;
(c) NOz in diesel (d) NO2 in gasoline; (¢) NOx in diesel (f) NOx in gasoline; (g) CO in diesel (h) CO in gasoline;
(i) PM in diesel (j) PM in gasoline in the set of measurements April 2018

The set of measurements in the summer period
(July 2018) was carried out under conditions of ship
traffic with a significantly higher intensity of petrol
engines. The maximum power developed by petrol
engines was up to 2199 KW, and in the case of diesel
engines, 3828.42 KW (Fig. 11a). At the same time,
during this campaign, the maximum ambient
temperature was also identified, with values up to
27,8°C. Atmospheric humidity has been similar to the
previous two campaigns, but during the daytime
interval the percentages were significantly lower (Fig.
11c)

Compared to the two previous campaigns,
when the diesel engines were predominant and
emission peaks were predominantly identified over
the same time slot with the power peaks developed by
this type of engine, in the summer campaign set of
measurements, a more special case was identified - in
the 09:00-10:00 — 10:00-11:00 time slot there was a
power peak developed by the diesel engines
amounting to 1580.13KW, and another power peak
significantly higher, developed by gasoline engines
amounting to  2199KW, which contributed
simultaneously but with a different impact to the
emission peak of the same time frame identified in the
graphical analysis of nitric gases (NO, NO,, NOx)
(Fig. 11c¢).
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Taking into account the spring campaign
measurement set, when the emission peaks could not
clearly be attributed to the power developed by the
petrol engines, it is assumed that underlying the
emissions peak between 0900-1000 — 1000-1100 are
diesel engines, to which a much lower share of petrol
engines is added, although the greater share of the
developed power is the one of petrol engines. It is to
be mentioned that our hypothesis is supported by the
study of Degracuwea et al. (2016). Moreover, in the
study by Weiss et al. (2012) on diesel engines, this
type of engine has been found to have higher NOx
emissions in traffic than during laboratory tests.

Although we cannot definitely assign each
emission peak in the graphical representation of
carbon monoxide (CO) (Fig. 11d), in the case of the
July measurement set, the first two peaks of emissions
identified in the 06:00-07:00 — 09:00-10:00 and
09:00-10;00 — 11:00-12:00 time slots correspond to
the same time slot of the first two peaks of power
developed by the engines of the ships that have passed
by the monitoring point. Also, a significant increase in
carbon monoxide (CO) concentrations over the day
has been observed, coinciding with the timeframe of
shipping and is supported by a good correlation of the
values obtained for this indicator and the power
developed by ship traffic (Figs. 12g -h).
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Fig. 11 Situation of ship traffic and pollutant dynamics monitored in summer weather conditions (July 2018): (a) power
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concentration in 24 hours; (¢) wind rose and direction in 24 hours; (f) Total PM concentration in 24 hours
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NOx in correlation with Diesel kW
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Fig. 12. Correlation between developed power (KW) and concentrations of (a) NO in diesel; (b) NO in gasoline;
(c) NOz in diesel (d) NO2 in gasoline; (¢) NOx in diesel (f) NOx in gasoline; (g) CO in diesel (h) CO in gasoline;
(i) PM in diesel (j) PM in gasoline in the set of measurements - July 2018

4. Conclusions

Considering the concentrations of the
pollutants which have been obtained through
measurements with the number of ships crossing the
monitoring points, it was noticed that the pollutants
concentrations are not correlated with the number of
ships, but to the total horsepower developed by the
diesel engines. As far as the emission peaks of the
nitric gases are concerned, the majority of them can be
attributed to the amount of horsepower developed by
the engines.

An increase of inland naval traffic will
evidently cause an increase of pollutant emissions, but
the effects on biota as already suggested is hard to be
predicted because of the large inter- and intra-specific
variability in the sensitivity of organisms to air
pollution and the lack of relevant studies.

From detailed analysis of results, obtained
from measurements on the Sulina channel, significant
differences between the night and day interval were
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observed and values showed substantial increases
during the shipping traffic. As far as the emission
peaks of nitric gases are concerned, these could be
attributed in their majority to the peaks of power
developed by diesel engines. Exceptions to this pattern
were the total PMs.

