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Abstract: This undertaking, starting from a global synthetic assessment of the PPW phenomenon, aims
at highlighting the most important/recent coordinates regarding PPW, the risks it involves, affecting the
environment and, respectively, life on Earth, but - at the same time - the solutions for preventing/fighting
the respective phenomenon. Our motivation is that PPW is currently experiencing an unprecedented
expansion, given that not all countries of the world, especially some in Asia, are adequately involved,
protecting the consequence of the massive spill of plastics into the seas and oceans. Focusing more on
this issue, as manifested in the EU and Romania, taking into account the strategies adopted here, we try
to identify solutions to reduce the phenomenon of PPW, located in the circular economy. Our options
are clear for the nominated area, as it is suitable for protecting the environment from plastic pollution
and can also stimulate growth and innovation.
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1. Introduction

Nowadays, pollution with plastic waste (PPW) is a widespread phenomenon, the consequences of
which have become among the most harmful to the environment and, respectively, to life on Earth [1].
We say this because beyond the exaggerated quantities of packaging of this nature chaotically
abandoned, an easily visible situation (at the level of the ground/underground, running/dead water -
Figure 1), we face also - due to the persistence of this phenomenon for decades - another kind of risk.

Figure 1. Plastic waste chaotically abandoned in the en
(Authors compilation [2-4])

vironment
Specifically, we refer to those due to the appearance and spread of plastic particles (micro-plastic -

particles <5 mm, macro-plastic - particles > 5 mm [5]) following free decay, over time, of the respective
waste, often under the action of natural factors.
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Thus, micro-plastic, which has become a major and aggressive pollutant of the ground and the
underground, air and water, induces some of the highest risks to human health and to all elements of
flora and fauna, at a global level. On the other hand, the fact that many of the food packaging is made of
plastic (foam or Styrofoam) lead to negative effects on human health (Figure 2).

These items contain styrene and benzene, which are

Toxic Carcinogenic

They adversely impact our

Respiratory system Nervous system Reproductive system

Figure 2. Negative impact of Styrofoam on our health [6]

For this reason, this work aims at highlighting some quantitative and qualitative aspects related to
the phenomenon in question, international/European and national concerns about reducing PPW,
insisting on institutional/legislative solutions limited to circular economy. Regarding the issue of waste
management in Romania, we emphasize that an important short-term objective is the better application
of the principles of sustainable management of material resources, which emphasizes the component of
recycling and other elements of bio-economic relevance [7]. This goal is in line with the recent EU vision
related to the new circular economy of plastic materials, which involves the creation of a smart,
innovative and sustainable industrial sector. Its advantages are that it would be a definite economic
growth generator, leading to the emergence of new jobs after a period of crisis [8] but also to the
reduction of greenhouse gas emissions and/or the import of fossil fuels to the EU [9].

2. Materials and methods

Focusing on the means prevalently required to counteract the PPW phenomenon, we start from some
quantitative assessments related to that phenomenon, based on the investigation of bibliographic sources
containing indubitable data and information, developed by prestigious specialty institutions. Also, after
consulting the literature, the authors resort to selecting/synthesizing the statistical content of materials
recently published by institutions whose main concern is to inform all stakeholders about key issues
related to the topic of our paper: the United Nations Environment Program, PlasticsEurope, Greenpeace,
STATISTA, the European Commission, Eurostat, the Romanian Government, the National Institute of
Statistics (RO). It is important to emphasize that certain subjects related to this topic have been addressed
by us, directly or indirectly, in other papers published in prestigious scientific publications, focusing
especially on the environmental components connected to the economic aspect [10-11]. The biblio-
graphic documentation of the authors of this paper aimed at the most recent literature, but also involved
the use of research methods such as analysis, comparison, logical deduction, etc. We emphasize that, as
far as we are concerned, in the elaboration of this paper, we have taken into account, mainly, recent data
(for the last five years), of high accuracy and maximum confidence.
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3. Results and discussions
3.1. The phenomenon of PPW: a global synthetic assessment

The consumption needs of modern man have led to a growing demand for the plastics production
sector. Globally, from the middle of the last century to the present day, the deliveries in this sector have
showed an exclusively upward trend (Figure 2).
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Figure 2. Global plastics production from 1950 to 2018
(in million metric tons) [12]

