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Toxic Effects of Arsenic and Chromium on the Fertilization and
Embryo Development Rates in the Sea Urchin
(Hemicentrotus pulcherrimus)

Un-Ki Hwang, Hyang-Mi Ryu, Jun Yu and Han-Seung Kang*

National Fisheries Research & Development Institute, West Sea Fisheries Research Institute,
Marine Ecological Risk Assessment Center, Eulwang-dong, Jung-gu, Incheon 400-420, Korea

Abstract - Toxic effects of arsenic (As) and chromium (Cr) has been investigated using the sea
urchin (Hemicentrotus pulcherrimus) germ cell and pluteus-larvae. The gametotoxic and embry-
otoxic effects of As and Cr on H. plucherrimus were each investigated at 6.25, 12.5, 25, 50, 100.
Spawning was induced by 0.5M KCI solution and the normal fertilization and embryogenesis
rates were performed for 10 min and 64 hrs after fertilization, respectively. The normal fertiliza-
tion and embryogenesisratesin the control condition (not including Asand Cr) were greater than
94% and 93%, respectively. The fertilization rate was not significantly changed compared with
control but embryogenesis rate was significantly decreased with concentr ation-dependent manner.
As and Cr reduced normal embryogenesis rates and a significant reduction occurred at concen-
tration greater than 6.25ppb (P<0.01) and 25 ppb (P<0.05), respectively. The lowest-observed-
effect-concentration (LOEC) of normal embryogenesis rate in As and Cr were each 6.25 and 25
ppb, respectively. From these results, normal embryogenesis rate of H. pulcherrimus have toxic
effect at greater than the 6.25 ppb concentration of Asand 25 ppb concentration of Cr in marine
ecosystems. These results suggest that the normal embryogenesisrates of H. pulcherrimus are very
useful test method for the toxicity assessment of heavy metal as Asand Cr in marine ecosystems.
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A ke v 4 gle] AR A= AAHE A
73 EAlln & 4 lu} (Martin and Whitfield 1983;
i Segar 1986; Y ap et al. 2004; Reiley 2007).
ol 4] H] 4 (Arsenic, As)= ol A tjAfel] B2
4-2-7] (toxic and non-essential metal) 2. =+
bksbs 3 22 A el o3 A=
AR 7 3] v A@A A B =
2 va Aol =3E AlxA, AL
°J%H W el et @AW=
al. 2008). 7= F5%¥ Ast
—E—v%' B g sPedtAT 1 e
st o= orelx glow (Bae et al. 2006), T HE
3 AES 53l Al FEE AeE odHA al
o} (Gebel 1999). As= o} A] o} (Bhattacharyya et al. 2003;
Xiaand Liu 2004) 2! 3 d2x]< (Lewis et al. 1999;
Lamm et al. 2004; Caceres et al. 2005)o| 4] ©]&== &
g5o4 AEH] A AAR A2 EEgs 2
% (Chromium, Cr)&- 3hsbd bzt WA, Wy A,
A7V G o) Ffabr] W] A% 4o =F 9 FF
of de] AHEEM FEHH FES 55 Sl AV
At PP em5Fo=z Apgsls ok (Suhetal
1999). Cr& zt4 AbeollA 371 ¥ 67} A= &) 3}
™, dubd oz 67} Cro] 37} Cruch SA4o] 7aln
FEA=7 deA )o)}(Sivakumar and Subbhuraam 2005).
seete] A4 Faol dFyRe] nAE 3ol
43t J7= i—}” o]ul] 9| % (Lee and Lee 1984; Choi et
al. 199)8 FA o= offold gror} Wy ot
A AT7k FAe] Sof Bl wIAE %A I
d dFnche A4 Al 2dse $34% @
obshe A7k A=A ghet shAR H el A
QA Bt 5w B o8 BT A
Qe M AL NS BRI s
A7} atslA zls)E 3 gl (Han et al. 2008; Hwang
et al. 2009, 2011, 2012). ¢]2}g+ 4173 USEPA (U. S. En-
vironmental Protection Agency) @ ASTM (American So-
ciety for Testing and Materidls) oAM= ZF X AA=
AR o, e dEAe) disf Rzt vh-gahe 27]
A o] 43 AEHe]l d2] FEFH 3 = (Martin
et al. 1981; Beiras and Albentosa 2004, Geffard et al. 2004).
soke i gaol ABA mAE JgFe oo ArE
THFEEE Yoz Hase] gorf (Okubo and
Okubo 1962; Kobayashi 1971; Lonning and Hagstrom 1975),
FHFEE FolA AAE 44 P4 AR o} o
Ash 2e 27] AR B3] dEo] Aol A
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2 Qs 5% AER eHARY dE] AMEEe] $
o} (Kobayashi 1977, 1981; Greenwood 1983; Dinnel et al.
1989).

