CHAPTER 4

RESULTS AND DISCUSSION

4.1 Physical Analysis of Microplastic presence in Cockles and Musk :

The physical characterization of potential microplastics fo the tissue of
cockles and mussels from Tanjong Karang, Kuala Selangor Sebatu, Melaka were
observed under light microscope (magnification 10x arvnx and fluorescence

Iges

microscope (magnification: 40x) after obtaining optimu

fon v'ith nitric acid. The
potential microplastics can be observed under light ope due.to itsssize range (<5
mm), but for better resolution, the microplastics gan be 0bse eMﬂt@@Scence
microscope to get clearer image of microplasti ence on the ti e’bidt%?The size
of microplastics captured under light and fl icros ith/Yb pum to 50
pm (< 1 mm). The observation and characterization n\tme acc &ﬁg to Hidalgo-
Ruz and co-author (2012). For acid dig s\g 0\ O3 wﬁ;idely used prior
to visual sorting (Claissens et aI.,ﬁVisual sakting is@mmonly utilized to
distinguish microplastics from biﬁiﬁensen, '%u K@Fﬁt al., 2016), based on

physical attributes such as shage, s? olodr and appearal éaDevriese et al., 2015; Hall
et al., 2015; Nadal et al., 2016; eo et ak ; Tﬂér et al., 2016; Terepocki et al.,

2017; Vendel et al., 2017Tveve,, sibility~of microplastics being captured
within tissues makin iGroplastic diff, ult ta@ isolated. Therefore, prior to visual
separation, oxidative, acid, al ";

\ enzymatic-based digestion of tissue and gut
contents is mos@ se

({'Jlais ns et@om). However, in this experiment, the

digestion usi O3 as.s i nt Si @e temperature used for tissue digestion was
C) and the fength of

not too hi exposure towards the heat was not too long (20
minute %ed #al de@tion process which requires temperature exceed
200 2Q/cause pol er’de&rj‘iﬂ’ation of plastics (lbrahim, Abdelbagi, Ahmed and
018). Furthermore,\&@ main objective of using HNOs in this experiment was

teve optimum tissue digestion of cockles and mussels which is supported by

elle et al. (2014) where it reported that applying strong organic acids such as HNO3
Qsociated with an incredibly good results for tissue digestion regarding biota tissue,
mainly consisting of carbohydrates, proteins and fats. Addition to that, in this
experiment, tissue digestion using HNOs3 yielding images of potential microplastics

contaminant on cockles and mussels’ tissues under light microscope.



4.1.1 Presence and physical characterization of microplastics on cockles and

mussels from Tanjong Karang, Kuala Selangor.

Results shows the presence of microplastic in both samples ted
from Tanjong Karang, Selangor under light and fluorescence mi ope. The
characterization of potential microplastics images on the cock: % mussels’
tissues were observed and portrayed as in Figure 4.1, Figure T.Z&gure 4.3 and
Figure 4.4. The characteristics of microplastics found under microscope in
cockles’ tissues from Tanjong Karang, Kuala Selang(wlgure 1 shows (a)
subangular with jagged fragment, (b) irregular shape Tgrooves, (c) elongated

p

with broken edges shaped, (d) subangular fragme helijloid-shaped pellet

and (f) thin elongated filament. The colour re red, grey,
black and crystalline clear (Figure 1).§he crystalline cliar' ur of
microplastics may originated from the en, ., 2018).
Meanwhile, Figure 4.2 shows charaGteristics @\%'und in the

cockles under fluorescent microscope, ¥suc

subangular jagged fragmen (&d’ ular oove (d) degraded
fragment with broken edges (e) angula\rD nt f) spheruloid-shaped

pellet. The colour varian %/ed und
black, yellow, red an%ﬁgufé 4.2
(2019), microplasticsN‘n on t

Skudai River, Mal as characterized a%\ﬁbrous, small foam, thin filament
and a differer%.l ful mixture of |Ingd degraded fragment such as red,
blue, pinkwle ar ite. I—gl?igr, the colour of microplastics can
sometin‘&qim entified er Ii\ microscopic due to the uncertainty of

expoae?rio% apd virbnr@g%ztal conditions. Basically, microplastics that
e e to"the envirgn ental@nditions in uncertain periods such as physical
>%Tsokar DJ jon ané\\o'iological processes may lead to physical changes
‘A%{%’colour variants in\tﬁg microplastics (Fahrenfal et al., 2019). The most

undant characteristios’ found on the cockles’ tissues from Tanjong Karang

n a@y carried by Sarijan et al.
oint 4?(al tract of various species at

were degraded fragment with irregular shape as shown in Figure 4.1 and Figure
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& on kles’
tissues from Tanjong Karang, Sel h oscope

(magnification: 40x) which were ed' fragment b)
irregular shape with groove c) elonga ith” broKen edges d)
subangular fragment e) spheruloid-s in elo ed filament.

