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1 2 3 
1 2 3  

 
 
 

 
 

 

(Mollusca)  (Bivalvia)  

(Veneroida)  (Veneridae)  

(Meretrix)

(1)  (hinge 

teeth) (2)

(3)  

(adductor muscle scar) (4)

 (pallail line) (5)

 (pallial sinus) (6)

 

5  ( 1-1 1-5)  

(Meretrix lamarckii)  (M. lusoria)

 (M. lyrata)  (M. meretrix) 

 (M. petechialis)

M. lusoria  

DNA

c I 

(cytochrome c oxidase I, COI) 

 

(LCO1490: 5'-ggtcaacaaatcataaagatattgg-3' 

HC02198: 5'-taaacttcagggtgaccaaaaaatca-3' ) 

PCR 94  2

94  30 56  30 72  30

72  10 710 

bp DNA

 (National Center for Biotechnology 

Information, NCBI) 

 

 
 

 

-

 (Yoosukh and Matsukuma, 2001; Zhang 

et al., 2012) Asian hard clam

 

 

 



 

2 

 
 
 
 
 
 
 
 
 
 
 
 
 

1-1  (Meretrix lamarckii) 1-2  (Meretrix lusoria) 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1-3  (Meretrix lyrata) 1-4  (Meretrix meretrix)( )

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

1-5  (Meretrix petechialis)   



  

3 

 

 

 

 

 
 

 

( )  
 (Meretrix) 

 ( 1992) ( 1-6

1-7)

 (Torii et al., 2010)

 (Hamli et al., 2016) 

3

 

( )  
 (adductor 

muscle) 

 (mantle) 

 (exhalant 

siphon)  (inhalant siphon) 

 (outer demibranchia)

 (inner demibranchia)

 (food groove)

 ( 1992)  

( )  

 ( 1992)



 

4 

1-6   
 
 
 
 

1-7  ( 1992) 
 



 

5 

  
 
 

 
 

 
 
 

 (M. lusoria) 

 ( 1976 Habe, 1977)

1934

 ( 1982)  

1980 1981

1983

 ( 2003)

2017

7,718 95% 

52,062 50

 (

2017)  

 

 

50

90%

 (

2-1)

 

 

 
 

3 10

1

25 20

D  ( 2-2)



 

6 

7 10

 ( 1989)  

 

2-1  ( ) ( ) ( ) ( ) 

 

 

 

 

 

 

 

 

 

 

 



  

7 

2-2  D ( ) 

 
 

 

 

(Na+ )  (Cl- ) 

90% 

 (Ca2+ )  (Mg2+ )  (K+ ) 

2  
( ) (osmo-conformer) 

 

( ) (osmo-regulator) 

 (Ruditapes philippinarum) 

 (Crassostrea virginica) 

 (Hégaret et al., 2003)  

 (Bayne 

et al., 1976 Davenport and Fletcher, 1978)



 

8 

24

10 psu

20 psu 30 psu  

( 2002) Chen and Slinn (1980) 

Dall (1981) 

 

-

10 33 psu

 

( 2-3) 25

20 psu 33 psu

10 psu 48

520 mOsm/kg (514 530 mOsm/kg) 

839 mOsm/kg 277 

mOsm/kg ( 2-4)

3  
 

2-3  10-33 psu 3 (20 25 30 )
 

 

2-4  25 20 psu 33 psu 10 psu   
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6

25 30 20

 ( 20 psu

33 psu 10 psu) 

 (33 ) 

864 mOsm/kg 288 mOsm/kg (

2-5)  (20 ) 

925 mOsm/kg

321 mOsm/kg ( 2-6)

20 psu

10 psu  ( ) 

 ( 2-7)

20 psu 33 psu

 ( ) 

 (30 ) 

25 20

 ( 2-8)

 (Chen et al., 2011; 

2009)
 

2-5  33 20 psu 33 psu 10 psu  
 

2-6  20 20 psu 33 psu 10 psu  



 

10 

2-7  25 ( 20 psu 10 psu) ( 25 30 20 )
 

 

2-8  25 ( 20 psu 33 psu) ( 25 30 20 )
 

 

 
 

T

B

 

(haemocyte) 

 (Cima et al., 2000)

 (phagocytosis)  

(Barracco et al.,1999; Cima et al., 2000; Park 

et al., 2002)  

( )  (Pipe and Coles, 

1995)

 (large 

eosinophilic granulocyte, LEG)

 (small eosinophilic granulocyte, SEG) 

