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Revised : November 01, 2021 In this study, the toxic effects of PFOA and PFOS potassium salt on Mesocentrotus nudus

Accepted : November 08, 2021 using 10 min-fertilization rate and 48 h-normal embryogenesis were confirmed through
the calculation of toxicity values such as Non-observed effective concentration, Low-
observed effective concentration, and 50% of effective concentration. The case of 10 min-
fertilization rate and 48 h-normal embryogenesis showed the concentration-dependent
reduction pattern when exposed to PFOA and PFOS potassium salt, in tested concentration,
respectively. The ECso values of 10 min-fertilization rates for PFOA and PFOS potassium
salt were 1346.43 mg/l and 536.18 mg/|, respectively, and the ECs values of 48 h-normal
embryogenesis were 42.67 mg/l and 17.81 mg/|, respectively. Both toxicity test methods
showed high toxicity sensitivity to PFOS potassium salt. Recent studies have shown that the
concentration of PFOA and PFOS in the marine environment has continuously decreased,
and it is not enough to show acute toxicity to sea urchin. However, PFOA and PFOS have
a very long half-life and can accumulate throughout the life of marine life, so it is still
observed at a high concentration in shellfish. Therefore, a study on chronic toxicity through
the whole-life cycle of marine organisms in coastal environments should be needed.
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ﬂf% Fet= (PFASs; Poly-and Perfluoroalkyl substances)2 &4 &
fet2 2ol ot ZRE, X|UZF Etzts=2(Aliphatic hydrocarbon)

n 2 BEXpoly) 22 £Afluorine)Z2 |

tot

>

o =47t THH
stz Cikot ZEI1E &8 A/d(Hydrophobic) X AR
(Oleophobic) E&E 7HX| 1 AL (Lindstrom et al, 2011; Kim et al,
2020). O[3t EF T, FUMAM|, aFE,

el
®

FHH SO AHGIHME AFE[AL, E':* L 257 M27t 28
o 2 7H, 71, B0l B4 2 5 WEEES HH MI|A
SE ZYBI0 CHUst MUK 82 19500 Ol 2 A% AL

E|0] 2CHLiu et al, 2008; Suja et al, 2009; Giesy et al, 2010; Buck
et al, 2011). SHX|B, AE2ES FAHCZ Eta-E4 ALO|0f
ZetHo| 2ot S/A0| Hglof, 1 = ThEdl Sl
Hgd A WES MBS, 2eli7F B LolLiR| gi= EFE 7t
ZIC}H(Giesy and Kannan, 2001; Higgins and Luthy, 2006). O|2{3t
%753'% 7H AtgstetE2 2t WollM HlWE 22 SEk(pg-ng/)
2 AEL7|% SFX|Zhshin et al, 2009), HFEE Qlsto] 45

=
oflA| 7&*7|K—13§ =E FXE0 et Crfet des 08 = A
Ct(Peden-Adams et al., 2007).
9|, thEXl 123512EQ PFOA (perfluorooctanoic acid)t
PFOS (Perfluorooctane sulfonate)?| HHZt7|= OfS Z0f, 2HF W2
ot HiEE|H ZoiE[X| G0 2 7|2 EY = ACHMartin
et al, 2002). 3 PFOAQF PFOSE CHYSH nt=stete M=
£9| AZE|LEZAM(Elis et al, 2001; Dinglasan et al, 2004;
Parsons et al, 2008), CHYot SHADNA| Lol EXHst= t=2tetE
3 Y =AU, dUEeE 52 sEE ZAEE T AUCKStock
et al, 2004; Ahrens, 2011). O[0i, T HX 22 PFOAL} PFOSS| 44
=Y =X JtsY, 54 2 2/E, PFOSet PFOS FotE2

o, T
2009'd 53 AEZE A BLM AL B AMEHITHO| SY
51, PFOARL ZHHEAEL2 2019 58 EM AWM A2 &
Y R SHBI THFER7IILEZE(POPs; Persistent

Organic Pollutants)2A] Z2|Z|1 U= &2H0|CHUNEP 2009; UNER
2019).

