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Abstract

Road transport is a necessary attribute of urban environment. Fuel vehicles emit a great variety
of pollutants, transform the environment and pose human health risks. This problem is highly
recognized in the EU and US, while it is out of sufficient attention in other countries.

This review article highlights road traffic as the key source of environmental pollution in cities
and the associated adverse effects on human health. This problem is reviewed in details and
possible solutions related traffic management, fuel quality increase and roadside territories
design are described.

Takeaway for practice: This article is written for educational purposes to direct the attention

of academia, government and businesses to road traffic as the key source of environmental
pollution in the urban environment. It is especially useful for urbanists considering the negative
effects of motor vehicles for human well-being in sustainable city planning.
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Introductiont

munication with Moscow students of dif-

ferent institutes and specialties. They said
that industrial plants and factories were the key
source of environmental pollution in the city;
road transport was not considered. This stereo-
type may come from the time when motorization
was low. The author aims to break this misun-
derstanding and highlight road traffic as the key
source of urban environmental pollution and ad-
verse effects on human health.

The idea for this article originated in com-

1 The author thanks Igor Nikolaev for the considering
this article and his precious comments; Alice
Nikolaeva for the general support; and Sophia
Lisovitskaya for Fig. 1 creation.

About 55% of the Earth’s population is urban
and this proportion is expected to grow to 70%
by 2050 [United Nations, 2014]. Due to strong
demand for mobility in cities, urbanization is
accompanied by an increase of the number of
vehicles. In 2014, there were 1.2 billion vehicles
on the road and 2 billion are expected by 2035
[Green Car Report, 2014].

Numerous studies worldwide conducted at
the end of the 20th century revealed the extent
of environmental pollution and associated ad-
verse health effects caused by traffic. The close
proximity of people and transport in urban areas
is a cause for concern. Vehicles exhausts being
originated at the near ground level strongly af-
fect the pedestrians.
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Road transport is responsible for 57-75% of
total emissions in urban areas [WHO, 2005] and
it was recognized as the key source of environ-
mental pollution. The contribution of traffic in
total emissions in million-inhabitant cities is
estimated to be significantly higher. For exam-
ple, 80% of all emissions to the atmosphere in
Moscow relate to auto transport and only a mi-
nor part goes to industry. The hot-spots of trans-
port-related exposure in cities are roads and
roadside territories.

Transport-related Contaminants

Road traffic releases a wide spectrum of contam-
inants harmful for the environment and human
health: polycyclic aromatic hydrocarbons (PAH),
heavy metals (HM), petroleum hydrocarbons
(PH), nitrogen oxides (NO,), carbon oxides (CO
and CO2), volatile organic compounds (VOCs)
and ozone (O,). Pollutants are emitted into the
environment in the processes of fuel combus-
tion; loss of lubricating oil, fuel, coolants and
car cleaning products; corrosion of vehicles and
the road itself. The application of deicing salts
(DS) on roads also contributes environmental
pollution. A brief description of the pollutants
is given below.

PAH are hazardous environmental pollutants
of recognized carcinogenic, mutagenic, and ter-
atogenic effect [Grimmer, 1983]. Due to their low
solubility and high hydrophobicity, PAH have
low degradation rates and accumulate in soils
for many years [Lu et al., 2007]. The key source
of PAH related to traffic is the incomplete com-
bustion of fossil fuels. Additional emissions of
PAH occur as a result of the abrasion of rubber
tires, road surfaces, and brake linings [Takada et
al., 1991]. 16 individual PAHs are currently of top
priority for environmental monitoring in the US
and EU [US EPA, 2014], while only 1 is monitored
in Russia.

HM cause blood, neurological, respirato-
ry, and cancer disease [Laumbach, Kipen, 2012].
These contaminants cannot be degraded by mic-
roorganisms and are highly persistent in the ur-
ban environment. They are mainly released from
the corrosion of radiators and brakes (Cu), tire
dust (Zn), and fuel combustion (Pb) [Van Bohe-
men, Van de Laak, 2003].

