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Statement of novelty 

 

While biodegradable polymers are recognized as strategy to minimize plastic pollution, 

standards used to attest biodegradability are not in compliance with environmental 

parameters in aquatic systems. These guidelines cover only a fraction of the 

biogeochemical parameters seen in nature largely disregarding deep-sea. Thus, they are 

not able to ensure degradation in natural conditions. Therefore, claims of biodegradability 

can be considered an environmental rip off. Was proposed a revision of such standards 

considering the fate of plastic alongside microplastic formation and ecotoxicology 

effects. Furthermore, the certification of bioplastics should provide information on time 

scale, degradation rates and be globally harmonized. 
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 Certification of biodegradability do not reflect degradation in natural environments. 

 Ranges of biogeochemical factors observed on ocean are not covered by any guide. 

 New biodegradability certification schemes should be globally adopted. 

 Certification of biodegradable plastics must be tested under real ocean conditions. 

 Microplastics formation should be monitored in degradation experiments. 
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Introduction 32 

The occurrence of plastic debris in ocean and coastal areas has increased 33 

dramatically due to a growing demand for synthetic polymers and poor management after 34 

these polymers become residues. Studies indicate that in water surface of the North 35 

Central Pacific Gyre there are over 334,000 plastic fragments per square kilometer [1], 36 

while estimates point out 71.5 to 116 billion large (> 5mm) plastic debris on the ocean 37 

floor. It is worth mentioning that such values disregards microplastics, which are also 38 

widely distributed in sediments. In addition, up to 70% of plastic debris discarded in the 39 

oceans reaches the deep sea [2].  40 

In this sense, the superficial fouling processes undergone by floating plastics 41 

may lead to sinking of such residues which reach benthic regions. In fact, plastic amounts 42 

in the seabed are several orders of magnitude higher than in the water column [3]. Further, 43 

plastic residues have been found beyond 1,000 km off the coast [4] and microplastics are 44 

abundant in the hadal sediments of the Marianas trench, ranging from 200 to 2,200 45 

particles per liter [5]. After sedimentation, the plastic deposited on the ocean floor can 46 

still be resuspended and scattered by mechanical processes. According to Tosin et al., [6], 47 

evidences indicates that different types of plastics circulate through various marine and 48 

coastal environments due to oceanographic processes such as tides, currents and wind 49 

action. Many of these factors are also responsible for the transportation and global 50 

distribution of plastic debris. Therefore, along this cycle, plastic waste is exposed to a 51 

multitude of environmental conditions which influence their transformation processes 52 

[7,8]. 53 

Given the global issue of plastic pollution, scientific community and industry 54 

have proposed and adopted biodegradable materials as a strategy to replace traditional 55 

polymers Such materials, are supposedly able to be decomposed into CO2 and water or 56 
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CH4 by means of living organisms under a time frame comparable to average periods for 57 

disintegration of biological substances [9]. In addition, these materials were designed to 58 

suffer rapid degradation under environmental conditions. Simultaneously, technical 59 

standards (TS) have been developed to certify biodegradability properties of commercial 60 

products [10]. In fact, standardization can be critical in determining the success of 61 

emergent technologies and plays a vital role in supporting key technological trends, 62 

improving international trade and reducing costs and trade barriers [11]. Moreover, labels 63 

certifying that a product is biodegradable may positively influence buying decisions by 64 

consumers willing to pay extra for environmental benefits [12]. To meet certification 65 

purposes there are internationally recognized standardization bodies such as the 66 

International Standards Organization (ISO). Additionally, the American Society of 67 

Methods and Materials (ASTM), the European Standardization Committee (EN) and the 68 

Organization for Economic Cooperation and Development (OECD), operating at regional 69 

levels, increments the list. Furthermore, several other national institutions as French 70 

standardization association (AFNOR), have issued standards with protocols for 71 

certification of commercial plastic products. Although most of these certification bodies 72 

operate voluntarily with support of the industry, the TS produced often become part of 73 

the legal framework of governments, as in the European Union [13]. 74 

The TS used to analyze polymers biodegradability under controlled laboratory 75 

conditions often evaluate their conversion rates into carbon dioxide, water and biomass 76 

