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ABSTRACT

This study investigated concentration of metal ions, intersexuality and histological alterations of digestive gland in
Mytilus galloprovincialis. Samples were collected from two areas of Gamak Bay in May, 2010. The concentration of
metal ions showed that Al (366.5 + 249.7 mg/kg) was highest and Zn (179.5 + 67.8 mg/kg) was second high
concentration. Co (1.0 £ 0.2 mg/kg) was lowest. The intersexuality was 26.4% and males (38.8%) was higher than
the females (12.9%). Intersex type was observed four types. Destruction of digestive tubule epithelium was highest
among other biomarker in digestive gland. Distribution of basophilic cell and lipofuscin was 6.1% and 1.5%,

respectively.
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M E

FARAANA AzelA vAE et AEHA g9l
S, JEnAgelEA (EDCs, endocrine disrupting
chemicals) ¥ EsiAdslstEd (POPs, persistent
organic pollutants) S°] <t} (Rand and Petrocelli,
1985). °] 7l Fa&2 Ae AW F240] At bk,
Aztsl, AEshA 9l z2AkA ukge] wslE fEdth
(Stasiunaite, 1999; Kim et al., 2006). EDCsE= £&¢] A
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Az =3} vl 2Agshe 2l FetEAEA 59
WAl Qe A AA7S 5o AelE ek =4
< wWiltl. 53], androgenic effectort}  estrogenic
effector 24 zH7 t}2 7)zbo)| o) Q&) galdal jEn)
AE wztAA Ao Fdoly 7]5& HIAAI (lguchi,
1998; Quinn et al., 2004). AlAIH 2.2 EDCsE= < 6759
spetEAo] Ao, 5% 7H-d Cd, Pb, Hg, Zno]
YAl ZelrlsE 7= AR FolEglon, A& 71
®x gl AAo|tk (WWF 2006; Ju et al., 2009).

g egleor I8 Aeo] = SEEE Hrlske ES
9184 &9l (hazard identification), =27} (exposure
assessment), £3F-191-3- H7} (dose-response assessment)
2 sl= AA (risk characterization) 2] F& 4tHAo|c}
(NRC, 1983). 9]¢} 2 "ol wet $si=F H713l7] 4
sjM= A FABE  (indicator organism) I AEAE
(biomarker) 2] AlAo] Fo3}t}.

ARAE 71 ol RiES T2 oJFAda]el o) Hol

fo
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Concentration of heavy metal and alteration of biomarkers of M. galloprovincialis.

2 AolslH, o]EAo] wo} A QEel A7} Zake]o] gl
G EE ANE S99 2495 A SAS SolspA
Aol Aol a5t Aefrtzoe] ol 54 A9 sdtHE
oolr 7] Y3t x| FFo 7 wo| AME-E 3 9t} (Marin et al.,
2006; Schintu et al., 2008; Ra et al., 2011; Husmann
et al., 2012). £3], A|Fs2=], Mytilus galloprovincialis
= A A <deke] @) #xshe, 197098 o), ‘Mussel
Watch Program' 4102 sjok3h7 29 2UEE 3%
27 g o]&=e gt} (Goldberg, 1975).

E]_ohg]. %z]_;{ 7]._,_31] Aﬂ/\l/\ﬂgﬂﬂ ) 57051—;4 ;q
o A £ AAF $2AA FHTA0 o 37140l A
Al e Arhsked Feshl olgEE F2o
(Huggett et al., 1992).