The colour variant observed wer; and crésa line clear.

IZOum'

Y J N

igu 4.2;,’1{69/ ara zation of potential microplastics on cockles’
s from Tanjong Warang, Selangor under fluorescent microscope

‘%nagnification: 40)%1«9 ich were a) degraded fragment b) subangular

gged fragment c) irregular shape with groove d) degraded fragment with

broken edges e) subangular fragment f) spheruloid-shaped pellet. The
colour variant observed orange, black, yellow, red and grey.

0 Meanwhile, for mussels’s tissue observation under light and fluorescent
microscope, the characterisation of microplastics found were described as thin
elongated filament, degraded fragment, spheruloid shaped pellet, jagged

fragment with irregular surface, and linear fracture (Figure 4.3 and Figure 4.4).
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The colour variant observed from Figure 4.3 and Figure 4.4 were red, black,
grey, yellow, brown and orange. The most microplastics’ colour found on both
cockles and mussels’ tissues were grey and red. Three common shapes of
microplastics found on the tissue of cockles and mussels from Tanjong Karang,
Kuala Selangor were filament or fibres, fragment and pellet These three
prevalent types of microplastics found on the shellfish with varlety of colours
were associated with the particles originated from the degradatlon of intact
plastic debris, which then fed by the species, domlnatmg and accumulating in
the tissues due to filter feeding properties. This mtact debrls may be associated
with the abundance of offshore activities such ash commerC|aI fishery, waste or
sewage disposal, navigation activities and shellﬁsh culture sr[e as'key marine-
based sources that contribute to the accumulatlon of plastic debrls whickrend up
in the tissue of filter feeders (Thusharl_and Senevwathna, _._2020). .l.—'._urthermore,
environmental atmospheres, such asv_le:l,'_'___‘temp_:erat:ure, salinity W:'éind physical
abrasion caused by waves, tides and c-ij‘frents 'may' 'Ieed to the"“d'i.versity in the
characteristics and dlstrlbutlon of mlcroplastlcs in water enwronment (Zhang et.

al., 2019). Others mlcroplastlcs may also Come from the manufacturmg and

packaging processes (Chap,_l_l_n,_:_(;arpene, and Mercade-f, 2018).

w Figure 4.3: The characterization of potential microplastics on mussels’

“tissues from Tanjong Karang, Selangor under light microscope
(magnification: 40x) which were a) thin elongated filament b) degraded
fragment c) spheruloid-shaped pellet d) jagged fragment with irregular
surface e) long linear fracture f) irregular spheruloid shaped pellet. The
colour variant observed were red, orange and brown.
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Figure 4.4: The characterization of p tial microplastics 8n\}371ssels’

tissues from Tanjong Karang, Selango er fluor nle icroscope

(magnification: 40x) which were a) degra irregular
d

spheruloid shaped pellet c) thick- il j fragment
with irregular surface f) degraded fragm ith lineafyfracture. The
colour variant observed were yelfew, ned, bRsiwn d bla@
As Selangor river ﬂ(@e direc sos.é‘east and trespassing
befor

about 110 km in distance in;&t e Straits of Malacca
(Othman, Chowdhury, far, zi, 2018) making it the
) . .

acti that would contribute to

m@prevalent type of microplastics

found in thep filter feeders w (PO ylene (88.4 %), followed by
polypropylen;a%o and e Ung&arephthalate (2.3 %) (Karbalaei et al.,

2019). Th W it is
tissues &kles

hom

@
. <
%

industrialization area

plastic waste degradatiofginto

ted t he abundance of microplastics in the
mussels \a@ attributed to the presence of residence

. P il!str(ng he occurrence of microplastics in Tanjong
ay assoclate (Mfth the activities at the port, residential and
al aréa I as*lls\hing activities at the jetty. According to Lusher et

Oy

d
N

015), fishing andc‘%hi ping activities could be the factors of microplastics
occurrence in less derhly populated and non-urbanised areas.

High usage of plastic material these days such as face mask, gloves,
personal protective equipment as well as food plastic packaging also increase
the likely hood of microplastic contaminations in shellfish. Disposable face
masks that are made from polystyrene and polypropylene (Aragaw, 2020) can

leach out into the sea which taken up by filter feeders such as cockles and
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mussels unintentionally. These products may potentially enter the aquatic and
earthbound environments in various way including flooding, leaching, littering
and blowing therefore introducing to the environmental chaos d by
microplastics contaminants (Chaplin et al., 2018). Meanwhile,g?ood

packaging also received high attention due to deliveries. A st:o%o ted that

the most prevalent characteristics of microplastics found in sian marine

water were fragment or fibre type and high density polyme 2 g cm) such

as polyester, polystyrene, polyamide, polyvinyl chl 'dmyethylene and

polypropylene (Karbalaei et al., 2019). Food plasti aging that widely

consumed during pandemics also originated f tic ypolymers such as

polyethylene terephthalate, polyethylene, p lene, ’yst e and even
ea

olyvinyl chloride (Windsor et al., 2019). ccumulation gse mers
polyviny ( ) \Dp’ry

