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green periostracum that becomes ncreasingly brownish towards s pomt of sttachment (umbo).
mih&h-Ywmhnmmmmm-Mm The mterwor of
the shell has a pale-blue sheen (Gobin et al. 2013) The mussel has a large mobile foot that
uses to climb vertically when covered by sedments. and M abo produces byssus 1o anach to ity
substrate (Gobin et al, 2013)

It is important to provide a protocol for the separation and sdentification of mroplastacs i the
marine environment that is casy 10 follow and adaptable depending on research mfrastru ture
Presented here 1s an optimwzed protocol that utilues potassmm hyvdrovade (KOH) for processing
samples. KOH 15 a costcflective. efficient. and sumple alkalne dagestant that allows for the
extraction of plastics from the sample matrow. Samples are first digested. followed by filtration
and selective fluorescent staning using Nike Red The dve adsorbs onto plastxc surfaces and
renders them fluorescent when irradiated w th bluc light Polhymer sdentification s done uving
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2. Secondary Microplastic - Larger preces of plastc can dcgr ade ver temg amd relcasc sl

fragments into the environment W catherng cuch as from waves, sunlght. o physcal stress

can break down the plastic mnto smalicr preces e e of muroplasts wssalh angmates from

wha b are common ouamples

improper |y managed waste, including plastx bags and fhng goar
‘\l: Y

ﬂfmt that breaks down These mcroplastscs ofien have van g shapes (1 lema J

Given the significant amount of macroplastics enicring the coswonment. @ » gemoralhy bebeved

arc sevondany maroplastas | Andendy 201 1)

that most microplastics in the eny wonment

(Hidalgo-Ruz et al., 2012) (Duis & Coors, 2016) Lommon pohmen m the torreral

environment degrade pfll\‘ll‘ll} duc 1o UV ndaton | Andradsy. 201 1) (Dun & ( oor 016
resulting in plastic becoming brittie and cventualhy fragmenting b oactoms sah as high

lemperature, thaw - freeze cyches. and weatherng can fas st plasia degradatam. keadmg to

effective fragmentation on land and also on the beach suriace




FIGURE2: Common type of plastic ltter on the beaches of Bakx sea (A) polyethylene (L DPE)
garbage bags, (B) polystyrene (PS) sngle-use plates. (C) polypropy lene (PP) sngle-wse beverage
glasses, and (D) building insulations sheets (foamed PS)

3. In-Between Category

A third category exists between primany and secondan muroplistcs. whch can be comadered
as an intermediate categony. These microplastics are not mtentionalhy desgned 1o be of the e
they are, but they do originate directly from human use. which leads to the argument that the
should be classified as primary microplastics. These muroplastics are dernved from human we of
objects that release microplastics, and unfortunatch . 2 n more Challengmg 1o prevent thew
creation compared to making a conscious chosce 10 avosd purchasng natural face s rubs

Microplastics are classified based on thew morphotypes of fypes of morphokoges. such as fiben
fragments, films, pellets, beads, and Styrofoam. The abundance of microplastics n & water
column depends on their density, where low -density mxroplastxs bhe pohethy lene (PE) and
polypropylene (PP) tend to float mn water, while high-densmy muroplastas lend 1o sk =
sediment (Ivar do Sul & Costa, 2014) They are further categorwed based on the types of
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Sources of Microplastics

mpmofhmmimbh-_m-h-“
microbeads and microplastxc fragments used m cosmets and other comsumer products. s well as
from the fragmentation of large plastic waste (Andrady. 201 1) Plasts manufacturmg mdustres
relcase plastics in the form of pelicts and resmn powders produced from as-blastmg. whach
uhtimately contaminates the aquatic environment (C lacssens et al . 2011) Constal actrvities such
as fishing practices. aqua tounsm actnitics. and marne mdustraes are abso sources of
microplastic pollution in the marine ecosvstem

Most microplastic particles are composed of the siv mayr pohymer fypes Muroplastss
composed of polyethylene, polypropy lene, and cxpanded pohvstyrene are more likeh 1o float,
while those composed of pohywiny| chlonde, pohyamade (mylon ). and pohvetin lene terephthalate
(PET) are more likely to sink (Campanale et al . 2020). The surface of amy solsd obyect rapadly
becomes coated with inorgani and organk compounds and beofilms when snmersed m
seawater, which may cause floating plastic partscies to smk

TABLE 2 Densities & Common apphications of plastics found m the marme em wonment

(Andrady,2011).