Although during the three monitoring
campaigns there were completely different ambient
and traffic conditions, the graphical analysis of total
PM concentrations did not reveal links between vessel
traffic intensity and hourly dynamics of this indicator.
We estimate that for this parameter, the high humidity
conditions of the Danube Delta are of decisive
influence.

Based on the measurements made, it was found
that the nitric gases concentration values are directly
proportional to the power developed by the diesel
engines. Moreover, this type of engine is the main
polluter for the atmospheric air in the adjacent areas of
the Sulina channel.
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After seasonal investigations, it was concluded
that an increase in ambient temperature favours the
acceleration of oxidation processes of atmospheric N2
into NOx, thus having a decisive influence on nitric
gases concentrations in the atmosphere.

Having a network of monitoring sites along the
Danube would represent a good option to gather more
consistent and significant data to model the air
pollution resulted from navigation activities and
investigate the effects on biological communities.

Based on the pioneering approach
demonstrated in the present study assessing the
contribution of inland waterway transport to air
pollution in Danube areas, further investigations on
methodological aspects and monitoring procedures are
recommended, in particular for the evaluation of the
exposure to pollutants.

Acknowledgements

This study was supported by Interreg Danube Transnational
Programme, Reference no. DTP1-043-3.1, Project GREEN
DANUBE - Integrated transnational policies and practical
solutions for an environmentally-friendly Inland Water
Transport system in the Danube region Programme Priority:
PA3. Better connected and energy responsible Danube
region.

References

Beloev 1., Gabrovska-Evstatieva K., Evstatiev 1. B., (2017),
Compensation of CO2 emissions from petrol stations
with photovoltaic parks: cost-benefit and risk analysis,
Acta Technologica Agriculturae, 20, 85-90.

Corbett J.J., Farrell A., (2002), Mitigating air pollution
impacts of passenger ferries Transportation, Research
Part D: Research and Environment, 7, 197-211.

Corbett J.J., Winebrake J.J., Green E.H., Kasibhatla P.,
Eyring V., Lauer A., (2007), Mortality from ship
emissions: a global assessment, Environmental Science
and Technology, 41, 8512-2

Cullinane K., Bergqvist R., (2014), Emission control areas
and their impact on maritime transport, Transportation
Research, 28, 1-5.

Degracuwea B., Thunisa P., Clappierb A., Weissc M.,
Lefebvred W., Janssend S., Vranckxd S., (2016),
Impact of passenger car NOx emissions on urban NO2
pollution — Scenario analysis for 8 European citie,
Atmospheric. Environment, 126, 218-224.

Dul, Li Q. Qiao F., Yu L., (2018), Estimation of vehicle
emission on mainline freeway under isolated and
integrated ramp metering strategies, Environmental
Engineering and Management Journal, 17, 1237-
1248.

Dunea D., lordache S., Bohler T., Huber F., Leitner P.,
(2017), Evaluating the air pollution using
environmental monitoring, dispersion modelling and
volunteered geographic information system, Revista de
Chimie, 68, 835-840.

EC Directive, (2008), Directive 2008/50/EC of the European
Parliament and of the Council of 21 May 2008 on
ambient air quality and cleaner air for Europe, Official
Journal of the European Union, L 152/1, 11.6.2008,
Brussels.

EN 12341, (2014), Ambient air - Standard gravimetric
measurement method for the determination of the
PM10 or PM 2,5 mass concentration of suspended
particulate matter, On line at:

https://infostore.saiglobal.com/preview/98705579385.
pdf?sku=857774 saig nsai nsai_2040554.

EN 14211, (2012), Ambient air- Standard method for the
measurement of the concentration of nitrogen dioxide
and nitrogen monoxide by chemiluminescence, On line
at:
https://shop.bsigroup.com/ProductDetail?pid=0000000
00030049485.

EN 14212, (2012), Ambient air- Standard method for the
measurement of the concentration of sulphur dioxide by
ultraviolet fluorescence, On line at:
https://shop.bsigroup.com/ProductDetail ?pid=0000000
00030301613.

