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Abstract 

Industrial enterprises, being sources of environmental pollution, directly and indirectly affect human health. In this 

regard, the problem of the effects of atmospheric emissions on the respiratory system and the immune system is 

extremely important. The task was to study the adaptive capacity of the organism of laboratory rats, which are an 

adequate model of the human body in conditions of air pollution by emissions from a metallurgical industrial complex. 

The complex effect of atmospheric emissions from a metallurgical enterprise on growing laboratory rats was studied in 

a full-scale experiment, when experimental animals were placed in specially equipped chambers installed at different 

distances from the industrial complex: at a distance of 1000 m (the first group of animals — 25 individuals) and 20000 

m (the second group of animals - 25 individuals). In addition to these animals, three more groups of laboratory rats (25 

animals in each group) placed in chambers with a specially prescribed mode, into which purified air was continuously 

fed with the addition of phenol, as one of the components of the atmospheric emissions of a metallurgical enterprise, 

participated in the experiment. 3.0 mg/m3, 0.1 mg/m3, 0.001 mg/m3. Assessment of the adaptive capabilities of animals 

was carried out for four months, that is, from the neonatal period to the period of puberty according to a number of 

parameters, after which histological studies of the respiratory organs and spleen structures were performed. Histological 

studies revealed that in the organs of rats of the first group, changes in the type of irritation prevailed with areas of 

atrophy of the mucous membrane of the bronchial mucosa, as well as hyperplasia of lymphoid structures of the spleen 

with an increase in the growth centers of lymphoid follicles, pathological changes in the investigated organs of animals 

of the second group defined as a slight hyperplasia tracheal gland hyperplasia lymphoid follicles of the spleen and the 

absence of any changes in bronchial structures throughout the observation period. In a full-scale experiment, the 

adaptive abilities of animals are significantly reduced in individuals of the first group, which is confirmed by 

histological studies: the presence of pronounced irreversible changes in the organs of immunogenesis, in the mucous 

membranes of the trachea and bronchi. 

Harmful substances of atmospheric emissions of industrial enterprises, both comprehensively and individually, as in the 

experiment presented - phenol, can disrupt the adaptation capabilities of the organism. 
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Introduction 

The life of a modern person in a city is fraught with many risks, which is especially characteristic of cities with a 

developed industrial infrastructure. Despite ongoing environmental protection measures, industrial enterprises continue 

to pollute the atmosphere, hydrosphere and soil, which cannot but affect the health of people and their health and safety 

[1].  

Metallurgical production today is guided by the law of the Russian Federation "On Environmental Protection", which is 

the main legislative document in the field of environmental safety of metallurgy. The activities of enterprises are 

regulated by the Sanitary Rules and Health Ministry Standards [2]. This document refers to the creation of sanitary 

protection zones (SPZ) near enterprises. The boundaries of the sanitary protection zone (SPZ) indicate the value of the 

most acceptable sanitary distance between the residential sector and enterprises, which guarantees a positive state of air 

in the atmosphere even in case of release of harmful untreated substances. But the most important document on the 

environmental activities of metallurgical enterprises in the Russian Federation is the environmental standard GOST R 

ISO 14001, developed on the basis of the international system of standards ISO 14000, which, in turn, are guided by the 

countries of the European Union, Japan, the United States and others. The peculiarity of this system is that it focuses not 

on technology, quantitative or qualitative indicators (amount of emissions, concentration of substances, etc.), but on the 

environmental management system (EMS) (or the EMS - environmental management system - edited GOST R ISO 

14001). It should be noted that environmental management is the highest priority of industrial activity in the twenty-

first century. The largest contribution to air pollution (in terms of emissions) was made by electric power industry 

enterprises (29.1% of total industrial emissions), non-ferrous (22%) and ferrous (14.6%) metallurgy (Fig. 1) [3]. 

Interesting work, which presents data on the impact of atmospheric emissions of metallurgical enterprises, which are 

one of the main sources of air pollution, on public health. Basically, in the literature provides information on the 
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combined effects of environmental factors on the human body [4]. Studies have established that the main emissions 

from metallurgical plants are dust, carbon monoxide, hydrogen sulphide, a number of hydrocarbons, including phenol, 

as well as other harmful substances. [5,6]. According to sanitary and hygienic characteristics, phenol is a substance of 

the second class of danger, it has a large summation effect, causes damage to the respiratory tract, malignant 

formations, cardiovascular diseases, disruption of the vegetative system [7]. The main sources of phenol release into the 

environment are metallurgical and coke-chemical plants. The average daily MPC of a pollutant in atmospheric air is 3 

µg/m3 [8]. The content of phenols in the air of large industrial cities often exceeds the MAC [9]. All substances that 

pollute the atmospheric air have a negative effect on human health, causing pathological changes, primarily in the 

respiratory organs, which are the main way of their penetration into the human body [10]. Moreover, about 50% of 

particles of emissions with a radius of 0.01-0.1 µg, penetrating into the lungs and deposited in them. The state of the 

atmosphere affects the incidence rates even in different areas of industrial cities [11]. Predisposition to bronchial 

asthma, bronchitis, conjunctivitis, pharyngitis, tonsillitis, chronic otitis media is 40-60% higher in areas with high levels 

of air pollution. Statistical analysis allowed to establish the relationship between the level of air pollution and diseases 

such as lesions of the upper respiratory tract, bronchitis, asthma, pneumonia, pulmonary emphysema [12]. 

The task was to study the adaptive capacity of laboratory rats, which are an adequate model of the human body in 

conditions of air pollution by emissions of the metallurgical industrial complex in order to find out the reasons for the 

increased bronchovascular morbidity in the region. 

