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Abstract

Coastal area is affected by various types of contaminants accompanied by
anthropogenic activities. These contaminants could be negatively influenced on the growth,
reproduction and immunity of animals. Consequently numerous countries have been
conducted monitoring programs for assessment of environmental risk. In these monitoring
programs includes the survey alteration of water quality, contaminant concentration in the
sediments and assessment of coastal environment using specific bioindicators and biomarkers.
Marine bivalves such as oysters are sessile, filter feeder animal, which are often used as a
sentinel species in coastal environmental monitoring since changes in the environmental
quality are often well preserved in their tissue and shells. In case of Korea, several programs
have been conducted as a Study of Standard Utilizing and Improvement of the Marine
Environment, National Investigation of Marine Ecosystem, Development of Marine
Ecosystem Health Index (MEHI) in the Special Management Areas of the South Sea and so
on. However, almost all of studies were assessed the water and sediment quality, few studies
were surveyed the effect of environment on the living organisms. Also, living animals has a
defense and detoxification mechanisms to maintain a homeostasis, and the response of
physiological indices could variated according to their reproductive cycle and age. Therefore,
development of suitable biomarkers in monitoring program should be carefully approached.
In this dissertation, to provide basic information for developing suitable biomarkers in
assessment program of coastal environment, variations of physiology and reproduction of

Pacific oysters depending on their habitat were investigated.

Key words: Coastal Monitoring program, Bioindicator, Biomarker, Bivalve
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357 1. Trends of coastal monitoring program
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361  (organic materials; i.e. pesticides, polycyclic aromatic hydrocarbon(PAH), persistence
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363 zZE 7 UM, Ol RLY=E2 d=Mel 97 % B4, HANA Sof 7ol
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367 2013; 2015).
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373 Environmental Protection Agency, US EPA)}| Al U.S. Mussel Watch2t= = SH0j| 100

374 Of7f X|EQ 0O|= ¢oto =XiSt= Polychlororinated biphenyls (PCBs)2}

15



375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

Dichorodiphenyldichloroethylene (DDE)2| @& ™MEE mjst7| 8 =& 4 g

1A

= dEN ZHE AS FHYSIQUCE 0|=, 1984 HFEf NOAAO|A Mussel Watch
£ FHSICH7L 19903 2 E= NOAARI US EPA 332= AXYINHX| At E|MZ

%g
re
ro
=2
x
ks
Ot
rir
M
=

(Amiard-Triquet et al., 2013; O’Connor, 2002). S &9o| 42, Hed SI¥2Y 17X 7|

T (OSPAR)Y| A =&lSF= Joint Assessment and Monitoring Programmes (JAMP)2} Co-

ordinated Environmental Monitoring Programme (CEMP)O| CHEAMQl #O|A 0|, 1

?| Biological Effects of Environmental Pollution Program (BEEP), @ 32| Ecosystem

Health Monitoring Program (EHMP), 29| Environmental Protection Department (EPD)

oM z==istn Q= Water monitoring program S Oj2{ =7}0j|A GOt=td ol A

NS DL EESH| Q8 st QUL (3H2sfnst7| =2, 2013; Amiard-Triquet
et al., 2013; Guéguen et al., 2013; Viarengo et al., 2007).

MA o2l LEtof A2 Qe AetEtEel fldd Bt ELHE =

—_

ZI-0ME F2 2 3 EHE d=H0 EXots 2E=22 ¥= 53

Ot

Of ACL 2Lt =Z Y Y2 LYSHO0| RN 2L IEY 1 =

YHe £ SO He) I 5N EHo| 52 SEE XD, XY &

16



392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

Y=o gk 540 m2t 5 =7t CHE A0 EEH0H 1 s&E7F 2/ o

M0 s NK=A € =+ @l BEOl UL (Hamza-Chaffai, 2014). A A

oretgol “dgers "ot fisiME d=He HSE ol8tt LE=ES

In

gielgdds 800 & ER7t Uk = (oyster)dt BA| (mussel)2b Z2 4t Of

Oiof 7= C2d 22 &4 1 2540|H, 2. THANSZ 12/ ZZ51H, 3.

ME XY W 7o MAMEE 20|H, 4, MEO[ E0[5tL, 5. K{ipgA ez

ro
(o)
==

2g=2s MU =Hs7| Mo detetdel 2EFEE LEUWE A=

OH

(bioindicator)2 AFE L1 QUL (Amiard-Triquet et al., 2013; 2015; Dailianis, 2010;
Vasanthi et al., 2012; Viarengo et al., 2007). X|EZSS 0|23%t ¢otztydo o™ : H

te 2|f 2E=Ee sk 22 ol0il® W 2E8=2 FHZ olojmiFel X

Aol gkEtA 7380 FE =lES 71 AT Z[fAen, dXo= oo R

=
o
0
Mo
mA
o
Ht
il
rm
ol
|.|-|
-
=
=2
75
mlu
Rin
10
o|o
0
|.|-|
i
am
0
ot
>
Y
>

LE O|OfIF= 28 == Olote 2f 2F=E =22 Yo d0=s g0

(defense) B S| =ZHE (detoxification)2 Edf Ol =& & £ U1, O|OjIjE 9

MU 2g=E9 THF Z[Z2 27| W20 (F2 (Cuet s%f2 RHE, 7IEE

17



), Atof AMASH= OfDjEiFof 42

A

o Cho
:E'éE

(Cd)

408

1, Ojo{uf ol #HAFT(0f mief AE A0 Cf

410

oI EE of

=
-

of d2[H gt30| C2A &Y 4 A7 WEo| XA M4t

411

SHCH (Amiard-Triquet et al.,

7€ & 124510f0f

<r

b

2013; 2015; Dailianis, 2010; Viarengo et al., 2007).

413

T ESLFOM SHFL

=
=

2|L2t

o
T

414

ot7| @lof 2007EH S E “of

ol TJ =
2 B[ E

KK

416

HMAlStL RACH (=Y

o
==

sto 1 7

417

. 2013).

418

420

1H

421

O Ea%), MAMYE (El8=2 gk,

422

| CH8 Z=APZ L+0f Z=ARSED RUALE (G

B (EHAFXIOf, O

423

18



425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

A dZX[+ WL A2 SLota Opehah dejA o] HEfS d=, =ist, =2,

2013). Jd2fL} iR HATAROl Hete] =& A EXE LYLESE BItoty 2t

© 2 O[R0f X[ A& &FOILf

2. Biomarkers in monitoring program

MAEAZ| 7 (World Health Organization)Of| A= AKX X| & (biomarker)E H|
ol &3 7ks3t 71", Bx 2 2ol PR 1 Chg B wum 4
o]

= &= 05e = A= XEZF Zo ot ATt (Bartell, 2006). dH4F O|OHIH

Fe DG OugAXtR, 2R 2RH TEEE 2E A0 CioHe 0|5 5=

Ot
-

MB|X OPYALEY (homeostasis)E SX|5H7| 9IeH Chrst MBS, Ma|stH
SIS LIEILYY| 20| MKl 2 el Sof ZA| oz da| Al

Z|O| 2FCH (Chrousos and Gold, 1992; Choi et al., 2010; Galgani et al., 2009; Guéguen et al.,

2013; Huanxin et al., 2000; Moschino et al., 2011; Viarengo et al., 2007). £3| O|0Ojj1{& 9]

19



442

443

444

445

446

447

ot7tojet 2=t Holo| =3, 25t 8 S+2f &S 37| Y=o, 0|=2

MR M| Brge

ra

otetEol RE:

£ -t AN MHX|E (biomarkenNZ2 2|10 QUCH (Au, 2004; Dailianis,

2010; Viarengo et al., 2007). R L{EHE =2 120

[l

85D Y MHXEE Fig. 1

(o]
PN

|0

of Ezf

rir
M

AL
T

=

P

Of

13} Fig. 1-29F 20| ZF XmO| W2} MEfStHo= uhg

71 =0 3 =Hof SA ArESt0{OF StCt (Amiard-Triquet et al., 2013).

20



* Density
» Demoecology (size/age)
+ Sexratio
* Genetic diversity
* Growth rate
7/
- Condition index 7
o ¢
* Respiration
7
« Scope for growth //
7/
7
» Cellular energy L
' s
allocation P c®
’ e\e
* Energy PRt c‘a(
reserves | g \0%‘
 Adenylate PR Q}«o
energy charge -
(ACE) v v v v
e >
Macro Sub-cell Cell Tissue Bioenergetic Individual Population Community
molecule

448

449  Fig. 1-1. Biomarkers linked to energy metabolism and bioenergetics to the level of biological organization. After Amiard-Triquet et al. (2013).
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461  Fig. 1-2. Pros and cons of biological responses at different levels of organization as biomarker/bioindicators of the presence and/or effects of

462 environmental stress including chemical contaminants. After Amiard-Triquet et al. (2013).
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Table 1-1. Summary of the biomarkers used in various monitoring program.

