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SUMMARY

The Protocol on Ozone Depleting Substances (ODS) was signed in 1987 in Montreal. The main goal of the
protocol is the international consensus and action regarding the drastic decrease of production and use
of these substances, which results in increased UV radiation and consequently has a negative impact on
human health and ecosystem. Besides the review of the “legal and technical”implementation of the pro-
tocol until now and the withdrawal of ODS from use, this paper specially stresses the analysis of available
research results regarding the positive impact on health, in correlation with the implementation of the
Montreal Protocol (MP). Due to the results of the thirty-year-long use until now, the MP is referred to as
one of the most successful international agreements, not only in the field of environmental protection,
but also in the field of human health protection in relation to it, within a certain context. Besides the
reduced negative impact of ultraviolet radiation (UV) to the ecosystem and people, we are also facing a
reduced occurring trend of skin cancer, cataracts, and immune system diseases worldwide. Without the
MP and its implementation, millions of people would have died because of UV radiation and the previ-
ously mentioned diseases. The treatment costs and the pressure to the health system in all the countries

Received - MpumbeHo:
March 20,2019

Revised - PeBusnja:
April 24,2019

Accepted - MpuxeaheHo:

April 25,2019
Online first: May 15,2019

Correspondence to:

Porde JOVANOVIC
Faculty of Engineering
Management

Bulevar vojvode Misic¢a 43
Belgrade 11000, Serbia
jovdjor@gmail.com

worldwide would have enormously increased because of that.
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INTRODUCTION

Wishing to improve the quality of life by eco-
nomic growth and development, the humanity
constantly changes their relation towards natu-
ral, economic, and social surroundings. Lately,
the conscience regarding the impact of the sur-
roundings to the health and environment is in-
creasing. The information on environment, and
as a consequence, the impact to the living world
and man (human health), as well as the society
in general, represents one of the most recent
heritages that resulted from democratization of
the contemporary world, and that is consisted
within the Aarhus Convention [1, 2].

DAMAGE TO THE OZONE LAYER AND THE
CONSEQUENCES TO THE ECOSYSTEM
AND HUMAN HEALTH

Human society depends on complex relations
between people and the environment [3]. The
ozone layer protects the entire living system of
our planet from harmful ultraviolet radiation
(UV-B and UV-C) sunrays. The new scientific
findings from 1970s have determined that ha-
logenated hydrocarbons (commercially known
as freons), due to their chemical features, sig-
nificantly damage the ozone layer.

The Earth’s ozone layer is mainly significant
for the protection of life on our planet. If intact,
it can prevent 97-99% of the Sun’s ultraviolet

radiation (UV). Living tissues of organisms liv-
ing on dry lands would be extremely damaged
by the Sun’s UV if the majority of rays were
not absorbed by the Earth’s atmosphere, and
especially the ozone layer [4]. Given that the
UV is considered the main cause of skin cancer,
cataracts, and some immune system diseases,
measuring the entire atmospheric ozone has
become a daily practice [5, 6, 7].

Ozone depleting substances (ODS) and oth-
er greenhouse gasses, when emitted into the
atmosphere, significantly impact the ozone lay-
er depletion by reacting with ozone molecules
(O,), as presented in Figures 1 and 2.

In comparison to pre-industrialization
times, the concentration of carbon dioxide,
methane, and nitrogen oxide has doubled in the
atmosphere [8]. In the end of the 19th century,
a long time after Svante August Arrhenius has
proven the greenhouse effect, its overall conse-
quences were covered with a veil of ignorance.
Until the 1980s, the issue of the ozone layer was
out of the focus of scientists and the wider pub-
lic [9]. In 1985, the British scientist Joe Farman
discovered the ozone “hole” over the Antarctica
[10]. It was proven that, at a concentration of 80
ppb, the atmospheric ozone has an especially
harmful impact on human health and the en-
tire living world in general. This was especially
stressed regarding the urban living conditions,
since the diseases occurrence caused by this
phenomenon is constantly increasing, thus hav-
ing an impact on the general public health and
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the health system [11]. The increase in number of pollution
sources has driven the attention towards the mechanisms
and activities against the most common air polluters [12].

