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INTRODUCTION

Pollution of the aquatic ecosystem by single-use plastic waste has been noted as one of 
the most significant challenges of the 21st century. Across the globe, five hundred marine 
locations have been identified as dead zones with a size of approximately 245,000 km² each due 
to polymer pollution effects (European-Bioplastics, 2019). To solve the problem of single-use 
plastic waste in the aquatic ecosystem, scientists have suggested a nature-based solution that 
involves the replacement of synthetic plastics with biodegradable plastics termed ‘‘bioplastics’’. 
Apart from the bioplastic; other treatment options pollute the ecosystems as well as leave 
millions of tonnes of plastic waste to accumulate in the ecosystems (Dada, 2019; Abdelmoez et 
al., 2021; Nomadolo et al., 2022). Thus, 

the need for a sustainable environmentally-friendly option to replace synthetic non-
degradable plastics such as bioplastics.
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The biodegradation rates of single-use blended bioplastic packaging nylon, nylon 6, and cellulose 
polymer were assessed in aquatic environments in an attempt to identify real biodegradable 
bioplastics (RBB). The natural biodegradation rates of the test samples in freshwater and 
marine water were assessed by respirometric method following the procedure of the American 
Standard Testing and Materials. The experimental design was arranged thrice in a completely 
randomized design of 2x4x3. The physicochemical parameters were obtained using the standard 
methods while the rates of biodegradation were obtained by titration method. Data obtained 
were analyzed using descriptive statistical method. At the end of 120 days, there were steady 
increase in the rates of biodegradation of cellulose and bioplastic samples across the fourth 
month in both freshwater and marine water. However, the rate of biodegradation in marine water 
were higher than in freshwater following the trend cellulose in marine (342 %) > cellulose in 
freshwater (259%) > bioplastics packaging nylon in marine (193%) > bioplastics packaging 
nylon in freshwater (175%). For nylon 6, the rate (-14) of retardation in the biodegradation 
process in Nylon 6 soaked in marine water is greater than that of Nylon 6 soaked in freshwater 
(-13). Consequently, nylon 6 was recalcitrant to biodegradation both in freshwater and marine 
water. The study concluded that the blended bioplastic packaging nylon is a real biodegradable 
bioplastic and could be suggested as a feasible and environmentally-friendly option to replace 
traditional plastics in the society.
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However, the major concern with bioplastic usage is the false claim made by some 
manufacturers who do not meet the required criteria and standards of biodegradability. (Ariole 
and George-West, 2020). Such fake bioplastics have been confirmed to release microplastics 
and thereafter end up polluting the environment with effects similar to or worse than those of 
conventional plastics (Saalah et al., 2020; Mroczkowska et al., 2021). 

This clarification of the real biodegradable bioplastics (RBB) is germane in order to avoid 
being greenwashed by the false claims of some manufacturers.

Globally, the American Society for Testing and Materials (ASTM) method is useful to 
confirm the claims made by most bioplastic industries about the biodegradability potentials of 
their products. This method is based on certain criteria and requirements to assess the validity of 
any biodegradability test. Hence, non-conformity to these criteria shall be considered an invalid 
test.  The criteria revealed that the reference material may be at least 90% biodegradable within 
six months with evidence of carbon dioxide evolution. This is necessary as carbon dioxide is 
an end product of biodegradation (Tourova et al., 2020; Atanasova et al., 2021). In addition, to 
assess the rate of bioplastic biodegradation, changes in the physical and chemical properties of 
the bioplastic materials can be monitored using analytical and microscopy methods (Kjeldsen, 
et al., 2019; Oliveira et al., 2021). In this way, they contribute to environmental enrichment, 
remove plastic accumulations in the environment, and reduction in the cost of waste management 
(Haider et. al., 2019; Abed et al., 2020; Abe et al., 2021).

The idea of replacing synthetic plastic with bioplastic is widely acceptable and had been 
confirmed to degrade in temperate and sub-tropical region. Conversely, there is need to study the 
biodegradability potentials of bioplastics in tropical environment. Presently, the degradability 
testing of bioplastics has been successfully carried out in most developed countries with 
temperate and sub-tropical environment using American Standard for Testing and Materials 
(ASTM) methods (Muniyasamy and Dada, 2021; Eronen-Rasimus et. al. 2022). Here, in 
tropical environment, there is a dearth of knowledge on researches involving biodegradation of 
bioplastics in the tropical aquatic environment using the ASTM methods as a certified testing 
method for materials such as bioplastics. In this study, biodegradable packaging nylon bag is 
subjected to the natural biodegradable activities 

of Indigenous microflora of the freshwater and marine water environment using the methods 
of the American Standards Testing and Materials (ASTM, 2017). This is with a view to assessing 
the rate of biodegradation of the bioplastic packaging film and its suitability in tropical aquatic 
environment.

