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Abstract 
This article is investigating changes in the mucous membrane of the respiratory tract in workers who are often exposed to pathological 

and toxic factors. Research methods and materials: Air sampling was performed by aspirator and gas analyzer. Collected air was checked 
for chemical composition. Results and discussions: Air sampling of the working area detected toxic substances such as dust, soot and toxic 

gases: SO2, N2O5, N2O4, NO2, N2O, CO and H2S. Concentrations of these toxic substance and gases varied from 0.06-15.8 mg/m3. 
Mechanisms of toxic effects causing occupational disorders by various substances and chemicals described. Conclusions: Respiratory tract 
disorders including chronic bronchitis, allergic bronchitis, chronic obstructive pulmonary disease and lung cancer in workers exposed to 
pathological and toxic factors have been described. 
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1 Introduction
1
 

At the present time an adverse effect of toxic environmental 
factors on the human immune system was generally recognized 
[1-3]. The influence of such factors on the biological property of 
microbiota bacteria, which is a fundamental component of the 

macroorganism protection system, has been reported [4]. Lungs 
exposure to the toxic substances from different sources in the 
environment may lead to acute [5] and chronic pulmonary [6] or 
even systemic inflammation disorders [7]. Mechanism of toxic 
action exerted by the irritant gases may cause widespread and 
severe injury of the epithelial lining of the bronchioles which 
leads to acute respiratory symptoms including lung edema [8]. 
Types of toxic substances which are participating in the toxicity 

mechanism are: irritants, sensitizers, genotoxicity, carcinogens, 
mutagens, teratogens and reproductive toxins [9] as shown in the 
Figure 1. Normal function of the respiratory tract mucous 
membrane and its immunological response should be considered 
depending on the inhaled air components, pollutants, or allergens 
[10]. Dehydration of the respiratory mucous membrane causes an 
increase in viscosity of the mucosal fluid and, hence the ciliary 
clearance becomes less effective [11]. Mucociliary clearance has 

important function in innate defense mechanism against inhaled 
microbes and irritants and can be affected by exogenous factors 
such as smoke, dust and infections [12]. Inhaled toxins are 
trapped in the airway mucus and transport them from lungs in the 
forms of ciliary interactions and cough by making lungs 

vulnerable to injury [13]. 

It is known that workers of various factories are exposed to a 
wide range of toxic substances that potentially have a negative 
effect on their health. However, data on the characteristics of the 
state of the mucous membranes of the UDT and the relationship 
with the immune status of the body in representatives of these 
contingents are practically absent in the available literature. In 
this article we are describing working air composition obtained 
during air sampling from the Aravan cement factory.  

 

2 Research methods and materials  
Air sampling from the production area (sampling No. 

GOST12.1005-88) and conservation was collected by air filter 

AFA VP-20. Measurement tools for air sampling used: aspirator 
(Meteoscope M) and gas analyzer (Signal 4M). Survey method 
based on the medical checkup of respiratory organs was applied 
in the determination of people with respiratory disorders. 
Respiratory tract disorders were registered in the Aravan region, 
Osh (2014-2018 years).    Conditions and time for an air sampling 
are shown in the Table 1. 
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Figure 1: Figure 1. Mechanisms of toxic effects causing occupational disorders by various chemicals such as Metalliferous carcinogens (Ar, Be, Cd, Cr, Ni), 

Aromatic amine carcinogens (4‐aminibiphenyl and its nitro derivatives, Β‐Naphthylamine), Ethylene oxide, Formaldehyde, Polycyclic aromatic hydrocarbons 

and aromatic amines (adapted from [9]). 

