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ABSTRACT

This study was conducted to find out biological response of Manila clam, Ruditapes philippinarum exposed to lead
(Pb). Experimental period was four weeks. Experimental groups were composed of one control condition and three
lead exposure conditions (0.25, 0.50 and 1.00 mg/l). The results of the study confirmed that lead induces reduction
of survival rate and oxygen consumption rate and histopathology of organ structure of the bivalve. Oxygen
consumption rate was observed exposure groups lower than control decline by 25%-72%. Histological analysis of
organ system illustrated expansion of hemolymph sinus, disappearance of epidermal layer and degeneration of
connective tissue layer of the mantle. Also, histological degenerations as epithelial necrosis and hyperplasia of
mucous cells are recognized in the gill and it was observed expansion of hemolymph sinus, disruption of epithelial
layer, decrease of mucous cell and degeneration of connective tissue layer in the foot. In the digestive
diverticulum, it was showed atrophy of basophilic cell and degeneration of epithelial cell in the digestive tubules,
and as the concentration of lead increased the accumulation of lipofuscin increased.
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(Fe), ok (Zn), &2t (Mn) 5°] &3} nj24da82 A
= AdelA T Aelrlee] A AA 4L Tt=w
(Cd), & (Pb), 4= (Hg), ¥4 (As), Z& (Cr) 2% ol&
= FAAEAY] 2 34 eddle s #g3gh} (Viarengo,
1985; Fichet et al., 1998).

Fo5 7R gl 93t A4 FHFFE] eSS
Artemia salina, Crassostrea gigas % Paracentrotus
lividus 4 2342 o)A} (Fichet et al., 1998),
Ceriodaphnia dubia®} Daphnia carinata®] 2§27}
(Cooper et al., 2009), Perna viridis] o}7}n| ¢} 43149
T-x4 olAte| wE 7159 A3} (Vasanthi et al., 2012) &
o] RuEw 9lc}

e dFger <l AEo] e HIM=E H7ls)
= 4L 934 el (hazard identification), ==%7}
(exposure assessment), £3-9H5- 7} (dose-response
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assessment) 2 #I3ll= 24 (risk characterization) 2| 5
2 4ahAlolTh (NRC, 1983). 1o} 2 whiel we} S =
F7ks17] $Jsll-E A1 ZAE (indicator organism) ¥ A&
A& (biomarker) ¢ AAo] F g3}t

AZAE 7R ol REL FE oAl ofsf Hol
£ Aolsl| wliol 3ol fA &5k B3 o] 54
o] vro} dAFer A7) F3tEe] olu, AR =
2AYEY] FHL Lol AelA w5 AleHEe]
vtol 54 28] e AAEE Lol ] Jgt A FFo R Hol
AH8-E] 9l (Marin et al., 2006; Schintu et al., 2008;
Husmann et al., 2012).

AEARE AEA vxe A 2dEY dFE 5
& 5 o AR B AASEY A, A Y 7 5
ARE AAse golo|th. AEAFoll= AelehA, AsletA,
AAABESA, 223, FATA AR Fol
et al., 1992).

$gyetel A »ixlEl, Ruditapes philippinarum2 A4k
o] =2 Fag AEA 7R UEA sekgEAS] &
g, AL 1e W AN ok SdelA #er) 28
gk Foltt. & dAFellA vixFel nlAE el 5495 A
35 9 24 AR 5 o83t HrskAl sigich

e o &

ot

A
2 oo AHE ulAl=l, Ruditapes philippinarum-2
7 3.0-4.0 cme] Al on, o3 W Tl o]ate] ¢l
= JNAE Aol AHg-sisitt

AFEA Y& PbCl, (Lead Chloride, Shinyo Pure
Chem. Co., Japan) & 552 1000 mg/l9] ZF&Hs
W v, AE sEEE 3AMske] zAlskich

