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ABSTRACT. Currently, the profession of a welder is one of the most sought after in various
industries. The purpose of the work is to analyze working conditions, health indicators and determine
the significance of laboratory tests regulated as part of periodic medical examinations for the timely
diagnosis of changes in the health status of electric and gas welders working and living on the
territory of the Republic of Bashkortostan. A clinical and diagnostic examination of workers —
electric and gas welders working at the enterprises of the republic was carried out. The influence of
harmful production factors is considered: chemical, physical and the severity of the labor process.
Diseases of the musculoskeletal and nervous systems, diseases of the circulatory system, respiratory
organs, and sensorineural hearing loss with signs of noise exposure were identified. Reliable changes
in laboratory parameters were diagnosed depending on the length of service and the duration of
contact with production factors. It is necessary to carry out dispensary observation of this category
of workers with the development and justification of individual medical and preventive measures.

KEY WORDS: working conditions; electric and gas welder; differential diagnosis.
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PE3IOME. B nHacTosmee BpeMs mpodeccus cBapiinKa SBIISICTCS OMHOW W3 CaMBIX BOCTPeOOBaH-
HBIX B Pa3JIMYHBIX OTPACISIX MPOMBIILIEHHOCTH. Llenb paboThl — MpoaHaIU3UPOBATh YCIOBHS
TpyJa, MOKa3aTelld 3[0POBbsI M ONMPEACIUTh 3HAYMMOCTD JIa0OPATOPHBIX MCCIIETOBAHUMN, periiaMeH-
THPOBAaHHBIX B PAMKaX MEPUOIMYESCKUX MEIUIIMHCKUX OCMOTPOB JIJISI CBOCBPEMEHHOW JIMaTHOCTH-
KM U3MEHEHUH B COCTOSIHUU 3JI0POBbsSI DJICKTPOTa30CBaPIIMKOB, pa0OTAIOIINX U TTPOKUBAIOIIUX HA
tepputopuu Pecnybnuku Bamkoprocran. [IpoBeneHO KIMHUKO-IHMArHOCTAYECKOE OOCIe0BaHNE
PabOTHHUKOB-3JIEKTPOTa30CBAPIINKOB, pa0OTAIOIINX HA MPEAMPUATHAX pecnyOnuku. PaccMoTpeHo
BIIMSIHUE BPEIHBIX TPOU3BOJCTBEHHBIX (PaKTOPOB: XUMHYECKOT0, (PU3HYECKOI'0 U TSHKECTU TPYIO-
BOTO Ipoiiecca. BrisiBiieHbI 320051eBaHMs KOCTHO-MBIIIIEYHOW ¥ HEPBHOUM cHCTEM, OOJIE3HH CHCTEMbI
KPOBOOOpAIICHUsI, OPTaHOB JIbIXaHUsI U HEUPOCEHCOPHAS TYTrOyXOCTh C MPU3HAKAMH BO3JCHCTBUS
nryma. JIuarHoCTUPOBaHbI JIOCTOBEPHbIE W3MEHEHUs JTabOpaTOPHBIX MOKa3aTeied B 3aBUCHMOCTH
OT cTaxka pabOThl U JJTUTEILHOCTH KOHTAKTa C MPOM3BOACTBEHHbIMH (pakTopamu. HeoOxomumo
MIPOBENICHHE TUCITAHCEPHOTO HAOIIOACHNS TaHHON KaTeropuu pabounx ¢ pa3paboTKoil m 000CHOBA-

HUEM MHAWBUAYAJIbHBIX MGI[I/IKO-HPO(I)I/IJIH.KTI/I‘{GCKI/IX MCpOHprITHﬁ.

aeKTporasocBapmuk; auddepeHunanbHas

KJIOYEBBIE CJIOBA: ycnoBus Tpyna;
JIMarHOCTHKA.
INTRODUCTION

The Republic of Bashkortostan is one of the
largest industrial regions of the Russian Federation.
Almost all types of production activities require the
involvement of specialists to perform electric and
gas welding works — electric and gas welders.

