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Abstract: This study is aimed at examining the state of the mucous membranes of the upper respiratory tract
and evaluating the risk of its dysfunction in workers engaged in chemical production of methanol and
formaldehyde. An excess of the workplace concentration of methanol and formaldehyde is detected in the air
of the company under study. Cause-and-effect relationships between the development of degenerative changes
and protective effects and the occupational chemical factors are established. It has been proved that workers
who have direct contact with methanol and formaldehyde have a high risk of developing protective changes:
the  risk  (RR)  = 2.29, etiologic fraction (EF) = 62% and a very high risk of developing degenerative changes
(RR = 2.89, EF = 70.61%). The data obtained allowed one to classify these changes as the occupational ones.
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INTRODUCTION method consist in atraumaticity of the procedure and

The upper respiratory tract is a primary barrier and The material can be collected from certain regions of the
natural penetration site for microorganisms, as well as for nasal cavity (e.g. from the middle meatus). RCG allows one
the industrial and environmental factors; pathogenetic to evaluate blood cells migrating to the secret of the nasal
mechanisms of many respiratory diseases are initiated cavity, surface epithelial cells and microflora [3, 7-9].
here [1]. The cytomorphological and functional integrity No studies devoted to the investigation of protective
of the mucous membranes of the upper respiratory tract secretion of the mucous membranes under the industrial
(primarily, the mucous secretory complex) is a barrier, the effect of methanol and formaldehyde have been found
first line of protection of the organism against unfavorable among the available literature.
factors [2-4]. This study was aimed at assessing the risk of the

The barrier properties of the mucous membrane of the development of pathology of the upper respiratory tract
upper respiratory tract are frequently disturbed in workers based on the state of the mucous membrane of the nasal
who have permanent and long-term contact with volatile cavity in workers engaged in chemical production of
chemical compounds at their workplaces. Industrial methanol and formaldehyde
xenobiotics exhibit an irritant activity on the mucous
membranes of the rhinopharynx, eyes, resulting in the MATERIALS AND METHODS
development of allergic, inflammatory, hypotrophic and
atrophic pathologies of the upper respiratory tract. Thus, The workers engaged in chemical production of
the inhaled formaldehyde is known to be decomposed in methanol and formaldehyde (450 individuals) were
the nasal mucous membrane lining the nasal epithelium examined.  The examination was carried out with respect
and to cause cytotoxic responses [4- 6]. to  the  occupational  factor; two main groups were

The examination of imprint smears collected from the singled  out.  Group  1  consisted  of  the  workers  who
nasal mucous membrane (rhinocytogram - RCG) is had  direct  contact  with  methanol  and  formaldehyde
commonly used in diagnosing the pathological state of (366 individuals). Group 2 comprised the employees of the
the respiratory tract. The advantages of this diagnostic same company who had no contact with hazardous

simplicity of obtaining the material for further examination.
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chemical compounds (84 individuals). The control group arithmetic mean value and the standard deviation (Ì±ó).
consisted of healthy volunteers (20 individuals). People Nonparametric criteria were preferred when processing the
aged 23-56 years preferentially participated in the study. data. The Mann-Whitney test was used to compare two
The mean age was 40.20 ± 8.81 in group 1; 41.02 ± 9.47 independent samples, while the Kruskal-Wallis test was
years in  group  2; and 38.21±7.36 in the control group. employed for the multiple comparisons. The commonly
The  mean  length  of  employment in groups 1  and 2 used procedure for assessing the occupational risk was
was 15.08±6.17 and 14.06±6.98 years, respectively. employed for the analysis of the resulting data [3]. The

Among the workers who had direct contact with relative risk (RR), etiological fraction (EF) and confidence
methanol and formaldehyde, the maximum permissible interval (CI) were calculated; the degree of association
concentration (MPC) for formaldehyde and methanol was between the disease and workplace was assessed [11].
exceeded in 41.8% (153 individuals). Depending on the
production stage, the technological process and worker’s RESULTS AND DISCUSSION
occupation, exposure time to chemical compounds varied
from 10 to 90% of the total working time. The MPC of An analysis of the resulting data has demonstrated
formaldehyde (mean-shift) is 0.5 mg/m ; the MPC of that the pathology of the upper respiratory tract in3

methanol (maximum single) is 15 mg/m ; and the MPC of workers engaged in chemical production of methanol and3

methanol (mean-shift) is 5 mg/m . formaldehyde is recorded in their diagnoses only in 1.3%3

The samples for controlling the compliance to the of individuals. However, pathological changes in the form
MPC values are collected at workplaces of each employee of inflammatory, protective, degenerative, allergic and
with allowance for the technological process, during vasomotor changes, as well as chronic inflammation were
which the  maximum  amount  of  the  hazardous detected by examining the imprint smears collected from
substance is expected to be emitted to the workplace air. the nasal mucous membrane in all the workers who had
The measurements are carried out every three months. been examined (100%). The symptoms of nonspecific
The mean-shift concentrations of methanol and inflammation are represented by neutrophilosis up to
formaldehyde are measured by continuous collection of 80.03±1.02 % and an increase in the number of cylindrical
samples during the entire shift or during at least 75% of its epithelial cells (6.38±0.92%). The protective changes are
duration, under the condition that all the main phases of characterized by transformation of ciliated epithelial cells
work are embraced. The maximum single concentration of into multilayered pavement epithelium (56.1±1.5%),
methanol is measured during the entire certain stage, increased desquamation of epithelial cells, dystrophy and
during which the maximum single concentration of a cilia loss. The morphological picture of degenerative
chemical substance is emitted into the workplace air. changes is determined by an increase in the number of

