creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

ADISSERTATION

FOR THE DEGREE OF DOCTOR OF PHILOSOPHY

RECOVERY OF NUTRIENT STORAGE AND REPRODUCTIVE PHYSIOLOGY OF
CULTURED PACIFIC OYSTER CRASSOSTREA GIGAS (TUNBERG, 1793) 2YEARS AFTER
THE HEBEI SPIRIT OIL SPILL

HEE-JUNG LEE

Department of Marine Life Science
GRADUATE SCHOOL

JEJU NATIONAL UNIVERSITY

August 2016



RECOVERY OF NUTRIENT STORAGE AND REPRODUCTIVE PHYSIOLOGY
OF CULTURED PACIFIC OYSTER CRASSOSTREA GIGAS (TUNBERG, 1793)
2YEARS AFTER THE HEBEI SPIRIT OIL SPILL

Hee-Jung Lee
(Advised by Professor Kwang-Sik Choi)

A dissertation submitted in partial fulfillment of the requirement for the degree of
DOCTOR OF PHILOSOPHY

August 2016
This dissertation has been examined and approved by

< PN

Thesis director, Dr. Chang-Keun Kang, Professor, Gwangju Institute of Science and Technology

Dr. Do-Hyung Kang, Principal Research Scientist, Korean Institute of Ocean Science & Technology

Jong > 50 'L;);&”/’

Dr. Sukgeun Jung/Associate Professor, Jéjd National University

O
S—

/A

Dr. Sang-Rul Park, Associate Professor, Jeju National University

L _

Dr. Kwang-Sik Chef, Professor, Jeju National University

2016.08
Date

Department of Marine Life Science
GRADUATE SCHOOL

JEJU NATIONAL UNIVERSITY



CONTENTS
List of Figures 7

List of Tables """ 8
RECOVERY OF NUTRIENT STORAGE AND REPRODUCTIVE PHYSIOLOGY OF
CULTURED PACIFIC OYSTER CRASSOSTREA GIGAS (TUNBERG, 1793) 2YEARS

AFTER THE HEBEI SPIRIT OIL SPILL

DSt O 10
L INtrOTUCH ON 12
2. Materials and MethOaS 18
2.0, SaMPIING €O 18
2.2, Biometry and NiStOl0QY 22
2.3. Biochemical composition of tiSsUe 25
2.4. Enzyme-linked immunosorbent assay (ELISA) 26
2.5, Standardized MeasUreMeNtS 27
2.6 Statistical analy SIS 28
B ROSUI 29
B L GrowWth and Cl 29
3.2. Biochemical compoOSItioN 36
3.3  ReproduCtiVe €T Ot 41
A DISCUSSION 49
4.1. Physiological parameter variation 49
4.2. Biochemical composition variation 54
4.3. Gametogenesis and reproductive effort variation________ . 56

RO O NG 61

ACKNOWIBAG O MNES 72



M
=

, 90

F

= 4%

37152

Q2O At O|OjIiFO| CHZEE AL O] Q0=

Gt Hebei

H e
TN

& QIC} 20074 122 EJQFR D2 3{AH36°52.3N, 126°03.4E)0f A

-
prt
b

H| 238 M2tz (22,185 ha)/JhX|

Lt (5,519 ha)2

X Lt
o

Spirit RRE]E Alle =

H

-

Hebei Spirit S5 89& At 2

=
[

"o Ses O[MCH of &+t

s TAY| flote A

=1 @S|
==

de

Al
o

77t &=0f ofXls H

2

I X|Ql EfQtz o|&te| (R mSHK| )0 A4

L
[¢]

= AM2s REREL

Al

OFAI
o

2| (CH=F1)0l M

I

of0

=2 O|8otULt. ME2 2009 2EFH 20104 127X, OfE HAISH2,

F A9 =2 42y X (H

X|%=, Egg mass)E ZARSIRICE HZqf H

o 10.2

e
o

Ciz=7 =2 8% 2009

=
[

u]
—

te

o H|TtE

|
o

2 = QCh (P<0.05). FESH 2010, YA| CY=T =0 o

|I—|O
e

o

E R

= 1052 Qo|Moz &=9QtCt (P<0.05).

O, QRLSIXY &2l HlTE

9.0Q Ht

14

[f=Fo| ZL 2634 mg

= A

s

|

20094,



carbohydrate standard animal®Ql Bt Q2 T|S|X|H (22 290.7 mg carbohydrate

standard animal’© 2, SEL|SX| Y AZ0| Q9|X o2 =QC} (P<0.05). 2L} O

243 X0l 201001 BAEX YYUCH H XX U T Cr

ook

2k olA|, =

o 1 O

OFAF}

throlEir 22 S

mjo
HT
4]
rir
inl

rlo

20094 CHZ=TE &= (507.3 mg protein standard

animal’)0| S2m|sjx|e A2 (574.8 mg protein standard animal)ELCt Qo|Mo 2

LIQITH (P<0.05). ZEISHE| Wrefo| ofsh WAl o

i
ra

Al 2tE Ao, 20099 o=

- =0 Hol FROGNXY Pzl = LEIHEAIZ] (8F) H 3 MET] (89

)7t o Bk =Lt 20108 & X|G FH=o| H= LMEVIUAIZ] 8E) H F

Al

AE7|(8-98)= ARUACH et K AN H=ol HAFE =¥ Zuat, 2009 CHz=

—

29.7%, QEISIX|Y 27.7%, 2010H CHET 29.7%, SEMSIX|A 34.7%, =, XY

2 QolMel Kols BEEX UCh Lt REWAHXIY HBO YA

—

Rl
+

rir

2009H0] 27.7% H|S| 2010 34.7%=E [FolFZ FIISIULH (P<0.05). Atzt

™ A EH=ZO| egg massE FFH A}, 2009 CHET = W egg masse

457.7 mg egg standard animal*tt®, S 2 ms|X|S 71 &=L 460.9 mg egg standard

animal™)O| QICt. 201040 AL At2F M CHEF 47 &=29| egg mass= 383.2 mg

egg standard animal® Bt S E2m|s|X|S A=29| egg mass= 540.4 mg egg standard



2

=

animal )2 CH=3 #=2 HCH 9

oZ T=ECL|QICt o] ¥ A,

2 O[X| RARgACH. e}

=
=

|2 Al 2 KO]

s}

O|=FH, =7 &H=2 42

o El

pS|
~

Moz Mz

B A%

==
T T

=22 7RG At 28 O

| ALCE

A

|==I0] 7}

=2



List of Figures
Fig. 1. Location Of the StUAY areaS. 20
Fig. 2. Seasonal variations in water temperature, salinity and chlorophyll-a concentration in
the control area and the oil contaminated area. 21
Fig. 3. Diagram demonstrating steps involved in the analysis of Pacific oyster in this study.24
Fig. 4. Annual variations in condition index of Pacific oyster in the control area and the oil
contaminated area from February 2009 to December 2010. Values represent mean +
standard error (N=30) . 35
Fig. 5. Annual variations in tissue dry weight, protein and carbohydrate in a standard animal
of a shell height 74.4 mm in the control area and the oil contaminated area. \ertical
bars represent 95% confidence interval. 40
Fig. 6. Monthly percentage distribution of gametogenic stages of Pacific oyster from the
control area and the oil contaminated area from February 2009 to December 2010. 47

