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Abstract
The article presents the results of the study of the peculiarities of the respiratory system functioning in unfavorable environ-

mental conditions in workers involved in industrial production and agrarian sector, taking into account the type of constitution of 
their bodies. Investigation of the influence of the complex of anthropogenic factors associated with production on the parameters of 
the respiratory system revealed a significant level of interconnection of the investigated parameters with anthropometric indicators.

During the experiment, a significant decrease in the functional lung capacity in the studied subjects involved in industrial 
production was shown, compared with the control group and workers of argo-industrial production. Such a trend may be evidence 
of functional violations of tracheobronchial conduction, which is indirectly confirmed by the values of the Tifno index, which is the 
main method of an objective assessment of respiratory tract imperfections, and which is characterized by significantly lower values 
in the group of workers involved in industrial production compared with residents relative to environmentally friendly areas.

The analysis of the pneumatachographic survey performed on the basis of the Pignier index revealed some differences in the 
functional parameters of the respiratory system in the groups of hyposthenics (capacity of the lungs) and hypersthenics (maximum 
volume velocity of 75 %). In the group of normosthenics, intergroup differences were found for the values of functional lung capacity 
in comparison with all groups, and for the Tifno index, the reliable difference between the indicators was noted only between the 
group of industrial workers and the control group.
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1. Introduction
The study of adaptive-compensatory landslides in the organism, caused by the influence 

of environmental factors, acquires a qualitatively new scale and transforms into one of the funda-
mental medical-biological problems. Over the past ten years there has been a steady increase in the 
frequency and severity of respiratory diseases [1, 2]. According to many scientists, the assessment 
of the impact of adverse factors on the human body associated with environmental pollution, is the 
most important task of biological science at the present stage [3].

At the present stage, the influence of environmental factors on the development of respi-
ratory diseases in the population of urbanized areas is generally recognized, while factors of the 
production environment and their effects on the organism are rarely analyzed taking into account 
the peculiarities of the body structure of workers. The main manufacturing factors affecting the 
airways: agricultural and industrial dust with particle sizes from 0.25 nm to 30 nm, steam and 
heavy metals, adverse weather conditions (excessive dryness or humidity, sharp temperature fluc-
tuations, drafts, etc.). Harmful effects on the body carry out general toxic, sensitizing, carcino-
genic, mutagenic effects, and the increase in the effect of the influence, scientists associated with 
the common complex impact of allergens and chemical pollutants of the environment. It is proved 
that the intensive environmental load negatively affects the metabolic resistance of the organism, 
suppresses the system of local protection [4, 5], especially with prolonged action [6]. These changes 
lead a certain part of the population to stable respiratory hyperresponsiveness, obstruction of small 
bronchi, morphological rearrangement of the mucous membrane of the airways and, in the future, 
the formation of acute and chronic inflammation [4, 7], as well as the development of a number of 
nonspecific pathological processes among which the leading place oxidative stress [10]. In addition, 
the analysis of modern literature suggests that industrial toxic substances affect not only people 
engaged in production [11, 12], but also on the population of so-called rural areas by pollution of 
the environment [13].

2. Aim of research
Determination of the peculiarities of physiological changes in the respiratory system of 

the workers of the agrarian sector and industrial production, depending on the type of their body 
structure. 

3. Methods of research
Investigation of the indicants of external respiration was carried out on the basis of the Lab-

oratory of environmental physiology at the East European National University named after Lesya 
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Ukrainka in the 90-hour period of 21–35 years (average age 26.40±3.66) during the spring-autumn 
2016–2017 years. The study of complex spectrum was included in our research and included mea-
surements of anthropometric indices, on the basis of which the Piene index is calculated and defi-
nition of the state of indicators of external respiration. Registration of indicators of the respiratory 
system was carried out with the help of pneumotachography technique on the complex of hardware 
and prognostic methods of inspection «Askold» (Kyiv, 1997). Referred to the purpose of the study 
all of the investigated patients were divided into 3 groups: 

1) the control group (30 people) – inhabitants that resides in a relatively «pure» ecological 
zone (the population of the Kivertsi district); 

2) agrarian sector (30 people) – inhabitants of agrarian districts, who work in the agricul-
tural sector and consistently in contact with fertilizers and chemical products (the settlements who 
live in Ivanichivsky and Lokachinsky district); 

3) industry (30 people) – inhabitants who work at the industrial enterprises of the chemical 
industry at least 10 years in the Lutsk.

Based on the results of measurements of height, body weight and chest circumference, phys-
ical indices were calculated [14].

The Pignet index (PI) characterizes the proportionality of the development and composition 
of the body structure. Applicable only to those who do not have signs of obesity. Formula for calcu-
lating the Pignet index (PI): PI=L–(M+O), where L – height in centimeters, M – mass in kilograms, 
O – chest girth in centimeters.

