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INTRODUCTION

The fire risk in the forests of Ukraine increas-
es affected by human factors and weather condi-
tions in spring and late summer. More than 98% 
of fires occur for this reason. The main cause of 
forest fires is the violation of fire safety require-
ments in forests during the period of high fire 
danger and burning of vegetation on agricultural 
lands and private households (Official website of 
State Committee of Forestry of Ukraine, 2021).

In the forest industry a departmental fire pro-
tection service basing on forest fire stations was 
set up. Forest protection from fires is provided by 
307 state forestry and hunting enterprises, which 

include more than 1,700 forestries and 273 for-
est fire stations. The number of departmental fire 
protection staff is more than 13,000 people. A 
network of 502 fire observation towers has been 
created in the forests of Ukraine, 337 of them are 
equipped with modern television surveillance 
systems. State forestry enterprises have: 644 
fire trucks, 467 forest fire modules on all-wheel 
drive chassis, 1,700 tractors with tillage equip-
ment, 1,100 motor pumps, 8,900 knapsack forest 
sprayers and other technical equipment. Almost 
80% of firefighting equipment is 30–40 years 
old and needs retrofitting. Extinguishing forest 
fires at the initial stage is carried out by the rel-
evant departments of forestry enterprises. When 
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there is a threat of an emergency during a pe-
riod of high fire danger the units of the State 
Emergency Service of Ukraine, regional state 
administrations and other bodies are involved 
(Official website of State Committee of Forestry 
of Ukraine, 2021). The dynamics of forest fires 
in Ukraine for 2010–2019 is shown in Figure 1.

In the first quarter of 2020 state enterprises of 
the State Forest Agency arranged: 2.3 kilometers 
of additional new fire lines, barriers; 11 thousand 
800 kilometers of new firebreaks, maintenance 
of 27 thousand 700 kilometers of old firebreaks; 
10,000 unplanned forest roads were blocked. In 
the forests along public roads and in resting plac-
es 8,100 agitation materials on fire-fighting is-
sues were installed. 1089 speeches in mass media 
were organized. In the first quarter of 2020, the 
State Forest Guard conducted 3,800 raids, identi-
fied and fined 77 violators of fire safety rules in 
the amount of 10.9 thousand hryvnias. 127 cas-
es of recovery of damages caused by fires were 
transferred to law enforcement authorities (Of-
ficial website of State Committee of Forestry of 
Ukraine, 2021).

A lot of scientific works have been carried out 
for investigating the impact of fires in natural eco-
systems on the environment. In the investigation 
made by Breulmann et al. (2002) during 1993 – 
1997 in the Lambir Hills National Park revealed 
that heavy metals like Co, Cu, Mn, Ni, Pb and 
Ti showed higher values in 1997 compared to the 
previous years. It may be caused by pollution in-
put from the haze caused by the extensive forest 
fires raging in Borneo and other parts of South-
east Asia. An input of heavy metals into tropical 
forests poses a serious threat to ecosystem.

The levels of polychlorinated dibenzo-p-di-
oxins and dibenzofurans (PCDDyFs) and polycy-
clic aromatic hydrocarbons (PAHs) formed dur-
ing forest fires were measured in the burnt and in 
the corresponding unburnt soil samples. During 
a month after forest fires, the concentrations of 
PCDDyFs and PAHs in burnt soils were higher 
than in the corresponding unburnt soils but after 
five months their concentrations returned to the 
background values. The authors suggest that the 
ash is the main agent, influencing the concentra-
tion of PCDDyFs and PAHs in the soil (Breul-
mann et al., 2002).

The investigation of fire hazard of herbal 
plants made by Drach et al. [2020] proves that 
it depends significantly on their species and con-
ditions. These differences can affect the occur-
rence of fires, as well as the rate of fire spread 
in grassy ecosystems. The highest thermal resis-
tance is proper to Festuca arundinacea and Fes-
tuca pratensis. The largest ash residue is formed 
for Elymus repens and Phleum pretense. The hu-
midity of the plants also affects the self-ignition 
temperature. At high humidity it is lower for the 
Elymus repens and Trifolium arvense, and at low 
humidity – for Elymus repens and Phleum pre-
tense (Kim et al., 2003).

