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ABSTRACT

This study investigated concentration of trace metals, intersexuality and histopathology of digestive gland in
Ruditapes philippinarum. Samples were collected from three areas of Gamak Bay in May, 2010. The concentration
of trace metals showed that Al was highest, Zn was second high concentration and the lowest concentration was
Cd. The intersexuality was 18.5% and female was higher than the male. Intersex type was observed one type.
Destruction of digestive tubule epithelium was highest among other biomarkers in digestive gland. Distribution of
basophilic cell was 5.8% and lipofuscin was 1.8%.
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FAAYEANA BEelAl vAE B AEHA 29l o E3 AR F99 2995 A 542 SolsiA|ut
5%, WvAZl=4 (EDCs, endocrine disrupting Aol Aol a5 Aol o} 54 g e GAEHE
chemicals) ¥ Y234 38=4  (POPs, persistent dolwy] 93 xFEFo 7 o] AgFT 9t} (Rittschof
organic pollutants) °] 9t} (Rand and Petrocelli, and McClellan-Green, 2005; Husmann et al., 2012).
1985). ©] 7H-dl Ta5E As A FAA ] At diaL ekt AR e RS Y 2243A ARS
Agst, Azt 2 A akge] wWIE St - A B A FElA SEA ofg A Ao A
(Stasitinaite, 1999). A9 TS Alekedl FosHA olgHe FEeln

FAeqle qls) AEe] v SlE=E Hrishr] fsiA (Huggett et al., 1992).
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Table 1. Concentration of trace metal ions in soft tissue of Ruditapes philippinarum

Concentration Al As Cr Mn Co Cu Ni 7n Cd Pb
of trace
metal ions 306.8 33.7 3.6 24.3 1.3 13.6 2.9 76.8 0.5 0.8
(mg/kg) #1159 *03 05 18 *02 00 03 03 02 *02
1.4 5 5) SH7|MMZet X2t

£ o7 A3 wlxE, Ruditapes philippinarum
walieh sk ek 3% (HEhdE® oAl AldE 4
(N34°43" 39.73"” E127°41" 42.78" ), B4t &% %if&
N34°43" 32.93” E127°45" 51.53" ) 3} St A2%
(N34°38" 10.93” E127°42" 45.24” ) °|4 108744 (7¢ 7
30.6 + 5.2 mm) = A s}gic}.

r& ~ 2 o

2.4
1) MUl 0Z23E ol2 4

ABE sl - 80CRE FAZAX3}] 2% HNO;
(Nitric Acid 65%, Merck, Germany) & 29 o|A Ax]g|&
sich AAE AEE 2% HNOsE 100 ml A3l o
folo] gBRZ HH3le] ICP-MS (Perkin Elmer,
NexION®300X) & A v]F54 o] &2 55 433l
3ege vEEE ol ¥4 A, Semi-Quantitative
Standard (SQS, AccuTrace Reference Standard) & ©|$
sfol Z781ic.

Bt 2ARE AR 8T %
=] 7

Z, A ae} &
v‘i‘% 7—4%3}04 Bouln *‘l"“"ﬂ 12/‘] 4y &

],
% 7dstaL, 24

5]—°3"/]- B Mayers hematoxyline-0.5%
eosin (H-E) 94, AB-PAS (pH 2.5) WF-3} A2 4 5
BE317] 93l Long Ziehl-Neelsen A4S X33}t

3) Ol MMA M=

o]/ﬂ/\gﬂ ,q]
< Begn| e
gaollA e A

|

W HF 1 em?Y 5-671 A A FE
oz & ‘&éﬂr Wi 719 AAAE =
ZnkE 7)1E

SAES) oz 3

O AN E w3 el Lee et al. (2010) & ¥HHS o]

golo] 2o v £HE PRk

e K EE TS
2. @013 ¢ % oﬂ we} vehet,

HA
23pAellA 39712} LES
Jeon et al. (2013) ¢ o] w}a} g (%)
w, du|g 3AEA7A] (IMT, Visus, U.S.A)

e EAese,

6) EAEH 2
77k} FoJ Al Aol (P < 0.05) & dolr| 913 SPSS &
Al T2 a3S o]g3}o] paired sample t-testS AA|5FSIT

2 =

1 AY v FFE o] 29 T

A wlEgEE o] ¥4 A7), Ale] 306.8 mgkgZ 71
o Ex s Yepon 7no] 76.8 mgkg® F WHAR &7
yebgith. 283 Cdo] 0.5 mgkgz 7P Ul depgt
(Table 1).