Levels

Biomarker

Reference

Molecular and

Genotoxicity

Micronuclei DNA damage

Viarengo et al. (2007)

cellular levels Biochemical MFO enzymes, Bile metabolites, DNA integrity, Stress proteins,  Bartell (2006)
Antioxidant enzymes
Cytochemical CaATPase activity, Metallothionins, reactive oxygen species, Amiard-Triquet et al. (2013),
Catalase, AChE activity, Vitellogenin Viarengo et al. (2007)
Immunological Hemocytes counts, Phagocytosis, Oxidative burst, Lysozymes, Amiard-Triquet et al. (2013)
Endocrine disruption (xenoestrogen)
Physiological Creatinine, Transaminase enzymes, Cortisol, Triglycerides, Bartell (2006)
Steroid hormones
Tissue level Histopathological ~ Necrosis, Macrophage aggregates, Parasitic lesions, Bartell (2006)

Histo-cytochemical

Functional parenchyma, Carcinomas

Lysosome integrity (lipofuscin, neutral lipid, membrane stability),
Lipopigment content, Peroxisome proliferation

Au (2004)

Tissue Lysosome/cytoplasm ratio, Glycogen, Lipids, Protein Amiard-Triquet et al. (2013),
Viarengo et al. (2007)
Organism Stress on stress, Scope for growth, Mortality Viarengo et al. (2007)
Individual level  Individual Growth, Total body lipid, Organo-indices, Condition factor, Bartell (2006)
Gross anomalies
Population level  Behavioral Avoidance, Burrowing, Feeding, Amiard-Triquet et al. (2013)

ecotoxicology

Population

Abundance, Size and age distribution, Sex ratio, imposex and
intersex, Bioenergetics, Reproductive integrity

Amiard-Triquet et al. (2013),
Bartell (2006)

Community level Community

Species richness, Index of biotic integrity, Intolerant species,
Feeding guilds

Bartell (2006)
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490 Part?2
491 Reproductive effort of the wild Pacific oyster, Crassostrea gigas in
492  Gwangyang bay and Jinhae bay off the southern coast of Korea associated

493  with their habitat
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Abstract

Southern coast of Korea is composed by a lot of the typical semi-closed bay. These
small bays are surrounded by large scale of harbor, industrial complex and big cities.
Therefore, sessile benthic animals are continuously exposed by anthropogenic activities. In
this study, to investigate the reproductive variations of wild Pacific oyster, Crassosstrea gigas
according to the habitat, we selected 15 sites from inner to outer bay of Gwangyang and
Jinhae bay in southern coast of Korea in June 2010. Thirty oysters from each site were
analyzed physiological parameters as condition index, proximate biochemical composition,
gonad developmental stages and digestive gland atrophy. Reproductive effort of the oysters
was estimated using indirect enzyme-linked immunosorbent assay. To survey the correlation
between environmental factors and reproductive variations, principal coordinates (PCO)
analysis was conducted. From the results, there could be separate into 3 groups from inner to
outer bay of Gwangyang bay. Particularly, from the PCO analysis, environmental factors of
Chonam Bridge in inner bay as PBDEs, DDT, Chl-a and Silicates were negatively affected to
their environment. At that time, reproductive indices as egg mass and total carbohydrates
contents were lower than outer bay. Especially, the oysters from Chonam bridge produced 5.2
times lower eggs than the oysters collected from Janghang in outer bay. In case of Jinhae bay,
there also could be divided as 4 groups from inner to outer bay. From the PCO analysis, the
environmental factors such as Nitrate, DIN, DO and pH affect to the egg mass and total
carbohydrates contents. Our results indicated that inner bay environment as persistent organic
pollutants and poorer water quality could affect negatively to the oyster physiology and
reproductive biology. Consequently, the physiological and reproductive biological parameters
of oysters could be used as useful biomarker in monitoring program to assess the coastal
environment.

Key words: Coastal environment, Wild Pacific oyster, Reproductive effort, Helth status
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1. Introduction
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HOi SOt 2|72, 1960 =&

S (Min et al.,

(KOSIS, 2014).
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2. Materials and methods

577

2.1. Sampling effort and condition index
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591

Fig. 2-1. Location of the sampling sites. Wild oysters were collected from 8 sites in Gwangyang bay and 7 sites in Jinhae bay.
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592

Table 2-1. Description of geography of the sampling sites.

Site

Description

Gwangyang Bay

Pyeongsan-ri (PS)
Janghang (JA)
Nogoo-ri (NG)
Chamyeon-ri (CM)
Seomjin bridge (SJ)
Chonam bridge (CN)
Sindeok-ri (SO)
Ohcheon-dong (OC)

Inside of harbor, mud and cobblestone bottom
Cobblestones beach

Near harbor, muddy bottom

Inside of small bay, mud and cobblestone bottom

Estuary of Seomijin river, rocky bottom, near the industrial complex

Estuary of Gwangyang west stream, mud and rocky bottom, surrounded by industrial complex

Near harbor, mud and cobblestone bottom
Cobblestones beach

Jinhae Bay

Jinhae harbor (JH)
Machang bridge (MC)
Wonjeon harbor (WJ)
Changpo-ri (CP)
Gwangdo-myeon (GD)
Sadeung-myeon (SD)
Deokgok-ri (DG)

Inside of small harbor, near the industrial harbor, rocky and cobblestones bottom
Surrounded by industrial complex, rocky bottom

Outside of small bay, sand and cobblestones beach

Near the small harbor, rocky shore

Outside of small bay, rocky and cobblestones bottom

Inside of small harbor, sandy mud and cobblestones bottom

Inside of small bay, sandy mud and cobblestones bottom
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2.2. Biochemical composition
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2.3. Reproductive effort
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2.6. Gametogenesis and digestive gland atrophy
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669

670

671

Table 2-2. Environmental parameters of the seawater and sediment measured by MEHI report (2010).

Sampling Site No. from Nitrate DIN Silicate Chl-a TOC DO pH 16 PAHs Alky! PCBs DDT HCHs PBDEs NPs BT TOC
site MEHI report (2010) pmol/L pmol/L pmol/L pg/L  mg/L mg/L ng/gdw ng/gdw ng/gdw ng/gdw ng/lgdw ng/gdw ng/gdw Snigdw %

Gwangyang Bay

PS 19 0.5 5 6 2 1.8 8.5 8.1 35 230 0.22 0.12 0 0.2 2 120 0.85

JA 18 0.5 5 5 2 1.8 8.5 8.1 50 50 0.14 0.09 0.16 0.1 20.5 105 0.7

NG 14 10 10 10 3 1.8 8.5 7.8 20 20 0.03 0.06 0.08 0.1 38 85 0.7

CM 12 20 15 20 4.6 1.6 8.5 7 50 35 0.16 0.1 0 0.2 8 100 14

SJ 10 415 25 59.5 3 14 85 7.56 60 30 0.08 0.04 0.01 0.3 1.2 160 1.2

CN 1 0.5 0.5 3 4 1.8 85 8 45 50 0.06 0.37 0 1.7 8.2 105 1.25

SO 15 5 0.5 6 3 2 8.5 8.1 50 30 0.04 0.07 0.01 0.4 3 180 1.2

ocC 17 5 0.5 6 3 2 9.6 8.1 20 20 0.03 0.05 0 0.1 5 90 1.25

Jinhae Bay

JH 6 10 10 5 10 3 118 7.6

MC 2 1.5 15 25 10 3 9 7.6

WJ 9 1.5 15 3.5 3 1.9 6 7.8

CP 11 1.5 15 3 3 1.7 8 1.7

GD 16 15 15 3 3 1.7 8.5 1.7

SD 18 15 15 3 3 15 8.5 7.8

DG 23 1.5 15 3 3 1.6 8.5 7.8
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2.8. Statistics analysis
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3. Results
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3.1. Condition index
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54.4 + 1.3 (RI&§SH)- 695 + 1.6 (=) mm, H4S2k0| 2|7} 0.4710 + 0.058 (AFS H)-
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& Hiet 20|, T MY o A= =Hom (6.2 + 0.3)2F T LTt
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QITtof ?(XIgh =Of HI5H FolM= RA ZAREACH
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700  Table 2-3. Shell height and tissue dry weight of the oysters examined in this study. N: number of oysters, SE: standard error.

Shell Height (mm) Tissue Dry Weight (g)
Site \ Mean * SE Mean +* SE
Pyeongsan-ri (PS) 30 73.0+1.6 1.6757 £ 0.135
Janghang (JA) 30 58.7+ 1.2 1.3472 + 0.088
Nogoo-ri (NG) 30 54.0+1.3 0.8933 £ 0.040
Chamyeon-ri (CM) 30 69.7+14 0.9007 + 0.060
Gwangyang Bay
Seomjin bridge (SJ) 30 53.6+0.9 0.7695 + 0.040
Chonam bridge (CN) 30 58.7+14 0.5206 + 0.030
Sindeok-ri (SO) 30 675+15 0.9872 + 0.060
Ohcheon-dong (OC) 30 539+1.4 1.2145 + 0.071
Jinhae harbor (JH) 30 544 +13 1.1810 + 0.076
Machang bridge (MC) 30 582+ 1.2 1.7645 £ 0.118
Wonjeon harbor (WJ) 30 56.7+ 1.0 1.8087 + 0.205
Jinhae Bay Changpo-ri (CP) 30 57.3+1.3 0.7571 + 0.047
Gwangdo-myeon (GD) 30 69.5+ 1.6 1.3426 + 0.083
Sadeung-myeon (SD) 30 62.6+1.5 0.7410 + 0.058
Deokgok-ri (DG) 30 65.2+1.4 1.3755 + 0.095

701
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(A) Gwangyang Bay (B) Jinhae Bay
25

25

Condition Index
Condition Index

202 PS JA NG CM SJ CN SO OC JH MC wWJ CP GD SD DG

703  Fig. 2-2. Condition index of the oysters collected from Gwangyang (A) and Jinhae (B) bay. Data expressed as mean + standard error, ANOVA,
704 p<0.05.

