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Effect of Chronic Toxicity by Waste Microplastics (PET) on
Daphnia magna
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ABSTRACT: Commercially used disposable cups undergo fragmentation in the environment and become microplastics
(MPs). These MPs can be ingested by aquatic organisms and cause a range of adverse effects. We assessed the acute and
chronic toxicity of disposable cup-derived MP fragments in Daphnia magna. MP fragments were identified as a polyethylene
terephthalate (PET) fragment with a size of 33.18 + 7.76 um. The presence of three additives including 1- Propanone.
1-phenyl-3-[2-(phenylmethoxy)phenyl]-, p-Xylene and ethylbenzene was analyzed from MP fragments. The 48 h acute
toxicity revealed that 20 % of immobilization and mortality were found at the highest concentration of PET MP (200 mg L™).
The 21 d chronic toxicity revealed that PET MP fragments significantly (p < 0.05) more reduced survival rate (31 %), total
offspring (52 %) in D. magna compared with control group. The developmental abnormality of offspring (3.5%) by PET MP
fragments was significantly (p < 0.05) higher than control groups (0.3%). These results are possibly induced by gut blocking by
ingestion of MP fragments and their longer retention time. These findings indicate that the fragmentation of disposable cups
(PET polymers) into small-sized MP fragments pose a significant ecological risk to aquatic organisms. Further studies are
required to elucidate the underlying toxicity mechanisms.
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Z et E (Plastics) 2 0]-8-2] HO|/AJ 0 = oofgh oF
7ol A -2 oFo] ARE-%] 11 Q)T (Plsteis Europe 2019,
UNEP 2005). o] Ze}AE #H7] 52 slobAd, 4] 71
3L A8 A AR -2 sjoF 2173 (Browne et al. 2011,
Ivar do Sul and Costa 2007, Van Cauwenberghe et al.
2015) ek ofyet Tt A e Haedhd
(Castaiieda et al. 2014, Imhof et al. 2013, Lechner et
al. 2014)0f| A = A= 3L glom, 7] o] TheFsal A
2 thE EYYE FAE Y] 9l (Eerkes-Medrano et
al. 2015). 53] k=1 W Aol A tie4] &2 ARg-E 2L
e GIEEF2 i, il SR A w3k e T
oz Qs 3, 87] 5 A oF 180 7l 9] U3]lEo]
ARG Lo, F5 =3 vl thefsto] Ajgkgol
ojg7lol 278 W Fedol E7Hgt Aot (jH=7 14
A2 2019).

Cl%0] U] 82| &2 (polymer) 2 o] 2£0]=
Polyethylene terephthalate (PET)+= Polystyrene i}
Polyethylene (PE) I} H| W 3}of AFt]| 4] 0 &2 oF5t 7] 4|
A 5742 7HA) 3L Qlo] (Erk etal. 2015), 44| 2} 5
o] u|A|Ze}2 € (Microplastics; MP) 2] ez} 2 4=
UL} NSRS A 2 G-E A5 A el
A Asto] A, sk akel, A4l Aol AFYE &
9Fs} 4= 91t} (Gall and Thompson 2015). T-2-0] u]A|
SAE W H7HE A7 s A A Wil
A -8=d 4 olo] 21 of R vl - E L Tk (Na
etal. 2021). Portugal et al. (2021) & 22 H= 215
Q1 Moina cf. micrura7} 22 37| 9] PET MP (< 25 um)
£ AAs] 329, g2, W W F<57]3of PET MP
7k A8t QIS B arsteltt. W= S WS Daphnia
magna (D. magna)-2-PET MP (< 5 um)9]] =25 o]
96 A7 /7175 A APt dezion
(Gerdes et al. 2019), PET MP+= R7ZI'% Parvo-
calanus crassirostriso| 7] 6 A5 14 mg L'o]| =2
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o] A Eol= Ao 2 B 1 E It} (Heindler et
al. 2017).

