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STUDY OF BERYLLIUM INFLUENCE
ON PSYCHOPHYSIOLOGICAL PARAMETERS
OF HUMAN ORGANISM

il

The leading place in research and forecasting of professional activity is occupied by the problem of
diagnostics of psychophysiological properties of a person. The most typical state of workers engaged in
hazardous production is emotional tension, which affects the efficiency of production activity. Highly
toxic substances, which include beryllium used in beryllium production, can cause psychophysiological
tension and can serve as a basis for acute and chronic emotional stress. The scientific article describes
the influence of production factors on the psychophysiological status of workers of beryllium shop of JSC
‘UMP’ depending on age. The psychophysiological status of workers of the examined groups is distrib-
uted unevenly. The increase in the number of workers with values of high personal anxiety and low rate
of motor activity is mutually conditioned by the work associated with a high degree of emotional ten-
sion. The highest level of reactive and personal anxiety in combination with a low rate of motor activity
is observed in workers of the third group (aged 45-65 years), and is accompanied by an increase in stress
values in the Lusher test and low values of mental efficiency. Inclusion of psychophysiological testing in
the course of professional selection allows to reveal the peculiarities of protective and adaptive reactions
in workers of different age groups.

Key words: beryllium production workers, toxic effect, anxiety level, reactive anxiety, personality
anxiety.
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bepuAAMIAIH, aaam aF3acbiHbIH, NCMXO(M3UOAOTUSIADIK,
napameTpAepiHe acepiH 3epTTey

Kacibu KbI3METTi 3epTTey MeH 6oAXKayAa XKeTeKLli OPbIHAbI AAAMHbIH, MCMXOMU3MOAOTUSABIK, Ka-
CMeTTepiH AMAarHOCTUKaAay MOCEAeCi anaabl. 3USHAbBI OHAIPICTEPMEH alHAAbICATbIH >KYMbICLLbIAAPAA
>KMi Ke3AECETIH Xaraali — BYA OHAIPICTIK KbI3BMETTIH, TMIMAIAIriHE 8cep eTeTiH SMOLIMOHAAAbBI CTPEecC.
bepuaAnin eHAIpiCiHAE KOAAQHBIAATbIH BEPUAAMI CUSIKTbI YbITTbIABIFbI XKOFapbl 3aTTap NCUXOM3MOAO-
TUSIABIK, LLIMEAEHICTI TYABIPYbl MYMKIH YK8HE YKEAEA KOHE CO3bIAMaAbl SMOLIMOHAAAbBI CTPECCTIH NanAa
60AYbIHa Heri3 60AaAbl. FbIABIMM MaKaAaAQ XKaCbIHA, XKYMbIC ©TiAiHe 6arnAaHbICTbl «<YM3» AK 6epraamii
LEXbl >KYMbICLUBIAAPbIHbIH, MCUXOMU3MOAOTUSIABIK, MOpTEBECiHE BHAIPICTIK (DaKTOPAApPAbIH 8cepi Cu-
natTaAraH. 3epTTEAreH >KYMbIC TOMTapPbIHbIH NMCMXOMU3MOAOTUSIABIK, MopTebeci bipkeaki emec. Xeke
Ma3acCbI3AbIK, AEHIeNi XKoFapbl XXOHE MOTOPAbIK, BEACEHAIAIKTIH TOMEH KapKblHbl 0ap >KYMbICLIbIAGD
CaHbIHbIH, apTybl 3MOLIMOHAAABI LLIMEAEHICTIH >KOFapbl A€HremiMeH GalAaHbICTbl XKyMbICTapra OaiAa-
HbICTbI. PeakTMBTI >koHe XXeKe Mas3acbi3AbIKTbIH €H >KOFapbl AEHreni, MOTOp GEeACEHAIAIriHIH TemeH
KaPKbIHbI YLLIHLLI TOMTaFbl XXyMbICLIbIAAPAA (45-65 Kac apaAbifbiHAAFbI) 6akaAAbl. bya ke3ae Atowep
CblHafbl OOWbIHILA CTPECC MOHAEPIHIH >KOFapblAar, aKbIA-OM >KYMbICKAOIAETIAITIHIH MOHAEpPI TeMeH
60AABI. Kacibu ipikTey KesiHAe NCMXOM3MOAOTUSIABIK, TECTIAGYAI KOCY SPTYPAI >KaCTarbl XKYMbICLLbI-
AapAa KOPFaHbIC-0eMIMAEAY pPeakLMSIAAPbIHbIH €PEKLIIEAIKTEPIH aHbIKTayFa MyMKIHAIK Oepea.