Fig. 7. Seasonal variations in Gonad Somatic Index (GSI) and the standardized egg mass of

Pacific oyster in the control area and the oil contaminated area from February 2009 to

December 2010. For GSI values are mean * standard error; egg mass vertical bars

represent 95% confidence interval. 48



List of Tables
Table 1. Published studies reporting impacts of Hebei Spirit oil spill accident in marine
environment. 15

Table 2. CONtINUE. 16
Table 3. Marine bivalves used as sentinel species in international oil spill researches. 17
Table 4. Annual variation of oyster Tissue Dry Weight (TDWT), Condition Index (ClI),
percentage of total protein and carbohydrate, Gonad Somatic Index (GSI) and Egg
mass at the of contaminated area from February 2009 to December 2010. All the
values are mean + 95% confidence interval. 33
Table 5. Annual variation of oyster Tissue Dry Weight (TDWT), Condition Index (Cl),
percentage of total protein and carbohydrate, Gonad Somatic Index (GSI) and Egg
mass of control area from February 2009 to December 2010. All the values are mean
95% confidence Interval 34
Table 6. Independent t-test result of average for the effects of years (control site vs.
contaminated site) and treatments (2009 vs. 2010) on the standardized tissue dry
weight, protein, carbohydrate, gonad somatic index and egg mass. . 39
Table 7. One-way ANOVA test for the impacts for Hebei spirit oil spill for 3 years (2008 to
2010) on the CI, standardized tissue dry weight, percentage of the total protein and

carbohydrate, percentage of GSI (Ripe stage of Female), standardized egg mass

(Ripe stage of Female). The values are mean + 95% confidence interval. 60



RECOVERY OF NUTRIENT STORAGE AND REPRODUCTIVE
PHYSIOLOGY OF CULTURED PACIFIC OYSTER CRASSOSTREA
GIGAS (TUNBERG, 1793) 2YEARS AFTER THE HEBEI SPIRIT OIL

SPILL



Abstract

Environmental contamination by crude oil and hydrocarbons compounds has been
reported to alter feeding, growth, and reproductive physiology of marine organisms.
Following the Hebei Spirit oil spill in December 7, 2007, the west shore of Taean in the
Yellow Sea of Korea was heavily covered with the crude oil. To understand sub-lethal effects
of the spilled oil on physiology of the Pacific oyster Crassostrea gigas, a population of oyster
cultured at Uhang on the Taean coast were monitored from February 2009 to December 2010.
As a control, one oyster population at Garorim Bay was also monitored during the same
period. In 2009 and 2010, the annual mean condition Index (CI) of oysters from the
contaminated area (10.8 in 2009 and 10.2 in 2010) was significantly higher (P<0.05) than
that of control oysters (10.5 in 2009 and 9.0 in 2010). In 2009, the annual mean protein and
carbohydrate contents of oysters at the contaminated areas (574.8 mg.standard animal™ and
290.7 mg.standard animal™, respectively) were statistically higher (P<0.05) than that of
control animals (507.3 mg.standard animal™ and 263.4 mg.standard animal™, respectively).
Such spatial variation in the tissue component was not observed in 2010. In 2009, gonad
maturation and subsequent spawning of oysters at the contaminated area was comparatively
slow compared to the control oysters. However, no such spatial variation was observed in
2010, and most the females spawned between August and September. During spawning
season, gonad-somatic index (GSI) of female oysters determined using ELISA, at the
contaminated area, showed inter-annual variation and the GSI recorded in 2010 was
significantly higher (34.7%) than 2009 (29.7%, , P < 0.05)). GSI of the females determined in
2009 and 2010 at the contaminated site was significantly higher (approximately twice higher)
compared to the value determined in 2008, a few months after Hebei Spirit oil spill accident
(P<0.05). The observed biological performances of oysters at the contaminated area,

including tissue dry weight, CI, total protein and carbohydrate levels (i.e., nutrient storage),

10



the annual gonad development pattern and the reproductive effort of females suggested that,
two years after the oil spill accident, oysters at the accident site are in recovering phase,

although a long term monitoring of the oyster using the parameters assessed in this study

needs to be continued.

Key words: Hebei Spirit oil spill, Crassostrea gigas, environmental monitoring, reproductive

effort, nutrient storage, growth
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Table 1. Published studies reporting impacts of Hebei Spirit oil spill accident in marine environment.

Accident Locality Date Osilpl(l_:_z(:]) Types of Research Effects of the Spilled Oil Reference
. Daily Chl-a level | continued 2 weeks
Temporal variation of Chl-a affected by oil spill . Mean Chl-a level | 1998 > 2007 Lee et al., 2009
. 3 month after, Chl-a level 1 1998 < 2007
Detection of oil residuals in the seawater and . 15 days after the spill in seawater 16,600 pg/L Kim et al.,2010
pore water . 10 month after, oil concentration |
. DNA damage after 18month |
Temporal trend in genotoxic effects on blood . Sediments recovered quickly Lee et al. 2011
cells of striped beak perch . Significant correlations between PAHs and DNA B
damage
Hepatic biomarkers monitored in pelagic and - 16 PAHsand alkylated PAHs level | (after 11 month)
P - belag . Spilled area fish PAHs levelt (immediately after the Jung et al., 2011
benthic fish spill)
Oil spill environmental forensics: The Hebei spirit oil spill case Yim et al., 2012
Structure changes in microbenthic community L .
after the oil spill . Biological index | (during 9 month) Jung et al., 2013
Hebei Taean 7, Dec 12 547 . TPH concentration immediately after spill 1.5 to 7,310

spirit Korea 2007

Petroleum hydrocarbon in intertidal seawater

after oil spill

pg/L

. TPH concentration | (one month after the spill)

. TPH concentration (high tide > low tide)

. TPH levels in seawater matched the spring —neap tidal
cycle

Kim et al., 2013

PAHSs in intertidal sediments for five after oil spill

. Sediment toxicity observed (4 month after the spill) and
8 months after the spill |

. 50% more sample exhibited toxicity

. Amphipod mortality | (Mar, 2008 to July)

Leeetal., 2013

Ecological effects, recoveries after 5 years the oil

spill

. long-term effects of residual oils

. Identification of certain toxic chemicals in residual oils
. Weathering characteristics of spilled oils

. Possible effects from the unknown hydrocarbons in oils
. Recovery of community level responses of oil spill

Hong et al., 2014
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Table 2. Continued.