 
Table 1: Conditions and time for air sampling used for 

determination air of the working environment 
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1 1-3 21.42 89 1.5 1310 1320 200.102 

2 3-6 24.21 89 1.5 1450 1520 200.102 

3 6-9 24.41 89 1.5 1525 1535 200.102 

 
 
 

3 Results and discussions 
Air sampling conditions and determination time of the 

working environment of the Aravan cement factory are shown in 
the Table 1. Filters 1-3, 3-6 and 6-9 were used; temperature was 
21.42 – 24.41°C, pressure was 89 kPa, distance from the base 1.5 
meters, aspiration speed of 200.102 L/min was applied. Air 
sampling time was lasted for 10 – 30 minutes. Concentrations, 
kinds of toxic substances and gases in air of the working 
environment were measured by the meteorological department in 
28.06.2019, measurement certificate No. 16/1-4 (Table 2). The 

data obtained on the concentration of toxic components and gases 
in the inhaling air of workers showing their increased 
concentrations. Usually, air is containing the following 
substances: nitrogen (N2) - 78.084 mole percent (m.p.), oxygen 
(O2) – 20.947 m.p., argon (Ar) - 0.934 m.p., carbon dioxide (CO2) 
- 0.0350 m.p., neon (Ne) - 0.001818 m.p., helium (He) - 0.000524 
m.p., methane (CH4) - 0.00017 m.p., krypton (Kr) - 0.000114 
m.p., hydrogen (H2) - 0.000053 m.p., nitrous oxide (N2O) - 

0.000031 m.p., xenon (Xe) - 0.0000087 m.p., ozone (O3) - 0.0008 
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m.p., carbon monoxide (CO) - 0.000025 m.p., sulfur dioxide 
(SO2) - 0.00001 m.p., nitrogen oxide (NO2) - 0.000002 m.p., 
ammonia (NH3) - 0.0000003 m.p. [14]. 

 
Table 2: Concentrations and kinds of toxic substances and gases 

in air of the working environment 

No. Filter number Air component 
Concentration 

(mg/m3) 

1 1-3 Dust and soot 15.8 

2 1-3 SO2 10 

3 1-3 N2O5, N2O4, NO2, N2O 0.27 

4 1-3 CO 0.12 

5 1-3 H2S 10 

6 4-6 Dust and soot 16 

7 4-6 N2O5, N2O4, NO2, N2O 0.61 

8 4-6 CO 0.08 

9 4-6 SO2 22.5 

10 7-10 Dust and soot 2.8 

11 7-10 SO2 0.06 

 
Qualitative and quantitative compositions of air were changed 

during the working procedure of factory machines. Despite the 
fact that the majority of substances with irritating effects were 

known, it is often impossible to establish reliably the cause of the 
pathological conditions of heavy industry workers. Inhaling air in 
the working area may consist of small size particles including 
various chemical compounds, in particular formaldehyde, 
alkanolamines, triazoles and volatile organic substances [15, 16]. 
It has been established that 70% of plant workers suffer from skin 
and upper respiratory tract diseases [17]. The oil-dispersant 
mixtures in the working area cause respiratory symptoms, long-

lasting airway oxidative stress and systemic genetic disorders due 
to presence of mutagenic/carcinogenic chemicals including PAH, 
benzene, and benzene derivatives [18]. A high prevalence of 
symptoms (in particular, nasal congestion, runny nose and sore 
throat) has been shown to be characteristic of acute rhinosinusitis 
and allergic rhinitis [19]. Signs of mucosal irritation caused by the 
presence of toxic substances in the workplace have been studied. 

  

3.1. Disorders associated with changes in the mucous 

membrane of respiratory tract  
Mucous secretions have important function in protection of 

lungs against chronic lung disease [20]. Upper respiratory airway 
symptoms may occur due to exposure to irritants such as throat 
and nose irritation, nasal congestion, rhinorrhea, postnasal drip, 
nasal drying and sneezing [21]. Mucosal immunity represented in 
the Figure 2 is constituted by mucosa-associated lymphoid tissue 
and regional mucosa-draining lymph nodes (LNs), effector sites 

consisting of different histological parts including the lamina 
propria [22]. 