The technological process of electric and gas
welding refers to operations with harmful wor-
king conditions. Workplaces of electric and gas
welders are one of the most unfavorable in terms
of the risk of professional diseases [17, 26].

In the course of a labor activity, an electric
and gas welder is exposed to a whole complex
of dangerous and harmful production factors of
physical and chemical nature: radiation, wel-
ding aerosol, sparks and splashes of metal and
slag, industrial noise, etc. [9, 11, 19, 21].

Industrial aerosols traditionally occupy the
leading place among unfavorable factors of
the industrial environment for electric and gas
welders. Welding aerosol has a combined effect

on the body, since harmful substances damage
the body by different mechanisms — from fib-
rogenic and general toxic to allergenic and car-
cinogenic ones. Thus, it contribute to the forma-
tion professional respiratory diseases [10, 30].

Hemogram is the most frequently used clini-
cal blood test to assess the state of health and
early diagnosis of changes [3, 15], due to the
high lability and rapid reaction of the hema-
topoietic system to various effects of harmful
industrial factors, especially those of chemical
etiology. Some of the chemical substances con-
tained in aerosols cause changes in hematopoie-
sis, others disrupt the synthesis of porphyrin and
heme in hemoglobin, while others cause chan-
ges in hemoglobin composition and hemolysis
[2, 12, 14, 18, 22, 27, 29].

AIM

To determine the significance of laboratory
tests, regulated within the framework of perio-
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dic medical checkups, for timely diagnostics of
changes in the state of health of electric and gas
welders working in the territory of the Republic
of Bashkortostan.

MATERIALS AND METHODS

According to the Order of the Ministry of
Health of the Russian Federation from 28.01.2021
No. 29n and Appendix to the Order of manda-
tory preliminary and periodic medical checkups
of workers, provided by part four of article 213
of the Labor Code of the Russian Federation, a
clinical and diagnostic examination of electric
and gas welders (225 people) working at the en-
terprises of the Republic of Bashkortostan in the
presence of aerosols of predominantly fibrogenic
action (APFD), representing a complex mixture
of multidirectional action, was carried out.

All examined workers were men aged from
47,16 to 48,34 years, with an average total length
of service of 23,66+0,66 years.

Hematologic and biochemical methods of re-
search were used in the survey, according to gene-
rally accepted methods [20]. The results of the
studies were processed using the STATISTICA
6.0, a statistical analysis software package, mean
values, Student’s coefficient (t) and significance
level (p) were determined. Age determinacy of
health disorders was assessed using correlation
coefficient (r) and non-parametric x> criterion.

RESULTS AND DISCUSSION

According to the results of the special assess-
ment of working conditions (SAWC) of electric
and gas welders, the leading harmful and ha-
zardous factor is a chemical one, represented by
substances of the 1-4th class of hazard, which in-
fluence the organism in different ways. Welding

aerosols constitute a complex mixture of mainly
fibrogenic action (amorphous silicon dioxide in
a mixture with manganese oxides in the form of
condensation aerosol, digelesotrioxide, tungsten,
aluminum and its compounds) and chemical sub-
stances of different nature, including manganese,
zinc, chromium (VI), chromium (III), beryllium,
nickel, chromium trifluoride, gases, which have
an acute effect on the body. The work of an
electric and gas welder is associated with the use
of flammable and explosive materials. This oc-
cupational group of workers is characterized by
a combination of priority factors of working en-
vironment and labor process: the chemical factor
(class 3.1) noise (class 3.1) and severity of labor
process (class 3.1) (Table 1).