of plastics in human food chain can c azards toxici

health. Therefore, the identity of micr tics polynier,0 ock@)‘%d mussels’
landings from Tanjong Karang, KualaySelan \mre furthef “analysed and

confirmed by using FTIR spectr@sc W &

4.1.2 Physical characterization ic% ics'on c_{gges and mussels

from Sebatu, Melaka. (ﬁ >y A
ﬂ% ) S
The potential oplasties_wer okﬁ‘ser@on the cockle and mussels
from Sebatu, Mel m li Ms microscope as shown in Figure
4.5, Figure 4.6, F&Z? and Figyre 4. pectively. The characterization of
microplastics% on_C : t&u@ (Figure 4.5 and Figure 4.6) were

described&ﬁs;‘@radeq fr\ent WLQS‘{regular surface, jagged fragment with

brokenedgeswthin fila and spheruloid shaped pellet. The colour

varia ayed uhd wr'n aﬁ-n) fluorescence microscope were grey, yellow,

na eyish black. Almost all the microplastics found

r e, brawn, gre
%e cocl‘e es e degraded fragments with irregular surface and

hared the grey colour tly as shown in Figure 4.5.
N s
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f d e
AOken edges f) thin\élz&

Figure 4.5: The characterization of poten microplastics' on cockles’
tissues from Sebatu, Melaka under lightumicroscope (magnification: 40x)
which were a) degraded fragment withairregular| sugface b).&% and f)
ellet 4d) “jagged f@ment with

: E& ndkgég' only.
?,P A

] e
© The chéracterization of potential microplastics on cockles’
ﬁ‘fmder fluorescent microscope (magnification:
fiegr ed fragment with irregular surface b) degraded
ent ¢) ‘ﬁ?eruloid-shaped pellet d) jagged fragment with
gated filament. The colour variant observed were
yellow, red, orange, brown, green and greyish black.

L

As for mussels’ tissues from Sebatu, Melaka, the result in Figure 4.7
obtained under light microscope showing physical characteristics such as (a)
degraded fragment with conchoidal fractures, (b) thin elongated filament with
broken edges, (c) and (d) spheruloid shaped pellet with regular surface, (e)

subangular jagged fragment and (f) degraded fragment. The colour variant
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observed in Figure 4.7 were red, black and grey. As for observation under
fluorescence microscope as shown in Figure 4.8, the characteristics of
microplastics found on mussels’ tissues were (a) clear cylindrical fragment, (b),
(c) and (f) degraded fragment, (d) subangular jagged fragment and e) thin
elongated filament with colour variant of crystalline clear, black, 6rangé’, red and
green. However, the spheruloid shape pellet was dominantly fdund in mussels’
tissues with mostly grey and red in colour. This indicatéSythat dark colour
possessed by microplastics such as black, grey, and red,werevingested by filter
feeders due to having the appearance of food compared td I_ight colours (Zhao et
al., 2015). Melaka, which strategically located af Straits of Malacca, is the sea
pathway connecting China Sea and Indian Seat Thé S.trai‘t i§._not just only rich in
aquatic resources, but also known as the Busiest ‘shipping I.ane_s ih the~world
(Evers et al., 2006). Therefore, this stratégic site i high likely to cause

microplastics contamination due to the, world trade shipping roue and rapid

industrial areas.

Figure=4.7: The characterization of potential microplastics on mussels’
tissueS from Sebdtw, Melaka under light microscope (magnification: 40x)
which were a) degradéd fragment with conchoidal fractures b) thin
glongated filament with broken edges c) and d) spheruloid-shaped pellet e)
subangular jagged fragment f) degraded fragment. The colour variant
observed were red, black and grey.
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@
on._mussels’

Figure 4.8: The characterization of p

tissues from Sebatu, Melaka under fl ication:
40x) which were a) clear cylindrica d degraded
fragment d) subangular jagged fra e) thin ated~filament. The

colour variant observed were %st ine cgkblack@ge, red and
green.

Zhao et al. (2015) \%ed that prenance of coloured
microplastics was observed"in subsur in_estu i/éof urban area. Different
colours may give an i@thw’%ﬁ p@ic materials (Khalik et al.,
2018). The occurre lack or. darkegrey ur of microplastics may be
associated with d%n nthetic fi‘& tyres and fishing gears due to
strategic sites%e a whil at elcen\'h} of Straits of Malacca (Zaki et al.,
2021). The prese ofwumic stfz dicates straight sources of multiple

commer@itie@ primal%-oute for ship, boats and yachts (Omar et

al., 2% S 'f a tegic site for high economic growth,
indus%atio ar‘;d dhis&ﬁ&, therefore, they produced higher yield of

