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Ao ME DtE3keE PFOARL PFOS potassium salt?t Mesocentrotus nudus®| 10 min-5=
1 48 h-HHRELYEN 0Kz SIS U dTsE, RIS, 1AL 5
| S83t AL Sl =QIsHRICt PFOAR PFOS potassium saltofl CHEH 10 min-+=~ &2 ECso
r2 212t 134643 mg/I9t 536.18 mg/I2 LIEHEOH, 48 h-HARWLMES| ECso 22 4%
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4267 mg/I2t 17.81 mg/I2 LIEFGICE X2 A0 2J5tH, 2h4 L9 PFOAR} PFOSS| sk&

X&Hoz Zasion, YARAH 24582 LIEtE =& ot Ho=2 LtEtLCE SHX|
OF MEH LM E N3] =2 SE2 BEE|1 QUCH A=, PFOARF PFOSE MEK| 0| A4of
HME710] Z2H MU =Eo0| 7tssty| 2o, AASAN Mt siYMES 0|83 Mo
MEI|N oty =N Aot Z2ed Zolot

In this study, the toxic effects of PFOA and PFOS potassium salt on Mesocentrotus nudus
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.

Keywords: PFCs(t&3}3t2HE), PFOA, PFOS potassium salt, Invertebrate(2 & F&3),
Mesocentrotus nudus(S 23 )
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Table 1. Information of the PFCs used in this study
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=2l PFOA (Perfluorooctanoic acid)2t, PFOS2| &
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Partition coefficient .
Target concentration

Toxicants Linear formula CAS no. : n-octanol/water Manufacturer
(mg/l)
(Log Pow)
PFOA
(Perfluorooctanoic acid) CF3(CF2)COOH 335-67-1 6.30
PFOSK (PFOS potassium salt; 0~1600 Sigma-aldrich
Heptadecaflurooctanesulfonic CF3(CF»)7;SOs5K 2795-39-3 -1.08

acid potassium salt)
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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.

ALCk(Table 2).
4. SH =M

MY H0|HE Hr(Mean) + 22| ZHConfidence interval) 2 H
A|SHRACE A2l §2|F Q1 XH0|= SPSS statistics 26 (BM Inc,
Armonk, NY, USAE 0|83 U ZLEMH(One-way ANOVAL
E AN X0l QU5 R, AIZHE2 Tukey testE 0|8
St AR 7t Ro|d2 ZAHSIRUCE FHIOPLME| ECs
9t 95% A 2Z|17H95% Confidence Interval; 95% Cl)2 Toxicalc 5.0
(Tidepool scientific software, USA)2| probit A% & 0|88t &
MO, NOECE LOECE Toxicalc 5.02| Dunnett's testS 08
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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

Ambient light condition and

Photoperiod 8 2 : 16D period
Temperature 20°C+0.5°C
Salinity 32+1.0

pH 8.0+0.5

Test solution volume 10 ml (6 well plate)

Filtrated sea water

Culture medium (045 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
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MOl ZAaTb LIEFHL) SHX|EH PFOSKO =& H
200 mg/I0ll Al 87.50% (+331)2 +HE°| Folojst
bk, 225 =Q1 1,600 mg/IoflA 11.75% (£10.66)2
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t(Fig. 2).

=
oz A o >
wu orro1% ox

u O
Rl

>
o2
o
b

> IO mn
H1
e

2 Ho

o

N
b
N0

i

FF%E‘%OE
> BT

Ny 8
-

m

o
2
N

1

mo oY oM

LiE

—.—
4
]

2. M. nudus®| BYRELYEN OX= a2t
= U N SR F

M. nudus®| SEFILYES WETHM 97.50% (+1.52)2 Lt
S

EfLl, SdRdEd

=
= =} =
Et%iCh PFOAO| =EE T FYRYLYE2 25 mg/I0iM

> [
0%
A
18843
H1
roe
©
Q
X
o1 1]
ofx
Bt
Ot
Ir
sl
[0}
Hu
I

S2MA|(Mesocentrotus nudus)E 0|83t THE3tstetE0| MEfESAMHEII 83

120

—e— PFOA
-x PFOSK

100
80 -
60

40 -

20 ‘\+_"“

10 min-fertilization rate (%)

0 200 400 600 800 1000 1200 1400 1600 1800

Concentration (mg/l)

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).
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Fig. 3. Changes on 48 h-normal embryogenesis rate of Mesocen-
trotus 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).
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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

Species Common Species Toxic Unit (mg I)

Toxicant Endpoint References
group name name NOEC  LOEC ECo ECso
. P 342.79 1,346.43
:;em'”'Fert"'Zat'O” 50 100 (20605~ (99511~
Mesocentrotus 467.62) 2,18345) .
J This study
nuaus 48 h-Normal 26.01 42.67
embrvogenesic 12.5 25 22.15~ (39.25~
Marine yo9 2022)  4614)
PFOA . Sea-urchin
invertebrates 19.00
Strongylocentrotus 96 h-Normal ) Hayman
47 1 - (18.00~
purpuratus development 20.00) et al, 2021
Paracentrotus 48 h-Growth 30.70 11000 Mhadhbi
lividus inhibition 10 20 (25.70~ (99.20~ et al, 2012
35.80) 121.90) 5
. I 161.27 536.18
:;em(';fert"'zat'on 100 200 (11801~ (45109~
0,
Mesocentrotus 203.39) 645.72) .
J This study
Marine e 48 h-Normal 949 17.81
PFOSK . Sea-urchin . <125 125 (7.74~ (16.15~
invertebrates embryogenesis (%) 10.98) 19.48)
170
Strongylocentrotus 96 h-Normal Hayman
1.1 16 - (1.70~
purpuratus development 1.80) et al, 2021

mg/I2t 536.18 mg/I2 LIEFGtSM, LOEC 2t2 22 100 mg/12t El M. nudus¥8t OtL|2t, US-EPAS| ECOTOX DBO| S&& 47