The conducted analysis of incidence of ge-
neral non-infectious morbidity allowed to estab-
lish that the first rank is occupied by diseases of
the musculoskeletal system (MS). This patho-
logy was detected in 51.56% of the surveyed.
Next are diseases of the circulatory system, rep-
resented by hypertension and, they are detected
in 28.2% of electric and gas welders. Diseases of
the nervous system are represented by disorders
of the vegetative nervous system — 24.89%.
Neurosensory hearing loss and signs of noise
exposure amounted to 21.33% of all examined
persons.

Low detection rate of respiratory diseases is
noteworthy — 1.33% of all the examined wor-
kers. Obviously, this is due to the fact that wor-
kers do not always provide a doctor with reli-
able information about their health status when
undergoing periodic medical examinations in
order to maintain admission to work in harmful
and (or) hazardous working conditions. In ad-
dition, a lack of caution among specialists con-
ducting these check-ups also contribute to the
low detection [1, 4, 23, 28]. Laboratory tests

Table 1

Classification of working conditions for gas welders according to the degree of harmfulness and danger

Tabnuya 1

Knaccudukanus ycnoBuit Tpyaa ra3ocBapIiuKoB 10 CTETICHH BPEITHOCTH U OTIACHOCTH

Orenka (akropos o kputepusm P.2.2.2006-05 /
Evaluation of factors according to criteria P.2.2.2006-05

O61as orneHka
yCIIoBHit Tpyna /

Xumuueckuii /
Chemical

Bpenusrii ¢paxrop / Harmful
factor

General assessment
of working
conditions

dusnyeckuii /
Physical

Tsoxects Tpyna /
Burden of labor

DekTpora3ocBapiuKy / 3.1

Electric and gas welders

3.1 3.1 3.2
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prescribed for medical checkups have an im-
portant diagnostic value and allow to give an
initial assessment of a general condition, espe-
cially for workers exposed to harmful produc-
tion factors.

Hematological studies have shown that all
the examined workers exposed to welding aero-
sols have normel reference values of a general
blood analysis (erythrocytes, hemoglobin, leu-
kocytes and platelets). Except for the “allergeni-
zation index” (Al), the average value of which
was 1.4540.03.

Comparative analysis of changes in blood
test showed that increased hemoglobin values
(more than 160 g/l) were observed in 23.56%
of men. Hematocrit changes were detected in
23.11% of the examined patients. Erythrocyto-
sis 1s found in 16.00% of the examined, which
indicates the activation of erythropoiesis. An
increase in erythrocyte parameters (MCV) was
found in 19.11% of workers and in 27.56% —
hemoglobin content in individual erythrocyte
(MCH). The findings revealed that a minority
of individuals were found to have thrombocy-
tosis. Eosinophilic granulocytes above 5% were
diagnosed in 54.22% of electric and gas welders
(Table 2).

The results of studies obtained in workers
with different length of service are presented in
Table 3. Thus, in the group of workers with 11—

20 years of experience, the highest indices of
erythrocytes, hemoglobin and hematocrit were
found compared to similar indices of workers
with 0 to 10 years of experience. In parallel
with erythrocytosis and high hemoglobin levels,
there was a tendency for erythrocyte indices to
increase. Constant inhalation of chemical sub-
stances in production conditions probably con-
tributes to the phenomena of hypoxia, which
may explain the shifts in hematologic indices.
Similar researches were conducted [16, 25].

In the available scientific literature there is
a few contradictory works devoted to the effect
of aerosols of mainly fibrogenic nature which
influence on the erythrocytic growth of hema-
topoiesis of electric and gas welders as the
length of work experience increases [11, 13].

To assess the reliability of the results obtained
with regard to red blood parameters, we used
the y? criterion. Reliability was found for MCV
$*=5.09 (p <0.001), MCH %*=8.84 (p <0.001).