[14,15] considering a particular time frame. These TS establish minimum requirements, 77 

measure CO2 emissions, or are based on visual evidence of degradation and loss of 78 

polymer mass [16]. During these experiments, polymer samples may be exposed to an 79 

artificially inoculated medium, which can be enriched with nutrients, and are kept under 80 

specific ranges of temperature and pH. Thus, the conditions are designed to assess 81 
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biodegradability in optimal but artificial conditions, whereas the goal should be to 82 

simulate conditions of natural environments [17]. Considering the variety of natural 83 

environments experienced, seasonally and geographically, by plastic residues after 84 

irregular disposal, the degradation kinetics will depend on a complex combination of 85 

biotic and abiotic factors over which persists doubts if the tests established by TS are able 86 

of reproduce [18,19]. This situation is worrisome since, based on the obtained 87 

certifications, commercial products receive labels suggesting biodegradability under 88 

naturally existing conditions [10]. Based on these scenarios, the present study aimed to 89 

qualitatively assess whether the TS used to attest biodegradability of plastic polymers are 90 

in compliance with the majority of environmental parameters observed in marine and 91 

coastal ecosystems around the world. 92 

Material and Methods 93 

Several TS issued by different organizations to assess biodegradability of plastic 94 

polymers based on different parameters were chosen to quantify the degradation rates 95 

[20]. To carry out this study, TS for biodegradability of plastic products were obtained 96 

from the main publishing organizations in the world, as shown in Table 1. Subsequently, 97 

each standard was carefully reviewed and grouped according to the environment types 98 

for which the tests were designed (aqueous, soil and marine environments). The intervals 99 

of the physical-chemical parameters (temperature, pH, light incidence and inoculum) and 100 

the operational procedures including, exposure period and biodegradation rates described 101 

by each TS, were tabulated. Subsequently, the obtained data were compared to the 102 

biogeochemical parameters that mainly characterized marine and coastal environments 103 

of the world considering coastal and oceanic zones, as well deep-sea environments. 104 

Results 105 
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A total of 17 TS issued by ASTM, ISO, EN, AFNOR and OECD were analyzed 106 

(Table 2). As far as we could verify, this set represents nearly all the technical guidelines 107 

developed worldwide to assess the biodegradability of plastic materials [10,21]. 108 

Considering the categories, were evaluated 4, 6 and 7 TS for soil, water and marine 109 

environments respectively. 110 

Biodegradability of plastic polymers in soils 111 

Soils present heterogeneous characteristics and their properties are affected by 112 

temperature, water content, chemical composition and pH. These parameters, separately 113 

or combined, create different conditions that exert a strong influence on polymer 114 

biodegradability [22,23]. Soils are usually where plastic waste is initially discarded [24]. 115 

In addition, soil covers made by plastic films has been globally employed as an efficient 116 

strategy to improve soil properties contributing to the growth of crops [25]. Thus, 117 

considering the impacts resulting from the use of conventional plastics, biodegradable 118 

polymer films have become ecological alternatives to polyethylene. Based on widespread 119 

use for agriculture purpose, specific standards for soil degradation of polymers have been 120 

developed, especially in the European Union [26]. Such actions, seeking to ban or reduce 121 

certain microplastics sources [27], are requiring certification of biodegradable plastic 122 

films for agriculture use [28]. 123 

The four TS directed at evaluating biodegradability of plastics in soil analyzed 124 

herein were designed to do so considering ideal and controlled conditions, and were 125 

issued by ASTM, CEN, AFINOR and ISO. These standards recommend exposure periods 126 

ranging from 2 weeks to 12 months, with temperatures between 20 and 37ºC, while soil 127 

pH conditions between 4.5 and 8 are also considered by AFNORNFU52-002 [29], 128 

ASTMD5247 [30], ASTMD5988 [31], ISO17556 [32]. The aerobic biodegradability 129 

rates considered acceptable by these standards are measured through oxygen demand or 130 
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CO2 emissions and have been established in values between 60% and 90%, respectively. 131 