SERIRE AA 2ol f- Y Ee S E S AV HAIE
ok 8-St E ol e Bk, ti RS 1)
AIESAE 54 A AR PSSR EE o] &
SIAL Utk B&o] S8 A vAlEeRAE T 54
St AA SOl Fol Ele 2ol A A7 A o= A
THIE &2 H 54 8 o 9lom (Lithner et al.
2009, Bejgarn et al. 2015) 7]& A712] AT}7} A A AF
& nAlEEtRE o] g0l v 4= Qe PR = Aol
k4= Qlo] w5251tk 3RA|RE 7| 43 % PEP A2 2]
nAEERAE ST A AR mIAlE RS
g A AE =4S Atskalom, 8 mAlEets
g O] EH S WS4 At v FE53 Aol

wheba] 2 A-tol A= AA| Yol A AHE-E=PET
aA10] U3§ FeAg e nAlERAg o A

3] Y AL BHIE (D, magna)®] 4 T 14

2.1 M=

NAYE 2= HAt EW S Daphnia magnas
ARESFATE Al EH S 2 ek (TR
=)olA 2oF Hol &&= 20+2°C, FF7] 16:89]
day/night £719] g-2=p20f| 4] vl FsGict. 20m}] 9
=H 522000 ml19] vljFol (M4 v A]) o] 52 -2 H
o] A A vl et om, AUl 2 3] H=F WA= S
th = Ho|= Chlorella vulgarisE A85to] oY 5.0
x 10° cells mL™" Foia}oich BE £A4AH-235] ¢]
& =SS AR ofn] 7 A o A B ot 24 AJ7Fm]vk
O IHAIE 3 Y &<k v kRt F Al ol o] &-5F3iTh
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2.2 O|MZ2tAE (MP)2] XM=

2 Ao A AREE 1A Ze}AEl (Microplastics,
MP)& AA|E A QolA] A5t A1 Setre 7]
& olgsto] Alzstgich Bekre W3R FRAE
o]-g5to] 33] A| A & AR 27 of| A 24417 A8}
itk A2 vhl Zekad G 20 HolHL ¢
sfol 7kZAIE | eme] ALz mopo 2 Ao,
AEH 7] (Freezer/Mill 6875, SPEX® SamplePrep,
US)E ol g5te] Seprg 22002 wasiect 43
#0225 um 9450 um A o]-gako] 7 7 7))

Selry 2242 ST

2.3 MP2| S2|zktd £

MP 2] 52.7]9} B2 A EFARIARE ] A (field
emission-scanning electron microscopy, FE-SEM,
Quanta™ 250 FEG, FEI, USA)< o]8-3}o] &1}
on, Fx= Felof] gk AHejd #g (Fourier-
transform infrared spectroscopy, FT-IR, Cary 630,
Agilent, USA)& o|-&5}o &olslgc). FE2 o2 3}
Qe AHEZE t 232 2 73 (Bio-Rad KnowltAll®
Informatics System 2018-IR Spectral Library; Bio-
Rad Laboratories, USA) & ©]-8-5}o 7| & A Egko}
Hzsto] AR 5} 72E Bhelstin