SAZ Al ke Hlduke SAklA Felse 34
21919 ofo] o, " 2ddE0] SJekew A whA
WAl 3] wtel AAsks Aee 39
FFe AEA LT e 5 glok fEuet Zhguke dElete]

Tl S1xsk A eA o vk Aluter, FH AL 2

70—& H}J_g} MEE /\g 3} 3L
= feke] mAlER <R I
S7F 9 =g FAFew s AejAe] e vt
(Lee et al., 2005).

wehd 2 Aol sphte] AAshe AFHRA A
0 7% 5, AN st a3pie 22 A AR
H3ke olgslel o159 hAAE oku s shich

ME 2wy

1.4 =

2 Aol AR AFlEA 129707 ellet bt o
b % 3, Aepde ol4a] A1YE <Ak (N34°43° 39.73"
E127°41' 42.78" ) 3} B4 952 <ok (N34°43" 32,93
E127°45" 51.53" ) ollA AAeglch. Al82] 7] 7t 59.1
(= 9.0) mmgch

2.4

1) A =
A&7 s-3le] 80T =E T2 Ax3}] 2% HNO; (Nitric

Acid 65%, Merck, Germany) & 2% oA AAE &4

% 0l2 4

Table 1. Quantitative scoring of histological alterations

o} AAE] AEE 2% HNO;Z 100 ml A} 3L o] gl
QHZ H-H3le] ICP-MS (Perkin Elmer, NexlON®300X) &
A 54 o9 §58 SAsIG s9Ed 55 ¢ £

A 4], Semi-Quantitative Standard (SQS, AccuTrace

£ olgstel Sk

Reference Standard)

il FARE AL ARE T 5, ALk
a3pAd %’——"'J:% AZ3te] Bouing-lol 12417 FoF 143},
FAIEITE 1 F getsl ARl o3 46 1

C’ﬂl A& H3 }“D}. ¥E2 Mayer's hematoxyline
-0.5% eosin (H-E) €14, AB-PAS (pH 2.5) WH-&-2} Aw-2-4
25 #23)7] 18l Long Ziehl-Neelsen A8 A 313}5ic)

=
]A%HAU“;_ ksl {1 sz-cl] 5-67] A4 AT
WaolA 71 AAAE
Es % i"ﬂ"i A7 2] A ]/‘ﬂiﬂ HEEE ANE J|Ee R
LGk o] AAAAE ”L?{i 331:41“ Herlin-Houtteville and
Lubet (1975) 9} Lee et al., (2010) 9] #PHS o] &3¢ =
AgH o7 | THZ —_r"%ﬂi’i‘:‘r.
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%) = Uehc

>

e
fu
)
2
_O'L
2

Z
M
o

Frequency of digestive gland alterations (%) =

Number of histological

alteration in digestive gland > 100
Total number of analysed bivalves
2344 Algke] 2A 8 Wah ARE o] AL B3 A

AVE ¥, Table 17} 720] tehgic.

Frequency of digestive tubule alterations (%) =

Number of histological
alteration in digestive tubule
Total number of digestive tubule

x 100

None Mild Moderate Severe
Frequency (%) 0-10% 10-40% 40-70% 70-100%
Quantitative scoring + ++ +++

-, hone; +, mild; ++, moderate; +++, severe.
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5) SUIIMHE £E HIE

43P 2A4E TASHE BA/AAES BT W EE ol
o Aoz Axkslel wag (4) 2 veilen, dvd s
£A4743] (IMT, Visus, US.A) & A-g3le] A 4slel},

Distribution of basophilic cell (%) =

Basophilic cell area (zm?)

- - x 100
Epithelial layer area
of digestive tubule (xm?)
6) XigzM2 BE HIg
a3pAelA AL B ulE2 o ARk
sto] WEE (%) % E}‘iif’_ﬂ%, Hul PR (IMT,

Visus, U.S.A) &

Distribution of lipofuscin (%) =

Lipofuscin area (xm?)
Epithelial layer area

of digestive tubule (zm?

> 100

7) SAN 2

7zt %Elﬁ 2l #po] (P < 0.05) & Lolir] 913 SPSS
£ Z2 S o]-83}o] paired sample t-testS A AT

2 1

1AW S5 0l29 5%

A =4 ol £ A3, AFEA AdelA +4% 10
7}A] 94 7184 Alo] 366.5 mglkgl® MY =& E=xE
el 2 5o 7 Znd 179.5 mgkgl® YEehger,
Co7} 1.0 mg/kge.2 7} & sx3it} (Table 2).