Considering the inoculum composition, only ASTMD5988 [33] and ISO17556 [34] 132 

recommend the use of forest and field soils. In addition, none of the documents mentions 133 

light exposure during the tests. 134 

Biodegradability of plastic polymers in freshwater environments 135 

High levels of microplastics have been reported for freshwater environments and 136 

estuaries. Nevertheless, specific biodegradability TS for plastic items deposited in open 137 

freshwater ecosystems have not been issued [18]. In contrast, several standards and 138 

experimental methods have been developed to measure the degree and rate of aerobic 139 

biodegradation of plastic materials in wastewater. The six TS analyzed that contemplate 140 

this matter, published by CEN and ISO, recommend exposure of plastic polymers to 141 

activated sludge from a sewage treatment plant and controlled digestion systems. 142 

Moreover, temperature ranges should be set between 20 and 58ºC and biodegradability 143 

rates must be measured by comparing biochemical to theoretical oxygen demands. TS 144 

issued by ISO [35,36] adopt experimental periods varying from 45 days to 6 months and 145 

specify the test should be performed under dark or diffused light conditions. All TS 146 

indicate pH values between 6 and 8.  147 

Biodegradability of plastic polymers in marine environments 148 

Seven TS, published by ASTM, ISO and OECD, describing methods for 149 

assessing biodegradability of plastic polymers were considered in this study. The ISO 150 

18830 [37] and ISO19679 [38] TS assesses biodegradability for plastic materials in the 151 

water-sediment interface, simulating sublittoral-like conditions. On the other hand,  152 

ASTMD7991 [39] and ISO22404 [40] evaluate biodegradation considering conditions 153 

occurring in intertidal zones. ISO16221 [41]  and OCDE306 [42]  depict methods that 154 

weigh on biodegradability by aerobic microorganisms in static aqueous systems 155 

Inserted Text
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dissolving a determined amount of the material, incubated in the test medium. According 156 

to ASTMD6691 [43], aerobic biodegradation is assayed under laboratory conditions that 157 

simulate the pelagic zone by a defined microbial consortium, with the plastic sample 158 

suspended in a synthetic sea salt solution. In all cases, aerobic biodegradation is appraised 159 

by measurements of oxygen and CO2 emissions under temperatures ranging from 15 to 160 

30º C. Tests should span from 60 days up to 2 years, in which biodegradation rates must 161 

reach between 60 and 70%. In TS in which it is stated, pH should be adjusted within 7 162 

and 8.5, while  OECD306 [44]    does not include this requirement. 163 

Most of these TS imply the use of sediments and filtered seawater incorporating 164 

their natural microbiota; still this may be replaced by artificial seawater. In such cases, 165 

ASTMD6691 [43] specifies an inoculum containing a minimum of ten microorganisms 166 

including a defined taxa list. Additionally, samples of natural seawater must contain 167 

inorganic nutrients such as ammonium chloride and monopotassium phosphate and be 168 

obtained in uncontaminated areas. OECD306 [42] instructs the pretreatment of natural 169 

seawater to remove coarse particles and to add mineral nutrients such as nitrogen and 170 

phosphorus, however in concentrations higher than what are generally found in natural 171 

seawater. Likewise, salinity must be adjusted to 32 ppt according to OECD306 [42], 172 

ISO18830 [45] and ISO19679 [38], while ASTMD6691 [43] requires that to be 34 ppt. 173 

ISO22404 [40] and ISO16221 [41] and ASTMD7991 [39] do not specify salinity to run 174 

biodegradability tests. 175 

Discussion 176 

The TS issued by different institutions showed a lack of uniformity with physical 177 

and chemical properties observed in actual environments, which are known to influence 178 

biodegradation processes [46,47]. In Europe, the certification of biodegradability of 179 

materials created by Vinçotte and managed by TUV (OK Biodegradable) is the most 180 
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broadly used and encompasses the following modalities: WATER, SOIL and MARINE. 181 

Regarding the MARINE modality, it has been based on the technical standard ASTM 182 

