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ABSTRACT

We examined the behavior in response to food- and non-food particles, mortality and gut contents of
Oreochromis sp. fingerlings exposed for 96 hours to microbeads extracted from a body scrub, which is a mixture
of two types of beads, one positively buoyant, green in color, and larger than the other, which is negatively
buoyant and whitish. These were termed green (GB) and white beads (WB), respectively. The exposure was
done under four different conditions: Tank A, with microbeads only; Tank B, with microbeads and normal food
pellets; Tank C, with normal food pellets followed by microbeads; Control Tank, normal food pellets only. Each
tank was placed with four fingerlings, 4.0-5.3 cm in total length, and the experiment was duplicated. The water
parameters of all tanks were controlled and monitored at DO > 1 mg/L, pH = 6 — 9, temperature = 29 —31
°C. Behavioral response toward microbeads indicated that fingerlings attempted to consume the microbeads
intentionally with the absence of food, or accidentally consumed the microbeads in the presence of food. The
number of the GB in the gut was 3-66 in Tank A, followed by Tank B (2-29) and Tank C (2-5). The mortality
of these fingerlings due to feeding on the microbeads was not confirmed as fatality was also recorded in the

control tank, as well as in the experimental tanks.
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INTRODUCTION

Microplastics in aquatic ecosystems are of major
concern in recent years (Anderson et al., 2016).
Mepex (2014) defined microplastics as a fragment of
plastic that is smaller than 5 mm in any dimension.
Microplastics have been classified into two groups
according to their origin (Mepex, 2014): the primary
microplastic which are released to the environment as
microparticles, and secondary microplastics which are
generated in the environment through disintegration
of larger particles. Microbeads are synthetic polymer
particles manufactured for decades, with a size
range of 0.1 ym-5 mm and classified as primary
microplastics widely used in a variety of personal care
products such as toothpaste, facial scrub, and body
scrub (Environment Canada, 2015). Their presence
became an emerging environmental issue when
they were found accumulated in the environment,
posing several adverse environmental impacts such
as ingestion by fish (Lusher et al., 2013). Moreover,
microbeads are capable of adsorbing toxic chemicals
such as persistent organic pollutants (POPs), which
pose a serious concern if they are consumed by
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aquatic organisms and result in bioaccumulation and
biomagnification of the toxic chemicals up the food
chain (Mato et al., 2001; Rochman et al., 2014).

Analysis of microbead exposure to freshwater
organisms is important as the microbeads are
reportedly hard to be fully removed by wastewater
treatment facilities (Fendall and Sewell, 2009) and
are reportedly retained in freshwater ecosystems
(Zhang et al., 2015). A recent study by Besseling et
al. (2017) suggests particle sizes of microplastics had
a significant effect on the distribution and retention
of the microplastic in the sediment of rivers. Particles
smaller than 5 ym as well as larger micro- and
millimetre sized plastic are preferentially retained
while the intermediate sized particles of about 5
um had the lowest retention time in river sediment
(Besseling et al., 2017).

However, data on adverse effects of microbeads
on marine or freshwater organisms are scarce
(Bouwmeester et al., 2015; Mattsson et al., 2015),
necessitating studies on how aquatic animals
respond to this type of pollution. Polyethylene
microbeads, with a specific density less than 1 g/
cm?®, are abundant in the water surface micro-layer
(Eerkes-Medrano et al., 2015), thus pose a threat
to organisms on the surface, including pelagic fish.
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Since Oreochromis spp. are widely cultured and
the most popular farmed freshwater fish in Malaysia
due to its good demand and profitable market (DOF,
2007; Ibrahim et al., 2014), there is a concern about
the threat of microplastic pollution on these fishes.
With this circumstance, the present study aimed to
investigate the feeding behavior of Oreochromis sp.
fingerlings in relation to physical characteristics of
microbeads extracted from a body scrub.

MATERIALS AND METHODS
Extraction of microbeads

A body scrub containing acrylates copolymer
was purchased from a local supermarket in Klang,
Selangor. Ten 4.0 g samples of body scrub containing
microbeads were weighed and dissolved separately
in 200 mL of boiling distilled water. The mixtures were
thoroughly stirred using a glass rod, leaving behind the
insoluble microbeads in the solution. During stirring,
the buoyancy of the microbeads was observed. The
mixtures were then filtered through a glass microfiber
filter (Filtres Fioroni Grade 259, pore size 1.6 um)
under a vacuum Buchner funnel. The filter papers
containing the insoluble microbeads were oven-dried
at 60°C until constant weights were obtained. The
microbeads were then carefully removed from the
filter paper and any non-plastic particles were sorted
out before further analysis.

Determination characteristics  of

microbeads

of  physical

Ten samples of the extracted microbeads were
observed with a stereomicroscope (Motic Live Imaging
Module: Motic SMZ-161) at 20x magnification. The
shape and particle size of the microbeads were
examined using Motic Images Plus 2.0. The first

ten particles of microbeads encountered from each
sample of body scrub were picked randomly for
measurement (N=100 for each type).

