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Abstract

On 7" December 2007, Taean county located on west coast of South Korea spilled
209,000 tones of crude oil from a oil tanker Hebei Sprit followed by a watercraft accident. As
soon as occurred an oil spill in costal or ocean, marine life including environment have been
indirect or/and directly threatened by a variety of oil originated materials. Oyster is a species of
bivalves which have a known ability to accumulate different contaminants from sea water and
can therefore serve as bioindicators. The present study investigated whether there is
reproductive cycle and nutrition alterations in a heavy oil exposed Pacific oyster, Crassostera
gigas. Hence, the relationship between the nutrition and gonad development in oysters was
examined using biochemical, histological and immunological assay.

The condition index (CI), digestive tubule atrophy and gonad development of C. gigas
collected from two different sites, one is heavy oil contaminated area (Sinduri) and the other one
is non-oil contaminated area (Jonghyun) as a control were measured once a month for a year
followed by physiological parameter and histological analysis. The high values of CI in control
was June while oil contaminated area was September. Interestingly, CI values in oil
contaminated area were average 2.6% higher than control area from June into September.
Reproductive cycle investigation using histological analysis showed that spawning of oysters in
oil contaminated area was two times per year, late July to early August and late September while
control area was one time per year, between June and July. The pattern of a total lipid

concentration also highly observed in oil spilled area.

To quantify the biochemical compositions and gonad maturation for oil impacted
oysters, biochemical analysis and enzyme-linked immunosorbent assay were monitored. The
total carbohydrate content of oysters sampled from January to May was significantly twice
lower than the control, 134.9mg/gDTWT and 675.5mg/gDTWT respectively. Both oil polluted

_l_
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and control groups were increased the total proteins and lipids during the spawning stage while
carbohydrates are decreased. The results of ELISA coincided with the reproductive cycles of

oysters in above histological study.
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Fig. 2. Physiological condition of oyster. (F) fat condition; (M) medium condition; (W) watery condition
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Fig. 3. Photomicrographs of ovarian development of C. gigas A, early development stage: OG
(oogonia), B, late development stage: EVO (early vitellogenic oocyte), VO (vitellogenic
oocyte); C, mature stage: N (nuclear); D, spawning stage: RO (relict oocyte); E, spent stage:

LM (lumen); F, resting stage: GE (germinal epithelium).
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Fig. 4. Photomicrographs of testicular development of C. gigas A, early development stage: SG
(spermatogonai); B, late development stage: SC (spermatocytes); C, mature stage: SZ
(spermatozoa); D, spawning stage: LM (lumen); E, spent stage: RS (relict spermatozoa); F,

resting stage: GE (germinal epithelium).
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Table 1
Scale of digestive gland atrophy (Winstead et al., 1995)

Score Description

0 Normal wall thickness in most tubules (0% atrophy), lumen nearly occluded, few tubules

even slightly atrophied
1 Average wall thickness less than normal, but greater than one-half Normal Thickness, most

tubules shoeing some atrophy, some tubule still normal

2 Wall thickness averaging about one-half as thick as normal

3 Wall thickness less than one-half of normal, most tubules walls significantly atrophied,

some walls extremely thin (fully atrophied)

4 Wall extremely thin (100% atrophied), nearly all tubules affected

11
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Fig. 5. Digestive gland atrophy of Pacific oyster (C. gigas). A, (score 0): digestive gland
atrophy without sign of atrophy. B, (score 1): thickness of digestive gland tubule is normal but
the small lumen appeared. C, (score 2): the columnar epithelium of digestive gland was
observed with wider lumen. D, (score 3): the decrease in of columnar epithelium to almost
cuboidal, the lumen was obvious. E, (score 4): The digestive gland tube is extremely thin. The

large lumen was observed.

13

Collection @ jeju



Taylor (1955)¢] phenol & sulfuric ¥HS o]-&3}% T}

2 20 mgS F3te] PBS (phosphate buffered saline pH 7.4)& &

Al
f

2]

Hm

olgatel FAS sk FARE ARt

rjz

I

Y =

L

mlo

Hslo] 101 3489 01 AE dextrose

==
RN

3= &}

(mg/g DTWT)S YEeER|AL

o}

A1
ax

A A& Bligh and Dyer (1959)9] chloroform—methanol #4¥HS A&

= 1:2) 6 ml&

[e)
2%

14 &2

[‘-111:

S 574 xg, 5 B

+ pellete]l solvent B

H

o]

)5 A)

