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*Corresponding author Abstract: Juvenile olive flounder, Paralichthys olivaceus (mean weight 66.7+7.1 g;
Jun-Hwan Kim mean length 19.2+0.9 cm) in a bio-floc environment were exposed to microplastic (PE:
Tel. 041-676-3773 polyethylene, size 40-48 um) at 0, 4, 20, 100, 500 and 2,500 mg L™ for 96 hours. No P
E-mail. junhwan1982@korea.kr olivaceus deaths were observed following microplastic exposure. In the plasma compo-

nents, calcium was significantly decreased whereas there was no significant change with
Received: 6 August 2021 magnesium following microplastic exposure. Glucose was significantly decreased with
First Revised: 2 September 2021 over 100 mg L™ at 48 hours and 20 mg L™ at 96 hours. Cholesterol was significantly dec-
Second Revised: 9 September 2021 reased with over 20 mg L™ after 48 hours, whereas there was no significant change in the

Revision accepted: 10 September 2021 total protein content. In enzymatic plasma components, the AST (Aspartate aminotransfer

ase) was significant decreased by microplastic exposure. The results of this study indicate
that acute exposure to microplastic induces blood physiological changes in P olivaceus.
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iethyl phthalate, bisphenol A2} Z-2 %@ = 0111——/] s
1] A A=A 0 2 2R g Gt (Montuori et al. 2008; Kang and
Min 2010; Dreolin et al. 2019). T3}, =5 v|A] S22
AAFE A polychlorinated biphenylis (PCBs)<} polycyclic
aromatic hydrocarbons (PAHs) 9} -2 ttofet 2450 &
2txlo] o] F AFt o] 7o WY F ket AR E
of] ZA49FE vt (Corcoran et al. 2015; Pannetier et al.
2019). o704 PEQ] =442 thfRt FEiE Holm, A7
ZO]-OH (_‘?_718_1 o= jq-tl]ﬁﬂE /CH/U \:ﬂ EH/\]—ZPOHQ,]- e I:]—
It A Wk G (Mak et al. 2019). PIA[EE}
] BAE SRl AshAE Ao e AE T
oS sty HAAAE A5HAZITH(Banaee et al. 2020;
Han et al. 2020).
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Hamed et al. 2019; Ki 2021). T3, bisphenol AZ} 2

o Zetag WML olf ABT4ES St 89

Stz AAro] HSLE x4 O]'E]'(Knshnaprlya et al. 2017). =

JE4 E2 o]FolA Hemoglobin &4 #loll, &+ 7]
o 9 opyjo] o 8 2 RIE=E ©]o]Z HemoglobinT}
Hematocrit T4 & Z4AAZIth 7+ 9 op7tu]E 59 &
QI v Ee TS BAe oA Akt HEP

of 2214 &4 7F5FH (Su et al. 2019; Cho et al. 2020),
ol Ayt Agtsto] sigtEddor A e
Z]5}F (Yong et al. 2020), @A U A7 sA NS FESTh
(Browne et al. 2008). =/d &40l o3t ¥1E 9 &2
oﬁoﬂ 01-1-1 /H/\T-_/] l:ﬂ_g].— 01:7] o]—_TV_ ZX] LH /\]-_L_O 1:1-’] ;q
St Qg APl E Z2f3tet (Siddeswaran et al. 2020).

EG 282 499 AASeaE e ojsta A
GaFE w23 o= A ATHIEH U AL FIETH (Yu et

Microplastic toxicity to olive flounder

al. 2018).
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o FA 66.7+7.1g; Bt A
Z 19.240.9 cm) = SHEIOHS] EH AL o A HoF whol

Professnal plus; YSI Inc.,, USA)E ©[-8oto] SAo13lon,
XU\}Q]_E(OFEL]O} ofAr A
& Co., Inc., USA)E ©]-85to] S5t (Table 1). ka2
IR =t e 40~48 pm, Sigma Chemical,
St. Louis, MO)< —Fofste], ZF =% 0, 4, 20, 100, 500,
2,500mg L9 TE R 96A13F leE-S AAISHIT v|AlE
SAELE A 0 = 2RI At AA| A7]=20~50
um 0 2 UEPITH (Fig. 1). 11 5521 2,500mg L™ 9]
A EStAE &2 et EAichs FRET uj

] (polyethylene, PE
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SEM HV: 3.0 kV SEM MAG: 3.00 kx

Fig. 1. Scanning Electron Microscope image of polyethylene (40-48 um, Sigma Chemical, St. Louis, MO) (Magnification, x3000; Scale

bar=20pm).