MATERIALS AND METHODS

The freshwater samples were obtained from Isokun River, Ogo-Oluwa Street, Ilara-Mokin, 
Ondo State-Nigeria at latitude 5.1023o E and longitude 7.3491o N (Figure 1) where anthropogenic 
activities were minimal. The wet season covers March–October with an average rainfall of 1900 
mm, while the dry season covers November–February. The mean monthly temperature ranges 
between 25°C and 30°C while the mean monthly relative humidity is below 65. The freshwater 
was filtered through a 200 μm mesh, in order to remove the zooplanktonic organisms and stored 
at 4˚C in a refrigerator. To prepare the simulated marine water; one litre of fresh water samples 
were obtained and the pH adjusted to 8.2 using 0.1 N solution of hydrochloric acid. 

The appropriate quantity of each component of salts in g/l as indicated in Table-1 were dissolved 
in one litre of distilled water to mimic marine water condition following standard methods as 
described by Lake Products Company (2021). Three sterile test materials used for the study are 
nylon 6 packaging bag, Bioplastic packaging bag and cellulose. The bioplastic was PBAT–PBS 
(30/70) (commercially named Bionolle 1020) obtained from Council for Scientific and Industrial 
Research (CSIR), Pretoria, South Africa. The Nylon 6 were sourced from the local stores on campus 
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The physicochemical parameters of the freshwater and marine water samples were determined 
using standard methods. The Experimental Design of the biodegradation of the test samples 
was conducted under controlled conditions in accordance with the International Standard of the 
American Society for Testing and Materials (ASTM). For the fresh water, the procedure highlighted 
in ASTM D 1141-98 (ASTM, 2017) for surface water were followed; while conditions and criteria 
indicated in ASTM D6691 were followed to set up  biodegradation test of plastics entrenched in 
simulated marine water. Twenty-four of 1 litre respirometric glass jars of height 15 cm and width 
7 cm were washed and sterilized by drying at 170 Celsius for 15 minutes. Twelve respirometric 

 
Figure 1: Map showing Sources of The Freshwater and Marine water (Isokun River) 
   

Fig. 1. Map showing Sources of The Freshwater and Marine water (Isokun River)
 
Table 1: Composition of Simulated Marine Water 
 
 
Percentage of Salts in Simulated                                          Conc. of Salts Used for Simulated  
Marine water                Marine Water 
NaCl     58.490%   24.53 g/l 
MgCl2 ∙ 6H2O    26.460%   25.20 g/l 
Na2SO4                  9.750%    4.09 g/l 
CaCl2     2.765%   1.16 g/l 
KCl     1.645%    0.695 g/l 
NaHCO3    0.477%    0.201 g/l 
KBr     0.238%    0.101 g/l 
H3BO3                  0.071%     0.027 g/l 
SrCl2 ∙ 6H2O    0.095%    0.025 g/l 
NaF     0.007%    0.003 g/l 
Density of seawater equals  1.025 at 15°C   988.968 g/l 
 
  

Table 1. Composition of Simulated Marine Water
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glass jars were prepared for the fresh water and marine water respectively.
Five hundred mls of water samples of fresh water and marine water were added respectively 

to each of the 1000 mls of respirometric glass jar. Five hundred miligrammes each of test film 
materials (bioplastic and nylon-6 films) were cut into sizes of 3 cm by 4 cm and immersed 
in fresh and marine water respectively. Besides, 0.5 g of cellulose powder were poured in 
fresh and marine water respectively as positive control. Blank was set as control and prepared 
both for freshwater and marine water respectively.  Thereafter, for trapping the CO2 evolved 
from the three test samples and the blank as biodegradation sets in, 40 ml of 1 N KOH 
(Potassium hydroxide) were poured into a sterilized 50 ml glass beaker and were positioned 
in the respirometric glass jars to capture the evolved CO2. The experimental design was in 
replicate and arranged in a randomized design of 2x3x4. Each test flask was tightly closed and 
incubated at 35ºC for four months. Readings on evolved CO2 were taken at every other days 
by titration method (Demirkan et al. 2020). To determine the percentage (%) or rate of degree 
of degradation and the concentration of CO2 evolved, the method described below was used 
following the procedures highlighted by Muniyasamy and John (2017).