Tyiin cesaep: GEPUAAMIA, YBITTbI 8CEP, Ma3achI3AbIK, AEHIeii, PeakTMBTI Ma3acbI3AbIK, XKEKEe Ma-
3aCbI3AbIK.

© 2025 Al-Farabi Kazakh National University 83


https://orcid.org/0000-0002-8676-1972
https://orcid.org/0000-0003-1285-3281
https://orcid.org/0000-0002-8110-5255
mailto:sanat_kv@mail.ru
mailto:sanat_kv@mail.ru

Study of beryllium influence on psychophysiological parameters of human organism

I'.E. CaabikaHoBa', C. Kymapbekyabl?”, K K. Aakumesa’

'BocTouyHo-KazaxcraHckuin yHuBepcuteT um. C. AMaHxxoaoBa, OckemeH, KasaxcraH
2Ka3axcKmii arpoTeXHUYECKUIA UCCAEAOBATEABCKMI YHUBEpcUTET umenn C. CendpyaanHa, ActaHa, KasaxcraH
*e-mail: sanat_kv@mail.ru

U3yuyeHne BAUSIHUSI GEpUAAUS
Ha ncuxopusamMoAorMyeckue napaMmeTpbl OpraHM3ma YeAoBeKa

Beaylllee MeCTo B MCCAEAOBAHMSX M MPOrHO3MPOBAHUM MPOECCUOHAABHOM AESTEABHOCTU 3a-
HMMaeT NpPobAeMa AMArHOCTUKM NCUXO(U3MOAOTMUECKMX CBOMCTB YeAoBeKa. Y paboumx, 3aHSTbIX Ha
BPEAHbIX MPOU3BOACTBAX, HaMbBOAEE TUMNYHBIM COCTOSIHUEM SIBASIETCS SMOLIMOHAABHOE Harpsi>KeHue,
KOTOpoe OTpakaeTcs Ha 3(pheKTUBHOCTU MPOM3BOACTBEHHOM AESITEAbHOCTU. BbICOKOTOKCMYHbIE Be-
WeCTBa, K KOTOPbIM OTHOCUTCS GEPUAAMIA, UCMIOAb3YEMbIT B GEPUAAMEBOM MPOU3BOACTBE CMOCOOHbI
BbI3BaTb MCUXO(U3UOAOIMUECKYIO HAMPSXKEHHOCTb, U MOTYT CAY>KMT OCHOBOW AASl BO3HMKHOBEHWS
OCTPOro 1 XPOHUYECKOr0 3MOLMOHAAbHOIO CTpecca. B HayuHoM cTaTbe ONMCbIBaeTCs BAUSIHUE NMPOU3-
BOACTBEHHbIX (DAKTOPOB Ha NCUXOU3MOAOIMUECKMIA CTATyC pabounx Gepraresoro texa AO «YM3» B
3aBMCUMMOCTM OT BO3pacTa. [1cuxoduramnoaornyeckmin cratyc paboumnx 06CAeAOBaHHbIX FPyMn pacrnpe-
AEAEH HepaBHOMEPHO. YBeAnUeHue YncAa paboumx co 3HaUEHUSIMU BbICOKOWM AMYHOCTHOM TPEBOXKHO-
CTW U HU3KMM TEMIMOM MOTOPHOM AESITEABHOCTU B3aMMOOOYCAOBAEHO PaBOTOM, CBA3AHHOW C BbICOKOM
CTeneHbl0 3MOLIMOHAABHOIO HarpsikeHus. Hanboaee BbICOKMIA ypOBEHb PEAKTUBHOM M AMYHOCTHOM
TPEBOXHOCTM B COYETAHUM C HU3KUM TEMIOM MOTOPHOM AEITEALHOCTU HabAIDAQeTCs Y paboumx Tpe-
Tbel rpynnbl (B Bo3pacte 45-65 AeT), U COMPOBOXAAETCS C YBEAMUEHMEM 3HAUEHUI CcTpecca Mo TecTy
Aiowiepa, HU3KMMM 3HAYeHUsIMM YMCTBEHHOM paboToCnocobHOCTU. BkaloueHne ncuxodmamonornue-
CKOro TECTUPOBaHUS MpW NPOBeAEHUM NPOMECCUOHAALHOrO 0TOOPA MO3BOASIOT BbISIBUTH OCOOEHHO-

