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In the Directive 98/24/EC - risks related to chemical agents 
at work, leading factors were defined in working conditions 
in industrial and non-industrial sectors that impact employees’ 
health and harmful physical and chemical agents in their sur-
roundings (noise, vibration, electromagnetic radiation, chemical 
substances, etc.) [8,12,13].

Creating safe work environment is a priority for Georgia, as 
well as other countries [1,2,6,7,16,17,20,21]. WHO identified 6 
compounds that have the most effect on air pollution and therefore 
on human health, weighted solid particles (PM), Sulphur Dioxide 
(SO2), Nitrogen dioxide (NO2), Carbon monoxide (CO), Tropo-
spheric ozone (O3), and lead [19,20].

Nowadays, the priority of modern occupational medicine re-
search is to identify the health effects of employees, the devel-
opment of which is associated with the action of a complex of 
relatively low-intensity production factors, characterized by the 
decreased functional activity of the body and disruption of ad-
aptation mechanisms.

Unfavorable parameters of working environment factors, as 
well as long-term and multiple effects on the body of the la-
bor process cause straining of the body’s adaptive mechanisms, 
changing and/or disrupting homeostatic parameters; develop the 
pre-nosological condition and pathological processes and, con-
sequently, affect body activity and labor productivity. 

Despite the fact, that many aspects of the working environ-
ment have been widely studied and related health risk factors 
also have been analyzed, an important area of ​​employment deal-
ing with the operation of urban and motor vehicles, in general, 
has been reviewed insufficiently. This circumstance has become 
especially relevant today, when a large part of the population 
of the country-side is concentrated in the capital, which, conse-
quently, leads to an increase in the role of intercity transport, on 
the one hand, due to its mass use and on the other hand due to 
the increase in the number of people employed.

In modern megacities, including Tbilisi, motor transport is 
the leading form of intercity and long-distance transportation 
and, therefore, it is important. Transport is a major contributor 
to employees’ health conditions [9,14,15,16], as well as a strong 
influencer on the population’s social living conditions and ecology. 
Therefore, it’s an important player among other factors that regulate 
Social Health [18,23,25].

Information regarding the heath conditions of individuals em-
ployed in the municipal transporting sector is scarce, and can 
not be easily applied when discussing the working conditions of 
people working on city transport in Tbilisi, because of the city’s 
geographical peculiarities, unique climate, and pollution levels 
in the surrounding environment [9,10,8,14].

 Identifying hygienic parameters of both the working and pub-
lic environment of modern municipal transport ensures ecologi-
cal safety of human health [7,10,15,22,24].

The factors that most impact employees during the working 
process are the levels of dust and toxic gases in the ear, they can 
induce occupational pathology caused by industrial air pollu-
tion but also contribute to other illnesses and affect a person’s 
general ability to work.

The study aimed to observe the working conditions of indi-
viduals working on municipal transport, check the levels of dust 
and toxicity, and review from the hygienic point of view.

Material and methods. The levels of dust and chemical pol-
lutants in the working environment of Tbilisi municipal trans-
port workers were examined. Methods used in hygienic practice 
were applied to analyze air samples.  In particular, for gravimet-
ric determination of air pollutants, air samples were taken using 
electric aspirators and analytical aerosol filters.

In total, 108 tests were conducted to measure the concentra-
tion of dust in the air. 200 samples were collected with air ana-
lyzers (Elan CO/NO2, MiniRae2000, WASP XM-E-HCl, WASP 
XM-E-SO2). 

Toxic gas concentrations have been analyzed. Concentrations of 
carbon monoxide, nitrogen dioxide, sulfur dioxide, hydrogen chlo-
ride, all hydrocarbons have been studied. The inspection was car-
ried out in the city at the workplace of the drivers of the old (I) and 
new (II) model (type) buses with different operating characteris-
tics and technical conditions - in the drivers’ cabins and car service 
workshops, at 13:00, a total of 108 samples of dust content in the 
air, and 200 samples of various toxic substance content.

Normative documents were used to define toxicity levels in 
collected samples [4,5]. Data were analyzed using various sta-
tistical methods. 

The arithmetic mean values and their margin of errors have 
been calculated; The reliability of the difference between the 
comparable values was assessed by the student’s reliability co-
efficient (t, P).

Results and discussion. The toxicity levels in the surround-
ing environment of the municipal motor vehicle drivers, as well 
as technicians (welders, electricians, turners, tinsmiths, electric 
arc welders). 

It was established that the toxicity of the air in the municipal 
transports and technical service establishments fluctuates be-
tween certain levels. 