Degree of degradation (Dt) = (CO2(t)) - (CO2(b)) / ThCO2 x 100 

From the accumulated amounts of biologically produced carbon dioxide, measured in the 
test vessels (CO2) (t) and in the blank control (CO2) (b), the % degree of biodegradation (Dt) 
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Moles CO
2
 = HCl (N) x ml HCl 

 2 

CO
2
 (g) = (N KOH x mls KOH- ml HCl x 0.5 NHCl) x 44 

2 

Normality (N) of KOH: Volume of HCL used at titration / 10   x NKOH 
mls KOH:40 mls of KOH placed in the inset jar
mls HCl:  Volume of HCl used for titration
NHCl:  The normality of HCL used at titration

The theoretical amount of carbon dioxide (ThCO2 in g per vessel) which can be produced 
by a total oxidation of the added test or reference material was calculated by using the formula 
below:
ThCO2 = Mt x Ct x 44/12 

where Mt, is the total weight of the test samples which was 500 milligrams or 0.5 g (after 
conversion to S.I. unit), Ct is the % carbon (58 %) of the test samples which is a constant , 44 is 
the molar mass of carbon dioxide and 12 is the atomic mass of carbon. 

RESULTS AND DISCUSSION

The physicochemical parameters for the aquatic environments were presented in Table 2. 
The pH of the freshwater and simulated marine water were 7.70 and 8.20 respectively. The 
value of the dissolved oxygen reported in the freshwater samples was above 2.60 while that 
of the marine water was around 2.31. In addition, a 306.00 µS/cm value was estimated as the 
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electrical conductivity of the freshwater sample. However, mean value of up to 385.00 µS/cm 
was reported for the marine water. The average temperature for the freshwater was 20.30oC while 
that of marine water was 26.20oC. Moreover, the turbidity values for the freshwater and marine 
water were 7.80 m and 6.30 m respectively. For total dissolved solids, the highest (155.00 ml/L) 
value was reported in marine water while 153.00 ml/L was reported in the freshwater sampled. 
However, the mean values reported for total suspended solids were 1.00 ml/L and 1.10 ml/L for 
both freshwater and marine water respectively.

For the metal analyses conducted on the aquatic environments, the concentrations of 
cadmium (Cd), lead (Pb), zinc (Zn), and iron (Fe) for freshwater were 0.008 ppm, 0.032 ppm, 
0.272 ppm, and 0.219 ppm, respectively while in marine water, the concentrations were in this 
order: zinc (Zn) (0.780 ppm) > iron (Fe) (0.559 ppm) > lead (Pb) (0.096 ppm) > cadmium (Cd) 
(0.023 ppm). These values are within the acceptable ranges that could be used to assess the 
biodegradation rates of polymer samples in aquatic environments (Ahmed et al. 2018; Harrison 
et al., 2018; Guerrera et al. 2021).

As shown below, Figure 2 displayed the rates of biodegradation of the three test polymers 

Table 2: Physicochemical Properties of Fresh Water and Marine Water 
 
 

Analysis Fresh water Marine water 
Electrical conductivity (µS/cm) 306.00 385.00 
Temperature (oC) 20.30 26.20 
pH  7.70 8.20 
Dissolved Oxygen (DO) 2.67 2.31 
Turbidity (m) 7.80 6.30 
Total Dissolved Solid (mg/L) 153.00 155.00 
Total Suspended Solid (mg/L) 1.00 1.10 
Cadmium (Cd) (ppm) 0.008 0.023 
Lead (Pb) (ppm) 0.032 0.096 
Zinc (Zn) (ppm) 0.272 0.780 
Iron (Fe) (ppm) 0.219 0.559 

 

Table 2. Physicochemical Properties of Fresh Water and Marine Water

 
Figure 2: Rates of Biodegradation of Bioplastics, Cellulose and Nylon 6 in Freshwater and                        
Marine Water across Thirty (30) Days 
 

Key: FW-CE = Fresh Water Cellulose, FW-BP = Fresh Water Bioplastics, FW-NY = Fresh Water 

Nylon 6. MW-CE = Marine Water Cellulose, MW-BP = Marine Water Bioplastics, MW-NY = 

