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ABSTRACT

Men over the age of 45 are a socially significant group, most of whom have reached
professional maturity and make a significant contribution to the country’s econo-
my and their families. In the Arkhangelsk Region, the health status of 40-45-year-old
men (57 %) is characterized by cardiovascular pathology, 14.7 % - by gastrointestinal
pathology, 47.4 % - by bronchopulmonary pathology, and 17.0 % - by musculoskele-
tal disorders. Male specialists from the Hydrographic Service in Arkhangelsk carry
out planned and special hydrographic works during the navigation period on a rota-
tional basis, making short-term frequent trips of 16 days in the Northern Seas.

The aim. To analyze the features of leukocyte content and phagocytosis in hydrogra-
phers of the Arkhangelsk region of the Hydrographic Service of the Russian Federation,
taking into account their age and work experience in the northern seas.

Materials and methods. Thirty-six men working in the hydrographic service
of the Federation Council of the Russian Federation were examined with short 16-day
shifts: 15 men aged 30-40 with 10 years of work experience and 21 men aged 50-65
with 20 years of work experience. The leukocytes count and phagocytosis in peripheral
venous blood were determined, taking into account age and work experience. For sta-
tistical processing, Microsoft Excel 2010 and SPSS 20.0 for Windows were used as soft-
ware packages.

Results. It has been established that hydrographers of the younger age group
with 10 years of work experience have a 1.5-2 times higher incidence of leukocyte,
lymphocyte, and monocyte deficiency, which is associated with low phagocytosis ac-
tivity. In the older age group of individuals with 20 years of work experience, leukocy-
tosis, lymphocytosis, and monocytosis are recorded 1.5 times more frequently against
the background of increased phagocytosis activity.

Conclusion. The phagocytic activity of neutrophils is higher in the older age group
with 20 years of experience in extreme conditions.
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PE3IOME

MyxxquHbl cmapuwie 45 nem asna10mca coyuansHo 3Ha4yuMou epynnoli, 601bUIUHCMBO
U3 Komopewlx 00CmMu2/io nNpogeccUOHAIbHOU 3penocmu, 8HOCUM 3HAYUMEbHbIU
8KJ1A0 8 SKOHOMUKY CmpdHsl, ceoeli cembu. B ApxaHeesnbckoli obacmu cocmosHue
300p0o8bsa 40-45-nemuux myxyuH (57 %) xapakmepusyemca cepoe4Ho-cocyoucmodu
namonoeued, 14,7 % — namosozauell esy00YHO-KUWEYH020 mpakmd, 47,4 % — 6poH-
xone2o4Hol namosnoeuel u 17,0 % — 3abonesaHusMuU 0NOpHO-08U2aMebHO20 anna-
pama. Cneyuanucmel 2udpozpagpudeckoli cyiyx6sl 2. ApxaHzelbCKa MyXCK020 nosa
8bINOJIHAIOM NJIAHOBbIE U CneyuasbHsle 2udpozpaguyeckue pabomsi 8axmossimM
MemoOoM 8 meYeHuUe HagUu2ayuoHHO20 nepuodd, cosepias KpamxogpemMeHHble 4yac-
meie pelicbl 0n1umesnibHocmeoto 16 cymok 8 CegepHbix MOPAX.

Lenwb uccnedosanus. [[poaHanuzupo8ams 0cobeHHOCMU co0epXaHus nelikoyumos
u hazoyumosa y 2udpozpagos ApxaHzenbcko2o patioHa 2udpozpaguydeckoli Ciyx6ol
COPD c yyuemom 803pacma u cmaxa pabomel 8 ycs108Usx cegepHblx Moped.
Mamepuansel u memodebl. O6¢/1e008aHO 36 MyX4UH, pabomarowux 8 2udpozpagu-
yeckol cnyx6e CO PO, kopomkumu saxmamu no 16 cymok: 15 yenosek 8 so3pacme
30-40 1em co cmaxem pabomel 10 7em u 21 yenosek 8 8o3pacme 50-65 nem co cma-
XXem pabomel 20 nem. Onpedenisnu cooepxaHue nelikoyumos u ghazoyumos 8 nepu-
¢hepuyeckoli BeHO3HOU KposuU € yd4emom 803pdcma u cmaxa pabomel. lna cmamuc-
muueckol 06pabomku npumeHeH nakem npukidaoHsix npozpamm Microsoft Excel
2010 u SPSS 20.0 onsa Windows.

