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Specificities of the workflow and evaluation of the working conditions
of the working main professions of industrial rubber and technology production

In the available literature there is a large number of diverse works on the assessment of the labor process and
working conditions of industrial rubber production. At the same time, it is of interest and there is a practical
need for a sanitary-hygienic assessment of the working conditions of workers in basic occupations who are in
contact with chemical substances of a general toxic and irritant action during production. The production of
industrial rubber products is based on a multistage intermittent technological process using numerous chemicals
of the second, third and fourth classes of toxicity. During a work shift, production personnel is exposed to
fractional and short-term exposure to toxic substances, therefore, the toxic effects of chemicals used in the
industrial rubber industry to workers are enhanced, which was the purpose of the study. To assess the work
process and the working conditions of the workers of the main occupations of industrial rubber production, the
study of air dustiness, microclimate, and relative humidity was conducted. As a result of the research, it was
established that one of the unfavorable production factors at the factory of the industrial rubber products is
dustiness, air pollution, overcooling, overheating and considerable physical stress.

Keywords: industrial rubber production, technological process, toxic chemicals, dust formation, gas formation.

Currently, there is a lag in the growth of labor productivity, as evidenced by information and analytical
materials about the dynamics of economic indicators in industries with harmful working conditions and hard
work. Over the past decade, the share of people working in hazardous working conditions in organizations of
various types of economic activity has increased significantly [1].

Certification of work places for the production of rubber products showed that the chemical factor is
potentially dangerous in the studied production. In the air of the working area there were chemicals of I-IV
hazard classes — dichloromethane, gasoline, styrene, benzopyrene, and sootortalc, which have a harmful effect
on organs: the nervous system, blood formation organs, cause liver damage, have mutagenic properties [2].

The identification of a group of chemical factors of the production environment in the manufacture of
flexible rubber products must be carried out, since aggressive media and components with irritating, sensitiz-
ing, fibro genic, carcinogenic and general toxic properties are used. Toxic stabilizers rubbers and, especially
the nitrous and amino compounds of the aromatic series. Some chemicals can have a combined effect on the
human body, others aggravate the effects of each other [3].

Industrial rubber production is a sub-industry of the petrochemical industry. It is characterized by high
labor intensity and material consumption, due to the presence of a large number of manual operations necessary
to ensure the technological process and the consumption of various materials (rubber, carbon black, etc.). Each
ingredient gives rubber certain properties and it introduced into the mixture in a certain amount. Ingredients
are divided into: 1) vulcanizing agents — sulfur, dithiomorpholine, zincoxide, magnesium oxide, etc.; 2) vul-
canization accelerators—tetracthylthiuramdisulfide, diphenylguanidine, captax, altax, sulfonamide and etc.; 3)
activators — zinc oxide and etc.; 4) antiageing agent — neozone, aldol, quinol, unglazed porcleain, acetone
anil, phthalic anhydride etc.; 5) reinforcing fillers or enhancers — carbon and etc. (to impart high tensile
strength and high tear and abrasion resistance); 6) inert fillers — rubarx etc. (to ensure the process of mixing
rubber compound, make it mangled and spewed) 7) coloring agent — antimony compounds, cadmium sulphide
and etc., 8) fluidizing agent (softening agents) — petroleum oil flux, bitumen cutback and etc. According to
the degree of toxicity, chemicals used in the manufacture of rubber include II, III, IV levels of toxic: antimo-
nous acid anhydride, sulphur dioxide, cinnamene (II level), diphenylguanidine, tetramethylthiuramdisulfide,
thiazone, carbon disulfide, carbolic acid (III level), scrape, black pigment, white zinc, dibu-
tylphthalate (IV level) [4].

The factory workers of rubber products working on the main technological lines are affected by a complex
of unfavorable production factors, the main of which are unfavorable microclimatic conditions, dustiness and
air pollution. During a work shift, production personnel is exposed to fractional and short-term exposure to
toxic substances [5].
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The impact of unfavorable factors of the working environment is aggravated by a number of negative
aspects in the very nature of work: monotony, forced working posture, the burden of labor processes, etc.,
negatively affecting the use of labor resources of workers as a result of their early development of industrial
fatigue.

The technological process of rubber production consists of 4 stages: 1) making of rubber products; 2) rub-
ber rolling; 3) pumping and vulcanization of products; 4) labeling, packaging of finished products.

