Revista Romana de Inginerie Civila, Volumul 5 (2014), Numarul 3 © Matrix Rom

Road Transport and Air Pollution in an Urban Congestion
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Abstract. Depreciation of outdoor air quality in an urban centre is a certainty and is due
mainly to road traffic.The objective of this work is to evaluate the influence of emissions
from road transport over ambient recorded in an urban area with high density of
population. For this, the level of pollution of the lower troposphere from Bucharest was
monitored with the help of a network of eight points of measurement. The analyzed
pollutants were ozone(Os), nitrous oxides (NOx/NO,) and other chemical species involved
in photochemical smog. Among other things, resulted in the fact that concentrations of
ozone and nitrogen oxides are inversely correlated.
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1. Introduction

The pollution of the atmosphere is a very complex phenomenon, taking into
account the diversity of susceptible pollutants to be present simultaneously in the
troposphere air. Concerning this, a special research direction was represented by
measuring and predicting of outside pollution levels, in urban congestions. Taking into
account the fact that road transport represents the most important element of exterior
air quality depreciation in an area like this, the realization of a study was mandatory,
study that would emphasize the pollutant contribution of the automobile looking at the
general chemical pollution of lower atmosphere based on direct indicative
measurements.

The article contains a description of the monitoring network for air quality
existent on Bucharest’s territory, as well as a revealing of the results as a visualization
of concentrations variations of pollutants: carbon monoxide (CO), nitrous oxides
(NOx/NO2) and ozone (O3). These chemical species were chosen because of their
elevated levels of toxicity and the fact that they are precursors or follow
photochemical smog and acid rains.

Similar studies were performed for other urban areas, like: Milan [1], Lisbon [2], [zmir
[3], New Delhi [4], Kosovo [5], Paris, Helsinki and Cambridge.

The high pollution potential of this source is due to pollutant emissions which

take place close to the ground, at road height, even in the area where pedestrians walk,
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on the sidewalk, as well as the large surface that is covered by pollutants (due to the
source’s mobility).

From the complex processes that take place in the engine, the process of fuel
ignition has a special importance, because of it’s perfection depend, in a high measure,
the economical and power indexes, durability of the internal combustion engine, and
last, but not least, the quantity of pollutants that are being emitted into the atmosphere.
From a complete burn of the fuels, the following substances are ensued: water vapors
(13%), carbon dioxide (13%) and nitrogen (74%) [6]. In reality, based on the quality
of the air/fuel mix (the dosage coefficient), CO is also formed, hydrocarbons and
others.

The evaluation of the negative impact of traffic on exterior air quality is achieved
through monitoring the next categories of pollutants: inorganic gases (nitrous oxides,
sulfur dioxide, carbon oxide, ozone), powders, powder components (elementary
carbon, aromatic multi cycle hydrocarbons, lead) and volatile organic compounds
(benzene).

2. Experimental study

The city of Bucharest falls in the category of great urban congestions (0.8% of
Romania’s surface), characterized through a greatly human modified environment.
The density of the population, in this metropolis, in 2008, was of 8168
inhabitants/square km. The main sources of pollution are traffic (responsible for about
70% of atmospheric pollution), electro-thermal power plants, very diversified industry,
construction works and residential heating. In the precedent years, these kind of
studies have been performed for Bucharest as well [7] and [8].

The used database in this study is the result of measuring processes in real time
ran between 2004 and 2009, with measuring stations that form the monitoring network
for air quality, located in Bucharest’s territory. The network is formed out of 8 fixed
monitoring stations for the quality of air, placed in the urban area (6), as well as in the
city limits (2). Every station is equipped with:

e analyzers for real time measuring of the next categories pollutant
concentrations: SO2, NO/NO2/NOx, CO, Os, benzene, suspension particles;

e meteorological sensors for the identification of: wind speed and direction,
temperature, relative humidity (all except the station on Mihai Bravu).

Details regarding the category and the placement of the measuring stations are
found in table 1.
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The categorization and placement of measuring stations.

Station no./Area

Station category
Placement details

1 — Cercul Militar

- Traffic
- Placed right in the centre of the city, in Bucharest’s most
polluted city, where the contribution of traffic is the most

important
2 — Mihai Bravu | - Traffic
- Placed in the centre of the city
3 — Titan - Industrial
- Placed in the city, in an area quite far from the centre
4 — Drumul - Industrial
Taberei - Placed in the city, in an area quite far from the centre

5 — Balotesti

- Peripheral (in the forest), at 35km North of Bucharest
- Placed in a rural area

6 — Magurele

- Peripheral, South of Bucharest, right after the city’s ,,belt”
- Placed in a rural area, near the city

7 — Lacul Morii

- Peripheral
- Placed in city, in an area very far from the centre

8 — Berceni

- Industrial
- Placed in city, in an area quite far from the centre

Table 1

The map below (picture 1) is relevant to the geographical position of these
locations and their closeness to the central area of the city.