Marine Water Nylon 6. 
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Fig. 2. Rates of Biodegradation of Bioplastics, Cellulose and Nylon 6 in Freshwater and Marine Water across 
Thirty (30) Days

Key: FW-CE = Fresh Water Cellulose, FW-BP = Fresh Water Bioplastics, FW-NY = Fresh Water Nylon 6. MW-
CE = Marine Water Cellulose, MW-BP = Marine Water Bioplastics, MW-NY = Marine Water Nylon 6.
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both in freshwater and marine water samples in the first month of the experiment. The rates of 
biodegradation of the test samples on the 3rd day in fresh water samples were about 0.2 % for 
cellulose, 5% for bioplastic and 1% for synthetic nylon -6. However, at the same period, in the 
marine environment, cellulose biodegraded by about 1% while bioplastic biodegraded by 5% 
with synthetic nylon 6 revealing evidence (-6%) of retardation in rate of biodegradation. Initially, 
the low rates of biodegradation may be due to the fact that the plastic-degraders were trying to 
form biofilms around the test materials as reported by Dada (2020). Besides, retardation in the 
rate of biodegradation of the nylon 6, may be due to the recalcitrant nature of nylon material 
(Ganesh et al., 2020). Therefore, for the nylon 6, retardation in the rates of biodegradation 
processes by -40% was reported in the first month. Correspondingly, cellulose and bioplastics 
maintained gradual biodegradation rates (4% and over 33%) till the end of the month in fresh 
waters respectively while in marine water, the rate of biodegradation of cellulose and bioplastic 
increased steadily throughout the first month in this order: Bioplastic (35%) > Cellulose (13%).

The rates of biodegradation of the test materials entrenched in both fresh and marine water 
samples respectively in the second month were shown in Figure 3. For the second month, in 
the fresh water, the rate of biodegradation of cellulose was 5% while 33% was reported for 
bioplastic. However, the synthetic nylon 6 had retarded (-40) rates of biodegradation. Similarly, 
at the end of the month, there was an increase in the rate of biodegradation of cellulose by over 
73% while the rate of biodegradation of bioplastics increased by over 42% respectively. For 
nylon 6, retardation in biodegradation rates by -39 were reported till the end of the month (60th 
day). The rate of retardation reported on the 60th day may be due to the reduction in microbial 
loads of the plastic degrader as they were exposed to their wastes during biodegradation 
processes. These results corroborated with the outcome of Nomadolo et al. (2022) which 
revealed that blended biopolymer biodegraded in this same trend under controlled aerobic 
laboratory conditions. Similarly, on the 60th day (Figure 2), cellulose degraded at a 70% rate 
while bioplastic degraded at over 42%. This is because cellulose is a purely natural biopolymer 
while bioplastic packaging nylon is made up of blended polymeric substances (Nwinyi and 

 
 
Figure 3: Rates of Biodegradation of Bioplastics, Cellulose and Nylon 6 in Freshwater and 
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Owolabi, 2019; Zhong et al., 2020; Abe et al. 2021). In marine water conditions, cellulose was 
biodegraded by over 15% rate. 

However, the rate of bioplastic biodegradation improved by up to 3-folds than the value 
reported for cellulose with synthetic nylon 6 retarded in biodegradation process at the beginning 
of the second month (33rd day) in fresh water. Moreover, cellulose had over 130% level of 
biodegradation and over 81% rates of biodegradation reported in bioplastic with synthetic nylon 
6 been resistant and retarded in biodegradation process by - 44% retardation rates.

Thereafter, at 48th day of aerobic biodegradation, cellulose had 57% level of biodegradation. 
Moreover, at 51st, 54th, 57th and 60th days, the rates of biodegradation of cellulose were in 
this order: 78%, 96%, 115% and 130%. At the same period, the rates of biodegradation of 
bioplastics also increased across the days in this order 56%, 61%, 67%, 74% and 80%; although 
with biodegradation rates lower than that of cellulose. At this stage, the gradual increase may 
be associated to the fact that the bioplastic is almost at the peak of its ultimate biodegradation 
and mineralization stage (Fesseha and Abebe, 2019; Dada, 2020; Ribba et al., 2022). Similarly, 
in marine water samples, cellulose biodegraded faster (over 130%) than bioplastics (80%) 
throughout the test periods. This may be as a result of the presence of some salts and nutrients 
in marine water that may accentuate the potentials of indigenous marine microbes to degrade 
the polymers as reported by Muniyasamy and Dada (2021).