W &

:‘_1,

5

rﬁ

olr

2]

mlm

4

r—ln:

7beko]  4°CollA 1 Al

Fi

methanol-&%

I
-T-

chloroform-lipid& w8 #+A=

12 A3 Azt Az

Collection @ jeju



X
X
ais
ot
flo
>
il
Ry

il
A
oX,
ol
ol
s
wn
(@]
o
=
e
ot
.
N
o

5. ELISA (Enzyme-linked immunosorbent assay)

FRGE A FF B dxzT Ade] Aol MAY WS vy 9

3t Kang, et al, (2003)o] 7jetst W chul Aol Eo]& o & w3 3t= A (anti-

W obsbul, e, Az B

=

o

of gole] 1000W] 84jste] wHlaAT).

BS &-elof] =i

ol o
==

J

AE ol gste] 217} 20 mge] B4 WxH ¥

L
N
-
b

A1

L.

R

Qeolol 10008] 3A3ttt. =15 standard®t F+ A AJBEE 96 well platedl

15

Collection @ jeju



100 ul® EF3sle] 4°Col] wHA) wjdsldch. v, 1% BSA (bovine serum

—_

albumin) 3 PBST-100 (triton-100 in PBS)& 7hate] 1 AlzE &<
blockingS 3%l Blockinge] ¥4 A&+ Kang, S. G., (2003)] ¢l&] w50z
8nug/ml rabbit IgGE 100ul #7ste] 1 AIZF &<F ¥H&-A17]a1, 234 A= 10004
3]4 ¥ alkaline phosphate-conjugated goat-antirabbit IgG (Sigma, A3687)%
lug/mls=7k HA H7bg & 1 AZF §¢ vgA 5 daAz|EE p-
nitrophenylphosphate 100ulE #7}ste] @A A7l 3 405 nm oA SH =S

F ot

Olt

i
54

27AY =Ry

—n
e
-
Lo
B
=)
Lo
o
o
flo
do
S
Jo
o
>
12

2,
M
-
=0

A 127 £ 4.5 mm 22 AEE JHERSAE (Fig. 6.). Seto=z #Azst +
A9 F=e AXAEE Figure. 89 YERT. dx24AY =S 29%H

6L =714 thFEo] fat conditionS Kot} AF&r] o]ZRE 20099 1¥€71A

16

Collection @ jeju



AT,

QOJ

1

£

145 642714

medium condition®©]$1 2™, watery condition (21.1%)% &

o]

1=}
T

56.3%2] medium conditiong X

o

N

Fze
b

pZS
o

7k

Jehglch waTA Y

st 692 (10.8)3 99 (12.4)9

S

Table 4 ¢} Figure 79I
o

e

L

Nz Cras

=

condition (87.5%)2. & }E}RET]

I

H

CESSE

-
T

3, 395H 6¥€ X714

pul

)

WA 7 65%

LEERL AT

=
=

N

o] Y+ AY IF=Ry =2 (I

o] Table 3% Figure 99 YEHY

2

3 A 95%7F =

4
o

]

N

47.5%, 98 76.3%° YEST E2AAE H=2 6

17

Collection @ jeju



2k

o

a2 2TAY el mla] A4 T dAVE goA ddEo] ZolE

-

Uehl e Atsd A7) =3

Al

A 25 = dHE HeERiAT.

2. 23 AFE H|

SESSE

=)

22 14 ~ 54 1,2 @A AI5EE Bol= /WAZE 70%

flo

U §/FGEA9 AFdAE 17.8%=2 JEFY T (Fig. 10). /7 53%4

Y

=
149 58.8%7F 3.4 A9 915EE Helom, 3¥ o|F 34 WA YFLEE Hol
v H&o] Hap AAsGth 69l AA A 17.5%7F 3,4 dA FEE

ERQATH gz Ade FEe 29 ~ 79 1,2 @AY ASEE AW AAZL 71%

B2HRN, 78 olFole 34 @A AFEE Ad A S7E = Rl 9€7t

she TS 1713.8 ~ 32.5mg/g DTWTO] W9j& R, vl da} =2 o

18

Collection @ jeju



120

100 -

60 -

SL (mm)

20 -

Q"’“’ﬁ,"’*\“fﬁ"d’"‘:gb@e{vw@05@b‘mm\q,\q,

; i ; ; » D : D D 5 :
E‘bo 5‘39 Q@.c @‘& @cas ?,Q & c:'e %@Q oc}- $°~ Qgc., X §s

2008 2009

Fig. 6. Seasonal shell growth of oyster in the spilled area and control area. black bar (spilled area at Sinduri), white bar (Control area at Jonghyun)