The initial part of the technological chain involved in the preparation of rubber mixture for all production
sites is the preparatory workshop. Preparation of rubber products is made in the preparatory workshop at the
site of the sample, where all the ingredients entering the internal rubber mixer, must be pre-hung in a certain
proportion according to the technological map, since these substances are in a powdery state, and the process
is often only partially sealed and the main weighing is done manually, the elevated content of toxic dust is
determined in the working area. When putting the bags with ingredients and removing them from the scales,
there is considerable physical exertion. Suspended rubber compound materials in certain batches enter the area
internal rubber mixer, in which the internal rubber mixers type (PC250/30; 250/20 and etc.) all rubber mass is
mixed. On rubber mixers, automatic mixing process control is used. When ingredients are loaded into the
nutrient funnels, quite a lot of toxic dust enters the workroom, when the finished mixture is unloaded of rubber
mixes — gases. From the rubber mixers the mixture enters the rollers of the type CM-I1/1-2130 600/600,
located under rubber mixers on which sulfur is rolled into a composition at a temperature of 90 °C. After
mixing (for 8—10 minutes), the quality is checked, cooled in water, then folded, covered with talc in layers and
sent to syringe machines. Harm when rolling is dust, noise from rotors and the effect of heat factor [6, 7]. The
main professional groups of preparatory workshop workers are: hangars, operators of internal rubbers mixers,
rollermen.

The next process chain begins in the form and conveyor-belt shops, separately derived from the prepara-
tory shop. It produced at 60 °C by machine — (HCII-90, MUI'-125; 160) forcing rubber through the profile
head. The cooled profile is laid in spoons. The central part in the chain of preparation of rubber products is the
vulcanization method of formation. Molding — vulcanization on presses [1XI"-6-212/4 (Hungary), 100H/89E
(Czech Republic), steam presses D-4551, by heating the blanks through the walls of the molds, with the result
that the product is given a certain shape. Vulcanization is carried out at a temperature of 180—200 °C under a
pressure of 130—150 atmospheres for a period of time regulated by the flow sheet for the part. At the end of
the vulcanization mode, the finished parts are unloaded from the mold into the boxes and cooled. When vul-
canizing products, toxic substances are an unfavorable factor: high temperature, infrared radiation and physical
exertion. The main professional groups of workers in the conveyor belt and molded workshops are: compres-
sion operators — vulcanizations, roller men, extruding machine operators, calender’s operators, extrusion ma-
chine operators, integrators, transport workers. The final stage of the technological process is the control,
marking and packaging of parts.

Steam and gases of toxic chemicals formed during the rubber production process are complex chemical
multicomponent compounds. They mainly consist of complex organic substances formed during chemical
transformations. So, the composition of vulcanization gases includes more than 150 substances of 5 groups of
chemical compounds: organosulfur — 30 %, aromatic hydrocarbons — 24 %, aldehydes and ketones — 20 %,
hard wax and cyclanes — 16 %, amines — 10 %. The main route of entry into the body of toxic chemicals at
the factory of rubber products is inhalation. They receive: chlorine hydride, manganese oxides and hydrocar-
bons, petroleum benzin, thiuram, captax, mist spray and aniline.

Manganese oxides, coarse and fine aerosols of chromium oxide, sulfur dioxide, hydrogen chloride and
gasoline can penetrate the skin. A significant contribution to the development of intoxication and cumulation
of toxic chemicals is their intake through the mucous membranes of the eyes, upper respiratory tract and the
gastrointestinal tract. Intake of harmful chemicals under production conditions can occur when ingesting dust,
smoking, eating food, etc. Therefore, these toxic chemicals enter the body of the working personnel of the
main occupations of rubber production, mainly in a combined way.

In the available literature there is a large number of diverse works on the assessment of the labor process
and working conditions of rubber production. At the same time, it is of interest and there is a practical need
for a sanitary-hygienic assessment of the working conditions of workers in basic occupations who are in con-
tact with chemical substances of a general toxic and irritant action during production. Considering that the
production of rubber products is based on a multistage intermittent technological process using numerous
chemicals of the second, third and fourth classes of toxicity, and during a work shift, production personnel is
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subjected to fractional and short-term exposure to toxic chemicals working in the rubber industry, sanitary
assessment of working conditions of workers SIC rubber-production professionals.