 (hyalinocyte, HY) ( 2-9) (   



  

11 

2-9  ( )(LEG SEG
HY scale bars = 10 �m) 

 
 

2007)

 (

20 28 )  (C. 

virginica) 

 (Hégaret et 

al., 2003)  (C. gigas) 

 (4 11 20 25 35

40 50 ) 

40

50

 (Gagnaire et al., 2006)

 (48

) 

25 20 psu 33 psu

 (10 psu) 

 

(30 ) 

 (

20 psu 10 psu)  (

25°C 30°C) 

 (

2-10) (Chen et al., 2011)  

 



 

12 

2-10  ( 25 30 ) ( 20 psu 10 psu 33 psu)
( ) ( )  

 
 

Chen & Lin (2012) 

2

30%  (Tetraselmis chui) 

 (Chaetoceros gracilis) 2

10 90 100% 

2

10 67%



  

13 

 

( ) 

 

3 39 10 psu

 (brackish water) 45 psu

(hypersaline water)  (

1989)

 ( 2001)  

 

 
 

24 10 psu

20 psu 30 

psu  ( 2002)

pH 15 25 30

35 48 35

pH 7.44 7.18

pCO2 4.2 (mmHg) 47.8 

(mmHg) ( 2008) 23

30 1 pO2

50% 15 2

pO2 75%

28 2

pO2 60% 71

pH pCO2

30

48  ( 2005)  

 
 

 

 ( 2-11)



 

14 

30

35

30 20 

psu 5

10 psu

50 70

35 5 psu

 (Lee 

et al., 2005)
 
 
 

 

2-11  ( ) ( ) ( )
( )  



 

15 

  
 
 

 
 

 
 
 

1989

40

 (

)

 ( )

 

 

 
 

 

( )  

10 ppm

10 ppm

 

( )  
25

30 psu 20 �m

1 �m

1 ppm

 

( )  

2 10 �m

 (Chlorella sp.)

 (Nannochloropsis oculata)  

(Isochrysis galbana)  (Chaetoceros 

gracilis)  



 

16 

( )  

 

1

1  ( 3-1)  
 

3-1   
 
( )  

 (20

1) 

 ( 3-2)

30 1

10

3 /

15

/

3 /

500

 
 

3-2   
 

90 �m

15 30

28 12 D  

( ) 100 110 �m

 ( 3-3)  

 

 
 
( )  

2 5 �m

5 8 /  



  

17 

 
    

 
   (D ) 

3-3   

 

10 12 �m 150 

�m

160 �m

6

 

60 80%

2 3

 

( )  
6 7

 ( 3-4) 170 180 

�m  ( 3-5)

250

0.1 15

3 ppm

25 30 psu

/



 

18 

 
 

3-4   
 

3-5   
 

15 0.5 

mm  (

3-6) 7

1 mm

 ( 3-7)

 

( )  
1 mm

 

30 45  

3-6   
 

3-7  (0.5-1 mm) 
 

3 5 mm

24

 

 (3

5 mm) 500

/  
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1 1 2 2 1 
1 2  

 
 
 

 
 

( )  
25 35

20 41

45 2017

2018

 ( 4-1)  (11 1 ) 

14.5 25.0  (2 4 ) 

14.0 31.8  (5 7 ) 

29.0 36.3  (8 10

) 23.6 35.0

4

9 30  

( 4-1 4-4) 36.3

0.1 0.4 6 8

0.1 0.9

50 cm

6 8

0.9 0.3

-

30

 
4-1  2017 10 2018 10 ( 14 15) ( 17)

pH  

 
2017  2018  

10  11  12  1  2 3 4 5 6 7  8  9 10

 24.0- 
31.1 

19.0- 
25.0 

16.0- 
23.7 

14.5- 
22.0 

14.0-
22.0

21.0-
28.0

26.0-
31.8

29.5-
35.9

29.0-
33.0

28.1- 
36.3 

30.2- 
35.0 

23.6-
32.3

21.1-
29.8

        31.5-
35.5

30.0-
33.1

28.3- 
35.8 

30.7- 
34.4 

23.4-
31.8

21.8-
29.5

pH 7.8- 
8.6 

7.7- 
8.1 

7.7- 
8.5 

7.6- 
8.3 

8.1-
8.6 

7.5-
8.6 

7.3-
8.2 

7.4-
8.0 

7.4-
8.3 

7.4- 
8.3 

7.4- 
8.5 

7.7-
8.8 

7.8-
8.5 

1        2.9-
7.1 

2.5-
7.2 

3.9- 
8.0 

3.0- 
11.2 

4.4-
9.1 

6.2-
14.3

2        2.7-
6.6 

2.2-
6.8 

3.6- 
7.7 

2.8- 
11.0 

3.8-
9.0 

5.9-
14.3

1 2  ( ppm) 



