Korean Journal of Environmental Biology

Original article

Korean J. Environ. Biol.
38(3) : 333-342(2020)
ISSN 1226-9999 (print)

https://doi.org/10.11626/KJEB.2020.38.3.333 ISSN 2287-7851 (online)

S22 H(Mesocentrotus nudus)?t WS dA|(Hemicentrotus
pulcherrlmus)_l 2 8l YA dljolE S S 0|23 Phenanthrene?]

SHYY

Hl
o
4>
=
=
ot
rio
>
=O'I:I
H
x F
re
-
B~
=OII__I
00

FEN SIS BT HAIE, 22 RIQIRIO St A kst

Toxic effects of phenanthrene on fertilization and normal
embryogenesis rates of Mesocentrotus nudus and Hemicentrotus

pulcherrimus

Hoon Choi'?, Ju-Wook Lee’, Yun-Ho Park’, Seung-Min Lee', Yoon-Seok Choi', Seung Heo' and

Un-Ki Hwang'*

"Marine Ecological Risk Assessment Center, West Sea Fisheries Research Institute, National Institute of Fisheries Science
(NIFS), Incheon 22383, Republic of Korea
Department of Life Science, Incheon National University, Incheon 22012, Republic of Korea

*Corresponding author
Un-Ki Hwang

Tel. 032-745-0680

Fax. 032-745-0686
E-mail : vngi1 @korea.kr

Received: 9 June 2020
Revised: 15 July 2020
Revision accepted: 20 July 2020

Abstract: The aim of this study was to define the toxic effects of phenanthrene (PAHSs)
on the fertilization and normal embryogenesis rates in the two species of sea urchin
(Hemicentrotus pulcherrimus and Mesocentrotus nudus). The sperm and fertilized eggs
of both sea urchin species were exposed to serial dilutions of phenanthrene for 10 min
and 48 hours, respectively. The fertilization rate and normal embryogenesis rate of H.
pulcherrimus and M. nudus were decreased in a concentration-dependent manner.
The ECso for the fertilization rate of H. pulcherrimus and M. nudus was 1748 mg L™ and
16.21 mg L™, and the ECs for the normal embryogenesis rate was 2.99 mg L™ and 0.36
mg L™, respectively. Between the two species, H. pulcherrimus was more sensitive
to phenanthrene exposure, and 48 h normal embryogenesis was the more sensitive
endpoint. Therefore, the results of this study demonstrated that the exposure of both
sea urchin species to phenanthrene caused alterations in egg fertilization and the early
developmental stages.
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7] 2 @=4 (Persistent Organic Pollutants; POPs) 52
2507 =o0F ut 9l o (UNEP 2003), ZAI Y E4
(International Agency for Research on Cancer; IARC)®]l
Al Group 1 (1A IEH) = AA3 BF Qleh. E3F PAHs
o= 20001 Fo o] EATT EASHH, & WelA +
= AEHe 280lA 68712 9] 16 (28 Naphthalene, 3
gk Acenaphthylene, acenaphthene, Fluorene, Phenanthrene,
Anthracene, 42}: Fluoranthene, Pyrene, Benz[a]anthracene, 5
2F: Chrysene, Benzo[b]fluoranthene, Benzo[k]fluoranthene,
Benzo[a]pyrene, Dibenzo[a,h]anthracene, 62F: Indeno| 1,2,3-
¢,d]pyrene, Benzo[gh,i]perylene) 2] 7%, ul=F THHS
7 (US-EPA) oA A= tided= A4t =Y
E15k1l Ith(Macias-Zamora et al. 2002; Lee et al. 2019;
Honda and Suzuki 2020).

37 Fo2 vlEH PAHsE 714 Tz X0 2=
of ti7] Foz A St ti7] F2] PAHs= i
e Foto] sidez A FAHAY, Bl A=
of Aol shd-& Foto] sidell Ak ot =A
o 9 AF}isto] ofsto] FAH strFTEAFoRT
B B2 ol PAHs7F A 290 FEi= sl F¢d
7]1% $t} (Nikolaou 1984; Botello et al. 1998; Latimer and
Zheng 2003; Kanaki et al. 2007; Lim et al. 2007; Qiu et al.
2009; Chen and Chen 2011; Castro-Jiménez et al. 2012). Sl
Fo= FUH PAHs= =°f et §ai=7F ©al, W]
doz HFARl 4o r Qlsto], At 9 7] o] A
A A W f7leel - 5250 2&4or St
sto] AMAEA A Fdde nA= Aoz d#A 9
T} (Berardescok et al. 1998; Bartlett et al. 2000; Sung et al.
2014).