The uses are among the most diverse [13]: from food packaging, storage and transport containers,
various items for infrastructure, construction and civil engineering, aircraft, ships/yachts, motor vehicles
and rolling stock (railway), care and laboratory medicine, to sports and leisure equipment and accessories,
etc. However, approx. 70% of this production goes to three sectors: packaging (39.7%), construction
(19.8%) and the automotive industry (10.1%) [14]. As showed by Figure 3, the Asia-Pacific area is the
one that has experienced a particular expansion of the plastics industry production capacity (approx. half
of the world’s production [15]).
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Figure 3. Global distribution of plastics production [16]

The problem that arises is that, even if approx. 40% of the plastic production is directed to packaging,
and these, to a significant extent, are materialized in packaging for soft drinks, annually, less than 7% of
disposable cans (PETS), intended for the packaging of those drinks, are made of recycled plastic [17]. A
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study conducted by Greenpeace estimated that, in 2014, 530 billion PETs were produced globally, and
since then, an annual increase of 4.7% should have been added [17]. Such studies have noted the low
concern of soft drink manufacturers with reducing the use of plastic as packaging and that a low share of
recycled plastic is still maintained, situations which, associated with the negligence/indiscipline of the
consumer population and of the authorities, ultimately lead to the plastic ending up in nature and the
oceans, polluting and affecting biodiversity for a long time to come. According to some studies, 1.15 to
2.41 million tons of plastic are transported by the world’s rivers/streams to the oceans, each year [18].
The situation is worse, especially in some Asian countries, and this can be explained by deficiencies in
terms of social/human behaviour but also by the poor functionality of sanitation systems. We can have an
image of the situation in this area if we consider the rivers/streams which rank first in terms of the amount
of plastic waste transported to the oceans (Table 1).

Table 1. The world’s top 15 rivers/streams that determine the ocean’s PPW [18]

Lower mass Midpoint mass Upper mass Total catchment Yearly average
Catchment input estimate  input estimate  input estimate surface discharge
(tyr " (tyr tyr area (km?) (m3s~ M)

Yangtze 3.10 x 10° 333x%10° 4.80 x 10° 191x 108 1.58 x 107
Ganges 1.05 x 10° 115 x 10° 172 x 10° 1.57 x 108 2.08 x 10%
Xi 6.46 x 10* 7.39 x 10% 114 x 10° 3.89 x10° 553 x 103
Huangpu 3.35x 104 4.08 x 104 6.73x 104 2.62 x10% 4.04 x 102
Cross 338 x 104 4.03x104 6.5 x 10 238 x 103 2.40 x 102
Brantas 3.23x 104 3.89 x 104 6.37 x 104 11 %104 8.18 x 107
Amazon 3.22 x10% 3.89 %104 6.38 x 104 5.91 x 10° 1.40 x 10°
Pasig 3.21x10* 3.88 x 104 6.37 x 104 4.07 x10° 2.07 % 10?
Irrawaddy 297 x 104 353 x 10% 569 x 104 377 x10° 5.49 x 10°
Solo 2.65 x 10* 3.25 x 10* 5.41 % 10° 1.58 x 10 7.46 x 102
Mekong 1.88 x 101 2.28 x101 3.76 x 101 7.74 x10° 6.01x 103
Imo 1.75 x 10° 2.15 x 104 3.61 x 104 7.92 x 103 2.79 x 102
Dong 157 x 10* 1.91 x 104 317 x10% 333x10% 854 %102
Serayu 133 x 10% 1.71 x 104 2.99 x 104 3.71x103 3.70 x 102
Magdalena 1.29 x 104 167 x 104 2.95 x 104 2.61x10° 593 x 10°
Input rate estimates (in tyr 1) are representative of mismanaged plastic waste (MPW) production and catchment runoff. A lower, midpoint and
upper estimate is calculated based on three regression analyses accounting for uncertainties in our field observations data set

Obviously, the PPW of the ocean is not determined only by rivers/streams, as various coastal
activities, including the daily life of the inhabitants of those areas or tourism along the beaches, also
contribute to the same phenomenon. Thus, it is estimated that 5 to 13 million tons of plastics (1.5-4% of
the global production) end up in the oceans each year [19], with all the resulting negative consequences.