One of the most toxic HM is Pb. It was active-
ly applied worldwide as a fuel additive to prevent
uncontrolled fuel combustion. The recognition
of its harmful effects led to the ban of its use.
Leaded fuel was forbidden in the last decades of

20th century in US and EU, and in 2003 it was
banned in Russia (Federal Law of the Russian
Federation N2 34 [2003]). Being very resistant in
the environment Pb may be present in soils for
hundreds of years. In 2016, we revealed a signifi-
cant increase of the permissible levels of mobile
Pb in Moscow roadside soils [Nikolaeva et al.,
2017]. This is a significant risk to people in the
vicinity of roads as wind flows can disperse soil
particles in the air which people can inhale. Pb
can affect the nervous, cardiovascular, immune
and reproductive systems. Children under five
and pregnant women are especially sensitive
to this exposure. Pb is known to have negative
neurological effects, cause brain damage and
decrease children’s intellectual development;
it causes problems in fetal development, pre-
mature birth and even stillbirth; Pb exposure
in adults is attributed mainly to cardiovascular
system damage. The ways of exposure are the
inhalation of polluted air or incidental swallow-
ing of dust particles from contaminated food-
stuffs.

PH are the main components of automobile
fuels. They reflect the general technogenic load
on soils [Gennadiev et al., 2015].

The application of DS also contributes to
environmental pollution, causing plant tissue
necrosis [Gatuszka et al., 2011]. The high solu-
bility of DS in water minimizes ecological risk by
means of their washing out of the soil.

NO_: The most dangerous and active gas
within nitrogen oxides group is NO,. It is emitted
into the atmosphere directly from the burning
of car fuel. 80% of the NO, originating in cities
comes from motor vehicle exhausts [Australian
Government, 2005]. Irritating airways in the hu-
man respiratory system, this gas reduces resist-
ance to respiratory diseases, particularly asthma.
Such effects as coughing, wheezing or difficulty
breathing often appear [USEPA, 2018]. Pedes-
trians walking near roads, and drivers, have the
highest risk of NO, exposure although its con-
centration decreases significantly with distance.
The environmental effect of NO, relates to its
role as the precursor for acid rains, smog and
ozone formation.

CO is one of the most toxic air pollutants.
60% of the annual global emissions of CO into
the atmosphere originate from vehicle exhausts
due to incomplete combustion of fuels [WHO,
2000]. CO affects humans by binding onto hem
proteins in the blood, reducing its oxygen-carry-
ing capacity and causing tissue hypoxia. Accord-
ing to WHO, the organs and tissues suffering the



most are the brain, the cardiovascular system,
exercising skeletal muscle, as well as develop-
ing fetuses. Patients with cardiovascular disease
are expected to be particularly sensitive to CO.
Exposure to this gas can cause headaches, and
high levels of CO may lead to dizziness, nau-
sea, vomiting, coma and death. In conditions
of heavy traffic drivers may be under the risk of
reduced coordination. The most dangerous road
locations are within tunnels where the ventila-
tion is poor. On open roads CO concentrations
rapidly decrease from road to rooftop. Within
100m of the road its concentration may reach
background levels. Higher CO concentrations are
found on the downwind side of street canyons.
Among air pollutants of very high concentra-
tions, carbon monoxide causes a large number of
accidental deaths.

CO, is the major greenhouse gas on the Earth.
Urban road traffic is a significant source of world
CO, emissions, contributing 10% of all Europe-
an CO, emissions. CO, emission by vehicles is an
obvious result of fuel combustion. Despite the
CO, level along roads being higher than further
away locations, its concentration in the air does
not usually exceed permissible levels due to the
ventilation effect.

Traffic related VOCs are represented by al-
kanes, alkenes and aromatic hydrocarbons.
VOCs may affect the human nervous and sen-
sory systems, cause damage to organs and lead
to allergies. These compounds do not have acute
toxic effects but their effect appears with long-
term exposure. One of the most harmful VOCs
is benzene, known to be carcinogenic. Benzene
is a marker of transport-related air pollution in
general [WHO, 2005]. VOCs are of high environ-
mental interest as they promote ozone and smog
formation, participating in photochemical reac-
tions in atmosphere [US EPA, 2014].

0, is not primary pollutant emitted by vehi-
cles. It originates in the air when CO, NO_, VOCs
reacts with ultraviolet radiation. It is recognized
as a region-wide air pollutant due to easy trans-
port over long distances. High concentrations of
ground level O, promote respiratory diseases.