Table 1. Information of the PFCs used in this study

28 H(Mesocentrotus nudus)E 0|2

K@K at=stet=E0l cHeh 2talah XSHl #e|2 215
PFOA® PFOSOf CHot Gi2 7ot ZLEZO| THE0f 2t
(Martin et al, 2002). ?2|L{2te| AL 4L b b
M), ot detel et R EMEZw T OfLEr 2 FHO0|
Lt #4240l M= PFOAS} PFOS =7t ng/l +ES2 H1E Ht
QUCH(Kim, 2008; Yeo et al, 2012; Paik et al, 2014; Kwon et al, 2015;
Paik and Kam, 2015; Paik and Kam, 2017; Son et al, 2017; Yoon et
al, 2018). o, X|&£HQ Ry 23hd HFE &

=0| CiYot WEF0A ME=4d, HIA=Y, 4N
O, 7/dpd, &e W2H AT 52 sedte A
(Liu et al, 2007; Peden-Adams et al,, 2007; Qa2| et
et al, 2016). SIX|2 X[F7HK|Q| AT &
FAE0 hoh Ry HERIFE A0 o, st
%C.’_F%%éoﬂ Malgte BHEFUE, 89 At 22 KBS
e 79| x| ke,

o $HOY0| B YN Yt

HEY 23Sl PFOA (Perfluorooctanoic acid)@t, PFOSS| &
21, POS (Heptadecaflurooctanesulfonic acid potassium salt)?}
SHA0l| O|X|= FeS =0I5t7| QI5t0, ST ASHAI- Y|
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AR ALSHA o|Es HEo| ARGt
Of EHEtst 10 cm Of&kQ| ZHXMIE 100t2| 0|4 MHSIO|, BT
O|ZEE o2 MHSI0 ALE3IRACE O] BHFoIM AHBEl sl
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Partition coefficient .
Target concentration

Toxicants Linear formula CAS no. : n-octanol/water ma/) Manufacturer
(Log Pow) 9
PFOA
(Perfluorooctanoic acid) CF3(CF2)sCOCH 335-67-1 630
PFOSK (PFOS potassium salt; 0~1600 Sigma-aldrich
Heptadecaflurooctanesulfonic CF5(CF,);SOsK 2795-39-3 -1.08

acid potassium salt)
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pore size 045 um2| membrane filter2 {15t Of
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05 Mol KOl 842 1 ml FYUSHOD, YAFORTH Y
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k2 Ao AHERAEHFig 1-A, B).
2. NEER M=

2 AIFE fI5t0] AL E HEsteE
acid)2} PFOSK (PFOS potassium salt; Heptadecafluorooctanesulfonic
acid potassium saltyE AESIRICE SHAES ISt PFOALL
PFOSK= Dimethyl sulfoxide (DMSO)E carrier solvent2 AH&3}
O, 1&5=(1,000 g/l stock solutione MZSHRACL Z &S
T 8 EMAHEUL stock solutione 0.45 um membrane filter
(Advantec, Toyo Roshi Kaisha Ltd, Japan)2 Oj1tst Ofmfs=2
s|Msto] ARSIRICE Ol carrier solventZ AME$H Dimethyl

sulfoxide; DMSO (Merck, Darmstadt, Germany)2| & =7t Al&Hd

2 PFOA (Perfluorooctanoic

29| 2HsHs = (NOEC; Non-observed Effective Concentration)®!
Tmi/ O3t2 2¥E 5 A=F SIRACHManzo et al, 2006). Al
S SHAHEHO| 7|2HEE Table 10 LIEHHACE Al
2O EMHANEEEE MHO range testS 8510 AT
£ HHESIA2, range test= S 10,000 mg/IE 1082

serial dilutions}0] A|SSHICEH

+HEO X M nudus®| ™BAH 1 ug FH0| 5
E2 10 m¥ 2FF 6 well plated] & 5f04 30 min &2 EA|
ZACE 30 min O|= 10~1571/mlIe] HXIE &
oI- A|7|-° I:| I_}x|.o| Ax-ll:ll- o:IA-I

AL
T30 SYE HHE HHCE HEE= SISt SHER

SHABEAO 55

LIEFRYCY,

HAFUYNER SHED s FHE SgAIEEA,
FdHoz £FE 10~1570/miel +HEtE £F1 48 h &
o b FSHRACE O|, 2=Z7(20£05°C), FZZ(100£10 pmol
photons - m2-s-1), 23 7|(8 Light : 16 DarkS AT = = &
E|E{¥7|(Daihan Labtech Co, Namyangju, Korea)OlA] B Q51 SiCt

48 h 0| 47§2] arm2| FeEY & F& =AAYUCHFg. 1-E F.
MHOE 4749| armO| EEHE pluteus T4 7HXE, TH|CHH|
TEE IS YHRYLYER LIEHHCE 2 *|°401IA1 A
HASEAY7|E SHYYESYAIRIE H

YHEN =Y AL BO| A0 AL

Fig. 1. Method for obtaining sperm (A) and egg (B) of Mesocen-
trotus nudus. Morphological method for visually measuring 10
min-fertilization rate and 48 h-normal embryogenesis. For 10 min-
fertilization rate, the presence or absence (C, D) of the fertilized
membrane and for the normal embryogenesis, normal 4-arm
development of the Pluteus larvae (E, F) were used morphologically
classified.