Table 1. The chemical components of seawater and experimental
condition

[tem Value
Temperature (°C) 21.6+£0.6
pH 8.13+0.05
Salinity (%o) 32.2+0.3
Dissolved Oxygen (mg L™") 8.46+£0.34
Ammonia (mg L™) 0.234+0.03
Nitrite (mg L™") 0.03+£0.01
Nitrate (mg L™") 0.37+0.08
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HA|E2EAE eF 48A17HF 96417 &, A
AS 9all A AAskeh A2 oot (Sigma
Chemical, St. Louis, MO) A& H FAM|E o] &3l AF =,
A AE -84 (Hematocrit) 7+ o -2 251 (Hemoglobin)
< S45HA o Hematocrits BAIT W2 PA-g Hol,
Microhematocrit centrifuge (VS-12000; Korea) Il 4] 12,000
rpm, 10427t Y42 & Micro-hematocrit readers ©]
L35}o] A5 Hemoglobin F2|= AL kit (Asan
Pharm. Co., Ltd., Korea) & ©|-8-5} Cyan-methemoglobin
Ho 2 ZA5I o (Kim et al. 2019).
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Y% thdyl blue-I ol w2} LA-E kit (Asan Pharm.
Co., Ltd., Korea) & o|-8oto] SA ottt @4 7148+
© =2 @ (Glucose), ZHAHIE (Cholesterol) & & T
2] (Total protein)= 453t @92 GOD/POD H, =

HAEHES v £ G2 Biuret WOl oJol AlHE]

A= AARL kit (Asan Pharm. Co., Ltd.) & o]-g5}3ich
7 G4/ O 2 AST (Aspartate aminotransferase), ALT

g Rl

(Alanine aminotransminase) 2 ALP (Alkaline phosphatase)
£ S5 ASTS}F ALT+= 505 nmOf| 4] Reitman-Frankel
S o] g5te] B3 (Kim ef al. 2020). RE HE42
38 kit (Asan Pharm. Co., Ltd.) & ©]-8-5to] S4513ith

0% oE A

4. SHEN LY
2 AQEAL k2B sk nE 7 sutEls B4
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A A|Sto] Tukey’s multiple range testE &l P<0.05Y Tf
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= 4mglL a = 4mgl 2 a a
121 == 20mglL " 301 mm 20mglL ab 5
= 1 100mgl g2 ) 2224 = 100mgt  [Ta, blab
T 10 == 500 mg/L 2 bab s 3 251 500 mglL ab
> == 2500 mg/L = == 2500 mglL b 5
~ b o
_-% 84 5 20
S 6 2 15
o | = |
s -
§ 4 £ 10
I
2 A 5 1
0 0
48 96 48 96
Hours Hours

Fig. 2. Hematological parameters such as hemoglobin and hematocrit of the olive flounder, Paralichthys olivaceus exposed to microplastics
for 96 hours. Values with different superscripts were significantly different (P<0.05) as determined by Tukey’s multiple range test.
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Fig. 3. Inorganic plasma components such as calcium and magnesium of the olive flounder, Paralichthys olivaceus were exposed to micro-
plastics for 96 hours. Values with different superscripts were significantly different (P<0.05) as determined by Tukey’s multiple range test.
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%%3}_}3] E‘l ]\]'%“H%i] ]/\1 QI Z2EZ Eq-E]- S n) | ZatAE 96A7F kol o5t Y| AR AR
[o5 ES

HEE o] ¥A5 Fig, 30l LhERAIE, Pl EekAE el ol o

2] % calcium 2]+= AN E ALY & 48417 2 964
ZF100mg L' o139 Fkeoll A Fo4%] HaE vrehilet
(P<0.05). ¥tH, F] @7 magnesium F2]= B|AIE kA

g 1o olef o4 WstE vhEhA) srore

A

1. glotets g4y . o] ofgt 9 @
A A ESAE 96A17F ol o5 WA @ARIAAR
nAESAE 96417 lEofl o7t YA ol gel | o] ¥oh= Fig. 40l UeEHTh vAEStAY Eo] ofqt
Sh= Fig. 20 YePh plAlEetAE eEof 9%t 33 32 7 glucose T2 PIAIESAE e 48AXF 100
hemoglobin ] B EEAE keE 48417 H 964 mg L™ oJ49] sollA foFQl HAE UEoH, o
7t 2,500mg L8] FEolA o4 FaE Uit Z 96417t 20mg L' o/F9] FolA oAl daE
(P<0.05). HIAIERtAE WeZo] ©I§F HXA] hematocrit 4 EFHTH(P<0.05). FIAIE2tAE wZof ogh Yz 2%
A= AAIESAE E 4841 E 96A17F 2,500 mg L™ 9] cholesterol %= HIAEEFAE F 48 B 96417t 20 mg
SOl oA HAaE HERITH(P<0.08). L™ oo FollA Fo A9l AAaE UERTH(P<0.09).