6691, which measures the biodegradability of the material in the water column. However, 183 

oceans are composed by different environmental compartments (water column and 184 

seabed) resulting in dissimilar metabolic capacities to degrade materials. In this context, 185 

material degradation in the oceans, rather it is biodegradable plastic or algae, is mainly 186 

mediated by microorganisms. Sediments may shelter nearly 1,000 times more 187 

microorganisms than the water column [48], while various microbial groups known for 188 

their function as decomposers feed on organic matter and largely lodge in marine 189 

sediments [49]. Therefore, degradation processes occur in sediment at higher degrees than 190 

they do in the water column. Indeed, biodegradable plastics have been shown to have a 191 

10 times greater degradation rate in the sediment than in the water column [7]. This is 192 

especially relevant given that 70% of plastic debris that reach the oceans end up in the 193 

sediment. 194 

Physico-chemical parameters in oceans and coastal zones can vary dramatically 195 

in time and space. In this sense, studies have shown that pH, salinity, dissolved oxygen 196 

and temperature can differ substantially among samples collected within few centimeters 197 

or minutes apart [50,51]. Common oceanographic processes such as tides, currents, 198 

continental discharges and euryhaline circulation are crucial agents in such dynamics. 199 

Furthermore, storms, tsunami and other extreme events are also important factors to be 200 

considered when assessing the physico-chemical parameters of water and marine 201 

sediments [52]. Hence, fragments of biodegradable plastics discarded inappropriately will 202 

be subjected to a wide variety of biogeochemical conditions. 203 

Temperature is a parameter that may present pronounced horizontal and vertical 204 

variations, as small oscillations in tidal cycles can induce changes in the order of 10°C 205 
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over a single day. Sudden variations in temperature are also observed in coastal and 206 

oceanic areas where seasonal upwelling are typical, such as in South Africa, when these 207 

processes alter surface water temperatures, causing declines from 20°C to less than 17°C 208 

[53]. On the West Coast of North America, the recorded variations are of 3°C, reaching 209 

9°C near the coasts of Oregon and California [54]. In addition, latitudinal variations in 210 

surface temperatures around 28ºC (in the equatorial zones) and -1.9ºC (at the poles) are 211 

often seen in Earth's oceans and seas [55].  212 

Regarding ocean stratification, the warmest surface layers are separated from the 213 

deep cold ocean by thermoclines. Below these bands of abrupt variations – deep-sea 214 

regions represent 90% of oceanic areas, with a mean depth of 3,800m [56] –, the water 215 

column extends to the seafloor where the temperature averages 3.5ºC, while varying 216 

between 1ºC and 5ºC [57]. Under such perspective, temperature is a crucial factor in 217 

chemical reactions and may strongly influence metabolic activity of the microorganisms. 218 

In fact, a temperature rise of 10ºC can produce a two-fold increase in the metabolic 219 

capacity of the sediment [58]. Moreover, experiments carried out using Poly-3-220 

hydroxybutyrate (P3HB) immersed in seawater, showed that at 27°C the biodegradation 221 

rates were almost twice as high as those observed in water at 10°C. Temperature 222 

influences biochemical reactions and taxonomic composition of microbial communities, 223 

controlling reproduction, growth and distribution of decomposing microorganisms, thus 224 

this is a key environmental parameter for biodegradability [59].  225 

The examination conducted herein disclosed the temperatures adopted by some 226 

TS, like ASTM 6691 that requires experiments to be carried out at 30ºC, are generally far 227 

higher than the mean occurring temperature in the oceans. In this sense, considering the 228 

effects of this parameter on chemical reactions of any nature, the time allotted until full 229 

degradation of a material could significantly vary depending on the temperature selected. 230 
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In other cases, like in ISO 19679, temperature is not accurately specified, allowing ranges 231 

from 15 to 28ºC, which are excessively large and can result in marked dissimilarities in 232 

biodegradability outcomes, while being still very far from the conditions observed in the 233 

deep-sea. Furthermore, in the deep-sea, abiotic characteristics are mostly uniform, 234 

however hydrostatic pressure is a prevalent physical variable, which in the hadal systems 235 

