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ABSTRACT

Plastic has become an essential commodity in present world scenario and is widely used because of its
desirable characteristics such as durability, flexibility, low cost and resistance to degradation. The
increasing consumption of plastic resulted in the ever-growing presence of plastics in water bodies that
held an invisible threat of severe harm to human beings. As the needs of the human population are
increasing steadily, the production of plastic in various forms is increasing, which in turn increases the
accumulation of plastic in the water bodies exponentially. When the threat related to plastics pollution in
water is discussed, the primary or real potential hazard comes from the minute fragments of plastics called
microplastics. Researchers have used various analytical methods with no set standard in either sampling
or units. Also, the increasing pollution of plastics in water can either be due to the improper disposal of
plastic waste or the limited efficiency of current conventional treatments of plastic waste. The review
scenario is tilted towards microplastics' analyses and characterization in water. The ability to remove
plastic waste from water is high for the larger size of plastics. The present review study deals with the
identification and biodegradation of microplastics through microbes. A simple and novel process for
biodegradation of microplastics to overcome the environmental concerns was proposed.

Keywords: Plastic, wastewater, microplastic, biodegradation, analytical techniques.

INTRODUCTION

Microplastics

Plastics are made up of large chains of polymer molecules. Plastics and its products are extensively used
in different sectors of market due to its high durability and high stability [1]. Plastics are highly stable and
not degraded easily, therefore causing harm to the environment. As for instance, the world population of
plastics almost reaches 350 million tonnes in 2015 and plastics consumption will be projected to 20 million
tonnes by 2020 [2]. The growing depends of plastic consumption has resulted in massive accumulation of
plastic waste of around 25940 tonnes per day [3]. Plastic pollutant is ubiquitous and have been reported
from environment close to urban centers, terrestrial areas and fresh water environment. It was estimated

that 80% of plastic in sea originates from inland sources and was transferred by river into oceans [1, 4].

However, plastic degrades under the influence of solar radiation, mechanical abrasion, waves and
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temperature fluctuation. Therefore, on its degradation the plastic transforms into different categories of

plastics i.e., microplastics and nano plastics having different size range.

Plastic
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Macroplastic Mesoplastic Microplastic
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Fig 1: Types of plastic pollution size categories
Microplastics are plastics having size range less than 5mm and present in fresh water, in cosmetics, in

urban centers, on sea surface, etc. MPs can transfer harmful organic chemical into food chain and due to
their persistent nature, they are causing dreadful impact on the biological chain [5]. Primary MPs are
produced in smaller scale and used in different daily used items like cosmetics, toothpaste, scrubs,
clothing, etc. whereas weathering of primary MPs debris results in secondary MPs [7]. Plastic
fragmentation in extremely small size particles results in easier and faster transfer to living organism
through air and water. MPs ingestion possess risk to marine organism by causing false satiation,

reproductive stress and accumulation of lipid in liver and inflammation [5, 8].

Type of
Microplastic
s (MPs)
|
[ | ,
' |
: T 3 Secondary
[ _J Primary MPs N MPs

—

Fig. 2: Types of Microplastics

This nature of plastic getting fragmented into smaller and smaller particles has become a significant cause
of concern as more minor the particle more harm it can cause because it can be inhaled from air or
consumed through water by the living organisms. Although there are no fatal effects seen in human beings,
the primary cause of concern is the unknown effect a long- term exposure can cause [12]. From the study
of aquatic animals, it has been suggested that microplastics can accumulate and cause toxicity in the body
of living organisms. Microplastics ingestion poses extreme threats to marine organisms by causing
reproductive stress and accumulation of lipids in the liver and inflammation. It was reported that 130 t
(annually) of microplastics in oceans from daily products was discharged from the household drains [3,
7]. Around 40 tons of the microplastics reported to the Baltic Sea because of the inadequate filtering by

waste treatment plants.