3.2. The recent EU vision related to the new circular economy of plastics

EU Member States own a plastics sector including 60,000 companies, with 1.5 million workers. The
turnover achieved is of approx. EUR 350 billion, with a profit of approx. 20% [15]. In addition to the fact
that we are dealing with a top economic sector (which produces more than 67 million metric tons each
year [12]), it must be said that it generates approx. 26 million tonnes of plastic waste, of which only about
8 million tonnes are recycled (the proportions being totally unsatisfactory as compared to current
requirements - Figures 4-6). Therefore, a significant part of them (approx. 2/3) is incinerated or disposed
of in landfills, or simply abandoned in nature [20].
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Figure 4. Destination of plastics production by category and plastic
waste treatment (EU-2016) [21]
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Figure 5. The amount of plastic packaging waste (EU-2016) [21]
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Figure 6. Plastic packaging waste recycling rate (EU-2016) [21]
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The European sector in question is working to recover as much as possible and to reuse “Post-
consumer” waste, in addition to the production waste collection and reuse systems. However, on the
beaches of the seas in the European area, including the North-East Atlantic, plastic waste has a significant
presence, along with waste of other kinds, in different proportions (Figure 7).

North East
Atlantic Ocean
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Paraffin Small plastic bags/freezer bags B Nets

Cigarette butts/filters Plastic caps/lids M Plastic bottles < 0.51
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Shopping bags Construction materials Cups/cup lids

Crisps packets/wrappings String and cord M Plastic caps/lids unidentified
I Polysterene pieces Cotton bud sticks Other

Figure 7. The presence of plastic waste, in various proportions,
along with other types of waste, on the beaches of the seas in the
European area, including the North-East Atlantic [22]

The adoption of strict regulations meant that in the EU28 - plus Switzerland and Norway, the recycling
rate reached 73% in 2016 [15]. Here, the ways of reusing recycled plastic materialized in the production
of thermal energy by combustion, 42%, and the recovery of materials and components, 31%, and 27%
were classified as irrecoverable waste. The plastic packaging recycling rates exceed 20% in all European
countries, half of which exceed 65% [15]. Further increase of the recycling rate means - prior to all plastic
packaging in the EU being recyclable by 2030 - measures for stimulating the recycled plastic market,
beyond banning certain single-use plastic (Oxo-degradable and expanded polystyrene) items (plates,
cutlery, Q-tips, beverage straws, food/beverage containers [23] and limiting the number of plastic bags.
These measures would include the granting of tax incentives (i.e. reduction of VAT for recycled
products), the establishment of mandatory rules on the minimum recycled content in certain products, or
the introduction of quality standards for secondary plastics [21], respectively the waste (more than 2/3 of
what is found in the ocean) resulting from the degradation of relatively large plastic objects - fishing nets,
plastic cans or bags. Moreover, the strategy adopted by the EU Commission on plastics focuses on several
components of circular economy (Figure 8), aiming at protecting the environment from plastic pollution
and stimulating growth and innovation.

Rev. Chim., 71 (11), 2020, 39-50 44 https://doi.org/10.37358/RC.20.11.8372


https://revistadechimie.ro/
https://doi.org/10.37358/Rev

®
©

Revista de Chimie
https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

Virgin
feedstock”
Production Conversion Consumption

co. of plastic raw to plastic parts of products that
___’) )V materials and products contain plastics

Feedstock

from chemical Reuse and repair
recycling

= ] Waste
u collection

)

Enerav recoverv

I 3 3

Landfill

Recyclates

for new products

»0 Recycling™ W3 @ sorting

*Virgin feedstock originates from fossil fuels, CO2 or renewable feedstock
**Recycling includes mechanical recycling, chemical recycling and dissolution

Figure 8. A model of circular economy of plastics [24]

This strategy is accompanied by a Monitoring Framework which includes ten indicators to quantify
the progress in the transition towards a circular economy within the EU. Once implemented, it is expected
that recycling will become much more profitable for businesses, will stimulate investments and
innovation, ultimately encouraging change around the world [9].