Picture 1. Geographical placement of measuring stations
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In table 2 the evolution of ambient air pollution evolution is presented, based on

annual average hourly concentrations for NO; (ug/m?) and O3 (ug/m?).

Table 2

Annual average concentration evolution for NO; and O3
Station / 2004 2005 2006 2007 2008 2009
pol. conc. NOz 03 NOz 03 NOz 03 NOz 03 NOz 03 NOz 03
Cercul 88 28 130 23 126 13,2 111 16,2 | 78 12,6 | 62 314
Militar
Mihai 81 36 92 35 90 24,8 | 62 22,2 | 68 18 67 34,2
Bravu
Titan 44 52 52 45 54 32,7 | 46 43 33 37,8 |20 36,1
Drumul 52 38 60 41 53 35,8 | 59 31,1 49 26,8 | 39 39,6
Taberei
Balotesti 10 60 11 56 12 52,4 13 58,1 12 51,4 11 53,8
Magurele | 23 52 30 51 30 24 26 27,6 | 26 31 27 36,9
Lacul 40 50 | 44 45 31 45,9 | 43 474 | 33 448 | 36 40,9
Morii
Berceni 33 52 45 47 35 42,8 | 41 399 | 38 34,7 | 24 35,1

In this way, the following aspects can be emphasized:
Annual average values for NO> have increased in 2005, have decreased in 2006
and 2007, and in 2008 and 2009 a significant decrease has been registered. Annual
averages exceed the limit value at stations characterized by intense traffic: Cercul
Militar, Mihai Bravu and Drumul Taberei. According to the current legislation [9],
the maximum admitted value for annual concentration is 40 ug/m?3.
The maximum values for hour concentration of NO> have been recorded in the
evening, at stations located in the central area of the capital, following the
oxidation of NO, effect of traffic. Some examples can be given: 545 ug/m? — Mihai
Bravu (10/22/2005 — midnight), 605 ug/m® — Mihai Bravu (10/04/2006 —
midnight), 489 ug/m3— Cercul Militar (10/18/2007 — 8 PM).
You can notice frequent overtaking [9] of NO> hour concentration — 200 ug/m?, of
the inferior evaluation threshold — 100 xg/m3, as well as the superior evaluation
threshold — 140 pg/m?.
The smallest values for the maximum NO- hour concentration have been recorded
at the station outside of Bucharest — Balotesti (173 zg/m®— 11/23/2007, 4 PM and
71 ug/m3 — 12/09/2008, 3PM). At this station frequent 0 values have been
recorded, rare exceeding the lower evaluation threshold, and very rarely exceeding
the superior evaluation threshold, the values for the hour or annual concentrations
[9] never been achieved in the monitoring interval 2004 — 2009.
Values exceeding the target value for ozone (maximum daily concentration of
averages/8 hours) — 120 ng/m? have been recorded especially in the warm period
of the year (fact that helped the development of photochemical reactions), but the
thresholds of informing — 180.g/m? and of alert — 240 zg/m? have not been passed [9].
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- The highest values of hour O; concentrations have been recorded at Balotesti
station: 137,5 wug/m® — 08/18/2006, 7 PM, 157,7 ug/m*® — 07/22/2007, 8 PM and
168 ug/m3 — 09/05/2008, 9 PM.

In the second picture, for year 2005 (the year in which the highest level of
pollution has been recorded), the annual average variations of hour concentrations for
pollutants presented above will be visualized, to which the annual average at 8 hours
for pollutant CO (mg/m?) is added — representative for the partial combustion, most of
the time incomplete from the engines.
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Picture 2. Annual pollution levels — 2005

Following the curve similar to the graphics that represent annual average
values, recorded at all stations that form the monitoring network for air quality, we can
have the conclusion that CO and NO; imissions are strongly related to the emissions
from the same pollution source — traffic. The variation tendency, from one station to
another, of the secondary O3 pollutant annual average is opposite to the first two.

