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Abstract

For a number of years, research has been conducted around the
world to not only determine the concentration of heavy metals
along traffic routes, but also to develop a dispersion pattern for
emissions generated by transportation in areas adjacent to roads.
The history of these studies is relatively brief, as it covers just over
eighty years. However, this research is significant in terms of the
development of motor vehicle exploitation over recent years and
the negative impact of road transport on human, animal, and plant
health. Substances originating from motor vehicles are qualified as
highly harmful, and growing crops or living near roads makes us
particularly susceptible to their impact.

At the beginning of the research targeting the impact of roads
on the environment, scientists focused primarily on determining
the content of lead and cadmium in soils and plants. Over time,
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as ecological awareness and technological progress accelerated, re-
search on determining the content of metals in the environment
expanded to other elements along with their impact on biodiversity
and human health. The first works described the distance from the
road as the main factor influencing roadside pollution. Subsequent
years and observations led to the description of at least several fac-
tors that influence the dispersion of pollution along roads. Thanks
to monitoring studies undertaken around the world for several dec-
ades, which quantify the content of heavy metals in soils and plants,
it has become possible to observe changes in the concentration of
metals in the roadside environment over the years and to compare
the concentration of metals in soils and plants extracted from areas
prior to the construction of roads (the so-called background areas)
with the concentrations of metals in these components of the envi-
ronment in later roadside areas.

Keywords: research history, heavy metals, roadside environment

Z historii badan nad metalami ci¢zkimi
w $rodowisku przydroznym

Abstrakt

Od szeregu lat na $wiecie prowadzi si¢ badania majace na celu nie
tylko okreslenie koncentracji metali cigzkich wzdtuz ciagéw komu-
nikacyjnych, lecz takie opracowanie schematu rozprzestrzeniania
si¢ emisji pochodzacych z transportu na terenach przylegtych do
drég. Historia tych badari nie jest dtuga, bo dotyczy zaledwie po-
nad osiemdziesieciu lat. Jednak badania te sa wazne z punktu wi-
dzenia rozwoju motoryzacji na przestrzeni ostatnich lat oraz nega-
tywnego wplywu transportu drogowego na zdrowie ludzi, zwierzat
i rodlin. Substancje pochodzace z motoryzadji zalicza si¢ do bardzo
szkodliwych, a uprawy roglin czy mieszkanie w poblizu drég spra-
wiaja, Ze jeste$my szczegdlnie narazeni na ich oddziatywanie.

Na poczatku badari dotyczacych wplywu drég na srodowisko
naukowcy skupiali si¢ przede wszystkim na okresleniu zawartosci
otowiu i kadmu w glebach i rodlinach. Z czasem, w miar¢ wzrostu
$wiadomosdci ekologicznej i postepu technologicznego, badania do-
tyczace okreslania zawartoéci metali w §rodowisku rozszerzyly si¢ na
inne pierwiastki wraz z podaniem ich wplywu na bioréznorodnos¢
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i zdrowie czlowieka. Pierwsze prace opisywaly odlegltos¢ od drogi
jako gtéwny czynnik wplywajacy na zanieczyszczenia przydrozne.
Kolejne lata i spostrzezenia doprowadzily do opisywania co naj-
mniej kilku czynnikéw, ktére majg wplyw na rozprzestrzenianie sig
zanieczyszczen wzdhuz drég. Dzigki badaniom monitoringowym
dotyczacym okreglenia zawarto$ci metali ciezkich w glebach i rogli-
nach, prowadzonym na catym $wiecie od kiludziesigciu lat, mozli-
wym stalo si¢ zaobserwowanie zmian w koncentracji metali w $ro-
dowisku przydroznym na przestrzeni lat i poréwnanie koncentracji
metali w glebach i roglinach pobranych z terenéw sprzed budowy
drég (tzw. dowych) z koncetracjami metali w tychze komponen-
tach $rodowiska w pézniejszych terenach przydroznych.