 

Methods 

The complex effect of atmospheric emissions of a metallurgical enterprise on growing laboratory rats was studied by us 

in a field experiment, when experimental animals were housed in specially equipped chambers installed at different 

distances from the industrial complex: at a distance of 1000 m (the first group of animals - 25 individuals) and 20000 m 

(the second group - 25 individuals). According to the sanitary classification of enterprises, the length of the sanitary 

protection zone (SPZ) for first-class facilities is 1000 m. The boundaries of the sanitary protection zone (SPZ) indicate 

the most acceptable sanitary distance between the residential sector and enterprises. Sanitary protection zones guarantee 

a positive state of air in the atmosphere, even in case of release of harmful untreated substances. In addition to the two 

groups of animals listed above, in the experiment three more groups of laboratory rats (25 animals in each group) were 

placed in chambers with a specially prescribed mode, into which purified air was continuously supplied with the 

addition of phenol as one of the components of atmospheric emissions from a metallurgical enterprise. concentrations of 

3.0 mg/m3, 0.1 mg/m3, 0.001 mg/m3. In the experiment, for the purity of the results, new-born male rats were selected, 

which made it possible to evaluate the reactions of the growing organism. It is known that a rat reaches puberty at 4 

months. Evaluation of the adaptive capabilities of animals was carried out for four months, that is, from the neonatal 

period to the period of puberty according to a number of parameters: behaviour, appearance, weight gain, laboratory 

values. The diet of all animals was the same. Upon reaching four months of age, some of the animals were euthanized 

and histological examinations of the respiratory organs (tracheal mucosa and bronchi), spleen and testis structures were 

performed. The remaining animals were euthanized at the end of the recovery period - after 1 month. They also carried 

out histological studies of the above internal organs. 

 

Results and Discussion 

In the process of observing growing laboratory rats, it was noted that the animals of the first group, starting from the 

third month of life, were less active and gained better weight than the rats of the second group. This phenomenon 

became possible to explain only after receiving the results of histological studies: the testes of animals of the first group 

were atrophic. As is known, phenol is a very toxic compound and also causes impairment of the functions of the 

nervous system - apathy occurs, indifference to what is happening around, the body is in a depressed state [13]. 

Histological studies have found that changes in the type of stimulation in the organs of rats of the first group prevailed 

in the form of hyperplasia of the tracheal glands with areas of mucosal atrophy (Fig. 1), focal infiltration of the 

bronchial mucosa (Fig. 2), and hyperplasia of lymphoid structures of the spleen with an increase centers of growth of 

lymphoid follicles (Fig. 3), whereas pathological changes in the studied organs of animals of the second group were 

defined as insignificant hyperplasia of the tracheal glands (Fig. 4), hyperplasia of lymphoid follicles of the spleen (Fig. 

5) and the absence of any changes in the structures of the bronchi during the entire observation period (Fig. 6). 
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Figure 1:  Hyperplasia Glands and Atrophy Mucous Membranes of Trachea 

 

Figure 2: Focal Peribronchial Infiltration 
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Figure 3: Hyperplasia Follicles of Spleen 

 

Figure 4: Medium Hyperplasia Glands of Trachea 
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Figure 5: Hyperplasia Lymph Follicles of Spleen 

 

Figure 6: Physiological (Normal) Structure of Bronchus 

 

The activity of the recovery processes of the affected structures was inversely related to the degree of air pollution. The 

animals of the first group after the recovery period remained structural disorders: cellular infiltration and sclerosis of the 

tracheal mucosa, focal cellular infiltration of the bronchi (Fig. 7) and atrophy processes of the lymphoid tissue of the 

spleen (Fig. 8). Thus, in a full-scale experiment, the adaptive abilities of animals are significantly reduced in individuals 

of the first group living in the immediate vicinity of an industrial enterprise, as confirmed by histological studies: the 

presence of marked irreversible changes in the organs of immunogenesis, in the mucous membranes of the trachea and 

bronchi. 
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Figure 7: Cellular Infiltration 

 

Figure 8: Atrophy Lymph Follicles of Spleen 

 

The results of monitoring laboratory rats placed in chambers with specially created conditions showed that as the 

concentration of phenol increased above 0.1 mg/m3, deep irreversible destructive disorders developed in the form of 

tracheal atrophy and sclerosis (Fig. 9), complete atrophy lymphoid structures of the spleen (Fig. 10), increased secretion 

and edema of the epithelium of the bronchi of medium calibre (Fig. 11). At the same time, the regeneration phenomena 

were absent after the recovery period, whereas when exposed to low concentrations of phenol, the recovery process of 

the affected structures was quite active. 
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Figure 9: Atrophy and Sclerosis Mucous Membranes of Trachea 

 

Figure 10: Total Atrophy Lymph Follicles of Spleen 
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Figure 11: Hypersecretion and Edema of Interlobar Bronchus 

 

Summary 

Thus, harmful substances of atmospheric emissions of industrial enterprises, both comprehensively and individually, as 

in our experiment - phenol, can cause marked local irritating and general toxic effects on the body of white laboratory 

rats, leading to changes in the respiratory organs and immune system. 

 

Conclusion 

Obtained as a result of experimental studies, the data allowed to identify the causes of increased bronchovascular 

morbidity associated with morphological changes in the mucous membrane of the trachea, bronchi, spleen follicles. At 

the same time, irreversible destructive disorders in the respiratory organs and immunogenesis increased with the 

approach to the industrial complex, as well as with increasing concentration of phenol in the inhaled air. 
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