Smears were collected from the mucous membrane of “naked nuclei” (64.41±3.42%) and moderate
the middle meatus using a sterile medical tampon. A dried neutrophilosis (11.56±2.14%). The predominance of
cytological sample was stained with May-Grünwald fixing metaplastic epithelial cells in RCGs may attest to the
dye for 3 min, followed by Romanowsky-Giemsa staining symptoms of chronic rhinitis. Cylindrical epithelium
for 30 min. The glass specimen count was performed on a predominates in workers with vasomotor changes
Micros ÌÑ50 microscope with oil immersion under 100*10 (21.05±2.87%). The symptoms of allergic inflammation are
magnification. The specimen was preimaged under lower characterized by an increased eosinocyte count
magnification  in  order  to  perform the general (69.4±7.6%) and an insignificant increase in neutrophil
assessment of smear cellularity and the morphological count (5.6±2.5%). RCGs of the nasal mucous membrane of
picture. The count was carried out in thin regions of the healthy individuals contain individual cylindrical
sample in 5-10 visual fields on average. Blood cells epithelial cells or small cell clusters in rare fields of view,
(eosinocytes, monocytes, lymphocytes, macrophages, small strata of surface epithelial cells and slight leukocyte
mastocyte) and various types of epithelial cells migration.
(metaplastic, cylindrical, “naked nuclei”), epithelium A total of 41.8% of group 1 employees work under
arrangement (groups, strata, individual cells), the hazardous conditions; the rest of the employees (58.2%)
presence of muca and microflora were assessed. The and those in group 2 (100%) work under the conditions
results are expressed as a percentage (%) [10]. regarded  as permissible ones. MPC values for methanol

The results were statistically processed using
Statistica 6.0 software. The data are presented as the
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Table 1: Comparative characteristics of the RCG indices depending on methanol and formaldehyde concentrations in workplace air
Group 1 n=366 Group 2 n=84

Non-specific inflammation
Methanol concentration, maximum single (normal value - below 15 mg/m ) 45.9% (n=168) 51.1% (n=43)3

13.20±18.08 3.46±1.99
(MPC exceeded in n=40)

Methanol concentration, mean-shift (normal value - below 5 mg/m ) 2.23±2.83 1.33±0.273

Formaldehyde concentration, mean-shift (normal value - below 0.5 mg/m ) 0.54±0.15 * 0.07±0.0053

(MPC exceeded in n=23)
Exposure time, % 39.03±19.24 49.53±6.38
Protective changes
Methanol concentration, maximum single (normal value - below 15 mg/m ) 24.6% (n=90) 10.7% (n=9)3

10.09±14.56 1.32±1.13
(MPC exceeded in n=16)

Methanol concentration, mean-shift (normal value - below 5 mg/m ) 1.73±2.31 0.71±0.523

Formaldehyde concentration, mean-shift (normal value - below 0.5 mg/m ) 0.61±0.14 0.50±0.453

(MPC exceeded in n=26)
Exposure time, % 41±17.53 66.66±14.81

Degenerative changes
Methanol concentration, maximum single (normal value - below 15 mg/m ) 17.2% (n=63) 5.9% (n=5)3

20.32±22.54 1.22±1.104
(MPC exceeded in n=21)

Methanol concentration, mean-shift (normal value - below 5 mg/m ) 3.32±3.54 0.66±0.503

Formaldehyde concentration, mean-shift (normal value - below 0.5 mg/m ) 0.69±0.19 * 0.09±0.0093

(MPC exceeded in n=33)
Exposure time, % 35.52±23.11 68±14.4

Allergic inflammation
Methanol concentration, maximum single (normal value - below 15 mg/m ) 3% (n=11) 1.19% (n=1)3

15.22±19.46 0.30
Methanol concentration, mean-shift (normal value - below 5 mg/m ) 2.54±3.05 0.243

Formaldehyde concentration, mean-shift (normal value - below 0.5 mg/m ) 0.80±0.09 0.1003

(MPC exceeded in n=9)
Exposure time, % 25.90±7.02 80%

Chronic inflammation
Formaldehyde concentration, mean-shift (normal value - below 0.5 mg/m ) 2.45% (n=9) 11.9% (n=10)3

0.61±0.14 * 0.01±0.004
(MPC exceeded in n=4)

Exposure time, % 37.77±21.48 20%
Vasomotor symptoms 6.8% (n=25) 19% (n=16)
Note:  - arithmetic mean of the index above the maximum permissible concentrations (MPC),
* - confidence interval of differences between the groups at ð<0.05.