Stowa kluczowe: historia badar, metale cigzkie, srodowisko prazydrozne

1. Introduction

Heavy metals pose a serious threat to the environment and human health,
especially in areas exposed to pollution derived from road transport. The
history of research on their presence and impact on the roadside environ-
ment dates back to the second half of the 20th century, when the negative
effects of exhaust emissions and wear of car parts began to be noticed. This
article presents the evolution of research on heavy metals in the context of
the roadside environment, from the first observations of their presence in
soil and plants to modern methods of monitoring and assessing the risks
associated with them. Pollution of the environment by heavy metals, such
as lead (Pb), cadmium (Cd), mercury (Hg), arsenic (As), copper (Cu),
chromium (Cr), nickel (Ni) and zinc (Zn), poses a serious threat to human
health as well as the quality of water, soil and vegetation. In particular,
roadside environments, i.e. areas lying in the vicinity of roads, are particu-
larly vulnerable to the presence of these substances, especially as a result of
car exhaust emissions and precipitation containing heavy metal particles
(Chmielewski et al. 2020; Genchi et al. 2020; Mitra et al. 2022).

2. Heavy metals in the natural environment

The term “heavy metals” refers to elements with a density greater than
5 g/cm’ which are indispensable, toxic, or superfluous to living organisms.
This term refers to all metallic elements with an atomic number greater
than twenty. The source literature also includes the term “metals” or “trace
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metals”. The term “trace metals” is not strictly defined and may refer to
elements whose content in the Earth’s crust is low (usually less than 0.1%)
or to elements occurring in the environment in trace amounts (Adriano
1986; Kabata-Pendias, Pendias 1999).
Heavy metals are very widespread in the environment, occurring in
all of its components: hydrosphere, biosphere (plants and animals) and
pedosphere (soils). Increased concentrations of heavy metals in the envi-
ronment pose a serious threat to the life and health of living organisms
(Werkenthin et al. 2014; Popek et al. 2017; Dziku¢ et al. 2018; Fidos and
Rutkowska 2023).
According to Kabata-Pendias and Pendias (1999), four groups of metals
with varying degrees of hazard posed for the natural environment can be
distinguished:
« clements posing a very high degree of hazard: Cd, Hg, Pb, Cu, T1,
Sn, Zn, Cr, Sb, Ag, Au;

« clements posing high potential hazard: Bi, U, Mo, Ba, Mn, Ti, Fe,
Se, Te;

« clements posing a medium degree of hazard: F, Be, V, Rb, Ni, Co,
As, Li, Ge, In, B, Br, Cs, W, Al;

o clements posing low potential hazard: Sr, Zr, Ta, La, Nb.

It should be stressed here that potential contamination of the environ-
ment with individual heavy metals does not equate to their harmfulness
for living organisms. The toxic impact of elements is dependent not only
on the degree of environment contamination with the metal in question
but is also related to the biochemical role of elements in metabolic pro-
cesses. However, group one metals (Cd, Hg, Pb, Cu, T, Sn, Zn, Cr, Sb,
Ag, Au) pose a serious risk of chemical imbalance in ecosystems when
large quantities of them are found in the environment. Similarly, metals
displaying a lower degree of hazard can be harmful if their environmental
concentrations increase significantly.

The heavy metals posing a very high environmental hazard and, at the
same time, most often investigated in scientific studies are cadmium, lead,
zing, copper, and chromium.

2.1. Cadmium

Cadmium, even at extremely low concentrations in the body, is an element
of high toxicity. Its toxicity impairs the function of the liver, kidney and
other organs, reproductive function, leads to bone deformity and induces
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neoplastic lesions (especially of the kidneys and prostate gland), probably
related to the induction of an inflammatory response in them. In cells,
cadmium disrupts the metabolism of calcium, magnesium, iron, zinc, and
copper. This element has also an adverse impact on the cardiovascular sys-
tem. A case of mass cadmium poisoning occurred in Toyama province,
Japan, near the Kamioka mine (Itai-Itai disease, Japanese for “severe pain”).
Severe pain occurred in the spine and joints. As a result of the operation
of metal ore mines, cadmium was released in significant quantities from
1910. The disease was first reported around 1912. In Toyama province,
rice was grown in fields fertilised with sewage of high cadmium content.
Rice field workers were found to have:

— osteomalacia (metabolic bone disease) resulting from the displace-
ment of calcium by cadmium, leading to numerous fractures;

— nephropathy (kidney diseases);

— pain in the spine, limbs, joints and muscles;

— characteristic waddling gait (a disorder involving paresis of the
muscles of the pelvic girdle and thighs, which causes hips to sway
sideways when walking) (Kabata-Pendias, Pendias 1999; Inaba et al.
2005; Czeczot and Majewska 2010; Trojanowska and Swietlik 2012;
Kaczyniska et al. 2015).