Pe3ynemamel. YcmaHosneHo, Ymo y 2udpoepagos maaowetli 803pacmHoli pynnei
co cmaxem pabomel 10 1iem 8 1,5-2 pasa yauwje scmpedaemca degpuyum netikoyu-
mos, numM@oyuMmos U MOHOYUMOo8, 83UMOCBA3AHHbIU C HU3KOU akmusHOCMbIo (ha-
2oyumosa. Y cmapuweti 8o3pacmHot epynnsl iUy co cmaxem pabomel 20 nem neu-
Koyumo3, TumMgoyumo3s U MOHOUUMOo3 peaucmpupytomcs 8 1,5 paza yawje Ha poHe
nosbiWeHHOU akmugHOCMU Npoyeccos (hazoyumo3sd.

3aknoyeHue. PazoyumapHas akmusHoCMb Helimpogusioe eeiuie y cmapuleli 803-
pacmou epynnel co cmaxem pabomel 20 iem 8 3KCMPEeMasnbHbIX YC108USAX.

Kniouyeevle cnoea: nelikoyumel, numpoyumei, ¢azoyumos, 2udpozpagpuyeckas
cnyx6a, cybapkmudeckuli pe2uoH

Ana uyntupoBaHusa: Cepreesa T.b., Wawkosa E.1O., LLléronesa J1.C. CopeprkaHne nenko-
LUUTOB 1 GarounTos y My>XUMH SKCTPeManbHbIx Npodeccuii B yCoBUAX CybapKTUYecKoro
pervoHa. Acta biomedica scientifica. 2026; 11(3): 131-137. doi: 10.29413/ABS.2026-11.3.16
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INTRODUCTION

The Arkhangelsk region is located in a variety of cli-
matic and geographic zones, including arctic, subarctic,
and temperate regions. Approximately 40 % of the region
lies beyond the Arctic Circle and within the permafrost
zone, where it is influenced by moist air masses from the At-
lantic Ocean and the cold waters of the White Sea and Arc-
tic Ocean. This combination of factors results in unfavor-
able climate and geographical conditions, characterized
by low air temperatures, high humidity, increased air mass
mobility, dramatic seasonal photoperiodicity, significant
barometric pressure fluctuations, and elevated geomag-
netic activity [1-3].

In the Arkhangelsk region, mortality among work-
ing-age individuals remains high, despite an annual
decline. For example, in 2014 the proportion of deaths
among the working-age population was 27.3 % of all
deaths (32.0 % in 2010). The mortality rate for men is high-
er than for women in all age groups, especially during
the working age period. It has been noted that men over
the age of 45 form a socially significant group, as the ma-
jority have reached professional maturity and contribute
significantly to the national economy and their families
[4-6]. In the Arkhangelsk region, the health of 40-year-old
men is characterized by cardiovascular pathology (57 %),
gastrointestinal pathology (14.7 %), bronchopulmonary
pathology (47.4 %), and musculoskeletal disorders (17.0 %)
[4,5,7].

The Hydrographic Service of Russia is a structural unit
within the Ministry of Defense of the Russian Federation.
Its main functions include providing navigational, hydro-
graphic, hydrometeorological, topographical, geodetic
and marine navigation support to Russian maritime activ-
ities in accordance with international obligations related
to the safety of life at sea in the inland waters within the ju-
risdiction of the Russian Federation.

As a rule, the personnel are male employees of work-
ing age who are physically fit for duty and undergo an an-
nual medical examination in accordance with Regulation
No. 302-N at the facility of the 1t branch of the Federal
State Institution “1469 Naval Clinical Hospital of the North-
ern Fleet” Male specialists from the Hydrographic Service
based in Arkhangelsk perform both planned and special-
ized hydrographic work throughout the entire navigation-
al period, undertaking short, frequent voyages of up to 16
days, as well as voyages lasting 265 days, to maintain light-
houses. It was of interest to study the leukocyte count
and phagocytosis in the immune response of individuals
who work short 16-day shifts in the Northern seas.

