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ABSTRACT 
AO "UK TMK" of Kazakhstan is one of the largest enterprises producing titanium and produces one 
of the best titanium sponges in the world, realizing it to the Far and Near Abroad countries. But 
despite the favorable economic side, in the course of employment workers (with mining and 
processing of titanium ore, in the production of different titanium compounds and shakeout, 
processing and sorting of titanium sponge) workers may be exposed to dust and highly toxic chemical 
compounds. At the present stage, health evaluation urgently requires the development of scientific 
approaches to detect early changes in the state of the organism under the influence of negative 
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consequences of production factors. In connection with this, the goal of the work is the search for 
biochemical indicators, namely, the parameters of the enzyme profile and the mineral metabolism of 
the body's blood of workers in the main workshops, under the influence of a complex of harmful 
factors on the basis of which it is possible to recommend priority tests of sanogenesis. In order to 
clarify the nature of pathological changes in the body of animals, which are developing under the 
influence of a complex of toxic gases and dust, experimental studies, were carried out directly in the 
conditions of titanium-magnesium production. 
 
Keywords: Enzyme profile of blood, Mineral metabolism, Main workshops, Toxic chemicals of 
production (aerosol of titanium dioxide and metallic titanium, titanium tetrachloride, chlorine, 
hydrogen chloride, phosgene) 
 
 
INTRODUCTION 
In modern conditions, monitoring of the working conditions is conducted on the basis of mandatory 
sanitary rules and norms, hygienic standards that cover virtually all industries. Here the sanitary 
classification of productions, the norms of temperature, lighting, relative humidity and speed of air 
movement in the work area, the maximum permissible concentrations of harmful substances in the air 
of industrial premises, the maximum permissible levels of noise, vibration and other factors in the 
workplace. 
 
At present, as a result of the introduction of sanitation and preventive programs for the protection of 
the health of the working population and ensuring the preservation of safety in the workplace, it has 
been possible to improve working conditions in a number of production sectors. But some production 
factors harmful to health, including physical, chemical, biological, etc., that still threaten the health of 
workers, causing professional and professionally conditioned diseases remain be relevant. 
At the industrial enterprise of AO "Ust-Kamenogorsk titanium and magnesium plant" (AO "UK 
TMK") working conditions are still unsatisfactory, despite the fact that in recent years, the 
technological processes have been significantly improved (Sidorov & Vishnevskaya, 1996; Pavlov, 
Shayahmetov, Onaev, & Cheprasov, 2002; Paltsev, Rubtsova, Pohodzhei, &Tihonova, 2003; Erubaev, 
Shin, & Ramazhanov, 2004). 
 
In the course of their work, workers can be exposed to the dust of metallic titanium (Ti) and its dioxide 
(TiO2), highly toxic chemical compounds - gaseous titanium tetrachloride (TiC14), its hydrolysis 
products, chlorine and phosgene vapors, and the influence of electromagnetic fields, noise and 
vibrations (Kurilov, Zaharchenko, & Shvets, 2003). 
 
Titanium and its alloys are well suited to pressure treatment and welding, retain high mechanical 
properties and at low temperatures. Another important advantage of titanium is its exceptional high 
chemical resistance against many aggressive media of inorganic and organic origin. Due to these and 
other qualities, titanium and its alloys are widely used in modern supersonic aircraft and rockets, 
submarines and marine vessels, in the chemical, food industries, and in other areas of modern 
technology (Titanium).  
 
Investigation of the mechanisms of the regulation of enzymatic activity is one of the most important 
tasks in the study of metabolic processes in living organisms and in the mechanisms of their adaptation 
to environmental factors. 
 
One of the most important properties of enzymes is thermo ability, explained by their protein structure 
- at t= 70o they are denatured, with an increase in the usual temperature by 10o - their activity is 
accelerated by 2-3 times, and at t = 0o, the enzymatic reactions are slowed down to a minimum. 
The next important property of enzymes is that they are in tissues and cells in an inactive state - in the 
form of proenzymes (Kuchuk, Veremeenko, & Blackita, 2003; Pavlovskaya & Danilova, 2007; 
Paranko et al., 2008). 
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Industrial stress, like any other, causes a reorganization of the physiological functions of the body and 
metabolism aimed at increasing the resistance of the organism and mobilizing the energy resources 
necessary to maintain homeostasis and the normal functioning of organs and systems (Penkovich, 
Litovskaya, Ark, & Vladyko, 2001; Rahmanin & Litvinov, 2004; Beloskurskaya, 2001) 
.  
The most unfavorable from the hygienic point of view at AO "UK TMK" is the site where work is 
carried out with sulfuric acid and caustic magnesium carbonate in the production of magnesium 
sulfate. The concentration of aerosol magnesium carbonate in the air of the working area is 3-5 times 
higher than the Maximum Permissible Concentration (MPC). In the winter period, the air temperature 
at the workplace is recorded from 18 to 20°C. In the areas of purification, solution evaporation and 
filtration of magnesium sulfate, the work is carried out under conditions of a warming microclimate - 
the air temperature in summer reaches 38-40°C. While washing, drying, packing the product, long-
term contact of the skin with this substance is possible. Unfavorable microclimatic conditions and air 
pollution of working premises by chemical substances depend on the condition of the system of supply 
and exhaust ventilation (Afanaseva, Basarygina, & Bessonova, 2001a). 
 
In such working conditions, workers often had acute respiratory infections, chronic bronchitis, etc. 
(Budkar et al., 2010). The degree of delay in compounds containing the chlorine anion (chlorine, 
hydrogen chloride, titanium tetrachloride, phosgene, magnesium dichloride) was relatively high and 
fluctuated between 39-85%. At the same time, higher delay rates in all main workshops were usually 
observed for gaseous substances (chlorine, hydrogen chloride, phosgene), which is apparently due to 
their good solubility. The highest average monthly concentrations of chlorine, hydrogen chloride and 
titanium tetrachloride were observed in the chlorination unit. Accordingly, the highest levels of 
chlorine in the blood and urine were observed in the workers of the chlorination department, as well as 
in the recovery and rectification of the Ust-Kamenogorsk titanium-magnesium plant. Some studies are 
devoted to studying the health status of workers in the main workshops of TMK, as well as studying 
the sanitary and hygienic working conditions (Amanbekova, Zhulaev, & Ibaev, 2000; Tarasova et al., 
2001; Atchabarov, 2008). 
 
The study of the influence of harmful production factors on the homeostasis of the workers' organism 
is a matter of extreme urgency that has not been studied so far. These studies are necessary to develop 
measures to improve the working conditions and health status of workers exposed to a range of 
harmful production factors. 
 