Zese] U 378 salE e ol ] Slste] S me
S MPE- 10 ml 2] DMSO -£-of €2 5] 1 A]7F-52150
rpm O 2 WHISIETE A& 1 mlE AT X ZE] (Minisart
filters; 0.45 um)= oJ7}A|7] 5] Gas Chromatography
Mass Spectrometer (GC-MS, Agilent 6890GC/5975MS)
£ olgsiol 24sigth. BHEAe thewt 2. 2
(column)-2DBS5MS ultra-inert column (30 m, 0.25 mm
film thickness, 0.25 mmi.d.)ZAFEs}H oM, QB 2
400 A 27 A R 6 =4 3202 71A] 2
2 T 205 A XA TE &2 pulsed splitless injection
O 2 1 pl Tt LR A= WES o-8-5kl e,
Ho L ml B2 e HEA0m 238 olEE
717) V) Library 7145 MP U} 271 1] 2| 282] 44
BA8- 519t} (Sait et al., 2021).
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operation and Development’s (OECD) o]| 4] A|A]SF A]
A3 202 (OECD, 2004) = BF O = A| 3513t Al
3 =625, 12.5,25, 50,100,200 mg L™ & 3]42=
£ (ISO medium, pH=8.0, 4==250mg L, &= 414
FE=9.1 mL L")& o]83}o] Alzshoirt. BE AY
S0 it s A= 49 E EHEC R 5K
A S ER 3] W2 Folch 7 9 AT
€% 20 mLE 50 mL 2] H|Ao| L, 10u}2] 9]
=EAI7] 5] 48 A7t S0l WY &
Z8fj(immobilization, 15 & 5 A=+ F2 ), &
20122 W) 0|41 870l 4] o= A0 o)) U A}
STsiock AR vl 2ATHE U L5 20+
2°C, 3357] day/night 16:8 A|7F A A Al 7|7t
52k ol S AFslA) b s

MP A| 25 g4 &1L ISO vj Ao ke EHES
2o = Fristelon, t2to] EHEolA=48
AITEE2E 9 ASE sZRIRE Abdo] R A] okttt
FHEHARE) FEEE JjEitREl FaB
ZEol tiet 2859 U =2A HEsel (IS0
6341, 2012).
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1} A A]d ] :LA%E/\-I}\]z;l_L} o 1%1;_} Z7 Oﬂfﬂ
[3E &S (D. magna)S& AH8-5H91.2H, OECD A
#7)% 211 (OECD, 2012) 2 H}E}.0 & X513, 4]
3 Erlsmg L2 MAS 5442 o] &5t0] 4| %5}
AL} = A= B oA 4 LU =85S o853
o, A% G 13 7] BT E elom, 3 e
A3S gk Anh Ale-8-94 50 mlE 50 ml 2] 2] H]
710l L, 24 vl g ute| & Domagna s 21 L Al
A717E e =E AT A E 7P i Y =B =
A, A1, e 2 BRIt o, K9] whAe o]
%/\%ﬂ(é\o]) o §Lo o}oﬂr,} /Kl‘&l_g_ HHok 1741}501
SHA| &= 20 £ 2°C, 7] day/night 16:8 A|7F A
of| A Alaistel o, Al 7|7HE<t v 25 (Chlorella
vulgaris; 5.0 x 10° cells mL™")E Ho| 2 A-Z3}¢t}.
55, 18§ 1 o (M) & A 28] A
2 WAk A E 7175k th Rt o] AFE-S 3k
B 4] At

ox.
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2.6 SAIetH A 3. du ¥ nF

T AT RS BRSSAS(VrON L o
2L A}E-3}o] students t-test= HEASFH O, p
710,05 olalel 1% ojek AC T PRk WE Al2E MPe] Fe) 9 271 Fig, 13} 0] Uit
dlole= A8 A4S HA Algste] AR s o} A2 E MP O] = g7 HgaL v B2 3 L
2= A2 3913} B t-test = A|3Y5} ) o|qit}. EIFMPRZEO] ot 7] (n=20)+=33.18 =

7.78 umZ 1= QIc} (Fig. 1).

Fig. 1. Scanning electron microscopy (SEM) images of the polyethylene terephthalate (PET) fragments (33.18 + 7.78
pm) used in this study.
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Fig. 2. Fourier-transform infrared (FT-IR) spectra of polyethylene terephthalate (PET) MP fragments (33.18 + 7.78 um)
used in this study.
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l

MP9] FT-IR AHEH-L Fig. 2 ¢} Zro| Lyelytt}
H A7 9] AHEHL PET polymer 28719 =8 A
HE ] 720, 1094, 1241, 1713 cm™ &) 5}3of 4] UFE}
tpeakr} AA|5H= AL S 2 AF o] A48 MP7}
PETY-S 1314t} (Jung et al., 2018). E3HFT-IR
2 E3f PET polymer? 28-7]¢1 C=0 stretch
(1710.45 cm™), C-O stretch (1241.53, 1089.05 cm™),
2] 3l aromatic CH out of plane bend (716.56 cm™)
3} ASHS 3HQ151SI T (Asensio et al. 2009).
Sk W H7HA 9] 42474 23t 1-Propanone.