It is known that neutrophils constitute the most
abundant population of peripheral blood cells, account-
ing for up to 70 % of total leukocyte count. However,
in a routine analysis, only approximately 50 % of leuko-
cytes, the circulating pool, can be assessed. These cells do
not have a specialized function and can differentiate into
antigen-presenting cells depending on the microenviron-
ment. The remaining 50 % are marginated neutrophils
that are ready to leave the blood vessels and enter tissues
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to perform phagocytosis [8]. According to a study conduct-
ed by the Institute of Environmental Physiology of the Ural
Branch of the Russian Academy of Sciences in Arkhan-
gelsk among practically healthy residents aged 20-77
years with non-extreme occupations during the period
2014-2024 [9], neutrophil apoptosis was accompanied
by an increase in the number of band neutrophils, with-
out affecting their phagocytic activity. The level of necro-
sis in northern populations is significantly lower than that
of programmed neutrophil death, which helps to maintain
cellular homeostasis without the need for an inflammatory
response [10, 11].

The relevance of this study is supported by its scientific
originality, as it represents the first in-depth investigation
of the association between leukocyte count and phago-
cytosis in the immune responses of working-age adults,
considering work experience, age, and shift duration in ex-
treme climatic and occupational conditions of the Arctic
seas. A correlation between leukocyte count and various
immuneimbalances has been identified. The data obtained
during the study on the collaboration of immunocompe-
tent cells enhance our current comprehension of the phys-
iological processes underlying adaptive immune respons-
es in individuals who work on a shift schedule in the Arctic
regions. These results will contribute to developing strate-
giesfor preventing secondaryimmunodeficiency disorders
associated with environmental factors and occupational
activities in the Arctic area of the European North of Rus-
sia. The results enhance our comprehension of individual
resilience and contribute significantly to the field of envi-
ronmental physiology. The identified correlations between
innate and acquired immune responses will enable future
investigations to elucidate the mechanisms of activation
at each phase of the acquired immune response, which
can be utilized for health prediction and to justify reme-
dial measures for workers operating in the Arctic coastal
region.

AIM

To analyze the features of leukocyte count and phago-
cytosis in hydrographers employed by the Arkhangelsk
branch of the Hydrographic Service of the Russian Fed-
eration, considering their age and experience working
in the Northern seas.

MATERIALS AND METHODS

The study was conducted at the Laboratory of Im-
mune Cell Physiology, Institute of Environmental Physi-
ology, N. Laverov Federal Center for Integrated Arctic Re-
search, Ural Branch of the Russian Academy of Sciences
in Arkhangelsk, Russia.

A total of 36 male participants working in the Arkhan-
gelsk branch of the Hydrographic Service of the Northern
Fleet of the Russian Federation on short-term shifts (16-
day shifts) were examined. Of these participants, 15 were



aged 30-40 years and had 10 years of work experience,
while 21 were aged 50-65 years and had 20 years of work
experience.

The study was conducted in accordance with the eth-
ical principles outlined in the Helsinki Declaration, as re-
vised and amended in 2013 by the World Medical Asso-
ciation. Approval for the study was granted by the Ethics
Committee of N. Laverov Federal Center for Integrated
Arctic Research (Protocol No. 001-20/01 dated January 20,
2025), under state assignment No. 125021902582-1 “Phys-
iological significance of the features of adaptive and in-
nate immune responses in the development of immune
homeostasis reserves among Arctic residents, taking into
account age, sex, and occupational status”.

The immunological examination of the subjects in-
volved the assessment of peripheral blood leukocytes,
lymphocytes, monocytes, eosinophils, and neutrophils,
as well as the neutrophil phagocytic activity. The determi-
nation of neutrophil and lymphocyte counts in the periph-
eral blood was performed using a Pentra 60 ABX hema-
tology analyzer (absolute values). The phagocytic activity
and cell counts were determined by incubating the blood
with latex particles for 30 minutes at 37°C, followed by Ro-
manowsky-Giemsa staining. The cell counting was per-
formed using an immersion microscope (Nikon Eclipse
50i). Statistical analysis was performed using Microsoft
Excel 2010 and SPSS 20.0 for Windows. The differences
between the compared parameters were assessed using
Student’s t-test (for normal distribution) and considered
significant at p < 0.05-0.01.