The highest dust levels were found in the working zone of the 
driver, with dust levels twice accepted levels (table 1). Work-
ing conditions at this specific zone were identified as 3.1 class. 
Workplaces in different service stations were also classified in 
the same group, with dust levels 1.6 times higher than normal. In 
total 5 workplaces were given level 3.1 classification. 

 According to the hygienic criteria, working conditions are 
divided into 4 classes: optimal, permissible, harmful, and dan-
gerous. Harmful working conditions (3 classes) - are character-
ized by the presence of harmful production factors that exceed 
hygienic norms and adversely affect an employee or employee’s, 
descendants. Harmful conditions are divided into 4 degrees of 
harm according to the degree of excess of hygienic norms and 
the expression of changes in the body of employees: 3.1; 3.2; 
3.3 and 3.4) (6). However, type II vehicles are characterized by 
much better performance (t-3.23, P <0.001), although in this 
case, too, there are higher concentrations than PCL (permitted 
concentration limits).

Only the workplace of a tinsmith was classified as a level 2 
acceptable hazard.
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Table 1. Dust levels in municipal transport and motor vehicle servicing facilities (mg/m3)

Workplace Max Value Min Value Average 
Value ±m ±σ

permitted 
concentration 
limits (PCL)

 X times 
Over PCL Classification

Bus (I type) 59 40 50.71 3.24 8.577 25 2.03 3.1

Bus (II type) 51 28 36.22 2.64 7.92 25 1.44 3.1

Service Facility 12.6 6.5 9.7 0.4 1.7 6 1.6 3.1

Table 2 The concentration of toxic chemicals in the air of municipal transport (bus) 
and motor vehicle servicing facilities (mg/m3)

Workplace Chemi-
cal

Dan-
ger 

Class

Max 
Value

Min 
Value

Aver-
age 

Value
±m ±σ

Permitted 
concentration 
limits (PCL)

X times Over 
permitted 

concentration 
limits

Hazard 
Class

Drivers Cabin

CO 4 6.73 1.13 3.7 4.972 2.019 20 - 2
NO2 3 0.186 0.029 0.093 0.149 0.06 2.0 - 2
SO2 3 0.11 0.01 0.029 0.094 0.038 1.0 - 2
HCl 2 0.04 0.01 0.016 0.078 0.032 5.0 - 2

Cn Hm 4 0.2 0.1 0.126 0.120 0.049 300 - 2

Welding shop 
Electric weld-
ing

CO 4 28.5 18.4 25 1.0 3.1 20 1.3 3.1
NO2 3 0.022 0.008 0.013 0.003 0.006 2.0 - 2
SO2 3 0.069 0.009 0.039 0.012 0.37 1.0 - 2
HCl 2 5.3 0.8 2.3 0.8 1.8 5.0 - 2

Cn Hm 4 0.25 0.08 0.13 0.01 0.05 300 - 2

Electric 
arc welding

CO 4 45.5 18.8 30 4.4 10.6 20 1.5 3.1
NO2 3 9.0 4.0 7.0 1.06 3.18 2.0 3.5 3.2
SO2 3 0.43 0.12 0.26 0.04 0.1 1.0 - 2
HCl 2 0.11 0.01 0.032 0.012 0.04 5.0 - 2

Cn Hm 4 320 120 200.5 33.0 79.1 300 - 2

Repair of 
radiators, 
soldering

CO 4 28.4 18.5 20.5 1.6 3.9 20 - 2
NO2 3 0.02 0.01 0.013 0.002 0.004 2.0 - 2
SO2 3 0.25 0.08 0.13 0.01 0.05 1.0 - 2
HCl 2 2 0.5 1 0.24 0.71 5.0 - 2

Cn Hm 4 85.0 38.0 60.0 4.1 14.4 300 - 2

Car battery 
servise station, 
mechanic

CO 4 18.5 5.5 10.0 2.1 5.1 20 - 2
NO2 3 0.4 0.18 0.23 2.0 - 2
SO2 3 0.2 0.1 0.12 0.01 0.03 1.0 - 2
HCl 2 <0.01 <0.01 - - - 5.0 - 2

Mechanical 
service station, 
Turner

CO 4 18.5 5.8 10.4 0.8 3.5 20 - 2
NO2 3 0.2 0.1 0.12 0.011 0.034 2.0 - 2
SO2 3 0.05 0.02 0.27 0.004 0.01 1.0 - 2
HCl 2 <0.01 trace - - - 5.0 -

Cn Hm 4 93.5 58.3 75.0 5.8 13.9 300 - 2

Tin-shop, 
Tinsmith

CO 4 24.5 12.5 16.0 1.1 3.7 20 - 2
NO2 3 0.38 0.11 0.23 0.08 0.1 2.0 - 2
SO2 3 0.02 0.01 0.013 0.002 0.004 1.0 - 2
HCl 2 <0.01 trace - - - 5.0 - 2

Cn Hm 4 0.43 0.12 0.26 0.04 0.1 300 - 2
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The study showed that different workplace environments have 
their specificities (Table 2).