Experimental studies in animals have shown that with enteral administration of magnesium sulfate at a 
dose of 10 g/kg, the serum glucose level decreases, and the level of pyruvic acid rises. The effect of 
magnesium sulfate on fat metabolism was expressed in the accumulation of β-lipoproteins, probably 
due to an increase in the content of neutral fat, as the serum triglyceride content increased. It was 
found that magnesium sulfate promoted an increase in activity of aspartate aminotransferase, at normal 
values of alanine aminotransferase and lactate dehydrogenase. There was a violation of the functional 
state of the kidney, characterized by a decrease in diuresis, an increase in the relative density of urine 
and the appearance of the protein at the end of the experiment, i.e. violation of reabsorption processes 
in the renal tubules (Akinfieva, Nikolaeva, Simaev, & Gerasimova, 2002). 
 
During the investigation the health status of workers in the main occupations of titanium-magnesium 
production, the connection between clinical and X-ray functional changes in the body's breathing 
system was revealed with the effect of toxic chemicals of this production (aerosol of titanium dioxide 
and metallic titanium, titanium tetrachloride, chlorine, hydrogen chloride, phosgene). 
 
The consequence of the combined action of the products of hydrolysis of titanium tetrachloride is 
mainly chronic lung diseases in workers with long-term experience in the department for the 
production of titanium tetrachloride. These workers identified infiltrated and fibrotic changes in the 
lungs and lesions of the nervous system (Belokurskaya, Feigin, Esenalieva, & Sabyrbaeva, 2003). 
 
It was found that, getting into the body, magnesium chlorate, can cause a number of acute and chronic 
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lesions of organs and systems. Magnesium chloride refers to the group of defoliants used in our 
republic for the processing of cotton. To judge the toxic effect of magnesium chlorate on animals, the 
general state, behavior, body mass dynamics, chronaxy of muscle - antagonists, cholinesterase activity 
of whole blood were studied in animals. As a result of the study, an insignificant decrease in the 
activity of whole blood cholinesterase and an increase in the number of blood leukocytes were 
detected, so magnesium chlorate is considered a low-toxic chemical compound (Shopova, 
Sokolovskiy, & Dancheva, 2000). 
 
The results of the experiment on rabbits show that both in isolated form and in a mixture with other 
elements (zinc, lead, iron, arsenic, antimony, copper, fluorine, cadmium), titanium dioxide affects the 
functions of many organs and systems in including enzyme activity, such as aldolase, cholinesterase, 
alkaline phosphatase, aspartate aminotransferase, alanine aminotransferase (Hamidov, 2000). 
 
In an animal experiment, it has been found that dusts of titanium dioxide and metallic titanium can 
cause changes in both lung tissue and bronchial lymph nodes. In white rats with intratracheal injection 
of titanium dioxide, metallic titanium and titanium carbide after 6-8 months, a proliferative cellular 
reaction was observed around the accumulations of dust, hyperplasia of lymphatic follicles around the 
bronchi (Budanova, Suvorov, Pastushkova, & Orlova, 2001). 
 
With a single intratracheal administration of magnesium, the maximum increase in oxyproline content 
in the lungs of experimental animals was detected after 1 month. In subsequent terms, the amount of it 
was statistically significantly different from the control. When inhaled - and after intratracheal 
administration of magnesium dust at a concentration of 8.5 ± 5.0 mg/m3, the content of sulfhydryl 
groups in the body of experimental animals, as well as the amount of RNA and DNA in the liver was 
increased. There were also progressive dystrophic changes in the parenchymal organs, which indicated 
the general toxic effect of this substance. The carried out researches allowed the author to recommend 
the value of 1 mg / m3 as the maximum permissible concentration of magnesium dust. 
 
Titanium belongs to the group of elements common in nature. In human organs, the content of 
titanium is on average 0.02 mg/100 g. living matter. The level of it in the body of a person with age 
significantly increases, especially in lung tissue. 
 
It is believed that titanium is an indispensable element of the organism of living beings and performs 
certain vital functions. The most important function is the participation in the construction of epithelial 
tissue. Together with trace elements such as silicon, vanadium, it contributes to the formation of bone 
callus. It is proved that organic titanium derivatives excite the central nervous system, cardiovascular 
system, and respiration, stimulate the enzymatic activity of blood and hematopoiesis.   It was found 
that, in a number of diseases, along with other microelements, there is a disruption in the exchange of 
titanium. 
 
The degree of solubility of titanium compounds can be compared with silicon, although there is no 
parallel in the content of silicon and titanium in the organs. It is believed that titanium, together with 
strontium and vanadium, is involved in bone consolidation processes, since the amount of bone in the 
callus is significantly increased. 
 
These studies help in the development of scientifically validated measures to improve the health of 
workers employed in harmful working conditions.  It is known that changes in the respiratory tract 
develop during the action of insoluble titanium compounds (Melnikova & Mezentseva, 2007). The 
development of pneumoconiosis, was established in workers whose production activity is associated 
with the action of titanium and titanium carbide (Kazimov & Roschin, 2007; Afanaseva, Repin, 
Bessonova, & Babayan, 2006c). 
 
The influence of harmful factors of TMK and their role in the occurrence of health disorders is 
necessary in carrying out a number of studies that can form the basis for the development of a set of 
health measures aimed at improving health and improving efficiency. 
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 Advanced production technologies involve the use of high-temperature superconducting ceramic 
materials made on the basis of thallium, bismuth and other metals with silicon additives. Many of the 
chemical compounds that make up these ceramics are highly toxic and, when ingested into humans 
and animals, cause changes in a number of systems and organs. Studies show that the elements that 
make up the cermet are accumulated mainly in those organs where the intensification of metabolic 
processes is observed - in the endocrine glands, liver, kidneys and gastrointestinal tract, in view of the 
fact that the main functional changes primarily occur in these bodies. Thus, toxic hepatitis under the 
influence of hepatotrophic industrial substances in the production of building plastics is very common. 
As methods that detect early preclinical changes in the liver of toxic genesis, it is recommended to 
determine the enzyme profile-activity of alanine aminotransferase, aspartate aminotransferase, 
gamma-glutamyltransferase (Borisenkova, Pylev, Lutsenko, & Lipatov, 2004; Afanaseva, Bessonova, 
& Babayan, 2006b). 
 
Thus, phosphorus production workers showed an increase in activity: gamma- glutamyltransferase, 
lactate dehydrogenase, leucine aminopeptidase, etc. An increase in enzymes in the hepatic profile 
indicates a change in the permeability of hepatocyte membranes, and the release of organ-specific 
enzymes into the bloodstream, as a result of a violation of the excretory function, and the presence 
hypoxia of liver tissue. 
 