Road traffic is also a key source of noise pol-
lution in cities and is studied together with air,
water and soil pollution. Numerous studies have
shown that in addition to hearing loss, noise ex-
posure leads to changes in the heart rate, blood
pressure and the release of stress hormones
that affect the metabolism. The probability of
strokes, diabetes mellitus and diseases of the
nervous system increases [Babisch, 2002; Enda,
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Owen, 2018]. At least one million disabilities per
year occur in Europe because of the increased
noise impact on people [WHO, 2011].

Thus, motor transport leads to the multiple
contamination of the environment and is asso-
ciated with a complex of adverse health effects
which may be of synergetic character. Environ-
mental contamination is associated with biodi-
versity loss, lower rates of growth and develop-
ment, and the destabilization of ecosystems.

Pathways and Distribution Patterns of Traffic-
related Pollutants Released into the Environment

Contaminants may be transported through the
environment bound to dust particles, in the
form of aerosols or in a gaseous state. Particu-
late or dissolved pollutants are transferred into
the environment via aerial transport or the infil-
tration of road runoff and spray waters [Werken-
thin et al., 2014]. World health and environmen-
tal organizations pay a great deal of attention
to particles with a diameter of less than 10 mi-
crometers (PM10) and less than 2.5 micrometers
(PM2.5) as these particles can easily be inhaled.
The finest fractions of dust particles are espe-
cially important for monitoring as they cannot
be sedimented due to air fluctuations near roads
and their concentrations are growing. In periods
of dry weather, PM concentrations in the air may
reach critical values and are reduced only with
rain.

The distribution patterns of pollutants in the
environment depend on a complex of factors:
climatic conditions, landscape, vegetation type,
road configuration, type of road surface, traffic
intensity, vehicle types, driving style. The devel-
opment of models to predict the release and dis-
tribution of transport-related contaminants in
the environment is the most complicated for the
urban environment as building-related charac-
teristics strongly affect the contaminants spread
specific.

According to average estimations, traffic-re-
lated contaminants concentrations in the air are
generally most intense in the 0-300 m zone ei-
ther side of major roads with 4 lanes of intense
traffic [US EPA, 2014]. This area is reported as the
risk zone for human well-being. Prior to soil pol-
lution the contaminated area is usually within
0-50 m zone from the road as the gas compo-
nents do not affect soils significantly. The major
soil pollutants are HM, PAH, PH, and DS (Fig. 1).

Living, working and studying close to major
roads promotes respiratory diseases, allergies
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Fig. 1. Pathways of transport-related pollutants release to the environment: red — high, yellow — medium, green —

background levels of environmental pollution

and asthma, cardiovascular diseases and is asso-
ciated with an increase in cancer rates and pre-
mature death [Vette et al., 2013; Raaschou-Niels-
en et al., 2012]. According to Chen et al. [2017],
a higher incidence of dementia was reported
for people living within 1-300 m of roadside
zones. Despite air pollution, negative health ef-
fects are related to road noise causing damage
to the nervous and cardiovascular systems and
promoting chronic disease. The American Lung
Association [2018] report about 30-45% of the
urban population in North America are affected
by road pollution. These values for large cities
are expected to be higher.

The highest risk of transport-related contam-
inant exposure is to drivers, children, the elderly
and people in poor health. Creating public zones
along major roads should be avoided. Kindergar-
tens, playgrounds, schools located within 300
m of the roadside can seriously harm children’s
health (Fig. 2).

Photo ©® Olga Nikolaeva

Fig. 2. Example of playground associated with high risk to children’s
health
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Thus, road transport contaminates the en-
vironment at the system level affecting air, soil
and water systems through direct pollution or
via contaminants infiltrating ground waters.
Pollution levels in the vicinity of roads are sig-
nificantly higher compared to other urban areas
creating high human exposure risk.

Solutions for Mitigation
of Transport-related Pollutants

The recognition of traffic-related negative ef-
fects to human health in the US and EU has
been raised in academic research, government
decisions and activities on finding methods to
reduce this exposure.

Regulation of Vehicle Emissions

The continuous implementation of more envi-
ronmentally friendly fuels and engine technol-
ogies contributes to the improvement of the
ecological situation in cities. Each new standard
(Euro #) requires lower emissions. At the mo-
ment Euro 6 is in use (Table 1) in Europe, and
Euro 5 in Russia. Russia implemented Euro 5 in
2016.

