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THE STATE OF BLOOD INDICES IN THE FOUNDRY WORKERS
e-mail: npylypenko.kharkiv@gmail.com

The study of hematological parameters of 42 healthy people who have been working for more than ten years under the
influence of dust-forming factors of production environment, among which silicon dioxide dominates, revealed: redistribution of
white blood cell percentage; changes in erythrocyte membrane permeability; reduced blood clotting time; erythrocyte
sedimentation rate; significant differences compared with control values of integral indices. Such changes are likely to have an
adaptive focus, however — with continued contact of the subjects with the harmful factor, such changes can become markers of the
development of disorders of innate immunity, with a subsequent risk of occupational chronic bronchopulmonary diseases.
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CTAH ITIOKA3HUKIB KPOBI Y OCIBb, SAKI ITPAIIIOIOTH
B YMOBAX IINJIOY TBOPIOIOYNX BUPOBHUILITB

3a pesynbraraMd BHUBUCHHS I'€MATOJIOTIYHHX MOKA3HUKIB 42 MPakTHUYHO 370POBUX OCiO, sKi Oifblie AECSITH POKiB
[PALFOBAIIK B YMOBaxX BIUIUBY ITHJIOYTBOPIOIOYUX (haKTOPiB BUPOOHMYOTO CEPEIOBHILA, CEPE IKUX JOMHUHYBaB AiOKCUI KPEMHIIO,
Oy/i0 BHSBICHO MEPEPO3MNOALIT BiJACOTKOBOTO BMICTYy KIITHH Oi10i KpOBi, 3MiHM TPOHHMKHOCTI €PUTPOLIMTApPHHX MeMOpaH,
CKOpPOYEHHS 4acy 3ropTaHHs KPOBi, 301bIICHHS MIBUAKOCTI OCIAaHHS SPUTPOLUTIB Ta JOCTOBIPHI BiIMIHHOCTI B MOPIBHSAHHI 3
KOHTPOJIbHUMH 3Ha49€HHSMH ITOKA3HHKIB IHTErpaJbHHUX iHAEKCiB. Taki 3MiHHM, BIpOTiIHO, MAIOTh afaNTamiiiHy CIIPSIMOBAHICTS,
OJIHAK, IPH IPONOBKEHHI KOHTAKTy OOCTEKYBaHMX 31 IIKIIIMBUM (aKTOPOM MOXKYTh CTaTH MapKepamu pO3iajiB 3 OOKy
MPUPOIKEHOTO IMYHITETY, 3 OAAJIBLUINM PU3UKOM PO3BUTKY MPODECIiHHIX XPOHIYHUX OPOHXOJIEIEHEBIX 3aXBOPIOBAHb.

Koio4oBi cjioBa: BUpOOHUYMI TTHII, TEMATOJIOTIYHI iHAEKCH, MapKEepH 3allaIbHAX IPOIECIB.

This work is a fragment of the research project “Investigation of the cognitive mechanisms of selective attention at
different stages of learning using a model object”, state registration No. 0119U103673.

Incidence of occupational etiology, as part of morbidity of the working population, has social
significance for a number of countries, regardless of their level of economic development [2]. In Ukraine,
occupational morbidity also remains a complex hygienic and socio-economic problem [4], in particular
mechanical engineering is ranked second after coal industry in terms of contribution to the pool of
occupational morbidity [5].
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High risk of developing diseases of the bronchopulmonary system is inherent in workers who are
exposed to the complex effects of harmful factors — industrial aerosols, fibrogenic dust, adverse
microclimate, and high level of work load.

The most common occupational pathology in workers in mining and metallurgical industries is
chronic obstructive pulmonary disease (COPD) and pneumoconiosis (PC) [9]. Dust-forming harmful
factors of these industries complicate the course of comorbidities [13]. Bronchopulmonary system is
extremely sensitive to industrial abiotic factors, so in direct professional contact with dust,
bronchopulmonary system is subjected to significant stress, which further contributes to adverse changes
in functioning of other body systems, especially circulatory and immune systems [12]. According to
published data sources, the following changes were observed in patients with COPD of occupational
etiology: changes in hematological parameters and coagulation systems; imbalance in the ratio of cellular
composition of the immune system and integration indices for assessing immune status [10, 11].

Search for ways to reduce the risk of occupational bronchopulmonary diseases has economic, social
and scientific vectors. Therefore, studies of prenosological conditions of persons working under the influence
of high concentrations of industrial dust are certainly relevant, as their results can be used to implement
measures to prevent the development of bronchopulmonary diseases of occupational etiology [14].