ts “in ppropriate {Qaste management system can contribute to

—X

i

: roplastics ¢ arﬁnatiqn of marine environments. Filter feeders like cockles

d
N

d mussels would xténtionally ingest the microplastics that sunk into the
bottom of the sea or unintentionally ingest prey that already contaminated with
microplastics. Small sized plastic particles attract these filter feeders that
mistakenly ingest them as food. This indicates the potential biomagnification,
bioaccumulation and trophic transfer of microplastics among organisms in the
food web, which may eventually transfer to humans through shellfish

consumption (Zaki et al., 2021). Colour separation may not lead us to
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confirmation of the debris found. Therefore, to confirm the microplastics
presence on the cockles and mussels’ tissues from Sebatu, Melaka, FTIR

analysis were done and compared with the spectrum of the st rd of
polystyrene, polyethylene and polypropylene. \

4.1.3 Physical characterization of microplastics on seawater&msbs

The area of seawater samples collected were within.the coordinate of the
cockles and mussels sampling site (Table 3.1). The seawater samples were
collected at the area of sampling site to clarify the Mf the water in the

habitat of filter feeders live. Since shellfish aréyfiltef feeders which feed by

r {‘Zsad'wg, normally
structur a;ser%_ZOZO),

therefore shellfish plays a significant role i ifying jwater (B’)r@ray and

trapping suspended debris and food fragment

D

by transferring the water over a specific filte

Carranza, 2007). Based on Figure 4.9, t weregn

S ofxg%icroplastics

I\l'eSth seawaQ}"samples may
associated with the shellfish %@) ivin&\ thergfore u?tributing to the
clarification of water with n sen i i
played their role in mecha '%n ing.outdti

feeders like cockles, massels_and 1 fi out small fragments or

@
particles and even to ut of the watek afid @nce water clarity (Kennedy,

2019). The images_obtaihed t mio@tope were the accumulation of
salt crystals dué to tE densityﬁepa ti@n\ms. od using sodium chloride (NaCl).
Other than that, microplasff oﬁhn% may also associated with this un-

identifiabtwts as| the tics cles depend on the sinking processes
when K ch

found on the seawater samples. The zone of

nyjparticles involuntarily. Filter

du \%’biofouling (Alfaro-Nufiez et al., 2021).
Biof@? nd} othery Le#acﬁops of aquatic biota such as fragmentation,

d n or leaching’of d&iﬁves may enhance the sinking process of plastic

(32‘ (va{ glet a&l%. Hence, the sunk microplastics particles at the

Amean’s floor may be @ésted and filtered by shellfish bivalves to enhance the

water clarity, therefore the presence of microplastics in the seawater samples at

‘% the cultivation site of shellfish samples cannot be detected. However, the salt
0 particles obtained from the physical analysis were further analysed using FTIR
spectroscopy to out rule the presence of microplastics particles in the seawater

samples.
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Figure 4.9: Images of seawater samples under Iigh@cope. No traces
of microplastics were found on the seawater sa%le’ Images show salt
c

crystals prior to density separation using sodi ride (NaCl).

l

4.2 Chemical analysis using FTIR spectroscopy \d, \&
N

A study carried out by Erni-Cassola et , Stated t hJ mxts't)plentiful
manufactured plastic polymers found in seaw. polypr e, p,o\l/%'thylene and

some forms of polystyrene which are less denséythan
bottom of the sea when bio-fouled due t(t\hehf rea
polymer that are denser than seawater\ 02 gcm™)

makes them most prevalently fou% the de \w%ﬂs

Filter feeders like cockles z:r% elsgwho i t @bottom of the sea may
unintentionally ingest themith circ%}ic}‘o&g{cs in the food chain. The
potential of microplastics m\e irlt e tissues (@hellfish bivalves are obtained by
physical analysis uSin roscope. H wéve:b{o prevent misidentification and

's\& ce "c@j-ng observation physically, chemical

is nee o0 substantiate the chemical and polymer

Nhere they can sink at the

ity. M&ﬁypes of plastic
ich (@cause sinking, which
,K\G\N(Woodall et al., 2014).

overestimation of  mic

analysis using i@m
identification Ng et'al.,
g '

mussels sho rlapping s cter&(ft?l the standards but were slightly different on

certain %th ?s he mi

changes it is hig progessiﬁg'product and have been added with other substances

=

eralc)he results from both samples cockles and
oplastics found in samples had been through chemical

th t processing. It is e@;i,al to note that polymer in plastics have been undergo
M processing and rarely used in their pure form, as most plastics produced prior to
mmercial use utilize colourants, additives, plasticizers and other substances to
hance and improve polymer properties (Vinay Kumar et al., 2021). Therefore, these
substances tend to alter the spectrum of the polymer in the samples making slight

differences with the spectra of the microplastics’ standards obtained. Secondly, the
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prolonged presence of microplastics exposure to the environment which intact with
various factors such as physical decomposition (heating or cooling, wetting or drying or
abrasive forces), biofouling by the action of microorganisms and aging of t lymer
leading to the changes of polymer properties thereby altering their spe& FTIR

analysis (Kerr et al., 2013). %

4.2.1 FTIR analysis on cockles and mussels’ tissues from Tanjong Karang,

Selangor ?