Of particular relevance is the study of biochemical markers, namely the lipid spectrum and apoprotein 
composition of the blood of workers employed in harmful working conditions. Thus, in workers of the 
lead workshop, a significant increase in the level of total cholesterol, triglycerides, a decrease in high-
density cholesterol, which are an indicator of atherosclerosis and coronary artery disease. 
As a theoretical base were used works of Voets, T., Janssens, A., Prener, J. and other co-authors, 
Warheit, D.B. Reed, K.L. & Webb, T.R., Watanabe, М., Okada, М.,  other co-authors, Swain, R. & 
Kaplan-Machlis, В., Roy, Р.К., Bhatt, A. & Rajagopal, С., Russi, M., Meliddo, G., Toto, E., other co-
authors, Shibata, Y., Kawai, H., Igarashi, T. & Miyazaki, T., Solldatovic, D., Matovic, V., Vujanovic, 
D., Guiet-Bara, A., Bara, M. & Durlach, J., Murray, Е. & Llados, F., Paulsen, S.M., Nanney, L.D. & 
Lynch, J.B., Rehn, В., Seiler, F., Rehn, S., Bruch, J. & Maier, M. and other. They provided a serious 
contribution to the theoretical base of the research. 
 
MATERIALS 
Own research includes two sections - experimental, performed on mature white rats of the Wister line 
and full-scale, based on a survey of individuals working in the main workshops of AO "UK TMK".  
 
The experimental part of the work was carried out on 130 mature white male rats weighing 180-220 g. 
 
In order to clarify the nature of pathological changes in the body of animals developing under the 
influence of a complex of toxic gases and dust (titanium dioxide aerosol, metallic titanium dust, 
titanium tetrachloride and its hydrolysis products, and chlorine and phosgene), experimental studies 
were carried out directly under conditions of titanium-magnesium production. This approach, from our 
point of view, can create the most advantageous experimental model, which allows us to carry out the 
most appropriate clinical and experimental parallels with maximum completeness. Therefore, this 
series of experimental animals was placed on the territory of three main workshops (1 department for 
the production of magnesium, 2 cells for the production of titanium tetrachloride and 3 shops for the 
production of a titanium sponge) of AO "UK TMK".  
 
Animals were placed in specially made cells of 25-26 heads in each, which were installed at the level 
of the human respiratory system. The experimental animals of the control series of the experiment (28 
animals) were kept on the territory of the plant, but far away from the main production workshops in a 
separate, clean, well ventilated room. The animals of the control group were sacrificed at the same 
time as the experimental animals (2, 4 and 12 weeks). 
 



The Turkish Online Journal of Design, Art and Communication - TOJDAC  
ISSN: 2146-5193, September 2018 Special Edition, p.2420-2441 

	

 Submit Date: 05.07. 2018, Acceptance Date: 22.08.2018, DOI NO: 10.7456/1080SSE/311 
Research Article - This article was checked by Turnitin 

Copyright © The Turkish Online Journal of Design, Art and Communication 

Enzyme blood profile. To characterize the processes of transamination, the key role of intermediate 
metabolism and the synthesis of amino acids, gamma-glutamyltransferase (GGTF) were determined 
by the method of Kulganek and Dimov (1996). The principle of the method is based on the fact that 
gamma-glutamyltransferase transfers glutamyl residue from gamma -L- (+) – glutamyl -4- nitranilide 
to a dipeptide acceptor, which is glycylglycine, serving simultaneously as a buffer. The concentration 
of liberated 4-nitroaniline was measured photometrical after the enzymatic reaction was stopped by 
acidification. Norms: for men - 1257 ± 4.0 nm (s · l). 
 
The activity of aspartate aminotransferase (AsAT) and alanine aminotransferase (AlAT) was 
determined according to the unified Reitman-Frenkel method using the automatic biochemical 
analyzer “Cobas-integra” 400 plus with the use of Lahema reagent kits. The principle of the methods 
is that as a result of transamination occurring under the action AlAT and AsAT, oxaloacetic and 
pyruvic acids are formed. Then, with the addition of a solution of 2.4-dinitrophenylhydrazine, the 
enzymatic process stops and hydra zones of pyruvic and partly oxaloacetic acids are formed. In an 
alkaline medium, they cause coloration, the intensity of which is strictly proportional to the amount of 
pyruvic acid formed and are an indicator of the activity of AlAT and AsAT.  
 
From heterogeneous enzymes the activity of creatine phosphokinase (CPK) was determined by the 
method of Petrova T.A. and her co-authors (1999). Principle of the method: Creatine, formed during 
the "reverse" creatine kinase reaction, forms a complex pink compound in alkaline medium with a-
naphthol and diacetyl, with the participation of oxygen of the air, the intensity of the coloring 
determines the activity of creatine phosphokinase. The determination was made on SF-46. 
 
It is known that the enzyme glycolysis, which catalyzes the reversible reaction of the conversion of 
lactate into pyruvate, is lactate dehydrogenase (LDH). LDH activity was determined by the method of 
Sevela and Tovarek on an automatic biochemical analyzer. Principle of the method: L-lactate in an 
alkaline medium in the presence of LDH upon oxidation of NAD is oxidized to pyruvate. The enzyme 
activity was determined by the degree of its formation. 
 
The determination of the activity of the cytoplasmic heterogeneous enzyme cholinesterase (CE) on an 
automatic biochemical analyzer was performed according to the method of Hesterin in the 
modification of Huergo, Vesinik and Popper (1949). Principle of the method: the method is based on 
measuring the decrease in the intensity of the color of iron-containing complexes of hydrosamic acids 
formed during the interaction of hydroxylamine with choline esters. The hydrolysis products of the 
choline esters do not stain the solution red and the effect of the enzyme is affected, the resulting 
staining becomes less intense. The rate of decrease in the optical density of the solution reflects the 
activity of the enzyme. 
Determination of the activity of alkaline phosphatase (AP) in blood serum by the method of Bessey, 
Lowry,andBrok.The principle of the method is based on taking into account the amount of p- 
nitrophenylphosphate p-nitrophenol formed as a result of enzymatic cleavage, giving yellow 
coloration in an alkaline medium. 
 
Determination of alpha-amylase (α-amylase) - an enzyme that cleaves polysaccharides to dextrin and 
maltose. Carried out by the method of Caraive (1968).The method is based on the color determination 
of the starch concentration before and after its enzymatic hydrolysis. 
 
Mineral spectrum of blood. One of the important and necessary mineral substances for the body is 
Calcium, which has a very important role in the implementation of life processes. 
 