2.2. Lead

Absorption of lead into the body proceeds via the respiratory system, skin,
and gastrointestinal tract. All lead compounds are poisonous. Chronic
poisoning with lead and its salts which affects workers of printing ho-
uses, facilities producing batteries and lead paint, as well as metal smelters.
Chronic poisoning affects the gastrointestinal and nervous systems. The
main symptoms of lead poisoning are:

— lassitude, fatigue;

— muscle paralysis, a grey ring around the teeth;

— memory deterioration, neurological and mental disorders.

Lead compounds are particularly dangerous for young people, in whom
the blood-brain barrier is not yet well-developed. At concentrations as low
as 0.2 mg/kg in the blood, lead damages the central and peripheral nerv-
ous systems. In addition to the nervous system, lead adversely affects the
functioning of kidneys, liver, circulatory and cardiovascular systems, and
the respiratory system. It impairs reproductive function and calcium me-
tabolism, whereby its excess in the body is the cause of bone deformities
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(Kabata-Pendias, Pendias 1999; Ociepa-Kubicka and Ociepa 2012; Hou
etal. 2013).

A disease caused by excessive lead intake is called lead poisoning (also
plumbism or saturnism). In Poland, the best-known case of acute lead poi-
soning of children is the impact of the non-ferrous metal smelting plant
in Katowice-Szopienice. The smelting plant operated from 1834 to 2008
(the lead smelter closed in the 1980s and a company recovering lead from
batteries remained there). The filters installed in the smokestacks of the
Szopienice plant were mock-ups, while 350 m from the factory walls
the pollution of air with particles exceeded the norm by about a thou-
sand times. Thousands of children living near the smelting plant were
poisoned by lead and suffered lifelong effects of this poisoning. Many of
those children did not live to the age of 50, developed mental illnesses,
were developmentally retarded and had mobility problems. Furthermore,
diseased residents gave birth to ill children and this lead poisoning caused
enormous health damage felt for several generations. Between 1974 and
1975, owing to the efforts of Wiestawa Wilczek, Bozena Hager-Matecka,
and Jolanta Wadowska-Krél, more than 4,500 children living in Szopie-
nice were tested. In blood and urine tests, elevated lead content was found
(exceeding permissible values severalfold), and the test results remained
secret. Jolanta Wadowska-Krél, a physician, wanted to disclose those re-
sults in her doctoral thesis, but she was not allowed to complete her work.
Mrs Wadowska-Krél demonstrated a heroic attitude and, acting together
with the management of the smelting plant, managed to secure replace-
ment housing for the residents of Szopienice and therapeutic stays in sana-
toria (often lasting over 6 months) for sick children (Jedryka 2020).

2.3. Zinc

Zinc performs highly important functions in the human body, like the
creation of enzymes which regulate the metabolic processes of proteins
and carbohydrates, and regulates the operation of the cardiovascular, re-
productive, and skeletal systems. Zinc deficits lead to skin diseases, as well
as allergies and hair loss. Excessive zinc content damages health. At high
concentrations, it is deposited in the kidneys and liver, causing anaemia,
which is associated with decreased absorption of other elements such as
iron, phosphorus, copper, and calcium. It is also considered a carcino-
gen (Kabata-Pendias, Pendias 1999; Ociepa-Kubicka and Ociepa 2012;
Zhang et al. 2012).
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2.4. Copper

The basic function of copper in the body is to participate in oxida-
tive-reductive processes, where it occurs as a component of the coenzyme,
regulating metabolism, iron transport, and collagen metabolism. Excess
copper causes a decrease in haemoglobin concentration and damage to the
liver and kidneys. Since copper is a zinc antagonist, its excess leads to zinc
deficiency and, consequently, immunological deficiencies. The source
of copper accumulation in the body is the consumption of plants and
vegetables from areas exposed to heavy metal emissions. Common toxic
symptoms following copper ingestion include kidney, liver, and capillary
damage, diarrhoea, and intestinal cramps and pain (Kabata-Pendias, Pen-
dias 1999; Gruca-Krélikowska and Wactawek 2006; Araya, Olivares and
Pizarro 2007).