The correlation between hematologic indices
and the duration of contact with harmful indus-
trial factors in the examined men was established
(r=0.97-0.99). During the years of professional
activity the number of workers with eosinophi-
lia and allergy index increases, the correlation
reaches high values (r=0.97-0.99). Increase in the
number of eosinophilic granulocytes and gradual
increase in their clinical frequency confirms the

Table 2
The frequency of deviations of hematological parameters in workers (%)
Tabnuya 2
HacroTa OTKIOHCHHH TeMaTOIOTHIECKUX TIOKazaTelneil y paboTHHUKOB (%)
HanpapiieHue 0TK/I0HeHHs TOKa3aTeJiei / JuieKTpora3ocBapmmuku (cp. odmuii crax 47,75+0,59 /
Deflection direction indicators Electric and gas welders (average seniority 47,75+0,59) n=225

I'emoro6un >160 r/n / Hemoglobin >160 g/1 23,56

Dpurpouutsl >5,5x10"2/m1 / 16,00
Erythrocytes 10'%/1

Temaroxput >48% / 23,11
Hematocrit >48%

MCV >95 ¢ 19,11

MCH >31 ¢na 27,56

Jleiikounts >9,0x10%/m / 18,22

Leukocytes >9,0x10%1

Dozunoduisl >5% / 54,22
Eosinophils >5%

Tpom6Goruter >320%10%/m / 8,44

Platelets >320%10%/n
Wnpexc amnepruzammn >1,2 y.e. / 69,33
Allergicization index >1,2 c.u.
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allergizing effect of chemicals which are common
in the working area of electric and gas welders.
These chemicals provokes serious sensitization
and possible autoimmune processes as well as
clinical forms of pathologies. The increased index
of allergy in workers also proves this fact. Accor-
ding to the results of biochemical studies of blood
serum in electric and gas welders, the violation of
carbohydrate and lipid metabolism was revealed
depending on the length of service (Table 4).
Elevated glucose levels are observed among the
workers with increasing length of service — from
4.00% at the beginning of work to 30.00% with
more than 30 years of service. A high degree of
functional relationship of this index with length of
service was found (r=1.00). The number of workers
with elevated cholesterol correlated with years of
professional activity, the correlation reaches r=0.98.
The detected disorders of lipid metabolism in the
examined workers, most likely, are a consequence
of chemical factor exposure, correspondingly, it has
a significant impact on the development of athero-
genic processes in electric and gas welders. Accor-

ding to some literature data, changes in biochemical
parameters under exposure to harmful chemicals
can be associated with increasing length of service
[5-8, 16]. Increased parameters of carbohydrate
and lipid metabolism in the examined workers can
be considered as specific changes developing under
the influence of harmful factors of production.

CONCLUSION

Thus, it has been established air pollution
by chemical substances of the 1st—4th hazard
classes is a harmful factor of the working en-
vironment and labor process in the work of an
electric and gas welder.

The revealed shifts in the blood profile
should be considered as an individual response
to harmful external exposure. Processes occur-
ring in the red sprout of hematopoiesis are di-
rectly related to the duration of exposure to pro-
duction factors.

It is necessary to conduct dispensary ob-
servation of this category of workers with the

Table 3
The frequency of deviations of hematological parameters in workers depending on the length of service
Tabnuya 3
YacToTa OTKJIOHEHNH TeMaToJI0THYeCKUX TToKa3aTenel y pabOTHIKOB B 3aBHCUMOCTH OT cTaka padoTs! (%)
daekrporazocBapumukn / Electric and gas welders (n=225)
HarlpaB.rleHne OTKJIOHCHU S
HoKkazareneii / 0-10 et/ 11-20 et / 21-30 et / 6osee 30 qer /
Deflection direction indicators 0-10 years 11-20 years 21-30 years over 30 years
(n=25) (n=67) (n=73) (n=60)
I'emormo6un >160 r/m / 20,00 28,36 26,05 16,67
Hemoglobin >160 g/l
DputpouuTs >5,5x10'%/1 / 16,00 20,90 13,70 13,33
Erythrocytes >5,5x10'%/1
T'emarokpur >48% / 16,00 28,36 23,29 20,00
Hematocrit >48%
MCV >95 ¢n 4,00 14,93 23,29 25,00%*
1*=5,09 (p <0,001)
MCH >31 ¢n 4,00 22,39 34,25 35,00%*
1*=8,84 (p <0,001)
Jletikountel >9,0x10%1 / 8,00 22,39 17,81 18,33
Leukocytes >9,0x10%/1
DosuHoduisl >5% / 52,00 46,27 56,16 58,33
Eosinophils >5%
Tpom6Goruret >320x10% / 4,00 8,96 6,85 10,00
Platelets >320%10°/n
Wnpexe annepruzamuu >1,2 y.e. / 68,00 67,16 72,60 50,00%*
Allergicization index >1,2 c.u. ¥ =231 (p <0,05)