can reach between 600 to 1100 atm. An environment enduring increased pressure along 236 

with reduced temperature is expected to impact the activity of enzymes in organisms 237 

therein [60]. Experiments using fungi isolated from the deep-sea revealed their reduced 238 

polymer degradation capacity under increased hydrostatic pressure, while no degradation 239 

could be observed above 296 atm [61]. 240 

Salinity is another environmental factor that affects polymer degradation rates 241 

as this further plays an essential role in the selection of microbial communities and over 242 

their metabolic activity [62]. In surface extracts from the oceans, salinity varies between 243 

32 and 37 ups, with higher values found in semi-closed seas, where evaporation far 244 

exceeds precipitation, such as the Mediterranean Sea (37 to 39) and the Red Sea (40 to 245 

41) [63]. On the other hand, runoff leads to salinity reduction (27 to 30) in coastal waters. 246 

In estuarine systems, salinity may vary between 0 and 30 [64], whereas in the deep ocean 247 

it tends to be more stable, averaging 34.8 [65]. Reasonably, only TS designed for marine 248 

environments recommend adjustments in this parameter (32 – 34), whereas those 249 

regarding non-saline circumstances, such as soil and freshwater environments, do not 250 

consider such parameter. 251 

The pH in aquatic environments is fundamentally controlled by addition or 252 

removal of CO2 due to physical and biological processes. This important parameter can 253 

be modified by up to one unit due to microbial activity and phytoplankton density. In 254 

addition, increases in partial pressure of CO2 experienced after the industrial revolution 255 
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have contributed to gradual decreases in the pH of global aquatic systems [66]. Especially 256 

in coastal areas, pH is subjected to daily and seasonal fluctuations. Thus, higher values 257 

are often observed during the summer owing to changes in water temperature and 258 

increased photosynthesis rates. Therefore, pH in coastal waters routinely vary between 259 

7.5 and 8.5 [67], while lower values are usually observed in the eulittoral (5.5 to 6.8) and 260 

sublittoral (7.8 and 7.9). In contrast, in surface waters of open oceans, pH values are 261 

generally found between 7.9 and 8.3 [68]. In the deep ocean, vertical pH profiles reveal 262 

average values between 7.5 and 7.6 [68]. When confronted with the analyzed TS, pH 263 

values of 7, 6-8 and 7-8.5 are recommended for aqueous medium, soil and marine 264 

environments, respectively. Indeed, microorganisms from different groups are known to 265 

demand certain conditions to perform in degradation processes. For instance, fungi 266 

usually tolerate wider pH ranges compared to bacteria [69]. Studies carried out with 267 

butylene polyadipate-terephthalate (PBAT) and its biocomposites have shown this 268 

material to better degrade in activated sludge compound than in natural sea water (in situ). 269 

This study also showed that the low temperature and alkalinity of seawater stimulated the 270 

activity of psychrotrophic bacteria, while acidity in the sludge favored fungi activity [70]. 271 

On the counter side, polylactic acid (PLA), a known biodegradable polymer, underwent 272 

faster degradation in alkaline solutions influenced by the high concentration of hydroxide 273 

ions [71]. 274 

The penetration and distribution of light radiation in water bodies is dependent 275 

on depth and turbidity. In coastal regions, where the amount of particulate matter in 276 

suspension is high, the photic zone can vary from a few to 60 m depth. On the other hand, 277 

in pelagic environments, availability of light can reach 200m. Beyond this measure, 278 

dysphotic and aphotic zones show an evident decrease in incidence of light [72]. 279 

Therefore, the deepest portions of the ocean, which comprises 90% of its volume, remains 280 
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in complete darkness. Degradation rates of plastic polymers are intensified in surface 281 

environments as photodegradation take up a significant share of the process [73,74]. 282 

Moreover, UV radiation also plays an essential role in the vertical distribution of 283 

microbial diversity [75]. In this regard, it is important to highlight that fungal and bacterial 284 

species produce enzymes that mediate biodegradation of bioplastics which are, directly 285 

or indirectly, dependent of light radiation [8,76]. Thus, light conditions should be a 286 

controlled variable in TS testing of biodegradability, and if darkness is not applied, light 287 

sources should be able to simulate the whole radiation spectrum that the oceans receive.  288 