705
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3.2. Tissue dry weight and gross biochemical compositions of standard animal

A7)0 me Malets xjo|2 Aasksty] s, EESES (21 609 mm)

Hl

of it 2+ X498 HESg= FZoIULt (Fig. 2-3). T2l F2, 05221 + 0.103

(ZECH)-1.3664 + 0.173 () g M= LHZHO| fIXIeh =HOHROA 7t 2

SHZ HUCH (Fig. 2-3A). F3{0Ho] AL0|Z 0.6605 + 0.114 (AFSH)- 2.0050 #

0.390 (A g o HRAZ LTS AMSH, FE2| (0.7803 + 0.093 g) =2| FH 7t

A ZALEIRACH (Fig. 2-3B).
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S-Sl ST ME SYSHH FALEIQUCH ZYDH 2| AL SCHHE gare 179+
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!
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723

724

725

726

(Fig. 2-5A). Tlgjoto| AR 0|= L{2HO| Xt &EZZ| (76.3 = 15.2 mg/STD animal)

ACH (265.3 £ 20.6 mg/STD animal)Of| A 7+& =2 XfLY

(Fig. 2-5B).
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(A) Gwangyang Bay (B) Jinhae Bay
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727
728  Fig. 2-3. Tissue dry weight of the standard animal (60.9 mm SH) examined in this study. Data expressed as mean + 95% confidence interval.
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(A) Gwangyang Bay (B) Jinhae Bay
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730

731  Fig. 2-4. Total protein content of the standard animal (60.9 mm SH) measured in this study. Data expressed as mean + 95% confidence

732 interval.
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(A) Gwangyang Bay (B) Jinhae Bay
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735  Fig. 2-5. Total carbohydrate composition of standard animal (60.9 mm SH) assessed in this study. Data expressed as mean + 95% confidence

736 interval.
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3.3. Gonad development and reproductive effort
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(A) Gwangyang Bay
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754  Fig. 2-6. Frequency distribution of gonad developmental stages of oysters examined in this study.
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(A) Gwangyang Bay (B) Jinhae Bay
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756

757  Fig. 2-7. Egg mass of the standard animal (60.9 mm SH) assessed in this study. Data expressed as mean + 95% confidence interval.
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759  3.4. Digestive gland atrophy

760 A3y QSEe SjAo|OfIi ROl Bo|H%] AE| T2 BAN Qa0 o

761 O oo, =& AR W 2=Hdol FH, A=tMLie| SZHS 0 oM 4 THAZ Lt

762 & 2 ICF O|mf, OCHA(Of J7te 42 HYMENTH B2 2401, 4B o FpteS
763 = UUZEW T2 AEHAZ w2 Mefo|ct 20159 6 KHTE Tesor, Fsjor
764 Of MAISHE Zo| RESHH pHE A, FYDH Lforo] AUT@ON 3.9 £ 0.19]
765 =2 YBL MEHS BE ¥ & UM, LIOX] X ojME BF 1.2-252 9L

766 X|Z2 ZHEL| AL} (Fig. 2-8).
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(A) Gwangyang Bay (B) Jinhae Bay
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767

768  Fig. 2-8. Digestive gland atrophy of the oysters collected from Gwangyang and Jinhae bay in June 2010. Data expressed as mean + standard

769 error, ANOVA, p<0.05.
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3.5. Principal coordinates (PCO) analysis
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794
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796

Fig. 2-9. Map showing groups of locations clustered by the Euclidean distance.
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Group average

Transform: Log(X+1)
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797

798  Fig. 2-10. Dendrogram of the hierarchical clustering of sampling sites of Gwangyang bay based on Euclidean distance.
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Group average

Transform: Log(X+1)
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Resemblance: D1 Euclidean distance
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800  Fig. 2-11. Dendrogram of the hierarchical clustering of sampling sites of Jinhae bay generated by the Euclidean distance.
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802  Table 2-4. Results of SIMPER test showing the main contribution factors within a location groups in Gwangyang bay.

Gwangyang Bay (Environmental factor) Gwangyang Bay (Biological factor)

Variable Average squared distance Contribution (%o) Variable Average dissimilarity  Contribution (%0)
GroupC&B GroupC & B
pH 4.34 11.89 Egg mass 1.15 26.74
TOC 4.23 11.6 C 1.05 24.35
Silicate 3.69 10.1 P 0.82 19.10
GroupC & A GroupC & A
PBEDs 7.75 23.33 Egg mass 1.80 21.20
DDT 7.32 22.03 C 1.66 19.52
Chl-a 2.86 8.61 P 1.51 17.79
Group B & A GroupB & A
DDT 7.82 17.7 Egg mass 1.08 20.93
Silicates 6.71 15.2 DGA 0.94 18.34
PBDEs 6.58 14.9 C 0.93 18.08
803
804
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805

806

Table 2-5. Results of SIMPER test showing the main contribution factors within a location groups in Jinhae bay.

Jinhae Bay (Environmental factor)

Jinhae Bay (Biological factor)

Variable Average squared distance Contribution (%) Variable Average dissimilarity Contribution (%0)
GroupD & C GroupD & C
Nitrate 7 34.22 C 1.16 33.02
DIN 7 34.22 P 0.62 17.64
Silicate 451 22.03 DGA 0.58 16.68
GroupD & B GroupD & B
DO 11.6 31.03 Egg mass 0.98 23.14
Nitrate 7 18.66 P 0.81 19.14
DIN 7 18.66 TDWT 0.77 18.22
GroupC & B GroupC & B
Silicate 6.45 29.03 Egg mass 0.85 49.60
pH 4.94 22.25 C 0.39 23.08
Chl-a 4.2 18.9 P 0.20 11.58
GroupD & A GroupD & A
Nitrate 7 23.98 Egg mass 1.47 35.15
DIN 7 23.98 TDWT 0.68 16.20
TOC 4.42 15.16 P 0.66 15.82
GroupC & A GroupC & A
Silicate 7.34 38.22 C 1.62 22.61
TOC 4.42 23.02 Egg mass 1.56 21.77
Chl-a 4.2 21.86 P 1.29 17.97
GroupB & A GroupB & A
DO 2.74 75.01 Egg mass 244 30.89
pH 0.61 16.72 P 1.48 18.77
TDWT 1.46 18.45
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Transform: Log(Xx+1)
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823  Fig. 2-12. Principal coordinate analysis of the 8 sampling sites in Gwangyang bay. Euclidean

824 distance values (up) and Bray-Curtis similarity values (down) were calculated on
825 standardized log(X+1) transformed abundances of reads grouped to classes.
826 Percentages of the total variation that explained by the first two axes are indicated.
827 Vectors represent the direction of the relationships between the classes and the
828 ordination axes.
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Fig. 2-13. Principal coordinate analysis of the 7 sampling sites located in Jinhae bay.

Euclidean distance values (up) and Bray-Curtis similarity values (down) were
calculated based on standardized log(X+1) transformed abundances of reads
grouped to classes. The percentages of the total variation that explained by the
first two axes are indicated. Vectors represent the direction of the relationships

between the classes and the ordination axes.
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4. Discussion
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925 Part3
926  Physiological variations of the wild Pacific oyster, Crassostrea gigas in
927 Gwangyang bay off the southern coast of Korea depending on the

928  geographical differences

929

72



930

931

932

933

934

935

936

937

938

939

940

941

942

943

944

945

946

947

948

949

950

951

Abstract

In order to survey the physiological variations exclusion the reproductive effects of
the wild Pacific oyster, Crassostrea gigas in Gwangyang bay, we investigated from
individual level to cellular level indices of the oysters. The wild oysters were collected form
10 different sites from inner to outer bay of the Gwangyang bay in October 2012. Collected
oysters were transferred directly to laboratory and investigated from individual level to
cellular level parameters, and also analyzed heavy metal concentration and poly-aromatic
hydrocarbons deposition in oyster tissues. To survey the correlation between environmental
factors and physiological variations, principal coordinates (PCO) analysis was conducted. As
a result, it could be separate into 3 groups from inner bay to outer bay. This separation caused
by heavy metal concentration (As and Cr) and water quality (POC, Chl-a, pH, DO, Phosphate
and Nitrate). These environmental factors influenced to individual level and tissue level
indices variations. However, although in case of cellular level parameter, LF and LMS and
hemocyte mortality was well correlated with environmental factors, but some of results as NL,
hemocyte count, DNA damage, phagocytosis capacity and NRR time were showed no
significantly different. Conclusively, our results indicated that individual level and tissue
level indices are seems to be more suitable indicator in monitoring program to assess the

chronic stress on benthic animals than cellular level parameter.

Key words: Wild Pacific oyster, Crassostrea gigas, Biomarker, Monitoring program,

Gwangyang bay
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1. Introduction

d=Me ARRRH TEEHEs 2EZ 200 Oi5te 0|F =55t 42N

Ot AEH (homeostasis)E FAISH7| et CHYSH M=stN, Me|std HILE LIE}

LHCF (Chrousos and Gold, 1992). £3| s{AtO|O|I F= OlFLI EXFZZ0| H|Y

ST MBHY BT OfLj2t BHRYS WY LBEH Y2 0|50 ZI

EL A2(of B ety HRo| YHX|GO B 2¥Y So| LA fHoE

2| AFEEICE (Choi et al., 2010; Galgani et al., 2009; Guéguen et al., 2013; Huanxin et al.,

2000; Moschino et al., 2011; Viarengo et al., 2007). O|O{If=O| O(7}O|Qt AFIW LSS

209 47, 23 I B4 AVE Y| WO, O[S9 IHYa|SE, M=
SN, MBISE 9 QMM Ma| Uge Jorszol eYTs Wkehed|

MH X|E (biomarker)2 22L& QJLCH (Au, 2004; Dailianis, 2010; Viarengo et al.,
2007).
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8 ot Z20W 4% 5% Y DUHY Z2I130|

A8 El= WHX|&ES| MEE Al nSioF & Atet R AHMX[HS| F, B, SR
part 10{A 7|= St Ht /ULt O] AR A= part 20| A EA=l 7§ K|£=ZF (individual

level)| AMz|st™ QO 240t ofL|2f, M=ZEZ= (cellular level)dt =X (tissue

level)2| d2[et2] 05 ZoH0], =2 MYX|Q] B0 [E d2=ty 2219
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MMZ& (phagocytosis)O| XStEICH= o2 A+ Zupyt 2 E HE QUCH

tot

(Auffert et al., 2002; Brousseau et al., 2000; Fisher et al., 1990; Liu et al., 2009; Matozzo et

al., 2001; Pipe and Coles, 1995; Sauvé et al., 2002). 2|2Z& (lysosome)2 T DA ©QIZt
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O] XICt (Chung, 2003; Cuervo, 2004; Moore et al,
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2006; Petrovi¢ et al., 2001).
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2. Materials and methods

2.1. Sampling effort
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K

description2 Table 3-10{| A2t ZCt Z0F 107 X0 MAISIE =7 2 & 3
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717b 2 307hME FE 92 MEStY IS ofl, MEE =2 HdHE=E &4
o 3¢t sil=0fl =X[5t0f MY A O|S0f E AEAE XA o = 40

O| 8ot ACt (Table 3-2). e =2 H2[eHd X&#& O3 Z0| JHM=+E

(Individual level), =Z&l4=Z (Tissue level), M|Z=ZF (Cellular level)Of| A Q| 2|20

SMSIYD, MUY SHBY FMS RAHOAC (Fig 3-2. MESEQ 428

ro
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2 XG0 xHEE = & 10704 E dEsto] 240 0|E5HRACH (Fig. 3-2).
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1030

1031  Fig. 3-1. Map showing the sampling sites. Crassostrea gigas collected from ten sampling sites in Gwangyang bay, off the southern coast of

1032 Korea. YC: Yulchon-nyeon, CN: Chonam bridge, JD: Jung-dong, WL: Wollae-dong, SD: Sinkeok-ri, MS1: Manseong-ri, MS2:
1033 Mooseulmok, GD: Gye-dong, BJ: Bangjukpo, YL: Yullim.
1034

79



1035
1036  Table 3-1. Description of habitat characteristics.