2.4
1) s&¢

FAEA A3 =x = Watling and Watling (1982)
7} Viarengo (1985) & B 1E o]43}s] 137 =TS AA
shgiek. 7 FEollA 23] WHEAIES AAJEle] LCs-96 hr
< TE O, olF 1Fe Y dixtet 379 e
(0.25 mg/l, 0.50 mg/l, 1.00 mg/l) & A3}t

2) As=A

i AYelA AHE 2 FElE AlAE 3019 ASES
23k ARAEES AT F 1574 o A B
FEAYE ARG ARt T BFE Adeie
2 3glen, #2317 + 05Tt

WS A9 wEAY 0L 4RGP 4 FETY =
F5ol2 S WEE neisto] 4 20-30 A5 A
T FoF B

<

AdxzACR F)Pon 422 17 +
0.5Cgt) Hol= AlE-Z83E9] Isochrysis galbanas 7l
A & 1-2 x 10° cel/ml® 30 13] FTF3kF 3, AF F
Ad AAES] BHEE A Ao Wske) FEE5 s
3= Higsl] S5 34l & A ASeE 233l

3) NZE 24

AR Aol shde Men gk s Ao
S3elA Q1§ AL Sete] whgo] Gl
A geshgic A el oA

=] Tl o3t Atk 2wl SAFe] ZAESIOL Ak
ZnlEre AYAEo] 77]9 w} 0.5-1.6 12] respirometer
chamberg} AF4273F7] (Isteck, 915PDC) & ©|£3lo =4

5) =5y 24

upA|ge] 4 5 SAPAE A5 F et 5T
opzhw], Wk 3 Aspgdo] 2FE A
o} Fekan| A 2AREARE AE
ol 2447 F<k sk, 48417 &
o}l slebd ARl o 4-6 pm FAR A% AR &
glo]= Fefxo] FasIgi) o ¥, Mayer's hematoxyline-
eosin (H-E) <34 % alcian blue-periodic acid and
Schiff's solution (AB-PAS, pH 2.5) uhs-2 AlAegic) 1
g2 lipofuscins #<l13}7] ¢J3l] Long Ziehl-Neelsen 94
< Asstgien, lipofuscing #Tr]&E Lee and Park
(2007) 9] whiel uwie} #nlR SPHEAAA (IMT, Visus,
USA) & o]&3le] #A3)3lth

6) SHEN

HzTol Ft 25759 F9F Aol (P < 0.05) &
gdolr 7] 93 SPSS A T:IaE |83} paired
sample t-testE 3}t

2 =
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Fig. 1. Mortality of Ruditapes philippinarum exposed to lead

for 4 weeks.
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Fig. 2. Oxygen consumption rate of Ruditapes philippinarum
exposed to lead for 4 weeks.

el A dlz=TelA 0%tk ¥ =579 0.25, 0.50 ¥
1.00 mg/l®] FETolA= 7.0-20.0%4 FAAES 23
ou Fofake §ol

2. A2 Z2v|&
T 2Ee 93t viA
yepdile}, gzl v)s)
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=F 3% 7P Askew, wmy HE dxye vE
25%-72%2] 742 Yehggitt

3. 712A1¢] =23 W3}

x| ojEuke xxsA o7 npgAlE]=
AT o2 FAH Ay
o} FHNEER °lT°1%ﬂ et
¥ ZARER TAE, 932
R e I 7}%} v =%741 0.25 mg/19)
TETIA A5 Ay A
=717} JerLEJ‘ﬂD‘r 1.0 mg/l®] FEFAE= &
A3 AgeASe 93] 9L FEAQ Aulse] A
o] J&ré}ﬂ&’it} (Fig. 4A, B, C).

ophle Ao dard ARER TS, 44 A
A Ap2e 2oz MR 9Fy AujAEel Hn ]Aﬂiv—i
o]Fo1A e} (Fig. 3B). ‘Foll =&% whrlhe] ofrju]ofA]
+ 0.25 mg/Igh 0.5 mg/l =704 50% A 4Fe] A
el EAeke AR 93t 1.0 mg/le] FETeAE
A A AEEe] 2t A $37F dehstt (Fig.
4D, E).