 

20 

4-1  2017 11 2018 10 6-10
0.1-0.5 ( 14) 

 

4-2  2018 4-10 6 8 9 10 0.0-0.3
7 ( 15) 

 

4-3  2017 11 2018 8 6 7 8 0.0-0.5
-0.5-0.2 0.1-0.5 ( 16) 

 

4-4  2017 11 2018 10 6-10 6
7 8 9 10 0.2-0.9 0.1 0.3 0.40 0.40 ( 17)  

10

15

20

25

30

35

40

11/11 11/27 12/09 12/26 01/10 01/23 02/08 03/03 03/17 03/29 04/11 04/30 05/17 05/28 06/08 06/28 07/12 07/25 08/08 08/22 09/04 09/18 10/05

(
)

10

15

20

25

30

35

40

04/12 04/30 05/17 05/28 06/08 06/28 07/12 07/25 08/08 08/22 09/04 09/18 10/05

(
)

10

15

20

25

30

35

40

11/11 11/23 12/05 12/21 01/08 01/23 02/08 03/01 03/15 03/31 04/13 04/27 05/15 05/28 06/01 06/11 06/26 07/13 07/27 08/09 08/22

(
)

10

15

20

25

30

35

40

11/27 12/09 12/26 01/10 01/25 02/10 0301 0315 0331 0413 0427 0515 0601 0611 0626 0712 0727 0808 0822 0904 0918 1005

(
)

2017 2018  

2017 2018  

2017 2018  



  

21 

( )  
16 36 

psu

20 25 psu

 

( ) pH  
pH 5 8

pH 4 pH 9

1/5 pH 3 pH 10

 

( )  
1.  

 (NH3) 

 (NH4
+) 

 (NH4
+) 

 (NH3) 

(1)

(2)

(3) (4)

(5)

500 �g/L 500 �g/L

500 �g/L 1,000 �g/L

 

2.  

100 �g/L

200 300 �g/L

 

3.  

5 

�g/L

 

4.  

250 �g/L

(1) (2)

(3)

(4)

400 �g/L 400 �g/L

400 �g/L



 

22 

 

( ) a 

50 60 

cm

a

30 50 �g/L a 30 

�g/L

a 60 �g/L 4 5

 

( )  

NO3
- MnO4 Fe(OH)3

SO4
2- CO2 N2 Mn2+

FeH HS- CH4  (H2S) 

 (Diaz and Rosenberg, 1995)

 

H2 �S  HS- + H+ 

HS- � S2- + H+ 

HS- S2- 

 ( 1985)

c  (cytochrome c oxidase) 

 

(Smith et al., 1977; Vismann, 1996)

 

1. pH 

pH pH 7

60% pH 6

100% HS- pH 8

HS- S2- pH

pH

pH

7.5 8.5  

2.  

24

 (Ruditapes philippinarum) 

24  (DO < 0.5 mg/L) 

 (0.2 52.2 mg/L) 24

D

 � 0.2 ppm

0  � 0.7 mm 2.6 ppm

100% (Kodama et al., 2018)  

3.  

26.6 ppm

24 20 100% 

28 40% 0.7 mm

29.4 ppm 24



  

23 

20 100% 28 20%

 ( 20 28 )

 

(Kodama et al., 2018) Nagasoe et al. (2011) 

 (5 30 mg/L) 

3.7 mg/L

 

( )

pH

 

4.  (oxidation reduction 

potential, ORP)  

ORP

ORP

ORP

(1) ORP  

-100 mV (2) ORP

 -100 -200 mV (3) ORP

 -200 mV ORP

ORP

ORP  -200 mV

2 10 ppm  ( 4-5)

ORP

 
 
 

4-5  ORP   

y = -23.913x - 14.224
R² = 0.2652

-400

-300

-200

-100

0

100

200

300

0.00 2.00 4.00 6.00 8.00 10.00 12.00 

O
R

P 
(m

V
)

(mg/L)



 

24 

pH pH 7.5 pH

pH 8.5

pH  

5.  