Accident Locality Date §p|lled Types of Research Effects of the Spilled Oil Reference
Oil (Ton)
. . After a month PAHs level MLTM,  2008;
Total PAHs levels in oysters . 2008 PAHS level > 2009 PTAHs level 2009
Hemocyte parameters of oyster a year after . Granulocyte population, phagocytic capacity and Donaghy et al.,
oil spill reactive oxygen species production | 2010
. Condition index (spilled area < control)
. Physiological index (spilled area < control)
Biochemical composition and reproduction . Tissue carbohydrate levels (spilled area < control) Lee. 2010
of oyster after oil spill . Annual gametogenic pattern (less percentage '
oyster spawning, delay spawning peak)
. Gonad somatic index (spilled area < control)
Hebei Taean 7, Dec et Growth patterns of oyster . Growth ratio (Natural oyster < farmed oyster) Iz_gi 4 and Yoo,
Spirit Korea 2007 ’ . Tissue dry weight (spilled area > control)

Reproduction and gametogenesis of oyster
two years after oil spill

Annual gametogenic pattern (no significant
difference)
. Egg mass (spilled area > control)
. Tissue protein levels (spilled area > control)

Mondal et al.,,
2015

Hemocyte parameters, glycogen content of
manila clam two years after oil spill

. Total hemocyte count (spilled area > control)
. Ratio granulocytes (spilled area > control)

. Hemocyte mortality (spilled area < control)

. DNA damage (spilled area < control)

. Phagocytosis activity (spilled area < control)
. Oxidative activity (spilled > control)

. Glycogen (Spilled area < control)

Hong et al,
2016
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Table 3. Marine bivalves used as sentinel species in international oil spill researches.

. Spilled . .
Accident Locality Date Oilp (Ton) Types of Research Effects of the Spilled Oil Reference
Condition, reproductive state and Infection of parasite No '”_‘p“ts of PAH, Consistent with natural - (condition, Soniat et al., 2011
reproductive state)
PAHs level in fish, shrimp, crab and oyster tissue . Higher levels of PAHs were detected from all marine organisms Xiaetal. 2012
Gulf of ' ’ (early period?) v
Deepwater Mexico 20. Apr 2010 1.230.000 Carbon isotope analysis (Carbon-14 analysis) in mussel . <1% oil incorporation (no evidence for enhanced microbial activity =~ Fry and  Anderson,
Horizon USA AP ! ! in water) 2013
Survey of oil-degrading bacteria in oyster enﬁyos;?;enrtmcroblome IS structured relative - with - surrounding Thomas et al., 2014
Impacts of oil and dispersant on early development of oyster : Oyste_r gametes exposed to CEWAF and Corexit experienced more Vignier et al., 2015
deleterious effects than oysters embryos.
Effects and trends in clam by Exxon Valdez oil spill . Abundant unoiled site than washed site
. Large declines in tissue PAHs level 1990 to 1992 Shigenaka et al., 1999
. Bioaccumulation oil higher concentration
. . . . Total PAHSs levels 1
Exxon Alaska 24 Mar1989  37.000 IS_aI(I::< of physiological responses by mussel after the 3-4years oil No significant differences (condition index, clearance rate, Thomas et al., 1999
Valdez USA ! ! P glycogen levels)
. . TPAHs level declined with time in some (But not all mussels)
TPAHS level in mussel . Should reach background levels within three decades in most beds. Carls etal., 2001
. . . AH levels 1
Aromatic hydrocarbon (AH) level in mussel and clam . The presence of whole oil within mussel and clam Roberts, 1999
Assessment of In Vivo effects of oil in mussel Immune . No differences immune parameters Ordas et al.. 2007
system and PAHSs levels in tissue . PAHs levelt (Gill < Digestive gland) v
. . . I . Affected area by the oil mussel marked difference in lipid .
Bioch | f | I spill o . . - P 1., 2007
Prestige Spain 13. Nov 2002 63.000 iochemical composition of mussel after il spi composition (triacylglycerol, free fatty acids, phospholipid) eteiro etal., 200
g P ' ’ Growth and biochemical responses of mussels - Differences in protein and carbohydrate (Affected area mussel |) Peteiro et al., 2008
P . No different growth curve parameter v
o . Labialization period values and DGA level 2003 > 2004 Lo
Mussel health he oil spill o Il l,2
ussel health two years after the oil spi Related to a decrease TPAHS level in tissue Cajaraville et al., 2006
Immunity and hydrocarbon levels in mussel . Haemocyte numbers and phagocytosis | (contaminated animals) Dvrvnda et al.. 1997
. After 11 weeks immune response improved yry v
Sea Empress UK 15, Feb 1996 72,000 Immunity parameter of nature mussel . Superoxide generation and phagocytic activity | Dyrynda et al, 2000
. PAHs levels 1 immune activity | v
PAHSs level in shellfish (cockles, mussel and oyster) . Uptake of PAHs by shellfish 1 Law et al., 1999
Immunotoxin responses in oysters (After 2years) . Ezv:;ecior:tnewrl:tr;o;ogical alteration Auffret et al., 2004
Acetylcholinesterase (AChE), glutathione . No significant reduction in GST and CAT levels
Erika France 12 Dec 1999  15.000 S-transferase (GST), catalase (CAT), malondialdehyde (MDA)  .AchE levels | (first years suggesting a general stress) Bocquene et al., 2004

and deoxyribonucleic acid (DNA) adducts.
Vanadium in mussel and oyster following oil spill

DNA damage in mussels

. Mussel populations were affected by the oil spill only first year
. Vanadium concentration 1

. Genotoxicity 1

. DNA repair capacity |

Chiffoleau et al., 2004

Lemiere et al., 2004
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2. Materials and methods

2.1. Sampling effort
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bin/G3/gui.cgi? instance_id=ocean_month; MODIS-Aqua 4km_Sea surface temperature,

chlorophyll a concentration) S 2HE 913N XI2E A0 EA0| 0|25IRCt &
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2.2. Biometry and histology
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Ripe, Partially spawning Spent/absorbing TtA 2 LH+0f &stSA0|HSHO|A 2SI

Ct (Kang et al., 2010).
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Condition Index
Cl= (tissue dry wt / shell cavity volume) x 100

Reproductive Effort by ELISA

| Total Protein & Carbohydrate

Lyophilizing &
Homogenizing Tissue
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cross
section

Identifying sex and
gonad development

Fig. 3. Diagram demonstrating steps involved in the analysis of Pacific oyster in this study
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2.3. Biochemical composition of tissue
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2.6. Statistical analysis
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3. Result

3.1. Growth and CI
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U= 83 (655 + 02)0 HEEULD ARY BS2 200941 Bt (Fig. 4,
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Table 4. Annual variation of oyster Tissue Dry Weight (TDWT), Condition Index (Cl), percentage of total protein and carbohydrate, Gonad
Somatic Index (GSI) and Egg mass at the of contaminated area from February 2009 to December 2010. All the values are mean + 95%
confidence interval.