Although there are a wide variety of microorganisms and enzymes able to 289 

biodegrade polymers, these are not capable of universally degrading all types of plastics. 290 

Further, biodegradation rates are also dependent of polymer morphology and their 291 

physical and chemical properties. In this regard, the surface area, chemical structure, 292 

molecular mass, elasticity and crystalline structure are crucial features [77]. In addition, 293 

environmental parameters, such as humidity, temperature, pH, salinity and hydrostatic 294 

pressure, along with the availability and type of nutrients and presence of xenobiotics 295 

greatly influence the dynamics of microbial systems [78]. A recent study assessing 296 

degradation rates of polyhydroxybutyrate (PHB) and polybutylene sebacate-co-297 

terephthalate (PBSeT) in three different marine environments showed sample 298 

disintegration under intertidal, pelagic and benthic conditions. However, significant 299 

differences in degradation rates were observed and related to the distinct abiotic and biotic 300 

conditions, which strongly influence microbiota diversity and function [79]. Another 301 

study, which evaluated degradation of polyhydroxyalkanoate (PHA) in marine 302 

environments under different climatic zones, showed disintegration rates related to light 303 

exposure, temperature and oxygen [80]. Therefore, considering that microbiota is 304 

connected to habitat [81], formulated inoculums are unlikely to approximate accurate 305 
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microbial consortia of marine environments. In this regard, ASTMD6691 [82] indorses 306 

the use of either local sea water for an inoculum or one consisting of a minimum of ten 307 

organisms, then listing the following species, claiming to have been identified by Gram 308 

staining and biochemical evidences: Alteromonas haloplanktis, Xanthomonas campestri, 309 

Vibrio alginolyticus, Vibrio proteolyticus, Actinomycete sp., Bacillus megaterium, 310 

Bacillus sp., Zooster sp. and Pseudomonas sp. It must be noted, herein, that this list is 311 

constant since, at least, the 2009 version of this document, which seemingly reflects the 312 

bacteria identified in a certain environmental sample used to run the modeled experiment, 313 

and not a reproduceable consortium of microorganisms which would, thus, allow 314 

standardization of this protocol. Moreover, to the best our knowledge, Zooster sp. and 315 

Actinomycete sp. are not valid microorganism taxa. In such a scenario, one cannot 316 

overlook the title held by the ASTMD6691 [82] (Standard test method for determining 317 

aerobic biodegradation of plastic materials in the marine environment by a defined 318 

microbial consortium or natural sea water inoculum), for which the guidelines provide 319 

fragile, under sought and inconsistent instructions on how to certify for biodegradability 320 

in the marine environment. 321 

Analogously, the tests provided by ASTM D5247‐ 92, which employ soil-322 

specific microorganisms, limit the plastic samples as the only carbon source, although, in 323 

natural environments, the tested polymer may not be the preferred substrate in the 324 

presence of more conventional nutrients. Furthermore, the ISO 16221-01, ASTM D6691-325 

17 and OECD 306-92, which add mineral nutrients to the inoculum, can stimulate growth 326 

and microbial activity in a different way than what in fact occurs in natural environments, 327 

while studies have indicated that nutrient addiction affects the degradation process (Tosin 328 

et al., 2012b). Furthermore, the microorganisms used in experimental conditions 329 

generally differ quantitatively and qualitatively from the environmental microbiota [83]. 330 
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On the other hand, as it is reasonable to agree that achieving an environmentally accurate 331 

microbial inoculum to be used under experimental conditions is not feasible, the means 332 

by which TS access and ponder microorganisms in degradation processes is still far from 333 

allowing their adequate use in certification schemes. 334 

Biodegradable plastics may contain toxic substances that can be released during 335 

the degradation process [84]. Thus, TS should include assessments of the potential 336 

toxicity derived from the biodegradation process of the tested materials. In this regard, 337 