2.5. Chromium

Chromium is essential for life in small amounts and plays an important
role in the metabolic transformation of glucose, certain proteins, and fats.
It is also a component of selected enzymes and stimulates the activity of
other ones.

Exceeding physiological concentrations is an allergy and cancer induc-
ing factor. Chromium compounds damage the gastrintestinal system, in-
duce skin changes, and exhibit mutagenic, embryotoxic, and teratogenic
effects. The carcinogenicity of chromate was revealed during the research
on workers exposed to chromium compounds. Exposure to chromate
contained in the atmosphere may cause nasal and bronchial cancer with
a latent period of 10 to 15 years (Kabata-Pendias, Pendias 1999; Ociepa-
-Kubicka and Ociepa 2012; Coetzee, Bansal and Chirwa 2020).

3. Motor vehicle exploitation as a source of heavy metals

Motor vehicle exploitation is one of the human-made sources of heavy
metals in the natural environment. The exploitation of vehicle fleets exerts
a negative impact on individual components of the environment. It con-
tributes to deteriorating air quality, pollution of soil, vegetation, groun-
dwater, and surface water, and takes up land surface for transportation
infrastructure and exposes a significant percentage of the population to ex-
cessive noise pollution (Gworek and Kwasowski 2001, Jankaité et al. 2008).
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Road transport is responsible for the emissions of heavy metals such as:
cadmium, copper, lead, antimony and zinc. In addition, it pollutes the
environment with various waste materials, such as used vehicles, vehicle
bodies, and discarded consumables, including oils, electrolytes, coolants,
and materials used for washing and maintenance of vehicles (Button, Hen-
sher 2003; Werkenthin et al. 2014).

Emissions from the exploitation of motor vehicles are disorganized and
variable over time - pollutants are introduced into the atmosphere in a dis-
orderly and impossible to quantify manner. In addition, the quantity of
pollutants emitted in the adopted time intervals is variable (Turer 2005).
When examining heavy metal emissions related to car traffic, the construc-
tion of the structural elements of cars and roads should be taken into
account, as well as factors affecting the spatial dispersion of emitted heavy
metals in areas adjacent to roads, such as traffic volume, distance from the
road, road profile, configuration of the area adjacent to the road as well as
the vegetation cover (Samecka-Cymerman et al. 2011; Radziemska et al.
2019; Skorbitowicz et al. 2021; Isinkaralar et al. 2024).

Due to the imperfection of the combustion process and the properties
of the fuels used, toxic substances are produced during engine operation,
which are then emitted into the environment along with exhaust gases
(Wang et al. 2003). These compounds may be divided into three groups:

* incomplete combustion derivatives: hydrocarbons, carbon mon-

oxide, aldehydes;

* products of the oxidation of atmospheric nitrogen — NOx;

* products from the combustion of admixtures and impurities as well
as other substances (dust and heavy metals: cadmium, chromium,
copper, lead, nickel and zinc.

The elements Cd, Ni, Zn are components of oils and lubricants. In the
process of catalytic converters wear, on the other hand, platinum is emit-
ted into the environment (Whiteley, Murray 2003).

Car tires are the main source of Zn and a number of other elements
which are emitted into the environment as a consequence of tire wear. In
the dust derived from worn-out tires, scientists found the following ele-
ments to occur in smaller quantities: Cd, Co, Cr, Cu, Hg, Mn, Mo, N,
and Pb (Weckwerth 2001).

Another structural element of cars that emits heavy metals into the
environment as a result of wear is the braking system (Weckwerth 2001;
Laschober et al. 2004). Brake linings include the following elements: Cd,
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Cr, Cu, Ni, Pb, Sb, and Zn. Considerable wear of brake linings occurs near
roundabouts and intersections, i.e. places where driving speed becomes
reduced (Hjértenkrans et al. 2006).

The chemical composition of road pavement and the metals derived
from road pavement wear depend on binding agents (bitumen) and base
materials (Lindgren 1996). The material derived from road pavement may
include Cd, Cr, Cu, Hg, Ni, Pb, V, and Zn.