ORP pH ORP

ORP

 (S2- )  (Fe2+ ) 

ORP

 (Pearson and Stanley, 

1979) ORP

 

ORP

ORP 200 300 

mV NO3
- NO2

- Mn4+ 

Mn2+ 100 200 mV NO2
- 

NH4
+ 50 mV Fe3+ 

Fe2+  -150 -250 mV SO4
2- 

S2- (H2S)  -250 mV CO2

 (CH4) ORP  

-150 mV

 

ORP

ORP 2

3 cm 30 60

 

6. ORP  (

4-2 4-3) 

ORP

ORP  -200 mV

 

 
4-2  ORP  

 ORP (mV)  

 400 700 O2 � CO2 

 100 400 
NO3

- � NO2
- (200 300 mV) 

NO2
- � NH4

+ (100 200 mV) 

 100 -100 Fe3+ � Fe2+ 

 -100 -300 
SO4

2- � S2- ( -150 -250 mV) 

CO2 � CH4 ( < -250 mV) 
  



  

25 

4-3  ORP  

ORP (mV)   

-200   

-200 -150   

-150 -100   

-100 -50   

-50 0   

0 100   

 

 

 -200 -150 

mV

 -150

-100 mV

-100 -50 mV

 -50 mV

ORP

 

(1)  ( ORP  -100 mV

)  

ORP

5 25 �m

 

(2)  ( ORP  -100

-200 mV )  

ORP  -150 mV

 

(H2S CH4)

 (1 ppm)  (5 ppm)

 ( 3 ppm)

ORP  (easily oxidized 

material, EOM)  (sediment 

oxygen demand, SOD)

 

(3)  ( ORP  -200 mV

)  

ORP  -250 mV CO2



 

26 

 

( )  
 (

)

pH

pH

SO4
2-  

(S2- ) 

 

pH

 

( )  
1.  

Tryptic soybean agar (TSA) 

10 37

CFU/ml  ( 1 ml

CFU Colony-Forming Unit )

3 6 9

105 CFU/ml

 

2.  

 (Vibrio alginolyticus)

 (V. parahaemolyticus)  

(V. vulnificus)  (V. harveyi) 

 (Aermonas 

hydrophila)

104 CFU/ml

 

( )  
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 (

) 

 

 

 

 (Euglena sp.)

(Trachelomonas sp.)  

(Merismopedia sp.)  (Oscillatoria sp.) 

 (Microcystis sp.) 

 

 

 
 

 ( 4-6)  

( )  

 

( )  
 (Ca(OH)2) 1,000 kg/  

(pH 4.0) 3 5 cm 3

pH 7.0

3 5

 

( )  
30 cm 200 L

1 2 60 cm

150 200 kg 3 5  

( )  
1.  ( ) 

1,000 kg  ( )

3 5  

2.  

10 20 cm

100 L

60 cm 2

4  

3.  

200 kg

7 10  

4.  

50 L 50 L/  (

) NO2
- NH3

 



 

28 

4-6  ( ) 
 
 
 

 

( )  
1.  

5 10

6 8

4

 

2.  

500 /  (850

/ ) 80 100 /

800 1,000 / 100 120 /

200 400 /

50 60 /

3 5  

3.  

500 1,000 /

0.1 0.2

 (

) 1 2

200 400 /  

30
pH 4pH 4

pH 7pH 7

pH 7pH 7

pH

pH

pH



  

29 

 
 

( )  

pH  (TCBS

)

ORP a

104 CFU/ml

105 CFU/ml 0.5 1 ppm

104 

CFU/ml 0.5 1 ppm

2 3 500 

ppb

 

pH

ORP NO2
- 

ORP

ORP

ORP

ORP

ORP

ORP  -200 mV

100 g 1 ml

 (1 ppm) 

 (5 ppm)  (

3 ppm) ORP

 

8

15

 

( )  

(1)

(2)

 

1.  

 (

) 



 

30 

 

2.  

 ( 1992)

3 ppm

2 3

5 ppm  

3.  

