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Introduction:

The scientific community paid little attention to the first discovery of plastic litter
in the ocean in the early 1970s. In the following years, research interest in animal
entanglement and its impact on it, such as digestive and reproductive impairment , has
continued to increase. A high-priority research area in marine biology has been assigned
to this topic following recent reports of unexpected occurrences of plastic debris in the

North Pacific Rotation. The presence of small plastic debris is of particular concern.

1.1 Plastics:

The current annual global demand for plastics is estimated at USS245 milhion,
increasing steadily in recent years. Plastics are ideal for a multitude of applications
because they are adaptable, lightweight, durable, and optionally transparent These
materials offer excellent packaging due to their affordability, superior moisture and
oxygen resistance qualitics, bio-inertia and light weight. Plastic packaging that is more
affordable and of equal or superior design is replacing traditional materials such as glass,

metal and paper. As a result, consumer packaging materials such as disposables

[nvestigation of microplastics associated bacteria from Cacra beach, Goa, India.




commonly found in beach debris are made up of about a third of all plastic produced

{(Andrady, 2011)

Polyethylene (PE), polypropylene (PP), polystyrene (PS), poly (ethylene
terephthalate) (PET) and poly(vinyl chloride) are some of the major polymers used in
packaging (PVC). Future ocean plastic waste will increase due to fishing, recreational
and manne water use, demographic changes favouring migration (o coastal areas, and
other factors. About 80% of plastic waste comes from land-based sources, including
beach litter Now that all fishing gear is plastic, they are frequently lost or carelessly
discarded at sea while being used by fishing fleets around the world. The majority of
fishing gear applications use nylon and polyolefins (PE and PP). The fishing industry 1s
responsible for about 18% of manne plastic litter found in the ocean environment. A
major source of plastic waste in the ocean can also come from aquaculture operations.
Beach litter and other land-based sources make up most of the remaining material.
Unintended losses in transit or runoff from processing plants are common routes by

which virgin plastc pellets, a common component of debris, enter the sea.

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.
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Fig 1.1 types of plastics (Earth Easy)

1.2 Garbage patch:
Due to the effects of ocean currents and increase in plastic pollution a gyre of

marine debris particles forms a garbage patch. Oceanic gyres are where the currents are

weakest and once these man made plastic and other waste debris reach the ocean they

start to float and end up in the middle of these gyres. “For every square mile of ocean

there are about 46000 picces of plastic™ estimated by the United Nations environmental

programme. The best known and the largest garbage is the Great Pacific Garbage patch

which mostly contains large density debris and plastics. Other patches that have been

[nvestigation of microplastics associated bacteria from Cacra beach, Goa, India.
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identified are the North Atlantic garbage patch, south Atlantic garbage patch, south
pacific garbage patch, Indian ocean garbage patch. Most widely monitored gyre is in the pacific
ocean for insights of accumulation of plastics, The source of plastic 1s necessary to be known for

effective cleanup.(Lebraton, 2022)
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Fig 1.2 garbage patches around the world. (Avsa, 2009)

1.3 Indian Ocean Garbage Patch:
One of the five ocean gyres is the Indian ocean gyre. This patch in particular is filled with

plastic debris. This field in particular is not a continuous debns field. In this

[nvestigation of microplastic associated Bacteria from Cacra Beach, Goa, India.



The primary particles are not visible to the naked eye and the concentration IS estimated to be
around 10000 particles per square kilometre. Since it has around 90% plastic debris it has @
detrimental effect on the marine ecosystem. Since it has a transient accumulation of plastic

debris it poses a serious threat to marine biodiversity in the coastal region. (Riskas, 2019)