Microbeads exposure to the fingerlings

A total of 32 Oreochromis sp. fingerlings with the
total lengths ranging from 4.0-5.3 cm were bought
from a local aquarium supplier and acclimatized for
one day in de-chlorinated tap water with the water
quality controlled as recommended by Popma and
Masser (1999) (DO, > 1 mg/L; pH, 6-9; temperature,
29-31°C) before being placed in experimental tanks
(A, B, C, and control). Each tank (capacity: 2.0 L)
was filled with 1.5 L filtered de-chlorinated tap water
and was equipped with an aerator to supply oxygen
into the water. Four Oreochromis sp. fingerlings were
placed in each tank and fed with the designed diet
twice a day (8 am and 4 pm) for 96 hours (Table
1).The feeding condition in each tank was: Tank A,
microbeads only (1 g); Tank B, microbeads (0.5 g)
and normal food pellets (0.5 g); Tank C, normal food
pellets (1 g) followed by microbeads (1 g 30 min after
pellet feeding); Control Tank, normal food pellets only
(1 g). Each experiment was duplicated. The normal
food pellets were from the brand Aquadine TAKARA
Sakana-ii which consists of red and green pellets.
According to the label, these floating food pellets
were made of fish meal, wheat meal, yeast, germ
meal, shrimp meal, vitamin and mineral supplements.

Every time before feeding, the water temperature,
pH, and dissolved oxygen in each tank were monitored
to keep the water quality as described above. Then,
the feces or waste of the fingerlings of each tank were
sucked out and removed; 30% of the water in each
tank was also replaced with fresh, de-chlorinated tap
water before feeding.

The fingerlings were observed up to 60 min

Table 1. Diet designation for Oreochromis sp. fingerlings in each tank. Microbeads: mixture of positive and

negative buoyancy microbeads in a ratio of 1:4.

Tank Range of Fingerling TL Diet Purpose
(cm) Normal food pellets Microbeads
Control 44-53 lg None Control
A 4-5.1 None lg Represents a condition where
normal food is not available.
B 4.1-5.2 05¢g 05¢g Represents a condition where food
and microbeads are both available.
C 4.0-4.9 lg lg To find out whether fish will

consume microbeads or not even
after they have eaten normal food.

(added 30 minutes after
introduction of normal
food pellets)
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after introduction of food or microbeads to record
their feeding behavior in response to microbeads
exposure. Changes in behavior in terms of position of
the fish in the tank (near surface-, middle-, or bottom
zone), taxis to food (positive, neutral, or negative),
and feeding on the GB/WB (active, moderate or
none) were recorded. After 60 min of observation, any
floating or settled microbeads and food that remained
were left in the tank until the next feeding time. Dead
fingerlings, whenever observed, were removed and
refrigerated for later analysis.

Dissection and microscopic inspection

After 96 hours, all the fingerlings were immersed
in MS-222 and sacrificed, and preserved in a
refrigerator. They were dissected and their guts
were removed, rinsed off by gently sprinkled with
distilled water inside a Petri dish. The occurrence of
microbeads retained in the guts was assessed and
their numbers enumerated from outside the guts
under the stereomicroscope at 20x magnification.
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spherical.h collected.

Figure 1. Photomicrographs of the microbeads observed under stereomicroscope. a) green
microbeads which are smooth and spherical, b) white microbeads appeared in abundance and

RESULTS

The body scrub contained two types of
microbeads both of which are spherical but with a
different color, based on which these will hereafter be
referred to as Green Beads (GB) and White Beads
(WB) (Fig. 1). The microbeads consisted of 10%
GB, which are positively buoyant, hence dispersed
easily on the water surface, while the WB, which are
negatively buoyant and hence sink and remain at the
bottom of the tank, made up 90% of the microbeads.
The size of the GB and WB ranged 368-828 um and
120-482 pm, with mean sizes of 578 and 295 um,
respectively (Table 2).

Results of behavioral observation of fingerlings
in all tanks are shown in Table 3. The fingerlings in
Tank A (1 and 2) showed moderate taxis to the beads
near the surface and bottom zones during feeding
time starting on Day 2 till the end of the experiment.
Fingerlings in Tank B (1 and 2) showed active taxis to
beads at all depth zones (near surface, middle and

bottom zone) during feeding time starting
from Day 1 until Day 4. The fingerlings in
Tank C (1 and 2) did not show any active
response to the beads on Day 1. They
showed moderate taxis to the beads only
on Day 2 near the surface and middle
zones, but avoided the beads on Days 3
and 4.

The total number of dead fingerlings
observed in Tanks A, B, C and the Control
Tank was 3, 2, 4 and 2 respectively (Table
3). There was no specific mortality pattern

throughout the 96 hours of observation.

Quantification of the bead particles in
the guts was done only for GB, since the
WB were more-or-less transparent, hence
were almostimpossible to distinguish from
the gut tissue. The number of GB in the
guts of fingerlings according to the date of
death is shown in Table 4. The fingerlings
in replicate Tanks A contained the highest
number of GB which ranged from 5-36
and 3-66 particles. The fingerlings in
replicates of Tank B contained 3-13 and
2—-29 GB particles. The fingerlings in Tank
C had the least number as the retained
microbead numbers were in the range of
2-3 and 2-5 particles in each replicate
tank.