THE MONTREAL PROTOCOL AS THE
INTERNATIONAL COMMUNITY RESPONSE

International conventions are definitely the most signifi-
cant mechanisms in the fight for the environment protec-
tion, and thus preservation of human health and biodiver-
sity [13, 14]. The International Law on the Environment
and a great number of international agreements contain
regulations that, in a different way and on a different level,
stress the impact of the environment to human health [15,
16]. The Protocol on ODS was signed in 1987 in Montreal
(after eight years of negotiations between 197 states), with
the help of the United Nations Environment Programme.
Since 2004, the MP has also been in motion, with all the
following by-laws [17, 18].

The MP identifies the main substances that are deplet-
ing the ozone layer and adopts specific restrictions regard-
ing their production and consumption in future, as well
as the traffic of 96 different chemicals that are known to
have a depleting effect on the ozone layer and that are di-
vided into annexes A to E. Each of these annexes is divided
into several groups of similar substances. Since being set
in motion in 1989, hand-in-hand with the Vienna Con-
vention for the Protection of the Ozone Layer, the MP is
considered as one of the most successful agreements in the
field of environment protection [19]. The measurements
of the NASAT satellite instruments of the Jet Propulsion
Laboratory in Pasadena, California, have shown that, for
the first time, the levels of chlorine, which depletes the
ozone layer, are dropping, leading to reduction of ozone
depletion [20] (Figure 3).

Chlorofluorocarbons (CFC compounds) were unknown
until 1930, and until recently, they were massively used
in cooling devices, air-conditioning, sprays (propellants
in aerosols) and in industrial facilities [21, 22]. The MP
was initially dedicated only to chemicals that were identi-
fied as ozone-depleting chemicals at that moment [23].
Shortly after the adoption of the MP emerged the need for
its evolution in order to have it respond to the changes in
science regarding the ozone and the climate, as well as the
demands of parties and industries using the ODS and their
alternatives, including hydrofluorocarbon (HEC) [24, 25].

The change in the projection of future wealth, the num-
ber of habitants of certain countries and their technological
agility, has led to increased demands for HFC [26]. The
danger emerging from HFC has increased with the boom
of air conditioning and refrigerators market within the
fast-growing economies such as China and India [27]. New
scientific knowledge and findings have conditioned further
development and improvement of the MP, in accordance
with the current global situation and trends, through five
amendments to the Protocol: London (1990), Copenhagen
(1992), Montreal (1997), Beijing (1999) and Kigali (2016)
[28]. Until now, the Kigali Amendment was ratified by 70
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Figure 1. Relationship between the ozone depleting substances (ODS)
and other greenhouse gases [6]

Change in ozone column at 45N

| T S e e R e S e i e
3
|
j
i
i
]
4

| i

335 | — At: Baseline E

S . A2: Zero emissions i
= =+ A3 Maximum prduCllDﬂ§

- | TP TS ol S sartn S o

1980 2010 2040
Year

ded

355

Ozone column (DU)

i S -

2070

2100

Figure 2. Change of the quantity of ozone expressed in Dobson units
(DU) from 1980, with a projection for the future [7]
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Figure 3. Reduction of ozone depleting substances in the European
Union [21]
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countries [29]. The countries that have ratified the Kigali
Amendment have committed themselves to reduce the
production and consumption of the HFC by over 80%
within the following 30 years [30, 31]. With the Kigali
Amendment, it was agreed that the developed countries,
including European countries, should gradually reduce the
use of HFC by 2035 by 15%, in comparison to the baseline
values from the period of 2011-2013. The observations
show that the quantity of HFC within the atmosphere is
increasing [32]. Because of that, the main goal of the MP
was set to be the reduction of consumption and emission
of the HFC with high Global Warming Potential (GWP)
by using alternatives containing low GWP.