Site

Description

Yulchon-myeon (YC)
Chonam bridge(CN)

Jung-dong (JD)
Wollae-dong (WL)
Gwangyang Bay  Sindeok-ri (SD)
Manseong-ri (MS1)
Mooseulmok (MS2)
Gye-dong (GD)
Bangjukpo (BJ)
Yullim-ri (YL)

Near small harbor, mud, cobblestone and rocky shore
Estuary of Gwangyang west stream, mud and rocky
bottom, surrounded by industrial complex

Near large scale harbor, mud and cobblestone bottom
Near dock, mud and cobblestone bottom

Rocky shore

Cobblestone beach, Rocky shore

Cobblestone beach, Rocky shore

Inside of small bay, cobblestone and rocky shore

Outside of small harbor, rocky shore

Outside of small harbor, rocky shore

1037

1038
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1039

1040

1041

1042

tissue dry weight, SE: standard error, ANOVA, p<0.05.

Table 3-2. Biometric information of C. gigas collected from Gwangyang Bay in 2012. N: number of specimen, SH: shell height, TDWT:

Site

N

Yulchon-myeon (YC) 30

Chonam bridge(CN)

Jung-dong (JD)

Wollae-dong (WL)

Sindeok-ri (SD)

Manseong-ri (MS1)
Mooseulmok (MS2)

Gye-dong (GD)
Bangjukpo (BJ)
Yullim-ri (YL)

SH (mm) TDWT (g)
mean = SE mean + SE
71.8 + 2.0° 0.6429 + 0.05"
60.2 + 1.2° 0.4727 + 0.04°
72.0+1.1° 0.9102 + 0.05¢
74.2 + 1.4° 1.2531 + 0.08°
56.2 + 1.4° 1.1706 + 0.07°
53.3 + 1.0%® 0.7333 + 0.05"
55.6 + 1.1° 1.1354 + 0.06°
52.5 + 1.4%° 0.8425 + 0.05%
51.4 + 1.2 0.9224 + 0.05¢
55.9 + 1.4° 0.8429 + 0.04
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2.2. Individual level analysis

2.2.1. Condition index and physiological index

20124 108 HYDH 1074 X oIM MIUE 29| HITHZE Part 200N 57

H
o

%
rE

1 s

%

HHEHO| OI8l| AtEE|QUCH (Part 2, Materials and methods ZF=X).

Physiological index= Howard and Smith (1983)0f 7|=&%|0] /Y= A1} &0, 7§

ot

=9| & & score 1 (watery), score 2 (medium), and score 3 (fat)2| 3 EtAZ LIH+0O &

to =z

i
o
ot

7| =oALt

2.2.2. Tissue dry weight of standard animal

Table 20| A =i Hrot 20, 201214 108 FYTH 1074 K|oH MEE 2

o 37|et FA = Ao wat Xto|7F ARULt. ojek 2o A7[0f E =2 AT

Z A Aoty dEEel A0l x|zt of7| flof, MEUE M =2 @ 3

N
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N
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w
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3
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o
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I
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mean + 95% confidence interval)

Part 20f 7[=¢ot L& st WS O|ESHRULC.

—

2.3. Tissue level analysis

2.3.1. Biochemical composition of standard animal

YT 1074 RGN MIE Bo| MetE e FE4E B
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S=0| CHgt &2F (mg/standard animal (STD animal), mean * 95% confidence

2.3.2. Histopathological observation and digestive gland atrophy

2012 108 AT 1070 KXo xHEE 307hH Q] =22 HITERM &F

=F =X T, Howard and Smith (1983)2| 20| M2} ASIHLIS ZESIE|ZE 5 mm

ZHol ZYEAE HEFSIQUCH EFE xR F 207X = Davidson’s solutiondj| 24

AlZb DX & =tasto] UEEX Ol paraffin block HEHS ST, 107§%= O.C.T.

compound (Tissue Tek)2 O = sZAZEH XN 2 MESMH Hg 240 O|&
StRALCt. Paraffin block 3! =% S2l0|= K&, HAFT|, 251l =k X+ T
Z2 Chapter 20| 7|zt HEar ot L0 oo LA SZAEH| H|
Xt C2ab ZECH Five mm thickness2 HF =l XZE A|Z2= SANEHE EC0 =

1 O.C.T. compoundZ IEO|SIRUCH ZOHE A2 UHEAZ HZEE] putanol N

o2 g% SZAMZLL OF, 10T 2 EEE 2=

—

rHl

AlE =  cryostat

(LEICA CM1850)= O|&3l0 6 um F/H 2 HEM 2=, Hematoxylin and Eosin Y & A4S}
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SR, neutral lipid, lipofuscin, N-

acetyl beta-hexosamindase (NAH) activity GMES MA|SI0] MIES}ISHE HE 2MES

AA|l SIQUCH £ HRE M=l S210|E= ZAA|ZL] 7|4 M= (Rickettsia like

organisms (RLOs), Copepod, Marteilioides sp., and Metacestode etc.)2| SR & ZHEISH

7| =oALt

2.4. Cellular level analysis
2.4.1. Cytochemical responses

2.4.1.1. Neutral lipids (NL)

= A3PY L NLe| =X Krishnikumar et al. (1994)2F Moore (1988)29|

Oil Red O GMBYS 08510 ZMoIRALC). ZEHE & S2t0|=F Baker’s

calcium-formol 2 (4% formalin, 1% calcium chloride)0f| 4CH| A 1027t 1SS

Ct. 18z £20l=Es SF+E 0|83 MA

rot

b =, 60% triethyl phosphate0| 327t

HFZ A|ZAC} 1% oil red O 22 (1% oil red O in 60% triethyl phosphate)0f| 152 =9t &

AH
~

rok

=, 60% triethyl phosphate oz 30Xt MAE S ZSE4Z MNAEHSIH

glycerol gelating O| &3l & YoIRCt NLO| SHF=s o= MFE a=tdd 4

N FHES 400H] Hizel ¥ =AM E IS0 stdws L2ZEQ0] (Image

Analyzing Software) & O| &35} EAMSIFLCY.
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2.4.1.2. Lipofuscin (LF)

= AW L LFe] =X™-2 Krishnikumar et al. (1994)2} Moore (1988)2|

Schmorl’s A0 M2} 2EAMS5IQUCE SZHAEEHE £S2I0|EE Baker’s calcium

= Schmorl’s 4 (1% ferric chloride:1% potassium ferricyanide, 3:1 v/v)0j| 52 7F &AM
S AMA|SIRUCH HME S210|E= 1% acetic acid 2H0|| 127t MAH &, 5322

M&H35F glycerol gelatin©® 2 mountingst QUL LFO| =X ME = U922 MESH A

Sld 47 95 HISI0 NLEAMat ot HEHOZ otdEM0f| 0|&3tRALt.
2.4.1.3. Lysosomal membrane stability (LMS)
LMS= Q@(Hez Zag %= =2Hd8eere, 2lag W EXists N-

acetyl beta-hexosaminidase (NAH)7} ZE|CHZHES EO|= A|Zb (labilization period,

minute)2 ZM3510] ZMSIQCE FMS X QB 2 IS LA 37TOAM MAISHY

o}, ola

rﬂ

£l &£2}0|E = 0.1M citrate buffer (pH 4.5, 2.5% NaCl)0f 2+t 0, 2, 5, 10,

Of

15, 20, 3027t HF2 A|7{ lysosomal membraneS &QtH 3} SFQULCH 2™ =

>

et

OlE& g|ad& S Fifste 7[ZO0| =gl Mo 2027t BFSA[ZACE o[, 2
A ENEEE0| AR El 8.2 20 mg naphtol AS-BI N-acetyl beta-D-glucosaminide &
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1119

1120

1121

1122

1123

1124

1125

1126

1127

1128

1129

1130

1131

1132

1133

1134

i

2.5 ml 2-metholxy ethanoldf| =28tst =, XX Q31X Q1 low viscosity polypeptide 3.5 ¢

1} 0.1M citrate bufferE A7}st0 = 2IO|7f 50 mI7} £ =2 tGC| bt

0[0

JEE

£l £2}0|EL& 3% NaClg O|23f| 227t

>

|H =, diazonium salts (1 mg/ml fast violet

B in 0.15M phosphate buffer)2 A 20| YAUSIQICH GAHE

>

2lo| =

i
14

A&

Jn

=2 M3l1, Baker’s calcium-formol EUHOSF 4CO A 1027 D ™HSIQICEH 1

oz

5l &210|E= MA = glycerol gelatin© £ mountingst] NAH activityS 90|42

2 435I LCH (Krishnakumar et al., 1994; Moore, 1988). NAH activity= NL1} = &s}

A gelz W8 2318d 39 Y

o
Mkt

+Zot0] =hdE 40| Ol 8StRAULt.

2.4.1.4. Image analysis

O|0|X| M2 Krishnakumar et al (1994)2| HIH S SO AA|SHIUCEH NL

S LFQ} LMSO| =X 2 400X H{=0| Al Motic Image Plus 2.0 AZEQHE 0| &}

SO ZEet &ML, white balanceE SLUSIAH 1HsI0 EASIQULCE EHE Of
O/X|= Image J 1.44 (NIH) =22 0|3l HAZ C}Zat £0| FHSHFLY.