The concentration of toxic agents was within acceptable pa-
rameters in most cases inspected. A few workplaces were dis-
tinguished as class 3. It should be noted that no class 3.3 or 3.4 
hazard class workplaces were found during research. 

From 6 workplaces inspected in motor vehicle service facili-
ties only the working zone of the welder contained above ac-
ceptable levels of toxic chemicals in the air (hazard 3 class). 
Other zones had chemical toxicity levels within acceptable pa-
rameters and therefore were attributed as level 2 hazard class.

The research established that motor exhaust contains high 
levels of Sulfur Dioxide and Nitrogen Oxides and exposure to 
which increases the risk of coronary diseases [11,16]. Our study 
partially confirmed the research results of Limasset, Diebold da 
Hubert [10], investigating working conditions of a municipal 
vehicle driver in two major French cities and confirming that 
toxicity levels were within acceptable parameters.

We state, that even if the concentration of dust and toxic 
chemicals in the environment of municipal transport employ-
ees is lower than acceptable levels, long-time exposure to these 
agents affects the health of individuals and may cause subclini-
cal health effects, even if the disease does not fully manifest. The 
effects will further increase because of the high-stress environ-
ment that is characteristic of this profession.

These effects should be taken into consideration when plan-
ning regular medical examinations and rejuvenating procedures 
for the employees.

Study results will serve as a basis for formulating directives 
on working conditions of municipal transport workers. 
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SUMMARY

HYGIENIC ASSESSMENT OF WORKPLACE ENVI-
RONMENTAL AIR POLLUTION OF TBILISI CITY MU-
NICIPAL TRANSPORT AND THEIR SERVICES

1Japharidze S., 2Kvachadze I., 1Tsimakuridze Mar., 
1Tsimakuridze M., 3Arabidze M.
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The study aim was to observe the working conditions of in-
dividuals working on municipal transport, check the levels of 
dust and toxicity, and review from the hygienic point of view. 
The levels of dust and chemical pollutants in the working envi-
ronment of Tbilisi municipal transport workers were examined. 
Methods used in hygienic practice were applied to analyze air 
samples. test in total was conducted to measure the concentra-
tion of dust in the air and samples were collected with air ana-
lyzers. The toxicity levels in the surrounding environment of the 
municipal motor vehicle drivers, as well as technicians (welders, 
electricians, turners, tinsmiths, electric arc welding). 

It was established that the toxicity of the air in the municipal 
transports and technical service establishments fluctuates be-
tween certain levels. 

The highest dust levels were found in the working zone of the 
driver, with dust levels twice accepted levels. Working condi-
tions at this specific zone were identified as 3.1 class. Workplac-
es in different service stations were also classified in the same 
group, with dust levels 1.6 times higher than normal. In total 5 
workplaces were given level 3.1 classification. Only the work-
place of a tinsmith was classified as a level 2 acceptable hazard.

The concentration of dust and toxic chemicals in the environ-
ment of municipal transport employees is lower than acceptable 
levels, but long-time exposure to these agents affects the health 
of individuals and may cause subclinical health effects, even if 
the disease does not fully manifest.

These effects should be taken into consideration when plan-
ning regular medical examinations and rejuvenating procedures 
for the employees.

Keywords: dust and chemical pollutants, Tbilisi municipal 
transport workers.

РЕЗЮМЕ

ГИГИЕНИЧЕСКАЯ ОЦЕНКА ЗАГРЯЗНЕНИЯ ВОЗДУ-
ХА РАБОЧЕЙ СРЕДЫ СЛУЖАЩИХ, ЗАНЯТЫХ НА 
ТБИЛИССКОМ ГОРОДСКОМ ТРАНСПОРТЕ И НА 
МЕСТАХ ЕГО ОБСЛУЖИВАНИЯ

1Джапаридзе С.А.,2 Квачадзе И.Д., 1Цимакуридзе Мар.П., 
1Цимакуридзе М.П., 3Арабидзе М.А.