3 ppm

5 ppm  

 (Bacillus pulmilus) 

ORP  -150

-200 mV

 

 

(

20 2 × 109 CFU/ml 

) 

 ( 4-7

4-9)  

 ( 4-7 4-8)

6 ppm

 (

4-9)

 

( )  

 ( )  



  

31 

4-7  ( - - ) -
( 15) 

 

4-8  ( - - ) -
( 17) 

 

4-9  ( - - ) -
- 3 6 ppm

( 14)  

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

180412 180430 180517 180528 180608 180628 180703 180712 180725 180808 180822 180904 180918 181005

(�
g/

g)

/
(p

pm
)

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

180110 180125 180210 180301 180315 180331 180413 180427 180515 180601 180611 180626 180712 180727 180808 180822 180904 180918 181005

(�
g/

g)

/
(p

pm
)

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

180110 180123 180208 180303 180317 180329 180411 180430 180517 180528 180608 180628 180703 180712 180725 180808 180822 180904 180918 181005

(�
g/

g)

/
(p

pm
)

*



 

32 

300 500 1,000

2,000 500 1,000  

 ( ) 

 

 ( 4-10)

1

2 3

6 ppm

 ( 4-11)

 

 

 

4-10  - (
)  



  

33 

4-11  ( )
 

A + + B +
+ C + + D +

+ E + +
F + +  

 
 

( )  
3 39

25 35

20

25 1

36

40

 

7 8 2 3

33 34 100 /

100 /

1 3

 

20 psu

30 psu

0

1

2

3

4

5

6

7

8

9

10

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 

(�
g/

g)

( )

A B C
D E F



 

34 

30 cm

 

 ( )

 

( )  
10

45 psu 20

25 psu 30

40 psu

15 psu

 ( 5 10 psu) 

100 kg/  (10 ppm) pH  

8 psu

10 14

 

0.5 1 500 L

1 m

1

 

( )  

4



  

35 

3 4 1 ppm  

( )  

 

1. 

 

2. 1 ppm

5 ppm  

3. 

18 20 psu  

4. 1 ppm

3 5 ppm

 

5. 

 

( )  

20 25 ppm

 (

) 

1 2 ppm

 

 
 
( )  

9 11

80 /  (400 / )

200 /  (700 / )

6 7

500 / 80

100 / 10

40 50 / 5 6

12 2

 

pH 7.5

8.1 ORP  -100 -150 

mV

 ( 4-12)

 ( 4-13)  

4 6 ppm pH

8



 

36 

20 25 psu 6 8

10 psu

 
 

4-12  
( ) ( ) 

 

4-13  
( ) ( ) 

( )  

SOP

3 6

60 /  (500

/ ) 80 /  (800 / )

500 / 50

60 / 12

2

 

pH 7.5

8.1 ORP  -100  -150 

mV

 

4 6 ppm pH

8

30 50 psu

40 psu

6 8 20 30 

psu  (107) 

8 23 24

 (

) 

 ( 4-14 4-15)



  

37 

 

  

4-14    

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

12 1 2 3 4 5 6 7 8 9
7.0

7.2

7.4

7.6

7.8

8.0

8.2

8.4

8.6

8.8

12 1 2 3 4 5 6 7 8 9

pH

-250

-200

-150

-100

-50

0
12 1 2 3 4 5 6 7 8 9

mV

-2.0

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

12 1 2 3 4 5 6 7 8 9

mg/kg

0.0

5.0

10.0

15.0

20.0

25.0

30.0

12 1 2 3 4 5 6 7 8 9

psu

0

5

10

15

20

25

30

35

12 1 2 3 4 5 6 7 8 9
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4-15    

0

5

10

15

20

25

30

35

40

12 1 2 3 4 5 6 7 8 9
6.5

7

7.5

8

8.5

9

12 1 2 3 4 5 6 7 8 9

pH

-300

-250

-200

-150

-100

-50

0
12 1 2 3 4 5 6 7 8 9

mV

-2

0

2

4

6

8

10

12

14

12 1 2 3 4 5 6 7 8 9

mg/kg

0

5

10

15

20

25

30

35

40

12 1 2 3 4 5 6 7 8 9
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1 2 3 
1 2 3  
 
 
 

 
 

 

 

 

 (Nannochloropsis oceanica)  

(Isochrysis aff. galbana)  

(Chaetoceros gracilis)  

(Tetraselmis chui)  

(Thalassiosira weissflogii)  

(Pavlova viridis)  (P. salina) 

 (Tetraselmis subcordiformis) 

 ( 5-1)

 

2 4 �m

25 35 psu 25 31

 (DHA)

3

7 �m

26 30 psu 20 25

6 9 �m 25 35 

psu 20 30

12 15 �m

25 35 psu 25 30

15 20 �m

25 35 psu

15 20

26 35 psu 20 30

30 35 psu 20 25

12 10 �m

30 35 psu 20 25
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 (Nannochloropsis oceanica)  (Isochrysis aff. galbana) 

 (Chaetoceros gracilis)  (Tetraselmis chui) 

 (Thalassiosira weissflogii)  (Pavlova viridis) 

 (Pavlova salina)  (Tetraselmis subcordiformis) 

5-1    
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15

37

300 PAR (

photosynthetically active radiation) 

60%

24.8 30.8 5,800 Lux

 

4

60% 

4

40% 4 60%

40%

 

70 × 104 

cells/ml 30 × 104 cells/ml

10 × 104 cells/ml 10 × 104 

cells/ml 1 × 104 cells/ml

20 × 104 cells/ml 40 × 

104 cells/ml 7 × 104 cells/ml

4

33.46%

1 2

29.94% 
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 (Nitzschia 

longissima)  (Nitzschia sp.)