Years Month TDWT Cl Carbohydrate Protein GSI Egg mass
(mg standard animal™) (%) (%) (%) (mg standard animal™)
Feb 16383 +111+% 10:0+6:3 194+6:6 36-2+6-6 N-D N-D
ivhar 165831422 1804 20209 32107 2005 399104
Apr 1667.2 £ 179.8 109+ 0.5 179+ 1.0 33.2+0.7 20+£0.3 35.4+53
May 1697.1 + 148.8 10.8+ 0. 16.1+0.7 354+06 81+17 124.7 + 37.9
Jun 1965.6 + 176.4 125+ 0.4 13.9+0.7 36.0+06 252%28 481.1 £ 102.3
2009 Jul 1895.7 £ 145.5 132+ 0.4 79+0.7 379+08 323x57 669.6 + 131.3
Aug 1489.6 £ 107.7 10.7+0.3 18.6+0.8 368+0.7 122%12 1756 + 23.4
Sep 1680.5 + 201.9 10.8+ 0.5 218+15 343+0.7 227+39 3749+ 1084
Oct 1537.8 + 165.8 9.9+0.7 236+14 35.6 0.7 25+21 199+174
Nov 1359.5 + 167.0 8.1+04 214+14 37.7+09 1.7+0.9 173+ 34
Dec 1705.3 £ 220.7 93+04 23.0+1.3 35.0+ 0.7 N.D N.D
Jan 1208.6 + 163.0 8.1+04 163+ 1.2 36.1+0.6 N.D N.D
Feb 1460.0+182.9 9.1 +0:4 14:8+0.8 34:1+0:6 N:D N.D
Mar 13415 + 140.7 9.1+04 18.0+ 0.9 345+ 05 N.D N.D
Apr 1353.1+ 1194 9.1+04 153+0.9 339+ 05 1.8+0.1 23.9+11.2
May 1690.9 + 203.3 97+04 152+0.8 33.0+0.7 109%33 149.2 + 72.7
2010 Jun 2454.8 + 234.8 16.1+0.4 148+ 0.6 339+04 228%5.0 457.2 + 133.8
Jul 2494.4 + 235.3 16.2+ 0.5 8.8+0.7 39.2+08 335%6.6 695.3 + 245.1
Aug 1351.4 £ 91.7 7.8+0.2 142+ 0.7 345+0.7 257+52 294.7 £ 63.6
Sep 1206.0 £ 110.6 6.7+0.3 172+ 1.1 345+0.7 203x6.7 206.6 + 140.8
Oct 1572.0 £ 181.7 10.7+ 0.5 189+ 1.0 344+15 16+05 40.1 £ 63.9
Nov 1739.7 £ 167.4 119+ 05 215+14 30.7+0.8 N.D N.D
Dec 1955.4 + 225.5 11.4+05 23.1+13 339105 N.D N.D
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Table 5. Annual variation of oyster Tissue Dry Weight (TDWT), Condition Index (CI), percentage of total protein and carbohydrate, Gonad
Somatic Index (GSI) and Egg mass at the of control area from February 2009 to December 2010. All the values are mean + 95%
confidence interval.

Years Month TDWT Cl Carbohydrate Protein GSlI Egg mass
(mg standard animal™) (%) (%) (%) (mg standard animal™)
Feb 1797.8 £ 135.2 89+04 175+ 0.9 339105 12+0.1 23381
Mar 1120.8 £ 66.3 10.2+£0.3 176+ 0.9 3391 0.6 26+15 17.1+£16.7
Apr 1830.9 £ 113.7 154+ 0.5 29518 31204 96+21 136.8 £ 43.4
May 2032.4 £129.9 16.9+ 0.6 22814 3441 0.6 220+51 514.1+ 119.8
Jun 2149.8 + 160.6 15605 11.1+0.6 345+ 0.7 37875 745.5 + 226.0
2009 Jul 1203.2 £ 95.8 75+0.2 79+0.6 38.6+0.8 219+ 27 253.8 £ 56.3
Aug 957.4 £ 76.6 6.6 +0.2 11.3+0.9 40.0+ 0.7 148+ 45 1189+ 325
Sep 1221.1 £ 1115 7.2+03 157+£12 39.0£ 0.7 148+7.2 103.9+£69.8
Oct 1164.9 £ 150.5 8.0x0.7 186+ 1.3 394109 20+£0.5 31.1+364
Nov 1143.8 £ 105.9 7.3£0.3 188+ 14 38.0£ 0.6 N.D N.D
Dec 1297.7 £ 101.1 8.7x0.3 22914 342111 N.D N.D
Jan 1206.9 £ 107.4 6.8+0.2 128+1.1 37.8£05 N.D N.D
Feb 12759+ 79.4 85+04 174+ 11 347+ 05 N.D N.D
Mar 15829 £ 125.1 10.2+£0.8 245112 32005 N.D N.D
Apr 2191.7 £ 270.9 12.0+£ 0.6 309zx16 299105 8.6+28 145.2 + 64.8
May 1382.8 £ 283.6 10.4 £ 0.6 26611 30.6 0.6 12.0+£ 25 124.4 + 63.7
2010 Jun 1727.1+219.4 11.2+04 16.8+ 1.0 335+ 0.6 30.8+6.0 464.5 £ 156.7
Jul 1521.3+218.1 11.3+0.7 128+ 0.9 37.1+1.1 37.0+£85 483.9 £ 268.7
Aug 942.7 £ 96.6 55+0.2 14.2+0.9 35.7+0.3 10.0+ 3.6 773+ 374
Sep 12659 £ 1194 6.2+0.2 159+0.9 37107 78+55 575+ 127.8
Oct 1218.2 £ 158 8.6+04 165+£1.9 31.0x04 N.D N.D
Nov 1333.3 £ 160.7 8804 20.1+£0.9 295107 N.D N.D
Dec 1340.9 £ 243.7 8.8+0.6 16.6£1.3 351+04 N.D N.D
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Fig. 4. Annual variations in condition index of Pacific oyster in the control area and the oil

contaminated area from February 2009 to December 2010. Values represent mean =*
standard error (n=30)
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3.2 Biochemical composition
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20004 30.2 - 37.9%°| HQZ HQUC} (Fig. 5, Table 4). SELBSIX|A 20|
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Table 6. Independent t-test result of average value for the effects of years (control site vs. contaminated site) and treatments (2009 vs. 2010)
on the standardized tissue dry weight, protein, carbohydrate, gonad somatic index and egg mass.

