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Abstract. Elemental state of the organism of workers and population as manifestation of adaptation to the
technogenic effect of metals: new methodological approaches. Andrusyshyna LLM. The problem of adaptive,
prepathological and pathological reactions of the body to the action of exogenous chemicals is closely intersected with the
assessment of the norm and its fluctuations. The imbalance of chemical elements in the human body directly affects the
functioning of almost all organs and systems, causing significant stress of adaptation mechanisms. In this article we study the
elemental state of the human body depending on the physiological state (endocrine pathology and professional contact with
heavy metals), analyze the correlation between macro- and microelements and assess the degree of adaptability of the body.
In the work the elemental state of the human body, taking into account not only the absolute values of the concentrations of
elements in the hair and whole blood was studied, the adaptability of the body according to the indicators of elemental
imbalance in the blood and hair of volunteers, individuals with endocrine pathology (autoimmune thyroiditis and type II
diabetes mellitus) and those working in conditions of contact with heavy metals (for jewelers, welders and battery technicians)
is analyzed. The results of the study indicate that various non-specific adaptation reactions are accompanied by changes in
the elemental state of a person. Under the prevailing pathology of the endocrine system (diabetes mellitus or autoimmune
thyroiditis), the adaptation of the body was determined as a stage of tension and is associated with the duration of the disease.
In persons exposed to professional contact with heavy metals (Mn, Cr, Pb, Ag), adaptation depended on the nature and
duration of professional contact with them: the highest tension of adaptation processes was found in jewelers, and the least in
welders and battery technicians, which is associated with the duration of professional contact with these metals. The high
number of connections between the elements indicates the tension of adaptive reactions in people with endocrine pathology
and especially in jewelry workers. Adaptation of welders and battery technicians to the high content of metals in the air is due
to the longer experience of these workers and adaptation to production conditions with a decrease in the number of
correlations between the elements, as a means of reliable operation.

Pedepar. DieMeHTHBI cTAaTyc Opranm3Ma paGOTAIIMX M HACeJeHHs KaK MpOsIBJEeHHEe aJanTauuu K
TEXHOTeHHOMY BJIMSIHHI0 METAJUIOB: HOBbIe MeToamdeckue mnoaxoasl. Anapycummaa U.H. [llpobrema aoan-
MAYUOHHBIX, NPEONAMONOULECKUX U NATNONOSUHECKUX PeaKyuli OpeaHusMa Ha OetiCaUe IK302eHHbIX XUMUYECKUX 6elyecs
MecHO Nepensiemaemcs ¢ 6ONPOCAMU OYeHKU HOPMbL U ee Konebanuil. JucOananc Xumuveckux 21eMeHmos 8 OpeanHu3me
Yenoeexa HenoCPeOCmMEEeHHO GNUAeH HA QYHKYUOHUPOBAHIE NPAKIMUYECKU BCeX OP2AHO8 U CUCEM, Gbi3bl8As SHAUUMENbHOEe
Hanpsicenue aoanmayUoOHHbIX MEXaHusmMog opeanusma. B pabome uzyuen snemeHmuulii Cmamyc opeaHu3Ma 4eioeeKa 6
3a8UCUMOCIIU OM PUSUOIOSUHECKO20 COCIOAHUSA (IHOOKPUHHAS NAMONOUSL U NPOGDECCUOHAbHBII KOHMAKM € MAAICENbIMU
Memaniamiy), npogedeHvl aHaNU3 KOPPETAYUOHHbIX CBA3el MeXNCOy MAKpo- U MUKDOIIEMEHMAaMU U OYeHKA CMmeneHu
adanmupoeanHOCMuy  Op2anu3ma. JlaHa OyeHKa IIeMEeHMHO20 CMAamyca OpeaHU3Ma 4Yelno8eKka C Y4emom He MONbKO
abCcoMOMHbIX 3HAYEHUI KOHYEHMPAYUll 2IeMEHM08 6 B0J0CAX U YElbHOU KPOBU, GbINOIHEH AHAMU3 a0anmuposaHocmu
Op2anuzMa no NOKA3AMEINAM INEMEHMHO20 OUCOANAHCA 8 KPOBU U B0JI0CAX BOTIOHMEPOS, Tl ¢ IHOOKPUHHOTL NAMONIO2UEU U Y
PaboOmMaowux 6 YCiosuax KOHMAKMA ¢ MANCENbIMU MEMaiamu (106e1upos, CeapujuKos i akKymyuamopuukos) Pe3yio-
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mamul NPOBEOCHHO20 UCCIEO0BAHUSL CEUOCMETIbLCMBYIOM O MOM, YN0 PA3IUYHble Hecheyuuueckue peakyui aoanmayuu
CONPOBOICOAIOMCS USMEHEHUSIMU DNIEMEHMH020 cmamyca denosexa. Cooepoicanue 8 YerbHOl KposU 6 2pYRNAax pabomaruux
U Y € IHOOKPUHHOU NAmMoNo2uell HO YPOBHAM HAZPY3KU, KAK OONYCIUMOM U KPUMUYECKOM YypoeHe, Obliu no0o6Hsl — Cr,
Cd, Mn, Pb. ¥V nuy ¢ snookpunnoti namonozuetl u, 0cobento, y pabomaiowux 6 108eIUpHoM 0ejle 8blCOKOe KOMUYECMBO C6sl-
3ell MedicOy dNeMEHMami CUOEemeNbCmayem 0 HanpadceHuy npuchocooumenvibix peaxyuil. Komnencayus y ceapujuxos u
AKKYMYTISIMOPUWUKOS, MO eCHIb NPUCNOCODIEHUE K BbICOKOMY COOEPIHCAHUIO MOKCUYHBIX MEMAI08 8 AMMOCHEPHOM 6030yXe,
CBA3aHA € OONBUUUM CIAdICEM PAbOMbL JMUX JUY U a0anmayuell K npousgo0CHEEHHbIM YCI068UIM, O YeM CBUOemeNIbCmeyent
VMeHbUeHUe KOTUYEeCMBA KOPPETAYUOHHBIX CESI3eU MeNHCOY INeMEHMAMU KAK CPeOCMBO HAOEIHCHO20 (DYHKYUOHUPOBAHUS.