Polyethylene are presence into two groups, w are high-density
polyethylene and low-density polyethylene. Bot m heat resistant made
from petroleum and considered as safe for f ckaging. Howeyer, they can
potentially become jeopardize the human healthy if harm bstances are

presence such as bisphenol A (BPA) or alate (Pros d’et@ 2017).
Moreover, previous study also reported a“leng tim‘e re o&zh-igh density

polyethylene towards UV ray of sun&t‘m M armfu \Gvards human
health (Okunola et al., 2019). pyle the r hand, a semi-
transparent plastic and stron myethy is @%dered safe for food
and drinks packaging (Proshad et"al.; 7) it also the safest among all
plastics due to the absen %Sp%&%i&.@propylene is unlikely to
ng expesed ex ngive{@with the UV ray of sunlight.
As for polystyrene, it coftain that i@rcinogenic towards human and
its long-time eror Ilittl

lead to carcin(;hcyt epeti dhe(@tological effects (Dowty et al., 1976).
However, Nastics'Fo ervice
exposuge from th 0 food(.'iJ&ﬂct packaging made from polystyrene is

leach into food unle
>qpo€yj. of styrene can be neurotoxic and

aging group identified that the styrene

Ls

extre ith'th kblaﬁ@daily intake estimation at 6.6 micrograms per

p ily injwhi 000:times below the safety limit set by US Food and
dmirﬁsryg"(u A CFR, 2019). Since these three types of plastics

olymers (polyethylenegsblypropylene and polystyrene) are commonly used by

\the industries, therefore they are selected as standards in this experiment for
‘% comparison with the spectrum obtained by the samples of cockles and mussels
0 from two different sites in West Coast Peninsular Malaysia, Tanjong Karang,

Selangor and Sebatu, Melaka. Figure 4.10 shows the overlapping spectrum of

microplastics polymer standards which are polyethylene, polypropylene and
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polystyrene as reference to the presence of microplastics on cockles and

mussels’ landings.

Overlap spectrum of microplastics
standards

120

= 100 e
S %
‘E 80 v
& 60 H
= c—cC
= a0 hoH
N Polystyrene
20
3600 3100 2600 2100 1600 1100 600 CH
Wavenumber cm? | s
CH-CHy+ %
—— Polyethylene  —— Polystyrene Polypropylene n?
) ! Polypropylene
\ |
Figure 4.10: The overlapping spe of\@g:\rc ticswgadards; a)
Polyethylene (blue), b) Polystyrene (Grange ) Polypropylene (grey)
respectively. Images on the right S cheﬁic ructu¥e of microplastics
standards consists of polyethylen€ polysty dp opylene.

From Figure 4.10, the funetio roT resgqce in polystyrene were
8 OQrd 3000 cm™, also falls in

he otiter! tw: ndards of polyethylene and

detected at wavenumber 4p the range

a
the range of 1300 an 1T
polypropylene also sm th clos@(ith polystyrene when the peak

obtained falls jn the'region within the {a@ polystyrene standard. Basically,
the mid-IR sp(%is the atst,e in sample analysis and it is divided
into fo:'m (Coite 0) whi re; 1) The single bond region (2500-
4000 cn+),"2), The tri nd regié.n (2000-2500 cm™), 3) The double region

1500 Cm s fim&elprint region (Nandiyanto et al., 2019). Table 4.1
|ightiﬁgD\Jara istics of FTIR bands on its functional group on

'I"He f print region (600-1500 cm™). The spectrum
arious wavenumber (e)‘ . Although polyethylene and polypropylene are both

polyolefins, they c% be readily distinguished and identified by FTIR
‘% (Thompson et al., 2009). When compared the spectrums of all microplastics
0 standards, polystyrene has the highest transmittance for the functional group at
wavenumber between 2800 cm™ and 3000 cm™. This may be due to the density
of the polystyrene which are the highest compared to polyethylene and
polypropylene which are 1.04 g/cm?®, 0.86 g/cm® and 0.85 g/cm? respectively.
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Among all, polystyrene has the highest density which are denser than seawater
(1.02 g/cm?®) thus making it sunk deeper at the sea while the other two standards
have density lower than seawater thus floating at the surface of water

(Cronin and Ouellet, 2016). \

Table 4.1: Characteristic of FTIR bands’ functional groups oadifferent
wavenumber (cm™?)