RESULTS AND DISCUSSION

The study conducted by Boscolo P. et al. demon-
strated that the type of professional activity affects
the activity of T-lymphocytes (CD5*) and natural killer
(NK) cells. It was shown that high levels of work-relat-
ed stress in factory and construction workers are cor-
related with decreased activity of NK lymphocytes and T
cells (CD5%), whereas office workers and artists have in-
creased NK cell activity due to lower levels of stress [12,
13]. Long-term studies on the immune status of north-
ern populations conducted by Balashova S.N. et al. found
that activation of granulocytes with the CD95* antigen-
ic determinant in individuals with non-extreme work-
ing conditions is strongly correlated with an increase
in the concentration of band forms of leukocytes and,
simultaneously, with a significant decrease in the num-
ber of mature differentiated cells. It has been suggested
that neutrophil apoptosis may not affect phagocytic re-
sponse. However, it has been noted that a decrease in its
intensity is associated with a lower phagocytic activity
[14, 15].

The unique working conditions associated with shift-
based employment in the Northern seas of the subarc-
tic region can lead to physiological stress due to pro-
fessional activity, lifestyle, and shift duration. This stress
can affect the health of hydrographic professionals

by disrupting various bodily systems, including the im-
mune system [1]. The prolonged exposure to extreme
occupational and environmental factors can contrib-
ute to a decrease in immune homeostasis, leading
to the development of secondary immunodeficiencies
that are dependent on environmental factors. These de-
ficiencies can manifest as a tendency towards chronic
pathology [16].

Professional activity in the challenging conditions
of the northern region, including military service, hydro-
graphic work, outdoor activities, and others, requires in-
tense physical energy expenditure. Prolonged exposure
to extreme environmental conditions further weakens
the immune system [17-19].

It should be noted that the total leukocyte count
in the peripheral blood of the examined individuals
was within the generally accepted physiological range.
However, it is worth noting that the levels of neutro-
phils, eosinophils, and monocytes were slightly elevat-
ed (Table 1).

It was found that the total leukocyte count
among men with 10 years of work experience was
6.63 £ 0.50 x 10° cells/L, and among men with 20 years
of work experience it was 7.02 + 0.54 x 10° cells/L. Leu-
kopenia was not observed in either group. Leukocytosis
was noted in 6.7 % and 14.3 % of cases, respectively.

The mean lymphocyte count in the study groups
was 2.27 £0.23 x 10° cells/L and 2.88 + 0.32 x 10° cells/L,
respectively. Analysis of the frequency of abnormali-
ties revealed that lymphopenia was present in 13.3 %
and 4.8 % of cases, whereas elevated lymphocyte levels
were seen in 6.7 % and 14.3 % of the examined individ-
uals, respectively.

The total monocyte count was
0.44 + 0.06 x 10° cells/L and 0.43 + 0.05 x 10° cells/L,
respectively. No significant decrease in this parameter
was recorded among men with 10 years of work experi-
ence, whereas in the group of men with 20 years of ex-
perience, a deficiency of this parameter was observed
in 4.8 % of cases (Table 2). Conversely, elevated mono-
cyte levels were more frequent in the group with 20-
year work experience (6.7 % and 14.3 %, respectively).

The total eosinophil count for both groups was
0.20 + 0.03 x 10° cells/L. Elevated values were observed
in 20 % and 19 % of cases, respectively, without signifi-
cant difference based on age or work experience.

The total neutrophil count among men with 10
years of work experience was 3.73 + 0.36 x 10° cells/L,
and among men with 20 years of work experience it was
3.52 + 0.36 x 10° cells/L. A slight neutrophil deficiency
was observed twice as frequently in the older group.