One of the priorities of modern hygiene and
preventive medicine is to find objective methods and
methodological approaches to assess the health of
the population and workers, to prevent diruptions of
the processes of adaptation and transition of pre-
nosological conditions to the disease stage. One of
the important factors that determine human health
and its functional reserves is microelement homeo-
stasis of organs and tissues. The level of accumu-
lation of heavy metals and essential elements in
various diagnostic biological environments can be
judged by the state of health and adaptation of the
organism to environmental conditions [5, 8].

From the standpoint of the theory of adaptation,
the relationship of human microelement homeostasis
with objects of the external environment is gene-
tically determined. The full content of essential ele-
ments and the minimal presence of toxic and opportu-
nistic elements does not threaten to disruption of the
body's adaptation mechanisms and is one of the most
important components of normal body function [4, 7].

To qualitatively assess the degree of resistance of
the organism to man-made chemical environmental
factors in modern medical elementology, various
methodological approaches are used with the intro-
duction of integrated assessments — an integrated
indicator of elemental imbalance and other ap-
proaches to assessing elemental imbalances. The
structure of elemental deviations is estimated in the
form of normograms and diagrams. Thus, one of the
known mechanisms that provides adequate respon-
ses of adaptation and resistance of the organism to
the action of dangerous environmental factors is to
increase the number of intra- and intersystem
connections between macro- (MAE) and micro-
elements (ME) as a means of reliable functioning. A
number of studies [1-6] have shown that the
redistribution of functional loads on different body
systems compensates for the disorders caused and
does not lead to disruption of adaptation, obvious
dysregulatory disorders or the development of
pathology. In this regard, the growth of correlations
between the elements indicates the adaptive stress,
and in the case of successful adaptation there is a
decrease in the correlations between them.

The aim of the work was to study the elemental
status of the human body depending on the physio-
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logical state (endocrine pathology and occupational
exposure to metals), taking into account not only the
absolute values of elements in the hair and whole
blood, but also the results of analysis of their
synergistic and antagonistic relationships.