ol Aoz gld] & dAFolME F4 SAER
A 270 ik A Gel] M A LA Al (Hemicentro-
tus pulcherrimus)2] =7| A &A1S o] 8-3lod, Ase} Cro
4 dgre Bt $A Aoz 4 B
FF % Al U e kst st =
&2 A7ATE vietoz sl A dlA olE
342 =4 oJ3kel| gt H. pulcherrimuse] &AL wjj o}
HhA Eol HgF ubeddksx (50% Effective Concentra
tion, ECsp), HF4=03 8k w 0| BHE} 95% 412 37} (95% Con-
fidence limit, 95% ClI), %<3 3k % (No Observed Effective
Concentration, NOEC), &]5\_ o3 3F= = (Lowest Observed
Effective Concentration, LOEC)Z A A|8}t12#} 3}i}.
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& AZAE) Astel FER A0 ol g3tel 2dE A
A5 F, Aol ol gt oz Agd 4
membrane filter (pore size 0.45um) = o3} A=
AHe8lgdel 0.5M KCl 49 1mLe A7z F44171
= ol3} 2 W73k zpdsi4rt @21 100mL £-8Fe) 1)

oA Y QAT F83) A7 s (Xuetal,
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Table 1. Experimental culture conditions using the normal fertili-
zation and embryogenesis rates in the sea urchin, H. pul-

cherrimus
Test parameters Conditions

Culture type Static non-renewal 10min~64h
toxicity test

Photoperiod Ambient light condition and 8L : 16D
periods

Temperature 16+0.5°C

pH 7.8~82

Salinity 32+10

Chamber volume 80mL glass

Solution Filtered (0.45um) and sterilized seawater

Solution exchange None

Experiment period 10min~64hrs

Investigation item Fertilization, larval development rates

Acceptability criterion > 90% fertilized eggs and pluteus larvae
at control

Test materials As, Cr

CAS No. 7440-38-2), Cr (Chromium standard solution,
CAS No. 7440-47-3)= JUNSEI (Tokyo, Japan) #| &5 A}
3tk AYERe) 44 2 vlo} A Fel vIHE As
sh Cre) odake Asins] giste] AFY H4F )43
o] 1ppm Hx=2 =Ag stock solutiong Fn|st &, 3]
Ate] ARE-3FATh As il Cr =2 ]38k H. pulcherri-
muse) A 3 ol A EE Al 9 Ads
X+ 0,625 125, 25, 50, 100ppbe] 77l =42 AA
ahget.

»
=

REL]

t}. ¢l F4A (arificia insemination)A] A A3t Az A2
£ st Ak 2000~25000 3|Ast o, BF
34~ wjekell 1mLell $A= 1,500~ 2,000/ ZFnH]s)
Table1e] =7 ¢ = wjeksts]th (Pagano et al. 198543, b).