Table 1 shows the evolution of fuels lowers
the pollutant emissions rates. The implementa-
tion of new standards and the related increase
in fuel quality reduced contaminant emissions
from 1980 until 2004 tenfold [WHO, 2005]. One
of the challenges for the future is to continue de-
creasing PM emissions.

Traffic management
Speed regulation. Depending on the driving

pattern, the volume and content of vehicle ex-
haust differs. Maximal Emissions rates are char-
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Table 1. European Union standards for passenger cars [DieselNet, 2018]

Stage Date ‘ co H HC H HC+NOx H NOx H PM H PN ‘

‘g/km H#/km ‘
‘Positive Ignition (Gasoline) ‘
[Euro 11 |1992.07 1272 3.16) |- l0.97 (1.13) - |- |- |
[Euro 2 |1996.01 |22 |- los - |- |- |
[Euro 3 | 200001 1230 lo20 |- loas |- |- |
[Euro 4 | 2005.01 |10 loo |- loos |- |- |
[Euro 5 |200009 |10 lotor |- l0os [o.005e |- |
[Euro 6 |2014.09 |10 lotor |- loos [o.005e |6.0x101 < |
‘Compression Ignition (Diesel) ‘
[Euro 11 |1992.07 1272 3.16) |- l0.97 (1.13) |- Jo14018 |- |
[Euro 2, DI |1996.01 |10 |- l07 |- Joos | con— |
[Euro 2,DI |199601 |10 |- 09 |- oo |- |
[Euro 3 | 200001 lo.64 |- l0.s6 loso  [oos |- |
[Euro 4 | 2005.01 |00 |- l030 lo2s  [o025 |- |
[Euro 5a |200009° 050 |- l0.23 lo1s  [o.005' |- |
[Euro 5b |201109¢ o0 |- l0.23 lo1s  [o.005' |6.0x10n |
[Euro 6 |2014.09 lo.s0 |- l0.17 loos  [0.005' |6.0x10n |

* At the Euro 1..4 stages, passenger vehicles > 2,500 kg were type approved as Category N, vehicles.
T Values in brackets are the conformity of production (COP) limits.
2 Until 1999.09.30 (after that date DI engines must meet the IDI limits).

®2011.01 for all models.

©2013.01 for all models.

4 And NMHC = 0.068 g/km.

¢ Applicable only to vehicles using DI engines.
70.0045 g/km using the PMP measurement procedure.

9 6.0x10%? 1/km within first three years from Euro 6 effective dates.

acterized for the lowest and the highest mean
vehicle speeds. Moderate speed is the most en-
vironment friendly approach. The elimination
of traffic jams which cause the dirtiest stop-start
driving and regulating maximum speeds will
help to improve ecological situation.

Banning trucks in urban areas. The heavi-
er the vehicle, the more exhaust it emits and die-
sel cars produce more contaminants than petrol
ones. Minimizing trucks in urban areas may be a
good solution. Roads for heavy vehicle flows ide-
ally should go out of towns.

Regulating of the age of vehicles. The old-
er the vehicle, the more pollutants it produces.
Age-related vehicle taxes may be a good measure
in this case.

Travelling distance optimization. Creating
a smart road network in the city may decrease
average travelling distances and emissions of
contaminants.

Alternative transport use. One alternative
is the electric car. The key advantage of electric
vehicles is significantly lower contaminants and
noise pollution. Due to the absence of exhaust,
electric vehicles produce only non-exhaust PM
emissions: HM are attributed to the corrosion
of car bodies, and PAH are related to abrasion
of tires and road surface. The emission level re-
duction in this case is about 70% compared to
regular transport. The main challenges for this
development are increases in battery efficiency
and the creation of charging infrastructure.
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Fig. 3. Types of roadside barriers left to right:
vegetation barriers, solid barriers, solid-
vegetation barriers

Another option is hybrid electric transport.
Its advantage compared to the electric car is
the production of electricity aboard the vehicle.
There is a combination of internal combustion
engine and electric motor with the battery. This
vehicle requires lower fuel and may emit 50%
lower contaminants compared to regular fuel
transport. Hybrid electric transport is of high use
in Japan.