According to recent research made by 
Gutowski et al. (2020) a 10-year study of post-
fire beetle succession in natural ecosystem of 
Białowieża Primeval Forest, Poland, revealed 
that fires positively influence forest ecosys-
tems. Comparative analysis of beetles sampled 
at burned and unburned (control) sites between 
treatments (fires) and over time showed that 
both alpha (average species richness) and gam-
ma (pooled regional species richness) diversity 

Fig. 1. The dynamics of forest fires in Ukraine for 2010–2019 (Official 
website of State Committee of Forestry of Ukraine, 2021)
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of beetle community in natural forest as well as 
density per sample was higher in burned forest 
than in control sites but these differences were 
disappearing over time since fire. Consequently, 
there is a positive role of forest fires in the resto-
ration of the ecosystem.

The investigation of ashes collected imme-
diately after a forest fire (Silva et al., 2015) re-
vealed that Ca, S, Mg, K and Na were the prin-
cipal elements in the aqueous extracts of ash; 
two low molecular weight polycyclic aromatic 
hydrocarbons (phenanthrene and naphthalene) 
were also detected. Ecotoxicological screening 
of the aqueous extracts showed a decrease in the 
growth of two primary producers – Pseudokirch-
neriella subcapitata and Lemna minor, but there 
was no significant immobilization of Daphnia 
magna detected. From this we can deduce that 
short-time toxicity may be absent at higher tro-
phic levels.

According to analysis of fires in Lviv re-
gion, Ukraine, the largest number of fires oc-
curs at the beginning of the fire-dangerous pe-
riod that coincides with the snow melting, as 
well as during harvesting. The frequency of 
fires on the flat lands closely depends on wheth-
er whilst the steppe and forest fires occurrence 
is less dependent on these indicators (Popovych 
and Renkas, 2019).

Based on the foregoing results of experimen-
tal research and statistics, it can be concluded that 
the impact of ground fires on the physicochemical 
properties of surface soil horizons is significant 
and requires detailed research for implementation 
of firefighting measures.

MATERIALS AND METHODS

The aim of the presented research is to inves-
tigate the influence of ground forest fires on the 
concentration of mobile forms of heavy metals in 
different soil horizons.

Sampling of soils of pyrogenic origin was 
carried out from 4 plots in accordance with the 
generally accepted standards on the territory of 
Rava-Ruska forestry near Lavrykiv, Zhovkva 
district, Lviv region (Ukraine). Soil sampling for 
the investigation of migration of mobile forms of 
heavy metals was carried out taking into account 
the burning age of meadow vegetation and for-
est litter. Soil samples were taken from depths 
of 5 cm, 10 cm and 20 cm. Site 1 (samples 1, 
2, 3) – young pine stands, a fire that occurred 
3.5 years before the experiment, destroyed all 
forest litter, young growth and caused thermal 
destruction of the soil, lower parts of trunks and 
branches of Pinus sylvestris, that took root due 
to artificial overgrowing (2014). Site 2 (samples 
4, 5, 6) – meadow vegetation dominates, which 
completely burned down 2 years before the ex-
periment, the fire caused thermal destruction of 
the soil (2015). Site 3 (samples 7, 8, 9) – meadow 
vegetation dominates, which completely burned 
down 1.5 years before the experiment, the fire 
caused thermal destruction of the soil (2016). Site 
4 (samples 10, 11, 12) – a model fire. As a result 
meadow vegetation was completely burned, the 
fire caused thermal destruction of the soil (2017). 
The model fire was set in compliance with fire 
safety requirements without transferring the fire 
to other unexplored areas (Rules of fire safety in 

Fig. 2 – Model of ground forest fire
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the forests of Ukraine, 2004) Geographical coor-
dinates of the model fire – 50.158510, 23.783718. 
Temperature regimes and the general appearance 
of the model fire are shown in fig. 2.

Sampling was carried out during the fire dan-
ger period in May, 2017. The ambient temperature 
was +22 °С, the wind was from the east, speed of 
2.5 m/s. Land – water-saturated arable land. Soil 
samples were delivered to the Laboratory of In-
dustrial Toxicology (Lviv, Ukraine) for conduct-
ing analysis on Cu, Cd, As, Ni, Co, Mn content.