CTV NPOTEKAHMS 3aLUMTHO-NMPUCTIOCOOUTEABHBIX peakUmit y paboumx pa3HOBO3PACTHbIX rpymr.
KatoueBble croBa: paboune 6EpUAAMEBOrO MPOU3BOACTBA, TOKCUMYECKU 3heKT, ypoBeHb Tpe-
BOXXHOCTM, peakTUBHAs TPEBOXXHOCTb, AMUHOCTHAS! TPEBOXKHOCTb.

Introduction

Beryllium is a light grey metal with high strength
but is brittle, especially at low temperatures and in
the presence of impurities. At elevated temperatures
it can be forged and rolled. It is easily permeable
to X-rays, reflects neutrons well, and emits neutrons
when irradiated with a-particles. Owing to its valu-
able physical and chemical properties, it is widely
used in industry. It is widely used in aviation, space
technology, rocket construction, as well as in the nu-
clear industry, the production of X-ray tubes, radio
lamps, and the manufacture of fluorescent composi-
tions [1]. The International Agency for Research on
Cancer (IARC) classifies beryllium as carcinogenic
to humans [2], belongs to the first class of extremely
hazardous substances, which even in small doses
can have toxic effects.

Both beryllium and its salts are very toxic, and
their toxicity depends not only on dispersibility and
solubility, but also on the type of beryllium com-
pound and the way it enters the body [3]. As a rule,
soluble beryllium is highly toxic and insoluble be-
ryllium is less toxic. It is most toxic when ingested
into the blood, then into the respiratory tract, and
least toxic when ingested into the digestive tract and
skin. Beryllium oxide, beryllium fluoride, beryllium
chloride, beryllium sulfate, and beryllium nitrate are
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all toxic, while metallic beryllium is relatively less
toxic. Once beryllium is ingested, insoluble beryl-
lium oxide mainly accumulates in the lungs, which
can lead to chemical bronchitis and pneumonia. Sol-
uble beryllium compounds are mainly stored in the
bones, liver, kidneys and lymph nodes. Beryllium in
lungs and bones can be a carcinogen.

The main source of harmful impact of beryl-
lium in Ust-Kamenogorsk city is Ulba Metallurgi-
cal Plant JSC (UMP JSC), which includes beryllium
production. Beryllium production of UMP JSC is
one of three enterprises in the world that has a full
production cycle from ore concentrate processing to
the production of finished products with specified
quality parameters. The technological scheme de-
veloped at the enterprise allows processing almost
any type of beryllium-containing raw materials [4].
Highly toxic substances used in beryllium produc-
tion can serve as a basis for acute and chronic emo-
tional stress and pathological conditions [5]. Emo-
tional stress is the most typical condition in workers
engaged in hazardous production, which affects the
efficiency of production [6]. When functional sys-
tems are exhausted, professional reliability may
decrease. Therefore, it is important to identify the
signs that reflect psychophysiological adaptation
and resistance to the action of adverse environmen-
tal factors.
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At present, practical medicine has accumulated
experience in studying the influence of harmful in-
dustrial environments on morphophysiological pa-
rameters and psychophysiological state of a person
[7-9]. At the same time in the described literature
there are single works devoted to the study of the
influence of industrial wastes of beryllium produc-
tion on morphofunctional indices of a person. In the
available literature it was not possible to find works
devoted to the influence of beryllium production
conditions on human psychophysiological reac-
tions, which was the reason for this study.