and formaldehyde are exceeded by up to 3.4 and 2 times, reliable exceeding of the MPC for formaldehyde in group
respectively, which could be seen in the changes in RCGs. 1 as compared to group 2 (individuals who had no direct
The standard deviation (ó) in Table 1 can be attributed to contact with hazardous substances) was determined
the wide scatter  of  the  arithmetic  mean  MPC  values among the individuals with predominant nonspecific
(0.3-50.9 mg/m  for methanol) in workplace air for the inflammation based on the protective and degenerative3

group under study. changes, as well as chronic inflammation (Table 1).
The symptoms of nonspecific inflammation (46.9%), In group 1 of workers, symptoms of nonspecific and

protective (24.6%) and degenerative (17.2%) changes chronic inflammation, as well as allergic changes are
were predominantly determined in RCGs of the group of typical of younger employees (length of employment
workers having a direct contact with methanol and below 10 years), while protective and degenerative
formaldehyde (Table 1). Furthermore, changes in the form changes are predominantly revealed in the more
of vasomotor (6.8%) and allergic (3%) changes, as well as experienced workers. Formaldehyde and methanol
chronic inflammation (2.45%) were also revealed. The originally have    an   irritating   effect   on   the  mucous
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Table 2: Relative risk of developing pathology of the upper respiratory tract in workers engaged into chemical production of methanol and formaldehyde

Relative risk (RR) CI Etiological fraction (EF),% Association with the workplace

Protective changes 2.29 54.58-56.62 62% High
Degenerative changes 2.89 68.86-75.7 70.61% Very high

membrane of the upper respiratory tract, creating characterized by a high risk of association with
conditions for the infection. These substances have been occupation. Thus, the RR for degenerative changes is
proved to induce allergic and inflammatory changes. 2.89; EF = 70.61% (Table 2). In accordance with the
Development of chronic inflammation and further effect of Manual R 2.2.1766-03 “Manual to Evaluate the
the hazardous substances under study result in Occupational Risk for Healthy Employees. Organization
transformation of epithelium of the mucous membrane, its and Methodological Foundations, Principles and Criteria
metaplasia (gradual transformation of the epithelium of the of Evaluation”, the revealed risks of developing the
mucous membrane into multilayered pavement pathology of the upper respiratory tract can be classified
epithelium), increased desquamation of epithelial cells, as the occupation-related ones.
dystrophy and cilia loss. Degenerative changes Thus, the workers who have a direct contact with
subsequently occur: disintegration of epithelial cells is methanol and formaldehyde have a high and very high
morphologically represented in the RCGs by the risk of developing pathology of the upper respiratory tract
emergence  of   individual  “naked”  nuclei.  Metaplasia related to their occupation. The malfunctions detected by
disturbs the normal function of the tissue,  thus  causing examining the RCGs of the mucous membrane can be
its further transformation into a tumor bud [1, 2, 7]. regarded as early preclinical changes of great diagnostic

Group 2 is predominantly characterized by the significance.
symptoms of nonspecific inflammation, as well as by
protective and vasomotor changes; the degenerative and CONCLUSIONS
allergic changes were determined in individual cases. It is
of significance that the incidence rate of pathologies for Methanol and formaldehyde concentration in
this group was independent of the length of employment workplace air are the first-priority factors of the risk
and was virtually equally distributed among the workers of occupation-related pathologies of the upper
with the short length of employment (below 10 years) and respiratory tract in workers engaged in production
more experienced workers (over 10 years). under study.

RCGs of healthy people are characterized by The risk group includes employees having a direct
individual cylindrical epithelial cells (0.13±0.1%) or small contact with the hazardous substances under study.
cell clusters in rare fields of vision, as well as small strata The occupational risk for the employees of the
of surface epithelial   cells  (26.9±9.1%)  and  insignificant company under study is characterized as significant;
leukocyte migration (45.0±7.9%). The number of other the class of work conditions - degree II hazardous
cells visible in RCGs is small; they have no diagnostic (3.2).
significance. Earlier and stronger pronounced symptoms of

An analysis of the data and calculation of the relative pathologies in the state of the mucous membrane of
risk (RR) and confidence interval (CI) have demonstrated the upper respiratory tract were detected in
the reliably high risk of the development of the pathology employees having a direct contact with methanol and
of the upper respiratory tract in workers engaged in formaldehyde. The increased number of neutrophils
chemical  production of methanol and formaldehyde. and metaplastic epithelial cells, which is indicative of
Thus, the RR of the development of protective changes, manifestation of nonspecific chronic inflammation in
according to RCGs, was 2.29; i.e. the probability of workers with the relatively short time of employment
development  of  the  disease   is   2.29   times    higher. (5-10 years) is regarded as early dysfunction of the
The etiologic fraction is 62%, which is considered to be a upper respiratory tract. The diagnosed protective and
high degree of occupational association of the disease degenerative changes in the form of increased
(Table 2). “naked” nuclei count in workers with greater

The degenerative changes in the nasal mucous experience (over 10 years) are considered to be
membrane among workers having a direct contact with the biomarkers of the development of the occupation-
chemical hazardous substances under study are related process. 
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