1.4 Microplastics:

The term "microplastics” was coined to describe the large amount of small plastic( 100
nm-5mm) waste that is present in all seas of the world, By breaking larger plastic objects, ropes
and synthetic textiles, mechanically by the action of wind and waves, or by photo-oxidation
caused by the sun, microplastics are created: these are called primary microplastics. They are
also made up of micro-manufactured materials such as micro-beads used in cosmetics and body
washes to exfoliate the skin, which run down the drain after application, or micro-particles
created by 3D printers or used in paints and coatings that go to sea by a similar route and are also
called secondary microplastics. With the addition of colourants, plasticizers, hardeners, softeners,
UV screeners and antibacterial agents, plastics can be transformed into a multitude of colours,
shapes and materials as a result, we are able to produce many of the items we use every day in
modem society, such as plastic bags and bottles, packaging matenals, computer screens, plant

pots, building materials, clothing, disposable medical devices, and even

Investigation of microplastic associated Bacteria from Cacra Beach, Goa, India.
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medicines themselves. As a result, when we use the phrase “microplastics,” we mean a
complicated mixture of forms and sizes, fragments, fibres, and particles generated from a

wide variety of polymer types and chemical additives.

Fig. 1.3 small fragments of plastics found on the beach. ( Return to Now, 2017)

1.5 Effects of plastic on marine life:

Plastic that are discarded can end up suspended in the marine environment

for a long tme, The plastic that is suspended can be consumed by turtles since their diet

included jellyfishes and the plastic covers resemble the jelly fishes Many species, one

Investigation of microplastics associated bactenia from Cacra beach, Goa, India.
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among them Black footed Albatross, have been found to feed their young ones with

plastic granules. Major threat to marine life 1s entanglement which may eventually lead to

the death of the animal without any intervention.

Most natural and nanoparticles in sea water are < 100 nm in size. The majority

of the filter feeders from small nano~ Zooplanktons to the enormous Baleen Whales

interact with these sizes of particles without any adverse effect. But since the microplastic

also ranges within the same range of size the interaction between them is a problem.

These range of particles are a staple for organisms like Pacific Krill. For experimental

purposes microbeads are used in the feeding research. These were then found that they

ingest both the zooplankton and microplastic beads. Since these organism do not have

any mechanism (o breakdown or adsorb the particle they become bio-tnert and now pose

a major threat since some of the organisms are used as delicacy for human consumpuon.

This plastic waste then finally enters the human body and cause major health 1ssues

1.5 Formation of the microplastics in marine environment:
| Plastic entering the ocean.
2. Deposition on the share.
3. The plastics then arc fragmented and broken down through physico chemicals

into microplastics and nano plastics

[nvestigation of microplastics associated bacteria from Cacra beach, Goa, India.
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microorganisms. The plastic degradation can be carried out by microorganisms only, L€,
the initial degradation into smaller particles and the further oxidation of it can be done by
microbes. The microbes carry out the biodegradation through 2 steps. One is indirect 10
which the products from the microbes can affect the plastic particles. The other method is

indirect methods in which the plastic serves for the growth of the microorganism. The

plastic can be a carbon source and energy source for some bacteria and some fungi.

(Wayman & Niemann, 2021)
1.7 The interaction between microplastics and microorganisms:

[n the biogeochemical cycle the microorganisms play an integral role and arc

associated with microplastics. The introduction of plastic litter has created a new

ecological niche in the marine environment which is termed as plastisphere. Some

organisms such as dinoflagellates, diatoms, isopods, coco lithotrophs, bryozoans,

bamacles, cyanobacteria, heterotrophic bacteria, and fungi have been found on plastics.

Hypoplastic microorganisms arc diverse and distinct in their community composition.

The organisms differ even phenotypically.(Rogers ¢t al., 2020)

[nyestigation of microplastics associated bacteria from Cacra beach, Goa, India,
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1.8 biofilm formation and biefouling:
The fate and potential effect of microplastics(<Smm) in the marine environment

are modified by the key process of biofilm formation. The process of weathering also

helps in the biofilm formation because it increases the surface area for colonisation which

can also shield the plastic debris from ultraviolet light. The selective attachment of

microorganisms occurs once after the plastic is released into the manne environment

which then facilitates, and interspecific compelition OCCUrs within the community.