3. Correlation Studies

The simultaneity of linear variations of the analyzed two parameters is
emphasized by the statistic parameter called “co_varianta” [10]. The normalization
and adymensionalization of this statistic parameter is realized by dividing it to the
multiplication result of the standard deviation of every parameter. A correlation
coefficient is obtained that varies between [-1, 1]. The negative values symbolizes that
an increase of one parameter is followed by the decrease of the second one, the
positive values indicate a variation in the same sense of the parameters, and a value
close to zero emphasizes the fact that the two parameters are not correlated [11,12].

It will continue to track the achievement of two types of analyses:
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e Study of troposphere response reaction at increasing man-made pressure exerted by
transport activities with auto vehicles through correlation of the imissions
measurements results with simultaneous monitoring of traffic.

e Identifying type of correlation between NO, and O3 imission day values, recorded
in a hot day, in downtown as well as outside Bucharest.

3.1. Evaluating the contribution of traffic at the pollution of Bucharest with nitrous
oxides and carbon monoxide.

For the making of this study, an area characterized through intense traffic has
been chosen — Mihai Bravu street, and the data used are the estimated daytime
emissions to be generated by auto vehicle flow (with the help of a special software
called IMPACT), over which imissions overlapped, resulted from measurements done
in the same time interval, with equipment in the monitoring station’s endowment,
located in Mihai Bravu street, no. 62. IMPACT-ADEME 2000 software allows the
quantification of consumed fuel quantity and main pollutants emitted by an auto
vehicle flow, of which distribution is known in the conditions of a known
infrastructure.

In pictures 3, 4 and 5 the results of this study are presented, study performed for the
time interval 05/06-07/2007.

Station Mihai Bravu mmm Total auto —e— NOX|

Total number of
vehicles/hour
Mass flow (kg/h)

Picture 3. Traffic values and the nitrous oxides (NOy) quantity, estimated to come from traffic,
05/06-07/2007
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Picture 5. Emission / Imission CO

To follow the relation between the emissions that were forecasted to result from
traffic and imissions measured in the analyzed area, the correlation coefficient between
the two parameters (x and y) is calculated, using relation (1):

lz (xi = Xined )(yi ~ Yined )

(o} O n

D= :;,y — X,y — i (1)
Oy O-y \/O-x,x *\/O-y,y \/IZ(XI — Xmed )2 *\/IZ(y| - ymed )2

n-= n-=

The correlation coefficient between NOx emissions that were forecasted to result
from traffic and NOy imissions is 0.395, which means that the two analyzed
parameters are directly correlated.

The correlation coefficient between CO emissions that were evaluated to result
from traffic and the CO imissions is 0.621, which means that the two analyzed
parameters are direct strong correlated.
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3.2. Traffic and photochemical smog

This type of pollution appears especially above great urban congestions, and
from the conditions that provide the production of photochemical smog, we can
emphasize: introduction into the atmosphere of a high quantity of HC hydrocarbons
and nitrous oxides NOx (generally emanated from traffic), as well as the existence of
certain time frames characterized through elevated temperatures and intensities of
global solar radiation, generated by photochemical reactions [13]. Necessary data for
this study is represented by hour averages of pollutants NO> and O3 concentrations,
measured in a summer day (07/20/2007), downtown as well as outside Bucharest.
Daily variations of NO; and O3 imissions are presented in pictures 6 and 7.
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The correlation coefficient between NO2 and O3 day imissions, at Cercul Militar
station, based in downtown Bucharest, where traffic is very intense, is of -0.19136,
which means that the two analyzed parameters are reverse correlated.

The correlation coefficient between NO2 and Oz day imissions, at Balotesti
station, based outside Bucharest, is of -0,76089, which means that the two analyzed
parameters are strongly reversed correlated.

Therefore, the variation profiles of ozone and nitrous dioxide are “opposite”.

Intense traffic recorded downtown (generator of a supplementary quantity of NO) and
the special topography of the built perimeter (which strongly influences the dispersion
and synergy of pollutants), lead to the obtaining of a reverse correlation between these
two pollutants, but of a smaller value.

4. Conclusions

Urban pollution has, as a main component, traffic, that is in a continuous ascension.
Imission measurements that represent atmospheric air concentrations of the following
pollutants: NOx, CO (the most representative for traffic), have demonstrated the
existence of a direct conditioning link regard if traffic hour flow. A direct correlation
between forecasted emissions that result from traffic and imissions measured in the
same area.

The highest values for nitrous oxides and carbon monoxide were registered in the
central area (area well known for its intense traffic) and have decreased towards the
periphery.

Spatial and temporal distributions of ozone differs from the pollutants mentioned
above. The highest levels of O3 concentrations have been recorded at the periphery and
outside of Bucharest. A reversed correlation between ozone and nitrous dioxide
concentrations has been noticed.
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