IMPLEMENTATION OF THE MONTREAL PROTOCOL
AND THE POSITIVE EFFECTS TO HEALTH OF PEOPLE
AND THE ENVIRONMENT

The MP was signed more than 30 years ago. According to
the UN data and MP measures. Two million people are
less likely to suffer from skin cancer annually, in compari-
son to the previous period, and this shall save the global
economy more than two billion dollars by 2050 [33]. The
increased rate of occurrence of skin cancer, cataracts, and
blindness is a direct consequence of depletion of the ozone
layer [9]. It is estimated that by the year of 2100, the stipu-
lated MP measures shall have aided the prevention of 283
million skin cancer cases (including 8.3 million cases of
melanoma) and 46 million cases of cataracts, as well as
1.6 million of deaths from skin cancer [28]. The Sun’s UV
radiation is a proven human carcinogen that causes skin
melanoma. Skin cancer is nowadays the most common
and the fastest developing disease [5].

Numerous epidemiological researches show that out-
door workers are exposed to a significantly greater risk
from developing all types of skin cancer [34]. The results
of a Romanian study showed that patients suffering from
basal cell carcinoma were occupationally exposed to UV
radiation [35]. In the Republic of Serbia (RS), the occur-
rence and number of skin cancer cases has been increas-
ing lately, along with other forms of cancers, but also the
methods for their detection are becoming increasingly suc-
cessful [36, 37, 38]. The Rulebook on Determination of
Occupational Diseases (Official Gazette of the Republic of
Serbia, no. 105/03) determines occupational diseases and
workplaces, that is, jobs during which such diseases occur,
as well as the conditions under which the said disease shall
be regarded as an occupational disease.

Various research has shown that UV increases the like-
lihood of developing certain types of cataracts. Although
curable with modern eye surgery, cataracts diminish the eye-
sight of millions of Americans, and costs billions of dollars
in medical care each year. Other kinds of eye damage include
pterygium (tissue growth that can block vision), skin cancer
around the eyes, and degeneration of the macula [39]. For
decades, the human eye has been subjected to ambient ra-
diation, and the full spectre of sunrays contains wavelengths
of a significant damaging potential. It is hard to determine
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EFFECTS OF THE MONTREAL PROTOCOL
AMENDMENT AND THEIR PHASE-OUT SCHEDULES
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Figure 4. Effects of the Montreal Protocol Amendment [42]

the ocular dose of photodynamic damage to human lenses
caused by the UV light. That is a cumulative dose of effects
during a long period of exposure [40]. The most common
damage to human lenses is a consequence of cumulative
effect of sunlight spectrum, to which it is exposed during
the lifespan [39]. About 50 million people worldwide suf-
fer from cataracts [41]. The UV also reduces effectiveness
of the immune system through the change in activities and
distribution of cells responsible for initiation of immuno-
logical reactions [42]. “One American dies from skin cancer
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every hour. Unprotected exposure to UV radiation is the
most preventable risk factor for skin cancer” [43] (Figure 4).

In its newest report regarding the 30 years of the MP
application, American EPA stated that this internationally
accepted contract prevented the development of more than
45 million of cataracts cases among Americans, reduced
skin cancer cases among 280 million of people and saved
about 1.6 million of lives in the USA [44]. The result of
that was that the healthcare fund was reduced by 4.2 tril-
lion of dollars.

COMMENT

The implementation of the MP (during the previous 30 years)
has contributed to numerous benefits, most notably in the
field of ecology, but also in the field of public health. The ef-
forts for the protection of stratospheric ozone shall result in
saving 4.2 trillion dollars in the field of social security within
the US during the period 1990-2165, and thus it shall prevent
an estimated 6.3 million of deaths caused by skin cancer [44].

In the RS, this refers to the widest population, and espe-
cially the vulnerable target groups, which are: the youngest
age group, youth, beach and pool visitors, and outdoor
workers that are exposed to UV radiation on a daily basis.
This especially refers to the population category within the
RS that is exposed to UV radiation due to their occupation
(construction workers, farmers, etc.) or their lifestyle. It is
especially important that we work on raising awareness
and informing individuals and institutions in the RS re-
garding the overall negative impact of UV rays to health
of the population, and especially those youngest [45]. Fi-
nally, this shall confirm the commitment of the RS to the
implementation of the Millennium Development Goals,
and shall serve as a confirmation of the commitment to
the EU integration process [46].
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CONCLUSION

Looking over the 30 years of successful implementation
of the Montreal Protocol, it could be said that, without it,
by 2050 the depletion of the ozone layer in the northern
hemisphere would have amounted to 50% on 45 degrees,
and in the northern hemisphere, it would have amounted
up to 70%. The level of UV radiation on the Earth’s sur-
tace would have been doubled. That would have led to
an enormous increase in the number of cases of non-
melanoma cancers, melanoma cancers and eye diseases
— cataracts.