Figure 2. Photomicrographs of the microbeads inside guts of Oreochromis sp. fingerlings
in different tanks. a) Control Tank showing absence of microbeads, b)Tank A showing
abundance of green microbeads compared to the other tanks, c) Tank B, d) Tank C.
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Table 2: Physical characteristics of GB and WB microbeads.

Code Colour Shape  Buoyancy Size
Range Mean + SD Median +IQR
(um) (um) (um)
GB  Green Spherical Positive 368-828 578 £90 575 £ 138
WB  White Spherical Negative 120 -482 295+ 76 276 + 98

(N= 100 per type of microbead)

Table 3. Behavioral observations of fingerlings in Tanks A—C and Control (Ctl). Taxis to beads: +, positive; —,
negative; 0, neutral; Feeding on GB/WB: ++, active; +, moderate; —, none; Depth zone (during feeding time): S,
near surface; M, middle; B, near bottom; No. of dead fish: number of dead fish on the day; n.a.: not applicable.

Tank A-1 A-2 B-1 B-2

Behavior Day 1 |Day2|Day3|Day4|Day 1 |Day2|Day3|Day4| Dayl | Day2 | Day3 | Day4 | Dayl | Day2 | Day3 | Day4
Taxis to beads 0 + + + 0 + + + + + + + + + + +
Feeding on GB 0 + + + 0 + + + ++ ++ ++ ++ ++ ++ ++ ++
Feeding on WB 0 + + + 0 + + + ++ ++ ++ ++ ++ ++ ++ ++
Depth zone S SB | S.B | S.B S SB|SB|sSB |SMB|SMB|SMB|SMB|gMB|SMB|SMB|SMB
No. of dead fish 1 1 1 n.a n.a n.a n.a n.a n.a 1 1 n.a n.a n.a n.a n.a
Tank C-1 C-2 Ctl-1 Ctl-2

Behavior Day 1 |Day2|Day3|Day4|Dayl |Day2|Day3|Day4| Dayl | Day2 | Day3 | Day4 | Dayl | Day2 | Day3 | Day4
Taxis to beads 0 + - - 0 + n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Feeding on GB 0 + - - 0 + n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Feeding on WB 0 + - - 0 + n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Depth zone SM | SM S S SM | SM S S,.B S.B S,.B S,.B S,.B S,.B S,.B S.B
No. of dead fish 1 n.a 1 2 n.a n.a n.a n.a 1 1 n.a n.a n.a. n.a. n.a. n.a.

Table 4. Number of green beads (GB) in the guts of fingerlings according to the date

refers to one specimen.

of death. Each number

Tank Day 1 Day 2 Day 3 Day 4
A-1 8 5 6 36
A-2 n.a. n.a. n.a. 3-66*
B-1 n.a. 13 3 0**
B-2 n.a. n.a. n.a. 2 - 29%*
C-1 0 n.a. 0 2 — 3k
C-2 n.a. n.a. n.a. 0-—5%*

*Representing data of sacrificed fingerlings (N=4).
** Representing data of sacrifice.

DISCUSSION

In the present experiment, the starved fingerlings
of Oreochromis sp. in Tank A ingested the larger
number of GB than those in the other tested tanks
(Table 4). The behavior was similar among samples
with limited availability of food as in Tank B where
both food pellets and microbeads were introduced
together. A lower number of GB in the guts of
fingerlings in Tank B is expected due to lower number
of beads introduced in the diet scheme in comparison
with the diet for Tank A. The presence of very few GB
particles in Tank C is in line with the behavior shown

in Table 3: the animals ignored the presence of beads
on Day 1 and avoided beads on Days 3 and 4 most
likely because they were fed with enough normal food
pellets 30 minutes earlier before introduction of the
beads.

Although the water parameters of all tested tanks
were controlled and monitored as recommended by
Popma and Masser (1999) (DO > 1 mg/L, pH = 6-9,
temperature = 29 °C-31 °C), there were mortalities
of several fingerlings, including those in the control
tanks on Days 1 and 2 (Table 3), suggesting
occurrence of some adverse conditions in the water
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quality not assessed in the present study. Any further
experiments should be done with more detailed
monitoring of water parameters.

Overall, the present results indicate ingestion
of microbeads by the fingerlings of tilapia, which
is consistent with the previous studies reporting
ingestion of microbeads by fishes (e.g. David et al.
2015; McNeish et al. 2018). However, uncertainty
remains about the relevance of the microbeads
concentration used in the present study with
respect to those in nature, since information on the
abundance of microbeads (i.e. number of microbeads
per unit volume of water) has been lacking both for
experimental water and in natural freshwater habitats
in Malaysia. Further studies are needed to understand
the fate of the microbeads in intestinal tracts of
fingerlings, hoe this affects the fingerlings, as well as
precise measurement and evaluation of microbeads
concentration in experiments and in natural waters.
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