o] 9SGl o redg v R g e R AR
7Y ALl FRAEER o] Fo]A glrt (Fig. 3C).
o =2 upxge] oA 0.25 mg/le] EEolA TiEo
MAES Aeee] Axdat Axe] 2, Ause] b53t o
Eh 5T T B Aol Aol s

on, 05 mg/l9] FEFAANE 495 g2 L HAAE
4 BES :LE]EL AgtxA5o] HAdo] ¥ 3ltt (Fig. 4F, G).

23 o] asATER s, st
S GFoz ARAFY AN e} IAVANEER o] Fo]
A 9t} (Fig. 3D). Holl =&d wpxghe] A3pvdolxs=
0.25 mg/l9] FET2| A% 23AAT Ao o) Az W7}
] 5217} vebget. 0.5 mg/lek 1.0 mg/l2l i&?—oﬂ*ﬂb 3
A7NAES] 153} lipofuscine] FE7} FHslgle
mg/l9] FEFeME LA 495 o5t 4&45421
t} (Fig. 4H).

Fig. 3. Histology of organs of Ruditapes philippinarum. A: Mantle. B: Gill. C: Foot. D: Digestive diverticulum. C, cilia; Dt,
digestive tubule; Ep, epithelium; Fc, frontal cilia; Hc, hemocytes; Lc, lateral cilia; Sc, secretory cell.
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Fig. 4. Histopathology of organs of Ruditapes philippinarum exposed to lead for 4 weeks. A: Mantle. 0.25 mg/I. B: Mantle. 1.0
mg/l. C: Mantle. 1.0 mg/l. D: Gill. 0.25 mg/l. E: Gill. 1.0 mg/l. F: Foot. 0.5 mg/l. G: Foot. 0.25 mg/l. H: Digestive
diverticulum. 1.0 mg/l. C, cilia; Ct, connective tissue; El, epithelial layer; Gf, gill filament; Hc, hemocytes; Hs, hemolymph

sinus.
12

10

B > 0

Distribution (%)

xS

Control 0.25 mg,/!f 0.50 mg/f  1.00 ma/d

Concentration

Fig. 5. Lipofuscin (Lf) distributions in the digestive diverticulum of Ruditapes philippinarum exposed

to lead for 4 weeks. Dt, digestive tubule.

4. Lipofuscin ¥4 &

W o xEol 93 wpxEhe] &3delA Long Ziehl-
Neelsen g4 A3} A& Jeldl= lipofuscin®] +¥8]&2
fz2Tet 7P e =w 9l 0.25 my/lelAdE 0wtk A
wk 0.5 mg/let 1.0 mg/le] =794 lipofuscin®2+= 217+
3.33%%} 7.04%% F& oA FEu|ES Eild (Fig. 5).

Aze e AL o He4 Az AT AR
A whgo] A, webd S84 #oskie] 9] A

AEARE F Solds eddl e

(Huggett et al., 1992), £ Aol A83F A=A Z 718

Solyge

o el AbA anlE A4 olejgt e Belth FEle =
%3 Pseudocalanus sp.¢} Calanus sp.o] AtA: AB|&e
w3l glo] AAsHA F-A=} (Reeve et al., 1977). 182
TBTCI, 2, 7l=%°| =% Littorina brevicula®] A4
&g FHasirt S7bske A ®eldk (Chin et al.,
1999). 3dHAJut, Felo] &= AFHx|, Mytilus edulis
(Brown and Newell, 1972), 7}=§3} oldde] w33
Perna viridis (Cheung and Cheung, 1995), 7}=+¢] 20
A7t %% Neomysis awatschensis (Kang et al., 1997)
a8z &3 2F) =23 P viridis (Vijayavel et al.,
2007) 9] AbA An]EL Fadth & AFolA el =2
upx|Ehe] Aba Au)E2 FRasior) oA Soleke st AEF
<+ 29 TBTCI, 2, 7l=&°l &3 L. breviculas} A}
s} byt