2. O QAN E TH &3] TE Jo

o] AA A E 2] &L 18.5% (n = 20/108) F eSS
w, Aol whE o] JAAA E] &2 T 74 A4
34.0% (n = 17/50) &} 5.2% (n = 3/58) & <A o] =9k
ol 2AA 07 o|JAAAE T FelE T A BE
HAA Type 1%+ 2=} (Fig. 1).

Fig. 1. Intersex gonads of Type 1 in Ruditapes philippinarum.
H-E stain. A: Ovarian section showing the male gametes
within the oogenic follicle (Of). B: Testicular section
showing the female gametes within the spermatogenic
follicle (Sf). Oc, oocyte; Tt, testicular tissue.
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Fig. 2. Photomicrographs of histological alterations on digestive gland of Ruditapes philippinarum. B, C and E: H-E stain. A and
D: AB-PAS (pH 2.5) reaction. A: Showing atrophy of digestive tubule epithelium. B: Showing destruction of digestive tubule
(Dt) epithelium (arrow head). C and D: Showing filled up cell debris in lumen of digestive tubule (arrow head). E: Showing

increase of hemocyte (Hc) in connective tissue (Ct).

Table 2. Frequency and quantitative scoring of histological alterations on digestive gland in Ruditapes philippinarum

“Histological alterations ADtE DDt FCDt IHCt
Frequency (%) 0.9% 100% 31.5% 13.9%
Ruditapes quency 7 (n=1/108)  (n=108108) (n =34/108)  (n = 15/108)
philippinarum . o . - +H+ +
Quantitative scoring (h=2/394) (0 =290/394) (0 = 71/394)

" Score values = -, none; +, mild; ++, moderate; +++, severe.

” ADtE, Atrophy of digestive tubule epithelium; DDt, Destruction of digestive tubule epithelium; FCDt, Filled up cell debris in
lumen of digestive tubule; IHCt, Increase of hemocyte in connective tissue.

2 A e ashdAge] AelSe dseR
o]'i]%‘ﬂ M oA 2et 39714 HE (basophilic cell) %
23R AN ESE AFFeR 59
= 2t e T, AR el ‘:]"r
7HA AL QSlek ST 2 A3l A
|25 Apolell A= 453 Aot H-E 4
3, Fgshrel A 297148 vEhie FEE e
o] Asta, A2A el oo A4S 7HA

iﬂ

EW oA ol 7kA] =2 8hA w3y} ks Qi) (Fig. 2
and Table 2). A HA 224 H3l= L340AF o5
A5ololet (Fig. 24). 7 WA W3l AspdAld A9eE
TR AvA 29} 397149420 2 gict (Fig. 2B). Al
WA A3l H-E 94 25, 2spidAlg W etel o125 Al
X g FHo|gith A FlEL A ERl op e}
SA7IAAES] s R Q] AEAT AEA e 9iE
EAZ ¥ty w3 AB-PAS (pH 2.5) 9k ZAd £
Aol A AAFRTL ab ole MAEe] Woktth (Fig. 2C,
D). u] A =24 3HA W3l AspidAl Ale]o] Ao
kel g4 7150 (Fig. 2E).