In the third month, Figure 4 reported the rates of biodegradation of test materials in both 
fresh and marine water samples. In freshwater samples, at the beginning of the month (63rd 
day), cellulose and bioplastic had biodegradation rates of over 82% and 39% with synthetic 
nylon 6 having no sign of biodegradation all through the month with rates of retardation as 
-39% and -34% at 63rd and 90th day respectively. Both cellulose and bioplastic degradation 
rates (147% and 63%) increased constantly till the end of the third month (90th day). In marine 
water samples, there was a gradual increase in the rate of biodegradation starting from the 
63rd day with over 146% degradation reported for cellulose and over 88% level of degradation 
reported for bioplastics. The rates of biodegradation increased continuously throughout the 
month, reaching over 240% degradation for cellulose and 140% degradation of bioplastic on 
the 90th day. Contrarily, the rate of retardation in the biodegradation process of synthetic nylon 
6 samples was -44. Likewise, the rates at which cellulose entrenched in freshwater biodegraded 

 

Figure 4: Rates of Biodegradation of Bioplastics, Cellulose and Nylon 6 in Freshwater and 
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improved by 147% than that of bioplastic (63%) soaked in the same medium.
The rates of biodegradation of test materials in both fresh and marine water samples were 

shown in Figure 5 for the fourth month. At the early part of the month, cellulose and bioplastic 
had biodegradation rate of over 152% and over 70% rates with synthetic nylon 6 sample having 
no level of biodegradation reported in freshwater samples. There was a constant increase in the 
rates of biodegradation of cellulose and bioplastic across the fourth month at 120th day. Similarly, 
degradation of synthetic nylon 6 were reported not to occur with -13% sign of retardation. 
According to Ciriminna and Pagliaro (2020), synthetic nylon 6 are non-degradable in nature. 

However, initially, in marine water for the fourth month, cellulose biodegraded by 247% while 
bioplastic degraded by 145%. By the end of the month, cellulose and bioplastic biodegraded 
at the rate of 342% and 193% respectively with synthetic nylon 6 being resistant (-14%) to 
biodegradation. This report is in line with the findings of Calabro et al (2020) when evaluating 
the anaerobic biodegradability of three biobased materials used for the production of disposable 
plastics. This is because at this level, the biodegradation of bioplastics is at the peak and a 
significant amount of bioplastics were biodegraded. Similarly, when comparing biodegradation 
rates, cellulose and bioplastics sunk in marine water biodegraded faster than that of freshwater.

CONCLUSION

The replacement of non-biodegradable synthetic plastics with Bioplastics has been 
regarded as a safe and acceptable nature-based solution to the environmental challenge of 
plastic pollution. Real biodegradable bioplastics (RBB) are known to biodegrade ultimately 
in the aquatic environment without the release of toxic moieties. Therefore, the environmental 
impacts of bioplastics is manageable compared to the damage caused by conventional plastics 
and can be suggested as feasible alternative to the petroplastics. This breakthrough in the RBB 
development will positively influence the abatement of plastic pollution in the environment.

GRANT SUPPORT DETAILS 

The present research did not receive any financial support. Dr. Sudhakar Muniyasamy of the 

 

Figure 5: Rates of Biodegradation of Bioplastics, Cellulose and Nylon 6 in Freshwater and 
Marine Water across One Hundred and Twenty (120) Days  

Key: FW-CE = Fresh Water Cellulose, FW-BP = Fresh Water Bioplastics, FW-NY = Fresh Water 

Nylon 6. MW-CE = Marine Water Cellulose, MW-BP = Marine Water Bioplastics, MW-NY = 

Marine Water Nylon 6. 
 

-100

0

100

200

300

400

93 96 99 102 105 108 111 114 117 120

R
at

es
 o

f B
io

de
gr

ad
at

io
n 

of
 

Po
ly

m
er

s (
%

)

Days
% FW-CE Rate of Degradation % FW-Bioplast Rate of Degradation
% FW-Nylon-6 Rate of Degradation % MW-CE Rate of Degradation
% MW-Bioplast Rate of Degradation % MW-Nylon-6 Rate of Degradation

Fig. 5. Rates of Biodegradation of Bioplastics, Cellulose and Nylon 6 in Freshwater and Marine Water across One 
Hundred and Twenty (120) Days

Key: FW-CE = Fresh Water Cellulose, FW-BP = Fresh Water Bioplastics, FW-NY = Fresh Water Nylon 6. MW-CE 
= Marine Water Cellulose, MW-BP = Marine Water Bioplastics, MW-NY = Marine Water Nylon 6.