Table 1. List of possible chemicals in polyethylene
terephthalate (PET) microplastic (MP) fragments were
analyzed using

Name Chemical structure

1-Propanone. ‘ I
1-phenyl-3-[2-(phenylmethoxy) ;
phenyl]- (L O |

p-Xylene |

Ethylbenzene

40.0

32.0 A

24.0 4

16.0

Response (%)

8.0

0.0 e

285

1-phenyl-3-[2-(phenylmethoxy)phenyl]-, p-Xylene,
Z12]31 Ethylbenzene 2] A 714] fghEo] AEE vt
(Table 1). 4% A 7}%) S}eHe-o PET2tol 2} o}
&t &2kE polymero] S0171= A7 | FAbE
of ARl ZlS BRIkt (Chang et al. 2014,
Raghavendrachar and Ramachandran 1992).

PETO| 125l B8] S04 ¥ g 3 5] @ 24} b
0] ul & LRl oIt Fig. 3). 2

L' o)Al 1oz BuiRol A S (A 2
Aol Lheb7] Al 48 A17E S A ATt

o /MP 100 mg L™ 7200 mg L' of =25 Erj &0
B5 FFE 244 FAFA G H|Lske] F
Aoz FOlgt Zpo|7F Uehiit). 53] #al 5=3l
MP 200 mg L™ %%0]|A], 24 A|7F 0] S 5%2] A}
wgo] MPAE| 9 O}, 48 A7F o] Foll = Wt 20%
A o =& R A R 2 A HEAE A (Fig.
3). 2T A= AFGEO] WA R A] Yttt Jemec et
al. (2016)2 PET fiber (1400 pm)of| =25 EHE0]
48 A7) o] 3 AbYS A& HEA S o, A4 F u)A|
SThAE o7 QI8 APgEe] solxl Alolekal Halst
Atk o&o] SRRt /2] n| St g 2 =AY A8
o

Zo] HAIT A9 g Bila 2 g AL 40T

-~

0 30 60

90

120 150 180 210

MP Concentration (mg/L)

Fig. 3. Acute toxicity (48 h, n=4) of polyethylene terephthalate (PET) microplastic (MP) fragments (33.18 + 7.78 um)
to Daphnia magna. Triangle and Circle symbols indicate data 24 h and 48 h exposure groups, respectively. The
response means proportion (%) of immobilized or dead Daphnia magna by exposure to PET MP. All data are presented
as mean * standard deviation (n = 39). Asterisks indicate significant differences (p < 0.05) between 24 h and 48

h exposure groups.
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= 9l (Burkhardt-Holm 2016), $J44-9] L322
7152 ofsk= Qs AFgE 4= Ut} (Peda et al.
2016). tl&o| nAZetAg o) ogt FAd54L ulA|
Sekae o] 41 4Jo] ofh 54 ek ob] 2 | Zeka
T A7) s ol ks 4
S-G A 3fof o]& 4= 9t (Na et al. 2021).