Phenanthrene-> 32H0] 21225 PAHs 2, 47} |Rte] &
Aa12 2 o] Fo3 A EAF e FEotr 4R (Low
molecular weight PAHs; LPAHs) &, =8| =7} 231 )2}
Astelo] Zom, oA A=A W TS xgds
of AEolA & =4S dovl= Aor deA gl

t}. T3}, Phenanthrene<> ol et oA th-& PAHsH T}
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Vs EAchHE Ao A Uth(Kim et al. 2003;
Sung et al. 2014; Honda and Suzuki 2020). SFA|9H QA

AAE T FAFEEA Al viAe Gl dit I+
°

= A3t ~Zo|t}. T35 Phenanthrene?] % 72 3|
ot HAE 22 4 9 sk 371et vee] 4
= AU A=, HPELS ol8ste R Eav=
DA gz AYaL 1ol Alaet A7 Batt A
otk

AR A AA At HollM &3] & = e
=2, 4 28 S XA RS g5l s derde
S 78 H ool A S S BEE 5 e F
&3 Aol E7E 27] Hioh T dg oA ol
2 2 A0 =4 94 T2 A HED Qo 2
d=2 diet Aeiefshde Bad & e A==
T de] o]-85 1 It} (Jackim and Nacci 1986; Hwang et
al. 2014). T3}, 4A19 £QET A4 wioh TR EL Y
oz s ed=d ol e fsiide g2 Al
Lol e & Qe opyet S WSEE &
Aloll H7FeE 4= 9l S AY Il Atk (Kobayashi 1980;

Greenwood 1983; Pagano et al. 1989; Hwang et al. 2020).

2 AT Y AEIA W 12F &HAE W # sk
T3 (Mesocentrotus nudus) 2t H-& A (Hemicentrotus
pulcherrimus)ﬁq ZA 1+ AAF wjotdrZof u]X]+= Phenan-
threne®] FF2 ZAFSH O™, HH= P55 (50% Effects
concentration; ECsp), Rosket (No observed effective
Concentration; NOEC) ¥ %4935 (Lowest observed
effective concentration; LOEC) 52 AF&5}9] Phenanthren
o] s Tl A= A AT Aer &85

7} 54k

ERE
1L ARYE

AN B EQ T (Mesocentrotus nudus) 2t W54
Al (Hemicentrotus pulcherrimus)= @A A7 sto] A
otk 5248 20199 7Y FHEE HUT 2
] A2t (36°46'38"N, 126°07'26"E) ol A, BEGAI=
20204 2] MEHEE Bt Axe] A% (35°38'04"N,
126°27'41"E) ol A 5 Sk AR A @A =S A4
Bl A o]k, AAANF AE o] A xollA 15+



Table 1. Information on phenanthrene used in this study

Toxic effects of phenanthrene on M. nudus and H. pulcherrimus

Target concentration

Toxicants Species Linear formula CAS no. Endpoint (mg L") Manufacturer
10 min
Fertilization rate (%) 0-100
Mesocentrotus
nudus 48h Normal 0-20
embryogenesis rate (%) Sigma-aldrich
Phenanthrene CiaHio 85-01-8 g
) (USA)
10 min
: Fertilization rate (%) 0-50
Hemicentrotus °
pulcherrimus 64h N |
orma 0-25

embryogenesis rate (%)

1" SA F APo] Agehark wepete Asis
£ membrane filter (pore size 0.45 um) = o|3toto] AR8-Sk
ot
S

2. MAINZ 8=

M. nudus®] 739 27 10 em, H. pulcherrimus‘l:— 27 3.5
om OO S| A A, 2 6utel o4 Ast
of ALEoelch AE AAS] TAE A Ao 4
Al O] o]lZAS AAT =, A% Wl 0.s M KCl -8
ImL& FYAA AAAEE] B 8 P S
sjeyelo] F71 Hlol o] AAFo] FRe] WES B
o 47 9 RS EYStch $UT AAAE ol
A2 18], d2H= 33] o) F25] A7t Sofl Al
Agstsict