£ = 0|O|X|E 8 bit gray scale2 HHS}SH0] gray 2F4=7} 0 (clear, white)Of| A 255

(dark, black) CHAZ T2 2~ QA W&kt =, 0|0|X|Q] A 7|E 320 x 240 pixel 2

HSHSIQICE #ShEl O|O|K| L @AH0| EIX| L2 backgroundE thresholdS 0| &3}

— —
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1136

1137

1138

1139

1140

1141

1142

1143

1144

1145

1146

1147

1148

1149

1150

1151

1152

MASERA, Of Of threshold Zt2 == O|0[X|0f S5HA HESIRACL O|=,

background”} M| &= O|O|X| Lf ZaAH Ho| HXNE =75l0] pixel densityS L}E}

L ALY

2.4.2. Hemocyte parameter

2012tA 108 ST 1070 X GO M =2 d+= HS0 20| =8

SR dMZELN SFE 2= =S M4 T A WHIZ2EZFH FAP|

ot

(226> U2)E 0|8st0] YTAS FotRD, SHES WG| Sfs Lol B

I, AMM|ZE 5=, Neutral Red Retention time 730 0| &35} %L}

2.4.2.1. Cell count

ks

FHE =M (150 u)ofl =22| 3% formalin0l| =gt5HY S

et

:I'I'

M
o

o=, double strand DNAO| ZAetst= sabd HAAI2F SYBR green | (Sigma-Aldrich,

USA, 1,000x)S FE7Iot0] &22| &fa0M 2412 S¢t BSAIZALE S FM e o

T= SME 2A7| (FACS Calibur flow cytometer, Becton-Dickinson, USA)E 0| &35}

Of SYBR green 10 QAHEl AESOHS MEHSIQICE & 0| £2 X7

0f & 10,000712| MZE A=t AlZtS 7[E5HRA, 1 ml & 9 =5 AU
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1154

1155

1156

1157

1158

1159

1160

1161

1162

1163

1164

1165

1166

1167

1168

1169

1170

rlo
n
ajo
=
my!
n

% H74 =10,000/(AxB) xC

Of M, A= 10000712 HFMEE FFot A[ZO|H, BE 128 RMZE £47[2

94, C 8|AH4-0|Ct

2.4.2.2. Cell mortality and DNA damage

2T AIYED DNA &dE= MZ80| 22510 Bt FiSte] DNA

O| & 7}Et0f| EAtSt= H2A A9l propidium iodide (PI;Sigma-Aldrich, USA)E 0| &35}

Of MASIYCL BT AMYES 150 plo| HUZU| SO FSIH (Anti-

aggregant solution, containing 2.5% NaCl and 1.5% EDTA in 0.1 M phosphate buffer, pH 7.4)

o 3 ue| PIE 28 F, 4T F=0A 1027t BHSAIHA FH|SHRACE HHS0] 2

u

2 dEZNZ [FME 47|29 FL-3 detectorE O|ESHO] PIO| 1iStA FAM &

d7tts dEsh =, TM 25 0 Ot BlES AUt EorRlth 2T A

ZO| DNA &= t3ar 20| A QCt el =Y (150 phof| X7tz

e

absolute ethanol (900 ul)& =8tst1, -20CO{| Al 24A|ZF SOt permeabilization A|ZiCt

HtS0| 2zE HEZH2 A= (3,000 rpm, 10 min) 2, &SHS KAzt

PBS 0| &= Xtafl MH L MERSIACL O] =, RNase A (5 ul, 10 mg/mE H7t
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1177

1178

1179
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1181

1182

1183
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1185

1186

1187

1188

M 30827t BHSAIZCH [ME 247

MUl

o|g¢ct &+2| DNA ¢ CSt &

r

O] th=EIRUEt. FMZE Z447]2] FSC/SSC dot plotof A H MZRE MEist =,

FL-3/Count histogramOj| A cell cycleg Ztdot =, DNAZI &4%l sub GO-G1 £

Sigote 25 ot TN Eetel HER AMSHACEH

2.4.2.3. Phagocytosis ability

A AMEES A2 bead (fluorescent bead; 2.0 um diameter, Polyscience Inc.)

2 NI88 WO £2 ALcto] ASCHACL 2TB BYTY (150 who| S

o Bwojiisi+E St 2% =2 S| E FE beadS 30 Wl HIISHO 229 &

o
=1
=3
=]
=2
x
ogt
oK
O
D

QO

o
i
1z
sl
ol
%
et
-4
r&2
mjo
r>
Jm
rot

2, FL-1/Count histogramOf| A{

g& bead & 37 Ol AHES EFE A=+ THM E+ & MX[StE HEZ L

2.4.2.4. Neutral red retention time

a3 M ZQ| lysosomal membrane stabilityS =HQ15F7| 2|5 lysosomeS £ 0|

Moz Mgt &~ 9= Neutral Red (Sigma-Aldrich, USA)E 0|23} M7} KULCt
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1193

1194

1195

1196

1197

1198

1199

1200

1201

1202

1203

1204

1205

S22 He/mol (100 pl)of S2Fo| T2 K| neutral red solution (200 pg/ml)S Al

AL

=9 0N 3027t S AZCE BHS0| 2EE =, 158 A2 90|g ot

M Az 25712 €& FARZ MEstH ZESIACE of o, g+ L

lysosomal membraneO| 2Fs| X neutral red7t @7 M=E IS ZE WX LI7I= H|ZO0|

of 50%7t XIS e AlZtE =785t E7IotRILt.

2.5. Pollutant deposition in the oyster tissue

2.5.1. PAHs concentration in oyster tissue

A2 = Az W EXStE PAHs sk& oh=dfdursty|sd 3 ol

HYARLA0IM EAS UASIACL 2 ALY PAHS SES ZFoH7| 9B 24

g2 3A Mz F=g, M, 717|242 3TA=Z O|ROX|H, o gt ZAE=

Fig. 3-30f| LIEILHQICE SZ2AZXE = 222 XNFE 10704 20F & 1 g H&

of AAN=E TH[SIRALE =H[E AlZ0| 200 mIe| CIERE2HEI2 16A[Z St

M2 (Soxhlet) ZESIUCL 22 T 24 o320 Cfet LIREESH (surrogate

standards, Teble 3-3)S H7I5I0| 282 PH=O| AR HAU xEE =

FHe JAMZELtH L4 5=7| (Kuderna-Danish concentrator)S O|23510 1~2 ml %=

Ok

Zoz sxoYCH Y0 ZYE 27| ¥

— o

rlo
ltot

Mestel FElE ARl HA

0
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1207

1208

1209

1210

1211

1212

1213

1214

1215

1216

StRILt. F71&0l MAE F=d2 Hlgdetel He7WLR0L ZES AE0H0]

—

LE S AHMCH MEZHLR0lL 2O 10 g YRO[LF (1% +E8)eY
20 g ME7HA (5% +2§)S K22 ST, 100 ml CIZ220THOR AR
FEUS SSAACH 85U YN 5%V 550 T NREUNIR0IED

2| (HPLC; Phenomenex A}S| Phenogel 100A 0] =ZI=l 250 x 22.5 mm i.d. size-

exclusion column)Off SIfAIA 23 S F7 HHEAE HASICH FIHEH =

Soe IHBUSHIIS A0 12 ml £E02 55 3, ZUYUM 15 m2
K25t CHaAMo 2 X|ztEl A2 Ok EATEA (N2, 99.999%)E 0|

0

Sl 05mIE2 s=A7] 2 7| 3AZ20EDHE LHEEFEW (GC internal standard)

S ISt B GCvialo] 87 7|7|2AS BIGICH PAHs EA0| AMREl ZtA3 20}
Egfm-R 22 A T| (GC-MS)Q| RAL Table 3-40 7|= 38}k
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Oyster tissue
homogenization

J

; (—————————————[ Surrogate standards ]

~N

Soxhlet extraction
(DMC 200 ml)

L 2

Deactivated Silica/Alumina column

chromatography
(DCM 100 ml)

3

HPLC clean-up

‘ (————————————— GC internal standards

GC/MS for PAHs

1217

1218  Fig. 3-3. Schematic diagram of PAHSs analysis of the oyster tissues.
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1220  Table 3-3. Surrogate internal standards and GC internal standard for the analysis of PAHs of oyster tissue.

Surrogate standard GC internal standard

naphthalene-dg terphenyl-dy4
acenaphthene-dig

phenanthrene-d;

chrysene-dj

perylene-d;,

1221

1222
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1223  Table 3-4. Analytical conditions of GC/MS for PAHSs.

GC condition (HP GC 5890)

Column DB-5MS (30 m x 0.25mm x 0.25 um Film)
temperature program 60°C (2 min) — 6°C/min to 300°C — 300°C (13 min)
Carrier gas He 1.0 ml/min

Injection port Temp 300°C

Injection mode splitless

Injection volume 2 ul

MS condition (HP MS 5972)

Interface Temp 280°C

lonization Voltage 70 eV

Monitoring method Selected lon Monitoring
1224
1225
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1227

1228

1229

1230

1231

1232

1233

1234

1235

1236

1237

1238

1239

1240

2.5.2. Heavy metals concentration in oyster tissue

N 2 AR W 532 S5 TUSMDSY ofFBAT|N 242

SUSYCL B MUY FIE SEZE REATBIAXODIIENT| (ICP-MS,

PerkinElmer Co., Model Elan DRC-e)2f ZOIZUZ=2&A17| (Automatic mercury

analyzer, Milestone, Model DMA-80)& 0|83}0] Ot (zn) & F2| (Cu), & (Fe), 7}

E=& (Cd), & (Pb), H| (As), 3F (Cr) A2/ =2 (T-Hg)= LCi=t #2 &

rE

oz MRt sE2AZE =2 22 XHE 1070M% 20F of 1 g §Eo| A

A2E THIOIACH ZH[E AZ0| Z4 10 Mg F7H50] 80T A 40022t EHS

AlZl 2, 100Co|Af 1502 7F 72510 Zits SESIRULE ARl 27t 23

i

R LS

rlo

28 BHEBI0l SUEQUCH MA BY S LS AlRE 206 HNO3

N0 50|12 GF/F O{IfX|2 O]1f5t0] 100 mle| 28t=S Fot0 =40 0|85}

Lt =25 Ml 858252 ICP-MSE Table 3-51t Z2 =AM 245

I, 2Mo] ME2E| (Qa/Qo)E QsiA A|E 1574 OCt EFEEZE (DORM-3, NRC)

RN Ao SYS WYoR BN 42

rlo

SAAXS AR o

o
o
@
@
o
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1241  Table 3-5. Analytical conditions of ICP-MS for heavy metals.

