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Impact of pollutant emission from motor vehicles on air quality
in a city agglomeration

In the large urban areas, in middle latitudes, as in case of Poland, the cause of poor air quality is immission: in winter particulate
matter PM10 and PM?2.5, in summer — ozone and nitrogen oxides (or nitrogen dioxide). In the whole country, road transport is
significantly responsible for the emission of nitrogen oxides (30%), carbon monoxide (20%) and less for emission of particulate matter
(a few percent). In the case of other pollutants, the emission of non-metallic organic compounds is less than 10% (including polycyclic
organic compounds — just over 0.5%), and sulfur oxides — only 0.03%!

To analyze impact of automotive industry on air quality, pollutant emission data from two stations in Krakow were selected. These
stations are known for poor air quality — the stations are: Dietla Street — with a high level of traffic and Kurdwanow — place located far
[from traffic routes. It was found that other objects than automotive vehicles are the dominant source of dust. These are industrial sources
and — above all — energy sources, especially individual heating installations. Particularly large dust pollution occurs in winter and it is
not always in areas with intense traffic. There was a strong dependence between immission of pollutants and road traffic, however, this

dependence is not dominant in assessing the risk of air quality in urban agglomerations.
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1. Introduction

There is social acceptance, especially in liberal con-
sumer societies, for determining the dominant influence of
automotive on air pollution, especially in urban agglomer-
ations. Such views are common even in scientific envi-
ronments, and in the opinion-forming circles they even
adopt hysterical instead of factual character. Undoubtedly,
the impact of automotive pollution is important for the air
quality, especially on a local scale and at a time when
traffic is very intense [1-8]. It is known that usually other
sources are dominant, and not only related to anthropo-
genic sources of pollutant emission, but also to natural
phenomena [7, 9]. These natural phenomena include
commonly known risks associated with winds from great
deserts. Anthropogenic sources of pollutant emission,
especially dangerous for air quality, are primarily energy,
and especially distributed energy associated with local
heating of buildings. This condition is confirmed by nu-
merous research results of air quality [3-5].

The air quality is controlled in many measuring stations
— which is in line with international agreements. In Poland,
to assess the air quality, the Polish Air Quality Index has
been introduced by the Chief Inspectorate of Environmental
Protection.

Table 1 presents limit values of immission' of pollutants
for the Polish Air Quality Index for individual substances.

Immission of pollutants is determined at air quality
monitoring stations by automatic measurement method and
averaged over 1 h.

Polish Air Quality Index (pl. Polski Indeks Jakosci
Powietrza, PIJP) is a detailed index determined for pollu-
tion, which is dominating during the averaging of meas-
urements in the area of the province.

'Immission is the concentration of pollutants dispersed in the
atmosphere, measured at 1.5 m above the ground.

PLJP = Max[PIJP, ]

where: Max — operator of the maximum value.

Tab. 1. Limit values of pollution immission for the Polish Air Quality
Index for specific substances — PIPSs

PM10 | PM2.5| O3 | NO, | SO, | C¢Hs Cco
[ng/m’] [mg/m’]

Very good | 1 20 12 70 40 50 5 2
2 60 36 120 | 100 | 100 10 6

Moderate (3| 100 60 150 | 150 | 200 15 10
Sufficient | 4 | 140 84 180 | 200 | 350 20 14
5| 200 120 240 | 400 | 500 50 20

6| >200 | >120 | >240 | >400 [ >500 | >50 >20

No index - - - - - - —

Practice indicates that the dominant pollutants due to air
quality are: in the winter, the immission of particle size
fractions PM10 and PM2.5 and in the summer the nitrogen
dioxide and ozone emission.

For the summer, poor air quality can be bound to auto-
motive pollution, although this is not the only pollution
source. In the winter, however, the heating sector has the
dominating influence on air quality.

In general, the impact of road transport on the air quality
is not as dominant as it is believed, even among some scien-
tists. Table 2 presents the contribution of national annual
emission of pollutants from the road transport sector in the
total national annual emission of pollutants from all civiliza-
tion sources in Poland in 2017 [10].
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Tab. 2. Share of the annual emission of pollutants from the road transport
sector in the total national annual emission of pollutants from all civiliza-
tion sources in Poland in 2017

Pollutant | Share [%]
CO 20.7
NMVOC 8.9
PAH 0.6
NOx 29.9
TSP 4.5
PM10 5.3
PM2.5 7.8
SOx 0.03

As it is shown, a large share of automotive emission are
nitrogen oxides (about 30%), which contribute to the threat
of photochemical smog in the summer and carbon mono-
xide (about 20%). The share of dust emission is a few per-
cent — in the case of particulate matter PM10, the dominant
pollution in winter, the share is about 5%. The participation
of polycyclic aromatic hydrocarbons (0.6%), and especially
of sulfur oxides (0.03%!) is completely trace.

Since Krakow is commonly used as an example of the
environmental threat posed by the automotive industry, it
was decided to analyze the results of measurements carried
out at two stations of air quality monitoring: at Dietla Street
which is located in the area of heavy traffic of motor vehi-
cles and in Kurdwanéw — in the area deprived of the domi-
nating share of automotive industry in air pollution.

2. Results of empirical measurements

The pollutant emission data was provided by the air
quality monitoring stations. This data is publicly available
(for instance on relevant websites) in accordance with ap-
plicable law.