TUV’s OK Biodegradable, based on ASTMD6691 [82] includes a standard for 338 

ecotoxicity tests using Daphnia sp. [85]. The certification scheme from the US 339 

Environmental Protection Agency also indicates further protocols for ecotoxicity 340 

assessments using other organisms, such as fish, algae and cyanobacteria, but does not 341 

clarify if these tests must be performed in order to certify the materials. Moreover, the 342 

toxicity induced during biodegradation process, could also be related to formation of 343 

microplastics, which are becoming of substantial concern since those could be the most 344 

harmful portion of plastics debris. Due to their reduced size (< 5 mm), these materials can 345 

be ingested and prompt immune and neurotoxicity disorders [86]. Moreover, microplastic 346 

also act as carriers for other pollutants and/or additives adsorbed to their surface, which 347 

can then become bioavailable during degradation [87]. In this sense, there is no technical 348 

standard for certification of biodegradability of plastic polymers that considers 349 

microplastic formation as an intermediate or end product.  350 

Final remarks 351 

 Biodegradability is a widely misused term that has been distorted generally 352 

aiming to give a specific product an added “green” value that, in many cases, is not 353 

accurate. At least in part, this issue is derived from the lack consensus on biodegradability 354 

meaning. Indeed, decomposition under natural conditions may present different time 355 
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frames depending on the specific environmental variables. Thus, a biodegradability 356 

concept must always be linked to a specific environment [9]. Biologically diverse marine 357 

environments cover about 70% of the Earth's surface [88], offering 300 times more 358 

habitable space than terrestrial and freshwater environments. In addition, these areas 359 

portray a remarkable diversity of physical and chemical conditions [64]. The TS currently 360 

in use contemplate only a fraction of this diversity and largely disregard the deep-sea, 361 

where 32% of the accumulated debris are plastic, most of which (89%) are from single-362 

use utensils [4]. These environments have specific ranges of microbial activity, pH, 363 

temperature, salinity and pressure that are not fully covered by any technical standard. 364 

Even the TS designed to simulate marine environments have established experimental 365 

conditions that are far from real environmental parameters. 366 

 Despite this, labels claiming biodegradability of these materials are currently 367 

issued based on tests carried out using TS which do not reflect their degradation in natural 368 

environments. As such labels wield a positive influence on consumers' purchasing 369 

decision, they certainly portray an environmental rip off. Therefore, ideal TS for attesting 370 

degradation should consider deep-sea environmental conditions, which could provide a 371 

more appropriate assessment on material biodegradability for these ecosystems. 372 

Considering the above, we propose three key points that new biodegradability 373 

certification schemes should consider: (1) simulation of deep-sea environmental 374 

conditions as much as possible, taking into consideration temperatures close to 0ºC and 375 

absence of light, among other factors; (2) using toxicity tests to assess potential toxicity 376 

through degradation and (3) monitoring of microplastic formation. Furthermore, it is 377 

important that new TS make truly clear to the users the meaning of the certification, 378 

providing information on time scale and degradation rates. Finally, as plastic waste is 379 

subject to uncontrollable cross-border movements, worldwide harmony among 380 



16 

 

certification schemes is a real necessity in a globalized and interconnected planet.  381 
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Table 1: Technical standards currently used to assess the biodegradability of plastic 

polymers.  
 

 
Standard Description 

ASTM D5511-2018 Standard test method for determining anaerobic biodegradation of plastic 

materials under high-solids anaerobic-digestion conditions 

ASTM D5988-2003 Standard test method for determining aerobic biodegradation of plastic 

materials in soil 

ASTM D6691-2017 Standard test method for determining aerobic biodegradation of plastic materials in 

the marine environment by a defined microbial consortium or natural sea water 

inoculum 

ASTM D7991-2015 Standard test method for determining aerobic biodegradation of plastics buried 

in sandy marine sediment under controlled laboratory conditions 

EN 14047:2002 Packaging. Determination of the ultimate aerobic biodegradability of 

packaging materials in an aqueous medium. Method by analysis of evolved 

carbon dioxide 

EN 14048:2002 Packaging. Determination of the ultimate aerobic biodegradability of 

packaging materials in an aqueous medium. Method by measuring the oxygen 

demand in a closed respirometer 

EN 17033:2018 Plastics. Biodegradable mulch films for use in agriculture and horticulture. 