3.3. Concerns regarding the mitigation of the phenomenon of PPW in Romania; institutional/
legislative solutions limited to the circular economy

The Integrated Waste Management Systems in Romania (objectives included in priority axis 2 of the
Sectoral Operational Program Environment/SOPE 2007 - 2013), which include collection units, sorting
stations, recycling facilities and compliant waste disposal storage units, have been subjected to an
investment effort amounting to EURO 1.3 billion [7]. However, the projected parameters were not
achieved, which can be explained by the quality deficiencies of the waste that is processed in that system.
At the level of 2018, even if the legislation was imperative for the local public authorities to ensure the
separate collection of municipal waste, the provisions in question have not been complied with. As a
result, the percentage of recycling - for paper, metal, plastic and glass waste resulting from household
waste - barely exceeded 7%. This happened, even if it had been agreed with the EU, to reach, by
December, 31 2020, a level of readiness for reuse and recycling of at least 50% of the total mass generated,
for the mentioned types of waste. Moreover, what is reported here also explains the fact that the
EC/European Commission - Ares (2018) 2193346 warned Romania with regard to the procedure for pre-
suspension of interim payments from the Cohesion Fund under axis 3. Specifically, “it did not adopt
economic instruments providing for the achievement of the objectives regarding the reuse and recycling
of waste by 2020 pursuant to art. 11 para. (2) of Directive 2008/98/EC” [7]. Analysing the national legal
framework (Law no. 211/2011 on the waste regime, Law no. 249/2015 on the management of packaging
and packaging waste, the Government Emergency Ordinance no. 196/2005 on the Environmental Fund),
as recently amended [25], we appreciate that it ensures the premises for the better capitalization of the
projects included in SOPE 2007-2013 and LIOP/Large Infrastructure Operational Program 2014-2020,
because [7]:

e [t provides for credible opportunities for converting waste management into sustainable materials
management, in order to “protect, preserve and improve the quality of the environment, to protect human
health, to ensure the prudent, efficient and rational use of natural resources, to promote the principles of
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the circular economy, to increase energy efficiency (...), to create new economic opportunities and to
stimulate long-term competitiveness”.

e [t establishes criteria and performance indicators for sanitation operators, sorting stations and
recycling facilities.

e It details measures to ensure the achievement of the objectives regarding the recycling and recovery
of recyclable waste from municipal waste.

e [t introduces special economic instruments (i.e. discouraging the disposal of waste by storing it,
payment schemes depending on the amount of waste generated - applying the principle “pay for what you
throw away”, the extended manufacturer responsibility scheme, money back guarantee scheme for the
return of reusable packaging) promoting the application of the waste hierarchy formula which includes
discouraging the disposal of waste through storage and incineration, etc.

e |t clearly defines the extended manufacturer responsibility scheme, stating that it is “a set of
measures according to which product manufacturers must bear financial or financial and organizational
responsibility for the management of the waste stage of a product’s life cycle”.

Regarding the same legal framework, we also note that it is adequately adapted to the requirements
of the EU legislation on packaging and packaging waste [26-29]. In terms of plastic policy, in order to
ensure the mitigation of the PPW phenomenon, Romania will have to take into account the fact that all
EU countries have to reach, within the next 10 years, a level of collection of 90% for plastic cans/bottles.
The recycled content for the same (PETS), must reach a minimum of 25% by 2025, and to exceed the
30% threshold by 2030 [30]. If in the EU, as an average of the Member States, approx. 42% of plastic
packaging waste was recycled in 2017 (Figure 9), Romania does not register significant deviations,
generating 359,036 tons of plastic waste and recycling 167,554 t, tending towards a recycling rate of 50%
[31].

Figure 9. Plastic packaging waste recycling rate (2017)
(Source: https://ec.europa.eu/eurostat/)