B4 e A 7o) As O Al

14
g w=ol 3087 xF A7 F U F 25 5 I
Ak dAket JFeAS A 4 108 AR F 5
Aol P4 f - F2 SAES ARG (Fig. D). 2
AES pluteus 8718 53 = 644 7A AAF 2 )
Aok oz vppe] FEslew (Pagono et al. 19858,
b) (Fig. 2)

AL sz 33 by AAslg en 1007] o] 4ke)

(A) (B)

Fig. 1. Diagnostic features of normal (A) and abnormal (B) fertil-
ized eggsin the sea urchin, H. pulcherrimus.

(A)

Fig. 2. Diagnostic features of normal (A) and abnormal (B) pluteus
larvae in the sea urchin, H. pulcherrimus.

wlobg 33) Wk A4sted wAE wiok Sl T A
A3l Wt 8] WEEE AEIAT o5 AAE ol
sted A 9l wiol WAYFo| w3t wbod e = (50%
Effective Concentration, ECso) 2} 95% 412 71 (95% Con-
fidence Limit, 95% Cl)-2 probit 41 & o] &3}lo] A
oo}, =8k, Fod3k= % (No Observed Effective Con-
centration, NOEC), #4338k = (Lowest Observed Effec-
tive Concentration, LOEC):= Dunnett's& o] £-3}o] 14
shdeh,

O

-

il

6. $A%4 24

iz Ao 94 AL Student's t-test=
v watgd o, p7h 0.05 o5kel Agk o3 Aoz @

At
| o}
1.As%t Cr 29 o2 382 HF
H. pulcherrimus®] AzE ZZ49) Ase} Cro] Sd%
% (0, 6.25, 12.5, 25, 50, 100 ppb)ell 3087 =ZA|7] =,



72 Un-Ki Hwang, Hyang-Mi Ryu, Jun Yu and Han-Seung Kang

=

8

Rate of fertilization (%)

As concentrations (ppb)

Rate of fertilization (%)

125
Cr concentrations (ppb)

Fig. 3. Changes of normal fertilization rates in the sea urchin H. pulcherrimus eggs exposed to As(A) and Cr (B). Vertical bars represent the

SE of the mean for three times.
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Fig. 4. Changes of normal embryogenesis rates in the sea urchin, H. pulcherrimus eggs exposed to As(A) and Cr (B). Vertica bars represent
the SE of the mean for three times. *P< 0.05 and **P < 0.01 for control (not including As and Cr).

28} 1087 XA dnjAoz AA AL I
Zate] W8 (%)= Jeh it (Fig. 3). AsE 371814
oke Yz $£AEL 94.33+3.05%= veEhdoH,
AT Fof] 7} 3% =<¢l 100 ppbel A& 89.33+
321%z §214el #ols} vhehiAl shabeh Crel Ag
= glzTFeoA 95.66+2.30%=2 EeElton, 7Pt 1
%9l 100ppheA= 91.66+3.51%= o] &4 AHVI=
SHES 249l 2ol7} vehiA gkt (Fig. 3).

1=

>

2.As%} Cr 2o wE wjo} A&

H. pulcherrimuse] ulj o} Huggoﬂ n) 2= As¢} Cre
oJ3ks vehdt (Fig. 4). 3% 3 64X|7F 3, pluteus 5+
A7)e] A o} WA E-S Ase] - %q—ow 93.66
+0.57%% Crol|Aq{:x 95.33+2.30%% Jeldou, =+
& Fwb lEes 349 Bashe AP el
At Asg A7kt ARTeIA 24 Fwel 6.25ppbel A
67.66+7.63%= foHo= ZHAslg e (P<0.01), As
Tk Z7@5s 4 ol WAES FAT )

50 ppboll A= 1.33+1.15% (P< 0.01)2 vehon Hw

529 100ppbell A= AAF wjo} MAES FEAL 4
Aok (Fig 4).Cre] A= 3% 527t 37HE45 A
Zb ol WA Eo] FHAE AJekE vehi 3 9lovt As
Hoe sxoEAe] tda d 3 oz IFEHAH. Cr
< A7ker Age] A9 25ppb o] FxelA
oH o= 7r4slylow (P<0.05), F 3 =4l 100ppbel
A A wol WA Eo] 2333+4.16%=2 FA3] 3H43}
e} (P<0.01) (Fig. 4).