ol A HEA % FEE T eqUEE A%,
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opzbn|, A, i |z &bl FE SAEA
(Morrison, 1993). AZtH Ao o)L FAAE2] 7|4
T2 HIE doA Aty Ev¥E gt (Watling
and Watling, 1982; Gregory et al., 1999; Otludil et al.,
2004).

ojujshFol A o Fu-e 342, siztEA U &R A3t 75
< 35k 7| @Alolch (Eble, 2001). $%2. G0l <3t o]
wslj o] o] Fut o] Au]Fe] Aol Exske Axd
I AESe] 2, AMAEEY ZA Th, AFEASlA

Aot 24 chie] WS & 4 vk TBTCIO] =&
Jl&, Gomphina veneriformise] &% AuA|Ee] #H
4 oS AjxA Sl TS AdEA e W3l ol
229t} (Park and Lee, 2008). E&F, 3ol x5
upx| 2o o) Futel A F] L] 2w} “—é’—_r@] A
A Az g, Ag2A5o] 245 ohie] £47 A
A AAA| 2] Z7}7} Fel=] i) (Park and Lee, 2011). &
ATolME el 255 upx|2he] o] FualofA D‘r"h* FA8
A o)l Holed, ol#gh &Fuke] oAk AAA ]l 9 F
3750 Aol % s Fejo] 713 & i low g
ok

ojujsl| 2] olrtul= EEFE ok ofuE} A4 Vs
q3}= F a3 7|34 71 sheld)t (Benninger et al.,
1988; Eble, 2001). %2 F&, 44, A =59 &, AF
&3], viAE oprtule M= A AEEe FE, E3ZF59
2, A ARde] 24 a8 A9 A5 e 59
5 o EM ] 7eE Al A ] WY (Kim
and Lee, 1988). DDTE} PCBel 245 FAH=9] 3fQtelA
AR AT oprtu|eA = Aitulel SHA T &
7)o} ZwAd o] ekebo] s it (Sunila, 1988). 2ol
%Z3 P viridis (Gregory et al., 1999) ¢ 3% 294
oA HA= P viridis®] eP7lr| A= o)} AR 24
o]Abo] ®1E| 1 glt} (Vasanthi et al., 2012). & A A},
ol =53 upx|2he] opriw| o]t s5ES] H3l ¥
ool 7)5e Aol s e Zlew AyzbEict

ofufjsh 7] ‘?lré/] AAAER FAE A e ol
s W ZH5S AL v TEE sk Ytk
ol THTX AR 3 Al olsh FFIHA AA| s
A 01%‘@} (Eble, 2001). 0.4% 0.8 mg/l9
endosulfane] 309 %<} %= Planorbarius corneus<)
e v E 10°’°ﬂ‘: AN E o} AN LT} ST & x5
209 o|Foll= v Fhashe, e 27t gtk AR A
Al AAENME AR 223t vEe] FATEe] 9
S 220l J&é‘bﬂﬂr (Otludil et al., 2004). E3k, o}l
o 5% 8] U2 x5 27)ol= AS Axde] A5t

