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Abstract

Degradable plastics are used as a way to decrease the environmental impact of these materials
when they become waste. However, they can reach natural ecosystems due to littering and bad
management. This research assesses the performance of oxodegradable and compostable plastics
on marine environments through a respirometric lab test. Probes of the plastics, with and without
previous simulated weathering, were put in contact for 48 days with a marine inoculum, in a sys-
tem that guarantees continuous aeration and capture of the produced CO.. After the test, the sam-
ples were also assessed in terms of their loss of mechanical properties. The compostable plastic
exhibited the higher degree of mineralization (10%), while there was no difference between the
polyolefins (2.06% - 2.78%), with or without presence of pro-oxidants or previous abiotic degra-
dation. On the other hand, exposition to UV light promoted a higher loss of elongation at break in
the oxodegradables plastic (>68%). The results show that the studied plastics achieve very low
biodegradation rates while presenting a higher rate of loss of physical integrity. This combination
of phenomena could lead to their fragmentation before significant biodegradation can occur. The
risk of microplastics formation must be prevented by avoiding the presence of the materials in
marine environments, even if they have shown suitability for some waste management scenarios.
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1. Introduction

The plastics are nowadays essential materials; they are used in different productive sectors, like automotive,
medical, electronics, construction, and food industry, among others [1] [2]. Their use has increased continuously
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due to their low cost and attractive properties, such as a high resistance, versatility and low weight. However,
when the plastic items are considered as wastes and their disposal is inappropriate, they become a serious prob-
lem due to their low degradability in the environment [3]. Marine environment has been seriously affected by
discarded plastics.

The plastic wastes that arrive to these environments can cause damage to marine species. Different affecta-
tions in marine animals have been reported: ingestion causing eating disorders [4], entanglement and induced
asphyxiation [5] or hurt due to the form of the waste. Presence or damage due to plastics has been reported for
mammals [6], turtles [7], and seabirds [4], among other species.

Different types of degradable have been proposed as an alternative to lessen the environmental impacts of
plastic waste. Compostable and oxodegradable plastics are two of the main types of plastics available in the
market. Oxodegradable plastics are made of conventional plastics amended with additives that contain
pro-oxidants like Co and Mn salts. They are an alternative for the increased degradability of plastic like polye-
thylene and polystyrene [8]. The pro-oxidants activate through UV radiation or temperature, they form free rad-
icals that attack the polymer chain, causing the transformation of molecules of high molecular weight to low
molecular weight [9]. It is expected that microorganisms, producing the mineralization of the material by its
conversion to CO,, will metabolize the resulting oligomers and lower molecular weight compounds.

On the other hand, compostable plastics are specifically designed to biodegrade in composting conditions
(thermofilic temperature, 50% - 60% moisture, presence of microorganisms). One of this plastics is Ecovio®, is
a compostable plastic that is manufactured by polylactic acid (PLA) and Ecoflex®, the last is an aliphatic-aro-
matic copolyesters compound of terephthalic acid, adipic acid and butanediol [10].

Although compostable and oxodegradable plastics have shown significant levels of degradation in aerobic
conditions [11]-[13], there is a lack of knowledge regarding their biodegradation in marine environments. De-
gradation of plastics can be assessed by their direct exposure to marine conditions, in situ. However, this kind of
test usually involves high costs and requires specific monitoring procedures to prevent loss of samples, and is
not specific to test for biodegradation. Because of that, standards have been developed to evaluate the biodegra-
dation of plastics in marine conditions at laboratory, the ASTM D6691-09 establish a “Standard Test Method for
Determining Aerobic Biodegradation of Plastic Materials in the Marine Environment by a Defined Microbial
consortium or Natural Sea Water Inoculum” [14].

In this project, we evaluate the biodegradation and loss of mechanical properties for conventional, oxode-
gradable and compostable plastics, following the standard ASTM D6691-09. This system allows reproducing
marine conditions in a more controlled environment. Our test also assesses the effect of previous abiotic degra-
dation due to simulated weathering in the samples.

2. Materials and Methods

Biodegradation of plastics in natural seawater in laboratory was assessed according to the method ASTM-
D6691-2009. It allows evaluating the degree of aerobic biodegradation of plastic materials exposed to a marine
microbial consortium from seawater. The test was performed in four steps: 1) Selection and preparation of plas-
tic samples; 2) Obtaining of a seawater sample, that is amended with inorganic nutrients; 3) Exposition of mate-
rials to the inoculum; 4) Measurement of the CO, produced as a function of time, using a respirometric system;
5) Assessment of the degree of biodegradability. After this test, degradation of plastics (biotic + abiotic) was
evaluated by the measurement of their loss in elongation at break.