The bicycle is the cheapest and the most eco-
logically friendly option. The challenge for the
big cities is the creation of safe routes for cy-
clists.

There are different outlooks on the future of
transport, but the most likely perspective for the
coming 20-30 years according to WHO [2005]
is the predominance of conventional petrol and
diesel engines.

Reduction in vehicle numbers. A reduc-
tion in the number of vehicles is an actual trend
in the developed countries. The recognition of
traffic emissions has led to the priority of public
transport and a decrease of personal transport
use. For example, WHO [2005] reported that the
implementation of separate bus lanes in Par-
is improved traffic circulation and decreased
transport-related emissions by 2—-10% for nitro-
gen oxides, carbon monoxide and PM10. Higher
taxes for private cars, paid parking, city centers
without cars can make a city more comfortable
for pedestrians and cyclists.

There is a large potential decrease of trans-
port-related pollution. A complex of different
measures in urban environments may be an
effective instrument for the improvement the
quality of urban life.

Roadside barriers

A recognized “right now” method to reduce the
negative effect of traffic to people living near
busy roads is the creation of roadside barri-
ers. For effective urban planning solutions, the
proper design of barriers should be considered.
Figure 3 shows key types of roadside barriers:
vegetation barriers; solid barriers; and combi-
nations of solid and vegetation barriers.

Green barriers. The implementation of veg-
etation barriers along roads is regular practice to
support ecological and human comfort. Plants
filter out airborne particles using their foliage
and absorb different gases, mainly CO and CO,.
In addition to air cleaning, plants provide many
other benefits to the urban environment [For-
man, 2014]. They regulate the microclimate by



cooling, shading and increasing air humidity. At
the city level trees help to reduce the urban heat
island. Plants provide stormwater runoff reduc-
tion due to water absorption by root systems and
this prevents its drainage into the sewer system.
They prevent erosion by fixing soils with root
systems. Plants also increase biodiversity as they
act as a habitat and source of food for other or-
ganisms.

Lin et al. [2016] showed that vegetation bar-
riers 4-8 m in height and 2-6 m thick consisting
of trees with foliage may reduce ultrafine parti-
cles (UFP) and CO concentration by 37.7-63.6%
and 23.6-56.1% behind the barriers on the
downwind side of the road. During winter peri-
ods when foliage is reduced, a significant change
in UFP and CO was not observed.

Surprisingly, the wrong configuration of
street barriers may deteriorate the air quality
behind them. It is especially applicable for street
canyons - roads with attached buildings on both
sides of the road.

Abhijith et al. [2017] show that most street-
canyons research revealed an increase of pollut-
ant concentration for roadside areas with trees
compared to those without trees. The reason for
the negative effects of trees is the reduction of
wind velocity in the street canyon, resulting in
pollutant accumulation within the canyon. Such
parameters as meteorological conditions (espe-
cially wind direction), the ratio of the height of
buildings along roads to road width, specifics of
the urban landscape and characteristics of the
vegetation barriers significantly affect the pol-
lutant removal process.

The general optimal variant, hedges (approxi-
mately 2 m in height) or separately standing trees
are recommended for street canyons (Fig. 4).

Other options are green roofs and green walls.
Studies related to these are not numerous but in
general the research agrees that there is a reduc-
tion of pollutants in the roadside air compared to
other vegetation forms which affect mainly the
improvement of climatic conditions near roads.
Due to higher costs their application is quite diffi-
cult. For areas with limited space for tree planting
green roofs and green walls could be a promising
option for the mitigation of air pollutants.

Solid barriers (noise barriers). Solid bar-
riers are structures of tall flat panels installed
along roads to mitigate transport noise and pol-
lutants (Fig. 3). PM reduction behind the barriers
occurs by means of the dispersion process — the
deflection and deceleration of air flows coming
from the road.

OLGA NIKOLAEVA
REVIEW: ROAD TRANSPORT AS THE KEY SOURCE OF ENVIRONMENTAL POLLUTION IN CITIES...

Photo © Igor Nikolaev

Fig. 4. Example of vegetation barriers in street
canyon — Route de Chancy (Geneve, Switzerland)

Studying an Interstate highway of 125,000
vehicles per day (I-440) in Raleigh, North Caroli-
na, Baldauf et al. [2008] reported that solid noise
barriers 6m in height placed 5m from the road
edge provide a 50% reduction of PM and a 15%
reduction of CO.