Тбилисский государственный медицинский университет, 
1департамент здоровья среды и профессиональной меди-
цины, 2департамент физиологии; 3НИИ гигиены труда и 
экологии, Тбилиси, Грузия

Создание безопасной для здоровья среды весьма акту-
ально для Грузии, как и для других стран мира. Определение 

гигиенических параметров современного муниципального 
транспорта в плане как рабочей, так и общественной среды 
обеспечивает экологическую безопасность здоровья человека.

В течение рабочего процесса в комплексе профессиональ-
ных риск-факторов, действующих на организм, ведущими 
являются наличие, концентрация пыли и токсических газов 
в воздухе, что подразумевает не только риск развития про-
фессиональной патологии, но и является способствующим 
фактором общей заболеваемости и влияет на работоспособ-
ность занятого персонала.

Целью исследования явилась гигиеническая оценка за-
грязнения воздуха рабочей среды служащих, занятых на 
Тбилисском городском транспорте и на местах его обслу-
живания (цех). 

В рабочей среде муниципального транспорта исследова-
но наличие пыли и химических веществ в воздухе рабочей 
зоны. Анализ проб воздуха осуществлялся апробированны-
ми в гигиенической практике соответствующими методами.

Наличие пыли и химических веществ в воздухе изучено 
на рабочих местах водителей и обслуживающего персонала 
по разным профессиям в автомастерских цехах. 

Результаты исследования показали, что самый высокий 
уровень пыли выявлен в воздухе рабочей зоны водителей, 
где условия труда оценены как класс 3.1 вредности. Условия 
на различных участках автомастерских цехов по уровню 
концентрации пыли в воздухе оценены как класс 3.1 вред-
ности условий труда. По изученным показателям и по ус-
реднённым величинам класс 3.3 и тем более, класс 3.4 вред-
ности условий труда не выявлены.

Результаты исследования могут послужить основой для 
разработки превентивных мероприятий по оздоровлению 
состояния рабочей среды.

reziume

Tbilisis saqalaqo transportsa da mis momsa-
xurebaze dasaqmebulTaAsamuSao garemos haeris 
dabinZurebis higienuri Sefaseba

1s.jafariZe, 2i.kvaWaZe, 1mar.cimakuriZe, 1m.cimakuriZe, 
3m.arabiZe 

Tbilisis saxelmwifo samedicino universiteti, 
1garemos janmrTelobis da profesiuli medici-
nis departamenti, 2fiziologiis departamenti; 
3Sromis medicinisa da ekologiis samecniero 
kvleviTi instituti, Tbilisi, saqarTvelo

adamianis janmrTelobisTvis usafrTxo gare-
mos uzrunvelyofa saqarTvelosTvis, iseve, ro-
gorc msoflios sxva qveynebisTvis, Zalze aqtua-
luria. Tanamedrove municipaluri transportis 
higienuri parametrebis dadgena rogorc samuSao, 
ise sazogadoebrivi garemos TvalsazrisiT uz-
runvelyofs adamianis janmrTelobis ekologiur 
usafrTxoebas.
SromiTi procesis dros dasaqmebulis orga-

nizmze moqmed profesiul faqtorTa kompleqsSi 
wamyvania haerSi mtvrisa da toqsikuri airebis 
Semcveloba, rac warmoadgens aramarto profesi-
uli mtvrismieri paTologiis ganviTarebis risks, 
aramed saerTo avadobis xelSemwyob faqtors, rac 
gavlenas axdens momuSaveTa Sromisunarianobaze. 
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kvlevis mizans warmoadgenda Tbilisis saqalaqo 
transportze da mis momsaxurebaze dasaqmebulTa sa-
muSao garemos haeris mtvriTa da toqsikuri airebiT 
dabinZurebis mdgomareobis higienuri Sefaseba.
Tbilisis municipaluri transportis samuSao 

garemoSi Seswavlilia mtvris da qimiuri niv-
Tierebebis Semcveloba samuSao zonis haerSi. 
haeris nimuSebis analizisTvis gamoyenebulia 
higienur praqtikaSi aprobirebuli Sesabamisi 
meTodebi. mtvris da toqsikuri nivTierebebis 
Semcveloba haerSi gamokvleulia rogorc av-
totransportze dasaqmebulTa (mZRolebi), aseve, 
saSemkeTeblo saamqroebSi sxvadasxva profesiiT 
momuSaveTa samuSao adgilebze.