Contaminated

Control area 2009 2010
Variables area . e = e
2009 2010 2009 2010 ontaminated ol area ontaminated o1 area
area area
Tissue dry weight
(mg standard animal™) 1592.2  1580.2* 14473 14158 1592.2 1447.3* 1580.2 1415.8
Protein (%) 34.8 34.4 36.1 33.7* 34.8 36.1 34.4 33.7
Carbohydrate (%) 18.6 16.8* 17.6 18.7 18.6 17.6* 16.8 18.7*
Egg mass
(mg standard animal™) 460.9 5404 4577 3832 460.9 457.7 540.4 383.2
0,
GSI (%) 27.7 34.7* 29.7 33.3 27.7 29.7 34.7 33.3*
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Fig. 5. Annual variations in tissue dry weight in a standard animal of a shell height 70.2 mm
and percentage of total protein and carbohydrate in the control area and the oil contaminated
area. Vertical bars represent 95% confidence interval in tissue dry weight and standard error
in total protein and carbohydrate.
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3.3 Reproductive effort

=2

ok
o

ST

o

0| 83t0] #RIGHXIY &=

| MAAS B 2T A

o

& 7)0l 2009 28 FX|7| EA| (15.0%), ZIILLEH (77.5%), FIIUY G

(7.5%)7} BHEFC| AT} (Fig. 6). SX|7| AEjO| A2 29EE 4AT}K|, L0YEE 12

A EEACE FROGIAY d=2 =7|2F HA= 28 (T75%)5FH 73

B3 7NHA| SHEE|UL. 2t=7] =2 68 (200%)0] M 2EI|0f 9& (20.0%)

A AEHe 2 HELACEL F2LET|= 88 (86.7%)0 HF ZEEUD 118

(B3%)THA| R|EE[ACt. &l MEte]l F2, 83 (86.7%)1t 9E (80.0%)AL0[0] EE

Moz BEE|UCL RBLAXY HB2 20108 X WA LS 19 (26.7%)0f

NS SHEEAD, =7 TEEHAE 18 (26.7%)FH 53 (43.3%)7HK| 2HE | AL

(Fig. 6). 27| H2L2 62 (26.7%)0] X2 BEE0] 98 B3NN X&HHo=

HEE UL FELHETV|= 8 (86.7%)0 MF ZEEAL 10 (6.7%)7HX| X|H

Tt FE MEte] B, 83 (73.3%)ut 9F (96.7%)At0|0f BEH 2 HEE

Ch. 7712 52 58& aRONAY d=2 d d=i ME2 gAR AZESH

Sods EUCH =7 =9l dMa LEHEAS 2Es Zor 20008 dH 7|

CHEEol &=0| =7|ZEHTA (625%)RULt (Fig. 6). O], 2=7|°] H=2 53

A

(133%)0f Mg ZEEJALD B ME2 63 (13.3%)0f HA[SH 10& (6.7%)7HX]
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BEE|RACE F= LEAZ|= 78 (50%, 83.3%)0] ZEL|RACE CHz= F=2f 2010

42 2000913 SUSHA 2%57| HBO| 58 (33%)0) XS BEE 7H (100%) B

= MA7E 2t=7] AL (Fig. 6). Ol F& LEh2 2009 20t ote <2 8

2 (80%)0f 7HA[SHO] 9F (3.3%)0f FSEREIAL F LEAIZ7[= 8F (80%)0| ALY,

20098 RELHXY 20 ET 20| WAL LTS blms2 23 |

ERETpNE

o2t

2 WA

1=
uE

20| o=+ =0 vl 2= AN oHE 7t

CICIA A ACE 2009EH FROSHIXS H=0M NMg =77t 2EE Al7le

62 (00%)0|YE YDl ET 2L 59 (55.2%)0) TAEYD, SLEM £

AAl REOC XY H=2 88 (86.7%)0 MZ ZHEE HHEH =7 F=2 F

S B2 6F (133%)0] TEEYUCL F MBI QA RELHYKY HB2 899

30

OfAE HHH Cix=+ H=2 ot WE 7-8F0| ZHEERACE 20108 Mg 2t=7(7t
EE Al7|E 2009E1F OHEVIX 2 FROGIKS E= (68, 26.7%)00 B[l Cf=

T &= (6F 33%)0| oty BA ZEEQUACE AL FERMET|E F XY B2F

8 (RREIUCHIXIY &=, 73.3%; CH=T &=, 80%)0|/A1 F MEAZ] FAl 7&F

=

Mo

Oshx| H=2 8980 =7 TF=2 8HO|RULt
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ZHYY HEGECE 2A=7|7) 2f2lE A NS RS0 Kang et
al. (2003)0| 7Hetst &= 0| E0|MQl &HE 0[8310] ELISA (Enzyme-Linked

Immunosorbant Assay)2tHS AFRSI0 & X977t &2 MAIA X

== 8l Egg mass&
ArZESIACH (Fig. 7, Table 4). 20094 SE M| K| &-ZO| MAIA XL 1.7 + 0.9%
— 323 + 57%Q°| HQE HID 32 (20 + 05%) 0|= 72 (32.3 + 57%) 7K
23| S7151%0 0| 88 (122 + 12%) Of 25| AATH 0|= 92 (227
3.9%) O &7t & CtAl 49| 1138 (1.7 £ 0.9%) 7HX| H25t= AZEH IjEHS

SRk 2010E0= 48 (1.8 £ 01%)0f Mg dAx X7t 5F& o= 7

(335 + 6.6%)JIK| OjY 10%™% ZJ}&HQICH (Fig. 7, Table 4). O

ot
.
>
>
Rl

102 (1.6 = 0.5%) J}X| X|&Xoz ZHASIACH ATR7|Z SO (2009 - 20104) S
FOSHX|G &= dAA X[ AEH Habes, 2009E MAIA X[4= X|CHX] (7E,
32.3%; 9, 22.7%)7} 23| BHELEl HFD 20104 (72, 33.5%)0|= 13|QF RHEHE|QICY.
CH= T A20 2009 AYAIA XK= 12 + 0.1% — 37.8 + 7.5%0 HOZ HYTD
290 (1.2 + 0.1%) 0|= 6% (37.8 = 7.5W)7IX| 2 A S7}8¥ D 0| 8L (14.8
+ 4.5%) O 543 #4act 0| 11& (20 + 0.5%)7HK| H4adts AZEH Bt &