ICP-MS  (Perkin Elmer, Elan DRC-e¢)

Plasma condition

ICP power 1200 W
Vacuum pressure 2.O><e-6 Torr
Lens voltage 5.75 Volts
Pulse stage voltage 1080 Volts
Discriminator Threshold 17

Nebulizer & Cooling system

Main water temp. 20.9°C
Ar gas flow 0.97L min_l
Peristaltic pump speed 20 rpm
Data acquisition
Measurement mode Dual
number of sweeps 10
Replicates 5
1242
1243
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2.6. Environmental factor

1244

L=k
P

A X

AL
T

oM 28R AL SA0f

F

1Y

Xl &
Al O

= 2ol A

Of 04 A

1245

SHRIEE. =2 MEA

0o

AN (eh=olf e, 2012)0

i

1248

0| 23}SIC} (Table 3-6).

HOIHE

=
24

20l

ME gaeb 7tE 7hkE X

1250
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HlolElo] x|

A Kl
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t7b SIRACE. OEfA AFEIMOAN £

FACE =
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1257

1258

1259

Table 3-6. Seawater parameters measured by MEHI (2012) and heavy metal concentration and PAHSs in oyster tissue measured in this study.

Sampling Site No. Ammonia Nitrate Phosphate Chl-a POC SS DO pH Cu Cd Pb Cr As Zn Fe T-Hg Total PAHs 16 PAHs Alzﬁzed
MEHI
site report pmol/L pmol/L pmol/L pg/L mg/L mg/L mg/L mafkg mo/kg mafkg  mofkg mo/kg molkg mo/kg mo/kg ng/gdw ng/gdw ng/g dw
(2010) dw dw dw dw dw dw dw  dw
YC 3 5.64 12 1.1 3 02 50 7.14 7.8 186.74 3.27 1.13 1.77 7.64 135421 15354 0.06 174.3328 48.38153 125.9513
CN 1 4 10 1 2 02 40 7.14 79 266.78 5.43 1.28 193 9.23 3378.39 154.24 0.14 195261 59.49034 135.7707
JD 6 3 10 0.9 15 02 50 7 79 16373 216 081 1.94 159 271351 158.39 0.05 132.4495 44.48866 87.96088
WL 9 3 10 1.1 15 02 40 7 7.8 256.08 2.72 1.28 203 16.41 2689.45 166.77 0.05 491.1691 115.5865 375.5826
SD 16 3 6 0.8 15 015 40 7 7.9 103.71 1.89 0.91 185 1737 12111 8448 0.02 122.8108 53.1253 69.68553
MS1 17 3 6 0.8 15 015 40 7 7.9 15846 2.35 1.16 2.09 1569 2014.74 109.07 0.04 189.3515 68.27373 121.0778
MS2 19 3 6 0.8 1 02 50 714 79 6692 163 0093 175 12.64 1129.79 65.46 0.03 206.5904 78.7608 127.8296
GD - ) (5) (0.6) (0.5) (0.2) (50) (7.14) (7.9) 14339 251 1.39 146 12.38 1463.32 89.68 0.03 195.0533 80.32978 114.7235
BJ - ) (5) (06) (0.5) (0.2) (50) (7.14) (7.9) 90.29 3.98 0.94 172 1017 1232.34 107.48 0.02 93.32794 45.74377 47.58417
YL - (2) (5) (06) (0.5) (0.2) (50) (7.14) (7.9) 14857 355 178 185 13.45 1697.08 146.07 0.02 152.0874 82.09526 69.99216
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2.7. Statistics analysis

7t X0y 245

0%

=2 one-way ANOVA 245 &of wold dd8= dt
R, Duncan testE &9l p<0.05 =FO0|A FIXE LIEILHRUCE O|=, etdR0lut
=9 HAME| Haleto] HHTAE MG S FZHEEA  (Principal
coordinates analysis, PCO)& PRIMER software (version 6.1)& O|&30 a5,
S8 W Part 20|M9l ZCh CiRh 41 siFaole sEsYIeol &

BEM X2 (BHES|Y AT, 2012)Q O] HAFO|A 24 = Z MU PAHs & =

& sEE #4a0oz2 08t

3. Results
3.1. Individual levels

3.1.1. Condition index and physiological index

20124 10 ST LU2ZREH Ttz 107 FHOM MEE =9

HIZt== Fig. 3-40|A 2& Hiet Z0| X[HE XtO[7} ZHEE[RACE LHZHO| 2 X|g

ALC|@O| MAISH= 20| H|DHZ 7} 0.048 + 0.003C 2 7}& W H|OIEZ Zt:

OB ZME[QUOM, QUto| HIEIO| AMAlSH= 29| H|TFEJ} 0.165 + 0.0112

tS =L ST MAMstE =9 BT EE WEOM H1 oftez Z4=
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=T} (p<0.05).

1279

2 ZMEIUCE (p<0.05) (Fig. 3-5). L{jTre| Z=HLH O A

o

A= A

A

1280

<+
ol

ojru

(®)
[

MEE= =29 PIZHL2 = 012 71 Y2 X2 SZ0| waterydt AME{

1281

=9| PIZ} 2.7 £ 0.12 7}

20 MAlSHS

| =
=

| Xlek 4

Fo

C}.

1282

=]
x

2)-2.6 +0.1 (2t 2|

0O A
T =

23+ 0.1(

=
=

o LIHA] XS0 A

o =%, o K|

1283

As, B=ZE, g82)e HAZ &2 PI X|=& ER/ACL
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1285

1286  Fig. 3-4. Condition index of C. gigas collected form Gwangyang bay in 2012. Data expressed as mean + SE, ANOVA, p<0.05.
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1289  Fig. 3-5. Physiological index of C. gigas sampled from Gwangyang bay in 2012. Data expressed as mean + SE, ANOVA, p<0.05.
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3.1.2. Tissue dry weight of standard animal

107) X0 M MEE 2o B 27| 2D 603 mmE J|EO2 EEE

TH=ot PIZMtRt 20|, LiTHO| f[X|eh Z=EHIw| MASH= =0 437.8 + 76.3 mg

1233.1 + 1136 mgR 2 7t =2 ATHE A ALE ZALE[RULCH §3F|, 2Tt9

MEL|2t Fes, FZE0 MAsts =22 dEE2 =g0Hw =0 H/of < 2.6-

2881 Oldel FAE AH A2 ZALE[RACL
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1300  Fig. 3-6. Tissue dry weight of the standard animal (60.3 mm SH) examined in this study. Data expressed as mean + 95% confidence interval.
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3.2. Tissue levels

1302

3.2.1. Biochemical composition of standard animal

1303

1304

-

Ja
g

!

Hol 27t == E[RACH (Fig. 3-7).

1305

2| o

ojnu

P

mOoj|A 1496 £ 232 mgRE X e

1306

wjr

ojn

o1 3=
[m= ]

M 406.8 £46.1 Mg E 7% =2

1307

00| A et Z0f, =Hin =0 H[s{ F 2.5-

1308

X|H Zioz2 =AM QUL (Fig. 3-7A).

CH 1 0f| A

JoO

1310

ol
0
00

450 + 20.0 Mg 2 J}E W1, BLAZ0|A 3497 + 51.9 mgP 2 A =2

1311

ol

4

Fe Al A2=2 ZALE[0f, X|FE %0

(=1 3=1
O o

CHul =0ff Hlo§ °f 6.5-7.801 ==

ALt

1313

7b 3H LIEtLbE Ao 2 ZALE[QICH (Fig. 3-7B).
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Fig. 3-7. Total protein (A) and total carbohydrate (B) of the standard animal (60.3 mm SH) measured in this study. Data expressed as mean

95% confidence interval.
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1330

1331

3.2.2. Gametogenic stage and histopathological observation

2012 103 L 1070 X[HoM MEE =2 M HEA = Fig. 3-

80A E& Hiet ZCh LHZHO (Xt &=H1

bt
0
El
of
of
hY
=
i
10
M
0

F 80% O|¢el CHE &2 =0| O|F%t7| (indifferent stage)O|RA20, L2 THH| 7t

_

AMREST| (spent stage) ol HOE EAPEIQUCE HHEL, QIBtof Six|gk AlEE] Y Bhy

2, 228, AS, $EE, 220 MAslE 2o AL, 02| Tl 20

36.7-90.0% % 20, 10.0-60.09| =2 H|E2| |H7} LEt=7[o THAZ, LHZHo| H

AEIHP|SHE obAER A0 Table 3-70{A E+&= HEQF 20| RLOs 3! copepod,

Marteilioides sp., Metacestode?| 4= & 7|MMS0| ZHEZ|QCE 2Lt AEZ|0A

RLOsO| ZHEE0| 20%AEH AS HMeleh 2= XM Z 7|4d=9 &

02
Mo
°

10% O|2tez HA =ALEAL, XFE S L2t o[2rof F3ioh TiEH2 2HEL|

x| Qtotct.
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1333  Fig. 3-8. Frequency distribution of gonad developmental stages of C. gigas collected from Gwangyang bay in 2012.
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1335

1336

Table 3-7. The prevalence of parasitic infection in oyster surveyed in 2012.