The spectrum of heavy metals related to motor vehicle exploitation
shows time changes. Lead and cadmium were gradually withdrawn from
fuel until 2021 in Algeria (Pierre et al. 2004). Since January 2000, lead
has been disallowed as an antiknock agent for fuel in the European Union.
Thus, lead is no longer an indicator of traffic pollution, and its place is
replaced by other metals. The content of cadmium and lead in soils is only
a historical residue from the fuel combustion process. They are still present,
even though the concentration of these metals in the soil is no longer on
the rise (Hj6rtenkrans et al. 2000).

In the course of technological innovation, brake linings made of asbes-
tos were replaced with materials with better performance parameters and
lower noxiousness for the environment. Metals such as Cu, Sb and Zn
were mainly used for the production of brake linings. The result of apply-
ing the above-mentioned metals in the construction of brake linings was an
increase in the concentration of copper and antimony in soils and roadside
vegetation in recent years (Monaci et al. 2000; Hjdrtenkrans et al. 2006).

Hjértenkrans et al. (2006), based on the observed correlations between
metals in the soil cover lying in the vicinity of roads, proposed the division
of the heavy metals under study into three groups:

1. Group with the most significant correlations: Cu, Sb and Zn. Cor-
relations between these metals indicate a common source of origin, i.e.
transportation.

2. Metals whose presence in soils has a historical significance and is
associated with the process of fuel combustion: Pb and Cd.

3. Metals associated with all sources related to transport without indi-
cating their specific source: Cr and Ni.

The division of metals presented above is largely simplified, because at
least several emission sources could be additionally listed for each of the
groups. The emission of heavy metals into the environment is influenced
by a number of environmental factors, which should be taken into account
in order to determine the pollution dispersion model.
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Hjdrtenkrans et al. (2006) conducted research aimed at determining
the content of heavy metals in soils near roundabouts and road intersec-
tions in southern Sweden. One of the resources examined by the authors
were galvanized surfaces of roadside equipment, i.e. lamps, barriers, fences,
etc. They found that these galvanized roadside equipment items are the
main source of Zn. The Mann-Whitney U test demonstrated that zinc
concentrations for lanterns, which are characterized by varying sizes of
galvanized surfaces, do not differ in a significant way. However, this test
demonstrated that zinc concentrations were significantly higher for sites
with galvanized fences and gates in comparison to sites with galvanized
lamps. The explanation for this phenomenon is the fact that the corrosion
of galvanized surfaces decreases in an aggressive road environment (Seder-

holm 2001).

4. History of research on heavy metals
in soils and roadside vegetation

The first works investigating the content of heavy metals in the roadside
environment dealt with lead content in soils and emerged in the late 1960s.
They indicated concentrations of lead reaching values up to several doz-
en times higher than those currently observed. For example, Motto et al.
(1970) established lead concentrations being twelve times higher near
a road in New Jersey, Smith (1976) in soil in Maryland, U.S., while La-
gerweff and Specht (1970) reported concentrations being four times high-
er in Cincinnati, Ohio. Some of the highest lead concentrations in the
world were found by the following researchers in the course of their studies:
Garcia-Miragaya et al. (1981) in the roadside soils of Caracas, Venezuela
(up to 1620 mg/kg), Ajayi and Kamson (1983) in Lagos, Nigeria (2350—
7270 mg/kg), Hoffman et al. (1989) in Germany (110-479 mg/kg), On-
yari et al. (1991) in Nairobi (up to 2000 mg/kg) and Piron-Frenet et al.
(1994) in France (195 mg/kg). It should be noted that the data cited above
came from the 1970s and 1980s, when leaded gasoline (containing tetra-
ethyllead as an antiknock agent), was commonly used worldwide. Until
2005, the concentration of lead in soils kept rising both in Poland and
worldwide (in 2002 such fuel was available in 117 countries). Since 2005,
the sale of ethylene has been banned in the European Union. It has been
replaced by fuels in which the role of an antiknock additive is performed
by lithium salts. The last country to phase out leaded gasoline was Algeria
(2021).
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In the 1970s and 1980s, a dynamic development of research methods
took place, allowing for more accurate measurements of the concentration
of heavy metals in various elements of the roadside environment, such
as soil, groundwater, vegetation or living organisms. During this period,
modern analytical techniques, such as mass spectrometry or atomic ab-
sorption spectroscopy, began to be applied, making it possible to precisely
determine the concentration of individual metals in environmental sam-
ples. Thanks to these technologies, it became possible to detect not only
lead, but also other metals, such as cadmium, arsenic, mercury or copper,
which posed a serious threat to biodiversity in these ecosystems. The im-
pact of these metals on human health was also studied, paying attention
to their toxicity and the possibility of accumulation in plants and animals.