MATERIALS AND METHODS OF RESEARCH

For this purpose, 3 groups of subjects were
formed. Among them is the first group — volunteers
(control), who had no signs of health disorders (58
people aged 25-45 years). The second group (aged
30-35 years) consisted of persons with a clinically
established diagnosis — pathology of the thyroid gland
(autoimmune thyroiditis — 14 people) or pathology of
the pancreas (type Il diabetes — 17 people). The third
group consisted of people who had a history of
professional contact with metals (welders — 23 people,
jewelers — 12 people, battery technicians — 22 people).

The study was conducted in accordance with the
principles of bioethics set out in the Declaration of
Helsinki on Ethical Principles for Human Health
Research and the Universal Declaration on Bioethics
and Human Rights (UNESCO).

Biological media (whole blood, blood serum,
hair) were taken according to generally accepted
sampling methods [1, 8, 9, 10]. The content of
14 chemical elements (Ca, Mg, Al, Ag, As, Fe, Mn,
Cu, Cd, Cr, Se, Pb, P, Zn) in the samples was
determined using the method of multi-element ana-
lysis — optical emission spectrometry with inductive
coupled plasma (OES-ICP) on the device "Ortima
2100 DV" from Perkin-Elmer (USA) [9].

Since chemical elements have a wide range of
synergistic and antagonistic relationships, both the
assessment of their relationships and the analysis of
correlations between the elements and the asses-
sment of the degree of resistance of the organism by
calculating the index — the degree of adaptability of
the elemental system (A) was performed by the
following formula:

A=nZKKk/N,

where A is the degree of adaptability, in conventional units,

n is the number of correlations with a correlation coefficient of 0.5
or more,

YKk — the sum of correlation coefficients without sign,

N is the number of MaE and ME combined into a pleiad.
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Calculated according to the proposed formula, the
changes in correlations indicate the adaptive stress
between physiological parameters (stress stage) and in
the case of successful adaptation they decrease [4].

Statistical processing of the survey results was
performed using statistical analysis software pa-
ckages Statistica v.6.1., Microsoft Excel and Libre
Office Calc based on the Linux operating system
and software package R 3.2.5 [3].

RESULTS AND DISCUSSION

The results of the study indicate that various non-
specific reactions of adaptation are accompanied by
changes in the elemental status of man.

Estimation of the degree of loading of the
organism with toxic microelements of different
groups of subjects is given in Tables 1 and 2.
Professional contact led to an increase in the
absolute number of cases of permissible and critical
levels of metals in hair (Table 1), especially Al, Cr,
Mn and Pb. The absolute number of cases of
permissible levels of metals in the hair in people
with endocrine pathology was found for Ag, Cd, Mn
and the critical level — for Al, Cr. At the same time,
similar levels of lead were observed in workers and
persons with endocrine pathology.

Table 1
Content of chemical elements in hair of volontiers, workers
and patients with endocrine pathology
Range of variations Absolute number, %
Chemical element Level of load with metal of metal in hair, Tocri
meg/g control workers* endocrine
pahtology

Al Optimal content 0.4-10.00 48.39 27.50 28.20
(physiological norm)
Permissible level 11-20 16.13 42.0 40.25
(metal carrier)
Critical level 21-80 25.81 30.50 31.55
(health hazard)

Ag Optimal content 0.004-0.05 56.52 54.60 55.75
(physiological norm)
Permissible level 0.06-0.10 30.43 26.95 34.25
(metal carrier)
Critical level 0.11-0.20 13.04 18.45 10.0
(health hazard)

Cd Optimal content 0.05-0.10 64.25 40.30 32.20
(physiological norm)
Permissible level 0.11-0.20 25.50 34.10 50.0
(metal carrier)
Critical level 0.21-0.40 10.15 25.60 17.80
(health hazard)

Cr Optimal content 0.002-0.5 53.33 39.80 40.50
(physiological norm)
Permissible level 0.6-1.99 33.33 45.0 39.50
(metal carrier)
Critical level 2.0-6.0 13.33 15.20 20.0
(health hazard)