Pollution 2023, 9(4): 1428-14381436

Chemical Clusters, Advanced Polymer Composites Group, Material Science &Manufacturing 
Unit, Council for Scientific and Industrial Research (CSIR), Pretoria, South Africa is 
acknowledged for his contributions to the experimental design.

CONFLICT OF INTEREST 

The authors declared that there is no any conflict of interests regarding the publication of this 
manuscript. In addition, the ethical issues, including plagiarism, informed consent, misconduct, 
data fabrication and/ or falsification, double publication and/or submission, and redundancy 
have been completely observed by the authors. 

LIFE SCIENCE REPORTING 

No life science threat was practiced in this research.

REFERENCES

Abdelmoez, W., Dahab, I., Ragab, E. M., Abdelsalam, O. A., & Mustafa, A. (2021). Bio- and oxo-
degradable plastics: Insights on facts and challenges. Polym. Adv. Technol., 32(5); 1981-1996. 
Retrieved April 10, 2022, from https://doi.org/10.1002/pat.5253

Abe, M., Branciforti, M. & Brienzo, M. (2021). Biodegradation of Hemicellulose-Cellulose-Starch 
Based Bioplastics and Microbial Polyesters. Recycl., 6(1); 10-22.  Retrieved February 25, 2023 
from https://doi.org/10.3390/recycling6010022

Abed, R. M. Muthukrishnan, T., Al Khaburi, M., Al-Senafi, F., Munam, A., & Mahmoud, H. (2020). 
Degradability and biofouling of oxo-biodegradable polyethylene in the planktonic and benthic zones 
of the Arabian gulf. Mar. Pollut. Bull., 150(1); 110639. Retrieved February 25, 2023 from  https://
doi.org/10.3390/recycling6010022

 Ahmed, T., Shahid, M., Azeem, F., Rasul, I., Shah, A. A., Noman, M., Hameed, A., Manzoor, N., 
Manzoor, I., & Muhammad, S. (2018). Biodegradation of plastics: Current scenario and future 
prospects for environmental safety. Enviro. Sci. and Poll. Res., 25 (8); 7287–7298. Retrieved March 
12, 2022 from https://doi: 10.1007/s11356-018-1234-9.

Ariole, C. N. & George-West, O. (2020). Bioplastic Degradation Potential of Microorganisms Isolated 
from the Soil. Am. J. Chem. Biochem. Eng., 4(1); 1-7. Retrieved August 26, 2022 from https://
doi:10.11648/J.AJCBE.20200401.11

ASTM D6691-17. (2017). ASTM International 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 Int., 8(2); 1-5. https://www.techstreet.com/standards/astm-
d6691-17?product_id=2004754

Atanasova, N., Stoitsova, S., Paunova-Krasteva, T. & Kambourova, M. (2021). Review: Plastic 
Degradation by Extremophilic Bacteria. Int. J. of Mol. Sci., 22 (11); 5540-5610. https://doi:   
HYPERLINK “https://doi.org/10.3390/ijms22115610” \t “_blank”  10.3390/ijms22115610 

Calabro, P. S., Folino, A., Fazzino, F. & Komilis, D. (2020). Preliminary evaluation of the anaerobic 
biodegradability of three biobased materials used for the production of disposable plastics. J.  of 
Hazard. Mater., 390(1); 121653. Retrieved November 10, 2022 from   HYPERLINK “https://doi.
org/10.1016/j.jhazmat.2019.121653” \t “_blank” \o “Persistent link using digital object identifier”  
https://doi.org/10.1016/j.jhazmat.2019.121653 .

Ciriminna, R. & Pagliaro, M. (2020). Biodegradable and Compostable Plastics: A Critical Perspective 
on the Dawn of their Global Adoption .  Open Chem., 9(1); 8–13. Retrieved August 21, 2022 from   
HYPERLINK “https://doi.org/10.1002/open.201900272”  https://doi.org/10.1002/open.201900272 

Dada, O. E. (2019). Cadmium Tolerance and Phytoremediation Strategies of Selected  Tropical plants 
Cultivated on Industrial Dump Site under the Influences of Two Mycobionts. West. Afr. J. of Appl. 
Ecol., 27(2); 106 –125. Retrieved February 20, 2020, from https://www.ajol.info/index.php/wajae/

https://doi.org/10.1002/pat.5253
https://doi.org/10.3390/recycling6010022
https://doi.org/10.3390/recycling6010022
https://doi.org/10.3390/recycling6010022
https://doi.org/10.11648/J.AJCBE.20200401.11