10[‘

2. | AN Z ZA &3 T Pl

oA A ] &S 26.4% (n = 34/129) = et
o} Aol w2 o] AAAA L] W &2 oI} A oA 2zt
12.9% (n = 8/62) ¢} 38.8% (n = 26/67) & T4 ¢
ok
SN
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(Type 1, 2, 3, 4) & 7EE90eH, 7 3
ZEoket. Type 12 A& djoll o] 42| 27} el 3
goln (Fig. 1A, B), °1E9 &d&2 FlelA 50.0%
(n=4/8), 57| A4] 19.2% (n = 5/26) STt} Type 2= A=
te A AAardo] e ol (Fig. 1C), #d&S
12.5% (n = 1/8) & A eAt Yepgrl Type 3+ M=
Aol o] gAAAEE] HaE Heo]H (Fig. 1D), =&
12.5% (n = 1/8) & oMt Yelydtl Type 4= A4
ot o ohE 22 OW JAA 27 = ol (Fig.
1E, F), o159 £3d&& 7oA 25.0% (n = 2/8), 70l
* 80.8% (n = 21/26) It}

1—> rlo

P EEESLERE!
aspIe el 2bARET 23bAR Apole] ARt

Aoz A= gt A lARe] Auee TdFe *o
)20 A= Ae A 29} 39714 AE (basophilic cell) =

#& 5 Qgleh 23R AN LSS 9530 59 6}
ol 33 Qs Zhe s THAH, AEA el vl
= _wm]ﬂ PASIES

o =4 7]‘4/‘1] s

a3pdell M ol 7HA 223 W3 @EE gl A WA
2AA W= 2P AU sk AelAlEe
FR7IAAE] ¥} (Fig. 2B, C). F A W3l= H-E
QA Az, 23MAAA W7 gkl sEl AlE Fe w0 4
olgth. AlE FolE Al Eent ofdel 351714A29
stz olsf AlzAz} Aﬂiﬂ Well 1 EuleAdz gelsql
th. AB-PAS (pH 2.5) its- A3k, #2419 4 Adod=
7k 2 gl Al ﬂ}ﬂu} (Fig. 2D, E). Al A W3k &
spAAlRE Atole] Agtzalel tke] 5 Sk (Fig. 2R
G). vl WA 223A wshs AsAlR S f15eldl
o} (Fig. 2H, 1).

Z3PdAE S gale BE FANAIEA Yelke
o, 23pAAE W el shalE A2 delee) FA49 23
2R o] tlFe] dF SR 77 50.4%, 29.5%F YERgh

2ASAc o AT W He o 744 a3 Au]5e] 9152 14.7% Sit} (Table 3).
Table 2. Concentration of metal ions in Mytilus galloprovincialis
Metal ions Al As Cr Mn Co Cu Ni Zn Cd Pb
Concentration 366.5 11.5 3.7 21.9 1.0 9.0 2.5 179.5 2.8 2.1
(mg/kg) (2497 (14 (06 (45 02 1.8 05 678 1.3 0.6
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Concentration of heavy metal and alteration of biomarkers of M. galloprovincialis.
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Fig. 1. Intersex gonads of four types in Mytilus galloprovincialis. A and B: Type 1. A, Ovarian section
showing the spermatids (St) within the oogenic follicle (Of); B, Testicular section showing the oocyte
(Oc) within the spermatogenic follicle (Sf). C: Type 2, Ovarian section showing the male gametes in
adjacent follicles. D: Type 3, Ovarian section showing the male gametes in interfollicular tissue (It).
E and F: Type 4. E, Ovarian section showing male gametes in the outer area of gametogenic
follicles; F, Testicular section showing female gametes in the outer area of testicular envelope. Oc,
oocyte; S, sperm; Tt, testicular tissue.