ﬁilyuhym Plastic bag. storage contamer | 091093
polypropylenc Rope. bottle, caps. gear. 090092
strapping
polystyrene Cool boxes, floats, cups, 001-108
utensih
| Poly vinyl chloride Film, pipes -lltl.ﬁ
polyamide Fishing net, rope 116130
-Wﬂ?hn_ml [ Bottles, strapping F-N--'-H‘










spontancous nanoplastic heteroaggregation and TR
the reactivity, toxicity, fate, transport. and risk 1 Erre] .
al, 2012).
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Figure 3. Hypothesized interactions in the em ronment herw con nanoplasia s natural organs
matier or jons. and natural colloids. A Plastic particles on the nanoscale are coated w th

dissolved molecules. macromolecules, and winn, formang the eco- corona
binding of the nanoplasti through sts eco-corona wth apolar molecules can lead o aggrepat s

through the formation of bndges (cases B and C) B Nanoplastx hetcroaggregation w ith

inorganic particles (such as clay) ¢ Nanoplasti heteraggregation w th organs e
(particularly organic matier) lons can also promote aggregatuon (bradging ofiact canes D and E)
D: Heteroaggregation with morganic par i les I Metcroaggregatum w th colhosdal crgana

s Fel+ ok ) or morgans collosds (Fel)) ) mduce

matter. The bridging effect s when jons (Ca

the formation of clusters between nanoplastics and natural colbosds

. 1] i T T P s I® SN i ol
Another illustration of how the lerm e rod nano plastic mas by minkeadmg n the asswox @twon of

lnn";’.ﬂﬂi'\ﬂw ey iy W0 plasts s

this term with the plm!np?wu that s, the mik



Figure Conceptual hgures illustrating the mteractsons befweoofh macroorpansms -

redd By M s O AR "‘:.]_T o™ a

Pamfl‘-"‘ A: Microplastc (a few millimeters loag) colony

biofilm on ns surface, called “plastsphere™ In nature. the plastsphere ar b oy TN RS

e Pefween A

biofilm covering parts of the mcroplastx B Concoptualurataon of the micra
bacleria (a few micrometers long) aftached 10 nanoplasixs m its most kel state .
o) St drawn wale

heleroaggregalc in the environment (a few hundred nanomcicr

B o ket _ o |
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sample is dissected 10 remove gastromt
hvdrogeon Pt wide | VP o S with Fe ll as &

organic maicrial is commonh donc using
catalyst or potassum hvdroxsde KOH (10%%) comuentrated bt ntra acad HNOMAS] Digeston

is done at 60°C for complcte digeston of organs maficr  Sediment sample are
ring saturated salt « dhat s (Nal 1) that results i

separated/‘extracted using density gradent ul

floating of lower density pohmer parx s o
L or membrane filters are

the top of the soluten Hallsr et al. 2021} Fikers
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analyzing it through microsce
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analyzed using spectroscopic of mici







Nile Red does not :
T requee cxpensne equipment and allows the gexch cvaluaton
m
of samples for the assessment of macroplastics In 2 study
| g ol Manne se nem (S 3

pohmer 1ypes od w e

.-‘“‘ manuies | -|-“.