Determination of Calcium (Ca) in the blood serum was carried out according to Wilkinson's method in 
the modification Kantorovich AS and Belinskaya L.A. The method is based on using as a 
complexone-trilon B, as an indicator-murexide, which at pH above 11.0 in a free form is colored in 
violet, and in combination with calcium in red-orange. The color transition from red-orange to blue-
violet at the equivalence point is recorded by photometric titration. 
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Determination of the Magnesium (Mg) content in blood serum was performed using an atomic 
absorption spectrophotometer with the use of Lahema reagent kits based on the color reaction with 
titanium yellow (1995). One of the main advantages of this method is its high sensitivity and ease of 
execution. Principle of the method: Magnesium, reacting with titanium yellow in an alkaline medium, 
forms a compound, the intensity of which is proportional to the concentration of Magnesium in the 
liquid being analyzed.  
 
Determination of extracellular anion means chloride-ion (Cl) in blood serum by the method of 
Arkhipova O.G. (1998). The principle of the method is based on the ability of chlorine ions to release 
chloranilic hydrargyrum from chloranilic acid; chloranilic acid in an amount proportional to the 
chloride content of the sample. The determination was made on SF-46. 
 
Determination of phosphorus (P) in blood serum was performed according to the method proposed by 
Arkhipova O.G. (1998). The procedure was carried out with a set of reagents from the firm "Lahema". 
Principle of the method: after precipitation of proteins in the centrifuge, inorganic phosphorus 
remains, which, interacting with molybdic acid, forms phosphomolybdic acid. The latter is recovered 
by the eikonogen to the blue phosphomolybolide complex, the color intensity of which is directly 
proportional to the concentration of inorganic phosphorus in the biological substrate. 
 
 To determine the iron (Fe) in the serum, Kolb's and other co-authors method was used (1995). The 
determination was made on an atomic absorption spectrophotometer at a wavelength of 535 nm. The 
method is based on the release of serum iron from the protein complex and the subsequent conduct of 
a color reaction with batofenantroline. 
 
FINDINGS 
Full-scale experiment on animals that were on the premises of workshops 1, 2 and 3 of AO "UK 
TMK" 
The activity of α-amylase, GGTF, LDH, alkaline phosphatase, CE, KFK, AsAT, AlAT was 
determined in the animals on the premises of workshops Number 1, 2 and 3. 
 
An analysis of the data obtained in the animals of workshop Number 1 revealed that the activity of α-
amylase was increased starting from the 4th week of the experiment by 250% to 12 ± 1.2, p <0.001 
compared to the control - 4.7 ± 1.0 mg (c.l). 
 
After 12 weeks of experiment, the activity of α-amylase increased by 200% to 8.1 ± 1.3, p <0.01. The 
activity of this enzyme, apparently, characterizes the function of the pancreas. 
 
Table 1. Activity of the Enzyme Profile of Blood in Experimental Animals That Were on the Premises 
of the AO "UK TMK" 

N
o 

Indicat
ors 
 
 
Series 
of 
animal
s 

n 

α-
amylas
e, 
mg 
(c.l) 

GGT
F, 
nm (s 
· l) 

LDH AP CE CPK AsAT AlAT 

KAT/l µkat / l 

1 2 3 4 5 6 7 8 9 10 11 

1 

Contro
l: 
2 
weeks 

 
10 

 
4,9±1,
2 

 
1520
±4,01 

 
5,46±0,6
9 

 
1,45±0,2
5 

 
63,07
±6,28 

 
0,18±
0,03 

 
32±1,2 

 
28±1,
1 

4 
weeks 9 4,7±1,

0 
1480
±6,07 

5,21±0,3
4 

1,56±0,2
7 

59,3±
5,9 

0,16±
0,05 37±1,6 33±1,

2 
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12 
weeks 9 4,0±1,

5 
1260
±8,24 4,9±0,36 1,68±0,3

1 
52,2±
4,8 

0,14±
0,06 30±1,8 28±1,

1 

2 

Works
hop 1: 
2 
weeks 

 
9 

 
5,3±1,
0 

 
1610
±40,0 

 

7,2±0,51
хх 

 
2,3±0,15
хх 

 
49,3±
4,1ххх 

 
0,25±
0,03хх 

 
34±1,8 

 
30±1,
2 

4 
weeks 8 12±1,2

ххх 
1390
±15,0 

4,20±0,2
1хх 1,72±0,6 47,4±

4,2ххх 
0,12±
0,03хх 36,8±1,1 42±1,

6ххх 

12 
weeks 8 8,1±1,

3хх 
1921
±15,0
хх 

3,6±0,23
ххх 

2,5±0,47
хх 

35,1±
3,1ххх 

0,06±
0,004
ххх 

32,6±1,2 48±1,
4ххх 

3 

Works
hop 2: 
2 
weeks 

 
10 

 
5,1±1,
0 

 
690±
60,0хх
х 

 
6,8±0,28 

 
2,4±0,26
ххх 

 
50,6±
4,1ххх 

 
0,26±
0,05 

 
29±1,1 

 
32±1,
5 

 4 
weeks 9 5,9±1,

6 
1360
±20,0 

7,6±0,32
ххх 

2,66±0,3
2хх 

40,5±
3,2ххх 

0,20±
0,08 38±1,2 38±2,

5 

 12 
weeks 9 8,0±1,

4хх 
1120
±13,0 

8,0±0,18
ххх 

2,8±0,22
хх 

39,4±
3,0ххх 

0,16±
0,10 26±1,3 35±2,

3хх 

4 

Works
hop 3: 
2 
weeks 

 
10 

 
5,2±1,
0 

 
1670
±50хх 

 
5,9±0,45 

 
1,62±0,3 

 
56,2±
3,5 

 
0,22±
0,09 

 
27±1,0хх× 

 
30±1,
0 

 4 
weeks 9 6,0±1,

3 
1710
±39ххх 

6,1±0,30
х 

1,84±0,4
3 

45,2±
4,2х 

0,25±
0,10 24±1,2ххх 36±1,

5 

 12 
weeks 9 8,4±1,

1хх 
1341
±15,0 

5,8±0,22
хх 

2,01±0,3
2ххх 

39,8±
3,1хх 

0,20±
0,08 16±1,4ххх 42±2,

0ххх 

Notes - х – р<0,05; хх– р<0,01; ххх – р<0,001 
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Figure 1 (A-B). Increases in the (+, -) Activity of Enzymes in the Blood of Experimental Animals 

That Were on the Premises of the AO"UK TMK" 
 
Terms of the experiment: І - 2 weeks, ІІ - 4 weeks, ІІІ - 12 weeks. 
Workshops: A - workshop number 1, B - workshop number 2, C - workshop number 3. 
 
In workshop number 2, the activity of α-amylase of blood also increased, starting from the 4-week 
period by 25% to 5.9 ± 1.6 mg (s · l) versus the control - 4.7 ± 1.0. After 12 weeks, the activity of α-
amylase continued to increase by 200%. In workshop number 3, α-amylase activity also increased by 
200% only after 12 weeks (p <0.01). 
 