In strict accordance with those provided in the Circular Economy Package [32], the amendments of
Law no. 249/2015 on the management of packaging and packaging waste [25] include provisions aimed
at stimulating the increase of the share of reusable packaging placed on the market. We appreciate that
the establishment of a “guarantee-return system, starting with March 31, 2022, for primary non-reusable
packaging of glass, plastic or metal, with volumes between 0.1 - 3 L, targeting economic operators who
make available, on the national market, beer, beer mixes, mixtures of alcoholic beverages, cider, other
fermented beverages, juices, nectars, soft drinks, mineral waters and drinking water of any kind”, would
be of great efficiency [7], added to the regulation of the “money guarantee of 0.5 lei/packaging for
reusable primary packaging used for products intended for human consumption, as of March 31, 2019”
[7]. We also note that, as of the beginning of 2019, it has been established that it is mandatory for
companies that introduce on the national market products packaged in reusable packaging, to organize a
system for taking over reusable packaging, so as to achieve a percentage of return as high as possible
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(min. 90%). Thus, all these, to which we referred in here, provide for a high degree of feasibility of the
objectives proposed by the National Strategy for the sustainable development of Romania (2030). We
consider, for example, “a 65% recycling rate of packaging waste by 2025 (plastics 50%; wood 25%);
ferrous metals 70%, aluminium 50%, glass 70%, paper and cardboard 75%) and 70% by 2030 (plastics
55%; wood 30%; ferrous metals 80%, aluminium 60%, glass 75%, paper and cardboard 85%)” [33].

Our research reveals that some quantitative aspects are able to confirm that Romania is clearly in line
with the European trends related to the subject of our study. First of all, we take into account the fact that
the production of plastics will increase to 164 kt in 2020, as compared to 151 kt in 2018. Then, the
consumption in this respect will reach 748 kt in 2020, as compared to 698 kt in 2018. In support of this
finding, we also mention the relatively satisfactory ratio between the production of plastics and the
capacity to recycle plastic waste in Romania, which is approaching 285 kt/year (of which 134 kt/year -
PET waste and 150 kt/year - other plastic waste) [34]. Such coordinates are meant to validate the fact that
the trajectory of circular economy in the national space is congruent with the one outlined at EU level,
making the Romanian contribution to the development of a sustainable European economy really
significant, Romania’s effort in this sense being obvious/notable.

However, we appreciate that, in relation to the topic addressed, it is important for Romania to extend
the R-C-R modalities (reuse, composting and recycling) in order to bring the levels of generated waste
and recycled waste as close as possible to one another.

4. Conclusions

Our research confirms the importance of reducing the PPW phenomenon, given the risks and hazards
affecting human health/life and all elements of flora and fauna, on a global level. After conducting a
global synthetic assessment of the PPW phenomenon, noting some alarming trends, especially with
regard to the fact that 5 to 13 million tons of plastics (1.5-4% of the global production) end up in the
oceans each year, with all the negative consequences arising from it, we have focused on the vision that
has recently emerged at EU level related to the new circular economy of plastics. Here, as stricter
discipline is imposed (incomparably higher than what we find in Asia, for example), the recycling of
plastic packaging reaches rates exceeding 20%, half of the EU Member States exceeding the level of
65%. Further increase of the recycling rate in the EU means - prior to all plastic packaging in the EU
being recyclable by 2030 - measures for stimulating the recycled plastic market, beyond banning certain
single-use plastic items and limiting the number of plastic bags. These measures would include the
granting of tax incentives, the establishment of mandatory rules on the minimum recycled content in
certain products, or the introduction of quality standards for secondary plastics. Our conclusion on the
EU Commission’s strategy on plastics, is that it places particular emphasis on the components of circular
economy, with a particular focus on protecting the environment from plastic pollution and stimulating
growth and innovation. Also, after researching the concerns regarding the mitigation of the PPW
phenomenon in Romania, we found that here too the institutional/legislative solutions circumscribed to
the circular economy prevail. Thus, in strict accordance with those provided in the Circular Economy
Package, the last amendments of Law no. 249/2015 on the management of packaging and packaging
waste include provisions aimed at stimulating the increase of the share of reusable packaging placed on
the market. These - highlighted in our paper - provide for a high degree of feasibility of the objectives
proposed by the National Strategy for the sustainable development of Romania (2030), and if we consider
the achievements so far, it is confirmed that Romania is clearly in line with the European trends related
to the subject of our research. As the desire to bring the level of generated waste as close as possible to
the level of recycled waste still remains, the quantitative coordinates we referred to during our approach
are meant to validate the fact that the trajectory of the circular economy in the national space is congruent
with the one outlined at EU level, making the Romanian contribution to the development of a sustainable
European economy really significant.
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