2.1. Tested Materials

Three types of plastics were evaluated: low-density polyethylene with and without pro-oxidant additive
(OXOLDPE and LDPE, respectively), and the compostable plastic Ecovio®. Both polyolefins were supplied by
Artes Gréficas Unidas. S. A. de C. V. AGUSA (Mexico), who used the d2w® pro-oxidant additive from Plasti-
cos Degradables S.A. de C.V. (México), subsidiary of Symphony Environmental. The compostable plastic was
provided by BASF-México. It is composed of an aliphatic-aromatic mixture of the copolyester Ecoflex® (also
produced by BASF) and polylactic acid (PLA). All the plastics were cut into 150 x 10 mm probes, and half of
each type of plastic was abiotically oxidized in a previously described weathering chamber built at the university
[15], in order to simulate the degradation produced by use, UV radiation and temperature. In the chamber, the
materials were exposed to 50°C, 80% relative humidity and a radiation interval 300 - 460 nm during 216 hours,
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the time needed for the OXOLDPE to decrease its elongation at break to values near to 100%, because of the
abiotic degradation process. First, confirm that you have the correct template for your paper size. This template
has been tailored for output on the custom paper size (21 cm x 28.5 cm).

2.2, Preparation of Inoculum

The seawater used in this study was obtained from the Barra Norte beach in Tuxpan (Veracruz, Mexico, Figure
1). The seawater was transported in sterilized containers to the laboratory, where it arrived 4 hours after sam-
pling. It had a pH of 7.85 + 0.07 and salinity of 50.5 + 1.2 mS/cm. The reactors used to assess degradation had a
volume 2 L, and were filled with 1.2 L of seawater amended with inorganic nutrients (0.5 g/L of NH,ClI and, 0.1
g/L of KH»(PO),) and was incubated at 30°C = 1°C for 48 days. Air was continuously flown into the reactors
during the respirometric test.

2.3. Aeration System Used to Assess Biodegradation

The corresponding plastics were introduced into the reactors containing amended seawater. The mass of each
plastic is shown in Table 1. Cellulose was used as a positive control, and reactors containing only amended
seawater were used as blanks. Three replicates were setup for each plastic and control (Table 2). They were
subsequently connected to a respirometric system (Figure 2), which included a continuous flow or CO,-free,
saturated air to guarantee aerobic conditions and a series of traps to capture the CO, produced by the plastic de-
gradation.

Solutions of NaOH (0.25 N) were used as traps for CO,. They were subsequently titrated with 0.5 N HCI so-
lution twice a week. Biodegradation of samples was determined in terms of mineralization (%), with Equation

(2):

Mineralitation (%) = @ (1)

where C is the mean of the amount of CO, produced in the replicates for each plastic (mg), Cpank is the mean
CO, production in the blanks (inoculum only; mg) and C; was the total amount of polymer-C added to the test
reactors (mg).

2.4. Assessment of Degradation by Tensile Tests

The tensile elongation at break was assessed as an indicator of degradation (abiotic + biotic), as done previously

Gulf of Mexico

Veracruz

Figure 1. Location of the beach selected for sampling of seawater. Tuxpan

Beach, Veracruz Mexico.
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Figure 2. Respirometric system. (a) Distilled water, (b) Seawater with inorganic nutrients and plastics, (c) Silica trap, (d)
NaOH solution trap, 1) Compressor, 2) Flow regulator, 3) Water bath, 4) Reactor, 5) Thermometer.

Table 1. Mass of each plastic utilized in the test.

Treatments Sample mass (mg)
Cellulose 1000
LDPE 807
LDPE-O 807
Ecovio® 810
Ecovio®-O 810
OXO-LDPE 926
OXO-LDPE-O 926

Table 2. Types of plastic used in the experiment, with and without oxidation.

Plastic With oxidation Without oxidation
LDPE 3 3
OXOLDPE 3 3
Ecovio® 3 3
Total 9 9
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[16] [17]. It was measured based on the standard ASTM D882 [18]. The machine used was a Lloyd LFPlus
(AMETEK Lloyd Instrument Ltd. UK). The testing speed was maintained at 300 mm/min and the grip-to-grip
separation was 30 mm. Conditioning and testing were performed at standard atmospheric conditions (24°C +
1°C and 50% + 10% RH). The residual elongation at break (%REB) was determined using Equation (2).

Initial value — Final value .

Residual elongation at break (%) = vl
nitial value

100 @)

The data obtained from tensile tests underwent an analysis of variance (ANOVA) and a Tukey’s multiple
range test (MRT), both with 95% significance. The biodegradation stage was not included in the statistical anal-
ysis because it did not have a normal distribution.