In our researches for the establishment of the type of constitution, the subjects examined 
the classification by V. M. Chernorutsky (1927): hyposthenic (asthenic type of body structure, the 
value of the Pignet index >30 c. u.), normosthenic (athletic type of body structure, the value of the 
Pignet index from 10 to 30 c. u.), hypersthenic (picnic type of the body structure, the value of the 
Pignet index <10 c. u.). [15].

Pneumotachography was used to record the rapid movement of the light during the periodic 
breathing and the removal of certain respiratory maneuvers. The method is oriented on the diag-
nostics of the type and degree of ventilation of the lungs at the base of the analysis of quantitative 
and qualitative changes of pneumotachographic pathways [16]. The study took place in the first half 
of the day, irrespective of meal.

The obtained data was processed by the method of variation statistics with the use of para-
metric and nonparametric criteria for the comparison of averages. To compare the studied groups, 
depending on the type of distribution of the values, the criterion of reliability of the Student (t) was 
used for the comparison of the mean values and the Mann-Whitney (W) with the median and the 
degree of validity (p). The difference was reliable at W>2.1; t>2.1; p<0.05. Correlation analysis of 
data was carried out using the Pearson correlation coefficient (r). Under the statistic analysis of the 
obtained results, the standart software packages and Statistica 6.0 were used.

4. Results of research 
The analysis of the obtained data showed that the indicators of life capacity of the lungs of 

people working in agricultural production are significantly higher (5.24±1.53 liters) for those in the 
group involved in industry (4.58±1.24 liters) and inhabitants relatively environmentally friendly 
regions (4,37±1,43 l), but do not show statistically significant differences in values. However, all 
values are within the age range.

The value of the indicator of functional lung capacity, which is used to diagnose tracheo-
bronchial conduction disorders, unlike the previous one, is characterized by statistically signifi-
cantly lower values in the group of people involved in the industrial sector than in the other two 
groups (Fig. 1).

The Tifno index, which is the main method for an objective assessment of airway patency 
violations, is characterized by a statistically significant decrease in the values of persons involved in 
industrial production compared with the control group (Fig. 2). Such a decrease in the index from 
industrial production may indicate the initial obstructive changes in the bronchial tree, while the in-
dicators of the workers of the agro-industrial complex and the control group are within the age limit.
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It is worth noting that the Tifno index in the control group of the subjects showed a high 
correlation with the growth indices (r=–0.46), chest circumference (r=–0.30), age (r=–0.43), and 
the nature of interdependence is inversely proportional.

Fig. 1. Indicators of functional life capacity of lungs in the subjects undergoing chronic effects of 
various environmental factors: * – statistically significant difference of the indicators compared 

with the control group; ** – statistically significant difference between the indicators among 
groups of people engaged in agricultural production and industry

Fig. 2. Indicators of the Tifno index in the subjects undergoing chronic effects of various 
environmental factors: * – statistically significant difference of the indicators compared with  

the control group

Indicators of maximum volumetric rate of 25 %, 50 % and 75 % of forced exhalation, 
which indicate, respectively, the patency of large and small bronchuses in all subjects did not 
reveal significant intergroup differences, except for the indicator MOS 50, which was signifi-
cantly higher in the group of persons involved in the agricultural industry, in comparison with 
the control group (Fig. 3).

Correlation analysis of functional parameters of the respiratory system of the subjects 
showed a high level of dependence between the anthropometric data and the indicators MOS25 
and MOS50. So the relationship between the MOS25 score and the height (r=0.48), weight (r=0.49), 
chest circumference (r=0.33), age (r=0.42) is directly proportional, whereas in the subjects under-
going chronic negative the influence of the factors of the production environment, this dependence 
is practically absent. Thus, the group of workers in the agro-industrial complex maintains a mod-
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erate correlation between the indicator MOS25 and growth (r=0.33), and in the group of industrial 
production, it completely disappears. This tendency can be evidence of the effect of more intense 
environmental influences on the respiratory system than the genetically determined dependence.

Fig. 3. The indicators of maximum volume velocity at the level of 50 % of forced volume vital 
capacity in the subjects undergoing chronic effects of various environmental factors:  

* – statistically significant difference of the indicators compared with the control group

At the next stage of the study, we analyzed the parameters of the respiratory system in 
workers of various industries, exposed to long-term influence of negative factors depending on the 
characteristics of physical development of man. The distribution of the studied subjects according 
to the values of the Pignet index in the study groups, selected according to the ratio of harmful 
environmental factors of the production environment, showed that all surveyed predominates the 
normosthenic type of body structure: in the group of workers in agriculture – 71 %, in industrial 
production – 48 %, and in the control group residents of environmentally friendly areas – 50 %.

It is interesting to note that individuals involved in agro-industrial enterprises do not have a 
hypersthenical type of body structure, whereas in the industrial workers and in the control group 
their percentage is 26 % and 30 %, respectively.

The significance of forced volume vital capacity in a group of persons with a hyposthenic 
type of body constitution does not reveal a significant difference between the investigated people 
who work in industry or agriculture and residents of relatively clean areas (Fig. 4).