(Rummel ct al., 2017)

1.9 Antibiotic resistance:

The increase in the Multi Drug Resistant bacteria is a great threat to human life
due to its decreased efficiency of the antibiotics. In the environment human activities
such as industrial waste, mining waste, agriculture, aquaculture, and sewage pollution are
considered to be a hotspot for the development of antibiotic resistance n bactena.
Antibiotics that are used for livestock, residues of antibiotics in human faeces and also

from pharma industries contaminate the environment.( Young, 1993)

[nvestigation of microplastics associated bacteria from Cacra beach, Goa, India
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1.10 Bacteria acquire antibiotic resistance in several ways:

Due to antibiotic stress the bactenia undergo several different genotypic and
phenotypic chances as a coping mechanism. The bacteria that produce the antibiotic
natufally becomes resistant to it due to the genes that confer the resistance. The other
bacteria acquire the resistance to the exposure to the antibiotics. Due to horizontal
transfer the resistance can be acquired from one bacteria to the other through process of 1)
transduction ii) transformation, iil) conjugation or the mutation of anubiotic targets can
also be a cause for resistance by act_jvalion of efflux pump ( 5 types of efflux transporters)

(Imran et al., 2019)

1.11 Metal resistance:

Metal pollution in the environment is contributed by the inclusion of metals for
various purposes such as feed in aquaculture, fertilisers , paints, construction industry etc,
for living organisms metal is essential for various physiological functions of the cell at a
particular concentration. Metals such as lead and mercury, cadmium are toxic heavy
metals that are Biologically non-essential and it contaminates various terrestrial and

coastal regions. It is very persistent in the environment and hence they bioaccumulate and

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.
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achieved by 2 ways that is co-resistance or cross- resistance. Cross resistance can be
defined as a single resistance mechanism that is responsible for resistance from different
compounds. Co resistance can be defined as two or more resistance conferring genes that
are present in the same mobile genetic elements and can be resistant (o different

compounds simultaneously. (Imran et al., 2019)

1.14 Co- selection - Microplastics is Hotspot :

Microplastics have harmful effects on aquatic organisms and also on humans
through the food chain. In recent years studies have revealed that the metals can be
absorbed by the microplastics on their surfaces, For heavy metals like copper and zinc
they act as vectors. The biofilm formation is a potential threat due (o the pathogens that
can be associated with it It is also revealed that not only metals but also antibiotics can
also be absorbed on the surfaces of these microplastics. (Imran et al., 2019).

Previous studies:
The microplastic associated bacteria are studied by various scientists. Soem of the
studies that are carried out are how the municipal waste water treatment spreads the

bacteria, Study of plastic and biofilm, Colonisation mechanisms, Antibiotic resistance,

Heavy metal resistance etc,.

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.
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( National Geographic, 2019)
AIMS AND OBJECTIVES
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(E&T, 2021)

MATERIALS AND METHODS
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Fig. 3.2 The picture shows SS agar, EMB agar, MSA agar, TCBS agar, MAC agar, ZMA

agar. Here the microplastic is placed at the centre of the agar plates using sterile forceps.
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red colour for positive results and no colour change for negative results. The results for

the isolates are noted down.

@ 3.3.1.3 Voges- Proskauer test:

The same as methyl red test MR-VP broth is used. For both the tests it can be
prepared together and autoclaved and poured into sterile test tubes. The isolates are
inoculated in the medium and incubated for 48 hours. The reagent Barrett's A, and
Barrett’s B were added and the red colour change indicates positive results and no colour

change indicates negative result. the results are noted.

& 3.3.1.4 Citrate Utilisation test:

Simmons citrate agar is used for the test. It has a bromothymol blue indicator
which on utilisation of citrate will change its original green colour into blue. The agar is
prepared and autoclaved and poured into tubes and is placed at an angle which allows it
to form a slant when it solidifics. The isolates are streaked onto the slants and are
incubated for 24-48 hours. The change in colour signifies the utilisation and is a positive

result.

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.
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disc was placed on the plates where already microbial culture was spread plated and this

was inverted and incubated for 24 hours at 37 C. The results were noted. Zone of

inhibition was noted and measured.