AUCHTable 2).
4. SHEM

A3 O0|HE Hd(Mean) + 2 2|7 ZHConfidence interval)2
AISHRALE AlEZel F2|&Ql X0l SPSS statistics 26 (IBM Inc,
Armonk, NY, USA)E 0| 8¢l LRELHEAH
2 A@R7tol X0|E QISR N, ASAEE Tukey testE Ol-g
St Algd 70| Rolde AFBIAULE. FaHOtYEES| ECs
9t 95% 12| 717k95% Confidence Interval; 95% Cl)2 Toxicalc 5.0
(Tidepool scientific software, USA)2| probit &A= 0|83t0| &
MBI O, NOECR LOECE Toxicalc 5.02| Dunnett's testE 0|&
St 2A5HULCY
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Table 2. Information of experimental design used in this study

Class Condition

10 min Fertilization rate

Endpoint 48 h Normal embryogenesis rate
Experiment period 48 h

Culture type Static non-renewal

Photoperiod /;rgb:i:rétDligzzggndition and
Temperature 20°C+0.5°C

Salinity 3210

pH 8.0+0.5

Test solution volume 10 ml (6 well plate)

Filtrated sea water

Culture medium (0.45 um membrane filter)

Number of repeats Over the 3 replicate

Initial sperm and
fertilized egg density

1 ul cleaned sperm/ml
10~15 Fertilized egg/ml

Over the 90% fertilization rate
Over the 80% normal embryogenesis
at control

Acceptability criterion

2

1. M nuduse] B0l 0% THEsHRE % of
MEUel ¥y

9| 42 =T0|ME 9925% (+1.52)0|A2, +HE9|
=0l 80%E EFSHs AR LIEGCE PFOAY| =EE
[&5E 400 mg/I0llA 87.00% (+260)2 S-o/0]st =9
LAT7F LIEIOH, A5 =01 1,600 mg/IofAl 38.50%
Ol ZATL LIEFLTE SEX| B PFOSKO| =&l
200 mg/I0llA] 87.50% (+331)2 +HE2| Fol0|st
, A 2EEQ1 1,600 mg/lo| A 11.75% (+10.66)2
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M. nudus®| 8EFYLYES O
dE
EFTE PFOAO] LeZEl a7g2te Y RIYZYES 25 mg/I0IM

E|'L|', X-IAI-O AlE
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10 min-fertilization rate (%)
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Fig. 2. Changes on 10 min-fertilization rate of Mesocentrotus
nudus exposed to PFOA and PFOSK. Mean values represent the
average concentrations (n = 4), and the vertical bar denotes +
95% confidence interval (p < 0.05). Values with different super-
scripts are determined by Tukey's multiple range test (p < 0.05).

120 ¢
—e—PFOA

- PFOSK

48 h-normal embryogenesis (%)

250

Concentration (mg/l)

Fig. 3. Changes on 48 h-normal embryogenesis rate of Mesocen-
trotus nuaus exposed to PFOA and PFOSK. Mean values represent
the average concentrations (n = 4), and the vertical bar denotes
+95% confidence interval (p < 0.05). Values with different super-
scripts are determined by Tukey's multiple range test (p < 0.05).

243810, 100 mg/I0l M= 0%2 &
MM BT 4= QIOACE PFOSKS| AL, 125 mg/MA 72.75%

T
(x2564)2 F2|0|SHAH ZASHH 2, 50 mg/IHME 0%E &R
ME gag &= gl YURULMER -’F’“%ﬂt OFEtIER| 2

PFOASt PFOSKZ} M. nudus®| 10 min-+=F &1t 48 h-Bdw
MUMEO OjX|e SHEYE2, HFE = (ECy 50% effective
concentration), F&&Hs = (NOEC; Non-observed effective concen-
tration), %A Y& T (LOEC; Low-observed effective concentration)

So| EMZ} AAS Edf SISt

PFOA2L PFOSKOll CHSH 10 min-=HE2| ECp a4 22} 134643
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Table 3. Toxicity values, non-observed effect concentration (NOEC), Low-observed effective concentration (LOEC), and xx% effective
concentration (ECy) for various endpoint of Sea-urchin species exposed to PFOA and PFOS

Toxic Unit (mg ")