* JIoCTOBEpPHOCTH pa3in4uii ¢ mepBbiM rogoM pabotsi (p <0,05) / Significance of differences from the first year of operation (p <0,05).
** JIoCTOBEpHOCTH pa3IH4HMii ¢ mepBeIM rogoM padorst (p <0,001) / Significance of differences from the first year of operation (p <0,001).
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Table 4
The frequency of deviations of biochemical parameters in electric and gas welders, depending
on the length of service (%)
Tabnuya 4

YacToTa OTKIIOHEHHH OMOXUMUYECKHX TOKa3aTeNeH y AIIeKTPOTra30CBapIINKOB B 3aBUCHMOCTH OT CTaxa padboTsl (%)

DaexrporasocBapmuki / Electric and gas welders

(n=225)

Hanpagiienue 0TKJIOHEHUsI
HoKazareeii / crax 0-10 ner / | crax 11-20 ger/ | crax 21-30 ner / | Crax 6osee 30 get /
Deflection directionin dicators experience experience 11-20 experience Experience over 30
0-10 years years 21-30 years years
(n=25) (n=67) (n=73) (n=60)
I'mroxo3a >6,1 mmoiw/i / 4,00 22,39 26,03 30,00*
Glucose >6,1 MMoinb/It x*=6,87 (p <0,001)
Xonecrepu >5,2 MMonb/1 / 32,00 50,75 57,53 65,00%
Cholesterol >5,2 mMonb/1 x*=7,77 (p <0,001)

* JI0CTOBEpPHOCTH pa3iInuyuii ¢ nepBbIM rogoM pabotsl (p <0,001) / Significance of differences from the first year of operation (p <0,001).

development and justification of individual
medical and preventive measures.
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JOIMOJIHUTEJBHAA UHO®OPMALUA

Bruian aBTopoB. Bce aBTophl BHEecnH cylie-
CTBEHHBIN BKJIAJ B Pa3pabOTKy KOHLIEMIIMH, IIPO-
BEJICHUE HCCIECIOBaHNUSA M IIOATOTOBKY CTaTby,
MPOWIN U OJOOpHIM (PMHAIBHYIO BEPCHIO TEPEs
myOnuKarmen.

Kon@aukTt nurepecoB. ABTOPHI JEKIapupy-
0T OTCYTCTBHE SIBHBIX U MOTEHLMAJIBHBIX KOH-
()JIMKTOB MHTEPECOB, CBSI3aHHBIX C MyONMKaIy-
el HacTosIIeH CTaThH.

HUcTounuk puHaHCHpOBaHHMSA. ABTOpHI 3a-
ABIISIOT 00 OTCYTCTBHM BHEIIHEro (pMHAHCHPO-
BaHUs IIPU IIPOBEACHUH HCCIIEIOBAHUS.

HNudopmupoBanHoe corjiacue Ha MmyOJHKa-
IMI0. ABTOpBI NOJTYYWIN NMHCBMEHHOE COITIacHe
MallMEeHTOB Ha Hy6JII/IKaIII/IIO MEIULMHCKUX IaH-
HBIX.
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