4. ZQRINRAZ} A RN I W&

23MAeA 22 W3} EEA] ok Al
FTANAAE EE v]E (Fig. 3A) & 18.0%F Yeptoy &
Ao zA gk wsp) $EE aspaATe] T97HAE
X WEL 5.8%F AN LspaATe] 37N £ E 1]

ol W) 27t oF 67.8% ok

2AAT A E A TA EETal= b
Long Ziehl-Neelsen 4 Zyl Axdoz ulh$-3}sd
(Fig. 3B), °o]5<] ¥ v]&2 1.8 + 0.8)% it}

o #

NES SRR AN o AeEUA <lgt A
s wbgo] At webd shtgae Aokl slel A
A RE W 8 S 7Rl shuoltt (Hebel et al,
1997). spAt, EhEAe] s sk gl AEAlR
uhs 7 alE A-lBAIE skl of#R Aol $l7] A
ol 3heha] EAe] Wo] dgsirt

199349 7hemtel] AAsl= wpAlEe] A F55 5 %
Mn 5.7 mg/kg, Cu 0.9 mg/kg, Zn 7.1 mg/kg, Pb
mgkg © & Yepgoy, 2 odF Avle|xE= Mn, Cu, Zn,

Fig. 3. Photomicrograph of basophilic cell (Bpc, A) and
lipofuscin (Lp, B) in digestive gland of Ruditapes
philippinarum. H-E stain. E, epithelial cell; L, lumen.
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Pbe] “sx7} oF 109 #& S22 vl E3F 2002 A
st Hapatel] A A)3l= vlx]e| A= Cr 0.9 mg/kg, Co 1.6
mg/kg, Zn 69.9 mg/kg, Cd 0.8 mg/kg, Pb 0.5 mgkg® Y}

o, 2 oy Az X Crat Pb2 <F 3¥l, Co, Zn,
Cd2 <F 2v o =7 eyt

olgigt A= heutellA F54% edo] JheshEa e
o, O Adun 55 25lo] Alstte AL vjdit

3pebA o dslell gt o]mishFo] AEAREA Au], A2
e, o] QAAAE W, QA LA, 228A w3
$9717 B AL EE nlE 5ol ARE gt o] 7}
£, o AAANE BHL Mytilus edulis, Scrobicularia

plana, Gomphina veneriformis, Scapharca broughtonii,

fot

M. galloprovincialis, Crassostrea gigas, Ruditapes
philippinarum®|x 387 2G| Ao & nx]=
A1 ZZ AHE-E%Y} (Strand and Asmund, 2003; Chesman
and Langston, 2006; Ju et al., 2009; Lee et al., 2010).

%% 7kl Zn, Cd, Pb> EDCs2A] W] Alol 24
stel ARIEHA 2 AAAELA Halsh o AT S
=3t} (Ju et al., 2009). Lee et al. (2010) = 7}atel|A
ARE 2, C. gigas YNA 47.8%, 714 24.0%, ¥HA]
2 AlelA 37.8%, 74 13.8%2] o AMAAE WS
B uslRet Znol &% o, G. veneriformis©lA Zn2]
AW 557} 75.6, 160.3 mglkg 4w, oA E L go]
27 25.8%, 21.1%E JePkomn], 5 FEod ZF $719
AR}k oA E8Eo] FASA 2o} Zn7} HiE2] A3t
75E FESRE Aoz dEFHY (Ju et al., 2009).

= dgelA delRd uwpxEe] ol AxAE wEE
18.5%% Yehon], £75 ) sFloA o 22 #dES
et ol A4 Aol= Aol 2 FE== vehd Zno
e 2 Jew Holu, HBIAQ v aqlel 23 dF
e 5 A7t ad oz ok

TEACNA AdA ez s o] AT - e
o et A= WARE 3 2 Al o) A E= o] A
Axe] W Hejo| gt A= Wol ¥Z3)t}. Chesman
and Langston (2006) < EDCs®l| 295 2| A =7 S.
plana?] AA2eA g wkd o] PN FeS 5
& 6xtAle] oA 2] e TGAE G Lee et
al. (2010) = =3} vpAEelA] Ao i v o] A
X 3} QYalavd Abolof nidiAg o] A A2} s F o}
| 4 FeiE Zaspglt.
2 AFelA o] AT L Hele v
7b BEE A, Foll whE Aol E vl 1A £ Sl TS
o] A7t FE53] wol F Sold, 248 5ol, v=9

4 % 2% 977} s,

of o rlo

P

N
£ et

I~

N Lo

Exl

b

o
JA

H 3t

tol

=/

ojuffsiFellA FEEE ok 7|3kl w3 Azt Al
F2 $4%}. 53|, Zn, Cu, Cd, Mn& op7}n|e} o] Futn
o} &34 o W] 4%t (Husmann et al., 2012). u}
A, 2g9EAe] £45 L3S T ARES] &2
=499 HUsled F83 A7} ®lvh (Depledge and
Hopkin, 1995).