Toxicant Species Common Species Endpoint References
group name name NOEC  LOEC ECro ECso
. I 342.79 1,346.43
:;emln-Fertlllzatlon 50 100 (20605~ (99511~
Mesocentrotus 467.62) 2,183.45) This study
nudss 48 h-Normal 2601 4267
embryogenesis 12.5 25 (2215~ (39.25~
Marine . 29.22) 46.14)
PFOA . Sea-urchin
invertebrates 19.00
Strongylocentrotus 96 h-Normal 47 1 _ (18 60~ Hayman
purpuratus development ) 20’ 00) et al, 2021
Paracentrotus 48 h-Growth 10 20 (2350 77(;)~ (132;02%(1 Mhadhbi
lividus inhibition 35.80) 121.90) et al, 2012
. I 161.27 536.18
:aote”‘({;fe”"'zat'on 100 200 (11801~ (45109~
0,
Mesocentrotus 203.39) 645.72) This study
Marine puds 48 h-Normal 949 1781
PFOSK . Sea-urchin . <125 12.5 (7.74~ (16.15~
invertebrates embryogenesis (%) 1098) 19.48)
170
Strongylocentrotus 96 h-Normal 11 16 B (170~ Hayman
purpuratus development ’ ' 1' 80) et al, 2021

mg/I2t 536.18 mg/IZ LIEFOM, LOEC 242 22t 100 mg/I2t
200 mg/l2 LFEHT, NOEC 2+ 22 50 mg/12t 100 mg/I2 Lt
EttCh. o) 48 h-FHRUEYEL| ECyp A2 22 134643 my/!
9 536,18 mg/I2 LIEFSOD, LOEC 242 242 2500 mg/Iot
<1250 mg/I2 LIEFEED, NOEC 242 212 1250 mg/I2F <12.50
mg/I£ LIEFGEHTable 3).
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EHEI AMEBCZE 2|1 ACHChoi et al, 2020a; Choi et al,
2020b; Choi et al, 2020c; Hwang et al,, 2020). O|0l|, PFOA®} PFOS

a
7t AFAA OiXl= s 25| ffsh, = ATOM AL

3

El M nudus#Bt OfL|E}, US-EPAC| ECOTOX DBO| SEE 4|
23 (Strongylocentrotus purpuratus, Paracentrotus lividus)2| =
T7h Z0HE Hlws 2 Z3 PFOAQ| ECs arel Hele 19.00~
1,34643 mg/I2 LIEFSC O, PFOSS| A< 1.70~110.00 mg/I2 Lt
EbxtCH(Table 3). 10 min-+dE2| HlnX 22 UHEE HASHH,
PFOAR} PFOS2| ECsp %42 el 242 19.00~11000 mg/l, 1.70~
17.81 mg/I2 LtEfLE, PFOSQ| =40| PFOAELCt 240~11.18H =
2 Ao 2 LYERRLE £33 AT S0ME S pupuratus T= Ol
ZWEO| 71 DISHA LEMRCE Ol=, Al
O FMEHA T LEHSt= A[ZHAO[0] 7[QI5H STHO| EAIZH
= QUCH 8 OfL|2} PFOARL PFOSE 88X & 7t
%401, CHE POPset= 2| X[WHO| Ofl thiFo| SH g
‘§2 LtEticts E30| QUCkGilland and Mandel, 1996; Lau
et al, 2007; Peden-Adams et al, 2008). O|= MA|RI} 2Esl=
IHOM LB = =9 Rigeo g2 0jF £ Uk

AR WolMZ =-d2tel Xto[7t LIEtHtaoe =732
PFOAR} PFOS= O3], CHE POPsOf| H|SHH HInA =/40| ¥
=4S LEFATE SEX|O 2t Lo A HERA QI Fks 4