H. pulcherrimus®] A4} wjo} WAl ol o3k Ase] <
o =427 Jeh) S o, ECorS 14.38ppbS vhel)]
2, ECsoell ©3F 95% Cl= 7.82~20.71ppb3 vielyith.
A4} vl o} whA o o3k NOECS} LOECE: 747t <6.25,
6.25 ppbz JERGTh AAF o} Al g w8k Cre) ulb



Toxic Effects of As and Cr on the Sea Urchin 73

0.9
0.8
0.7
0.6
0.51

Response

0.4
0.3
0.2
0.1

0.0

As concentration (ppb)

0.1 1 10 100 1000

1.0
0.9:
0.8:
07
0.6:
0.5:

Response

0.4
0.3:
0.2:
011

§ A4
0.0 T

0.1 1 10 100 1000 10000
Cr concentration (ppb)

Fig. 5. Concentrations-response by As and Cr treatment using the normal embryogenesis of sea urchin, H. pulcherrimus.

Table 2. Toxicological estimation using the form of a fertilization
membrane and normal pluteus in the sea urchin, H. pulch-
errimus exposed to As, Cr

Items Toxicity (End-points) As(ppb) Cr (ppb)

ECso Normal pluteus 14.38 71.49
95% Cl Normal pluteus 7.82-20.71  47.84-104.15
NOEC Normal pluteus <6.25 125
LOEC Normal pluteus 6.25 25

ECso: 50% Effective concentration, 95% Cl: 95% Confidence limit,
NOEC: No observed effective concentration,
LOEC: Lowest observed effective concentration.

4038w ECspe 71.49 ppbE JERY 31, 95% Cl:=
47.84~104.15ppbE Y} oy, NOECS} LOECE: 77t
12.5, 25ppb 2 e}y ) (Table 2).

g} = Xd"ﬂ"ﬂ“ ‘:’H—r Ris
5ol Xﬂ"ﬂil o] gle] 7]
”"d’ gl wuk o}
wk EE]L =49 A
fﬂ'( tagonism) 2}-g-¢f|

B0l 9 Y Hug AT
gt gelwael de 2y

dalires Ads & & dobs S A Ao (Anf
et al. 2002; Chu and Chow 2002). ¢]2{ 38t o]3}stx RA}
el BAE FHa) S5k B el e
WA moke AR A 2 B WS o F
T FEHel S4Bk ANy A7t 2
wrslA] #1181 = 57 ¢} (Beiras et al. 2003; Han et al. 2008;
Hwangetal 2012).

s

7] HGHHL *16“3*94 AR g SAAEA A3 =&
A7) 53 22 A e ztelz <ls] AE AW n)
A g geFatAl vebd 4 sl EAIA- ] ol ¢
23 FAHE A8 M= Al e 253 Y
4 APAE & AASE A7 S Fose 2
Algell A3 AIFAE 2l EEAAE A el £o
&t ohek YAA e HAksk dAE A AE S
Qom AP wopity 4L WA FolT 2
oz Qs A=A Q7o DL ol 42 4 9l
Aoz ko], 2 AFelME feivet 27 b
Aol AAske] AN gl D S 7
S=& 4 glon] Al efo] fo|d H. pulcherrimuss
AlBFo 3 o] 83}

2 3 As} As(0.6.25, 12.5, 25, 50, 100 ppb) <} Cr (0.
6.25, 12.5, 25, 50, 100 pph) =2l 2]§+ H. pulcherrimus
o) $AE 2T} vlms) fol1el 2ol LhehiA]
Asket (Fig. 3). Al wlo} WAE2] A9 Ase djx
oA 93.67+0.57%=2 B o, svr}t U= F
A3 FH&E] Has=F<¢ 100 ppboll A= AAF pluteus
S #ZE 7 P (Fig. 4). Cre] A= w=7}
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2 bl Ee Rasi A%e vehige