ojufsfFo] A3t =AY 43} F4 ¥ AHEAES
= 71stoloh sk aspAAIES Ao 2 74
H, &3PAATE T2 SH7AAES} AAZE T

dth. TANAEE AT 435 3 540 &
nlo]| grojshe, Ao A= Holo A2 4315 T
gt} (Cajaraville et al., 1990; Ju and Lee, 2011). ©]2]3t
23M4e] 7o Qs Al FA9 FEEES 43
AAMZY 2 2 7]5E A g (Soto et al., 1996;
Zorita et al., 2006; Andhale et al., 2011).

0.08 mg/L 552 Cus} Zn 182 Cdof| 419 5+ =%
= AFeEA ] LS T ATAHEES BT
ARzt 24590 (Soto et al., 1996). 304 &<k 0.227
mg/L, 5% Nioll %% Lammellidaens marginalis2)
aspold 2SR 39 shish et v
(Andhale et al., 2011). X2 4o]2] A1Z3F Cu L. GAFolA
AR AFDx o] 2shde 2stAlge] o] abE o)A

J5 23 AlA| ko] v]go] 66.6%% UERSTE 3 299
=7h ARk A FelA AR R A dF 39714 A2 v
0] Folxr|x, AuAEe] v]&o] Polxr} (Zorita et al.,
2006). 3HATE & AFellA = viAEe] LstAdAg A4S 5
7z Q3] 9714 A2 v]Eo] A vkt

E Aol vpA =Y kA e 25 A3pAAT A
Az WA, Wk ctell AT Foj=dt AHe] 54, A3=zA
5o d A& 9 5971 RS WA o] ElF it o]
A8k WAL A AdMAelA 43 #v] % dE 5o
AR AR TS ARE Zlew A=

AT o &3laxle 7lse] aA% AxL7|Hel Y EZ8
g 2AES $eAAA A7FEs|aA]| (autophagosome) F
Agke =], ow] wmlEs] LEAS] EEAAE T iA
(residual body) &2 A|#FZ2A4ely g} (Moore et al.,
2006). o|msliFol A APAALE FFEY AxtrToR
o3t ~EH 20| o3 A7 t} (Krishnakumar
et al., 1990).
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Tapes semidecussatus=
of =EA7 Az, AAYL7L chFew HAEM (Byrne
= =8
i=

Zke] AR Qlste] A AT} F7léet (Da Ros et al.,
2000). 0.1 mg/Le] Hgdll =23 AFdgxe LA
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23| 2ol = Z7)5l9ct (Dimitriadis et
al., 2003). &S 24F 59t 0.64, 1.07, 1.79 mg/L2] Znol|
25 A7 A AL E FROEAH SR SIS (Ju
et al., 2006).
2 A7 A, A=k AsMdA|l Tl A = 1.8%] A
X gl FlEglE, olHe A Ashie WA
715ABE ANE T35 2999 3l 2 fi52ge] A
Aol 3=]A] 13 AR g

x] u]—7‘__,}/\ A7

O:

o X&‘ i‘)’
O:

2 o

2 3= ¥R, Ruditapes philippinarum2] A v)3F
& 55, o[ QAN e A3bAe] 2AA A% w3}

olgste] o]5e] S UolruA Gtk AEe
20104 59 gkt @alieke] spekak 33xellA AT T
o] AW 4 FEE F4H 10714 5 o] 7l Al
o] 7V wkeH, F HAE Zno| =9kt 12| Co7} 7H
e TR vehgth oA HEEL 18.5%% e}

on, A o Zgktt o] AAAE I el g 7}
A Fel7h B gle), 2284 AR Ao 2AEA W

e X
A=
=
=

8, TPAES AL FENES o) §3isie &
A sl AsEe 307k b B e ule o

Elgttl. TAIAAEY] £E v&L 5.8%F YERGL, A9

2L FF S 1.8%3h
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