In the subjects with normosthenic type of constitution the presence of reliable (p<0.05) 
differences of the forced vital capacity as between the comparison groups, distinguished by 
the peculiarities of harmful factors of the environment (workers of the agricultural and indus-
trial complex) and their comparison with the control group of the subjects (rice 4). At the same 
time, residents of relatively environmentally friendly areas are characterized by higher values 
of the indicator.

In the group of hypersthenics, the absolute values of the indicator show a decrease in the 
industry, but the difference does not reach the level of statistically significant (Fig. 4).

Taking into account the previous indicator and previously described features, it is inter-
esting to note the characteristics of the indicator of the volume vital capacity, taking into account 
the index of physical development. Thus, in the group of hyposthenic body building, statistically 
significant (p<0.05) is higher than the value of the indicator in the groups of agricultural workers, 
compared to the control group (4.72±0.81 l against 3.85±0.62 liters).

In the subjects with normal and hypersthenic type of constitution, there were no significant 
differences in the values of volume vital capacity.

The Tifno index in the subjects undergoing chronic effects of harmful ecological factors 
in the production is characterized by lower rates in all groups, compared to the control group 
(Fig. 5). The level of reliably reaching differences in the hyposthenic group between the workers 
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of the agroindustrial complex and control, among normosthenics – between persons involved in 
industrial production and control, as well as subjects with a hypersthenic type body constitution. 

Fig. 4. Indicators of forced vital capacity of the lungs in the subjects undergoing chronic 
effects of various environmental factors depending on the type of constitution: * – statistically 

significant difference of the indicators compared with the control group; ** – statistically 
significant difference between the indicators among groups of people engaged in agricultural 

production and industry

Fig. 5. Indicators of the Tifno index in the subjects undergoing chronic effects of various 
environmental factors depending on the type of constitution: * – statistically significant 

difference of the indicators compared with the control group

Indicators of maximum volumetric rate of 25 %, 50 % and 75 % of volume vital capacity in 
subjects who were exposed to harmful production factors, do not statistically significantly differ 
between comparison groups, except for subjects with hypersthenic type body constitution. They 
showed statistically significant (p <0.05) higher values of MOSH75 in the subjects involved in the 
industry (6.05±0.86), compared with the control group (3.59±1.07).

6. Discussion
Investigation of the influence of the complex of anthropogenic factors associated with pro-

duction on the parameters of the respiratory system revealed a significant level of interconnection 
of the investigated parameters with anthropometric indicators. At the same time, as already in-
dicated above, the closest relationship between these indicators is noted in the group of persons 
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living in a relatively environmentally clean area [17, 18]. The lowest level of statistically significant 
correlations was found in the group of workers in the agro-industrial complex.

Concerning the intergroup features of the respiratory system, here the attention is paid to the 
significant decline in the indicators of functional lung capacity in the subjects involved in industrial 
production, compared with the other two groups of comparison [18, 19]. Such a trend may be evi-
dence of functional violations of tracheobronchial conduction, which is indirectly confirmed by the 
values of the Tifno index, which is the main method of an objective assessment of respiratory tract 
imperfections, and which is characterized by significantly lower values in the group of workers 
involved in industrial production compared with residents relative to ecologically clean areas [20].

The validity of the division of the subjects studied into groups, taking into account the index 
of their constitution (Pignet index), was manifested in the fact that most of the studied parameters 
were characterized by a significant number of statistically significant correlation relations with this 
indicator. Such a feature of the obtained results made it possible to analyze the parameters of the 
respiratory system of persons who have been exposed to harmful factors in production for a long 
time, taking into account the groups allocated on graduations, which are based on the value of the 
Pignet index.

The analysis of the pneumotachographic survey performed on the basis of the Pignet index 
revealed some differences in the functional parameters of the respiratory system in the groups of 
hyposthenics (capacity of the lungs) and hypersthenics (maximum volume velocity of 75 %). In 
the group of normosthenics, intergroup differences are detected for the values of functional lung 
capacity when comparing all groups and the Tifno index when comparing workers of industrial 
enterprises and control groups.

7. Conclusions
1. The Pignet index made it possible to identify the predominance of normosthenic body 

type in all subjects (values ranged from 48 % in the group of people involved in industrial produc-
tion, up to 71 % - in agricultural enterprises).

2. The value of functional lung capacity in the study subjects involved in industrial pro-
duction is reduced in comparison with the workers of agricultural enterprises and with the control 
group, which may be evidence of functional disorders of tracheobronchial conduction, which is 
indirectly confirmed by the values of the Tifno index.

3. Analysis of the data of the pneumotachographic survey, based on the Pignet index, re-
vealed some differences in the functional parameters of the respiratory system in the groups of 
hyposthenics (life capacity of the lungs) and hypersthenics (maximum volume velocity of 75 %). In 
the group of normosthenics, intergroup differences are detected for the values of functional lung 
capacity when comparing all groups and the Tifno index when comparing workers of industrial 
enterprises and control groups.
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