22 BEFC} (Fig. 7, Table 5). 2010EH0|= 48 (8.6 £ 2.8%)0 X5 A X7t

43



S8 ol 738 (37.0 + 85%)7HX| F7IStRULt Ol AL X|+= 93 (7.8 +

550) THX| 25| ASHYCE ATI|ZH SOt (200 - 20104) THET A A4

2 K=ol AZH Hols, 42 X+ ZUX7L &= 8f 25 12| (20094, 6F;

20104 72)B BEEQCL £ XY A2 WAL X4 ABEH wss, A2

RUCH (Fig. 7). RETSHXIY H2Q A BR AL X|4E 20091 (27.7%)0] b3}

201044 (34.7%)0| LO|& (P < 0.05) 22 =QtCt (Table 6). 0|0 HIs{ CHET A=

)5

T MAIA X|&= 20098 (29.7%)TF 20104 (33.3%)2] 29| QI ko=

}_

QIQICE 12|17 2009 (SLEIMBIK|Y AHZ, 27.7%; CHAET A2 29.7%)1} 20104

>

(8%

I=]

SHX|Y &=, 347%; U=+ T= 333%) + A9 =2 & Eo

Kl4 Zat 9A| Qo/H ol XjO|Z =O|X| UYLt (Table6).

|0

A7t s 58E F XY H=o AKX+ BES0 = =
A U EXMot= ol F7 (egg mass)E ghiteh Zip dMaX[ AZRH BHES

QAFSHA ZALE|QACH (Fig. 7). 20093 SE5H|siX|Y &=2| egg mass= 17.3 + 3.4

— 669.6 + 131.3 mg egg standard animal™o| HQIE E 1 3 (39.9 mg egg standard
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8

-IOP

animal™) 0|Z 7€ (669.6 mg egg standard animal™®) 7}X| 2238 Z 7t O
2 (175.6 mg egg standard animal™) O] 23| ZtA3t 0|= 9¥ (3749 mg egg
standard animal™) 0 =7} = CIA| 223| 11€ (17.3 mg egg standard animal™) 7}X|
4A5t= AEA mjHE EUCH (Fig. 7, Table 4). 2010E0)= 4& (23.9 mg egg
standard animal )01| g MAA X7 ™= 0| 7€ (695.3 mg egg standard
animal )71 X| 0§ 10%% Z7tetQIct O|F HAla X|$& 108 (401 mg egg
standard animal™) 7}X| X|&£Xoz AL AR7|ZF SO (2009 - 20104) 22
oA &= egg mass ARN IHEHZ2 HAL X5 2ot SLSIA=H egg
mass peak (72, 669.6 mg egg standard animal™; 9, 374.9 mg egg standard animal™)7} 2
HEREl

3| HH 20104 (7€, 695.3 mg egg standard animal™)0f|.= 13|83t ZHEFZ|QiC}.

rk

CHEF E=9| 20094 egg mass= 17.1 + 16.7 — 7455 + 226.0 mg egg

standard animal®Q| HQE2 E T 22 (23.3 mg egg standard animal’) 0|= 62

(7455 mg egg standard animal™) 7}X| 223 Z7t51¥ 1D 0|= 102 (31.1 mg egg

standard animal™) 7}X| Z-ASISICH (Fig. 7, Table 5). 201040 = 42 (145.2 mg egg

standard animal™)0f| X eggmass 7t =X E 0|& 72 (483.9 mg egg standard animal’

YHR| Z7t5HKCE 0| AMAIA X4 92 (57.5 mg egg standard animal™) 7tX| &
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L

A9 f25kn. A7\t S (2009 - 2010E) D= H= egy masse AE

CHXIZE & o 25 12| (20094, 6; 2010 73)2F ZHEE|QACE =Xoty zad
BOZ 27|17t ol YA NS MESHe 2009 - 20104 £ X|F EH=9

egg massg St

[N

at, osix e g=2

o

M egg mass= 2009 (460.9

=0
=]

mg eggs standard animal™)0j| H|s| 2010 (540.4 mg eggs standard animal™) = Qo L}
0|0l X0|Z HO|X| ULt (Table6). CHET KO M H egy masss 2009
134 (457.7 mg eggs standard animal™)0| 2010 (383.2 mg eggs standard animal™) &L}

=U2LE 7oAl X0

rr

QiQICt 2|1 20094 (SEOsiX|E %=, 460.9 mg
eggs standard animal™; C{Z=+ &= 457.7 mg eggs standard animal™) 1} 20104 (L&
S| K|S A=, 540.4 mg eggs standard animal™; C{ZT &= 383.2 mg eggs standard
animal™) £ X9 &2o| A WF A K& A QA KOOl Xo0|2 o]

K| UAULL (Table 6).
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Fig. 7. Seasonal variations in Gonad Somatic Index (GSI) and the standardized egg mass of
Pacific oyster in the control area and the oil contaminated area from February 2009 to

December 2010. For GSI values are mean + standard error; egg mass vertical bars represent
95% confidence interval.
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4. Discussion

4.1. Physiological parameter variation

O] GITL Hebei spirit REREAID 19 = RETSIXY Y4 &2 4

g 42y =

4

ok

' Q0o BEYy E 9

rr

71 2l A ALk st ODHIFOA AN T2 2EFXNHEM 2| M

X1 el de[dEi7t 0 EH2 e OXle A2z ZM Ut

(Salazar and Salazar, 1991). 20093 S &Fm|sf &=2| N =& HAZZF (1592.2 mg

standard animal™®)2 2010 Z=XMX|&2C} (1580.2 mg standard animal™) S9|Xo 2 =

QFCH (P < 0.05; Fig. 5, Table 4). 12|10 20094 SE2ms§X|e &=2o X =X A =

2F (1592.2 mg standard animal™)2 CHZXT &= (1447.3 mg standard animal) 2L} &

UAL2Lt (P<0.05), 20100 = &+ XFZh 72Xl Xt0|= RARUACt (Table 6). =

M
rin

RO DA E PAHsE L2t 0l MAlotes RAFSE U HFESE2 3809
2840 s OAn, gEHez d¥s HaAlZle A2z €M™ UL

(Thomas et al., 1999). EESH Lee (2010)2 Hebei Spirit 55

M
Rl
=
o
ot
=0
1
I=
e
Ral

of ofAl A= 0| 2008 N ZE A =22 =Xt AD} 823.2 mg standard animal™

2 20091 201001 H|s| goldoz WE Ao= HISHRALE (P <0.05; Table 7).