Fig. 2. Photomicrographs of histological alterations on digestive gland of Mytilus galloprovincialis. A:
Digestive tubule. B and C: Showing destruction of digestive tubule (Dt) epithelium (arrow head). D
and E: Showing filled up cell debris in lumen (arrow head) of digestive tubule. F and G: Showing
increase of hemocyte (Hc) in connective tissue (Ct). H and I: Showing atrophy of digestive tubule
epithelium. Bpc, basophilic cell; E, epithelial cell; L, lumen.
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Table 3. Frequency and quantitative scoring of histological alterations on digestive gland in Mytilus

galloprovincialis

**Histological alterations

Frequency (%)

*Quantitative scoring

DDt

FCDt 50.4 (n
IHCt 29.5 (n
ADtE 14.7 (n

100 (n = 129/129)

++ (n = 301/669)

65/129) + (n = 172/669)
38/129)
19/129) - (n = 16/669)

* Score values =

-, none; +, mild; ++, moderate; +++, severe.

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

4. ZQYNAAE} A B2 X &

AFagRe] LspaelA 2234 Wy ke ] ok
23pA T BRAVIHAHE BE v]E2 23.2%F YERT
2 £3p4e] 2234 st dE AshaAlRe] 54
NAAE BZ v]E2 6.1%% A 23T 5597144
X B¥ v]gof w8 of 73.7% 3t
Long Ziehl-Neelsen 4 A3}, Aoz whe-31gl =
(Fig. 3), °|€29] % v]&2 1.5 (+ 0.8)% 3ith

o E

e FetEAN AEAAE W FAIA R Qg AF
A A=) weba spetE S ke ool A

F &% & 7R shuoltt (Hebel et al.,

1997). dpA|gk, speHEAe] Gk H kst ool AEAR
= AATAE Al o Aol 7] W

Fig. 3. Photomicrograph of lipofuscin in digestive gland of
Mytilus galloprovincialis.

ol 3kehA A ] Hefo] g3}

& dTelA A AW 25 o] ¥4 A3, Ale]
7V EE FERE UE, Covt 7P W sEE UEkith
1985-89 % 7}bebak 1998-999 % whatukzl g-Akulk 20084
gictoll A EAE F o] 4 At} wiwsl BorE o,
Co® 7%, whiel (0.46 mglkg) ©lAE 2 AT (1.0
mg/kg) Bk W Fr e vepgA|el, 4 (7.60 mg/kg)
M= 79 w2 FE7F JElstth cudl A4S, 7FEht (0.60
mg/kg) ¥ B (7.91 mglkg) ©lAE 2 AT (9.0
mg/kg) 2t} & Fx 2 veltARl 2kt (24.18 mg/kg)
oA of 2ul] o)A} =2 w7 yelt) zne A, spehit
(11.05 mg/kg), ®FFF (116.67 mg/kg), EAet (138.96
mg/kg) olAE # AT (179.5 mg/kg) B} @ 2
epAuh, 24HF (201.00 mg/kg) olAE o B E2F U
et} cdel 7%, 7Pk (0.25 mglkg) 3 mRiFE (0.92
mg/kg) oAM= E AT (2.8 mg/kg) Bt 28] WS EEE
vebstA e, &4kt (4.87 mg/kg) #+ ElQE (4.81 mglkg)el
Me 2] =& $E5 Jepich Pbel A%, bt (0.44
mg/kg) = wRE (056 mglkg) ©lAE E A7 (2.1
mg/kg) olARtE 28f W FEE JelAgl, Akt
(10.88 mg/kg) A+ 58 =& F=F YR} (Choi et
al., 1992; Szefer et al., 2004; Lee et al., 2011).