Methodology

To assess the working conditions of workers in the main occupations of rubber production, the following
sanitary and hygienic studies were conducted: the study of air dustiness by the aspiration-weighting method
with sampling filters ADA-10 electric aspirator [8, 9], gas chromatography method [10], the study of the mi-
croclimate in terms of temperature and relative humidity with an aspiration Assman psychrometer, a spherical
cathetometer and a wing anemometer [11]. There were conducted a research with specialists from the National
Center for Occupational Hygiene and Occupational Diseases of the Ministry of Health of the Republic of
Kazakhstan.

Results and discussion.

The microclimate of the rubber products plant, depending on the season, and the specifics of the techno-
logical process, is subject to sharp fluctuations. Under the influence of unfavorable factors of production such
as overcooling, overheating, significant physical stress, etc. The toxic effect of chemicals used in the rubber
industry [12, 13] increases. The analysis of the microclimate at workplaces in the preparatory and conveyor-
belt shops of rubber production was carried out. The analysis of microclimatic studies, studied in the cold and
warm period of the year, made it possible to establish its dependence on the technological process stage, the
building construction features, and also the temperature conditions of the outside air. It was established that,
depending on the time of year, both the heating microclimate and the cooling microclimate are formed in the
production premises. The studies were conducted at an outdoor air temperature equal to (-8.5 = 0.9) below
zero, on average. Analysis of the microclimatic conditions showed that in the cold season there is a decrease
in air temperature in the preparatory workshop at the hinge section of ingredients, where the average air tem-
perature was 5.0 °C, air humidity was 80 %, and at the rubber mixer section the air temperature was 2.0 °C, air
humidity — 86 %, while the temperature in the conveyor-belt workshop at the workplace of the driver-roller,
the air temperature was 14.0 °C, air humidity — 73 %, the driver-calender air temperature — 15.0 °C, humid-
ity — 70 %, a collector of conveyor belts and a pressman-vulcanizer, the air temperature is 16 °C, the humidity
is 75 %.

During the warm period of the year, the air temperature of the production premises is allowed up to 25 °C
with relative humidity of 30-60 %. The outdoor temperature was 22.8 °C. With a heating microclimate, the air
temperature in the production premises is allowed 3 °C higher than the outside. The average air temperature in
the preparatory workshop at the hinge section was 21.0 °C, the air humidity was 75 %, at the rubber mixer
section the air temperature was 22.4 °C, and the air humidity was 73 %. In the conveyor-belt shop, the air
temperature at workplaces was 23 °C, at a relative humidity of 80 %. It should be noted that the unfavorable
microclimate of the production environment in the conveyor-belt and molded workshops of the plant is due to
the technological features of the vulcanization process. Heat is supplied by a mixed radiation-convective type,
since the surfaces of the molds, vulcanization rubber products are sources of infrared radiation. The tempera-
ture of the surface of the molds during extraction from the molds reaches 160-180 °C, and the temperature of
the molds during recharging is more than 100 °C. All this creates high levels of radiation and causes an unfa-
vorable temperature regime of production.

Thus, the unfavorable microclimate of the production environment in the main workshops is due to the
large area of the premises, not isolated between themselves, both vertically and horizontally, insufficient heat-
ing system power, and also features of the technological process of vulcanization, which contribute to the
formation of adverse temperature conditions at workplaces.

One of the unfavorable production factors at the factory rubber products is the dustiness of the air. The
technological process of production is inevitably associated with dust and gas formation. The formation of
aerosols of disintegration of complex composition in the working area is due to incomplete automation of the
process, the use of manual techniques (rubbing, weighing, screening, backfilling and loading of bulk sub-
stances), the lack of local aspiration in the area of weighing and storing bulk materials. A high concentration
of toxic dust of mixed composition was observed at the moment of loading the ingredients into the rubber
mixer funnel manually. As a result of the research conducted, it was established that in the preparatory work-
shop at the workplace of a hitch weeper the dust of mixed composition is. thiuram — 3.3 mg/Nm? at maximum
allowable concentration — 0.5 mg/Nm?, sulfur — 6.9 mg/Nm® at maximum allowable concentration —
2.0 mg/Nm?, carbon — 14.0 mg/Nm?®, at maximum allowable concentration — 4.0 mg/Nm’, talc —
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5.1 mg/Nm’, at maximum allowable concentration — 4.0 mg/m®. At workplaces of the rubber mixer, the
steamer cabinet was installed an excess of phenol, which amounted to 0.38 mg/Nm? at the maximum permis-
sible concentration is — 0.3 mg/Nm?. The results of sanitary and hygienic studies have shown that the content
of phenol, carbon monoxide, sulfur dioxide, vapors of hydrochloric acid, nitric oxide at workplaces do not
exceed the maximum permissible concentration of harmful substances in the working area air, except for the
workplace of the roller operator a tape shop, where the phenol content is 0.38 mg/Nm?, with a normalized
value 0.3 mg/Nm’.