 (Navicula sp.)  (Amphora sp.)

 (Cyclotella sp.)  (Fragilaria 

sp.)  (Gyrosigma sp.)  

(Pleurosigma sp.)  (Euglena 

sp.)  (Trachelomonas sp.)

 (Chlorella sp.) 

 (Merismopedia sp.)  

(Aphanocapsa sp.)  ( 5-2)

n-3

 

 

 
 

 ( ) 

 

14 18

 

60  (

220 �m) 80  ( 170 �m)

 (5 25 �m)  
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(Nitzschia longissima) (Nitzschia sp.) (Navicula sp.) 

 
(Amphora sp.) (Cyclotella sp.) (Gyrosigma sp.) 

(Euglena sp.) (Trachelomonas sp.) 

(Merismopedia sp.) (Aphanocapsa sp.) 

5-2    
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50 55%

35%

15%

 ( 5-3)  

20 25 �m

 ( 2 4 �m)  

5-3  (1-2 )
( )

( ) 
 

 

 

 

( )  

30 35 �m

 

( )  
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15%

 

( )  

3 5%  

( )  

 

( )  

47%  

( )  

 

( )  

B

B12

 

7 6

30 35 

�m 10% 

40% 4

 

6

3

13% 

7% 

16% 16%  (

) 20 32% 

 

2017 2018

1

SOP
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 (

Bacillus pumilus

)

5 10 kg

6 kg 1  

A 2017 8

110 /

900 / 670

/ 8 9

10

 

5-4 10 24

130 / 2 26

45 / 3 12 1.5

32,000

10 24 160 / 5

8 55 / 6 1.5

34,000  

200 ppb

400 ppb ( 5-5)

80 ppb

100 ppb ( 5-6)  

a

a  ( 5-7)

6 kg

 

( 5-8)
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10/2411/711/2112/512/19 1/1 1/16 1/29 2/11 2/26 3/12 3/26 4/9 4/24 5/8
0

20

40

60

80

100
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140

160
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5-7  A 2017 10 24 2018 5 8 a
 

 

10/2411/711/2112/512/19 1/1 1/16 1/29 2/11 2/26 3/12 3/26 4/9 4/24 5/8

(m
V
)

-400

-300

-200

-100

0

100

200

5-8  A 2017 10 24 2018 5 8
 

 

 

B 2017 8

120 /

900 /

8 900 / 9

10

 

 

 
 

a 
(�

g/
L)

 

 

 
 

(m
V

) 
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5-9 B

10 24 165 / 6

4 50 / 6

2,000

7

13,600 10 24

220 / 7 16

80 / 8 9,350  

B

 ( 5-9)

 (

5-10) A

 ( 5-5)

 

 

10/24 11/7 11/21 12/5 12/19 1/1 1/16 1/29 2/11 2/26 3/12 3/26 4/9 4/23 5/7 5/21 6/4 6/24 7/16
0
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100
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5-9  B 2017 10 24 2018 7 16  
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50 

B
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a a

 ( 5-12)

6 kg

 ( 5-13)
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10/24 11/7 11/21 12/5 12/19 1/1 1/16 1/29 2/11 2/26 3/12 3/26 4/9 4/23 5/7 5/21 6/4 6/24 7/16

2~
3c

m
 

(m
V

)

-250

-200

-150

-100

-50

0

50

100

150

5-13  B 2017 10 24 2018 7 16
 

 

 

 

A 1.4

1,700 kg

228 kg

50 / 85,000

80

40 27,360 1.4

112,360

80,000  

B 1.2

2,100 kg

185 kg

50 / 105,000

80 40

22,200 1.2

127,200

106,000  

 

 
 

32.9 36.7%

4 �m

2.5 �m

1.5 �m

 
 

 

2-
3 

cm
(m

V
) 
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(1) (

)

(2)

(3)

 

 (2010) 

5.65 6.73% 

85.96 93.40% 

 (p > 0.05)