The disadvantage of solid barriers compared
to tree barriers is a possible increase of pollut-
ant concentration on the road. This happens due
to the blocking of the deposition process which
may be realized only by plant foliage.

Combinations of green and solid barriers.
The presence of mature trees in addition to solid
barriers leads to further decreases of PM. Many
researches highlight vegetation-solid barrier
combinations as another viable option to vege-
tation barriers [Tong et al., 2016].

Barriers along roads are a useful solution
for transport-related contaminants. To achieve
maximal efficiency of roadside air cleaning, bar-
riers should be designed taking into account lo-
cal characteristics.

Conclusions

1. Road transport creates a spectrum of con-
taminants affecting the environment and
causing adverse health effects. Most vehicle
emissions are in cities which makes the road
traffic there a key source of environmental
pollution.

2. Areas within 0-300 m from 4 lane roads
are the zones of the highest human health
risk.

3. Different solutions exist to decrease the
negative effects of road transport on people
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and the environment: the reduction of vehi-
cle emissions via improvements in fuel and
the development of vehicle technologies;
traffic management decisions to decrease the
number of vehicles; the regulation of driving
patterns; ecologically friendly road and road-
side territory design.
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0.B.HMKOJIAEBA

ABTOTPAHCMOPT KAK KJIOYEBOMN MCTOYHUK
3ATPA3HEHUSA OKPYXAIOLWLEN CPEADI

B rOPOOAX M PUCKWU ONA 300POBbA NNIOAEN (OB30PHAS CTATbS)

Hukonaesa Onbra BauecnaBoBHa, KaHamaaT G1UONOrMYecKmx

HayK, CTapLUMiA HaY4YHbIV COTPYAHWUK Y4eBHO-0MNbITHOrO NOYBEHHO-
3Konornmyeckoro LeHtpa MY nmenn M.B. JlomoHocoBa; Poccuiickas
®enepauns, 141592, ConHeYHOropCkumit panoH, n. YawHmKoBo,

Ten. +7 (926) 588-33-98

E-mail: olgamsu@yandex.ru

CNOXHO MepeoLEeHNUTb Posib aBTOTPAHCMOPTA B XKM3HU COBPEMEHHOIO
yenoseka. OfLHako MMEHHO aBTOTPAHCMOPT SBASETCS KNOYEBbIM
MCTOYHWUKOM 3arpsisHEHMS OKPYXKatoLLel cpefibl B FOPOLAX, HA €ro Jo/0
npuxoamTca 57-75% cyMMapHbIX BbIOPOCOB 3arps3HAIOLLMX BELLECTB
B atMocdepy [WHO, 2005]. K coxanenuto, B Poccum atoit npobneme
YOENSeTcs HeA0CTAaTOYHO BHUMAHMSI.
B naHHOM 0630pHOM CTaTbe pacCMaTpMBAKOTCA MEXAHU3MbI
06pa3oBaHMs 3arps3HSIOLMX BELLECTB U 0CODEHHOCTU UX
pacnpocTpaHeHus, 06Cy)XAAKTCS PUCKM ANS 3L0POBbS IOAEN U
NpeLCTaBlEHbl BO3MOXHbIE PELUEHUS A1 UX MUHUMU3ALUK.
MpakTuyeckas nonb3a: ABTOP CTaBUT LLe/IbIO NPUB/IEYb BHUMAHUE
npeLcTaBuTeNei Hay4HblX M 06pa30BaTENbHbIX YYPEXLEHNH,
npaBuTeNbCTBA M BM3Heca K 3Tol npobneme. [laHHbIM 0630p MOMOXET
yp6aHUCTaM yyecTb HeraTuBHble 3hhEKTbI BAUSHUS aBTOTPAHCNOpTa Ha
KauYecTBO XKM3HU NH0AEN NpW NAAaHUPOBAHWUM FOPOACKOWM Cpeapl.
KnioueBble cioBa: aBTOTPAHCMOPT; 3arpsi3HEHUE OKPYXKatoLLel cpenbl;
pUCKM AN 340pOBbS; ropos,; ypboakocucteMa
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