E A gdof A+-2H Phenanthrene (C14H1o, Cas No. 85-
01.8)9] AIBBE WL oulAge Fotol AAw
ot BE Al@Z 2= 0.45 pm membrane filter 2 ]}
H AAsieE AMgo o, Ald8H s E 2= FId,
DMSO (Dimethylsulfoxide, Sigma-aldrich, USA)E carrier
solution® 2 AFg-5te] 15 % 9] stock solution= A|2HeH
= 0.45 pm membrane filter = o] 1tE 2S4S 5] A5)]
ARESEATE ojnf] Al@AE A =& 5= DMS09] F
55EE NOEC %49l 0.1% ©lsl2 &5 =5 2o+t
(Manzo et al. 2006). A HEH S| 7|2 H 2 FUHEH A
&5 = Table 17+ LTt

=
)6I- AH I-AHE.
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2 mLg 10~15714 goj3lrt. o] &
0.5°C=, H. pulcherrimus% 16+0.5°CE JF5< °]-85t
100+ 10 pmol photons m*s”", *d5=7] 8 Light : 16 Darko}o]|
A iFstATt S 7= M. nudus?t H. pulcherrimus”}
2-5+4 F pluteus FREOE W F= *]7101 48h, 64h
o 247y 75t A AES S5 (Hwang
et al. 2014). AL G AYEEAE-L 4 armed pluteus stage A5 9]
4709] arme] o= WU 724 TRt
oL ARl A, AFBATANE |2 APEE
TN Z A 258, AAS o] &3k SFAH=A A

" of] o] A5}o] 4~ =] A Th(Table 2).

5 &AEN

="

it AR 5294 AA-2 SigmaPlot software
(SigmaPlot 2001, SPSS Inc., USA) 2] Student’s t-test= H| 1L
st p7t 0.05 2 0.01 ©JoFQl AS Folgh Aoz
Tkt AR EC et ECso2t 95% 1=+
7+(95% Confidence Interval; 95% Cl)-= Toxicalc 213
(Toxicalc 5.0, Tidepool scientific software, USA) 2] probit &
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Table 2. Experimental conditions for fertilization and normal embryogenesis rates of both sea urchin species (Mesocentrotus nudus and
Hemicentrotus pulcherrimus)

Class Condition

Endpoint 10 min Fertilization rate (both species)
48 h Normal embryogenesis rate (M. nudus)
64 h Normal embryogenesis rate (H. pulcherrimus)

Culture type Static non-renewal
Photoperiod Ambient light condition and 8L : 16 D period
Temperature 20°C£0.5°C (M. nudus)
16°C+0.5°C (H. pulcherrimus)
Salinity 32+1.0
pH 8.0+05
Test-solution volume 10 mL (6 well plate)
Culture medium Filtrated sea water (0.45 um membrane filter)
Number of repeats Over the 3 replicate
Initial fertilized egg density 10-15 Fertilized eggmL™
Acceptability criterion Over the 90% fertilized eggs and normal pluteus larva at control

Fig. 1. Normal fertilized egg (A, E) and abnormal fertilized egg (B, F) of Mesocentrotus nudus and Hemicentrotus pulcherrimus, respectively.
Normal and abnormal fertilized eggs were determined by the presence or absence of a fertilized membrane, which is indicated in (A). Nor
mal pluteus larva (C, G) and abnormally developed larva (D, H) of M. nudus and H. pulcherrimus, respectively. Normal and abnormal pluteus
larva was determined by skeletogenesis, especially arm development.

AHS o]-&sto] EA45HHE NOEC ¥ LOECE Toxicalc 4 1
I 2 7309] Dunnett’s tests 0|25 B4}t
" =T B 1. Phenanthrene =0 U}2 £YE0| HE

M. nudus®} H. pulcherrimus®] “JZFE Phenanthrene &
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Fig. 2. Fertilization rate of Mesocentrotus nudus (A) and Hemicen-
trotus pulcherrimus (B) exposed to phenanthrene. The vertical bars
represent the 95% Cl of the mean (*p<0.05, **p<0.01).