Catarebuli kvlevis Sedegad mtveris yvelaze 
maRali done dafiqsirda mZRolis samuSao zo-
nis haerSi; mocemul samuSao adgilze Sromis 
pirobebi Sefasda, rogorc mavneobis 3.1 klasi. piro-
bebi saSemkeTeblo saamqros sxvadasxva ubanze, 
haerSi mtveris koncentraciis donis mixedviT, 
Sefasda Sromis pirobebis mavneobis 3.1 klasiT. 
Seswavlili maCveneblebis mixedviT, saSualo 
sidideebiT, Sromis pirobebis mavneobis 3.3 da, 
miT ufro - 3.4  klasi ar gamovlenila.
kvlevis Sedegebi safuZvlad SesaZloa dae-

dos samuSao garemos mdgomareobis gajan-
saRebisken mimarTuli prevenciuli RonisZie-
bebis SemuSavebas.
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Bromelain is a proteolytic enzyme found in almost all parts of 
the Pineapple plant (Ananas comosus L. Merr.) including the stems, 
fruits and leaves, from which the stem and fruit contain the highest 
concentrations of enzyme. It is a mixture of different thiol endo-
peptidases and other components like phosphatases, glucosidase, 
peroxidases, cellulases, glycoproteins, carbohydrates, and several 
protease inhibitors. Bromelain has been categorized as stem brome-
lain (EC. 3.4.22.32) and fruit bromelain (EC.3.4.22.33) based on its 
source. The molecular weight of stem and fruit bromelain is 23.8 
kDa and 33 kDa respectively [16].

Clinical studies have shown that bromelain may help in the 
treatment of several disorders. An in silico and in vitro study of 
the bromelain-phytochemical complex inhibition of phospholi-
pase A2 has shown that bromelain possesses anti-inflammatory 
properties [20]. A combination of bromelain, trypsin, and rutin 
was compared to diclofenac in patients with osteoarthritis of the 
knee by Akhtar N. et al (2004). After six weeks, both treatments 
resulted in significant and similar reduction in the pain and in-
flammation [4]. Clinical trials have shown that oral bromelain 
(500 mg/day) can be effective in the reduction of pain at the 
donor site after FGG and may also enhance wound healing [19].

The antioxidant activity of crude bromelain was shown by Sap-
tarini N. et al. [18]. Bromelain prevents or minimizes the severity of 
angina pectoris and transient ischemic attack (TIA). It is useful in 
the prevention and treatment of thrombophlebitis [13].

Pillai K. et al. [15] have studied anticancer properties of bro-
melain with therapeutic potential against malignant peritoneal 
mesothelioma. This work has revealed that the activity of che-
motherapeutic drugs in combination with romelain is enhanced. 
Romano et al. [17] investigated the possible antiproliferative/
proapoptotic effects of bromelain in a human colorectal carci-
noma cell line and its potential chemo-preventive effect on co-

lon cancer. In addition, bromelain improves the absorption of 
antibiotics [16].

Proteolytic enzyme can be used to avoid this problem. Chemi-
cal modification of the protein molecules increases their stabil-
ity [5] while decreasing antigenic, immunogenic and allergic 
effects. After chemical modifications of peanut proteins their 
allergenic potency was decreased as shown by [6].

Few studies have been published on modification of bro-
melain and previous work has only focused on changing the 
physical and chemical properties. Initial work in this field was 
published in 1975. Ota S. et al., carried out chemical modifica-
tion of stem and fruit bromelain with 2-hydroxy-5-nitrobenzyl 
bromide, tetranitromethane, and hydrogen peroxide [14]. In 
another research the authors tried to obtain linear cross-linking 
of bromelain molecules. Modification was carried out with a 
bifunctional compound - glutaraldehyde (GTA), which reacts 
with the free amine groups of lysine. The degrees of covalent 
modification were 43% and 61%. Proteolytic activity was not 
changed and modified bromelain was more stable under heating 
[7]. Gupta P. and Saleemuddin M. [8] successfully performed 
oriented immobilization of stem bromelain via lone histidine on 
metal affinity support. In another study chemical modification of 
bromelain was carried out by using two reagents - Pyromellitic 
anhydride acid and Poly (maleic anhydride). The modification 
enhanced the stability and the optimum pH value shifted to-
wards the alkaline. The thermal stability and the resistance to 
alkali and surfactants were increased by acylating the free amine 
groups of lysine [21].

Many water-soluble polymers are used for the chemical modi-
fication of enzymes. One such polymer is dextran. Dextran is 
a polysaccharide formed by poly-α-D-glucosides of microbial 
origin having glycosidic bonds predominantly C-1→C-6, as de-