The activity of GGTF in workshop Number 1 decreased by 50% only by the 12-week period to 1921 ± 
15.0 nm (s · l), p <0.01. In workshop Number 2, in 2 weeks, a tendency was observed to decrease the 
activity of the enzyme by 54.6% to 690 ± 60.0 (p <0.001), while in shop Number 3 an increase in 
enzyme activity was established in the same period (2 weeks) by 120% to 1670 ± 50 (p <0.01), in 4-
week period by 130% to 1710 ± 39 (p <0.001). 
 
LDH activity in workshop Number 1 increased by 32% in 2 weeks to 7.2 ± 0.51 KAT / L, p <0.01, 
then, at 4 and 12 weeks, the enzyme activity was decreased by 19 and 26% p < 0.01 and p <0.001 to 
4.2 ± 0.21 and 3.6 ± 0.23 KAT / l. In the control group, these values corresponded to 5.46 ± 0.69, 5.21 
± 0.34 and 4.9 ± 0.36. In workshop number 2, the enzyme activity gradually increased from 6.8 ± 
0.28, 7.6 ± 0.32 to 8.0 ± 0.18 KAT / L by 24, 46 and 63% above the control values (5.46 ± 0.69, 5.21 
± 0.34 and 4.9 ± 0.36 KAT / l). In workshop number 3, LDH activity increased by week 4 by 17%, p 
<0.05 to 6.1 ± 0.3 and by 18% by week 12, to 5.8 ± 0.22, p <0.01. It is known that LDH activity plays 
an important role in the liver, in particular in the processes of glycolysis, in the metabolic 
transformations of pyruvic and lactic acids. 
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The activity of alkaline phosphatase in the blood of animals that were in workshop Number 1 was 
increased in terms of 2 weeks and 12 weeks. After 2 weeks, the enzyme activity increased by 58% to 
2.3 ± 0.15, against the control - 1.45 ± 0.25 KAT / l, p <0.01. 
 
After 12 weeks, the AF activity was 2.5 ± 0.47 KAT / l, which was 49% more than the control (1.68 ± 
0.31 KAT / L), p <0.01. In the workshop number 2, the activity of the alkaline phosphatase increased 
in the periods of 2, 4 and 12 weeks. After 2 weeks, the increase was 66% to 2.4 ± 0.26, p <0.001, after 
4 weeks, 70% (2.66 ± 0.32), p <0.01 and after 12 weeks - 2.8 ± 0.22 (65% more control), p <0.01. In 
workshop number 3, AP activity increased only after 12 weeks and was 2.01 ± 0.32 KAT / l in the 
blood of animals, p <0.001, which was 20% higher than the control. 
 
The cholinesterase activity in the blood of animals on the territory of workshop Number 1 decreased 
by 25, 20 and 33% to 49.3 ± 4.1; 47.4 ± 4.2; 35.1 ± 3.1, p <0.001. In workshop Number 2 in the blood 
of animals, the activity of CHE decreased by 36, 32 and 26% to 50.6 ± 4.1 CAT / l, 40.5 ± 3.2 and 
39.4 ± 3.0, p <0.001. 
 
In animals that were in workshop number 3, the activity of CHE decreased from 4 weeks to 23% to 
45.2 ± 4.2, p <0.05 and after 12 weeks - 25% to 39.8 ± 3, 1 CAT / l, p <0.01. 
 
The activity of creatine phosphokinase in animals that were on the territory of workshop Number 1 
increased after 2 weeks to 0.25 ± 0.03 KAT / L, p <0.01, which was 39% more than in control (0.18 ± 
0.03). After 4 and 12 weeks, the enzymatic activity of the SC decreased by 33 and 66% to 0.12 ± 0.03, 
p <0.01; 0,06 ± 0,004 KAT / l, p <0,001. 
 
The activity of AsAT decreased somewhat in workshop number 3 after 2.4 and 12 weeks by 15.6%, 
35% and 46% to 27 ± 1.0; 24 ± 1,2 and 16 ± 1,4, p <0,001 against the control 32 ± 1,2, 37 ± 1,6 and 
30 ± 1,8. 
 
The activity of AlAT increased in the blood of animals that were in workshop number 1, starting from 
the 4th week by 30% to 42 ± 1.6 and at 12 weeks by 40% - to 48 ± 1.4, p <0.001, against the control 
values - 33 ± 1.2 and 28 ± 1.1 nm / (s • l). 
 
In workshop number 2, AlAT activity in the blood increased only by 12 weeks by 20%, p <0.01, as in 
workshop number 3 - by 50% to 42 ± 2.0, p <0.001. 
 
The revealed changes in the spectrum of enzymes are apparently due to the effect of a complex of 
production factors influencing their activity and biosynthesis in liver tissue. 
 
Analysis of mineral substances in the blood of animals revealed that in the territory of workshop 
number 1 there was an increase in calcium, chlorine ions and inorganic phosphorus and a decrease in 
magnesium and iron, which can be explained by a change in the metabolism of these metals under the 
influence of unfavorable production factors. 
 
Thus, in the animals that were in the territory of workshop Number 1, the level of Ca increased 2 times 
by 28% to 3.2 ± 0.2 mm / l, p <0.01. After 4 weeks, this value was 5.1 ± 0.7, which was 89% more 
than the control values (2.7 ± 0.03), p <0.001. After 12 weeks, the level of Ca in the blood was higher 
by 200% to 6.2 ± 0.8 than in the control group (3.0 ± 0.02), p <0.001. 
 
In animals that were on the territory of workshop Number 2 after 2 weeks, the level of calcium 
showed a tendency to increase by 16%, after 4 weeks it increased by 67% to 4.5 ± 0.4 mm / l, p 
<0.001, and after 12 weeks was increased by 200%, making up 6.0 ± 0.6, p <0.001. 
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Table 2. The Content of Mineral Substances in the Blood of Experimental Animals That Were on the 
Territory of the Shops of AO "UK TMK" 

N
o 

Indicators 
 
Series of 
animals 

n Ca Mg  Chlor-ion P 
inorganic 

Fe, 
mkKAt/l 

Mm/l  

1 Control: 
2 weeks 

 
1
0 

 
2,5±0,01 

 
0,98±0,03 

 
46,98±2,1
6 

 
2,59±0,1
4 

 
13,4±1,75 

4 weeks 9 2,7±0,03 0,89±0,02 48,2±2,2 2,62±0,1
3 

13,1±1,6 

12 weeks 9 3,0±0,02 1,1±0,04 45,4±2,0 2,71±0,1 12,9±1,7 
2 Workshop 1: 