Failing to do as proposed by the Montreal Protocol
would only postpone or even prevent the recovery of the
ozone layer. Numerous factors, including ODS and climate
change, shall have a significant impact on the ozone layer
and thus on human health. Therefore, it is especially sig-
nificant that all countries comply with the accepted regu-
lations, since, globally speaking, every activity counts and
contributes to the overall improvement of the quality of
life, population health, and ecosystem.
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’uBoTHa cpeanHa U 3apas/be — TPUAECET rOANHa yCnewuHe npumeHe Mompeancxor

npoToKoNa

Tophe JosaHosuh', Mapuo JlykuHosuh?, 3apasko Butowesuh’

"YhueepauTeT y beorpagy, DakynTeT 3a uHxerbepckin MeHaumeHT, beorpag, Cpbuja:

*Yunsep3utet y beorpaay, MpasHu dpakynTet, beorpag, Cpbuja;

*YuusepauTet y MpuwtnHm - Kocoscka MutposuLia, MeauumHcki dakyntet, Kococka Mutposuia, Cpbuja

CAXKETAK

[MpoTokon o cyncTaHuama Koje YHULITaBajy 030HCKN OMOTay
je notnucaH 1987. roguHe y MoHTpeany. OCHOBHY Ln/beBU
npoTokona cy MeHyHapoAHN KOHCEH3YC 1 aKLuja y Be3u ca
APaCTUYHNM CMatbetbem MpPon3BoAHe 1 Kopuwhera oBrx
CyMnCTaHUM Koju 3a pe3ynTaT umajy nosehaHo YB (yntpasuo-
NEeTHO) 3payerbe 1 NOCNe[UYHO HeraTMBaH yTuLaj Ha JbyACKO
3[paB/be 1 ekocucTtem. [opea nperneaa gocapalltbe ,npaBHe
1 TEXHUYKe" MPYMEeHe NMPOTOKOJIa 1 MoBayetba 13 ynotpebe
CyMNCTaHUM Koje yHULITaBajy 030HCK/ OMOTay, y pagy je mno-
cebHo cTaBJbeH Harnacak Ha aHanu3y nUTepaTypHo JOCTYM-
HUX pe3ynTaTa Koju ce OfAHOCE Ha MO3MTUBaH (TMMe HacTao)
YTNLAj Ha 3APaB/be CTaHOBHULLTBA Y KOpenaLujy ca NpUMeHOM
MoHTpeanckor npotokona (M). 36or pe3ynTtata gocagaiitbe

‘ DOI: https://doi.org/10.2298/SARH190320043)J

Tpupecetoroamwbe npumeHe, MIN cnaga y pea HajycneLHmjux
mehyHapogHUX cropasyma y 06/1acTyi 3aLUTUTE KUBOTHE CPefu-
He, anv y oppeheHOM KOHTEKCTY 1 Ca 3ApaB/beM Jbyau Koje je ca
TM y Be3w. [lopef cMmatbeHor HeraTMBHOT yTrLaja YB 3payetba
Ha eKoCKnCTeM U JbyAie, Kao MO3UTUBHY NOC/EANLY CMakbetba
OBOT 3payerba MMamo 1 CMatbeHN OYeKrBaHV TPEHS NnojaBe
060sberba KOXe, KaTapakTe 1 UMyHOT CUCTEMa Ca OBKM Y BE3U
y untaBom cseTy. be3s Ml u tberose npumeHe MUSIMOHN Jbyan
61 ympnu of nocnepuua YB n HaBepeHnx 060sbersa. TpoLKoBY
neyera N NpUTUCaK Ha 3APaBCTBEHN CUCTEM Y CBUM 3eM/baMa
cBeTa 6y ce eHoOpMHO noBehanu Kao pesynTar Tora.
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