Microplastics are found to be carriers of other toxic chemicals and microbial pathogens because of the

growth of biofilm. Insufficient knowledge of the plastic content in our environment as well as its toxic
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effect to human beings if exposed for a longer-term has shifted the focus of many researchers towards the

analyses of microplastics to get the better understanding of their origin, their characteristics and their
concentration in the environment [5]. Still, no standardized method has been established for the sampling,
processing, and qualitative and quantitative analyses of microplastics, which poses a massive gap in this
research area. Along with understanding the threat, the need for its removal is also there [8]. Various
techniques exist in the studies like filtration, sedimentation, biodegradation, and chlorination, and many
more, but the efficiency achieved by these techniques for removal of microplastics lower than 100 pm in

size is still very low [9]. For this gap, an optimized method can be used to achieve the desired results.

Despite availability of various conventional and advanced techniques with up to 99% efficiency, for the
removal of microplastics, substantial amounts of microplastics of less than 100 um size, are being released
in the water bodies. Hence, optimizing the biodegradation process in order to increase the efficiency to
remove microplastics of smaller size, is required. Also, recent extensive research works related to
microplastics, are mostly concerned with their analysis in both freshwater systems or wastewater water
bodies, but there is a lack of standard method for the characterization of microplastics mainly due to the
disparity in sampling and processing techniques and the use of different unit systems. Hence there is the

need for more research in this field of microplastic removal and exploration.

Identification of Microplastics

The characterization of the shapes, size and types of microplastics is important aspect to investigate the
biodegradation of microplastics [10]. Various characterization techniques are required for evaluation of
various properties considering the complex nature of microplastics. The characterization techniques
usually involve microscopy, spectroscopy and thermal analysis as shown in Table. 3. [13]. It is popular to
use combination of numerous techniques of three categories to characterize the microplastics for better

precise and concise results.

Table 1. Different techniques and their application and limitation [13,24]

Identification methods Advantages Limitation
Microscopic identification Easier to use Quick Chemical composition cannot be
analysis Simple determined

No polymer composition data.
High possibility of missing small size
particles.

FTIR Detection of particles size High capital cost
less than 20um
Tedious and extended time required

Contact analysis
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Raman Spectroscope Detection of particles size High capital cost Expensive
identification less than 100pm Non- instrument.
destructive analysis

Higher accuracy and
results are in agreement
with chemical analysis for
even small particles

Microscopic identification

Dissecting microscopy is used for the detection for microplastics with size in microns. The microscope
facilitates the image of microplastics, through which the shape and size of plastic can be seen clearly.
Larger particles (i.e., more than 100um) can be easily identified by microscope, whereas, small particles

(i.e., <100 um) with no proper color or definite shape are difficult to characterize as plastics [12,16].

Fourier transform infrared (FTIR) spectroscopy

Fourier spectroscopy is a widely accessible tool to identify unknown polymer particles and the chemical
bond present in them. Fourier identifies the stretch of bonds having carbon present in it (C-H, CHz, CHs)
[1, 51]. The FTIR spectrum library helps in the confirmation of plastics and also in the identification of
polymer. The reflectance and ATR mode don’t need the sample preparation step for thick microplastics,
unlike that of the transmission mode [7, 24]. Microplastics as small as the diameter of the IR beam aperture
of the ATR probe is detectable [24].

Raman Spectroscopy

Raman spectroscopy is a tool to identify small-sized microplastics (<20um), and its use is widespread,
even after having a long measurement time and distortion by fluorescence [19]. Raman spectroscopy
releases a monochromatic light (laser beam) that falls upon the sample and provides different frequencies,
depends on the molecular structure present in the sample [24]. The various polymers have a diverse
spectrum for the microplastics analysis. Raman includes profiling to the sample depending on their

polymer composition [44].
Scanning electron microscopy

Scanning electron microscopy (SEM) is a tool for the high-magnification and vivid images of microplastic
particles. High-resolution images expedite the discrimination of microplastics from both organic and
inorganic particles present in the sample [2, 4]. Further, the elemental composition of the same object is
obtained through analysis with energy-dispersive X-ray spectroscopy (EDS). This aids in identifying
microplastics’ carbon in major from inorganic particles [9, 11]. SEM-EDS have several disadvantages,

such as being expensive and time- consuming for sample preparation, restricting the number of samples.
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Table 2. Literature review of microplastics detection through instrument