ol f= Fod A& AEe|ARh Al £4% 294
o] qlAlell AgE 7lsAdo] wlg- o} S SHelA 2 F
2AE AYA| =} (Byrne and O'Halloran, 2001). we}A]
A ARz FA4ES] A 49 FE5FE PR
AR lov, o]= i F&uk ko] qldh fElvet
o s, 5 J S5 AR HL71ES PbI Cde 2.0
mg/kg °l3t® AASIR glom (AlFeeREeta, 2012),
U] Cde 4.0 mg/kg, Pb2 1.7 mg/kg, Cre 13.0
mg/kgS 27 AnA 2 AAEEIL Qle} (FDA, 2011). S5
7<%, Ast 1.0 mg/kg, Cd< 2.0 mg/kg, Pb- 2.0 mg/kg
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o7 AA=e 9t} (Food Standards, 2011). 3H=F, u|=,
s3] AFHEIES & A7 A} vlwsigls o, A5
HAA CdE 71EA] 23, P 71EA] e 2Eehs v
Uebilet Ase] A, 25 71EAel oF 100 52 55
ellich £ d7elA 7P 2 sER AR AR 7IE
F AL AEA Aot HASE Fiele=d (Moon et al.,
2004), AR =olu} ghapollA] ofshiFe] Alel] ehgt 715
27} AsA QA ekt

shebd e d”lell i olulislFol BEARRA ], A2
& g, o] dAAAE T, A, 223 H
9718 F AEALE FE vl Fo] AREEe] it
(Cajaraville et al., 1990; Lee and Park, 2007; Ju et al.,
2009; Lee et al., 2010). ©] 7}&H), oJAAAAEL W&
Nucella lapillus, Thais clavigera, T. bronniin, T.

=
=
il
A

luteostoma, Haliotis madaka$} Scrobicularia planacl
A 3FsHA e qiflo] Aol dFE vl ARE ARH
(Gibbs et al., 1988; Horiguchi et al., 1994; Kahng et
al., 1996; Horiguchi et al.,, 2000; Chesman and
Langston, 2006).

5% 7kl Zn, Cd, Pb& EDCsZA] Wn|Ale] 24
sto] Aeeha Bl PAPEEA Ak ol g E S
=8t} (Lee and park, 2007; Ju et al., 2009). Lee et
al. (2010) = 7patel| Al A gk &, Crassostrea gigas %
RollA  47.8%, <74 24.0%, ¥}AZ, Ruditapes
philippinarum 7104 37.8%, 571014 13.8%2] o]4A
AAE HEE Byl zne] &% dlE, Gomphina
veneriformisell A zn<] AY F%7} 75.6, 160.3 mg/kgy
o, OW JAAE Ego] 77 25.8%, 27.7%% UERLS
o, T FRoA B $AeA R oA EdEe] dA s}
A 5ok vk BBl 345 5 Gk Aow 2el
t} (Ju et al., 2009).

2 dFellA vehd o] AT WHEL 26.4%F YA
(12.9%) Rt} 71 (38.8%) °lA o =& WHE&S 23+,
oleigk A Aol gale] HsAE 59 A7l e g A
o= gk,

Al B 2918lel os) e oY AT e 3

A7E

efjel] sl Wo ] F3}}. Chesman and Langston
(2006) = EDCsol 295 =z 47 Scrobicularia
plana®] AAzelA L= uie] Ao] AN E] HNeE 5

& olgMAAE] wE TAE FEIGIL Lee et al
(2010) & 7pgutoll A (A7 F32 vpx|Fgeq Al
whelge] AAAE iz A Aolol] ukdae] A
27} 7 ] i HeE 2usigich

2 A7l AFaEA] 9] o] A E T 3

ek ol 7

A7} FRAGAT, v DG S G e AFh R
] el $ Sol4, 999 Sol4, FESEY 5 FF

d77F D88

°]“H§Hwar°ﬂ’ﬂ FaEL TE FFAEEC] Weol EAlsk:
23443 Al 7 ZH o] =4, £3], Zn, Cu, Cd, Mn
< ophyg fREEY 43l o we] FA=Y
(Husmann et al., 2012). $3E40] 45 43p41& 74
e AEEY] 4L SA9EE F7Bked Fa3 A%}
=t} (Depledge and Hopkin, 1995).

ojufjslFo] Azt AspAIE AfxA 0w FAH
o] gtk AstAAHE T3 ATl Soln, Au S AoA 29}
SRR 72 F ik Al ol A2y &
3= @k, SAVIAAEE AR 435 AT 540 ¥
Az} Falo] BoJg}t (Owen, 1972; Cajaraville et al.,
1990; Park et al., 2009; Ju and Lee, 2012).