Fig 3.3 antibiotic infused octa disc (make: HI Media)

3.5 metal resistance

Cadmium sulphate and mercuric chloride were used for checking metal

resistance. 5 flasks were taken for each isolate and nutrient broth was prepared and

autoclaved. Stock solution of mercuric chloride and cadmium sulphate are prepared using

[nvestigation of microplastics associated pacteria from Cacra beach, Goa, India.
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deionized water Both media and stock solution are autoclaved separately. From the stock
solution different concentrations of metal ( Cadmium sulphate and mercuric Chloride
Scparately) 0.1mM, 0.2mM, 0.4mM, 0.5mM, ImM were calculated and weighed and
media was prepared. The exact concentration of the metals required is pipetted out by the
CIVI=C2V2 method and added to the media. This was then poured onto plates and the

next day the cultures were streaked onto the media and incubated at 37C. The results

were observed and interpreted.

Fig. 34 stock solutions of HgCl2 and CdSO4 were prepared using deionized water and
autoclaved.

Investigation of microplastics associated bacteria from Cacra beacly, Goa, India,
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( CarryWell)

RESULTS AND DISCUSSION
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Table 4.1

Isolate

media used

colonies

isolate |

EMB agar

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.
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1solate 2

SS agar

isolate 3

ZMA agar
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150late 4 TCBS agar
isolate S McConkey agar
noisolate | MSA no growth in this media.

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.




4.2 Colony characteristic of the isolates:

Table 4.2
Media EMB SS TCBS Mac ZMA
TIME 24 hrs 24 hrs 24 hrs 24 hrs 24 hrs
TEMP. 37°C 37°C 37°C 37°C 3rC
SHAPE circular circular circular circular circular
COLOUR dark purple | white yellow white white
MARGIN entire uregular entire entire entire
ELEVATION raised raised raised raised raised
OPACITY opaque opaque opaque opaque opaque
SURFACE smooth mucoid smooth smooth smooth
TEXTURE
GRAM G-ve,rods | G-ve,rods | G-ve, G- ve, rods | G-coccob
CHARACTER coccobacilli acillus

Investigation of microplastics associated bacteria from Cacra beach, Goa, India
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The indole reagent that aldehyde reacts with indole and produces distinctive colour.

are formed and it is referred to as a positi

cholerae, Enterococclis

ve result. Some

Hence pink to red colour nngs

of the organisms that produce indole positives are E.coll, V

faecalis. Elc,

Citrate Utilisation fest:

Fig 4.1 citrate test showing positive and negative result
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Catalase Test:

Fig 42 catalase test showing positive results and negative results after addition of

hydrogen peroxide

Table 4.5
Agar Results
SSisolate 2 negative

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.
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Biochemical test kit:

““"“NNl

W—__‘—;— )
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Fig 4.3 biochemical kits of HIMedia showing results after incubating for 18-24 hours

Table 4.6
media SS EMB TCBS ZMA MAC
indole + = + - =

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.

49




=3

donit:

e

Y




4.4 Antibiotic susceptibility test:

EMB Agar- Isolate 1:

'J‘.

——

{
I

S
Ii‘
§
S0
d .A:.,'
»

Fig 4.4 zone of inhibition for antibiotics on MHA
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Table 4.6

Antibiotic concentration | concentration | Zone of susceptibility susceptibihity
(HI Media of Antibiotic | of inoculum | whibiton (zone of

G-IV-tminus | (mcg) (microliter) | (mm) clearance)

octa disc)

A 10 02 - - Resistant
Co 25 0.2 - - Resistant
T 25 0.2 23mm +++ Sensitive
Sl 200 0.2 - - Resistant
S 10 02 23mm =+ Sensitive
G 10 02 13mm ++ Resistant
Ci 25 02 9mm ++ Resistant

Investigation of microplastic associated Bacteria from Cacra Beach, Goa, India.
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Resistant

Ch 5

Inference:
The negative sign represents that the organism is resistant (0 the antibiotic 1.¢., It
can grow unaffected even in the presence of that particular antibiotic. The zone of
inhibition refers that the antibiotic is inhibiting the growth of the microorganism
surrounding the disc infused with the antibiotic. The isolate is resistant to antibiotics such

as ampicillin and chloramphenicol, Co- tnmoxazole, elc,

SS Agar- Isolate 2:

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.