3.3 Y=Y

oot
mﬁ =

PETO thet BuiS w54 2k, A3
MPigJAﬂﬁmﬂﬂ}%'ﬂﬁﬂﬂ
AI9) S (=391 2F30.8 £ 133% Upehyek
(Fig. 4). 21, MPS 1e3417] ) Gh& 2ol Al 4]

ofN T

€
S8

& o

o] AR R] 9F9Ft). An et al. (2021)-2 2 PE MP
(34.4 % 13.1 mm)@} -2 PE MP (17.2 + 3.4 mm) o
w2E BHE 219 WAHoIAL] AR 247
60%, 20%Ttal X115} o™, Ogonowski et al.
(2016)£PE MP (2.6 % 1.8 mm)©] T3t 21 & ThgA]
o] Az go| mrh ul mslel 0% ol 5o,
ulEelaE 22t0] lH|Eakat u2e} vl
2412 o)A mRa s ARAzto] of 20 A Ach
B ste.
i?}.\ﬂi*l O & 22 2}
;8' 10])2 H715F3ATE MP et
o 2% 3 WA de B 1292 thx20) 3 WA

,\
ﬂl\l O‘_L4

100 @

3
=3
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2
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Fig. 4. Survival rate (%) of Daphnia magna exposed to polyethylene terephthalate (PET) microplastic (MP) fragments
(33.18 + 7.78 pm) for 21 days. The MP concentration was 5 mg L. All data are presented as mean * standard

deviation (n = 39).

Time to first brood (days)

Control Microplastics

Fig. 5. Time to first brood (days) of Daphnia magna
exposed to polyethylene terephthalate (PET) microplastic
(MP) fragments (33.18 £ 7.78 ym) for 21 days. The
MP concentration was 5 mg L. All data are presented
as mean * standard deviation (n = 39).
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Fig. 6. Total of offspring per female of Daphnia magna
was exposed polyethylene terephthalate (PET)
microplastic (MP) fragments for 21 days. The MP
concentration was 5 mg L. All data are presented
as mean * standard deviation (n = 39). Asterisks
indicate significant differences (p < 0.05) between the
treatment groups and control.
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wsko] oF 1 %‘94 X}om SN o}Oﬂ ]
iy

SHAITE 21 52t =S %‘L & XP TE2606+
4.8 ul2|& o) z3}t v)wsle] oF 52.3%%.2 1 (Fig.

6). EAHOE §olet 2ol 9l A& Shelsleir.
B o] AR ARE0] 5 WA 5 mlda ] A7 e =
o)A 0.3%, le kol A 3.5% 2, nig A El = o]
K ohRle] vlgo] dztol ujs) 116 o} ke A
= ZRIskTE o] = mAE Aol gt 7| a2
Q13f of |7 A &f A 2] 7] 5ol Zeli7 A7 A o= ek
ST 7] Ch2 A9 chetPET MP 74 54 4|
T AN W14 70§04 Aol ubiet 2
7} 4t} Heindler et al. (2017)& T t}2 424&%
Parvoalanus crassirostris 7\ A+~ PET MPoJ| 24
24kg =BT AT AR 2717 feleiA ek
A& B 113 ™ Jakubowska et al. (2020) 211347
PET MPo|| =25 o= Salmo trutta7} §AH 02 =
Ao Woleha W aslgle, Eat vk Sekagol
LS EH SO QS E2lsh] flsto] RHIAIE &
gedo] Aokgliz 410} Lol S Blekick. v Z et
A 22 B RO Y-S A dfisto] A o) = Lo
= 73429.5 um 2 R (B 3719.7 pm) T H] L
sto] o300 um ekom, $A2 0% §olula ol
= shelspsic (Fig 7).

Murphy and Quinn (2018)2 ul d| Z2} ] 27}
S A Aol HolAd A A= Qs thatol F3k

N

O

Adult body length(pm)
o
3
(=]

900 4

Control Microplastics

Fig. 7. The growth (body length) of Daphnia magna was
exposed polyethylene terephthalate (PET) microplastic
(MP) fragments for 21 days. The MP concentration was
5 mg L. All data are presented as mean = standard
deviation (n = 39). Asterisks indicate significant dif-
ferences (p < 0.05) between the treatment groups and
control.