S. No. |Detection technique used  [Type of plastic found Reference
1 Fluorescence  microscopy, [Polyethylene (43%) > [18]
FTIR and SEM techniques  polyethylene terephthalate
(17.3%)
2 Raman spectroscopy. LDPE dominant [35]
3 Stereoscopic microscope, [Polyethylene terephthalate  and[[37]

SEM and FTIR were used polypropylene were the dominant
polymer-types

4 FTIR analysis Majorly PES and PE. [44]
5 Raman spectroscopy 90% of the detected microplastics  [[43]
smaller than 5 um
6 Preferred FTIR or Ramanglobally detected polymers in these[31]
spectroscopy, pyrolysis-studies are PE > PP > PS > PVC >
GC/MS PET

Degradation of Microplastics

As seen, plastics do not naturally degrade in no small amount when released into the environment [18].
The application of polymers is extensive because of their exceptionally high stability and durability [14].
Plastics degradation occurs in the environment through four different mechanisms that are,
photodegradation, physical degradation, chemical degradation, and biodegradation [19, 20]. Plastic
degradation starts with photodegradation, which leads to thermo-oxidative degradation. The activation
energy for the occurrence of the degradation of the plastics or polymer is provided by the ultraviolet (UV)
lights and, this result in the initiation of incorporation of Oz atom [14, 15]. Therefore, the plastic becomes
brittle and breaks into smaller particles till the polymer chains reaches to the low molecular weight that
can be used by microorganisms [13]. These microorganisms convert the C of the polymer chains to COx.
However, this entire process is tedious, and it can take up to 40 or more years for plastic to degrade fully
[12, 17].

Table 3. Methods of degradation and its limitation [12]

Degradation methods Advantages Limitations
Physical degradation Easy to be done Time consuming
(abrasive forces, Least effective

heating/cooling,
freezing/thawing, drying)

Photodegradation (by UV Efficient Harmful
light) )
Expensive
Chemical degradation  (by [Easy Expensive
chemicals, oxidation)
Not harmful
Biodegradation by organisms Cheap, easy Time consuming

(bacteria, fungi)
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Table 4. Biodegradable and non-biodegradable plastics table [17]

Biodegradable Plastic

Uses

Biodegradability

Polyhydroxyalkanoate
(PHA)

Food wrapping, and utensils such as
plate, cup

Paper coating and  cardboard

applications

Numerous medical applications, e.g.,
gauzes, sutures.

2 months [13, 38]

Polylactide Acid (PLA)

Grocery bags Packaging (Food) Bottles,
cups and plates

Medical equipment’s such as sutures.

1-6 months [12, 34]

Polybutyrate adipate
terephthalate (PBAT)

Garbage collection bags
\Wrap cover
Disposable containers

Tableware

2 months [36]

Polycaprolactone (PCL)

Manufacturing of bags (Compostable)

Medical devices such as fibers and
sutures

Coating material and adhesives (shoes,
leather)

15 days [6, 30]

Terephthalate (PET)

resistant

Non-biodegradable Properties Uses
plastics
Polyethylene High strength High toughness, High Plastic ~ bottles  (soft

drinks, beer)
Drinking water bottle

Mouthwash bottle [22,
27]

High-Density
Polyethylene (HDPE)

Deflection resistant (stiff) Good strength
and toughness
Corrosive resistant in various chemical

Excellent formability

Drinking water bottles
Milk packets
Juice containers

Cosmetic and laundry
containers [6, 24]