 

 (2011) 

 (I )

 ( ) 
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1 1 2 3 
1 2 3  

 
 
 

 
 

1975

1977

 (Vibrio parahaemolyticus)

 

1974

(1)

(2) (3)

(4)

1974 3 5

1

4 5

 

1994

2002

3

 (Rickettsia-like 

organism, RLO) 3  (

herpes-like virus aquareovirus) 
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2009

 (V. 

harveyi) 2010

 (2007) 

 

 
 

 

 ( 6-1)  
 

6-1  ( ( ) )  



  

55 

 

 

 
 

1977  

 

 

 
 

 

60

 (V. anguillarum) V. 

tubiashi  

(Pseudomonas spp.)  

(Aeromonas spp.) Tubiash (1960) Elston 

et al. (1980)  (Crassostrea 

gigas)  (Mercenaria mercenaria) 

 (bacillary necrosis)

48

 

( ) ( ) 

 ( 1978)

 ( 6-2

6-3)

 (V. vulnificus)



 

56 

 (V. brasiliensis)  (V. 

alginolyticu) V. chagasii

(Brevundimonas vesicularis) 

 (Aeromonas hydrophila) 

 (Flavobacterium 

keshii)  (V. aestuarianus) 

 (Photobacterium damselae)  
 
 

6-2   
 
 

6-3  ( ) 



  

57 

 (

)

 ( 6-4

6-6)

 (Pseudomonas spp.)  (Serratia 

spp.) 

 ( 6-7)

 
 
 
 
 

6-4  ( )  



 

58 

6-5  
 

6-6  
 

  
 
 

 

6-7  Vibrio vulnificus ( ) (TCBS agar)  
 

 

( )  
1.5 cm

90% 3 cm
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30%

 (

1993 Wen et al., 1994)

 ( 6-8)

 

( )  
3 6 9

 

1.  

107 CFU/ml V. 

vulnificus 28 35

28  

(LT50) 96 35 LT50 18   
 
 

 

6-8  (RLO) ( H&E stain 400X)  



 

60 

 

2.  

 (1988) 

15 20 psu 7.5 8.5

25 96

23 25

25

 

0.5 ppm

0.8 ppm

0.5 ppm

0.8 ppm

0.3 0.5 0.5 0.8 ppm 

23 28 28

LT50 52 23 LT50 96

 

 
 

1983

 (TO-2 ) 

TO-2

TO-2

IPN Ab

 (AB IPNV) 

 (Lo et al., 1988; Chou et al., 1994)

IPN

CV-1 CV-HB-1, CV-TS-1

IPN

EVE

 ( 1989)  

 ( ) 

(Lo et al., 1988)

 (Chen 

et al., 1992)
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 (Chou et al., 1994)  

 

4

Aquabirnavirus RT-PCR

marine birnavirus (MABV) Vetek Kit

MABV Marine 

birnavirus (MABV) Vetek Kit

MABV  ( 6-1)

Baculovirus penaei (BP) Penaeus 

monodon baculovirus (MBV) Vetek 

Kit MABV MBV BP White spot 

syndrome virus (WSSV) 

Vetek Kit Oyster herpesvirus 1 

(Oshv-1) 

aquabirnavirus

  
 
 
 

6-1  2015-2017 94  

 sample positve negative source 

Marine birnavirus (MABV)(RNA) 17 0 17 Suzuki, 1997 

Baculovirus penaei (BP)(DNA) 17 0 17  

Penaeus monodon baculovirus 
(MBV)(DNA) 17 0 17  

Oyster herpesvirus 1 (Oshv-1)(DNA) 88 0 88 Renault, 2000 

Marine birnavirus (MABV)(RNA) 94 0 94 VetPCR™ Detection Kit 

White spot syndrome virus (WSSV)(DNA) 94 0 94 VetPCR™ Detection Kit 

Baculovirus penaei (BP)(DNA) 94 0 94 VetPCR™ Detection Kit 

Penaeus monodon baculovirus 
(MBV)(DNA) 94 0 94 VetPCR™ Detection Kit 
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Suzuki et al. (1999) 

MABV

3 6 9

IPN

 
 

 
 

( )  

 ( 6-9)

 
 
 
 
 
 

6-9   
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 ( ) 

3 4

1

 

( )  

8

12

 (moon jelly fish) 

(Nomura’s giant jelly fish) 

 

( )  
 ( 6-10) 

 

6-10   
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( )  

 

(Mytilopsis sallei)  (Perna viridis) 