19

@ jeju



Condition Index

200

180 - l
16.0 - l
14.0

12.0

10.0

2.0

F PP P S PSS SHFE S > S S P
W & &S v N K oF ST

2008 2009

Fig. 7. Seasonal variation of condition index of oyster in the spilled area and control area. black bar (spilled area at Sinduri), white bar

(control area at Jonghyun)

20

@ jeju



W

7777777/}
B 7277777774

" Tzl

4 ‘mmmm§\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\wﬁﬁ

Shn 22
mmmm§\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\§mm

777777777722

777

7777777777777

77777

7% %

D

777777

7 ®

< Ry

100
20
30
70
60
50
40
3
2
1

10
9
3
7

(9/,) Aouanbauy

2009

2008

Fig. 8 Seasonal variation of PCI of oysters from spilled area and control area. (A), non-oil spill

site (Jonghyun) (B), oil spill site (Sinduri). (F), fat condition, (M), medium condition, (W),

watery condition.

21

@ jeju



& spent

u spawning

Early BLate ERipe

[ Resting

A

77/ . .| @.@.
\\\\\\\\\\\\\& Vi RNy
Yy = e 7777/ T %2
§ e g

2 /7777777 ..,&w\
N Y . | .,
7777777 "a = =2#=~=~ ) kN
7 e 7% i %
T 7000 ]
70 L Ay
= \\\\& M__m__m_,m____H _H _____ ,____ ,H ,@«M

100

(9/,) Aouanbauay

2009

22

@ jeju

Fig. 9. Annual gametogenesis of the oyster from spilled area and control area. (A), non-oil spill

site (Jonghyun) (B), oil spill site (Sinduri).
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Fig. 11. Seasonal variation in biochemical components in oyster tissue from spilled area and
control area. A, carbohydrate; B, protein; C,lipid; D, chrolophyll-a. black bar (spilled area at

Sinduri), white bar (Control area at Jonghyun)
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Table 2
Temporal variations in digestive gland strophy (D), reprodctive gland atophy (R), physiological condition index (PCI) in the Sinduri (spilled area) and Jonghyun (control area)
during the sampling period. The number in parenthesis is standard deviation. Sample number (N)

Jonghyun Sinduri
Period
N R D PCI N R D PCI
08.05-Jan 135 0.2 (0.4) 23(1.2) 2.0(0.2)
23-Jan 161 0.2 (0.4) 3.0 (1.0) 2.6 (0.6)
23-Feb 40 0.7 (0.5) 2.0(0.8) 3.0 (0.0) 40 0.4(0.5) 2.9(0.9) 2.7(0.5)
10-Mar 80 0.9(0.3) 1.8 (0.8) 2.9(0.3) 80 0.2 (0.4) 2.6(0.8) 1.8 (0.4)
24-Mar 40 0.9(0.3) 1.7 (0.9) 2.7(0.6) 40 0.8 (0.5) 2.4(0.9) 2.0 (0.0)
09-Apr 40 1.4 (0.5) 2.3(0.7) 2.9(0.3) 40 1.1(0.5) 1.9 (1.1) 1.7(0.5)
23-Apr 40 1.9 (0.3) 2.1(0.9) 3.0 (0.0) 40 1.3(0.5) 2.2(0.6) 1.9 (0.4)
06-May 40 1.9 (0.3) 2.2(0.7) 3.0 (0.0) 40 1.5(0.5) 2.2(0.8) 1.8 (0.4)
07-Jun 40 3.0(0.2) 1.2 (1.0) 3.0 (0.0) 40 2.7(0.5) 1.1(0.6) 1.8 (0.4)
22-Jun 40 3.4(0.5) 2.0(1.3) 2.1(0.7) 40 3.0 (0.0) 1.0 (0.7) 1.7 (0.4)
05-Jul 40 3.4(0.5) 1.6 (0.6) 2.2(0.7) 40 3.2(0.4) 2.6 (0.7) 1.9 (0.5)
18-Jul 40 3.5(0.5) 1.7(1.2) 2.4(0.8) 40 3.1(0.3) 2.7(1.0) 2.4(0.7)
09-Aug 40 3220 22(1.4) 1.8 (0.6) 40 3.5(0.5) 1.8 (0.8) 1.9(0.5)
03-Sep 40 40 33(0.5) 0.9 (0.5) 2.9(0.5)
24-Sep 40 1.4(2.2) 2.6(0.9) 2.0(0.5) 40 3.6(1.5) 2.1(0.6) 22(0.4)
30-Oct 40 0.9(0.9) 1.9 (0.6) 2.6 (0.5) 40 23(2.5) 1.7 (0.8) 23(0.5)
24-Nov 40 0.2(0.5) 2.1(0.7) 1.9 (0.4) 40 0.7(1.1) 2.1(0.7) 22(0.5)
18-Dec 40 0.3(0.5) 2.5(1.0) 1.9(0.5) 40 0.5(0.5) 2.0(0.8) 2.1(0.4)
09.18-Jan 40 0.4(0.5) 3.5(0.7) 1.9 (0.5) 40 0.4(0.5) 3.5(0.7) 23(0.5)
28