Based on our data, the phagocytic index was
6.04 + 0.13 among men with 10 years of work ex-
perience and 7.11 £ 0.50 among men with 20 years
of work experience. The percentage of active phago-
cytes was 67.57 + 2.84 % and 65.75 + 2.32 %, respec-
tively, without a significant difference by age or work
experience. The mean level of neutrophil phagocytic ac-
tivity in the peripheral blood of hydrographers working
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TABLE 1

THE AVERAGE LEUKOCYTE COUNT IN THE PERIPHERAL BLOOD OF MALE HYDROGRAPHERS IN THE
ARKHANGELSK REGION OF THE HYDROGRAPHIC SERVICE OF THE FEDERATION COUNCIL OF THE RUSSIAN
FEDERATION (M=+/-M, OF THE PHAGOCYTIC NUMBER AND PERCENTAGE OF ACTIVE PHAGOCYTES (%))

Sample size,
n=15

Parameter 10 years of work

experience,
age 30-40 years

Total leukocyte count, x10° cells/L 6.63+0.50
Total lymphocyte count, x10° cells/L 2.27+0.23
Total monocyte count, x10° cells/L 0.44+0.06
Total eosinophil count, x10° cells/L 0.20+0.04
Total neutrophil count, x10° cells/L 3.7320.36
Phagocytic number 6.04+0.38
Active phagocytes, % 67.57+2.84

TABLE 2

Sample size,

n=21
Reference Student’s
20 years of work range t-test
experience,
age 50-65 years
7.02+0.54 4-8.8 0.526
2.88+0.32 1.5-3.5 0.080
0.43+0.05 0.09-0.6 0.898
0.20+0.03 0.02-0.3 0.950
3.52+0.36 1.5-5.5 0.664
7.11£0.50 4-9 0.067
65.75+£2.32 >50 0.592

FREQUENCY OF OCCURRENCE OF IMMUNE IMBALANCES IN MALE HYDROGRAPHERS OF THE ARKHANGELSK
DISTRICT OF THE HYDROGRAPHIC SERVICE OF THE FEDERATION COUNCIL OF THE RUSSIAN FEDERATION, (%)

Sample size,

n=15

Parameter

10 years of work experience,
age 30-40 years

Leukocytes, x10° cells/L, <4.0 no
Leukocytes, x10° cells/L, >8.8 6.7
Lymphocytes, x10° cells/L, <1.5 133
Lymphocytes, x10° cells/L, >3.5 6.7
Monocytes, x10° cells/L, <0.09 no
Monocytes, x10° cells/L, >0.6 6.7
Eosinophils, x10° cells/L, >0.3 20.0
Neutrophils, x10° cells/L, <1.5 6.7
Neutrophils, x10° cells/L, >5.5 6.7
Phagocytic number >9 6.7
Decreased active phagocytes, % 6.7

in extreme professional conditions in the northern seas
is near the upper limit of the physiological reference
range.

Based on the results from long-term studies
on the immune status of individuals engaged in ex-
treme professions, such as hydrographers, in the Arctic
regions, we strongly suggest including an assessment
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Sample size,
n=21

20 years of work experience,
age 50-65 years

no
14.3
4.8
14.3
4.8
14.3
19.0
14.3
4.8
38.1
4.8

of cellular and humoral immunity as part of the stan-
dard medical examination for shift workers. This would
allow for the timely identification of immune imbal-
ances and the correction of the immune system status.
Based on these data, preventive measures can be imple-
mented to prevent the development of environmental-
ly-induced secondary immunodeficiency.



CONCLUSION

Therefore, in younger men who have worked
in the harsh conditions in the Northern seas (the Barents
and the White Seas) in the Arkhangelsk branch of the Hy-
drographic Service of the Northern Fleet of the Russian
Federation, deficiencies in leukocytes, lymphocytes,
and monocytes, associated with low phagocytic activity,
occur 1.5-2 times more often than in older workers with 20
years of work experience, who have leukocytosis, lympho-
cytosis, and monocytosis occuring 1.5 times more often,
along with increased phagocytic activity. The neutrophil
phagocytic activity is slightly higher in the older age group
with 20 years of work experience in extreme conditions
(p < 0.05).
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