Prevalence (%)

Site N RLOs Copepod Marteilioides sp. Metacestode
YC 30 0.0 6.7 33 0.0
CN 30 6.7 0.0 6.7 0.0
JD 30 10.0 0.0 0.0 6.7
WL 30 10.0 0.0 0.0 6.7
SD 30 20.0 0.0 0.0 0.0
MS1 30 3.3 0.0 6.7 3.3
MS2 30 0.0 0.0 0.0 0.0
GD 30 0.0 3.3 6.7 0.0
BJ 30 6.7 0.0 3.3 0.0
YL 30 3.3 0.0 3.3 0.0
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3.2.3. Digestive gland atrophy (DGA)
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1344
1345  Fig. 3-9. Digestive gland atrophy of C. gigas collected from Gwangyang bay in 2012. Data expressed as mean + SE, ANOVA, p<0.05.
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3.3. Cellular levels
3.3.1. Cytochemical responses

3.3.1.1. Lipofuscin (NF) and neutral lipid (NL) in digestive gland cells of oyster

AL MZO| 2|AE L NF S22 Fig. 3-100 A 2= Hib ZCt &
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et =Z0| Z+2t 8.13 + 1.89 pixels, 6.54 + 1.51 pixelsQ| =2 2
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=2l %, 5.0 pixels O|2te| P2 =X HEE HFYLD, £ 2T MASH=
20| 114 + 0.70 pixels® 7}EH QI J1&H =2 NL =22 Q|Oto| HFZ= 0|

MAISH= 20| 2571+ 6.72 pixels2 7}& =QtCt,
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1361

1362  Fig. 3-10. Lipofusin contents in the digestive gland cells of oyster tissue section examined in this study. Data expressed as mean * SE,

1363 ANOVA, p<0.05.
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Neutral lipid (pixels, %)

YC CN JD WL SD MS1 MS2 GD BJ YL

1365

1366  Fig. 3-11. Neutral lipid contents in the digestive gland cells of oyster tissue section measured in this study. Data expressed as mean * SE,

1367 ANOVA, p<0.05.
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3.3.1.2. Lysosomal membrane stability (LMS) of digestive gland cells
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1377

1378  Fig. 3-12. Labilization period of oysters estimated by NAH activity. Data expressed as mean + SE, ANOVA, p<0.05.
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3.3.2. Hemocyte parameter

3.3.2.1. Cell count

T d7+c pAZE 24718 018t = &9 ¥H 8 37| R H
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i
N
N
°
Q
=]
>

|98 g+9f =5 Hludi= Z1}, granulocyte= LiZHap 2| 2HZH
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>+
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36,546 cellsimlZ2 7t =2 NEZEFE X[H A2 ZALRUL, Ol &5 =0 H]
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1399

1400  Fig. 3-13. Hemocyte counts of C. gigas collected from Gwangyang bay in 2012. Three

1401 populations of hemocytes were distinguished. Data expressed as mean * SE,
1402 ANOVA, p<0.05.
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3.3.2.2. Cell mortality

X S0 AMHELS Fig 3-140|A EE= HiQF ZH0|, granulocyte@}
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Granulocytes mortality (%)

Fig. 3-14

Hyalinocytes mortality (%)

YC CN JD WL SD MS1 MS2 GD BJ YL

. Hemocyte mortality of C. gigas sampled from Gwangyang bay in 2012
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+ SE, ANOVA, p<0.05.
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3.3.2.3. DNA damage
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Fig. 3-15. Hemocyte DNA damage of C. gigas collected from Gwangyang bay in 2012. Data

expressed as mean * SE.

122



1427

1428

1429

1430

1431

1432

1433

1434

1435

3.3.2.4. Phagocytosis capacity

Ll

H7 HEY Y beadd| AXE 522 ZAM ZD Fig 316014 Hi

HtQ} Z0], granulocyte”} hyalinocyte HLC} 2F 3.1-3.6H] =2 A& 242 ERULCH

X9 = 49| AMMEES ZAFSH AL, granulocyte®| AL, 54.6 + 3.6% (XY

[Hm)-63.4 + 2.0% (S22))9 HYE So|F Xjo|= ZHEE|X| URUALCH (p=0.0933)

(Fig. 3-16A). X|9& Z9| hyalinocyte AMZ&E2| AL, 158 + 0.8% (HtAZ|)-19.1

+ 1.0% (E&z2)e| HPIZ, granulocyteo| AMZESnt Z0| X[HZt 72X X}0|=

SEE|X| HUACE (p=0.5518) (Fig. 3-16B).
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1436

1437  Fig. 3-16. Phagocytosis capacity of C. gigas hemocyte populations. Data expressed as mean + SE.
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3.3.2.5. Neutral red retention time (NRR time)

Ao Zlag o oF™ M (lysosomal membrane stability)2 neutral red7 2|2

op>

9ts WNLIR= AlZtS 2HESHY gUoten, 1 ZAaks Fig. 3-171f ZCh
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2 7 2 AlZtol ZRCH UTel S35 HIRS 2ol e, Fe=, ASs,
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Fig. 3-17. Neutral red retention time of C. gigas examined in this study. Data expressed as

mean + SE, ANOVA, p<0.05.
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3.4. Pollutant depositions in oyster tissue

3.4.1. PAHSs concentration

o 1074 xGoA MUE 2 MUY F PAHs B A2 933 ngly

TDWT (Y=Z)0 A Z|Cf 491.2 ng/g TDWT (EUiS)2 BHRZ, EUHSS MLl Lt
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(alkylation) &l =}f=0| = 2EIRUCH (Fig. 3-19A). HHH, &= = HLIOM=
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1472 Sampling location

1473 Fig. 3-18. Distribution of PAHs concentration in oyster tissues collected from Gwangyang bay in 2012.
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Fig. 3-19. Composition profile of PAHs concentration in oyster tissues collected from Gwangyang bay in 2012; (A) oysters from Wollae-
Dong, (B) oysters from Bangjukpo.

1476
1477



1478

1479

1480

1481

1482

1483

1484

1485

1486

1487

1488

3.4.2. Heavy metal concentration
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1490  Fig. 3-20. Concentration of each heavy metal in oyster tissue collected from Gwangyang bay in 2012.
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3.5. Principal coordinates (PCO) analysis
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1509  Fig. 3-21. Map showing groups of locations clustered by Euclidean distance.
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1512  Fig. 3-22. Dendrogram of the hierarchical clustering of sampling sites of Gwangyang bay based on Euclidean distance.
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1514  Table 3-8. Results of SIMPER test showing the main contribution factors within the location groups in Gwangyang bay.

Gwangyang Bay (Environmental factor) Gwangyang Bay (Biological factor)
Variable Average squared distance Contribution (%) Variable Average dissimilarity Contribution (%0)
GroupA& B GroupA& B
As 4.03 9.51 LF 1.07 15.27
pH 3.75 8.86 C 0.86 12.18
POC 3.75 8.86 LMS 0.83 11.81
GroupA&C GroupA & C
Phosphate 4.80 8.62 NL 1.42 15.48
Chl-a 4.51 8.10 LF 1.40 15.25
Nitrate 4.38 7.87 C 1.17 12.80
GroupB & C GroupB & C
DO 3.75 11.63 LN 0.98 18.89
POC 3.75 11.63 C 0.62 11.97
Cr 3.13 9.69 MOT-Gr 0.49 9.59
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Fig. 3-23.
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Principal coordinate analysis of the 10 sampling sites in Gwangyang bay.
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calculated from the standardized log(X+1) transformed abundances of reads
grouped to classes. Percentages of the total variation explained by the first two
axes are indicated. Vectors represent the direction of the relationships between
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4. Discussion

4.1. Study area
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4.2. Individual level
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Ct. ot SEotX| 2ot Yol dFe| 2= HU Bzt 20| <o) H|s
woHez H2 AS K= Bt Ut Of FF0A HAR PCO 24 Zif Y

o W2te] 22 =2 DGAS EReH, [ZoM= H|2tE 8l Pl TDWTO| F2

Moz EQULL ol =& =AH 29l & Chl-a & Nitrate, Phosphate, Ammonia2} Z

2 GYYRIL s NKs AS 2o & ANUCH M ST oA

=2 ClI & PI, TDWT= HO| Ho[ete| AFeh AR0| on, =2 H2JEE

o oBrgsle AEE BEE + U2 HOR ARHD, $2 coisy HZE 2

LIHE Z2J#o| = MM X|E (biomarker)2 O|E2E = US A= 7|C{=ICh

4.3. Tissue level

24

HI
P

o YTUNE EH4FO| MEIKE PRO2 2O MBI

AHFERCHH| XE|R|SHE 3 D

®
>
i
¥
>
ot

RALCE I Adt, LI MAStE =

ML & THOf| BloH A ZALEIRAD (Fig. 3-7), DGA

4>
o
=
0
I-
il
Il
0
0
=)
ﬁ

30)

= LHZOIA =AH 2HEE[RALE (Fig. 3-9). AT EHEA = 2THO[ LITHO| B|SH Cf

2 =2 442 TE HAE 22 (Fig. 3-8), AEIoH E 2= XY
2 Foioh 2 ZHEDSHX| ROIRALE (Table 3-7). St O|OHIi ROl AotlE2 H
olet HEof et ?|=EHL Y7 = St (Kang et al, 2010; Winstead, 1995),
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1601

Holel 2=l 42D oLz 2E=Ee = 8 HiE HEMHE

i
2
o

Ct

(Krishnakumar et al., 1994; Livingstone, 1991). Kang et al. (2010)2 %t=9°| DGA7} 20|

, o 20| /FEE A

o

7t BE=38t Jt20|L} H1 S0, Winstead (1995)= H

—

fd
rot

X|Lot= (C. virginica)2| DGAZI MEZ20 =& E/AS W S/t As &

Hb QUCt EESH Lowe et al. (1981)1F Moore et al. (1989)= &5 EE= PAHSO| ===

CEX| (Mytilus edulis)Oj|A{ ASHHLE MZE LY 2|A% 50| XH7FEHA! (autophagy)S

O30l MIZEQ 7|SAAMDL NZEALE (cell death)of| O3t ZH{OZ s+ HE QULCH

O

O[e} ZO] DGA= CiYet AEZ A0 LHSHA gSote 7[H2=, DGA Hztof

7|05tz E otLtel Jels X[=ot7|of o2z Fo| UAX|T, Aetetd Hat (=7,

f

re

o #g, oot 29

o

2, 7|

ot

Hol S)2F Z0| Crefet AERA

OF

EJIiAF

-1 O

20l grgotct. O] AN HA|SH PCO 24 ZAMOME DGAE S3% A

ILHFO| Holet FUSH WHHH2 U UOE ZALE|R}SH (Fig. 3-23), [2tA]
DGAS| t= 282 d 8 Mozt Hstol E2 XHE &8 2 + US; A=
2 A= E=IC}

SHAFOIOIN ROl AHE ®HA F7[0] A0l =21} HOo|= HIRX ddE2 =
M= 7hE g3 Qe stAQ0o2 UM QLCH (Hofmann et al., 1992; Kennedy
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et al., 1996; Cardoso et al., 2007). £3] =& X|YH0| AAISIEHEIE = (species)?| H

Y 59 Xo[= Qg MEA[7] & STt BHE = U2, S T (species)0| A

2 0E XY (38 ?=) MASHHEIE O #A DjEH2 = =28 20200 2

S 23 o 4= QLI (Céardenas and aranda, 2000). EESFE Costil et al. (2005)2 1S9

Ao LHZHOIA eEtezol MMXIY Ktofof o3 37| 8 SEdE, HITE

o Xo|E a2 OfLf2f, [T MASt= =0 LHZHO| Bls| thEtsisTt o W2

e

o

&SI 0l52 Wit £

a2

o| At mjEHO| Xjo[E 20l= Ao CshA

LHZHO MAlot= =0 HO| o[ & & Us AlZO] A2z HI| M=,

Mo MEE = A= oHX|IZ Ha, W2t 0|F O|8% HIRAE &g

rot

At 7] MEo =29 #HAZE2 Jotd ZAol2tn AHSIYC. X Baek et al.