=
& o 5 9leh 334wk AT ol BAE

FTE EHor ZAEE AL HE FTFE d7E
s}o} -A}FsHA YeRskt) (Gopalakrishnan et al. 2007, 2008;
Hwang et al. 2011, 2012). & AF-A3}e|r] Ase} Cre 4=
gl JFS vAA o2 Aoz yEpyt o, Hwang
et al. (2012)¢] AFAFANM = FFE5 Zno Fe+=
3lppbell A H. pulcherrimus®] A && foldeo=z 74
A ZAetxz ¥ a3t oh =31 Fathallah et al. (2010)¢] £
Ad z2 79 dZ9l Ruditapes decusatusE o] 43+ A+
Aol A 2 A3} U 3082k FA1E Cu, Hg, Zn
o =EAZ) F A SN A5 Cue Pl 9
910} Hgat Zne- 256 9 512pptell A f-22 o= 7ka
= Zlez W ystglth 28y Warnau et al. (1996) 5
o] @ Fol 2alH AAl2] dZFal Paracentrotus lividuse]
Atell Hg, Cu, Cd ¥ Ags =EAZ S o 489 7
A5 ¥ 3T} s =59l Phallusa mammillatas] 7 -$-
Hgel A Eol °33k& mX|A] ¢kgket (Franchet et al.
1997). o] 3t AFHE2HE FFE2 FFol webr 5
AN HZQ AAe] B GFS v1H SAE Fhh
s Aoz Amsn aeu AEFe we
So] A 4 ol wHE dgpe] Tz e
T Ads vepEe $A48 o83 T8 A
Aol e FEA EIua AAEE =3 FF
& FHl vt o8 Hgo] Jesivy Adkdn.

B ATFATAA FFE xFel o3 wle} WA E]
FAERY A AAe] vz Yehds A wiolrt
pluteus A A 7)ol == A|74A] Ase} Crofl o <2<t
rEPoz 3 U Art FtEAE Aoz Alsd
o} (Hwang et al. 2008). =3l o] 5 Z=F<&of 2] pluteus
2 ol AZIRE oJskE wisttl Ex|Ete Ao
2 3 =7F 249 pluteus F-A 21719 ol HA
o A FFEe] 2] wel pluteus 34 2717t
FAE v oS N2 Yl Aoz dwy
o} (Wui et al. 1992).

LdEA- Agt A A SA4E Hrkelr] Hsted AHg-
HE WeddFe =g o] 83te] FF<o] H. pulcherrimus
wol WA Eo| WA= JekE AFH BT As?| ECso>
14.38 ppb, Cr2 71.49ppbz Yelyge}. $-2lvtet 9, A8l
T8 127 (4, 9, 2, s34, 3, 53, P