O EgtAE o o5t Y| 3 total protein TA]=
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Fig. 4. Organic plasma components such as glucose, cholesterol, and total protein of the olive flounder, Paralichthysolivaceus exposed to
microplastics for 96 hours. Values with different superscript were significantly different (P<0.05) as determined by Tukey's multiple range

test.
200 | mmm  control 100 12 1 e control R
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Fig. 5. Enzymatic plasma components such as AST, ALT, and ALP (AST: Aspartate aminotransferase, ALT: Alanine aminotransminase, ALP:
Alkaline phosphatase) of the olive flounder, Paralichthysolivaceus exposed to microplastics for 96 hours. Values with different superscripts
were significantly different (P<0.05) as determined by Tukey's multiple range test.
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Aceves et al. 2019). Hemoglobin< &+ W 4tAE 24t
3}3 A2 shA g olof| WIS HHESle] o]R7o] A
ﬂ7]—o]—»— o] AFSH T % 5432 ©1F hemoglobin
1 JoR ArEolo] MBS %) slo] /KEE]/\E e
3’12‘11, sold tiatgre] e %3 £ H3st
_4 __7},_ Ecﬂ

A &EH 287
It} (Annune
ot (ZnO)

moglobin l
2 ol A
TE ok (Kumar
é]?lo& o] Z—loﬂ

and Oladimeji 1994). Svoboda (2001)
of oIt et o} Oreochromis niloticus
hematocrit®] 4AE R OoH, o]
epinephrine &2 g HFEFo2

and Banerjee 2016). Hematocrit ~2]+=
7 A4 o] AT} F 4 glov], BHEE I8 4
A7 46 9 &892 Aol Wl BT AL A}
SH T} (Fazio et al. 2012; Kim et al. 2019, 2020, 2021). & A
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k= FAIE EAouy A4
Z)9F hematocrit 54]+= A&t~
A 742

ol Hol#| ekttt 5t
g kEol ool 2
H otk Hamed et al. (2019)+= PAISERAE o
29| 0. niloticus®] 87|15 Asto] 2 H1ES B
O™, o]= hematocrit ¥ hemoglobin F&=°] 7HAE U
Wyl BT} Srivastava and Reddy (2020) of k=™
BPA (Bisphenol A) 2] 1=&9] stinging catfish, Heteropneustes
fossilis-cl] hematocrit ¥ hemoglobin—cl] oA A4S B
ghH} Stk o] FA L Eo ol 287|TolA nld= A
A5 Aatetar A4 AEAY FAE QIRE microcytic
anemia® WHHETH E3H PVC (Polyvinyl Chlorlde)oﬂ
1 Z% African sharptooth catfish, Clarias gariepinus©l| Al
hemoglobinﬂ' hematocrit 52| 9] 0|4 A4S Hel o
o]JE PVCe EAZg o2 1—5-37]1}0] A]z} H| A &4 tﬂ
B4 A 02 QI8 macrocytic anemia®l 2J3F
710 2 IHE T (Theanacho and Odo 20204, b).
W 771482 calciumd} magnesium< AF 2
ol 2HFHof Fa3 9&-& dl= AEO|thH(Kim and
Kang 2017). oF7HIE &l olF AUz o2 "lAlE
a]—_/_\_g] S chloride celloﬂ E/\-l og 7(1-,9_0}0:] M—E 7\1411-
ofE of7]& & Uth(Roda et al. 2020). Calcium-e oF7}
0] gho]] E2SH= Na*/Ca** exchanger} A|ZBFE] Ca®*-
ATPase®|A] o] g=&of Tofsto] a4 BAS ST
(Flik and Verbost 1993). Magnesium= &4 2&/J3} 4 7]
Hof| = vAl= FrIRe =, ol|A|tiAte Tl
WS AlofRitt. TR AU o] 245l TofSh= Na-K-Cl
cotransporter X Na®/K'-ATPase®] HZXRIAtZ2 AME-HTH
(Bijvelds et al. 1998). HIMIEtAE (MP) 9] &2 A% A
5, Emys orbicularis 8% calcium®] 214 F7+5 UEHH
om, ol I BV 7 FRTeR I TEE
2] F7tl| Qg Ao 2 IAETH Banaee et al. 2020). FF
g2, 0 ESAE (MP) Y 22 A5 AL, E. orbicularis
7 magnesium®] 914 FAE UERHOH, o] T
AEetAE SAof 93t ol 2 TWEth (Banaee et al.
2020). T3, Lei et al. (2018)2 H|AIE2AE (PE) Ol &
H AE 24, Danio reio 8% calcium 5= HsSE Bl
ST} Kang and Min (2010)-> PCP (pentachlorophenol)
o .EH P olivaceus % calcium L] TAE HIg)
o, olajg FHat A Aol 471570l 2 of
7ol Apm|ze] shmat Wsto] ojgh Zolen 1w
th g &2 2022, Sebastes schlegelii 874 calcium ™}