0.08 mg/L %9 Cu® zn 281 Cdell 414 Zot ==
= AFeEA ] LTS T ATAHEES BT
AE7} 2= 90t} (Soto et al., 1996). 309 E4t 0.227
mg/L =2 Nioll =%% Lammellidaens margmahsA
kol G | ke 5 ) R i et B B e K B b e e
(Andhale et al., 2011). x2¢jo]¢] A7 Cu LFA G
A AREE AFhx], Mytilus edulise] 43442 AsAlAS
o Wito] A=ojA] WA= LsPAIAT] w]Eo] 66.6%%
yvebgth gk e51e] A=) ARk A dellA (A A A
T8 599714 AEY vlgo] FopAaL, ATAEL u]go] vt
o}xlt} (Zorita et al., 2006).

Agollx AFaEA e aspdeAE B5 LA

-4 2] WA, Wi ekl A2 Zroj=} “é"“—J 54, 2%
A Z FF Ad 4 S471AEL HAe] FlE ) o]
Y&k 248k WAL 7H7"ﬂ-°4 A3pAeA A3}, Eu] 9o
o] AAAR]l AT AT Aoz s

AZ YellA 7]50] "/“5] AZ&7|el ) 4 a3 54
|AA 27183144 (autophagosome) = H3s]
<=, ol w3 TEARe] SAaAE Fe]iA (residual
body) & AxZAAlxely g} (Moore et al., 2006). ]
H 7oA AN LE TEsoly ALtaTow QI3 2EE
20 g3k AFZ o]gEo] gt} (Krishnakumar et al.,
1990; Byrne and O'Halloran, 2001).

AFFA|E 155 59k 0.8, 5.0, 20.0 mg/Le] Cudl] =&
A7 A}, asmelA iAo S AL 54
o] 7181511, PAHSs, PCBse}t Ta% 2.4 el AA=
AAE2] L3l A AR vEx F7te)
$it} (Moore, 1988). Tapes semidecussatuss L5352 5
w5 295 AA xE2A7] A}, AR LT} vFe R
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%25 (Byrne and O'Halloran, 1999), &%) x%%
AR T 712 AR Qlste] ALY Sk
(Da Ros et al., 2000). 0.1 mg/L2] Hgell =53 AF3ls
#e] AstAAlR £3PAE el AL F718E
(Dimitriadis et al., 2003). H&-& 245 <l 0.64, 1.07,
1.79 mg/Le] Znell =% A7l A3, APRALE TR E
Aoz 271315t} (Ju et al., 2006).

A A, AFHEAY] astARel A 1.5%2] A

2 Q3= xFsdx], Mytilus galloprovincialis2] A|4]
Fo5 FE, oA Y L3t 228 A% W
35 o]&3leo] o]E WAL UolEiAl ) AEE
20109 54 g5 Falicke] Zhehuk 23kl A A 5%
ol o] AW 4 vE+ £43 1074 5 o] 7l Al
o] 7P &okow, FHAR Zno] ¥t} 13 CoZt 7
S s vyl oL S-S 26.4%F el
wow, 7oA o =gkt o] AT e Fel= o] v}
A Fef7t WG 224 3A AR 23440 24 A
3}, 3RV Ee} AL e] F30]EE o] &35tk &
SAdellA= asAlR Aelee] g7t 7P w2 vEE G
ehith 3917192 BE 6]&S 6.1%% Yepta, A

A A

o] =2 20124 % ST A T2AFANE AE
dho} 305 719] (2012-0004670).
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