Research instruments: electronic scales “Pio-
neer PA 214C” (certificate of calibration KLM 
774 from 26.10.2017), diagnostic kit with a mi-
croscope “Mikmed-6”, atomic absorption spec-
trophotometer C-115.M1 (certified №01–2015.1, 
certificate of calibration UA  /37/171129/001049 
dated 22.11.2017), photoelectric colorimeter 
KFK-3 (certified №9004484, calibration certifi-
cate KL770 dated 24.10.2017).

Determination of toxic elements was car-
ried out according to the methods certified by 
state standards of Ukraine: DSTU 4770.9, DSTU 
4770.3, DSTU 4770.7, DSTU 4770.5, DSTU 
4770.1, as well as “Guidelines for the determina-
tion of arsenic in soils by photometric method” 
from 26.02.1993 (the average value of the rela-
tive measurement error with a confidence level of 
0.95 does not exceed 18%).

Statistical processing of the obtained data was 
performed using correlation analysis.

Investigation of the heavy metals migration in 
soils of pyrogenic origin are important for moni-
toring the impact of forest fires on the environ-
ment and restoration of disturbed areas.

RESULTS AND DISCUSSION

The investigation of heavy metals accumu-
lation in the edaphic horizons of post-pyrogenic 
soils showed that most of them are deposited in 
site 2 (samples 4, 5, 6) and site 4 (samples 10, 11, 
12). In the most contaminated site 2 a significant 
accumulation of cadmium in the edaphic horizons 
(0.31–0.66 mg/kg) was determined. Its value is 
close to the maximum allowable concentration 
for soils (0.7 mg/kg). The highest content of mo-
bile forms of nickel (1.52–2.80 mg/kg) was ob-
served also in site 2, by comparison the maximum 
permissible concentration for soils is 4 mg/kg. 
The high rates of mobile forms of heavy metals 
in site 2 are caused by its location close to the lo-
cal highway, where the additional contamination 
occur due to the transport operation. In site 4 the 
excessive content of heavy metals in the soils is 
due to the recent the ground forest fire, as a result 
all the vegetation burned to the mineral layer.

The lowest content of heavy metals is in the 
site 1, which was exposed to fire for the longest 
time – 3.5 years before the start of monitoring. 
Here the content of mobile forms of heavy met-
als are close to the background. Such indicators 
are absolutely acceptable; it is obvious that the 
ecosystem self-restores due to natural vegetative 
reclamation within 3–4 years after exposure to 
pyrogenic factors (Fig. 3).

In general, in all post-pyrogenic areas, the 
highest content of mobile forms is observed for 
nickel, manganese and cobalt, as well as for cad-
mium and arsenic, which are extremely toxic. The 

Fig. 3 – Heavy metals content in the samples, mg/kg
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copper content in the soils is close to the back-
ground (Fig. 4).

Toxic effect of nickel deposited in tissues 
consists in the induction of acute and chronic in-
flammatory processes, changes in the functional 
activity of macrophages; vasoconstrictive effect; 
modification of metabolism of lipids, proteins 
(enzymes), glycogen, glucose, DNA, RNA; en-
hancement of lipid peroxidation; increasing the 
permeability of biological membranes; destruc-
tion of mitochondria, changes in energy me-
tabolism (Drohomyretska et al., 2009). Inhaled 
poisoning of mice with NiSO4, Ni3S2, NiO com-
pounds was performed for 6 hours a day, 5 days 
a week. Immunotoxicity of these compounds was 
determined in 65 days. The Ni3S2 concentration of 
1.8 mg Ni/m3 led to a decrease in thymus mass, 
an increase in the number of pulmonary lymph 
nodes, a decrease in antibody-producing cells. 
The results indicate that the inhalation of nickel 
may have different effects on the immune system 
of mice depending on the dose and physicochem-
ical form of the nickel compound. These nickel-
induced changes can contribute to significant im-
munofunction (Haley et al., 1990).