O =



15 December 2021; 6(2): 80-87 ST (Mesocentrotus nudus)E 0| &%t Mt=2telet=0| WEfSHE7L 85

| H25HA 28 &= JEOI|Th 7HY, PFOSe| 3% A%
OFO 2 Qo] M MAMCR AI8S CHAXoR FEst
o, 240N AdEEs 527t E0g1 9
). StX|2H SOtA[OF Z7HE0IME ot
X7t Oftl, PFOSOf CHSE ATt SH= A7} HIHHSHH (Hekster et
al, 2003; Lau et al, 2007; Domingo, 2012), £3| E=0M & 0T
PFOSE At23LT QoM (Son et al, 2017), AFRED & LIZ &
=2 WELYEE 7| £ FE S U x|goz TAz
258 = U0{(Prevedouros et al, 2006; Shoeib et al, 2006; Lau et
al, 2007; Cai et al, 2012), 2tE3letE0| SHA0N W st M=
G0l ot A7 BEH 22 O|R0{XOF BHhSon et al, 2017).
2[Li2tof A= 2000HHE AI"*OE I=3tES AHEStL
HiZste SYCHR| FHO| F=o A I AAFA| Cist oA
SLIHZOo| oot O 2t 2010 E2, 48, 87lY
o] £H LoM= PFOA2E PFOSZF ZtZ} 0.00~67.00 ng/l, 0.00~
690 ng/l (Yeo et al, 2012), 2013 FAtZ A 187§ X|HOM =
PFOARL PFOS7} 22t 0~2840 ng/l, 20.8~92.0 ng/IZ(Kwon et al,
2015), T8 BIH0| M= 0|2t 20| ng/l &2 =24 E0| &
D& HF QIoH HOLSHo| AL 2013-20154 HaQF HOto| Bl
Ol A PFOARL PFOSO| @ =7t 242} 7.27~25.52 ng/l, 0.00~
3351 ng/I2 L}EHE SO (Paik et al, 2014; Paik and Kam, 2015; Paik
and Kam, 2017), 20163 &3t St 242t 97 X|F Q| si5=01| A
£ PFOAS} PFOS7t ZtZt 9.60~3292 ng/l, 13.79~44.50 ng/IS &2
LIEFRED, Maiot sk 97 K| 2| si==0i A= PFOARl PFOS7t
v

Ch
o B3l 7

]
_.'55._H Yoon et al, 201801| °|°f =0l ot LA 5 &
AO{Z0Q] PFOA =& 000~1260 ng/l, PFOSE 0.00~3.76 ng/l

LIEFGE D, @EH0J M 2| PFOA S=& 051~1260 ng/l, PFOS &
E= 021~3.76 ng/I2 LIEFGCL TP Z2o Aol o5HH, T
= CI2to| PFOAR} PFOS°| AEHL = 350l M 021~1650 ng/,
0.04~1.92 ng/I0| AL, E|HZ0A 0.01~051 ng/g dry wt, 001~
033 ng/g dry Wt0|M_U1 O|OHZHF H|L§ 0.05~1.22 ng/g dry wt,
0.05~949 ng/g dry wt2 LIEFGCHLee et al, 2020). O| X &, PFOAR}
PFOS= B FA|ot ¢iotetdoM R PHEE|H, PFOSS| ALE
M 0| AjZHo| X[ Zoi| w2t PFOSe| =7t ROotX| He R
LIEFGECY.

2018'H AotetA LY(sl=~, E|XE) PFOA, PFOSS| &2 HOHA
ME0 GAFL NOEC at2 HIws{=E™, 2ty W s=+&= NOEC
2ol Hish X4 285~573H) R Aoz FFE, AR =
HEEE 4o 7tsde 0ie g3t Ao 2 LIEFRLCE SHX|T
I=ERtEll 2 W 57t dast AS0E 2751, 0f
OHEHF2| A|LHOIM = Ao Z LIEtGen,

OjT5| BEEL Y

PFOSQ| MEHM|L| =X2, PFOAEL} 2 +FE22 HojX[1 U
O{(Yoon et al, 2018; Lee et al, 2020), PFOSO|| CHSH LBE HE =
= &=O|Ct 3l Logeshwaran et al, 20212 HFZA1H0| O[3}

. I'|I’

PFOSOll CHot =MMS Daphnia carinata®| 21 d-BHd=4 ECy
o % 48 h-2 8549 ECy a0l BISHO] 88008H 7HA| RIZSHA Lt
Bt = A0, AR Sg=44d 22| NOEC 40| df=
L s=20F JACED i, HE o= Qe H-2 OfL|C) gt
OfL[2f, PFOASt PFOSC| & LY HH7|= CHEf 41~97, 4= |
LHOM 2~91d HEZ B 5|10 QICKMartin et al, 2002, Kudo and
Kawashima, 2003; Benford et al, 2008; Krrman et al, 2009; Ostertag
et al, 2009; Van Asselt et al, 2011). A=, A=A A MASH=
ez FHFSES2 o 37|10 ZM PFOARH PFOS7t
MOIso| WaiE 4 9looz oIk}

[e]3

AU SXE0) BHOl SHY
Zo| Aot SIUMES 0183 Mo HFET|K BHYEY AR
7t e g ol

AL A

= =2 20218E YIS FYRHA M AA Y
BYEIZANR2021033)"S| AHH| XYL 2 +ABIASLICE
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