Conclusions

Thus, the results of the studies showed that the excess of the maximum permissible concentration was
established in the preparatory workshop at the workplace of the driver-rubber mixer (excess of the maximum
permissible concentration of phenol by 1.3 times), hanging weight (exceeding the maximum permissible con-
centration of thiuram more than 6.6, sulfur — 3.5, carbon black — 3.5, talc — 1.3). In the conveyor-belt shop
the excess of the maximum permissible concentration is set at the workplace of the driver-roller (the excess of
the maximum permissible concentration of phenol is more than 1.3). Consequently, a study of the working
conditions of workers in the main occupations of rubber production revealed that the «multifactorial» technol-
ogy and the specifics of technological processes form a complex of unfavorable factors of the working envi-
ronment, of which are mixed dust (thiuram, talc, soot, sulfur, etc.), vulcanization gases (phenol), microclimate.
In this connection, the risk increases not only of general morbidity, but also of pathology on the part of the
respiratory organs, the gastrointestinal tract, the hepatobiliary system, etc.
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TexHUKAJBIK pe3eHKe OHAipiciHaeri Heri3ri KaciOn »KyMbICIIbLIAPABLIH eH0eK
JKaFailiapbl MeH eHOeK YPAICiHiH epeKiIeiKTepin Oaraaay

OnebuerTep/ie TEXHUKAIBIK PE3CHKE OHIPICIHIH KYMBIC JKaF/Iaifbl MeH eHOeK YpAiciH Garanay OOWbIHIIA KO-
TEreH opTYpIi JKyMbicTap keseneceni. COHbIMEH KaTap XUMHSIBIK 3aTTApMEH OHAIPIC NPOLECIHIE MKAaJIIbl
YBITTHI JKOHE TITIPKSHAIPTill SpeKeTTepMeH OaillaHbIC KacalThIH HET13ri KacinTepaeri )KYMBICIIBUIAPIBIH SH-
Oex >kaFaililapblH CAHUTAPIIBIK-TUTHEHANIBIK Oaraayia MPaKTHUKAJIBIK MAaHbI3AbUIBIFbI 30p )KOHE KbI3bIFYILbI-
JBIK TyIbIpajabl. TeXHUKabIK pe3eHKe OyilbIMIapbIHBIH OH/Ipici YBITTBUIBIKTBIH €KiHII, YIIIHIII )KOHE Tep-
TIiHIII KJIacTapbIH/AFbl KOITEreH XUMUSUIBIK 3aTTap/bl MaiiaiaHaThiH KONCAThLIbl Y3UIICCi3 TEXHOMOTHSIIBIK
ypaicke HerizznenreH. JKYMBIC aybICBIMBIH/IA OHIPIC KBI3METKEpIIepi YiIbl 3aTTap IbIH (YPaKIHSIIBIK )KOHE KbIC-
KaMmep3iMJIi ocepiHe YIIBIPaiIbl, COHABIKTAH TEXHUKAIBIK PE3CHKE OHEPKACiOiH e KOJITaHBUIATEIH XUMHUSUIBIK
3aTTap/bIH yJIbI dcepiiepiHiH KoOerol KYMBICTBIH HETi3ri MakcaThl 00BN Tabbutagbl. TeXHHUKAIBIK PE3CHKE
OHIIPiCIHIH HETi3r1 )KYMBICIIBUIAPBIHEIH XKYMBIC YP/iCiH XKoHE )KYMBIC JKaFAaiibIH Oarasay YIIiH ayaHbIH IIaH-
JbUIBIFBIH, MUKPOKJIMMATThI JKOHE CAIbICTHIPMAIIbI bUIFAJIBUIBIFBIH 3€PTTEY JKYPri3ii. 3epTTey HoTHKeCiH e
TEXHHUKAJIBIK PE3CHKE OHIM/Iepi 3aybITHIHIAAFbl KOJANHChI3 OHAIPICTIK (hakTopiap OGOJIBI IIaH, ayaHbIH JacTa-
HYBI, CybIIT KETY, KbI3bII KETY JKOHE a3/iaraH (hM3MKAJIbIK KEPHEY TaObLIa/Ibl.