Fig 4.5 zone of inlubition on MHA media shown

for varous antibiotic

Table 4.7
Anubiotc concentratio | concentratio | Zone of susceptibility susceptibility
(HI Media | nof nof inhibition. (zone of
G-VIi- plus | Antibiotic inoculum (mm) clearance)
octa disc) (mcg) (microliter)
CH 30 02 - - Resistant
CX 5 02 - - Resistant
0 30 0.2 omm + Resistant
(80) 25 02 9mm + resistant
CcD 2 02 - - Resistant
G 10 02 |4mm s RCSiSl&ﬂl

lnvestigation of microplastic associated Bactenia from Cacra Beach, Goa, India
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Table 4.7

Anubiotic concentration | concentration | Zone of susceptibility susceptibility
(HIMedia of Antibiotic | of inoculum | inhibition (zone of

OD037 octa | (mcg) (microliter) | (mm) clearance)

disc)

cO 25 02 14mm +++ Resistant
E 15 02 13mm ++ Resistant
0 30 02 - - Resistant
G 10 0.2 14mm +++ Resistant
CX 5 0.2 | lmm ++ Resistant
CD 2 02 - - Resistant
CH 30 02 12mm ++ Resistant
P 10 0.2 - - Resistant

Investigation of microplastic associated Bacteria from Cacra Beach, Goa, India.
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Inference:

The isolate that was inoculated showed sensitivity to oxytetracycline, Penicillin,
Clindamycin, and other antibiotics that were introduced in the media. This isolate shows
multidrug resistance. The bacteria could have developed antibiotic resistant genes and

could also transfer it by plasmid mediated horizontal transfer.

MacConkey’s Agar- Isolate 5:

Fig 4.7 zone of inhibition on MHA media

Investigation of microplastics associated bactenia from Cacra beach, Goa, India.



Table 4 8
Antibiotic | concentration | concentration | Zone of susceptibility | Susceptibility
(HIMedia of Antibiotic | of inoculum | inhibition (zone of
0DO037 octa | (meg) (microliter) | (mm) clearance)
disc)
CO 25 0.2 20mm -+ Sensitive
E 15 0.2 - - Resistant
O 30 02 20mm + Sensitive
G 10 0.2 19mm ++ Sensitive
CX 5 02 11mm + Resistance
CD 2 0.2 | Imm ++ Resistance
CH 30 0.2 19mm ++ Sensitive
P 10 02 . - Resistant
Inference:

The isolate is resistant erythromycin, penicillin and a

Investigation of microplastic associated Bacteria from Cacra Beach, Goa, India.
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few other antibiotics. The resistance can be said to be the capability of microorganisms
to survive high concentrations of antibiotics. There are several molecular strategies such

as hydrolases or modified enzymes to deactivate the antibiotics. Etc.

ZMA- Isolate 3:

Fig 4.7 zone of inhibition on MHA media

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.



Table 4.9

Antibiotic | concentration | concentration | Zone of suscepubility susceptibility

(HIMedia of Antibiotic | of inoculum | inhibition (zone of

ODO037 octa | (mcg) (microliter) | (mm) clearance)

disc)

CcO 25 0.2 - - Resistant

E 15 02 15mm ++ Sensitive

O 30 02 13mm ++ Resistant

G 10 02 14mm ++ Resistant

cX 5 02 &mm + Resistant

CD 2 0.2 1 7mm -+ Sensitive

CH 30 0.2 gmm + Resistant

P 10 02 - - Resistant
Inference:

The isolate is resistant 1o co-trimoxazole, Penicillin and other antibiotics . This can

Investigation of microplastic associated Bacteria from Cacra Beach, Goa, India.
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Table4.10

metal concentration(mM) growth of the isolate
0.1 -
0.2 =
0.4 e
0.5 .
| =
Inference:

The organism is sensitive to the metal mereury, and could not grow in the presence of that

metal in the media. Hence the plates were seen without any growth

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.
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Table 4.11

metal concentration(mM) growth of the i1solate
0.1 4+
02 ++
04 +
05 +
I -
Inference:

The organism can survive in the presence of the metal Cadmium in the media. It
might be due to the varous methods such as biofilm formation, Extracellular

sequestration etc,. The MTC of the organism is 0.5 mM concentration and MIC is ITmM

Investigation of microplastics associated bacteria from Cacra beach, Goa, India
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HgCl2:

Fig4.13 growth of microorganism on different concentration of metal

Table 4.15

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.
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metal concentration(mM)

.

growth of the isolate

0.1

0.2

04

0.5

Inference:

The microorganism did not grow on the m

had no mechanism for survival against the heavy metal.

edia in the presence of mercury since it

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.
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Table 4.15

metal concentration(mM) growth of the 1solate

0.1 =

0.2 -

0.4 -

Inference:

The microorganism did not grow in the presence of cadmium in the media since 1t

had no mechanism for resistance against the heavy metal.

Investigation of microplastics associated bacteria from Cacra beach, Goa, India
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HgCl2:

Fig4.15 growth of microorganism on different concentration of metal

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.
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Table 4.16

metal concentration(mM)

growth of the isolate

0.1

02

0.4

05

Inference:

The organism grew in the presence of the mercury in the media

have had mechanism such as reduced

of methylmercury,

by organomercurial lyases €lc, the MTC of the

mM.

since it might

intake of mercuric ion, extracellular sequestration

intracellular bioaccumulation of mercury, demethylation of mercury

microorganism is 0.1 mM and MIC is 0.2

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.



ZM agar:

CdS04.;

Fig 4.17 growth of microorganism on different concentration of metal

Table 4.18
metal concentration(mM) growth of the isolate
0.1 et

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.






HgCl2:

-

DO
@

Fig4.17 growth of microorganism on different concentration of metal

Table 4.18

metal concentration(mM) growth of the isolate

0.1

0.2

Investigation of microplastics associated bacteria from Cacra beach, Goa, India,
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Plasmid isolation:

Fig. 4.18. Plasmid isolation was carried out and the agarose gel gel showed that there 1s

no plasmid present. The organism was grown in Nutrient broth without the metal.

Inference:

The samples (isolates) were run with a standard of 1kb ladder for interpretation.

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.
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bsence of

The plasmid was absent in the Isolates: 1,2,3,4,5 This may be duc to the a

plasmid in the microorganism or due to any error during the extraction,

Fig4.19 : the plasmid isolation was carried out and agarose gel did not show any band
that indicates the presence of plasmid. The organisms were grown in the presence of

heavy metal.

Inference:

The plasmid was not found in the agarose gel electrophoresis against the 100kb
jcﬂ&

ladder because the antibiotic and metal resistance conferring bands may be found in the

Investigation of microplastics associated bacteria from Cacra beach, Goa, India.



genome of the bacteria and they might lack plasmid. It may also be duc lo some o

during the running through the gel

Conclusion:

Various tests were carried out from the Bactena that were isolated from the

microplastic that was collected from marine environment (Cacra Beach). The 1solates

were tested for antibiotic and metal resistance in particular since marine environment 1S

polluted with heavy metals, microplastics, other pollutants. The experiments Werc

conducted that revealed that all the isolates ( isolate 1,2,34,5) were showing both

resistance ( Co- Selection ). This phenomenon may be due to the Co- Selection Le, Co-

Resistance or Cross- Resistance. This study is essential because the fishes in the marine

environment ultimately reach humans since they consume the fishes. The MultiDrug

Resistance organism also is transferred from fishes to the humans due to the

consumption. The fishes also consume the microplastics thinking them as their food and
it also reaches the humans and they remain the systeni. These ultimately lead to various
health issues. and lead to something Fatal. The increase in the plastic consumption is

alarming and due to which the threal to not only humans but also the Ecosystem is

increasing rapidly,

[nvestigation of microplastics associated bacteria from Cacra beach, Goa, India.
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