In the 1980s and 1990s, the first studies assessing the impact of heavy
metal pollution on roadside ecosystems, including studies on the bioavail-
ability of metals in the soil and their impact on soil microorganisms, as
well as plants, were conducted. It was determined that heavy metals could
not only accumulate in plants, but also enter the food chain, affecting
animal and human health.

Modern research on heavy metals in the roadside environment employs
advanced technologies, such as chemical sensors, electron microscopy and
computer modelling, which allow for a more precise determination of the
sources of pollution and its effects. A crucial area of research is also the as-
sessment of the effectiveness of various methods of purifying the envi-
ronment of heavy metals, such as bioremediation or phytoremediation,
which uses plants to remove toxic metals from the soil (Coetzee, Bansal
and Chirwa 2020). Research on the use of nanotechnology for the removal
of heavy metals is also underway (Gong et al. 2021; Mitra et al. 2022).

These studies, which in most countries are carried out systematically (as
part of environmental monitoring) and are constantly developing through:

— application of new research technologies (chemical analyses and de-

vices);

— detailed elaboration of the research methodology;

— introduction and testing of new plant species as bioindicators of the

state of the environment;

— determining the content of heavy metals other than lead or cad-

mium.

Currently, it is possible to determine the content of numerous metals,
including platinum (Whiteley and Murray 2003).
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Today, attention and research interest are drawn to metals such as moly-
bdenum, vanadium and thallium, whose content in soils and roadside
vegetation is increasing, in contrast to the content of Pb and Cd, which
have remained constant in recent years (Karbowska 2016).

The researchers also focus on assessing the impact of heavy metal pollu-
tion on human health, especially in areas with high traffic volumes. Mod-
ern research has shown that long-term exposure to these substances can
lead to various medical conditions, such as nervous system damage, cardio-
vascular diseases, as well as cancer (Mitra et al. 2022; Jomova et al. 2024).

5. Factors influencing the content of heavy metals
in the roadside environment

In the 1960s, when the first works addressing pollution linked to road
transport began to appear, the authors investigated the impact of distance
from the road on the dispersion of heavy metals in soil and vegetation. It
is only now that the research efforts are becoming focused on the influ-
ence of various environmental factors on the dispersion of pollution along
roads. These factors include, among others: traffic volume, vehicle speed,
road profile, configuration of the areas surrounding the road, land cover,
size of emitted particles and meteorological conditions. Comparing litera-
ture data on the content of heavy metals in soil and vegetation is quite dif-
ficult, because a number of the above factors may determine the quantity
of accumulated metals. These factors are of a very complex nature and are
based on a number of variable parameters. Therefore, only a few selected
factors may be considered significantly influential for the chemical com-
position as well as distribution of chemical elements.

5.1. Distance from the road

The distance from the road is one of the most important factors influenc-
ing the accumulation of heavy metals in soils and vegetation. Car trafhic
can bring about even a severalfold increase of the content of chemical
elements in the soil and in vegetation compared to the content of those
chemical elements in unpolluted areas (among others: Czarnowska 1974;
Roszyk, Roszykowa 1975).

The distance from the road at which the influence of vehicular traffic
ceases, and the concentrations of metals in soils and vegetation are simi-
lar to background values, has been determined. The distance over which
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heavy metals are emitted is usually determined to be 100-150 m away
from the road (Curzydlo 1988, Malczyk, Kedzia 1996; Stowik et al. 20006).
However, some authors give a smaller range of traffic pollution dispersion,
up to 50 meters (Czarnowska 1994; Maciejewska, Kwiatkowska-Malina
2001; Fakayode, Olu-Owolabi 2003).

There are also authors who believe that even at a distance of several hun-
dred meters: over 300 m (in soils — Viard et al. (2004)) and over 1000 m
from the road (in mosses — Zechmeister et al. (2005)), pollutants from
road transport are still detectable.

Regardless of the maximum range of pollution, expressed by soil and
plant enrichment coefficients in relation to reference areas, the highest
level of accumulated metals (the highest values of enrichment coefficients)
has always been observed at a distance of 0 to 10 meters.