The purpose of the work was to study the direction of changes in hematological parameters in
persons working under the influence of dust—forming production, and to determine the possibility of using
these indicators as markers of inflammatory processes.

Materials and methods. 42 persons (main group) were examined — the employees of main
specialties of Kharkiv machine-building enterprises with 11-20 years of work experience with impact of
the harmful factors, the dominant of which was the high concentration of dust containing SiO; in the air of
the working area. The control group included 30 practically healthy individuals who did not come into
contact with harmful factors of dust-forming production and did not have diseases of the respiratory system.
The average age of the persons from the control group and the research group was 40.5 and 43.8 years
respectively.

The studies were carried out on 9.5 ml of biological material (blood), which was taken on an empty
stomach from the ulnar vein. Methods used in the research: cytological method for studying hematological
parameters; spectrophotometric method for determining the state of permeability of erythrocyte membranes
(PEM) [8]. For the interpretation of the level of adaptive stress of the organism the indices calculated from
the leukogram were used: index of approximate assessment of the immune status — Garkavi coefficient
(GC) (lymphocytes/segmental neutrophils, norm 0.3—0.6); ratio index of the neutrophils and the monocytes
(ISNM, norm 0-36), the index of inflammatory activity LTESR=leukocytesxerythrocyte sedimentation
rate (ESR)/10 (norm up to 4); index of allergy (IA=lymphocytes+10x(eosinophils+1)/(band
neutrophils+segmented neutrophils +monocytes+basophils) (norm 0.79-1.08) [1, 3, 7]. The obtained
results were processed by statistical methods of Student—Fisher using the default function set of Microsoft
Excel (MS Office 2007). Quantitative indices are presented in the form M+m, where M is the mean value,
m — standard deviation of the mean. The critical significance level in checking statistical hypotheses (p)
was assumed to be 0.05.
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Fig. 1. Leukogram profile of the persons who work in the hazardous working conditions.
Note:* — shifts are significant in comparison with the control group (p<0.05)
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was to investigate the state of blood parameters in persons who have long been in contact with this
production factor.

Figure 1 shows that in persons who work in hazardous dust work zone, redistribution of the
percentage of white blood cells was registered on the background of absence of significant changes in total
number of leukocytes, compared to the control group (5.91£0.20)/(6.39+0.22).

Thus, in the main group the number of lymphocytes significantly increases (LYM%) by 18.7 %
(33.8+1.05)/(40.1+0.86). Relative lymphocytosis is accompanied by a decrease in the percentage of
segmental neutrophils (SNEU%) by 12.6 % (60.5+0.81)/(52.7+0.91) in comparison with the control group.
These changes can possibly be connected with activation of native immunity, specifically — the phagocytic
activity of neutrophils. In addition, a significant increase in the number of band neutrophils (BNEU%) by
72.9 % (1.4440.04)/(2.49+0.21) was registered in the blood of the main group, which indicates the appearance
of immature forms of neutrophils in the blood and thus the activation of hematopoiesis. The decrease in the
percentage of monocytes (MON %) (4.95+0.33)/(2.64+0.13) in the blood of the workers by 46.7 % is
probably a manifestation of increased migration of these cells into the tissues of the bronchopulmonary
system. In addition, in the blood of persons from the main group there was an accumulation of eosinophils
(EOS %) (1.41+0.08)/(1.94+0.13), with an increase of 37.6 %.
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Fig. 2. Integrated indices for assessing inflammation and allergies of people working in hazardous

conditions.

Note:* — shifts are significant in comparison with the control group (p<0.05)

persons of the main
group (fig. 2).

As can be seen
from the fig.2, the

GC, which is used to estimate the level of activation of the immune system, in the main group exceeded
the upper limit of the normal level (0.3-0.6) and increased by 44.4 % in comparison with the control group
(0.54+0.02)/(0.7840.03). The ISNM that show the ratio in the microphage-macrophage system was
significantly increased and exceeded the control values by 60.8 % (12.5+0.9)/(20.1=0.9). The LESR —
index of inflammatory activity in the examined group was 4.4340.12, which exceeds normal values and
significantly differs in control (3.014+0.18) by 48.5 %. In addition, people who come into contact with
quartz dust for 11-20 years had the IA in 30.4 % higher than in the people of the control group
(0.82+0.02)/(1.07+0.02).

The study of the red blood cells state also revealed some changes (fig. 3). In the group of workers
the ESR is significantly increased (5.15+0.23)/(7.00+£0.81), which exceeds the control rate by 35.9 %, and,
apparently, affected the index of inflammatory activity.