2 weeks 
 
1
0 

 
3,2±0,2хх 

 
0,8±0,04х 

 
69±5,0ххх 

 
4,2±0,4хх
х 

 
11,9±0,6х 

4 weeks 9 5,1±0,7ххх 0,7±0,04хх
х 

66±6,0хх 5,6±0,5хх
х 

10,6±0,5хх 

12 weeks 8 6,2±0,8ххх 0,6±0,2хх 62±4,0ххх 6,4±0,9хх
х 

9,8±0,8хх 

3 Workshop 2: 
2 weeks 

 
1
0 

 
2,9±0,3 

 
0,9±0,05 

 
59±4,0хх 

 
4,0±0,4хх
х 

 
12,0±0,8х 

4 weeks 9 4,5±0,4ххх 0,8±0,04х 56±3,0 5,2±0,6хх
х 

10,2±0,7х 

12 weeks 9 6,0±0,6ххх 0,7±0,15хх 52±3,0 6,0±0,6хх
х 

9,2±0,4хх 

4 Workshop 3: 
2 weeks 

 
9 

 
3,0±0,1хх 

 
0,85±0,05 

 
60±1,0хх 

 
4,2±0,4хх
х 

 
11,9±0,5х 

4 weeks 8 4,7±0,5ххх 0,72±0,5хх 57±3,0 5,4±6,0хх
х 

10,0±0,8ххх 

12 weeks 8 5,6±0,8 0,69±0,6хх 50±2,0 6,3±0,8хх
х 

9,1±0,4хх 

Notes – 
х – р<0,05;  
хх– р<0,01;  
ххх – р<0,001 

 
Animals growing on the territory of workshop number 3 experienced an increase in Ca from 2 weeks 
to 3.0 ± 0.1, which was 20% more than in the control, p <0.01. After 4 weeks, the increase in Ca level 
continued to 4.7 ± 0.5 (74% more than the control values), p <0.001. After 12 weeks, the level of Ca 
increased to 5.6 ± 0.8 mn / l, or 87% more than in intact animals. 
 
The magnesium level in the blood of experimental animals decreased in all shops, starting from the 2-
week period. So, in workshop number 1 after 2 weeks its level was 0.8 ± 0.04 mm / l, which was 18% 
lower than the control (0.98 ± 0.03), p <0.05. After 4 weeks, the Mg level decreased by 21% to 0.7 ± 
0.04 compared with the control - 0.89 ± 0.02, p <0.001. After 12 weeks, the Mg content in the blood 
decreased to 0.6 ± 0.2 mm / L, which was 45% less than in the control, p <0.01. 
 
In the blood of animals that were in the territory of the plant № 2 after 2 weeks, the Mg level showed a 
tendency to decrease by 8%, after 4 weeks it decreased by 10% to 0.8 ± 0.04, p <0.05, and after 12 
weeks - by 36% to 0.7 ± 0.15, p <0.01. 
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In animals that were on the territory of shop Number 3 after 2 weeks of experiment, the tendency to 
decrease Mg by 13% to 0.85 ± 0.05, in 4 weeks - its level decreased by 20% to 0.72 ± 0.5, p <0.01 
against control, after 12 weeks this decrease was 0.69 ± 0.6, by 37%, p <0.01. 
 
The content of chlorine ion increased in the blood of animals that were in the territory of workshop 
Number 1 during all the experimental periods and in workshops Number 2 and Number 3 only in the 
early periods (after 2 weeks). 
 
Thus, in the blood of animals in shop number 1, the level of Cl-ion was increased after 2 weeks by 
40% to 69 ± 5.0, p <0.001 compared to the control - 46.98 ± 2.16 mm / l. After 4 weeks the level of 
Cl-ion increased and amounted to 66 ± 6.0, p <0.01, which was 30% more than the control values. 
After 12 weeks, the level of chlorine ion remained at the same level-more control (45.4 ± 2.0) by 30% 
to 62 ± 4.0, p <0.001. 
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Figure 2 (A-C). The Increments (+, -) of Mineral Content in the Blood of Experimental Animals That 
Were on the Territory of the Shops of JSC "UK TMK" 
 
Terms of the experiment: І - 2 weeks, ІІ - 4 weeks, ІІІ - 12 weeks. 
Workshops: A - workshop number 1, B - workshop number 2, C - workshop number 3. 
 
In workshop Number 2 and shop Number 3 in the blood of animals, an increase in the Cl-ion content 
was detected only in the early periods of the experiment. After 2 weeks, the Cl ion level was 59.0 ± 
4.0 in workshop Number 2, which was 20% higher control, and 2 weeks later to 60 ± 1.0 in workshop 
number 3, which was 30% higher than in control animals (p <0.01). The level of inorganic phosphorus 
was increased in the blood of all animals that were on the premises of workshops Number 1, 2 and 3. 
 
Thus, in the blood of animals that were on the territory of shop Number 1 P, the inorganic was 
increased by 60% in 2 weeks to 4.2 ± 0.4 mm / l, p <0.001, against control - 2.59 ± 0.14. After 4 
weeks, this increase increased by 200% to 5.6 ± 0.5, p <0.001 (in control - 2.62 ± 0.13). After 12 
weeks, the inorganic phosphorus was increased to 230%, amounting to 6.4 ± 0.9 mm / l, which was 
higher than the control (2.71 ± 0.1), p <0.001. 
 
In workshop number 2, the increase in P was 2 weeks after 50% to 4.0 ± 0.4, after 4 weeks - by 200% 
to 5.2 ± 0.6 and after 12 weeks by 220% to 6.0 ± 0, 6, everywhere p <0.001. 
 
The increase in inorganic phosphorus in animals at the plant Number 3 after 2 weeks was 60% to 4.2 ± 
0.4 mM / l, after 4 weeks to 5.4 ± 6.0 (200%) and after 12 weeks - by 230% to 6.3 ± 0.8 mM / l p 
<0.001. 
The iron content in the blood of experimental animals moderately decreased in terms of the 
experiment. 
Thus, in the blood of animals that were in the territory of workshop Number 1 after 2 weeks, the iron 
level decreased by 11% to 11.9 ± 0.6 µKAT/L, compared to the control (13.4 ± 1.75), p <0 , 05. After 
4 weeks, the iron level decreased by 19% to 10.6 ± 0.5, p <0.01 versus control (13.1 ± 1.6). After 12 
weeks, the Fe content continued to decrease by 24% to 9.8 ± 0.8 µKAT/L, versus the reference values 
of 12.9 ± 1.7, p <0.01. 
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In the blood of animals that were on the territory of workshop Number 2 after 2 weeks, Fe decreased 
by 10% to 12.0 ± 0.8, p <0.05, after 4 weeks by 22% to 10.2 ± 0.7, p < 0,05 and after 12 weeks - by 
29% to 9,2 ± 0,4, p <0,01. 
 
In the blood of animals that were in the territory of workshop Number3 after 2 weeks, iron decreased 
by 11% to 11.9 ± 0.5, p <0.05, after 4 weeks - by 24% to 10.0 ± 0.8, p <0.001 and after 12 weeks - by 
29.5% to 9.1 ± 0.4, p <0.01. 
 