Flal RE 5 I’h\i--*rdvi- of Tiler m bloe 2

From these mitial tosts, i was also apparent that the deficremt Types « f plastn

displayed differentNuorescent colours when saimed with NI













3.1.51“1P|¢ collection and measuremem

1.1.1 Sampling Site: Latitude: 15° 35 5) <~y

Longitude: 73° 44" 41.86" E
4 samples: surface seaw
All the P uriace scawater, sedmment. [ Tvg fuscsata (scaweed . Perma virsdis (greenmussel)

were collected from Vagator beach

FIGURE 6 Sampling sic ( Vagator beach

31.1.2 Water Sample: One Inter surface water sample was collectod m g lass contamner from

the sampling site. Temperature and pH were cheched on sie

FIGURE 7. Surface water sample
3.1.3 Sediment sample One hilogram of sedument sample was collecied n glass

Container fromthe sampling sie | emper ature and pH were cheched on vile

1]




Ulva fascinata: Samples
3141 : can be selected at random from the subtidal of
B scacf0Swim
sﬂ“‘mm the quadrant are collected in
L polvethy iene bags Seaweed s weghed on 2

Figure B: Seaweed Sample (Ulva lactuca)

P _ .
3.1.5 Perna viridis: 2 green mussels were selected for studying and wewghed on 8 weighng walk

sel ( Perna viridis)

Figure 9Q: (Green mus

32 Preparation of sample and isolation of microplastic and nanoplastc




jeves having POre Sizes OF S mm. 0.Smm. 0 2mm, 0 044men. The microplastics that |
vﬂ: b _ . H-M“thﬁinmm—lh
check """". iy d“""“"ﬁ ""‘_“‘hmm-uu-phup-ﬂ thegh the
ﬂmmﬂaﬂﬂ hered using 02um size whatman membrane filter W e prepared
ﬂ,mfﬂnlmhm&hrmm.u-hhs.mumé-ﬂni
wmnmmmmmmﬂm.m.mmw-w
muh;ﬂumm*mnmmbhlﬂ

322 Sediment Sample - Onc kilogram of sedument sample was tahen and allowed 10 dny
completely in @ hot air oven at 60°C. Once the sample was completely dried. # was sived
using four sieves having pore sizes of Smm, 0 Smm. 0 2mm. and 44 ym. Microplastics were
isolated from the sicves using forceps. Magnifyng glass and macroscopes were used w0 check
the smallermicroplastic particles, these were then collected using fine forceps
}ﬂmwmmﬁiﬁphufnwmmnam‘uh-lMF
into a glass beaker and allowed to dr in hot air oven st 60°C overnight to remove all the
mmuw,.mmmnuqmmmq-mm A wple
“ﬂkﬁﬂﬁﬂﬂwﬂwtoﬂuﬁﬂkfmmwlwu It was hopt ot
60'C in a hot air oven for 2 days or more uill organx matier digested completely I ook
undmazsup(m}m-mfﬂdm&-mdmww- The digesied

ﬂwﬂwﬂuufws&mmqmimdS-,Mun-ﬁJu—
Magnifying glass and microscopes

were used 10 check the smaller microplastic particles, these were then collected using fine
ﬁwunmim.«uamu-u-iu-mmnnbu The remamning filtrate
ﬂmwummmmm-, We prepared 3 shdes contamng
Mnﬁmmmﬂmunnsumﬂmw--.mgp
Wum,mm“w.mwhﬂﬂ.muu




FIGURE 10: Digested seaweed sampic

7.2.4 Perna viridis: The green mussel sample s first weighed usng 8 weghmg balance and
then put into a glass beaker. A triple amount of 10% of KOH was added 10 the sample for
organic matter digestion. It was kept at 60°C m a hot aw oven for 2 days bl organs matter
digested completely. The digested sample was sieved wsing four sseves having pore swes of
smm, 0.5mm, 0.2 mm, 0.04mm. Microplastics were solated from the sweves wsing lorceps
Magnifving glass and microscopes were used 1o check the smaller mcroplastsc partcbes the v
were then collected using fine forceps i a petn plate, whach were later sent for mxro FIIR
analysis. The remaining filtrate was passed through a 0 Zum whatman membrane filter Slades
were prepared containing 40 pl of this filtrate and bt 8 dry for S mmutes and then stamned
with fluorescent dye Nile Red (NR). Slides were incubated al room lemperatures for 30
minutes. After that the slides are observed under fluorescence miCToscope using hhue light

Around 500 ul of filtrate was analyzed using this tec hnague




FIGURE 11 Dhgested mussel sampie

itereng M roplattalh

FIGURE12: Sieves used for §
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F O w Asscssment
4.1.1. Water Sample