= WAL o | A 112 ofo] A 4= Qlrfal Huskgich
n) Al Eeksg ol ot Jo Asle EH S =
3l 3t 7FsAd o] Slrkar wstelt). tlgo] ujA ek
g o2 Qleh A w0 A 9 A Al =R
oL A] Hl7F Bt o] fd 4= 9l Ao ™ (An et
al. 2021), S 2|3t HEFo] mA|EetaE > A4 9 4=
A AE-© _,] 1,H_t} SAS %_7}/\]74 A g upAgd =448 o]
571 4= Qlt} (Lambert et al. 2017, Na et al. 2021,

Wright et al. 2013).

E3h ST E AL of| A A7 = A= 1)
AlEEEAE Y] FATY 2 A A= A A g ol A
g=0l d 4= qlom, oA AEolA 549 nd
<= ]t} Lithner et al. (2009) += A28 &Ho)| ARE-E] =32
7H 2] EetAE Al EE2] leachate 5 97]7F EH SOl A|
4847 FAEAS A7) AL HIE vt glow,
Bejgarn et al. (2015) 2 PETE E35H21 7] ek
€] A|&E-9] leachate 5= 87)|7} Q215F Nitocra spinipes
o B4 EA4S SUEHE BHch

2 qdoll A )i RAElR) 2714 Bl pxylene,
ethylbenzene} 22 benzene 72 A7 A& 437
oA A7, e, WAE Aol =4 EE R R
o] QJt} (Hatcher and McGillivary 1979). ©j2-9]
Neuparth et al. (2014)2p-xylene©] 36 452t ==5]
B2V Gammarus locusta©l| A Z01= 442t HaFs
gH] 18] a1 F7HE AR E A (AN a4, A1F
jl_]‘/l]-§]— /\Z 52_ tﬂ-ﬂé‘]_oﬂ o tq /\‘]Z]—jl_]‘ /Hl:l].‘:. /KgEH‘B‘P
Z A of| A o1t pof| TSt A A A ko =2 A+
of Y= vl 4= A= AL

b MP =St PAlETRAE Ao = ¢l
3 PET 27 852 ot 38 Betdoz
ob APk Aol AEISE 4 Sl S i

ZalE) A7 o) 248 o) ol A
A& 5t H, D. magnaolA 9= &
S E H7HAI7E EAsEA] Felol

=

2 AL o

¢

£

Sid

rC
ox
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n

e ¥0 ox ¢
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H1

2eeo] Bu|Fo] 0]X| = g
FS 34 W AYIRHEE 2ALSIE. U8lG PET
MPE Azfat5. 0w, 4|
A3 ARS) BHS wersty] 918 SEM, FTIR,
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GC/MS EA3t & BE 34 D ubd SHAFE L A
Pl PET M| E2tAE 2 v B2 d7f

& Felen, A7k slekad
1-phenyl-3-[2-(phenylmethoxy)phenyl]-, p-Xylene,
ethylbenzene2 1314t FAESAAIE A, 200
mg L i510] uj M SepAEle BHgo] G
0 ANE GO o, WASAAT 20 SmgL" 9
MPo] leE ¥ EH FollA 31% 2 AEES 2l P
1:]- T3} /\H/\I m /\411-0 u];\ﬂ —Dr]—/\Eloﬂ ‘,] H

48%, 8% A= Ut 2314 0 2 PET A&z}
o BEH o] B0l B4 W I EAHS o] oy
2 BRI o] 2 AR A EE A Zelad
ulA|ekE 27] 2 2ol fr = of 8 ol wehe
% Qliz ohdabmt AEalA) $1a Aol el AlAri

(1-Propanone.

Olf

> N
RS ) J\‘ e

U 2

o] 158 meleetmel A AU AT} P
FAE) 2|02 Wt 4= 7] 261241 (No. NRE-
2019R1A2C1002890, NRF-2021R1A6A1A10 045235)
o gko 2 aE gt Tel7 B Ao A

20122 AR neltetn 3AE w4E7 2

2 A EUYTh
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