¢

=
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AL, FEHFE 7% 3
{L%“ %—’F{‘%ﬂ A ohike] £A5} vepdel Ju et
5 pAgke] w2 0.05 mg/l 5
E‘TL“%W ’%}ﬂz"] v $5w, 0.013 0.02 mg/l “s=7lA+=
4ee Az gyl 240 (Park and Lee, 2011).
o &% wix k] oA ookt FxA ojstEe] ¢
ZE g, ole nkAF] o5 AR 7] AR o]
oA = 9l Aol
ojufs ol A Azhrde ii}ﬂxﬂﬂ 23 F+ 2 o4
A9 =755 sk, bl o e 7]l viE 2
d9e] x4 o] =t} (Moore and Allen, 2002). £3], o}
o, 72, 7t=F, W] sEE ophuy o Fut B 45y
FollAl =t} (Husmann et al., 2012). 23H4d& 743
ANEEL & AT FrBked a8 A%} €
(Depledge and Hopkin, 1995). 0.08 mg/I9] F&], o} ¥
7tegol 419 F¢t =59 AFaEA ] L3S 74
e AMAEES EF ARJF 2A4F3H (Soto et al.,
1996). 30%¢ E<¢F 0.227 mg/le] YA Ed
Lammellidaens marginalis®] £3MAA#-& Abs]$-9] 1l
9} 71A4et F2)@dAke ®3lt} (Andhale et al., 2011). =2
#lole] AlZhet 78] e dAdellA A g AFEA|e] AashA
Aol A W7te] o] =W, o] Axrt Algk A
A ARG AAES 397148 AT nlEo] Ei, 43|29
H]&-2 Ut} (Zorita et al., 2006). & A7 A7}, 23| A
23}, F, v 2SS 5o gkl wojske A3t
AA e A e} TR7IAEL] Hake} 937t AEE G
=, ol g AR QlE) el =55 viAe] ashAolA =
AR HAREo] Erled Aox =
olmisiFell Al lipofuscine T2, o}, A, 47k, vl
I 2 FEd o|2EE TS AIBY SEaAE oA
A7) wgoll Fadolu AikaFel gk 2EH A F
AEZE o]g=e] g} (Krishnakumar et al., 1990;
Viarengo et al., 1990) AFFAE 155 F9F 0.8, 5.0,
20.0 mg/l9] Felol =% A7) Az, aFmelA fafiA
23} lipofuscing] £#o] £7}31%3., PAHs, PCBs$}t &
w5 259 Aol A AAEE AR ] S8t
I lipofuscing] B]&% $7}813it} (Moore, 1988; Regoli,
1992; Da Ros et al., 2000). Tapes semidecussatus®] 73
Fo® wxEe Fuded o9 AA xEA7] F dx2T
o} w3 Ay, dlzTe L3l A= lipofuscine] ¥
A AT FuE xETolAM< lipofuscine] thFe s
ZA=3tt (Byrne and O'Halloran, 1999). 18X
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Thermaikosute] A|Falldx]e] AshdAld A A Lol 4
3 ARl aAlet FALAES QAR A5 9]
o FEAETL oo, Fade T SalaA] =3 o
Wol| =gt} (Domouhtsidou and Dimitriadis, 2001).
A7) AAE TR, woll 253 v e A o
< o} (Ju et al, 2006), =29= (Lee and Park, 2007)
o 227 A, 28| vk rdslise] &7 A¥)
(Park and Lee, 2011) 53} wpa7}A| 2 Azt A=A
22 x4 HAT 3 Fx oJEA 2R lipofuscing]

27} A veps

2 o

=

wol =23 npx]g, Ruditapes philippinarum
2] uhe-& ol Al sigivh AfI|IRE 4550
o, A¥7= g7 Uhek ¥ =57 370 (0.25, 0.50 and
1.00 mg/l) vk AR Ax} G- wpx] ] JE2&7 AL 4
H&o] A3} 4 7)Ao A A HAS ke Zlo] gl
Heh o 2ETeA Abaan]EE 25-72% st )
A 223 A Ay, o5t Ae S AdeA 5] W
A, o7hu] AAAEL] FIlet AuAEe] HA}, WA= A
759 57, AAA RS 4 W I3 2 Fo) A} A
o WS veich Asbige] astAATelAE 597
AAE} AoAEe] 9E 2 T =407 lipofuscing]
Ao =ik

e 2

2orle

T
3}
&

> ox F\'E

>
ad
rlr

A A
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