Dada, O. et al.1437

article/view/192383
Dada, O. E. (2020) Land-Based Plastic Pollution and Biocontrol in Developing   Countries: Issues, 

Challenges and Directions. [Electronic version]. J. of Eng. Res., 25(1); 1-10. Retrieved June  28, 
2020, from http://jer.unilag.edu.ng/article/view/977/778

Demirkan, E., Guller, B. E., & Sevgi, T. (2020). Analysis by scanning electron microscopy of polyethylene 
terephthalate and nylon biodegradation abilities of Bacillus sp. strains isolated from soil. J. of Biol. 
and Environ. Sci., 14(42); 107–114. https://uludag.edu.tr/dosyalar/jbes/42/mak02.

Eronen-Rasimus, E. L., Pinja, P. N., & Kaartokallio, H. P. (2022). Degradation Rates and Bacterial 
Community Compositions Vary among Commonly Used Bioplastic Materials in a Brackish 
Marine Environment. Environ. Sci. and Technol., 56(22); 15760–15769. https://doi: 10.1021/acs.
est.2c06280

European-Bioplastics. (2019). Report Bioplastics market data - Global production capacities of 
bioplastics 2019–2024. 1; 1-4. Retrieved December 09, 2022, from https://www.european-
bioplastics.org/market/

Fesseha, H. & Abebe, F. (2019). Degradation of plastic materials using microorganisms: A Rev. Public 
Health Open J., 4(2); 57-63. https://doi: 10.17140/phoj-4-136

Ganesh, K. A., Anjana, K., Hinduja, M., Sujitha, K. & Dharani, G. (2020). Review on plastic wastes in 
marine environment–Biodegradation and biotechnological solutions. Mar. Poll. Bull. , 150 (10); 
110733-110733. https://doi:  HYPERLINK “http://dx.doi.org/10.1016/j.marpolbul.2019.110733” 
\t “_blank”  10.1016/j.marpolbul.2019.110733 .

Guerrera, M. C., Aragona, M., Porcino, C., Fazio, F., Laurà, R., Levanti, M., Montalbano, G., Germanà, 
G., Abbate, F., & Germanà, A. (2021). Micro and nano plastics distribution in fish as model 
organisms: Histopathology, blood response and bioaccumulation in different organs. App. Sci., 
11(13); 1–24.   HYPERLINK “https://doi.org/10.3390/app11135768”  https://doi.org/10.3390/
app11135768 .

Haider, T. P., Völker, C., Kramm, J., Landfester, K., & Wurm, F. R. (2019). Plastics of the Future? The 
Impact of Biodegradable Polymers on the Environment and on Society. Ange. Chem. Int. Ed. Engl., 
58(1); 50–62. https://doi: 10.1002/anie.201805766.

Harrison, J. P., Boardman, C., O’Callaghan, K., Delort, A. M. & Song, J. (2018). Biodegradability 
standards for carrier bags and plastic films in aquatic environments: A Critical Review. R. Soc. Open 
Sci. , 5(5); 1–18.   HYPERLINK “https://doi.org/10.1098/rsos.171792”  https://doi.org/10.1098/
rsos.171792 .

Kjeldsen, A., Price, M., Lilley, C., Guzniczak, E., & Archer, I. (2019). A Review of Standards for 
Biodegradable Plastics. Ind. Biotechnol. Inn. Centre, 28 (1); 1-33. https://assets.publishing.service.
gov.uk/government/uploads/system/uploads/attachment_data/file/817684/review-standards-for-
biodegradable-plastics-IBioIC.pdf 

Lake Products Company LLC. (2021). Sea Salt ASTM D1141-98 (Re-approved 2013) Formula 
A, Technol. B., 1; 1-5. https://www.lakeproductscompany.com/products/sea-salt-astm-
d1141-98#:~:text=To%20prepare%20one%20gallon%20of,sodium%20hydroxide%20or%20
hydrochloric%20acid.