200 mg/I2 L}EFEED, NOEC 242 22t 50 mg/I2F 100 mg/IE Lt 23 (Strongylocentrotus purpuratus, Paracentrotus lividus)2| =8
EPtTh 3 48 h-HHFULEUEO| ECy 242 22 134643 my/l ot ZntE vl 2 ZDL PFOAS| ECs 249 HelE 19.00~
9t 536.18 mg/I2 LtEFGOM, LOEC #f2 ZfZ 25.00 mg/I2t 1,34643 mg/I2 LIEFGOM, PFOSS| 4<% 1.70~110.00 mg/I2 Lt
<1250 mg/I2 L}EHGD, NOEC 242 22 1250 mg/I?t <12.50 Et%{Ch(Table 3). 10 min-+=FE2| HIWH H2 UHEE FASHH,
mg/I2 LtEHECHTable 3). PFOARt PFOS2| ECso ar2l #2l= 242t 19.00~110.00 mg/l, 1.70~

17.81 mg/I=2 LIEFLE, PFOS2| S240| PFOAECLH 240~11.184] =
2 A2 LIERHCE 3 HAF SHME S purpuratus B2 O
89 96 h-YFULME0| 747 DIUSHA LIEFRLE 0|, g4

o=

= A0 ABE AEME, M nuduse MMBEN 4 o SYCHA L LEsh= AlZHAO[O] 7| Qs BUTE LEAZH
St FHFZEEM, B0 35 e Ao BHE = AU Xto|2 Q13101 PFOARL PFOS7t HE0AH ZE A|ZHXHO[O] 7|
= R R0 MASHE WEO0ICHChoi et al, 2020a). ‘S & QIst 4= QICt =0OF OfL|2}, PFOARL PFOS2 +2MHN EMZ 7t
o MAlztA™ S X AH|Xt2t= MEfSHY g2, MEj= K| U0f, CHE POPst= EiE| X|HAO| offl CHEof| =Xk
HE7t MBS o2M YEHE QUIE ROJotD}, E3h &7 MEA 0] 592 LtEtHCHs £80| AUCKGililand and Mandel, 1996; Lau
of SIS 10 min-=HE 1t 48 h-HAH{Of M B 0| ot ol et al, 2007; Peden-Adams et al, 2008). Ol MAHF 7} &Esi=
LBER Q80| M. nuduse CHLeE [ofl - LASHO|| CHsh el DFOIM LEfLE 5 RIZE0| FEE 01" = QU
SHY7 APEL2 #BED ACKChoi et al, 2020a; Choi et al, AF WolME =4datel Ao|7t LEtRSoE =75ty
2020b; Choi et al, 2020c; Hwang et al, 2020). 0|0{, PFOAS} PFOS PFOAQ} PFOSE {3, Ck2 POPsOf| H|stH H WA Z40] &2
7t QARNA DXz g2 =] s, 2 AN AL =4S LIEHCE SEX|EL 2tF LHO|M HEfE Ol Yatg daelE



15 December 2021; 6(2): 80-87

O T3 212 F6}71| L3 Tl= HYOICE 7HE, PFOSe| 4% A&
S 215kl ™ MAMCE AMBE TAMCE FLhst
o §|'7c§ oM &L= 527t E0{E1 UCKCalafat et al,
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o M LHOAE PFOASH PFOS7H ZtZt 0.00~67.00 ng/l, 0.00~
690 ng/l (Yeo et al, 2012), 20134 Y4tz =7 1874 XM=
PFOAR} PFOS7} Z+Zt 0~28.40 ng/l, 20.8~92.0 ng/IZ(Kwon et al,
2015), =2 SHEOM = 0|2t Z0| ng/l &2 UEY=0| B
1E HE QIEh okg o] AR, 2013-2015H oot Sloto] sl
oA PFOAS} PFOSO| Bt &&=t 22+ 7.27~25.52 ng/l, 0.00~
3351 ng/I2 LtEHI S M(Paik et al, 2014; Paik and Kam, 2015; Paik
and Kam, 2017), 2016 St 3t 2t2F 97 X|F Q| si==0i M
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3 Yoon et al, 201801 2|5HH
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2 LIEtSD, SR M Q] PFOA 55+ 051~12.60 ng/l, PFOS &
E& 021~376 ng/l2 LIEHGCE Z74E 22| A0 2J5tH, H
= ¢Iotol ProAgt PFOS°| AEH= si50M 021~1650 ng/l,
0.04~1.92 ng/I0|A 1, E|HZ0|M 0.01~051 ng/g dry wt, 0.01~
0.33 ng/g dry wtOISPiEEH, O|OHZHF ALH 0.05~1.22 ng/g dry wt,
005~9.49 ng/g dry wt2 LtEFGCH(Lee et al, 2020). O|X &, PFOAR}
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