Manganese in soils is in the form of divalent, 
tri- and tetravalent ions. Manganese compounds 
are well soluble, especially in acidic media. In 
the soil, manganese can replace the exchange 
bases – Ca2+ and Mg2+, and in the soil solution 
forms complexes with organic matter (mainly 
with fulvic acids). With iron hydroxides, manga-
nese forms iron-manganese heads (Vasilyev and 
Chashchin, 2011). Toxic effects of manganese on 

humans and warm-blooded animals are associ-
ated with damage to the central nervous system, 
where it causes organic changes of extrapyrami-
dal nature, in severe cases–parkinsonism. The ex-
trapyramidal insufficiency in the case of chronic 
manganese poisoning is based on a lesion of the 
dopaminergic system of the brain. Inhibition of 
catecholamine biosynthesis is associated with the 
effect of manganese on oxidative enzymes local-
ized on mitochondria, where manganese accumu-
lates. Imbalance in the biosynthesis of catechol-
amines has an impact on behavior and changes in 
the mental state, in the case of chronic manganese 
poisoning. But manganese is also a polytropic 
poison that also affects the lungs, cardiovascular 
and hepatobiliary systems, affects erythropoiesis, 
embryogenesis, causes allergic and mutagenic ef-
fects (Pedan, 2013; Bezdil et al, 2016).

Unlike other metals, soil cobalt is non-toxic. 
The content of its mobile compounds is deter-
mined for assess the adequacy  of microelement 
nutrition of plants, or in case of risk of polyele-
ment contamination–to establish possible effects 
of antagonism-synergism between cobalt and 
other heavy metals that can significantly affect 
the accumulation of toxic metals in plant tissues 
(State standard DSTU 4770.5, 2007).

Cadmium adversely affects biochemical pro-
cesses and physiological functions in animals and 
humans. The peculiarity of the harmful effects of 
cadmium is its rapid absorption by the body and 
slow excretion, which leads to the accumulation 
of this metal in tissues. Cadmium accumulates 
mainly in the liver and kidneys (Barbier et al., 

Figure 4. Total content of each heavy metal in samples, mg/kg
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2005) and has a long half-life (up to 30 years), i.e. 
in the applied aspect, it can be considered that for 
animals the deposition of cadmium in the body 
is lifelong. The toxic effect of cadmium is most 
pronounced for the kidneys (Corredor, 2004) the 
reabsorption of amino acids, glucose, phosphorus 
and oligopeptides. In bone tissue under the influ-
ence of cadmium calcification processes are dis-
rupted. Cadmium causes cancer, can cause muta-
tions, destruction of the DNA chain, chromosomal 
aberrations. Cadmium affects the transmembrane 
transmission of hormonal signals in cells (Nam 
and Lee, 2006), reproductive function and peroxi-
dation processes in the body. It alters the activity 
of protein kinase C and mitogen protein kinase, 
disrupts the metabolism of cyclic AMP (Phillips 
et al., 2004). Low doses of cadmium in animals 
stimulate cell apoptosis, in the case of increasing 
the dose of cadmium in cells, necrotic changes 
begin (Paranyak et al., 2007).

For natural and agricultural soils, Cd is not a 
pollutant, and its concentration coefficient aver-
ages from 0.15 to 0.95. The nature of Cd migra-
tion in the profile of sod-podzolic soils is eluvial-
illuvial, gray podzolic – radial, and in dark gray 
podzolic soils Cd is distributed evenly throughout 
the soil profile (Myslyva, 2013). In soluble form, 
cadmium is more toxic than is indicated by MAC   
of its mobile forms. In the soil solution, cadmium 
can form complex ions of CdCl+, CdOH+, Cd-
HCO3

+, Cd(OH)3
- and organic complexes. It can 

be assumed that the mobility of these ions will 
strongly depend on the concentration of calcium, 
pH of the soil solution and other chemical factors 
that will reduce the mobility of cadmium ions, and 
hence its toxic effects (Plaksienko et al., 2020).

Arsenic is a poison of resorptive action. The 
acute toxicity of its compounds is lower compared 
to other metals. In dissolved form, arsenic occurs 
in tri- and pentavalent forms (H2AsО3, H3AsО4), 
mainly anionic, in the form of salts–arsenites and 
arsenates, as well as in the form associated with 
organic ligands. Sources of arsenic pollution in-
clude wastewater from concentrators, tanneries, 
pesticide companies, metallurgical waste, landfill 
discharges, and leaching from agricultural land 
where pesticides are used. The ratio of natural 
and man-made sources of arsenic pollution is 1:3 
(Moore and Ramamurti, 1987; Moiseenko, 2009). 
Contamination of the aquatic environment with in-
organic water-soluble arsenic significantly affects 
the fertility of fish. This manifests in reducing the 
number of eggs laid and reducing the number of 

pairs of broodstock used in spawning. Under the 
influence of the toxicant, the level of hepatic vitel-
logenin transcriptors decreases by 1.5 times, dys-
function of the hypothalamic-pituitary system and 
sperm proliferation occur ( Davey et al., 2007).