IJCRT2203323 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] c758



http://www.ijcrt.org/

www.ijcrt.org © 2022 IJCRT | Volume 10, Issue 3 March 2022 | ISSN: 2320-2882
Low-Density Good  formability and ease of Dry cleaning
Polyethylene (LDPE) manufacturing

Squeezable bottles
Moisture resistant Good toughness bread

Frozen food bags [16, 28]

Polypropylene (PP) Strength / toughness Resistance to Food containers

chemicals Resistance to heat Bottles for drug and

. . medical applications [32
Barrier to moisture PP [32]

Polystyrene (PS) Excellent insulator (insulation |Grocery  store meat
property) trays

Ease for formation of various shapes Aspirin bottles Egg
cartons

Cups, plates, cutlery [33]

Biodegradation of Microplastics

Organic substances dissociated using the living organisms present in the environment during the
biodegradation process [4]. Degradation of the organics can occur aerobically, with oxygen, or
anaerobically, without presence of the oxygen. Plastics degrade aerobically, anaerobically, and landfills
and partly aerobic and partly anaerobic in composts and soil [15,16], which further produce Carbon dioxide
and water produced during aerobic biodegradation as an end product, and CO2, H20 and CH4 production

in the anaerobic degradation as the final product [9].

Microorganisms (micro-bacteria, yeasts, fungus) are mainly used in the degradation of the natural and
synthetic plastics materials [14, 19]. In general, the plastic biodegradation can proceed under different
conditions depending on the properties of plastics as the responsible microorganisms for the degradation
varies for each case. They have their own nutrients requirements and have their optimal growth conditions
like temperature, pH in the soil [17, 21]- biodegradation processes by various factors including the

polymer characteristics, type of organism, and nature of pre-treatment [40,41].
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Table 5. Biodegradation of polymers through different microorganisms.

Polymer Microorganisms Days [Biodegradability [References
Polyethylene Rhodococcus ruber 30 8% [4]
Brevibacillus borstelensis 30 11% [29]
Bacillus cereus 30 1.7% [18]
Aspergillus niger 40 3.6% [14]
Streptococcus lactis 30 12.5% [17]
Pseudomonas aeroginosa 120  9-20% [11]
Pseudomonas putida 120  9-20% [25]
Pseudomonas siringae 30 2% [11]
Polypropylene Bacillus gottheilii 40 3.6% [18]
Polystyrene Bacillus cereus 40 7.4% [13]
Bacillus gottheilii 40 5.8% [42]
High Density Bacillus sp. 30 2.5% [46]
Polyethylene
(HDPE) Aspergillus niger 40 1.6% [26]
Aspergillus oryzae 40 1.4% [23]
Low Density Bacillus sp. 30 4.8% [5]
Polyethylene
(LDPE) Bacillus cereus 30 4.8% [39]
Staphylococcus sp. 60 7.2% [21]
Aspergillus versicolor 90 6% [10]
Pseudomonas stutzeri 30 4.1% [16]
Pencillium pinophilum 30 11% [45]
Aspergillus niger 30 11.07% [8]
Rhodococcus ruber 60 7.5% [14]
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CONCLUSION

This study concludes the characterization of plastics and the potential of bacteria to degrade microplastics.
There is a lack of standardized analytical methods to identify the microplastics present in the water as no
substantial study has been done to analyze microplastics in Indian water system. Further, unavailability of
degradation systems which are harmless to the environment as well as efficient in removing the
microplastics from the water system and optimized biodegradation techniques, for removal of

microplastics from the water, have been critical concerns in the field.

Furthermore, work can be done regarding the degradation of microplastics where we can work with an
amalgam of bacteria. Moreover, we can do the treatment process before or after the degradation of
microplastics i.e., pre-treatment or post-treatment. Pre- or post-treatment can be done with the help of
ultraviolet light, chemicals to increase the efficiency of degradation. Environmental impact of plastics can
be significantly reduced by employing adequately optimized. The use of microorganisms is also

considered environmentally friendly.
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