Wavenumber  Functional groups
(cm™)

3400 O-H stretching vibrations of hydrogen-borwdroxyl groups in
polymeric association
2930 Asymmetric aliphatic C-H stretch atiofis-methylene (CH>)

2850 Symmetric aliphatic C-H stretch vib ethrlene (CH2)

1610 Aromatic ring (C=C in plane) mmetric

1510 C=0 stretching vibrations w

1458 Asymmetric aliphatic C-H defermation of methylene and \Y'
methoxyl | &

1430-1420 Aromatic C=C stretching ions ‘\

1370 Symmetric aliphatic C-H bendifig of méthyl ps CRE)

1266 C-O stretch vibration (i%-g | ring and C%'ﬁtretch)

1224 C-O stretch vibration (in lignin- | -O stretch)

ing arlg~

hboring. C-H groups
coordination) of clay

1031 C-0O-H deformatien i lose
822 Aromatic out-ef- ings w
-534 Si-O-AlV! vibM | in octahe

minerals \
468 Si-O-Si be%vibr tionof tla
0L

Source: Oikonomoipoulos et al.
The presenc%oplas' co@&- and mussels’ tissues were
confirmed as sho i the’Figu
spectrum peal Y:j by fcockles
t sta-r@'ﬁs indicates that the presence of
From Naph th'e app @t the wavenumber between 2800 cm™ and
% hich als si&ilqj ith polystyrene standard peaks (2918.5 cm™)
anén ol
ret

A1 4.12 respectively. The mean
:J Ifrbb'Tanjong Karang similar with the

spectrum gkge mi
microplaﬂﬁ m anal;@ using light microscope are confirmed.
of CH2 (symmetrical stretching) and CH>

in{)/YRazak et al., 2018). The visible peak at 1700 cm™

metrical
Apresents the functim%cépgroup of C=0 vibrations (Zarshenas et al., 2015). The

d
N

subsequent peak at 1300 cm™ shows NO: stretch with strong intensity. The
absorption bands at 800 cm™ and 900 cm™ were associated with vinylidene C-H
out of plane bend and trans C-H out of plane bend respectively (Jung et al.,
2018). The spectrum that appeared in this fingerprint region originate in

interacting vibrational modes resulting in a complex absorption pattern.
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Nevertheless, this region is quite complex and is hard to interpret, but each
organic compound exerts its own unique absorption pattern in this region.
Therefore, a number of infrared spectrum will be used to verify a co nd by
comparing it with a sample of a known compound (Nandiyanto r%lg).
Figure 4.12 shows the mean of mussels’ tissues which als;&% similarly

close to the mean spectrum of cockles’ tissues. When compa the spectrum
800 cm™ and

the spectrum of

of the standards, the overlapping spectrum at the wavenu

3000 cm™ were assigned to the =C-H stretch simil

ce of polyethylene,

cockles’ tissues mentioned above. This confirmed th:
polypropylene and polystyrene in mussels’ tiss C 11 s cockles’ tissues
that may be associated with the locations of

KaraWSelangor in
which it is heavily influenced by wastes fram fishing and e‘a@rtles as

well as industrial and residential areas. O I, polyethylen olllpmp lene and
polystyrene are the common plastic bundahtly i pac a ng industry
(food and plastics bottles), textiles mi éf(' 011; Di and
Wang, 2018) and cosmetic prod t &
(‘\ -
Overlap cockles with microplastics iy, -
standards _ ‘
120 2
= 100 p— e — it e
§ —-n-nwu.'.m——-——\v Vel e MY’%’W”’\
80 : 8 /
§ 60 “ "av
s
— 40 v
= 20
0 v
3600 3100 2600 2100 1600 1100 600 ‘o\}é‘
Wavenumber cmt \»;‘7’
——Polyethylene —— Polystyrene Q‘{’\/
Polypropylene Mean Cockles e

:«ﬁe 4.11: IR mea@éctrum of cockles (yellow) from Tanjong Karang

erlapping with @oplastlcs standards; a) Polyethylene (blue), b)
\Polystyrene (orange), and c) Polypropylene (grey) respectively. Images on
the right show presence of microplastics on cockles’ tissues under
fluorescent microscope (magnification: 40x) with characteristics of thin
Q elongated filament, degraded filament and subangular jagged fragment.
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Figure 4.12: The mean spectrum of \ (W T@ng Karang
overlapping with microplastics standards.a)~Polyet Q’ne (blue), b)
Polystyrene (orange), and c) PE opylengi(grey) res Ively. Images on

the right show microplastics p tissues under fluorescent
microscope (magnificationN
lle

ith cha ens@ of thin elongated

filament, spheruloid shaped pellet a raded\fragment.
&
6 e,

o
4.2.2 FTIR analysis &ales a ussels’ &&s from Sebatu, Melaka
Sebatu, MeTas been a iated@'th predominantly contamination
ncl

by various po udlp mi c‘)plla ics due to its strategic sites as busiest
ities @ transportation (Looi et al., 2015).
({g})ccurrence of microplastics contaminants
on ¢ Nnd ussels; tigsu (%e results (Figure 4.13) show similarity of

m %ctru gf @c les with the spectrum of the standards
Q%%/Ien‘e, ol "ro yle@\and polystyrene). As Melaka also known as eco-