3. Results and Discussion
3.1. Biodegradation

After 48 days of experimentation, the cellulose reactors showed 68.3% of mineralization. This value is consis-
tent with others reported before in composting conditions: 80% in 90 days and 100% in 317 days [19] [20], and
it can be considered as a measurement of the good performance of the respirometric system. The two polyolefins,
with and without pro-oxidant additive or previous degradation process, did not show a significant difference in
mineralization, which ranged from 2.06% to 2.78%. Ecovio®, on the other hand, achieved 10.11% and 10.38%
for oxidized and no-oxidized samples, respectively (Figure 3). There are no similar researches, which allow
comparing of these results; however, biodegradation of these plastics in other environments has been reported
previously. Mineralization values from 2% to 2.5% and 7% to 10% were reported for LDPE and OXOLDPE,
after incubation in soil at 45°C, during 90 days [21]. In a composting process inoculated with Rhodococcus
rhodochrous LDPE reached 9% of mineralization, while OXOLDPE achieved 16%, after 317 and 352 days of
degradation [20]. As it can be observed, the low degree of mineralization achieved for LDPE and OXOLDPE in
our experiment is consistent with reported values.

3.2. Degradation by Elongation at Break

Statistical analysis showed significant differences (p < 0.05) between the different plastics. The MRT analysis
yields five homogeneity groups, where LDPE and previously oxidized LDPE (LDPE-O) had the lower %REB,
with 9.3% and 17.1%, respectively. OXO-LDPE achieved a 29.11%, while Ecovio®, with and without oxidation,
showed a similar behavior. The highest loss of elongation was found for previously oxidized OXO-LDPE
(OXO-LDPE-0), which decreased its mechanical resistance in 67.85% during the test (Figure 4).

Biodegradation rates measured by respirometric tests cannot be directly compared to the loss of elongation at
break, which is a result of both, biotic and abiotic factors. In this research, Ecovio® achieved the highest degree
of biodegradation, while previously oxidized OXOLDPE had the higher loss of elongation at break. Degradation
on natural marine environments is a complex multifactorial process that could be affected by the types and
amount of living organisms, presence of soluble salts, temperature, dissolved oxygen, UV radiation and by the
movement of the water. There is not available information about the degradation of plastics by sea salts, al-
though it is known that soluble marine salts cause alterations on physical and chemical properties of anticorro-
sive paints and concrete [22] [23]. It also has been reported that microorganisms such as bacteria and fungi can
form a biofilm on plastics, producing enzymes that promote the change of physicochemical properties of the
plastic [24] [25].

Previous oxidation by UV and temperature clearly promoted further degradation in the polyolefins, which
consistently showed higher values of %REB, compared to those that had no treatment. It is known that for this
plastics once light begins degradation, the process tend to continue [26], favoring subsequent biotic and abiotic
processes. While is common for polyolefins to begin their degradation by this kind of chemical interaction, Eco-
vio® contains PLA, which begins its degradation by non enzymatic hydrolysis [27]. Previous exposition to UV
light did not affect its degradation. In terms of percent of mineralization, compostable plastic presented faster
than both polyolefins mineralization. The values obtained for all the plastics are similar to those reported before
for direct exposure on marine environments [28]; this shows that the respirometric system used in this experi-
ment is a useful tool to an easier and cheaper screening of the performance of this plastics.
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Figure 3. Mineralization of plastics produced by biodegradation in natural seawater.
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It is relevant to consider that loss of physical integrity, which is related to the loss in elongation at break,
cannot be considered inherently beneficial. If the fragmentation process occurs at higher rates than the biode-
gradation process, microplastics could be produced. The presence of these small particles of plastics in the sea
has been widely reported in literature, as well as their transport through the food chain [29] [30].

4. Conclusions

Degradable plastics have been presented as an alternative to solve the problems generated by plastic waste. They
are usually designed to degrade in the conditions of waste management, mainly in composting conditions.
However, the new materials can reach natural environments due to littering, inefficient waste management pro-
grams or even when being disposed anywhere by people that consider them degradable in any conditions.

In the present study, we found very low degree of marine biodegradation, in lab conditions, for a compostable
plastic, and almost none for the studied polyolefins, independently of the presence of a pro-oxidant additive or
previous treatment in a weathering chamber. However, all the plastics showed some loss of their mechanical
properties, as shown for the decrease in elongation at break. In this case, the presence of the additive and the UV
abiotic oxidation clearly induced further degradation when the plastics were in contact with the marine inocu-
lum.

Although the results cannot be extrapolated to real degradation in marine environments, they clearly show
that complete biodegradation of plastics—even if they are labelled as degradable—cannot be guaranteed before
other degradation processes take place. To prevent undesirable effects of these materials, such as the formation
of microplastics, their users must be conscious of their properties and limitations, and use them in conditions
consistent with them.
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