Materials and methods

A total of 139 people working in the beryllium
production shop were examined. The workers were
divided into 3 groups: group I included workers aged
18-30 years (26 persons, 18,7 % (per cent)); group
IT — workers aged 31-44 years (57 persons, 41 %),
group III — workers aged 45-65 years (56 persons,
40,3%). The average duration of work in the shop
is 4,0+0,2 years in group I, 1,4+0,82 in group II,
25,5+1,21 years in group III. The first group served
as a comparison group. The examination was car-
ried out in the morning at the same time in autumn.

Taking into account that workers of Ulba Met-
allurgical Plant (UMP) are exposed to a number of
unfavourable factors of production, such as harm-
fulness of production, shift nature of work, high
demands for work performance, basic psychophysi-
ological functions were investigated.

Indicators of individual-typological features of
the emotional sphere of personality, indicators of
functional state and subjective indicators of well-
being were determined using standard methods of
C.D. Spielberg and Y.I. Khanin, as well as Lusher
[10]. The Spielberger method was used to assess the
level of personality and reactive anxiety as indica-
tors of basic personality characteristics. The method
allows us to find out the level of personal anxiety,
which depends on the character traits of the tested
person, the test is a reliable and informative way of
self-assessment of anxiety levels.

The Lusher colour test is used to study individ-
ual typological features of the human organism, to
reveal the functional state, the degree of adaptability
to various situations. The test in a short time can give
a deep and extensive, and free from the conscious
control of the test subject, characterisation. Cor-
relations of colour diagrams for studying mood at
the moment of examination and personal character-

istics of psychoemotional sphere were considered.
Three parameters were assessed by the correlation
of colours — the level of stress, anxiety and vegeta-
tive balance. This method belongs to non-verbal and
allows individual and group examination within a
short period of time. It demonstrates the connection
between constitutionally inherent properties and the
type of response to environmental influences.

The strength of nervous processes is an indica-
tor of the efficiency of nerve cells and the nervous
system as a whole. A strong nervous system with-
stands a greater load in magnitude and duration than
a weak one. To diagnose the strength of the nervous
system we used the tapping test method [11]. It is
based on determining the dynamics of the maximum
tempo of hand movements. The experiment is car-
ried out sequentially first with the right and then
with the left hand.

Results and discussion

Nowadays it is known that when ecological con-
ditions of human habitat change, there is a change
in psychophysiological properties of a person. The
study of these properties in conditions of ecologi-
cal disadvantage will allow solving the problems of
vocational guidance, forecasting the state of human
performance and individual-psychological proper-
ties of personality. Since the basis of psychophysi-
ological properties of a personality is formed by
individual-typological features of higher nervous
activity, therefore, an important issue in the study
of psychophysiological properties of a person is to
determine the influence of heredity and environment
on the properties of different constitutional levels.

Since the test of C.D. Spielberg and Y.I. Khanin
well reveals the peculiarities of states of the emo-
tional sphere of personality and their changes in
each group, the obtained results show that the level
of reactive anxiety is higher in the workers of the
second group by 35 % (Figure 1).

Moderate level of personal anxiety is noted in
all the surveyed groups, and it is the highest in the
workers of the third group. Analysis of the results
shows that the level of personal anxiety exceeds
reactive anxiety by 25.2%. The dynamics of indi-
cators is characterised by a peak of moderate reac-
tive and personality anxiety. Low reactive anxiety is
most pronounced in workers of the second and third
groups. Indicators of high reactive anxiety differ
insignificantly in the groups. High personal anxiety
prevails in the second and third groups.
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Figure 1 — Reactive anxiety level of beryllium shop workers

Along with the values of low and moderate
anxiety, workers in the second and third groups
have high reactive and personal anxiety, and these
indicators are distributed as follows: in the second

group reactive anxiety is equal to 2.94 %, personal
anxiety — 32.35%. In the third group reactive anxi-
ety is equal to 4.76 %, personal anxiety — 28.5 %
(Table 1).