As for the concentration distribution of inves-
tigated heavy metals in post-pyrogenic edaphic ho-
rizons, we can state that their highest content is in 
the range of 0–1 mg/kg. These are mainly heavy 
metals such as copper and arsenic (0.01–0.47 mg/
kg). Accumulation of cadmium (up to 0.66 mg/kg) 
and cobalt (up to 0.9 mg/kg) is slightly higher, 
which corresponds to the range 0–1 mg/kg. Nickel 
predominates in all distribution ranges (0–1, 1–2, 
2–3, 3–4 mg/kg). The distribution of heavy metals 
depending on their concentration in postpyrogenic 
edaphic horizons is shown in Figure 5.

Pearson’s correlation coefficients for the in-
dicators of the concentration of mobile forms of 
heavy metals in post-pyrogenic edaphic horizons 
made it possible to assess the interdependence 
between the total concentrations of individual 
heavy metals. The highest positive correlation 
coefficient corresponds to cobalt and cadmium 
(0.627099), i.e. these elements evenly increase 
or decrease their content against to each other. 
The highest negative correlation coefficient cor-
responds to manganese and arsenic (-0.57968), 
i.e. as Mn increases, the As concentration de-
creases and vice versa. A low correlation (0.5) is 
observed for the rest of the elements. There is no 
relationship between the concentrations of Ni and 
As, i.e. salts of these elements do not affect each 
other and are soluble in the soil (Table 1).

The most effective technologies for the resto-
ration of devastated areas due to the pyrogenic fac-
tor are recultivation and vegetative reclamation. 
Note that in areas where grtound forest fires took 
place, even without human intervention, there 
are processes of overgrowing with vegetation, 
the so-called post-pyrogenic successions. Such 
post-pyrogenic successions were observed on the 
territory of the investigated area. Vegetation in 
burnt areas in the first year of post-pyrogenic de-
velopment is characterized by spontaneous single 
species. In 2–3 years group arrangement appear. 
Complete natural overgrowth of the burned area 
(natural vegetative reclamation) occurs at 4th – 5th 
year after combustion. In Ukraine, there is also 
a practice of artificial cultivation of vegetation 
(Scots pine) on fires. This applies to the southern 
regions of Ukraine, where in 2007 some of the 
largest forest fires in history took place.
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CONCLUSIONS

Thus, during investigation of the impact of 
ground forest fires on the concentration of mobile 
forms of heavy metals in different soil genetic ho-
rizons, it was found that the highest concentra-
tion is observed in the upper layers, except for 
the area that has undergone long-term pyrogenic 
exposure (3.5 years before monitoring). That is, 
the ecological restoration of the territory occurs at 
3rd – 4th year after the pyrogenic factor.

In all studied post-pyrogenic areas, the high-
est content of mobile forms is observed for nickel, 
manganese and cobalt. Also there is a high content 
of cadmium and arsenic in the edaphic horizons, 
which are extremely toxic. The copper content in 
the soils is close to the background. The highest 
content of heavy metals is in the range of 0–1 mg/
kg. These are mainly heavy metals such as copper 
and arsenic (0.01–0.47 mg/kg). The accumulation 
of cadmium (up to 0.66 mg/kg) and cobalt (up to 
0.9 mg/kg) is slightly higher, which corresponds 
to the established range of 0–1 mg/kg. Nickel pre-
dominates in all distribution ranges.

Pearson’s correlation coefficients between the 
indicators of the concentration of mobile forms of 
heavy metals in post-pyrogenic edaphic horizons 

made it possible to assess the interdependence 
between the total concentrations of individual 
heavy metals. The highest positive correlation 
coefficient corresponds to cobalt and cadmium 
(0.627099), i.e. these elements evenly increase or 
decrease their content against to each other. The 
highest negative correlation coefficient corre-
sponds to manganese and arsenic (-0.57968), i.e. 
as Mn increases, the As concentration decreases 
and vice versa.

Monitoring the impact of ground forest fires 
on the concentration of heavy metals in edaphic 
horizons is important in terms of environmental 
renaturalization and the development of preven-
tive measures with regard to forest fires and fires 
in natural ecosystems.
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