Thus, the established changes in the spectrum of minerals indicate a change in their metabolism under 
the influence of production factors, the most pronounced in workshop number 1. 
 
Biochemical indicators of blood in the main workshops. 
The enzyme profile of the blood was examined by us in 196 workers of the titanium-magnesium plant 
working in the leading workshops. 
 
Analysis of the enzyme profile of blood in workers of leading professions working in different 
workshops of the AO "UK TMK" revealed a different characteristic of the change in activity (Table 3, 
Figure 3). 
 
The activity of α-amylase in the workers of workshop Number 3 was detected within the limits of the 
norm. The analysis for the two remaining workshops revealed a slight increase in the activity of α-
amylase, both in the workers in workshop Number 1 by 17% and in workshop Number 2 by 9% (p 
<0.01, p <0.05). 
 
The activity of GGTF was increased for workers working in all shops: in workshop Number 1 twice, 
in workshop Number 2 by 48%, in workshop Number 3 by 60%. 
 
Table 3. Parameters of the Enzyme Profile in the Workers of the Leading Occupations of AO"UK 
TMK" in the Workshops 
No Indicators Control 

n=100 
workshop №1 
n=52 

workshop №2 
n=66 

workshop №3 
n=78 

1 α-amylase, mg/(s·l) 5,3±1,1 6,2±1,8хх 5,8±1,2х 5,4±1,3 
2 GGTF, nm / (s · l) 1257,0±4,0 2680±10,0ххх 1860±8,0ххх 2010±5,0ххх 

3 AsAT, µKAT / l 0,47±0,02 1,2±0,04ххх 0,92±0,03ххх 1,12±0,04ххх 

4 AlAT, µCAT / l 0,55±0,02 0,69±0,03ххх 0,62±0,02хх 0,70±0,04ххх 

5 CPK, µCAT / l 2,2±0,01 2,8±0,02ххх 2,6±0,03ххх 2,9±0,04ххх 

6 LDH, µCAT / l 7,0±0,01 7,9±0,02хх 8,0±0,03хх 7,5±0,01х 

7 CEmkmol / (c × l) 90±1,1 98±1,4х 106±1,2хх 95±1,0х 

8 PhosphatasealkalinemKAT 
/ molxL 

92±1,0 98±1,2х 86±1,0х 80±1,6хх 

Notes 
х–р<0,05; 
хх–р<0,01 
ххх-р<0,001 in comparison with the control group. 
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Figure 3. Genes of (+, -) Parameters of the Enzyme Blood Profile of the Workers of the Leading 

Occupations of AO "UK TMK" in the Workshops 
 
The activity of aminotransferases (ACAT and ALAT) showed uneven dynamics in workers of 
different workshops. The activity of ASAT was increased by 2.5 and 2.4 times in workshops Number 
1 and Number 3 and by 96% in workshop Number 2 (p <0.001). The activity of AlAT was increased 
by 27% and 25% in workshops Number 3 and Number 1 and by 13% in workshop Number 2 (p 
<0.001 and p <0.01). The activity of CPK was increased in workshops Number3 and Number1 by 32 
and 27%, in workshop Number 2 by 18%. The general activity of LDH was increased in workshop 
number 2 and number 1 by 14 and 13%, in workshop number 3 - by 17% (p <0.001 and p <0.05). 
 
The activity of serum CE was increased by 9% and 6% in workshops Number 1 and Number 3 (p 
<0.05) and by 18% in workshop number 2. The activity of alkaline phosphatase was increased by 7% 
in workshop number 1 and decreased by 13 and 6% in workshops number 3 and number 2. 
 
Analysis of mineral substances in the blood of workers in the main occupations of AO "UK TMK" by 
the shops revealed some unequal dynamics of their changes in comparison with the control group 
(Table 4, Figure 4). 
 
The greatest changes were detected in workshop number 1 (for the production of magnesium), where 
an increase in iron by 33%, inorganic phosphorus by 27%, magnesium by 25% (p <0.001) was found 
in comparison with the control group. 
 
In the blood of workers working in workshop number 2 (for the production of titanium tetrachloride), 
a significant increase in iron by 22%, magnesium by 17%, chlorine ion by 16% and inorganic 
phosphorus by 6% compared to the control. 
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Moderate changes in mineral substances were detected in the blood of workers in workshop Number 3 
(for the production of a titanium sponge), where a decrease in iron and inorganic phosphorus (by 12%) 
and decrease in the level of chlorine ion (by 11%) compared to the control group was established. 
 
Table 4. The Content of Mineral Substances in the Blood of the Workers of the Main Profession of 
AO "UK TMK" in the Workshops 

N
o 

Under 
research 

n Сa Mg  Cl-ion Рinorgani
c 

Fe  

mm/l mkKat/l 
1 Workshop 

1 
47 3,0±0,03хх 1,5±0,

01ххх 
120±1,1ххх 1,43±0,01

ххх 
20,2±0,02ххх 

2 Workshop 
2 

62 2,7±0,01ооо 1,4±0,
02ххх 

125±1,0ххх 1,20±0,01
х
ооо 

18,5±0,03ххх 

3 Workshop 
3 

68 2,6±0,01 1,2±0,
01 

95,6±2,0хх 1,0±0,01 13,4±0,02ххх 

4 Control 122 2,7±0,02 1,2±0,
01 

108±2,1 1,13±0,01 15,2±0,02 

Notes – :х– р<0,05, хх – р<0,01; ххх – р<0,001 in comparison with the control groupооо – р<0,001 
compared to each other 

 
Figure 4. Increases (+, -) of the Content of Minerals in the Blood of Workers in the Core Profession of 
AO "UK TMK" in Workshops 
 
The level of calcium in the blood showed a tendency to decrease, and the magnesium content was 
within the control values. Thus, we have identified various changes in the levels of mineral substances 
in the blood.  
 
In such working conditions, workers often had acute respiratory infections, chronic bronchitis, etc. 
(Izmerov & Denisov, 2003). The degree of delay in compounds containing the chlorine anion 
(chlorine, hydrogen chloride, titanium tetrachloride, phosgene, magnesium dichloride) was relatively 
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high and fluctuated between 39-85%. At the same time, higher delay rates in all main workshops were 
usually observed for gaseous substances (chlorine, hydrogen chloride, phosgene), which is apparently 
due to their good solubility. The highest average monthly concentrations of chlorine, hydrogen 
chloride and titanium tetrachloride were observed in the chlorination unit. Accordingly, the highest 
levels of chlorine in the blood and urine were observed in the workers of the chlorination department, 
as well as in the recovery and rectification of the Ust-Kamenogorsk titanium-magnesium plant. Some 
studies are devoted to studying the health status of workers in the main workshops of TMK, as well as 
studying the sanitary and hygienic working conditions (Polyakova, 2007). 
 