 
 

3.2 Chronic bronchitis  
Chronic bronchitis (CB) defined as a condition of excess 

mucus secretion in the bronchial tree, occurring on most days for 
at least 3 months per year for at least 2 consecutive years [23]. In 
CB there is overproduction and hypersecretion of mucus by 

goblet cells, leading to airflow luminal obstruction of small 
airways, changes in the epithelium, and alteration of airway 
surface tension predisposing to collapse [24]. CB associated 
clinical features are lung function impairment, increasing risk of 
exacerbations [25]. Symptoms [26] such as dyspnea subjective 
sensation of shortness of breath and discomfort or an abnormal 
awareness of breathing [27], chronic cough which is defined as 
cough present for more than 8 weeks in adults [28], and sputum 

or saliva mixed with mucus from the respiratory tract and ejected 
from the mouth were observed. Fl or the treatment of CB local 
anesthetics either orally or inhaled form should be prescribed; 
ceftazidime is effective and well tolerated in patients with severe 
chronic bronchitis and purulent sputum [29-31]. 

 

3.3 Allergic rhinitis (RA) 
Allergic rhinitis (AR) is an IgE-mediated symptomatic 

inflammation of upper airways with a prevalence of 10–20 % in 
worldwide population [32]. Allergic rhinitis can increase the risk 
of bronchial asthma, chronic sinusitis, and otitis media [33]. 
Symptoms characterized by nasal congestion, sneezing, itching 
and rhinorrhea, and ocular effects such as eye itching, tearing and 
redness [34]. Treatment of AR should consider a prophylactic 
approach to prevent or reduce exacerbations during an acute 
increase in allergen [35]. 

 

3.4 COPD 
Chronic obstructive pulmonary disease (COPD) is 

characterized by respiratory airways obstruction including 
obstruction of the small airways (chronic obstructive 
bronchiolitis) and emphysema leading to air trapping and 
shortness of breath in response to physical exertion [36]. 
Common features of COPD can be characterized by submucosal 
gland enlargement, mucous secretory cell hyperplasia in the large 

airways and metaplasia in the small airways and sputum 
production [37]. In COPD an airflow limitation is associated with 
abnormal inflammatory response of the lung to toxic particles or 
gases causing inflammation and destruction of alveolar septa 
leading to emphysema [38]. Use of bronchodilators including β2-
agonist salbutamol, anticholinergic ipratropium bromide, β2-
agonists salmeterol and formoterol, theophylline for COPD 
treatment can be combined with inhaled corticosteroids for 

greater efficacy and fewer side effects [39]. 
 

3.5 Lung cancer 
Lung cancer is characterized as a primary cancer of the lung 

histological subtypes of adenocarcinoma, squamous cell and large 
cell cancers [40]. Prevalence of this most common malignant 
tumor histological types: 1) squamous cell carcinoma (30% to 
40% of lung cancers); 2) adenocarcinoma (25% to 30%); 3) non-

small cell lung carcinoma (less than 10%), and 4) small cell lung 
carcinoma (15% to 20%) [41]. Lung cancer causing primary type 
exposure and occupational substances were noted such as: 
chemicals and mixtures including soot, bis(chloromethyl)ether, 
chloromethyl methyl ether, coal gasification, iron and steel 
founding. General practice medical records have reported early 
signs and symptoms of lung cancer such as: haemoptysis, 
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dyspnea, chest pain, cough appetite loss and/or weight loss up to 
two years before the diagnosis [42]. For the treatment of lung 
cancer radiotherapy can be applied [43]. 

 

4 Conclusion 
Air sampling analyses of the working area revealed toxic 

gases and substances such as dust, soot, SO2, N2O5, N2O4, NO2, 
N2O, CO and H2S with concentrations varied from 0.06-15.8 

mg/m3. Concentrations, kinds of toxic substances and gases in air 
of the working environment were measured by the meteorological 
department in 28.06.2019, measurement certificate No.16/1-4. 
Respiratory disorders associated with changes in the mucous 
membrane in the respiratory tract of workers including chronic 
bronchitis (CB), allergic rhinitis (AR), chronic obstructive 
pulmonary disease (COPD) and lung cancer were described. 
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