Zhak, b, FakRdg, Ak A Z)ee] 2 FA

ol

o

A

oL

do O oald oo

1

Eollre] AsH Cre] A =5 ZAE 23} As= 39
~60.1ppme] Fx FAMH oM AL XY FofA
A x A Gl 7 ¥ xR dEdY. Cre] A9
11~401ppmeoz FAabgddle] 7pd 22 Fx2 el
o} (Choi et al. 2012). o]& 3t A3}tz Wo}l el P A
3 2|42 As™ Cre] 242 vi¢ =2 Aoz A7
v 2 AFZA A AAF ECsott> 29X =S H7t
7] 918t Fod AFo=w 4 4 gloz A4
©}. Hwang et al. (2009, 2011, 2012)-2 H. pulcherrimus v
of WA Fol X JeFE o] 43 AFA Cde] ECso
< 244.04 ppb, Cu= 10.32 ppb, Cox= 71.84 ppb, Pb=
45.13pph, Zn& 19.82pphz. ¥ 13}lgit). o] ATAF}
£ o] &3te] Fa%el wgk H. pulcherrimus vjj o} WY&
| )X =4 33k Cu>As>Zn>Pb>Cr>Co>Cd
%02 Uehd 4 9lo}h. Kobayashi (1994)= 47 (Diade-
ma setosum)2] 7] el mIAE AN FFE F
oA Hgel 74 2 $4 43 neler] Cu>Zn>Ni
>Cdsoz s nAe Joz nusgct 2ot
o) 27) el WAL FFE TS 24T YU
(1998)2] ZAF}e|A] o}lm =z ErlAlE] (Asterias amurensis)
= Hg>Cu>Zn>Cd>Ni o3 oJgg nxn v &
7}AH2] (Asterias pectinifera)= Cu>Hg>Zn>Cr>Ni =
o7 ZAo] Z Ao=w wstgth P (Paralichthys
olivaceus)e] 4= 13188 | L£-3F Hwang et al. (2012)
o] QAFolMi= Cr>As>Ph 5] odgfo] Z Hoz B

2SS o AFARE AEF e 23 54

2

o2 H
oo b
flo

o digt RIZt=e} Fa<rell w3 A 54 2}
o7} A& Aoz A, AIY AEF whe =4
719} 22 A= aEsof & 7ot Cust Zn
AE Al olel A FAS 93 A4 vFIFEAs
2 2 od=A gle] 5A4e] @A vebd ez Ay
o, Adif ez 540 Z oz veht, &5 54
F 712l 3 F o FAH A77F eF Heo=

Atz EH.

¥ A723E 243l Dunnett'stests A A5 B
0] ©]g LOECo] ofslwl shobyeiAl Wola As™
Cro] 5= 6.25ppb 2! 25ppb= %38t 7%, H. pul-
cherrimuse] ZAF wo} RIS =4 ofskg wle
o7 Eg. £ A7 AR 9 #EUF HeEd F

EHIES 2R o] FoX AEA AE
A F4A BRI Q] H. pulcherrimusE: o] 4-3F
2, FF AFY FeEAd A3k FAE s

g

7} Aol 43l 249 Aoz Bt

4:2
oX WL o

o 2
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I

2= A1 A (Hemicentrotus pulcherrimus)e] 2§ 2142 2
pluteus §-2& o] &3}e] FF<£9l Arsenic (As)¢} Chro-
mium (Cr)e] A} $A& 2 wjo} WA Fo n|x:= =
A od3ks z A}l T H. pulcherrimuse] A5 2 )
o} WAl Fo]] mx]= Ase) Cre] =A]-2 6.25,12.5, 25, 50,
100 ppbe) H=oA ZA}slIt) 0.5M KCI 8988 o] 4
3led mlgt 2 wlAS S=39 3, A SAE 2 wjo}

Z

A% 108 9 4TA Bsisict
15

T 24 F

As¢}l Cr& 71314
of WA E-2 ZH7} 94%¢} 93% °W° "]’E}k‘l‘;} ol F
=4 A7l o8 AES o WIF YA o
AT wjo} WYL px o)FH ZHisl= oz
ehtom, Ase] H7lell 2]s| ufje} A& 6.25pphel A
frolHeoz ﬂAs}aiJ# (P<0.01), Cre] 739+ 25ppb
Al f-2A el A el (P<0.05). H. pulcherri-
muse] A4} uf o} ﬂ‘*ﬂgoﬂ A3k LOECE Ase] 79+
6.25ppbE Cr 25ppbs Yellet. o] & A7ZA %= 3
S} A HellM As7l 6.25ppb, Cro] 25ppbE 2338k
=Y W& H pulcherrimuse} 22 733552 A4
Bilge 743 A4y Zoz idd 2 74
£ vleto =, H. pulcherrimuse] A4} wfjo} A EE o] &
g AEA g FE453 22 fE g A

SpAEA ) dge By 1T Ao f

7l o142 4 Qe Aoz PurEdh
A A
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