—_

—

2Nz RROBIXY =2 AlZtol XEo met o =% A S| J7te
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f

~
(<)
H

F

-
o
—

o

Hebei Spirit &
SIRICE  Hebei

2 =

o

—

N2
-

O oI5t 34k O|OfIfF 2|
of

=

=

=2 #RLEsEt 7IEX 05tz =0f

79| &

Ct (Laffon et al., 2006; Cajaraville et al., 2006). = E 5| &F 5 0| A

=

X~ O

F

=5 22 Aoz MEZECL OfH0 20z A4
o

HE A=H 200 2

A
Ol
PIN

14

Kim et al., (2010)2|

FHCE (MLTM 2008). 0|2}

-
(@]

oF
o/

o7

b 2| =2 O|DjIiFof Y2 SEfOf et BF2A| LEf

o

AC';I

.
[=)

T

sAt o| oz} = o)

J
U

ojru

o[

ZHHOoZ ot O|0fIl 7 M =% 97

(Dame et al., 1996; Peteiro et al., 2006).

50

PAHs 2 &R0



i=]
—

2 22X ULt (Soto et al., 2000; Le Floch et al., 2003). Lee (2010)

ol

Of CH

=13
S

Hebei Spirit

A7 A2 B} LUCh q2jL SRS

=
I

2k0

CH=7 =20 o =8 &

=
[

2 SHE

sT= ERD 9HE

e

3

e
o
—

K

2 Prestige SS9 ZAtD 474

QLLC}. Peteiro et al., (2006)

- —

oMoz

EtX| (Mytilus galloprovincialis)?| X =X =zk2 CHXL EHX|0f HISH &

—_

jod

e

B

[

ud
EN

Hb QC} (Peteiro et al., 2008). “12{L} O|Qt BICHZAI}FO| A E QUL Culbertson et al.,

ribbed mussel Q|

%oz ofAlgt

Sl X

Florida S =SS =Al1

o
—

(2008)

A31E AAISIY =0 O|Al=l ribbed mussel®| AZ%EO| CHZEF ribbed

F

e
o
—

A

K0
0

musselOf| H|8| =2|A L}EIL} Florida

S|RILC}.

g

=2

g

|

Ct

E AR

0f
<

.I

OftH A= ZAtOA FHF

—_

I
O

o

&S 2Rt (Fig. 5).

-
ot

M2 FA
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Ol EE A

S7HALE & X9 H=2

= GAl E2 A7I0

x

ol

7

A
T

—_
o

=

ENL= VPN

= CHAl S7I5HRACE Olet &2 H=2

Ko

XN+=2 28|10 QO (Bayne and Worrall, 1980; Lucas and

F=|CH (Kang et al., 2000, 2003, 2010; Ngo et al., 2006).
HI2te = Sf4F O|OHIi RO U FRi=tFOl LEFO| o}

F

e
[l

o=

8a

Toi!

off &

ol
x

-

MZX
oo

Beninger, 1985; Dame 1996, Modassir and Anssari, 2000) EESt,

=
[

d= F710| mar ZEbX|

3

2 B g1 QUCH (Lucas and Beninger, 1985; Pridmore et al., 1990, Dame, 1996).

A0 AFEEH A

o
=

|

o=

K

—_

jod
&

OftH Q10 A

PAHsO|| <2

—

[

2
—

A
(il

b5t RA=4 ol<t

=<

=)

FICt Mcdowell et al., (1999)
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Of YLt (Fig. 4, Table 4, 5).
o

Oof HIZHEZ}
LN

to| &
X~
=

—
o

=

=

—

A
H 7

a1 of AlZ[of

A

o}

A

P

-+
o

&



e Mz TA Letv|o] H2ETt ReMez ChHE ME fF X[ 20t I

1, AEro] Lo A0 BIZE SN =X L} X[2FO0| 4A5RACtD 21

-—

SrRIEt. gLt o AFZip 2000 FRIOGHAY &H=o HU =& =7 &

=0 B3 7o/H (P<005)2z2 UM 20108 HA| RFLGHXY T=2f H|T

I} QOH (P<0.05)22 £ ZHEIUCE Lee (2010)S 200810 SUs 21|

bl

S|l &4 H=o HTES FESYUsH, wRUGHAY =2 HUEzE

2008140j HIB{ 2009, 2010 2T QOo|Mo2 = ZFI|UCt (P < 0.05; Table 7).
Of Z1tz O|F0 = If FFRIGXS =2 AlZO] Xgof W2k RN (P <
00522 HITETL S7tet A2= ot FRIOCIXY &=0] dRAEHAZFH

de[Hel 355 22 A2z Atz E L

o
ro
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4.2. Biochemical composition variation

20 N XHL B8, AW, CUIE BNHEO YD 0/F EHay

=2 ofidh ojojmfRel WA Sl HAHSS St AN HE T2 HX|”L

2 22{H ULt (Gabbot, 1975; Ruiz et al., 1992; Kang et al., 2003; Ngo et al., 2006; Ojea

et al,, 2004; Yang et al., 2011). o, Etoba2 oS4t O|OIHF| BI AL H-d0 U

of &l OUXALZ ALELEH, § d=ur d4x ZF0| &0 o=

Y

o=z &

2 X QUCt (Gabbott, 1983; Beninger and Lucas, 1984; Marin, 2003). EESt, off At O|OfI{

7ol M =% d2 Hate ofYd 2F A0 F2 indicatorz 22 EE&|2

QLCt (Patel and Eapen, 1989; Peteiro et al., 2008). 52 ¢ =&t Z42 2AL0 *#t

z= B AMAE U A =3 420 YNH2zZ Hadts A22 2N U

Ct (Stekoll et al., 1980; Smolders et al., 2004; Labarta, et al., 2005; Laffon et al., 2006;

Peteiro et al., 2007). Stekoll et al (1980)2 &2|AZ Seward ZTZHCHO| A{AlSH=

Macoma balthica®| D=Z9o| @& QAL2I0| CHSt sub-lethal effectsE =tQ15H7| 2|5}

Of MBS MA| SIYLEH, RF YA fE WSO, & T2 Y U Chy

Zl 2k0| Z4ASI/AS S E0SHQLCE Peterio et al. (2007)2 Prestige S5 9= At 4
HE = X|Zol| EK| (Mytilus galloprocincialis)e| X =2 H& HH30of ftot A4