,i.wl"’“"*" ved on the sieve with pore size Smm. 0 Smm. 0 Jmm & 0 Dlmm and
‘ "Murﬁ*ﬂ*mmvwdm—m
“mwﬂmmhhm.np Hased on wha h the nolssed

MMthmcmﬁ.‘ﬂ‘%

msvﬁnﬂm’ ion of Microplastic isolsted from v

rwdm Total no. OFf E o — = T L
e ' ; ot | (mg) |
partiles I ”
| h | “
wsol " 11 thin T‘m o T83 | tagment \
| | | |
]
4 | 4 - e
WSz s IR had (02 | fiem J
| i
1 | | | |

Isolated microplastics were washed using 100%

mhnimmmmhw n appearance |
observed to be similar, microplastics of different categones
nmmumphmﬁf-nd S‘i-'llehtd'w'

1 Liter of

not clear enough even after washing 2 twice with 100, ethanol Mot

ven though the chamcierniics were
vesually kobed differemt




Microscop Bormi .
‘I.‘-l M pw ...._‘“ and mic -

dtpi':‘i“’g the microplastics from waler sample w
' sCake

[magcs

uhk'rhp‘hf-n‘ﬁ

F|gu|"c|4 “I"!“‘ Figure 15 WSO

microplastics in surface water samples. All spectrum above T0%e samalari®

were chosen)
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FIGURE 16: Raman spectruf
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4l










Figure 18: SSO1
o

Figure 20 SS03 RGUREZL 504
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Figure 22: SS03

mnmnugn.ndmmmnk.-* All spectrum above 70°

chosen)

» simulanty were

¢1d

FIGURE 23: Raman spectrum for poly acrylic @

ryl "td
milarity 10 poly acryi%

Microplastic in class 5501 showed 5!



A o e e
‘ —_ - = v =

[‘K’l-ﬂ't':" Raman spectrum for pohyprops lenc

ficroplastic 1 class SSO03 showed similarity 10 poh prom lene
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FIGURE 25: Raman spectrum for PET

Microplastic in class 5504 showed sumalaray 1o PET

S | 1. | ——

Ll

i
]
B
- LL R |
e - B
4"‘ — 2 2 a y
b= S —— — o s Pt " =
- &a

WHJ
HGURE 26: Raman Spectrum for PBI

H.‘"’Ph\lk’\ in class SS05 showed similanty o P



Sediment sample. 16 ma :
From the 3 - Kroplastic partcles
after visual characterwzati - were sols -
classes- A 1 A m“ﬂ Qf Microplastics they were ll:l‘ud Chassified o 5
'-ﬂwlﬁtﬂf from S scaled using lighy - classified imto 2 classes. One
and was further given for micro- Ram (“ TKTsCcopy with hemocviometer a5 the
and ﬁ“m This was in accordance “!.:l;:hl“iw amah s Many of them were
jority of microplastics were threads in sed study conducted m goa m whach
ok, PET was found ment sample (Saha et al., 2021
, PET was found to be the most abundant B e ey al. 2021} In sedwment
g ) . re " ,
icroplastic po::ma was PBT followed by polypropyviene. In s u:’: _ g
aiCan G:hbe:n l‘ml -.t“h:“ found PET 10 be second maost abundant microplast ‘m ::1 u
ample (Khu) t..ln.-...]i. Polvpropyviene was koo sopented i high : X me
qudics. polypropylene products are popular as disposable bortie - L::" l:;t*m-:.m.ln

wad proen ment

4.1.3. Seaweed Sample (Ulva fasciata)

Migmpl.ls:ics were observed on the sieve and were collecied on petn plate wsng forceps
Vicual characterization of microplastics was done based on color. thckness, ransparency
hardness. shape. Based on which the solated microplastcs were grouped m different Classes

with code UL.