@ jeju



Table 3
Monthly mean shell lenght in mm (SL), tissue dry weight (TDW), condition index (CI), and gonad somatic index (GSI) of Sinduri (spilled area) and Jonghyun (control area).

The number in parenthesis is standard deviation. sample number (N)

Jonghyun Sinduri
Period
N SL TDW CI GSI N SL TDW CI GSI
08.05-Jan 161 40.8 (5.0) 0.1(0.4)
23-Jan 135 60.5(10.2) 0.4 (0.2)
23-Feb 40 89.3(11.0) 0.9 (0.3) N.D 40 68.5(7.1) 0.5(0.2) 5.7 (L.5)
10-Mar 80 77.8 (11.0) 1.2 (0.5) 10.2(2.7) 2.2(1.4) 80 65.0(7.0) 0.5(0.2) 5.7 (1.6) 2.9(1.9)
24-Mar 40 82.0(8.6) 1.7 (0.6) 12.2(3.1) 2.3 (1.8) 40 70.8 (7.1) 0.6 (0.2) 6.9 (1.5) 54(2.3)
09-Apr 40 83.8(8.3) 1.9 (0.6) 13.7(2.7) 6.4(2.1) 40 66.6 (7.3) 0.5(0.2) 7.1(2.0) 2.0(1.3)
23-Apr 40 84.3(9.3) 1.9 (0.6) 13.4(3.2) 6.4 (2.1) 40 65.7 (6.4) 0.6 (0.2) 7.5(1.8) 3.6(1.7)
06-May 40 86.5(8.7) 2.0(0.5) 14.53.4) 26.1(9.3) 40 71.5(7.3) 0.9(0.2) 9.7(3.3) 3.6(1.7)
07-Jun 40 81.0(8.3) 2.3(0.6) 16.4(2.3) 26.5 (12.7) 40 79.0 (8.2) 1.1(0.3) 9.2 (2.5) 20.8(9.5)
22-Jun 40 80.9 (8.6) 1.2(0.3) 11.2(3.2) 34.8 (11.7) 40 65.6 (6.5) 0.7 (0.2) 10.8(2.9) 29.2 (11.1)
05-Jul 40 77.4(7.3) 1.4 (0.3) 10.8(2.3) 45.7(7.7) 40 69.1 (7.0) 1.1 (0.3) 9.8(2.2) 27.8(74)
18-Jul 40 83.7(9.6) 0.8 (0.2) 7.7 (1.6) 9.5 (4.6) 40 69.9 (8.1) 1.1(0.4) 10.6 (3.2) 33.6(11.3)
09-Aug 40 78.1(9.0) 0.5(0.2) 53(1.2) 1.0 (1.9) 40 68.7 (6.7) 0.8 (0.2) 89(2.2) 21.5(9.7)
03-Sep 40 40 65.7 (7.3) 1.3(0.3) 12.4(3.2) 30.3(8.2)
24-Sep 40 80.2 (6.6) 0.9(0.2) 8.9 (1.8) 4.2(5.7) 40 65.6 (6.5) 1.0 (0.3) 10.8 (3.3) 13.2(10.9)
30-Oct 40 79.6 (8.4) 0.8 (0.3) 10.5(10.6) 2.4 (3.4) 40 70.9 (7.9) 1.4 (0.4) 10.0 (3.6) 0.4 (0.8)
24-Nov 40 79.2(7.9) 0.8 (0.3) 5.3(1.7) 40 65.5(7.4) 1.2(0.4) 8.1(1.7) 1.4 (1.2)
18-Dec 40 82.9(9.0) 0.9(0.3) 5.1(1.4) 40 73.7(7.1) 1.4 (0.4) 1.4 (0.4)
09.18-Jan 40 85.0(11.1) 1.0 (0.4) 592.2) 40 72.5(7.1) 1.3(0.4) 8.4(1.2)
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Table 4