& 6.25,12.5, 25, 50, 100 mg L' T} 3.125, 6.25, 12.5, 25, 50
mg L™l 30 min 7 = EAIZ] F, ZH2Z E2ket 10 min E7F
AT A= %ga}ﬁE}(Fig. 1A, B, E, F). Phenanthrene
of 2 M. nudus®t H. pulcherrimus®] +3E2 57t
Eotle) weh s o= TAE YEPATE M. nudus
O] 7% txolA +8E] 99+£1.49%% LFEFRH O LY,
F|AEE]] 6.25mg L ollA] 88.00+5.36%= &2 7
A7} PEENOH (p<0.01), FEEH OB A4, 3
T FEQl 100 mg L'l A = 3.00+£1.49% 2 ZFASHTH
(p<0.01) (Fig. 2A). H. pulcherrimus2] 73-%- T+l 4]
£ 78 E°] 100%= HEFEO U, 12.5mg L7 ollA] 7833+
7.03%2 T45H9.2H (p<0.01), SO0mgL ™ol 4 E0]
0%= WEFSITH(Fig. 2B).

Toxic effects of phenanthrene on M. nudus and H. pulcherrimus
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Fig. 3. Changes in the normal embryogenesis rate of Mesocen-
trotus nudus and Hemicentrotus pulcherrimus exposed to phenan-
threne for 48 h and 64 h, respectively. All the points were signifi-
cantly different from the control group according to the Student’s
t-test (*p<0.05, **p<0.01).

2. Phenanthrene = Z0j| I}2 44} vjofdMEQ| HE

M. nudus®} H. pulcherrimus®] 7373 vjopdgEof m]Z]
= Phenanthrene®] FF= &RIst7] fl5to], 247 0.625,
1.25,2.5, 5, 10, 20 rngL_l—Tq' 0.078, 0.156, 0.313, 0.625, 1.25,
2.5mgL 7ol 48 hTt 64h B e EAIX] T, AT oAy
AIE BwEoto] iR 2 e %Q'(Fig. 3). M. nudus 2]
785, 29| B4 HloPEE2 91.33 £4.78% = LTEH
gou HasE 1.25mgL oA 70 +14.87%2 H4s}
At (p<0.01). B/ vjoPdJE2 Phenanthrene®] &
7h gotd R e oEA o7 fAastd, HalEES 20
mg L' A= 8.00+7.87% 2 AFRAYS Ao wEE &
Nt (p<0.01) (Fig. 3A). H. pulcherrimus®] 73-%-, thZ
o] 74/ loPdAYE-2 92.33£7.03% % YEFL ™, 0.078
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Fig. 4. Dose-response curve of Fertilization rate (A) and Normal embryogenesis rate (B) using M. nudus and H. pulcherrimus (C, D) ex-

posed to phenanthrene.
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Phenanthrene®| M. nudusSt H. pulcherrimus®] +3E&
G oA ECl nAE 54 dES] 7%, Phenan-
threne®| §&=7F S71E+E A EN G4 wiord A&
o] Bk o]&H 02 Th4dh= sigmoid H4 FEIE HEI
o} (Fig. 4). T8 E°] ECso 4= 217t 17.48mgL™", 16.21 mg
L'olqlom, A4 wjoP &2 299 mg L™, 0.36 mg L™
o2 yehy, aAEN A4 vlord e HEe] B¢ 44
Hlopd A Eo] o et 2| #l A o= LEyT.

M. nudus} H. pulcherrimus®] =3E1+ 4 vioPd Y&
o] 3t Phenanthrene®] JFS =442 YA, &
e Hier F9FsE (NOEC)E 242 <6.25mgL™'e}
6.25 mg Loz et om, 2|49 s% (LOEC)= 2t
7} 625mgL ™9t 12.5mg L™ 02 UERyiTh E9, A4 uf
opIg & gt R IF s = 0.63mgL "¢t <0.08 mg
L2 Yehgon HA9d¢srE 125 mgL ' 7 0.08 mg
L& YEFgTh(Table 3).