Table 1 — Indicators of reactive and personality anxiety according to the test C.D. Spielberg and Y.I. Khanin in beryllium shop

workers
Indicators P Age Iglroup e
Reactive Anxiety:

low 2,99+0,39 14,87+2,97 9,99+1,99

moderate 19,01+2,8 40,51+4,10 43,3+4,66
high 4,0+0,81 1,62+0,32 2,71+0,54

Personality Anxiety:

low 3,57+0,6 3,97+0,67 2,79+0,13

moderate 16,04+0,31 34,63+6,68 36,97+0,73
high 6,38+0,1 18,43+3,68 16,24+0,32

High level of anxiety is a predisposing moment
to manifestation of emotional breakdowns leading
to stress. The nature of industrial stress is caused
by many factors, and first of all, undoubtedly, the
influence of unfavourable production conditions.
High level of personal anxiety is caused by changes
in somatic state of human organism and character-
ises personal peculiarities of individual-typologi-
cal properties of personality. Most likely, changes
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in the level of anxiety cause maladaptation in the
psychoemotional sphere, which is reflected in other
psychophysiological reactions and contributes to
changes not only in the psychological state of a per-
son, but also in other morphophysiological indica-
tors, which forms a risk group.

Measurement of stress and balance indicators on
the basis of the Lusher test showed that in the groups
of examined workers of the first group and consti-
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tute 35.3 % of the total number of examined workers
in this group with a gradual decrease in stress data
in the second and third groups. Such changes are
also characteristic of the trait characterising anxiety

with a subsequent decrease in the older age groups
of workers. The character of the balance indicator is
characterised by increasing values with increasing
age (Table 2).

Table 2 — Correlation of stress and balance according to the Lusher test in beryllium shop workers

Age group Stress Anxiety Balance
I 9,17+0,45 8,39+0,41 8,65+0,43
11 13,3+0,66 11,68+0,58 31,8+1,59
111 5,33+0,26 15,96+0,79 34,66+1,73

The highest variability of the trait was observed
in the balance indices in the third group of work-
ers and makes 64.31£7.81. Lusher test in complex
with other methods is currently used to assess the
functional state. Assessment of balance shows good
correlation of this indicator with other studied psy-
chophysiological reactions.

The obtained results show a high percentage of
workers in the first group who are stressed accord-
ing to the Lusher test. The smallest percentage of
workers with low stress values is observed in the

Table 3 — Distribution of indicators by tapping test

third group. The index reflecting the anxiety of the
workers does not differ significantly in all the three
groups examined. ‘Balance’ increases with age, as
evidenced by the values of this indicator in the sec-
ond and third groups.

The assessment of nervous system strength, i.e.
the study of motor activity as a temperament trait,
was recorded using the tapping test and charac-
terised as follows (Table 3). In the first group, the
indicators of typological properties of the nervous
system are unevenly distributed.

Age group Low Medium High
I 8,6+0,43 6,3+0,43 12,610,43
I 25,1311,25 18,43+0,55 13,4010,40
111 31,9910,95 18,64+0,54 5,3310,26

The second group is dominated by workers with
a low rate of 44.1 per cent followed by a decrease in
the rates i.e. medium rate of 32.35 per cent and high
rate of 23.52 per cent.

In the third group, the highest percentage —
57.14 per cent are workers who can be classified as
the group with low rate of working capacity. The
group with average performance includes 33.3 %, a
small percentage of 9.52 % are workers with a high
rate of performance.

The analysis of the obtained results shows that
in the second and third groups under study the in-
dicators of nervous system strength are distributed
unevenly with the predominance of typological
properties characterising as ‘weak’ type of nervous
system. This index is especially high in the workers
of the third group and amounts to 57.14 % with a de-

crease in the second and first groups. The indicators
of the strength of nervous activity, characterising the
‘average’ type, are characterised by a smaller scatter
of data. The lowest percentage is found in workers
of the first group with some increase in average val-
ues in the second and third groups. As for the indi-
cator of the ‘strong’ type, a significant decrease in
the third group (9.52 per cent) and an increase in the
second (23.52 per cent) and first groups (48.46 per
cent) can be noted.

Conclusion
The following conclusions were made on the
basis of the conducted research: 1) psychophysi-

ological reactions in beryllium shop workers are
characterised by a slight increase in reactive anxiety
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