Temporal variations in total peoteins (P), (mg/g DTWT); carbohydrates (C), (mg/g DTWT); lipids (L), (mg/g DTWT); Chlorophyll-a (chl-a), (mg/g DTWT) in the Sinduri

(spilled area) and Jonghyun (control area) during the sampling period. The number in parenthesis is standard deviation. Sample number (N),

Jonghyun Sinduri
Period
N P C L C-a N P C L C-a
08.05-Jan 161  54.1(20.8) 42 (2.7) 12.1(5.9) 1.7 (1.0)
23-Jan 135 291.8(62.9) 93.5 (41.1) 12.1(5.9) 2.7(0.9)
23-Feb 40 416.6 (83.8) 227.5 (81.1) 95.0 (0.8) 5.7(4.1) 40 244.0(83.3) 62.2(38.2) 57.2(21.5) 2.8(1.0)
10-Mar 80 780.5 (283.3)  640.6 (204.1)  2258(81.5)  3.9(1.1) 80  318.9(46.9) 117.4 (71.8) 82.9(21.5) 3.7(1.8)
24-Mar 40 873.0 (249.9)  789.0 (341.6)  277.1(199.6)  3.5(1.6) 40 326.6(130.1) 131.6 (55.2) 86.3 (21.7) 8.9 (1.9)
09-Apr 40 877.3(249.9)  863.8(306.0)  259.5(131.4)  1.4(0.4) 40 2947 (74.7) 121.2 (40.3) 69.1 (18.3) 12.2(5.2)
23-Apr 40 890.2 (366.0)  807.1(397.4)  2524(82.1)  1.1(0.3) 40 276.4(58.7) 182.5 (48.8) 75.5 (16.0) 6.7 (1.9)
06-May 40 957.3 (243.8)  724.9(248.1)  299.6(108.8)  2.3(0.7) 40 4022 (75.6) 366.6 (123.1) 124.7 (29.5) 4.5(1.1)
07-Jun 40 1061.8 (432.0)  402.0(169.8)  425.9(100.8)  1.7(0.3) 40 462.9(198.2) 287.8 (182.3) 155.8 (94.7) 2.9(1.2)
22-Jun 40 637.4(164.7)  290.7(107.9)  163.3(185.7)  0.5(0.2) 40 350.4(92.3) 164.9 (62.5) 117.2 (34.9) 3.1(1.0)
05-Jul 40 691.4 (129.1) 260.2 (122.7) 205.8 (40.5) 0.5 (0.2) 40 557.6 (179.8) 239.9(76.7) 221.4 (107.3) 1.5 (0.5)
18-Jul 40 478.4 (89.1) 141.6 (51.0) 138.8(30.9)  3.4(0.6) 40 481.1(244.1) 95.6(55.1) 186.2 (126.9) 0.3(0.2)
09-Aug 40 296.2 (78.9) 47.7(38.7) 57.6 (13.5) 1.0 (0.2) 40 417.7(123.4) 135.7 (53.1) 129.6 (37.2) 5.9(2.9)
03-Sep 40 40 572.1(123.4) 413.8 (150.7) 194.3 (50.5) 2.7(1.3)
24-Sep 40 439.4 (88.7) 243.8(104.8)  1308(39.8)  1.2(0.4) 40 3733(79.3) 370.7 (129.3) 108.8 (29.4) 2.0(0.8)
30-Oct 40 517.4 (140.6)  205.1(115.3)  139.9(45.0)  2.6(1.0) 40 565.7(111.9) 594.0 (184.8) 201.7 (44.3) 1.6 (0.8)
24-Nov 40 475.8 (118.3) 186.8 (77.3) 1389 (47.5)  3.4(1.9) 40 364.7(141.1) 405.6 (182.2) 182.8 (60.2) 1.8 (0.5)
18-Dec 40 5232 (131.1) 218.7 (83.0) 140.4 (46.6)  3.9(0.9) 40 501.8(180.7) 691.3 (219.7) 271.8 (74.0) 8.6 (2.0)
09.18-Jan 40 465.6 (134.9)  271.6(1153)  147.3(30.5) 40 620.3(123.0) 601.4 (224.9) 220.9 (56.1)
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