AEoltt, dutd o g FA A (M. nudus)= X5l
A, TEIA (H. pulcherrimus)= 2ol A BSst= F
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Aoz Ad#A %E}(Hwang etal. 2011). 2 AL A=
Phenanthrene®] 5454 J3Fo] 18-S Yot F F A
A 27188l sfgsh= +AET ot HAE
= o]gsto] =4%S AT W d 5 = (ECso)
£ 7€z Aot ES gl HIste] RISt
Al UEbg o m, o] w31 A=7F 13 pluteus 45417
7h 5/d0] SEE o] BH 7] tliZo|t (Hwang et al. 2008,
2009). 23V, H. pulcherrimus?t M. nudus =0t =73 7137+
St Hh-goh= A 0 & UEhTh ol dRtd oz 22 F
olgt g2t et - AE|sHA )l Fol o] Jsto] 2ol &
LHERE 2= Q17100 (Yu 1998), 2132421 o5 15t of
Hrk ShAIRE T AAAIE O] 27 ulobdA o] B8 AAp2
O] A%, H. pulcherrimusi= 16°C°|™, M. nudus+=20°C= 2}
o7} EA5ta, =g 7ol A pluteus FAY L2 WESH=
T a9t AIZHE 7t 64h, 48 h 2 Aol 7t EAGHCE F A= 7t
O] WIFE 2ol of2fet - Aot E4& 7o w
273 Al o] Zpolof A 7]9lsh= Ao ' Abr .
‘AL Atoll MAStE BE £ 54 WIS vl
5}7] flsted, US-EPAS] ECOTOX Hlo|EjHo] Ao FE5
=0 ECsodt= Hl sl 2 A =527, 1427, st
=E ], FEAS, thR 7, olulslR, oI5 (S. capricornutum,
S. costatum, N. palea, B. plicatilis, A. salina, N. arenaceodentata,
M. galloprovincialis, C. variegatus)S Z3Fgt 750l A v|%]|
+= Phenanthrene®] ECso#{<> 0.05~136.13mgL"' & 1}
Bht b Qloh. Abeg ol A thefet AE A #9157
AE F0] BlWE FONA, M. nudus (2.99 mgL™") ¢+ H.
pulcherrimus (0.36 mg L") 0] vjoPIAYE AJ@-2 HlwA 1l
At Ao=2 Yetdtt 539, H. pulcherrimus®] Biot Ay
E AF2 M. galloprovincialisE A 2]t BE A@HTE 7l
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745t 2162 UERY, Phenanthrene 2] AJEfSHA
Hot7] QI A FABER ARtet Ao & deE

Pherenthrene®] 542 A& AW 22T} Phenan-
threne ] Ko, (ZHIAIS) 0l o]&2]oln, 21 o] 2]
%l Phenanthrene®] 5 =7} AA Gk (threshold) ©]/do] =H
ARG 59 FFo] Y= oz 4 A Qlo], Phenan-
threne©] FFo] thefstA Ueht= 22 A= AW #12
g Yjlo] d 4= S AL R HETH(Di Toro et al.
2000; Sung et al. 2014). TS QSAR &2 4 5, Di Toro
et al.(2000)©] A|FFH TLM (Target Lipid Model)-& T2,
Phenanthrene©] 240l v|2|= S FEF2 V=2 FF7
o Atglo] 2 At Phenanthrene®] Kowakoll &4
o], ojuf] 2] o]l =& Phenanthrene®] ‘F=7F YA
%t (threshold) o]/l EH AP 59| o] Letts A
o= IA ek Atol M MAsh= vt A= Fo
ECso@t= H| W3 2 H (Table 3), 54 92| HL7| thfs
A vettes Aoz Holw, A7 Az 3% A A4
ol AYAA Rot, 24 W sid 249 FFol vk
7] dso] A7 @iFolat AkRHETH(Veith et al. 1983; Di
Toro et al. 2000; Sung et al. 2014). SFA|TY, H. pulcherrimusSt
M. nudus®] 77 BjoPdAY-EAI 2 Phenanthrenel] &
H3e o, EAAEF T Bl as WgdsHA vhgote, 271
et ol E Zotohe AedUiolA fafiEd o] 2
BT Bokote NAAER o877 B2 Zlo R
Hlet,