Il
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. [} A=
magesium-— /o4 dAE T
O

=
=gel ot ol =4 e 27

2t

2= 9] @E}(Klm
and Kang 2017). =20l LeE % 3501, Carassius auratus
= prolactin =H]| o2 Q15Y calcium T4 22 4
calcium®] $7He Bty B 15T (Suzuki et al. 2003,
2004). Suvetha et al. (2010) GA| 54 2| LZ4H winter
flounder, Pseudopleuronectes americanus®] 87 calcium}
magnesium 2| F7HE HAIF) 0w o]t FTt= 4

}_zqz}oﬂg ol Zog ¥ 1‘:_]-%1;]. 7}: _4 B

L 0. mossambicus @3 calcium®] 8914 AAE SO

o], ol ool A Eaby F7k2 Qg ol e qER

Ot A o2 AT} (Pratap et al. 1989). & A& A vl

AlEStAE o =5 P olivaceus?] % calcium< 2|4

248 e o, ol BEeAE wgo] ofRe of

22790 T 01 98 ofuleict. S, v
A

=
gl e ZEH P olivaceus®] % magnesium ] 724

E 3

WISk TR ggof, ol Luee] U Fe F2 0}
e AR E 0 e A0 2 nejalr),
A% glucose Tr= S E os Wt &
2 glom AEHAS WS Zadt A ER AHLE
o} @F glucose?] 57H= =8 WollAl catecholamine
O]} corticosteroid 0] S7F= Qs of7|E 4= ot
(Pottinger and Carrick 1999). ©]¢} -2 Z7H= 54S 3
=517] 915F iAol 2] —‘Z}E’% floff 7+ 228 =2
o] &ofiof] oJet Ao = WAETH(Hamed et al. 2019). = A
oA alAERtAE EH P olivaceus®] BF glucose
+ 7oA A4S Helow, ol it nAESAY =
ol oJRt P B B &rkEo] det 4-7lof o)t
7202 WAHETE Hamed et al. (2019)+= TAIEEAE ko
St 7Kl Wt O. niloticus @7 glucoseJ A
Al A5 HIFITE Chen et al. (2020)°] T2 v]AZ
ZAEo] eEH D. rerio®] 4 glucose = HAE S
om, ol AEH AR QI RYdPF o= thateldA] &
ol mE Ao waErh & SEass
2 Y A Ag|Zo|E 2R g AHoln 0
M EZeAg o] Lk E2 HAAE Foff A A
g APl 2 QIR S AHE #2]9] HekE e 4
STt (Karami et al. 2016). =8 @35 cholesterol> ~E |
2= Qlel Z7IRF tiAteld A& SHE6t7] fle dA1Z 2
2 A5 2= 9l o :L_/-\_oﬂ

% cholesterol=

25 largemouth blackbass,

Micropterus salmoides®ll Al &% cholesterol®] S7F &
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<2 R ¥t} (Banaee et al. 2019) U u|MES A &
% C. gariepinus| A= 85 cholesterol & A THHA 4=%]
§O18 AAT BT oA T4 AL 9 27

S Y A Zo2 Qs Aoz u‘gﬂ‘:_}g]:}( Hamed
et al. 2019). SHA|RE, & A A mA|EefAEo| EH P
olivaceus®] 8= cholesterol-> —rro 7&12& AAaol= A
= el o H, o] ulAEets =
E o Ao e Zlow ”}E‘rﬂ‘:} A DAL of
7AW FFERA DAY 2 ]5}‘11, 95 2+
glef &2 54 ol diAte] Tojsh= F8 f7leteE?!
transferrinﬂ ceruloplasmin—‘—]’ 2o xmAHQA YAt
T} (Firat and Kargin 2010). P|AlZ 24

=l 0101 Cyprinus carplo‘_ H= total protem H] S

A AAE Yeton, olx 547 e o o
4 d4a 2 F40] sod tiAedR] 4Rz QIgt Zow
THEITH(Haghi and Banaee 2017). 21, Haghi and Banaee
(2017)°l T2H H. fossiliss PIMZStAE ] LEAHE
W BEgo R ekl YN AL st F B
o] Wske e, shAE, B el mlEers
o === P olivaceus2] 8% total protem\_ o4 ‘{HQ—]‘E
LFERIA] eigkom, o] nlAEetAE LeFo] & Ao
A Sl o] et Fak AT S ofm| R,
oJF9] aae SAEE ot M dddd
Ue A FolH, mlMESAE k22 oF SEAE
712 SA I A xupiito] wE 840 HotE U
YT (Hamed et al. 2019). AST (Aspartate aminotransferase)

r#sg

[0

5}

HUomj gl
2

9 ALT (Alanine aminotransminase)+= amino acids®] ©]&}t
Zkgof 2172l IS )X 1L, amino acids®} keto acids
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