The workers of the department for knocking out workshop Number 3 of the same plant showed 
changes in the cardiovascular, central nervous systems and the neuromuscular system. 
The cytogenetic instability in the workers of the main occupations of the titanium-magnesium plant 
(AO "UK TMK") was determined (Bayanova, Kulkybaev, & Dusembaeva, 2004). 
 
The study of the dynamics of lipid peroxidation in the blood plasma in workers of magnesium 
production of AO "UK TMK" and the data of the state of AOP indices, showing that when the work 
experience is up to 5 years and after 20 years workers experience an increase in primary LPO products 
with an increase in the activity of the enzyme catalase. 
 
Workers of the department for the production of titanium tetrachloride show frequent damage to the 
upper respiratory tract, bronchopulmonary apparatus and nervous system. With a significant work 
experience, workers have infiltrated fibrotic changes. When exposed to the dust of metallic titanium 
and its dioxide, endo- and peribronchitis were observed. The course of chronic dust bronchitis was 
accompanied by the phenomena of expressed respiratory failure. Hypertrophic rhinitis and subatrophic 
pharyngitis are revealed by the action of titanium tetrachloride and products of its dioxide. Among the 
workers of the department for the production of titanium tetrachloride, persons suffering from upper 
respiratory tract infection and bronchitis of toxic origin were found. And the diseases are noted mainly 
in workers exposed to titanium tetrachloride and products of its hydrolysis. The effect of toxic gases of 
titanium tetrachloride and its products of hydrolysis, chlorine and dust of titanium dioxide, metallic 
gitanium is revealed in the study of the technological process of titanium production and sanitary and 
hygienic research of working conditions (Bazarova, 2007). 
 
Forecasts in professional activity, like others, are built with the help of mathematical models based on 
the use of probabilistic characteristics of the frequency of adverse reactions, reflecting the influence of 
the entire range of influencing factors. Based on the conducted studies, a direct relationship was 
established between the severity of pneumoconionic changes in the lungs and the magnitude of the 
dust load and the duration of dust in the lungs, i.e. Once again, the value of the time factor in the 
manifestation of the pathogenic effect of dust was confirmed (Grebneva & Kulkybaev, 2003). 
 
Experimental studies in animals have shown that with enteral administration of magnesium sulfate at a 
dose of 10 g/kg, the serum glucose level decreases, and the level of pyruvic acid rises. The effect of 
magnesium sulfate on fat metabolism was expressed in the accumulation of β-lipoproteins, probably 
due to an increase in the content of neutral fat, as the serum triglyceride content increased. It was 
found that magnesium sulfate promoted an increase in activity of aspartate aminotransferase, at normal 
values of alanine aminotransferase and lactate dehydrogenase. There was a violation of the functional 
state of the kidney, characterized by a decrease in diuresis, an increase in the relative density of urine 
and the appearance of the protein at the end of the experiment, i.e. violation of the processes of 
reabsorption in the renal tubules. 
 
According to the results of our studies, it was found that the analysis of the enzyme profile in the 
blood of workers in the workshop number 1 (for the production of magnesium), the priority is to 
increase the activity of ASAT (2.5 times), GGTF (2 times), CPK - 27%, ALAT 25% against a 
background of moderate activation of α-amylase (by 17%), LDH - (by 13%), CE (by 9%) and alkaline 
phosphatase - by 7% compared to the control, which indicates a toxic load on the heart and liver tissue 
working in this workshop. 
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In the workshop Number 2 for the production of titanium tetrachloride, the priority indicators are also 
ASAT (by 96%) and GGTF (by 48%) against the background of moderate activation of CPK (by 
18%), ALAT (13%), α-amylase and CE (by 9% %) compared with the control group, the activity of 
alkaline phosphatase decreased by 6%. 
 
In workshop number 3, the priority is to increase the activity of ASAT by 2.4 times, GGTF by 60% 
CPK - by 32% and ALAT by 27%, against a background of moderate activation of total LDH by 17% 
and CE by 6% compared to the control group. The activity of alkaline phosphatase decreased by 13%. 
The greatest changes were detected in workshop number 1 (for the production of magnesium), where 
an increase in iron by 33%, inorganic phosphorus by 27%, magnesium by 25% (p <0.001) was found 
in comparison with the control group. 
 
 In the blood of workers working in workshop number 2 (for the production of titanium tetrachloride), 
a significant increase in iron by 22%, magnesium by 17%, chlorine ion by 16% and inorganic 
phosphorus by 6% compared to the control. 
 
Moderate changes in mineral substances were detected in the blood of workers in workshop Number 3 
(for the production of a titanium sponge), where a decrease in iron and inorganic phosphorus (by 12%) 
and decrease in the level of chlorine ion (by 11%) compared to the control group was established. 
The level of calcium in the blood showed a tendency to decrease, and the magnesium content was 
within the control values. 
 
It is known that the level of calcium is under the regulatory influence of the autonomic nervous system 
and the functions of parathyroid glands. Apparently, the stressful influence on these structures of the 
complex of production factors of the titanium-magnesium plant changes the levels of calcium in the 
blood and, accordingly, changing the ability of calcium to regulate the binding of water by tissue 
colloids, the permeability of cell membranes, and participation in the blood coagulation system. 
 
Practical significance of the results: 
1. Prognostic and diagnostic tests are recommended in the practice of health as additional, to detect 
pre-pathological changes during periodic medical examinations of TMK workers. There are five acts 
of implementation in health care practice. 
 
2. Practical recommendations included in the innovation patent, in 2 monographs and in 2 methodical 
recommendations, and also in a scientific work with copyright. 
 
CONCLUSION 
1. The obtained changes in the field experiment of biochemical indices revealed unidirectionality with 
tests determined in animals located on the premises of workshops number 1, number 2 and number 3, 
however, their severity among workers was less. Firstly, it is explained by the fact that unfavorable 
environmental factors can cause two different reactions in a person - increase in resistance (increase in 
resistance) and increase in tolerance (tolerability, endurance). 
 
Secondly, the biochemical basis of the resistance strategy is an increase in the catabolism of 
endogenous nutrients and often leads to an increase in the exogenous intake of nutrients. At the same 
time polymers of hydrocarbons, proteins, lipids and enzymes increase the intensity of metabolism to 
monomers, and then with the oxidation of hydrogen in the respiratory chain, cause the mobilization of 
all energy resources. 
 
2. The identified priority tests of the biochemical profile of the organism of workers of AO "UK 
TMK" can be recommended during periodic inspections to identify groups of "risks" with the aim of 
developing early preventological measures (hygienic and medical) 
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