5.2. Vehicle traffic intensity

The intensity of vehicle trafhc is the second most often taken into consid-
eration factor in the study of traffic pollution, next to distance. Most of
the authors demonstrated that along roads with high traffic intensity, the
content figures for metals in the soil and in vegetation were several times
higher than along roads with medium or low traffic (Schréder et al. 2008;
Cwiakata et al. 2019).

Similar conclusions were drawn by Korzeniowska and Panek (2008) —
severalfold differences in traffic intensity contributed to statistically signif-
icant differences in the content of heavy metals in the common dandelion
(Taraxacum officinale). These differences were observed at all distances
from the road.

In the first works dealing with the intensity of vehicle traffic, in par-
ticular regarding Polish roads, the authors did not provide precise data
regarding the number of passing vehicles. The information was provided
only with a comment about very high, medium or low traffic intensity.

5.3. Configuration of the terrain surrounding the road

The configuration of the terrain surrounding the road means rising or
descending terrain shapes, i.e. ones located above and below the road
level. There are few scientific works which deal with the study of how
terrain configuration impacts the level of accumulated metals along roads.
Often, roads with an inclined profile cross areas of diverse configura-
tion, while roads with a flat profile run across areas of plains. In the cases
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where the road runs through or past morphological forms such as: valley,
basin, pass, natural and artificial excavations and protective screens, the
surrounding area rises above its level “naturally” limiting the extent of pol-
lutant dispersion in the situation described, heavy metals are deposited
primarily near the road.

Panek and Zawodny (1993) determined that lead concentrations in the
soil alongside a mountain road leading through the Sierra Nevada range
in southern Spain, were higher in areas of descending terrain compared to
rising terrain areas, at a distance of 50 from the road. Szarek-Lukaszewska
etal. (2002) and Zechmeister et al. (2005) did not find statistically signif-
icant dependencies between the configuration of the surrounding terrain
and the content of heavy metals in mosses. Only lead concentrations in
soils and vegetation at all distances from the road were higher in areas of
descending terrain compared to rising terrain areas, but these were not
statistically significant differences.

5.4. Land cover adjacent to the road
Research by Curzydlo (1988) and Trzasko$ and Dzida (1995) concerned

the protective function of the forest as a natural screen for traffic pollution.
They tested and selected appropriate tree species (including oak, maple,
hornbeam, beech, alder, larch and linden) for use as “natural screens”, ab-
sorbing pollutants from road transport. The research conducted demon-
strated higher concentrations of metals in soil and forest vegetation than
in areas of open terrain along roads.

Similar research along the Krakéw—Zakopane road and in the area
of Chyzne village was carried out by Korzeniowska et al. (2014; 2023).
This study demonstrated that soil concentrations of zinc, copper and lead,
found in the common dandelion (Taraxacum officinale) and in the Euro-
pean spruce (Picea abies; individual trees growing on pastures) were higher
in forest areas compared to areas of pastures. This trend was visible within
the sampling sites at a distance of up to 50 m from the road, and faded
at a distance of 100 m. This fact should be associated with the filtering
function of the forest, which probably stops traffic pollutants in the close
proximity of the road, hampering their dispersion over greater distances.

Only a few authors, like e.g. Malczyk and Kedzia (1996), do not con-
firm the filtering role of the forest. They found no statistically significant
differences between the content of metals (Pb and Cd) in the soil in for-
ested and open areas. They believed that in the vicinity of roads forests do
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not create a sufficiently good barrier to the dispersion of pollution and
suggested that weather conditions such as wind speed and direction, as
well as air turbulence, are more important for the range over which traffic
pollution exerts its influence.

5.5. Road profile

Zechmeister et al. (2005) in their research conducted in the Austrian Alps,
demonstrated the existence of statistically significant differences in the
concentration of copper, zinc and antimony in Pleurozium schreberi moss
between roads with different profiles.

They stated that the more inclined the road profile, the higher the con-
centrations of the above-mentioned metals. This fact should be associated
with more intensive engine exploitation along uphill and downhill sec-
tions and with greater wear of brake linings and car tires, which is con-
firmed by the works of: Swietlicki et al. (1996); Laschober et al. (2004);
Hjértenkrans et al. (20006).