Kinm ce30ep: TeXHUKaIIBIK PE3CHKE OHIPici, TEXHOJIOTHSIIBIK YPIICTEp, yJIbl XUMHUKATTAp, [IAHHbIH Haiina 00-
JIyBl, Ta3]IbIH Taiia GOIIyHL.

A.M. PaxmeroBa, I'.K. Anmsia6exoBa, I'.A. TycynbekoBa

Oco0eHHOCTH TPYI0BOI0 NMpoIecca U OLEHKA YCJI0BHUIl TPyaa padouux
OCHOBHBIX NpodeccHil Pe3HHOTEXHUYECKOI0 MPOU3BOIACTBA

B nurepartype nMeercs 60Jb110€ KOTUYECTBO PA3HOIIIAHOBBIX pabOT 10 OIL[EHKE TPYJOBOTO MPOIECCca U YCIIOo-
BUH TpyJa Pe3MHOTEXHUYIECKOTO Mpou3BoACTBa. IIpeacTaBisieT MHTEpeC U CyIIECTBYET MpaKTUUECcKas HE0O-
XOJMMOCTb CAHUTAPHO-TMTHEHUYECKOM OLCHKH YCIOBHIT Tpyia pabOuMX OCHOBHBIX MPO(ECCHH, KOHTAKTHPY-
IOMUX B MPOIIECCe IPOU3BOACTBA ¢ XUMHUYECKIMU BEIIECTBAMH OOIMIETOKCHYIECKOTO M pa3/pakaromero aeii-
cTBHUS. B 0CHOBE MPON3BOACTBA PE3MHOTEXHUIECKUX M3IEIHH JIEKUT MHOTOCTAANITHBIN NPEPBIBUCTHIA TEXHO-
JIOTUYECKHUI TIPOIECC C MCIOJIB30BAHNEM MHOTOUYHCICHHBIX XMMUYECKUX BEIECTB BTOPOTO, TPETHETO U UeT-
BEPTOTO KJIACCOB TOKCHYHOCTH. 3a PaboUylo CMEHy IPOM3BOACTBEHHBII IIepCOHAN IoBepraercs (Gppakiuon-
HOMY U KpPaTKOBPEMEHHOMY BO3JIEHCTBUIO TOKCHYECKHX BEILECTB, CIE0BATENBLHO, YCUINBAETCS TOKCUIECKOE
BO3/JIEHCTBUE XMMHYECKHX BEIIECTB, IPHMEHAEMbIX B PE3MHOTEXHHYECKOH NMPOMBIIIIEHHOCTH Ha paboTaro-
MUX, YTO U SABUJIOCH LIENBIO UCCIIEA0BAaHMsA. J{JIst OIIEHKH TPyI0BOTO MpoIiecca U yCIOBHI Tpyaa pabouux oc-
HOBHBIX Ipodeccuii pe3HHOTEXHUUECKOTO TPOM3BOJACTBA MPOBOIUINCH M3yUeHHE 3albUIEHHOCTH BO3/yXa,
MHKPOKJINMATa, OTHOCUTENILHON BIIAKHOCTH. B pe3ynbraTe NpoBEeJEHHBIX HCCIECAOBAHUN YCTAaHOBIEHO, UYTO
HeOJIaronpusTHBIMY IIPOM3BOICTBEHHBIMH (haKTOPAMH Ha 3aBOJIC PE3MHOTEXHUUECKUX M3JIEIHH SIBIIOTCS 3a-
MIBUICHHOCTD, 3ara30BaHHOCTH BO3/yXa, IEPEOXJIaX/IeHNUE, IePerpeB 1 3HAUUTEIbHOE (hPU3MIECKOe HaINpsDKe-
HYE.

Kniouesvie cnosa: pe3sHHOTEXHUYECKOE MMPOU3BOJICTBO, TEXHOJOTHYECKHIIA TPOIIECC, TOKCHYHBIC XHMUYECKHE
BEILIECTBA, MblIe0Opa3oBaHue, ra3000pa3oBaHue.
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