& iSm region (Alam e{}? 2014), other than its strategic sites as the medium

utes in transportatidr&ahd trading activities, it also well known for its historical

\stories and buildings, therefore, these features attract more tourists and increase
Q% population in Melaka area thus introducing more plastics in the environment

either through food plastic packaging, textiles or domestic wastes.

shipping rautes,

The similar spectrum peaks of the microplastic isolated from the samples
were closely similar with the spectrum of cockles from Tanjong Karang, Kuala
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Selangor due to the same species and the organic compound presence in the
tissues. In addition, when comparing with the spectrum of the microplastics
polymers’ standards, the obvious peaks of cockles’ tissues also similar at
wavenumber between 2800 cm™ and 3000 cm™, 1700 cm™ and SOK ctrum

on the fingerprint region. This proved the presence of micr such as
polyethylene, polypropylene and polystyrene on cockles’ ti rom Sebatu,
Melaka. The spectrum obtained by the cockles’ tissues wer y similar with
mussels’ tissues as shown in the Figure 4.14. V

When compared the results of cockles

d WS from both Sebatu,
Melaka and Tanjong Karang, Kuala Selangor, bo d sinhilarity in terms of
the presence of functional group and overlapping, spectfum™with the standards.

L ]
Based on the results obtained, filter feederstlike cockles and uiselﬁg‘aﬁ. easily

access to the accumulation of the mi stics ir} the s wate@nd directly
ingest them when mistaken as food. T flter W nnot%)yselective and
prevent from ingesting other particulateS that may, be re@& unintentionally

(Cole et al., 2013). Even th e org awﬁ/eloped adaptations

and modifications to avoid the SUW nw, materials, that can

prevent ingestion of par '&')rger As ci i(sjze using modified mesh

size of qill rakers er ‘anatomical ongonents (Rahman, 2019),

microplastics can stilw con cause'these adaptations have occurred

over thousand year ompared ta'this ﬁt issue of microplastics that just
t

!
raised concer ly for Igs th z?c% (Lusher et al., 2017).
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Figure 4.13: The mean spectrum of coc
overlapping with microplastics standa
Polystyrene (orange), and c) Polypro
the right show microplastics presen nder fluorescence
microscope (magnification: 40x) wit ara \rm@ of e lga ted filament,

spheruloid shaped pellet and de e ragR‘ent.
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Overlap mussels with microplastics
standards
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: S gure 4.14: The m%q’\ypectrum of mussels (yellow) from Sebatu, Melaka
erlapping with roplastics standards; a) Polyethylene (blue), b)

% Polystyrene (orange), and c) Polypropylene (grey) respectively. Images on

the right shows microplastics presence on mussels’ tissues under
fluorescence microscope (magnification: 40x) with characteristics of
subangular jagged fragment, thin elongated filament and degraded
fragment.

46



4.2.3 FTIR analysis on seawater samples

As expected, the results obtained in FTIR analysis able to confirm the
presumption of previous physical analysis where there was no p of
microplastics on the seawater samples from both sampling R njong
Karang, Kuala Selangor and Sebatu, Melaka. From Figure 4. %spectrum
between 3000 cm™ and 2800 cm™ showed no overlapping spectrum of seawater
samples with the standards of microplastics. This region I ery significant
functional group for plastic polymers where this inw the presence of

functional group of aliphatic and aldehyde comp un(Tdiyanto et al., 2019).
Therefore, absence of these functional groups m senc,a of the polymeric

substances crucial for the microplastics iguration~. Thé absence of
@

microplastics in seawater samples may be to the presence’ of fil erg’geder’s

community at the sampling site which play a big role in clatification of

water. From the graph (Figure 4.15),x-d1vio ‘s'p oh&n seawater
"L which. i

was seen at the wavenumber 3400 s with the O-H stretching

vibrations (Oikonomoipoulo@o),
fro

(O-H group) was originated 20 comp

D

resence of hydroxyl group

inﬂ eawater. The sample

pre-treatment that was L%d toﬁir Xi e{exldation using hydrogen
peroxide (H20.) also %tes t the ©- str@ng vibrations of hydrogen
bonded hydroxyl groﬁw pol socim%ﬁ. In microplastics standards,
there were no_ O- figuration9in the@n\ctional group of polyethylene,

polypropylen styre’n , th Iplre,\a's presence of O-H group denied the
icr X

presence ofq{op astt \?NtL eaw§,samples.

thersstudi \@ thﬁiﬁ‘ésence and emergence of microplastics in
Malaysi arine %;ulch(@m Kuala Nerus and Kuantan port (Khalik et
a