Requirements and test methods 

ISO 13975:2019 Plastics — Determination of the ultimate anaerobic biodegradation of plastic 

materials in controlled slurry digestion systems — Method by measurement of 

biogas production 

ISO 14851:1999 Determination of the ultimate aerobic biodegradability of plastic materials in 

an aqueous medium — Method by measuring the oxygen demand in a closed 

respirometer 

ISO 14852:2018 Determination of the ultimate aerobic biodegradability of plastic materials in 

an aqueous medium — Method by analysis of evolved carbon dioxide — 

Technical Corrigendum 

ISO 14853:2016 Plastics — Determination of the ultimate anaerobic biodegradation of plastic 

materials in an aqueous system — Method by measurement of biogas 

production 

ISO 17556:2003 Plastics — Determination of the ultimate aerobic biodegradability in soil by 

measuring the oxygen demand in a respirometer or the amount of carbon 

dioxide evolved  

ISO 16221:2001 Water quality — Guidance for determination of biodegradability in the marine 

environment 

ISO18830: 2016  Plastics — Determination of aerobic biodegradation of non-floating plastic 

materials in a seawater/sandy sediment interface — Method by measuring the 

oxygen demand in closed respirometer 

ISO19679: 2020 Plastics — Determination of aerobic biodegradation of non-floating plastic 

materials in a seawater/sediment interface — Method by analysis of evolved 

carbon dioxide 

ISO 22404:2019 Plastics — Determination of the aerobic biodegradation of non-floating 

materials exposed to marine sediment — Method by analysis of evolved 

carbon dioxide 

AFNOR NF U52-001  Biodegradable materials for use in agriculture and horticulture - Mulching 

products - Requirements and test methods 

OCDE 306 Biodegradability in Seawater 
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Table 2: Main parameters used to assess biodegradability of plastic materials according to several technical standards. 

Medium 
Certification 

body 

Technical 

Standard 
pH Exposure time Inoculum Measurements Temperature 

% 

Biodegradation 

S
o
il

 

ASTM D5988-18 4.5 - 8 
2 weeks to -

4months 

Bacteria / 

fungi / soil 

CO2 emission, mass loss, 

tensile strength 
20 - 37ºC 70% 

ISO 17556:03 6 - 8 6 - 24 months 
Field or forest 

soil 

O2 uptake and CO2 

emissions 
20 - 28ºC 60% 

AFNOR NF U52-001 6 - 8 12 months N/C CO2 emissions 28ºC 60% 

EN 17033-12 N/C 24 months 
Field or forest 

soil 
CO2 emissions 20–28 ° C 90% 

A
q
u
eo

u
s 

EN 
14047:02 

14048:02 
7.7 45 - 55 days Minerals 

 

O2 uptake and CO2 

emissions  

20 - 58ºC 

 

 

70% 

 

ISO 

14851-99 

14852-99 

13975-12 

14853-16 

6 - 8 

 

3 - 6 months 

 

Soil / sludge / 

compost 

 

ratio between 

biochemical oxygen 

demand and theoretical 

oxygen demand 

20 - 25º C 

 

60 a 70% 

 

S
ea

w
at

er
 

ASTM 
D6691-17 

D7991-15 

7 - 8 

 

3 months to 2 

years 

 

Sediments / 

seawater 

 

CO conversion to CO2 
15 - 30ºC 

 

60 a 70% 

 

ISO 

18830:16 

19679:01 

16221:01 

22404:19 

7 – 8.5 

 

60 days to 24 

months 

 

Sediments / 

seawater 

 

O2 uptake and CO2 

emissions  

15–28º C 

 

60 a 70% 

 

OCDE 306:92 
N/C 

 

60 days 

 

Treated 

seawater 

 

Chemical oxygen 

demand 

15-20°C 

 

> 60% 
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