Table 5 Visual Characterization of isolated microplastic from Scaweed Sample

I8 g of scaweed contained 6 microplast part bes

plastic scahing
th scale under the MKTosCOpe

41.3.1 Microscopic analysis and micro
from weaweed sample »

Images depicting the microplastics

4

l

-

 designated mp no. of uﬂcl__u—_thnlnﬁt T transparencs hard  woight | Shape
| microplastic ol img) ;
particles + | I - E | - : ——
ULO1 6 ___ thin transparent  soft fiber
like




figare 27: ULOI

misroplastics in seaweed samples (All spectrum above 7 -
: spectrum above T0% ssmularty were

] <84 P— O ot
-
b= —
| Mg - U et J
" kﬂ |
o e M e um - = m oe } T - i*i"’c'u"“i‘“i?'i"‘*f

FIGURE 28: Raman spectrum for polypropylene
Microplastic in class ULO1 showed cimilarity 10 polypropylene

From the Scaweed sample. 6 microplastc “‘“m"‘*::
microplastics they were classified into & Hﬂl" class. One BE



e Green Mussels: (Perna viridis)

Wmmmﬁwﬂmcn&:ﬂuw#“m Visual
wo{-mmmhhdmm.m wamparcm s hardmess.
_mimmnmm-m:‘mwuma-‘mmnﬁ

MS.

Table 6 Visual Characterization of isolated microplastic from Perna viridis
Sample:

designated mp

MSO1
MS02

MS03




FIGURE 31: MSO03
21.5 g of mussels contd

o4 11 microplastic puiee
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FIGURE 35 Fluorescence macroscopse mmage of mele red stae d Pl Maslad,

H.l'_hl ]- l‘l' l gave red T!Llpﬂg_\,:;-rm. ¢ under hhic

PREPERATION OF SAMPLE FOR ANAL YZING NON- POLAR
PLASTIC POLYMER(PE) UNDER FLOURESCENCE MICROSCOPI

A prece of PE s cut into smaller fragment and washed w ol

L] wipd F w i ny
with fiered water and arr drsed. Thes sample = mounted (n 2 slede a pincd w ith few
I.ii‘("fi"h of Nile Red. Incubated for 3 mn praw o v A e wh : .
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OBSERVATION-

FIGURE J36: Fluorescence microscops image of nie red anined PE samphe

'-.'r'"ktf* 4] T gt v e Mgt W

RESULT- PE gave green Muoresc ence

On e trun red - shafts ™ arhediv an the poar®

Discussion- NR fluorescence cmiss
the polymer surface INCrEases (Maes et al, 201 7)
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421 FLUORESCENCE MICROSCOp1q

Figure 37-40
light

17 nanoplastic aggregate

deduced that in 1L sample |

FIGURE 37

o
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4.2.2 FLUORESCENCE MICROSCOPIC ANALYSIS FOR 5i AWEED
SAMPLE:

FIGURE 41

FIGURE 43

woaword sampie show ing green and f ¥ €A«

Figure 41-44: Nanoplastic aggregates w
under blue high

74 nanoplastic aggregates were observed on the smeared lades



y 3 FLUORESCENCE MICROSCOPIC ANALYSIS FOR MUSSEL SAMPLI

FIGURE 45 ni &
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FIGURL 49

FIGURE 51

B

and TOU Tuaresa e

Figure 45-52 Nanoplastic aggregates in MU ample vhow ing greet

under blue light

| 88 nanoplastic aggregates Were ahserved mn the smeared +lades

Nuorcscence mroscope because of the ahilvty of

-*‘\{‘T‘-tt’- uh-it'
by ] ing wih <@y JY\\I ol T

Shightly bigger particles are
n.lnnpl‘lsmu to form hosmoaggrog sl wn and hoicroaggrogatcs
1;1.1||i;11da| (TRANK marnce Hhatlacharva & al. (2010) e asared  subslant al [ JUS LT

heleroaggregalion of 20 am polystyrene pan  hes wth freshw ater piv

" |

Lplanklin o€

re the first 10 MEAMITT and mode! the hmoaggrogatnon i 30 nm
[

Wegner ¢t al (2012) we
Al w thn

[unly.~1}r'rrwmr1|; les in seawater and fomired 1ap Wil e AEETTE

o formatws of

minulcs
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