Mn Optimal content 0.06-0.55 46.15 37.40 22.33
(physiological norm)
Permissible level 0.60-1.55 38.46 46.20 40.65
(metal carrier)
Critical level 1.60-9.64 15.38 16.40 37.02
(health hazard)

Pb Optimal content 0.50-2.40 52.46 23.70 26.66
(physiological norm)
Permissible level 2.5-4.9 37.14 50.02 50.04
(metal carrier)
Critical level >5.0 10.40 26.28 23.30

(health hazard)

Note. In this and in the following table * — electric welders, battery technicians, jewelers together.
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In whole blood, the distribution in the groups by
levels of metal concentrations was as follows: the
absolute number of cases of permissible and critical
levels for Al in workers and people with endocrine
pathology is the same, almost unchanged number of
cases of permissible and critical levels for Ag in
these groups. The content of Cr, Cd, Mn, Pb in
whole blood in the groups of workers and persons
with endocrine pathology by load levels as permis-
sible and critical were similar. It should be noted

that the share of level deviations, which
characterizes the optimal content of metals Cr, Mn,
is indicative of endocrine pathology and testifies to a
deficiency of these metals.

For a more detailed assessment of elemental
imbalances in the body, the change of the ratio of
individual chemical elements as an important factor
in changing metabolic processes is also of interest.
The most significant ratios are Na/K, Ca/P, Ca/Mg,
Cu/Zn, Cu/Fe, Ca/Pb, Fe/Pb.

Table 2
Content of chemical elements in whole blood of volontiers,
workers and patients with endocrine pathology
Chemical Range of variations of Absolute number, %
eleerrnnelrcl: Level of load with metal metal in whole blood,
mg/l endocrine
control workers*
pahtology

Al Optimal content

(physiological norm) 0.1-0.20 71.42 41.59 20.09

Permissible level

(metal carrier) 0.21-0.49 19.04 38.08 56.51

Critical level

(health hazard) 0.50-0.90 9.54 20.33 23.40
Ag Optimal content

(physiological norm) 0.0001-0.02 43.48 46.75 43.50

Permissible level

(metal carrier) 0.02-0.03 52.17 48.20 50.2

Critical level

(health hazard) 0.03-0.11 4.35 5.05 6.30
Cd Optimal content

(physiological norm) 0.001-0.005 66.90 28.72 32.10

Permissible level

(metal carrier) 0.006-0.01 36.90 42.55 55.78

Critical level

(health hazard) >0.01 6.20 28.73 12.12
Cr Optimal content

(physiological norm) 0.001-0.02 45.45 40.50 34.20

Permissible level

(metal carrier) 0.028-0.04 40.91 50.42 45.60

Critical level

(health hazard) 0.05-0.20 4.54 9.08 20.20
Mn Optimal content

(physiological norm) 0.0002-0.075 84.0 53.83 38.90

Permissible level

(metal carrier) 0.076-0.08 12.0 41.67 55.50

Critical level

(health hazard) 0.08-0.10 4.0 4.50 5.60
Pb Optimal content

(physiological norm) 0.05-0.10 48.20 25.70 37.10

Permissible level

(metal carrier) 0.11-0.20 28.40 19.50 41.50

Critical level

(health hazard) >0.21 23.40 54.80 21.40
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Because chemical elements have a wide range of
synergistic and antagonistic relationships in the
body, an analysis of the correlations between them
was performed. Characteristically, in the structure of
correlation pleiads in the blood of volunteers
(healthy individuals) there were found 4 positive
strong correlations (r>]0.6|, p<0.05): Ca/Mg
(r=0.77 ), Mn/Zn (r=0.99), Cr/Ni (r=0.86), Al/Ca
(r=0.86), while in hair the following 3 relationships

were recorded: Ca/Mg (r=0.71), Mn/Zn (1=0.60),
Pb/Zn (r=0.81). The most significant correlations
between the elements were in electric welders —
Ca/Mg (1=0.70), Cr/Zn (r=0.60), Fe/Cu (r=0.60),
battery technicians — Mn/Cu 1r=0.99), Mn/Mg
(r=0.85), Se/Cr (r=0.90), Zn/Mg (1=0.60), Pb/Zn
(r=0.60) and jewelers — Cr/Zn (r=0.80), Fe/Cu
(r=0.65), Cu/Zn (1=0.90), Cu/Al (r=0.80), Al/Ca
(r=0.99) (Fig. 1).