S UANSIYCE T 7|7 ot XBeh BA U B e FEH X =Y 7Y

54



dEL2R =+ o9l XSof Xl 20t 770 =& 52l X2 20| &

ooz WAl £ HYUCtn 1 ShRCt Ol AR HI RROHXIY A2

200041 O B TI4E2 O fET H20| Bl ROAMOE EUTH (P < 005

Fig. 5, Table 4). J2{L} 2010H0|= L= E=0| FFIGHAY H=LH R

O Z =9tC} (P < 0.05; Fig. 5, Table 4). Lee (2010)0] E T+ 2008 7 SEm|8|X|

g=o Hz=H W & Ezts F2 179 + 0.3%RACH o/ AFZL SFE

200943 (18.7 + 0.4%), 2010 (16.8 + 0.4%) T = EtA3IE 2bS 2008E =X

K|HCH SOH (P < 0.0522 STt (Table 7). 0|9 22 Hite & CHAE 2o

ME LASIA=M], Lee (2010)7F ot RFOGIXS &=2f 2008 Fo T T

HHEl 2k2 32.6 + 0.2%RUCH SEO|GX|Y &= 2009 (34.8 + 0.2%)dt 2010

(342 + 0.2%) & CHMZE 2kS 2008 (32.6 + 0.2%)0]| H|3| S| (P <0.0522

=QCt (Table 7). Prestige 5 S At 1578 Z Peteiro et al. (2008)= S 59 =

ool X|Sal EAet =+ ol X[Sof gAlel M =% d&2 dF2 X0|E
HOIX| Rt Oolet &2 Zile 77 2EY2ZFH 2= 21t ZAO2td

2A5tginh. ¢ 2z D[RO E/ES O, RFILHIXG =2 M =% d=0

ot Rf2EdAs RRFEALD 1H

ot

SE 3EUAS wol Hoz AlmErt



4.3. Gametogenesis and reproductive effort variation

o
—

2N QULC} (Bayny et al., 1982). Chu et al., (2003)

o] 3
=

=2 UMY =207

=l Ol

S
=1

PCB (Polychlorinated biphenyl)0| =

=O{X|1

CH= 50 Blsl 442 2t=7] =20

a

A
~

H

2 F=0ME OEIIX 2 £

QICt. EESE Hebei Spirit

Of o=+ =0 HISH XA LtEFXCH (Lee 2010). Lee

| 2k
[

A
ol

Gl

(20100 SEEBXY K20 M H&e 6

e

od
1=
il
=

o1

Kfo
foy

offl

1
=

fof

tA|7] O

SIQILCH 12{L| Hebei Spirit

a

7t
O

ol

ojnu

SR

massE AFZEA|7] O|F SUSHA ZASIRACH (Mondal et al., 2015). =

ERAeL FRFEAL 2
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7t HLA 22
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§

Jod
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Aa X|4-9}

A A
o

x| 29| 20094

-
T

=3,

AlZ1of BRI AL (Fig 6).

ols
SRkl

J

2 X

)

7

Sl
ote

XS A2 SIIYAO| CHET AH20f H|3)

-
[¢)

S5

f

A1

egg mass

O[7} AYL L} 20100 + A

A
d=

S EPS
(=]

A5| H2otRACt O|Ofmi &2

no

Alof

LHo

ol
$1
70

F

ELISA

i

Al

o

2 A= £}

Ol

PCBL} PAHs2t

PCB2t

2 QUCH (Wade et al., 1992; Chu et al., 2003). McDowell et al., (1999)+=

ot
=

PAHs £2Z=28 XIZ BHX|0] =& A|Zl ZI} QoMo Z X EHX|0f H|s|

mjnu

ELISA && S AHE3I0]

=]
—

2010). Lee (2010)

|2 X|= 45.7%2 FFIOBHX]|

AH A
o™

o, = &= 2

o =
AN —

2008 0] =H3}

29.9%%C}. ELISA

z2=

o Xt
= T

| & XS 7+ 2009-2010

ot 21

KIr
ojn

o
s
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13 A2 O| MAIA K|

rir

AR7|7H SO QOO KIO|E HO|X| UULC} (Fig. 7,

Table 6). 12{L} SEMBIX|Y XZ0| HL 2009 (27.7%)0] H|8H 2010 (34.7%)

-
1=

S K|

Hi O™ (P < 0.05)22 =QCt (Table 4). 12|10 3W7t KFIO|8

=

+

A
19
o>

t=

1o
0=

Mo X5 ZLHEZ o 21 42 X[= Hebei Spirit 77

AP EIS 0l 2008 (24.7%)1} 2009 (27.7%)7MK|= [{O|F QI Xt0o|7} giRie

Ik

L} 20104 (34.7%)0|= QOo|Xo=z ZUtstn Cf

g

T &Eo WAL X|4otz

(e]3
=

0t
)
=
rh

&t

rr

O BAH (egg mass)E =hAtSH Anb 2008 egg mass= 2009-2010EH 04| H|sl S2|H

C2 XD (P < 0.05 2009 2010H0= wo/HQl XtO|S EO[X| RERUCE

(Table 7). O|Qt Z0| RFRISHX|Y EH=ZO| HAZFO| A|ZtO| X|Lof w2t F7tsta

= ZAo=Z2 AIREICH ESE Hebei

L

%70 Tt o7t

or

20| Zof

H 47l 22 mEEn. fROGHASY LW HO[7HEsH0| FOHMLIL MEE=

58



ol

| A X|£=2}, egg mass

AHA
ST

b oL X2

.
o}

AN

4

ofnu

OFA
(=

=¥

7 So1510] QERUSHXIY &20| YQAEYAZEE 3

A2 El Tt

59



Table 7. One-way ANOVA test for the impacts for Hebei spirit oil spill for 3 years (2008 to 2010) on the ClI, standardized tissue dry weight,
percentage of the total protein and carbohydrate, percentage of GSI (Ripe stage of Female), standardized egg mass (Ripe stage of Female).
The values are mean + 95% confidence interval.

2008 2009 2010 F-ratio P-value
LEE (2010) Present study

Condition index 9.3+0.1° 10.8+0.1° 10.5+0.2° 27.030 P<0.05
Tissue dry weight 823.2£78.6° 1592.2+435°  1580.2+¢119.7° 28.954  P<0.05
(mg standard animal™)
Protein (%) 32.650.2° 34.8x0.2° 344x02" 33153 P<0.05
Carbohydrate (%) 17.9+0.3% 18.6+0.4% 16.8+0.4* 4341 P<0.05
Egg mass 218.7+15.2° 460.9+92.0° 540.4+120.3"  6.594  P<0.05
(mg standard animal™)
GSI (%) 24.7+0.9° 27.7+1.9° 34.7+32° 7.851 P<0.05
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