At © 2 Phenanthrene> "]=8H4 37 (US Envi-
ronmental Protection Agency; US-EPA)°lI A A7t 1671
o] ¢4 PAHE S & Sh= Y PAHs THA SR
ZAFE] O] ek, ShAITE, Agtelr Qloll F= f1AISkAL QL
+ A 9 ARAEolA T EE PAHsE, T2
1~38(et4112]) o] LPAHs©|™ (Budzinski et al. 1997; Wu
et al. 2003), AA| = -2}t 4FAY SH oA F PAHSs
tiH] LPAHsE= 279 72.5~93.8% (B 86.3%), %
7191 70.9~91.9% (B 86.7%)E AR gt Bl
T Aot (Youetal. 2012). T T~ L2 EZ ALY F
ZE W PAHs 5+, LPAHs, £5| Phenanthrene®] 5T
7} 7V = A YreRd B It} (Jung et al. 2004; Cachot et al.
2006; Serafim et al. 2013). ©]°f| 167H<] 417+ PAHs 5
A& 27 W Phenanthrene®] F&Fo| 7H¢ HEHE A
Folrk. =] A9 AEHQ ATE Fofl HAEL E
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Z4~ W Phenanthrene®] ‘FEEX7} ZALE 0] ko,
S5 Bo] A9 R4t o] Mol 0.02~0.06mg kg,
Th 7o 2170213 2130l A] 0.01~0.68 mg kg™ (Hat
0.12mg kg )22 EI1H B} 9lth(Chung et al. 2004; Lee
2018). T, Sl=0] A-¢- =l FAE AT BS54 Ui
Phenanthrene®] F%7} 2.31~5.92 ngL”'2 HI1H v} 9]
o} (Moon et al. 2007). G5 ZAFA] A 9] Phenanthrene &
=, 2 A2 A AAE H. pulcherrimus®] 773 vjobd
52| LOECH (0.078 mg L") 2t &7 vreht, 873 W
oA 7RG A A FFe = 27 ek E7L H
A& 273 WollA Phenanthrene 22F2] BH7]= | of 126
Az A glo], At E2Eo A2 BF AMB=E
= HRT oofet AEolA A8 &2 vE 4 3l
T} (Karcher 1988; Kanaly and Harayama 2000; Johnsen et al.
2005; Haritash and Kaushik 2009).
Phenanthrene?} Z-2 f-sllE2 o] thet A
WEE 0BT\ 58 58 Tkt A

=
& Hwo} thapsA Lehe

2 Aol e T FEE344 (PAHs) 5, phenan-
threne®| G237 (Mesocentrotus nudus) 2t &3 A (Hemi-
centrotus pulcherrimus) 2] 78} /78 WY& v A
= 54 a9E IIstarz}t sk H. pulcherrimusSt M.
nudus®] RA| A 242} F 57 FAe}, JF4AS 55tk
JEH FATHS phenanthreneoﬂ LE2XZ & A48T
Aol HAES SA5H) A 824, H. pulcherrimus
O M. nudus®] 85T} Ao A ES, 5 oEF
© 2 HASEY O™, H. pulcherrimusSt M. nudus®] 74 E01]
2t ECsofk-> 17.48 mg L' T 1621 mg L™ 0] 2L, 33wl
o} AMYE 9] ECs08-2 242 2.99mg L™ 7 0.36 mg L' ¢l A
° 2 vehygtt d+27 H pulcherrimus% M. nudusX.Th
phenanthrene it &0l ti5to] ¢ QIZSHA ¥H-goh= AL



gardlol A S-S S48l Hste] o
ek &Y 78?_1 710 2 UERSTE ohetbA], phenanthrene<

T F9 A A= ]-_,] AT 27 GAS 1ggE o
Qtell Aot thdd AEF G nAE= 2oR B
oL, 1%, T £ AL ThE Agk 44 AE F5o]
H| 5}, Phenanthrene ] bio-monitoring= 918+ F17eH A3
239 4 oD AR, Ta 2 978 Bolo] v a

= Ao} ZA7H(NOEC, LOEC ¥ ECso)-2 Phenanthrene
35t PAHsO] 87 7E ST AL 915 983 7]
t=2 &84 o o

H:lru

BN flo i
N
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