The research conducted by Korzeniowska et al. (2014; 2019), along
selected sections of the Krakéw—Zakopane road, carried out in the years
2005-2015, confirmed that the average soil concentrations of metals were
higher alongside sections with an inclined profile than alongside flat sec-
tions of the road. In the case of plants, on the other hand, the trend was
the opposite.

5.6. Absolute altitude

It is commonly known that with the increase in the altitude, the con-
tent of metals in soils and vegetation rises (Grodziriska et al. 1994; Zech-
meister 1995).

High precipitation, the quantity of which is strongly correlated with
the deposition of metals, especially lead and zinc, contributes to the in-
crease in the concentration of metals along with the elevation of the terrain
(Zechmeister 1995).

Mountain ecosystems are mainly contaminated with long-range emis-
sions, which may refer to the Krakéw—Zakopane road, for which the
height difference between the lowest and highest points is 428 m above
sea level (333 m above sea level — Raba valley and 761 m above sea level in
the Stare Wierchy and Obidowiec ranges).

Currently, in Poland, research on changes in the content of metals in
soils and vegetation in conjunction with rising absolute altitude in the

J. Korzeniowska Stud. Hist. Sci. 24 (2025) | DOI: 10.4467/2543702XSHS.25.014.21852

435


https://doi.org/10.1016/j.envpol.2005.04.005
https://doi.org/10.1016/1352-2310(95)00322-3
https://doi.org/10.1016/j.atmosenv.2004.01.017
https://www.academia.edu/29614332/Testing_of_Selected_Phytoindicators_for_Assessment_of_Trace_Metals_Cd_Cr_Cu_Ni_Pb_and_Zn_Traffic_Pollution_Along_The_Road_Cracow_Zakopane
https://doi.org/10.1016/0269-7491(94)00042-C
https://doi.org/10.1016/0269-7491(94)00042-C

436

Joanna Korzeniowska
History of Research on Heavy Metals in the Roadside Environment

Tatra National Park was conducted by Korzeniowska, Kraz and Dorocki
(20205 2021). In addition, Dorocki and Korzeniowska (2023) carried out
similar research on the southern slope of Jaworzyna Krynicka Mountain.
The research conducted by them confirmed the results of Zechmeister
(1995), i.e. an increase in the concentration of lead in soils with the ris-
ing altitude above sea level and the influence of long-range emissions on
the increased content of heavy metals in soils and vegetation in selected
mountain areas.

5.7. Meteorological conditions

A highly important factor influencing the dispersion of metals in the envi-
ronment is the prevailing wind direction. The literature data points to the
conclusion that the location of the road in relation to the dominant wind
direction has an impact on the propagation of traffic pollution, which is
particularly important for exposed road sections running across convex
landforms such as mountain ridges and in valleys where the wind direc-
tion coincides with the direction of the valleys (Piron-Frenet et al. 1994;
Masoudi et al. 2012). Viard et al. (2004) and Masoudi et al. (2012) found
higher metal contents in the soil on the windward side compared to the
leeward side.

In 2018-2022, Korzeniowska and Panek (2019; 2023) carried out re-
search to determine the impact of the prevailing wind direction on the
amount of metal concentration in soils and vegetation along road No. 7 in
the area of Chyzne village. The prevailing wind direction in the area under
study was the south-westerly direction, which influenced the size of metal
accumulation in the soils described and roadside vegetation. The influence
of the dominant wind direction on the amount of metal concentration
(Cr, Ni and Zn) was found at a distance of 100, 300 and 500 meters
from the road. Variations in the concentration of metals in the soil on the
windward and leeward side were determined. The content of chromium,
nickel and zinc in the soils under study was higher on the windward side of

the road compared to the concentrations of metals on the windward side
(Korzeniowska 2023).

6. Summary

Research on heavy metals in the roadside environment has evolved in re-
cent years, and their results have allowed for the development of effective
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methods of monitoring and reducing pollution. However, there are still
many challenges related to the long-term impact of heavy metals on hu-
man health and ecosystems. As new technologies develop in the transport
industry and changes in sources of pollutant emissions occur, further re-
search on the impact of heavy metals on the environment and the in-
novation of new, effective strategies for their reduction will be necessary.
Further advances in the monitoring of air, water and soil quality, as well as
in the regulation of heavy metal emissions, will be crucial in minimizing
their negative impact on the roadside environment and human health.
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