Figure 1 shows the immission of particulate matter
PM10 values obtained from Krakéw-Dietla station and
Krakéw—Kurdwano6w station in 2016.
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Fig. 1. The immission of particulate matter PM10 values obtained from
Krakéw-Dietla station and Krakow—Kurdwandw station in 2016

It is clearly visible that, in the so-called ‘heating peri-
od’, the immission of particulate matter PM10 is signifi-
cantly higher comparing to summer months. The particulate
matter immission PM10 values obtained from Krakow—
Dietla station are stably higher, although the difference is
not significant and does not indicate dominant influence of
automotive industry.

Figure 2 shows the immission of particulate matter
PM10 on 6 January 2016.
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Fig. 2. The immission of particulate matter PM10 on 6 January 2016

In most part of the day the immission of particulate mat-
ter PM10 is significantly higher on Krakéw—Kurdwanéw
station — impact of automotive industry on the immission of
particulate matter is not striking even at rush hours.

Figure 3 shows the immission of particulate matter
PM10 on 8 June 2016.
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Fig. 3. The immission of particulate matter PM10 on 8 June 2016

The mean value of the immission of particulate matter
PM10 in this particular case is considerably higher at the
Krakéw-Dietla station. This indicates that the automotive
industry has a major impact on air pollution. However,
these values of the immission are four times lower than in
winter season.

The impact of the dust emission from municipal sources
is particularly visible in Figs 4 and 5.
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Fig. 4. The immission of particulate matter PM10 values obtained from

Krakéw-Dietla station on 6 January 2016 and 8 June 2016
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Fig. 5. The immission of particulate matter PM10 values obtained from
Krakéw—Kurdwandw station on 6 January 2016 and 8 June 2016

The similar comparison was made for the immission of
nitrogen dioxide, a dominant pollutant in summer months.

Figure 6 shows the immission of the nitrogen dioxide in
2016 obtained from Krakéw-Dietla station and Krakow—
Kurdwanéw station.
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Fig. 6. The immission of nitrogen dioxide values obtained from Krakow—
Dietla station and Krakow—Kurdwandw station in 2016

Figure 6 shows the impact of automotive indutsry on ni-
trogen dioxide immission at Krakéw-Dietla station.

Figures 7 and 8 shows immission of nitrogen dioxide on
6 January 2016 and 8 June 2016.

Figures 7 and 8 show the impact of automotive industry
on nitrogen dioxide immission — higher values were ob-
served at Dietla station at rush hours.
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Fig. 7. The immission of nitrogen dioxide on 6 January 2016

Figures 9 and 10 show a comparison of nitrogen dioxide
immission. The data was collected by both stations in win-
ter and summer time respectively.
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Fig. 8. The immission of nitrogen dioxide on 8 June 2016

As it is shown in Figures 9 and 10, automotive industry
is a major source of nitrogen dioxide emission, especially in
summer.
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Fig. 9. The immission of nitrogen dioxide values obtained from Krakéw—
Dietla station on 6 January 2016 and 8 June 2016
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Fig. 10. The immission of nitrogen dioxide values obtained from Krakow—
Kurdwandw station on 6 January 2016 and 8 June 2016

It is similar to nitrogen oxides immission — Figs 11-15.
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Fig. 11. The immission of nitrogen oxides values obtained from Krakow—
Dietla station and Krakow—Kurdwandw station in 2016
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Fig. 12. The immission of nitrogen oxides on 6 January 2016
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Fig. 13. The immission of nitrogen oxides on 8 June 2016
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Fig. 14. The immission of nitrogen oxides values obtained from Krakow—
Dietla station on 6 January 2016 and 8 June 2016

The results from the research confirm moderate impact
of motor vehicles on air quality in a city agglomeration.
Other revelations from a number of quality scientific jour-
nals confirm such assessment [1-8]. Of course, automotive

industry threats are not to be underestimated but only ra-
tional actions supported by objective evaluation of the situ-
ation should be taken. Propagandistic and unprofessional
actions such as mass checking of exhaust components con-
centration in spark-ignition engines at idling speed in win-
ter time when there are large exceedances of dust immis-
sion not only do not bring any benefits but are also quite
harmful as social resources are unnecessarily wasted.
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Fig. 15. The immission of nitrogen oxides values obtained from Krakow—
Kurdwandéw on 6 January 2016 and 8 June 2016

3. Recapitulation
By summarizing the above data, it possible to draw the

following conclusions:

1. The cause of poor air quality is immission: in winter
particulate matter PM10 and PM2.5, in summer — ozone
and nitrogen oxides.

2. Road transport is significantly responsible for the emis-
sion of nitrogen oxides (30%), carbon monoxide (20%)
and less for emission of particulate matter (a few per-
cent).

3. The dominant sources of dust are other objects different
than automotive vehicles. These are industrial sources
and — above all — energy sources, especially individual
heating installations. Particularly large dust pollution
occurs in winter and it is not always in areas with in-
tense traffic.

4. The research from a number of other air quality moni-
toring stations confirms the conclusions drawn in this

paper.

Nomenclature

I immission PM10 particular matter PM10

Cco carbon monoxide PM2.5 particular matter PM2.5

NMVOC non-methane volatile organic compounds SO, sulphur oxides

NO, n%trogen di(?xide TSP total suspended particles

NO, nitrogen oxides PAH polycyclic aromatic hydrocarbons
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