(2014)2 o|uter a0 LR f(Xiet a9 JHZE X[Gar 2 Fhe| S| At

o oA

01

FOf| AMAlSH= HEX|2F (Ruditapes philippinrum)e| ME|std HolE T ARG

Hb QUCH O Z3l, ZAF X|E® 2 Sl & S EZE al} seston?| sE=X0|E &

[l

= dsg 4

ok

= AU, ofof| et BiX|He| HITE, ML it =

0x
0x
oz

Of ZAL0M Rz HH ZEEUCt. Eoh O 2 MU oUX| MF

Atol= A F710] AN AA SAFO MAMSh= BEX|EO| JHZhel X[Hof HISH
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O @l Bi2ME dibsta, g Sl 8 abeh 7[Zi0] O Z20jX|= Z210E =¢f

SLACI 205gIt. oot 22 A ERgAS O, OfH AF0A 2&E 2T

Ol Cia =2 dAL HEEA g2 M2 7|20 o AZE0 Md= ot=

—

WA 2 = A2H, Feoh Hus MY 22 0 28 AZE T

— T

otojor 2 Zi0|L}.

4.4. Cellular level

of AF0MeE MEsE2 d2Xzg d=2=2 =9 23¥d U Zad

(lysosome) 3} Sl 7t HAHES ZASIACE =9 2=tdd W 2|2

il vg

§}55cq
O_

A9, YL IO £ LF SHY (Fig. 3107 B LMS (Fig. 3-12)2 9%

AEYAE ZoHA D JYEsE AR ZALEYCLE, NLO| ZL FEthel Zqt

(Fig. 3-1)7} TZEQICH ET W2 ZHOME LT MAlSE 20| EE74

0

S HMI (Fig. 3-13), 87 AEEL £ A (Fig 314)22 ZAtE/QYOLt, HP

DNA &M EZot AMESS x|zt foxel Kfo|2 BEY 2 STt (Fig. 3-15

Qt Fig. 3-16). AICt7t, @2 LMSQO| A2 (NRR time test Z1f, Fig. 3-17), A3t

oM Z&E LMSel Zit (Fig. 3-12)2t= gHttiel 27t ==E(UCH 2ol

o 2l4&2 Bojo| 43l SHED OfL2t QEB| G U HE Jlsol F

rlo



1635

ra
e

stS L£SlHSECH (Moore, 1985; Petrovic¢ et al., 2001; Viarengo et al., 1987). 2

g
af>
rlo

1636 REOAM CQIZINX| ZE FHME MZO| =XMstH, HHOIZE =&

g
ox
o
1%

1637 S92 AEHYAE @oH 2|ad T oPYd0| MotElct ofof et 2lad L vt

1638 o B/t MZEZ = E[ALL NLE2 LR 22 20| HPYHe 2 =

1639 ME[0] ZR0|E Ha|SHA KIZHEHA (autophagy) 2 MEAE (cell death), 2|43

J

-

1640 X Z&tHH (lysosomal storage disease) S M =0 S22 &S O|XICE (Chung, 2003;
1641  Cuervo, 2004; Moore et al., 2006; Petrovi¢ et al., 2001). Viarengo et al. (2007)2 ljAF O|Of
1642 THFO| AW LMS AlZto] M2 MEHO| Wo|stx AZE RS O8I 2
1643 O] & = QUCtT HAISHALE H=H<2l LMSZt 202 O|¢Ql 8% 2E 20
1644 S BIX| OH= Y AEfO|DY, 102 O|4f 202 D|BHY W= KT AEHAS

le4s X[ O|F 285Y + U= JEH, 102 O|2e| LMSE HO|= d2= d=H7t

1646 HZ|

1o
il
o[A
02
mjo
HL
el
rir

AEY A MEf2tn AHSIGCE Dimitriadis et al. (2004)2

1647 2|2 O|AISH0| ExZSt= XSS K| (M. galloprovincialis) A3t LEO| 2|AZ% LF,

1643 NL, % NAH B2 SHE =8 Za, LF7} &7 LEG S8ojM Y2 4x09

1649 NL 3! 2k NAH &ASHAMS 08 HE QICH O|QF 22 AL WESH LF =

1650 HO| 2|aF L NAH Zagds M3t Al7|4, 2ad W NLS X

U2t
i
=
ot
Ja
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00
mjo

E510 LFE T=2stQ7| M20|2t0 MAHESHQUCH 2Lt 2|25 L NLO|

A& dtet 285 &b LF=o| T2t et AiMet HFHLIE2 Of2 =l
YLK BHa RACE MEtM o =ALE Sttt getd ZUHEHIM= 2las

Mol LFO| ¥2 Futets 20| HOt Yy WIEst oo B

d
Mo
Il
I

SiAt ojOfIf &= M 91Xt (humoral effectors)s 1t & (hemocyte) 2

r

el MW HY A|AHE (innate immune system)2 ERSID YO, @Jl= RE X
HMZ AMOIE ArrE =2otH WS B9 Qo= Yol 2zt 0|, iz

I mEo £M, BH SO OIS o MaX HYMEHS [EISHI| Yo CHY
3 B3t LIERHCE (Cheng, 2000; Chu, 2000). £3] 29 2% (2| (Cu), 7t=8

(Cd), K| 0]=%E (Xenobiotics), Polychlorinated biphenyl (PCB), ! Tributyltin (TBT))

Of === s|ArO|OjI}=F (M. edulris, C. virginica, Chlamys farreri) & 39| £& {14

o}, HMES (phagocytosis)O| XMotelChe oz A7t Zip7F 24 g HE QUE

_

(Auffert et al., 2002; Brousseau et al., 2000; Fisher et al., 1990; Liu et al., 2009; Matozzo et

al., 2001; Pipe and Coles, 1995; Sauvé et al., 2002). 0|&F, 9| HAL20|= Fisher et

al. (2000)Z} Pipe and Coles (1995)2] ¥ ANt AM= 2| (Cu)Qt 7IEE (Cd)0f|

s8 59

—

OB

g7t

ol

7}st HHH, Liu et al. (2009)2] L0 Al PCBsO| ==
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(2009)= ZIEE (Cd)0o| ==A|ZI HEX|2F  (R. philippinarum) & 2| DNA &

7t Z71ete =018t oL, Hong et al. (2012)

do| S gadtes ditE 20V 20F BE QUEE ESF Park et al.

gk
= ot T2t =ZECHof A4St

= = (C. gigas) 72| DNA & =71 XG4t RolHQl Xjo[= SARAKXT, MM =

220t NRR time 52| HAHO M= 72X XO|7F ARUCHDL HASH7| = SHRALCE

S & o XX
7 3, "R HYES O

1 — 1

= ALO[O] BYRI=0| BtES

T2 0|83 moE

— =

%
Ml
rlo

SICt 2SI O|et Z0], ofttoojujFol =

—

20| BYUE W MEE Q% QX LM JH5H0| YS HOZ AtREC) )

2o MZE 2€ F7(0 e

G153 XfO|of Chet ARIL HH E0fof el
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4.5. Contaminant deposition in the oyster tissue

=2 42ty H#Hoto| et BidS ZAfStxf O AFoME = ML

PAHsQ} 2= (heavy metal) SIS XIASIQICE 1 Za, 2 AW PAHs &t

o
rlo

Fig. 3-180iAf 2= HfeP Z0] L{Ze| HUESS HMeleh LIHA| X[HoME

It
an

200 ng/g TDWTZ 2 otgs EIUMh = MUl 55 282 Fig. 3-200(A E=
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M HEY st AFE SIS LCt (Cho et al.,, 2000; Hyun et al., 2004; Hyun et al.,

2006; Joo et al., 2000; Kang and Lee, 1996; Kwak et al., 2001). 0|2} Z& oIzt AS| §
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(Guéguen et al., 2013). %|]-2 Choi et al. (2010) o] E 10 [}2 M, 2001-2007d 22|L}

cb et MAStE EXe| MU wmrIeiEiE @S ZAteh Zan =elof g
Zatof| Bl ZALE Hot Bgs ERen, 59| F¥T2 P2 LM IHE

2Fo| H2 AL FTO| oLtz EItot7| & ot ALt Kim et al. (2003)2] ¢+ Z1tof|

ME, 2|12t HfetAt & (C. gigas, M. edulis and Scapharca broughtonii) AL} &

=1
O

>
[ot

ek ZASIG S [, 22| 4<%, Hg= 0.004-0.015 mg/kg wet weight (WT)2|

HAZE XRALE| D, Cde 0.030-1.198 mg/kg WT, Pb= trace-0.864 mg/kg WT, Cr2

trace-0.849 mg/kg WTQ| HQ|QILCt Ol =L} mIj&d S §E27|F (As: 3.13-7.28

mg/kg WWT, Pb: 2.0 mg/kg WWT 0|3}, Cd: 1.0 mg/kg WWT O[5} (Lee, 1993))1 O|=

FDA 38 7|=XEH 2 &S 71 22

rot

b}

Ct. fEoh

o]

ropot x71

0

CHOJ A AlSHE HEX| 2 (R. philippinarum)2| KL S=2£9| 4%, Ase= 2.3-3.3 mg/kg

WTO| Q| Pbi 1.8-2.3 mglkg WT, Cd= 0.15-0.29 mg/kg WTO| HQ|2 2|9 913
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