Pb/Ca

(

L]

Se/Cr

P

‘ Cu/zn

‘ Mn/Cu
@ EW
Mn/Mg W BT
Oy

Fig. 1. The most significant correlations between the elements in the hair of various professional contingents
(EW — electric welders, BT — battery technicians, J - jewelers).
Significant correlation difference, p<0.05

According to the authors [2, 4, 6, 9], one of the
mechanisms that provide adequate responses of
adaptation and resistance of the organism to the
action of dangerous environmental factors is an
increase in the number of intra- and intersystem
connections as a means of reliable functioning. A
number of physiological studies [5-11] have shown
that the redistribution of functional loads to other
systems compensates for the disorders and does not
lead to disruption of adaptation, obvious dysregu-
latory disorders or the development of pathology.
Changes in the adaptation of the organism by
determining the correlations between the elements in
biological media depending on the physiological
state of the subjects are shown in Figure 2.

Under conditions of pathology of the endocrine
system — diabetes mellitus (DM) or autoimmune
thyroiditis (AIT), the degree of adaptability (indi-
cator A) differed depending on the diagnosis. The
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exception was the degree of adaptability for whole
blood, which was lower than its value in the control,
indicating compensation for metabolic disorders
associated with AIT (A=17.01). In persons diagnosed
with type Il diabetes, the stress of adaptive processes
was more characteristic regarding whole blood, but
indicator A was higher than the control (A=21.22).

In persons who underwent occupational contact
with heavy metals (Mn, Cr, Pb, Ag), the degree of
adaptability depended on both the nature of occu-
pational contact with metals and its duration. The
highest stress of adaptation processes was found in
the group of jewelers (A=19.74, 5 years of expe-
rience) compared with the control (A=14.4), and the
lowest A indicator was observed in the group of
welders (A=7.50, 24 years of experience), in battery
techniciancs — a slight deviation of the A indicator
(A=12.61, 8 years of experience).
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Fig. 2. The degree of human adaptation depending on the physiological state:
disease (AIT - autoimmune thyroiditis, DM —diabetes mellitus),
professions (EW - electric welders, AT — battery technicians, J - jewelers)
and control (C)

Thus, it should be noted that the negative impact of
heavy metals on the body is due to the combined action
of the components of the environment and has a
multidirectional nature. The latter can be manifested
both through the stress of regulatory and adaptive
systems, and through the clinical manifestations of
pathological changes in individual organs and systems.

CONCLUSIONS

1. The results of research indicate that
professional contact has led to an increase in the
absolute number of cases of permissible and critical
levels of Al, Cr, Mn and Pb in the hair. The content
in whole blood in groups of workers and persons
with endocrine pathology by load levels is
characterized as an permissible level and critical one
for Cr, Cd, Mn, Pb. It should be noted that the
number of deviations in the content of Cr, Mn in the
hair in endocrine pathology characterizes them as a
deficiency that has important diagnostic value.

2. In the conditions of the formed pathology of
the endocrine system (diabetes mellitus or autoim-

21/ Vol. XXVI/ 4

mune thyroiditis) the adaptation of the organism was
defined as a stage of stress, and was associated with the
duration of the disease. The greatest stress of adap-
tation processes was found in jewelers, and the least -
in welders and battery technicians, which is due to the
duration of professional contact with these metals.

3. Predicting the severity of the pathological
process (endocrine pathology or occupational
contact) is possible by establishing dynamic quanti-
tative parameters of the ratio of elements in invasive
and non-invasive diagnostic biosubstrates, which
will expand the criteria for early clinical diagnosis of
those working in hazardous conditions.

Conlflict of interest. The author states that there is
no conflict of interest.

In further research it is planned to conduct
biochemical analysis of metalloenzymes and forms
of metals to find markers of adaptation to man-made
effects of priority pollutants among metals.
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