The study also showed the decrease in the PEM by 37.4 % (18.80+1.45)/(11.76+2.29), which
indicates a weakening of the processes of passive filtration of ions through erythrocyte membranes, which
may contribute to the deterioration of gas exchange. In addition, compared with the control group, in the
group of the workers, blood clotting time was reduced by 22.3 % (3.76+0.15)/(4.84+0.23). This
combination of changes in the indicators of red blood cells of people who work in conditions of increased
load on the bronchopulmonary system for a long time, can become one of the determining factors in the
development of chronic diseases.

In study of the leukogram of persons of the main group, significant changes in the percentage of
the main elements of white blood were revealed (LYM %, SNEU %, BNEU %, MON % and EOS %). In
order to detect possible risk of developing changes associated with occupational obstructive pulmonary
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disorders, which therefore are related directly to immunological changes. The interest was the increase in
individuals of the main group in SNEU % and especially LYM %, since this indicator corresponded to the
upper limit of the physiological norm. Comparative analysis with the studies of other authors showed that
the direction of the shifts of fore mentioned indices relative to the control group is typical for persons
working under conditions of exposure to industrial dust containing SiO; [12]; though it differs from the
leukogram of persons working under the same conditions, yet having established pulmonary ventilation
disorders [7]. However, taking into account the duration of professional contact of the examined persons
with a harmful factor, the data obtained suggests an increased risk of a change in adaptive—compensatory
processes by disorders in functioning of the immune system.

At the stage of studying of
leukocyte indices (CG and ISNM) it
was revealed that the CG in persons of
the main group was at the level of
0.78+0.03, which corresponds to the
level of reactivity and adaptive
potential of the body “physiological
reaction — training reaction” [1].
Multidirectional changes in SNEU %,
and MON % in the examined
individuals, and, therefore, a significant
(by 1.6 times) excess of the control
values of the ISNM, may indicate the
tension of the cellular link of native
immunity [3]. The wunfavourable

in group; ESR¥*;
35.9

Fig. 3. The state of some indicators of erythron of people working in direction of changes in this index is
hazardous conditions (% of the control group).

Note:* — shifts are significant in comparison with the control group aggravated by the fact that its increase
(p<0.05) occurs against the background of a
decrease in the macrophage link indicator - MON %, which increases the probability of activation of a
persistent infectious component that accompanies dust load. Activation of the inflammatory process in
persons of the main group is confirmed by the excess of the control values of the LTESR by 1.4 times;
this orientation, combined with an excess of normal values for this indicator, is a risk factor and is
characteristic of persons with diseases of the bronchopulmonary system [6]. Since the level of all
elements of the leukogram is taken into account when calculating the 1A, its significant difference from
the control probably indicates an imbalance in the cellular link of native immunity. Taking into account
the exponential nature of the described indices, it can be assumed that the complex of leukocyte indices
with the LTESR and the IA can serve as a marker of nonspecific activation and risk of development of

inflammatory processes.

The PEM changes, as is known [8], are associated with metabolic rearrangements, in particular,
with the intensity of the processes of free radical oxidation of membrane lipid structures. Taking into
account the fact that the Hb level in the subjects of the main group did not significantly differ from the
control values, the decrease in the PEM in persons of the main group by 1.6 times is probably a reflection
of the adaptive mechanisms. However, a long—term impairment of the barrier functions of erythrocyte
membranes can contribute to the destruction of their lipid bilayer, a decrease in their elasticity, followed
by a violation of the gas transport function of erythrocytes, which, under conditions of dust load on the
bronchopulmonary system, can lead to a loss of the adaptive capabilities of these cells. In addition, a
decrease in the elasticity of erythrocyte membranes in combination with a decrease in blood clotting time
in the examined subjects can most likely affect the rheological properties of blood in general, which, in
turn, increases the risk of breakdown of adaptive mechanisms. Thus, the complex of signs of an increased
risk of developing inflammatory processes and changes in the rheological properties of blood identified in
the study in persons working under conditions of exposure to quartz—containing dust gives grounds for
using some of the described indicators as inflammatory markers in monitoring the health of the specified
contingent.

Kooilissions

1. The nature of changes in the peripheral blood of persons working in conditions of exposure to
dust containing quartz for more than 11 years indicates an increased risk of developing immunological
disorders.
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2. The integral indices of the blood in combination with some indicators of erythron can be used
as risk markers of development the inflammatory process in organism of the persons who for a long time
contact with the dust containing quartz.

3. Monitoring the condition of aforementioned blood parameters can help identify the risk group
of occupational diseases of the respiratory system.
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