Mroczkowska, M., Culliton, D., Germaine, K. & Neves, A. (2021). Comparison of Mechanical and 
Physicochemical Characteristics of Potato Starch and Gelatine Blend Bioplastics Made with 
Gelatines from Different Sources. Clean Technol., 3(2); 424–436. https://doi.org/10.3390/
cleantechnol3020024

Muniyasamy, S. & John, M. J. (2017). Biodegradability of biobased polymeric materials in natural 
environments: Structures and Chemistry. (In: V. K. Thakur, M. K. Thakur, & M. R. Kessler (Eds.), 
Handbook of Composites from Renewable (pp. 625-653). New York: Wiley-Scrivener). http://
eu.wiley.com/WileyCDA/WileyTitle/productCd-1119223792.htm

Muniyasamy, S. & Dada, O. E. (2021) Recycling of Plastics and Composites Materials and   Degradation 
Technologies for Bioplastics and Biocomposites. (In: R. Nayak and A. Patnaik (Eds.), Waste 
Management in Fashion and Textile Industry, (pp. 1311-3333). Cambridge: Woodhead Publishing). 
http://hdl.handle.net/10204/11931.

Nomadolo, N., Dada, O. E., Swanepoel, A., Mokhena, T. & Sudhakar, M. (2022). A Comparative 



Pollution 2023, 9(4): 1428-14381438

Study on the Aerobic Biodegradation of the Biopolymer Blends of Poly(butylene succinate), 
Poly(butylene adipate terephthalate) and Poly(lactic acid). Poly., 14(9); 1894. https://doi.
org/10.3390/polym14091894

Nwinyi, O. C. & Owolabi, T. A. (2019). Scanning electron microscopy and Fourier transmission 
analysis of polyhydroxyalkanoates isolated from bacteria species from abattoir in Ota, Nigeria. J. 
of King Saud Univ. Sci., 31(3); 285–298. https://doi:  HYPERLINK “http://dx.doi.org/10.1016/j.
jksus.2017.08.003,” \t “_blank”  10.1016/j.jksus.2017.08.003 .

Oliveira, M. M., Proenca, A. M., Moreira-Silva, E., de Castro, A. M., dos Santos, F. M., Marconatto, 
L. & Medina-Silva, R. (2021). Biofilms of Pseudomonas and Lysinibacillus Marine Strains on 
High-Density Polyethylene. Micro. and Ecol., 81(1); 833–846. https://doi.org/10.1007/s00248-
020-01666-8

Ribba, L., Lopretti, M., Montes de Oca-Vásquez, G., Batista, D., Goyanes, S. & Vega-Baudrit, J. 
R.  (2022). Biodegradable plastics in aquatic ecosystems: Latest Findings, Research gaps, and 
Recommendations. Environ. Res. Lett. 17(3); 45-61. https://doi.org/10.1088/1748-9326/ac548d

Saalah, S., Saallah, S., Rajin, M. & Yaser, A. Z. (2020). Management of Biodegradable PlasticWaste: A 
Review. (In : A. Z. Y azer, (ed.). Advances in Waste Processing Technology. (pp.127-143)

Singapore: Springer Nature.). https://doi:  HYPERLINK “http://dx.doi.org/10.1007/978-981-15-4821-
5_8” \t “_blank”  10.1007/978-981-15-4821-5_8 .

Tourova, T., Sokolova, D., Nazina, T., Grouzdev, D., Kurshev, E., & Laptev, A. (2020). Biodiversity 
of Microorganisms Colonizing the Surface of Polystyrene Samples Exposed to Different Aqueous 
Environments. Sustain., 12(9); 3624. https://doi:  HYPERLINK “http://dx.doi.org/10.3390/
su12093624” \t “_blank”  10.3390/su12093624 

Zhong, Y., Godwin, P., Jin, Y., & Xiao, H. (2020). Biodegradable polymers and greenbased 
antimicrobial packaging materials: a mini-review. Adv. Indust. Eng. Polym. Res., 3(1); 27-35. 
https://doi:  HYPERLINK “http://dx.doi.org/10.1016/j.aiepr.2019.11.002” \t “_blank”  10.1016/j.
aiepr.2019.11.002 .


	Natural Biodegradation Rates of Single-Use Blended Bioplastic Packaging Nylon Entrenched In Freshwat
	ABSTRACT
	Keywords
	INTRODUCTION 
	MATERIALS AND METHODS 
	RESULTS AND DISCUSSION 
	CONCLUSION
	GRANT SUPPORT DETAILS  
	CONFLICT OF INTEREST  
	LIFE SCIENCE REPORTING  
	REFERENCES