EN 14626, (2012), Ambient air- Standard method for the
measurement of the concentration of carbon monoxide
by non-dispersive infrared spectroscopy, On line at:
https://shop.bsigroup.com/ProductDetail 7pid=0000000
00030210757.

Eyring V., Kohler H.W., Van Aardenne J., Lauer A., (2005),
Emissions from international shipping: 1. The last 50
years, Journal of Geophysical Research: Atmospheres,
110, 1-18.

Geddes J.A., Murphy J.G., Wang D.K., (2009), Long term
changes in nitrogen oxides and volatile organic
compounds in Toronto and the challenges facing local
ozone control, Atmospheric Environment, 43, 3407-
3415.

Kotchenruther R.A., (2015), The effects of marine vessel
fuel sulfur regulations on ambient PM2 5 along the west
coast of the U.S., Atmospheric. Environment, 103, 121-
128

Kurtenbach R., Vaupel K., Kleffmann J., Klenk U., Schmidt
E., Wiesen P., (2016), Emissions of NO, NO2 and PM
from inland shipping, Atmospheric Chemistry and
Physiscs, 16, 14285-14295.

Natura 2000, (2019), Network Viewer, DISCLAIMER,
2019 status of the network (2019), Habitats Directive
Sites (pSCI, SCI or SAC), European Environment
Agency, On line at: http://natura2000.eea.europa.eu.

Nicolae F., Roman I., Cotorcea A., (2017), Air pollution
from the maritime transport in the Romanian Black Sea
coast, Journal of “Cercetari Marine*, 47, 260-266.

Richard S., Harris R., Hitchcock G., (2016), The ecological
effects of air pollution from road transport: an updated
review, Natural England Commissioned Report
NECR199, On line at:
http://publications.naturalengland.org.uk/publication/6
212190873845760.

Rosu A., Constantin D.E., Georgescu L., (2016), Air
pollution level in Europe caused by energy
consumption and transportation, Journal  of
Environmental Protection and Ecology, 17, 1-8.

Rusanescu C.O., Jinescu C., Rusanescu M., Begea M.,
Ghermec O., (2018), Evaluation of air pollution by
NOz, SO2, PM10 in Bucharest, Revista de Chimie, 69,
105-111.

Sadanaga Y., Shibata S., Hamana M., Takenaka N., Bandow
H., (2008), Weekday/ weekend difference of ozone and
its precursors in urban areas of Japan, focusing on
nitrogen oxides and hydrocarbons, Atmospheric
Environment, 42, 4708-4723.

Viana M., Hammingh P., Colette A., Querol X., Degracuwe
B., Vlieger 1., Aardenne J., (2014), Impact of maritime
transport emissions on coastal air quality in Europe,
Atmospheric Environment, 90, 96-105.

Viana M., Querol X., Gétschi T., Alastuey A., Sunyer J.,
Forsberg B., Heinrich J., Norbick D., Payo F.,
Maldonado J.A., Kiinzli N., (2007), Source
apportionment of ambient PM2.5 at five Spanish

529



Tudor et al./Environmental Engineering and Management Journal 20 (2021), 4, 517-530

centres of the European Community Respiratory Health
Survey (ECRHS II), Atmospheric Environment, 41,
1395-1406.

Weiss M., Bonnel P., Kiihlwein J., Provenza A., Lambrecht

530

U., Alessandrini S., Carriero M., Colombo R., Forni F.,
Lanappe G., Le Lijour P., Manfredi U., Montigny F.,
Sculati M., (2012), Will euro 6 reduce the NOx
emissions of new diesel cars? - Insights from on-road
tests with portable emissions of measurement systems
(PEMS), Atmospheric Environment, 62, 657-665.

WHO Report, (2003), Report on a World Health

Organization (2003), Health Aspects of Air Pollution
with Particulate Matter, Ozone and Nitrogen Dioxide,
This document was text processed in Health
Documentation Services, WHO Regional Office for
Europe, Copenhagen, On line at:
https://www.euro.who.int/__data/assets/pdf file/0005/
112199/E79097.pdf.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