, twc;;?d ea from Kuching namely Santubong and Trombol

% et aI.,’ and cted beaches in Kuala Terengganu such as Teluk

emang, Batu Burok @Fﬂung Aru, Seberang Takir and Teluk Likas (Fauziah et

\

\al., 2015). The occurrence of microplastics in these areas were associated with
§ anthropogenic activities, industrialization areas and recreational sites. Other than

that, the different method of accessing microplastics on the water samples and
different sampling locations were also contribute to the contradict results of
microplastics occurrence in these areas. However, for this study, filter feeders

like cockles and mussels can filter out small fragments or particles and even
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toxins out of the water and enhance water clarity (Kennedy, 2019). As for
seawater at Tanjong Karang, Selangor and Sebatu, Melaka, the areas on
collecting the water samples were the cultivation sites for cockles a ussels

sampling where these filter feeders contribute for filtering the Wang mn of

fragments or debris (Noren et al., 1999) by actively pumping ross the
filtering organs, as most of the cultured marine-suspensio ers can trap
small fragments and particles up to >4 um with 100 % effi under optimal
conditions (Riisgard, 2001). \)
Comparison seawater spectrum with microplastics
standards
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Figure 4.15: CompN f seaw. pectﬁ)iﬁ( (yellow) with microplastics
standard; a) P ene‘ lue); b) golystyrene (orange), and c)
Polypropyle greg respectivelyy” | 0
4 u.j" &
4.3 Principal ccm tan;lly5|s CA) ellfish samples

The wh mple
Componenty, analysis (PC ';orQB;re the occurrence of microplastics presence

betweepr t iffergnt a :Ie i c@s and mussels at two different sampling sites at

West'Co eninsula alaysj&lyl’anjong Karang, Selangor and Sebatu, Melaka. PCA

rx m Figure 4.16 ino‘ro(é?es that two variables (sample type and sampling sites)
ribe

Ny . : .
rom flR analysis were analysed using Principal

d the overall trend or spatial distribution of cockles and mussels of two

Q%pling sites in two dimensional coordinates. Figure 4.16 shows principal component

(PC2) plotted against principal component 1 (PC1) in a PCA from the data set
obtained from FTIR analysis on two samples, cockles and mussels from two sampling

sites, Tanjong Karang and Sebatu, Melaka with PC1 and PC2 explaining >95% of the
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total variance. Most the samples displayed strong discrimination within each sample
from two different sites with total variation of 96% thus clearly could discriminate two
different samples, cockles and mussels from two strategic sites, Tanjong and
Melaka. This data supports the variation in the terms of microplastics d& on
cockles and mussels from Tanjong Karang and Melaka as the locatio \%s
with offshore and anthropogenic activities that contribute to the istribution of

sociated

total variance (Looi et al., 2015). PC1, explaining total varian 2%, had high
loadings of cockles and mussels from Melaka which are positioned at the left side of the
plot (negative direction). This component represents the cor@ of the cockles and
mussels came from Melaka which mainly associated wi e'global shipping route at
Straits of Malacca (Zaki et al., 2021). PC2, expl 24% oWriance, was
dominated by cockles from Tanjong Karang and some sample of mu fl'bm\\z"anjong
Karang since these samples were positioned in p%irecti (right r’ani-??de of the
score plot). The PC2 represent another clus cklesda sseIK/R(-Jm Tanjong
Karang which are in correlation when these sapples at Ta 55@ Karang with
less trading activities compared to Mel% oc !3;1 fishing Eg;ipping activities
(Lusher et al., 2015). Based on the PN ibu nces (@etecting microplastic
is higher in mussels harvested in jong K@n c @harvested in Melaka in
microplastic contamination envi nt gompar v to céatles harvested in Tanjong

elaka, t resﬁ@ inconclusive. More study on

Karang and mussels harvestea,i
microplastics with more s ing number or larger scale at these two sampling sites are

required to analyse %zn of the mi ro;&la&ﬁ’gs’ distribution. In terms of spatial
ition of'co

u
distribution, the posi Ie@ usg'eéjwere distributed inside the outlier, with

some samples S&A ilar *nger intin@ning from two sampling sites, Tanjong
u |

Karang and &K aka igh @oplastics abundance causing similarities in
the same cor%nt. fe\./v pfesé‘?ockles and mussels from Tanjong Karang and
Melaka,r vel)" ere/di ri@ted far apart from each other may be due to
repli eroses. soﬂ'al chianges, environmental conditions and also human error

m to variations of mi astics occurrence (Zhang et al., 2019).

i
N
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Figure 4.16: Score plot between the selected primcipal compone obfain\Ya from
applying FTIR data set on PCA analysis. S s labelle d'ffe\‘e t colour

and symbols indicating different shellfish s roKtY’v plingé tes.

Overall results shows that there \&T;icﬂ\t different ¢ Vz.:)5) using one-
way ANOVA between cockles and in Tan
between two types of shellfish hb ~Me
contributes to different micropl é)stribw
results shows all the data disc%s fr 'r‘n ea dther<</

st second principal component.

ara@"@elangor as well as

\ T[K ifference in location

e sampling sites as PCA
SE? positioned in both positive

and negative direction in t ma’
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