 ( 6-11)

 

( )  

 

( )  
 (

6-12)

 

6-11   
 

6-12    



  

65 

 
 

 ( 6-13)

(1)

(2)

(3)

 

6-13    
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 ( 6-2)

0.3 0.5 ppm

0.8 ppm

28

0.5 0.8 ppm

52 50% 

 ( 6-14)

 

( )

 

 

 
 
 

6-14   
 

 

6-2   

 
  

      

pH 8.02 7.48 7.67 7.31 7.11 7.04 

(psu) 24 24 31 30 31 19 

(ppm) 0.11 0.7 0.36 0.08 0.31 0.86 

(ppm) 0.03 0.03 0.08 0.03 0.06 0.07 

(ppm) 0.05 0.27 0.51 0.05 0.31 1.51 

PO4 (ppm) 0.31 0.26 0.45 0.27 0.34 0.43 

Zn (ppm) 2.97 3.34 4.4 6.44 6.7 4.05 

Cu (ppm) 0.02 0.24 0.37 0.13 0.32 0.81 

Fe2+ (ppm) 0.15 0.16 0.87 0.18 0.53 0.65 

2-3 ppm
1-2 ppm 0.5-1 

ppm 

 

39.22% 

 
50.59% 

 
3.92% 

 

6.27% 
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 (2013) 

 

 

 
 

 (FAO) 2003 2016

23,513 64,060

 ( 7-1)  

 

 
 

2017

68

 

7-1  2003-2016 ( (FAO) )  

-
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( )  
1.  

2017

 

2.  

 

(1)  

 ( )  (

)  

( )  

A.

 ( / ) 

= ( ) ÷  ( )  

B.

1 kg

 ( / ) = 

 ( ) ÷  ( )  

1

1 1  

A.  ( / ) = 

 ( ) ÷  ( )  

B.  ( / ) = 

 ( ) ÷  ( )  

C.  =  ( ) ÷  ( )  

(2)  

 

A.  ( / ) = ( )/

 ( )  

B.  (%) = ( )/ ( )

× 100%  

C.  ( ) = 

 ( )  

3.  

 

 

(1)  

 

���� � ��
�	� 
 ���� 
 
�

��� 
 ��
���  


��
��� 
 ��

�
 ………………………(1) 

 

���� � ��
�	� 
 ������ 
 
�

��� 
 ��
���  


��
��� 
 ��

�
 …………………………(2)  
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 UICt /  
 IICt /  
 ��

�� �����  /  
 ��

�� �����  /  
 	� /  

 ��� �����   
( )  �� /  

 �� /  
 
�

�� ���	�  /  
 
�

�� ���	�  /  
 �� /  
 ��

�� ���	�  /  
 ��

�� ���	�  /  
 �� /  
 ��

�� �����  /  
 ��

�� �����  /  
 �� /  

 ��
� /  

 ��
� /  

 

( )  
1.  

 (919 / )

 (56%)  (10 )

 (746 / )

 (61.6

/ )  (315.4 / ) 

 

(1,632 / )  (13

)  

(33%)  (85.1 /

)  (392.6 / ) 

 ( 7-1 7-3)  

2.  

30%

 (1,032

/ )  (1,682 / )

139.0 / 50 89% 

45 50

400 /  (1,055

/ )

 ( 7-4 7-6)  
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3.  

13,891

17,611 / 8,976

/

2017

106 /

123 /

633 / 300

/ 1.1 1  
 
 

7-1   

  
     

   

   17 2.0 1.5 864 489 1,632 1,148 33 18 13 5 

   29 2.8 2.1 885 305 1,223 432 50 23 12 4 

   12 2.9 2.3 730 297 1,160 383 47 18 11 3 

   10 1.5 0.8 746 689 919 280 56 28 10 2 

 68 2.4 1.9 832 423 1,269 694 46 23 11 4 

( ) ( / ) ( / ) (%) ( ) 
 
 

7-2   

  
    

     

   17 29.2 25.8 34.2% 6.6 9.7 7.7% 12.7 12.3 15.0% 16.1 10.2 18.9%

   29 26.3 23.4 31.1% 10.7 11.8 12.6% 12.5 19.5 14.8% 13.9 7.0 16.4%

   12 27.8 33.9 45.8% 6.6 8.3 10.9% 3.5 2.1 5.7% 9.0 2.7 14.9%

   10 20.9 14.4 33.9% 6.0 5.9 9.8% 2.8 2.4 4.5% 11.8 12.4 19.1%

 68 26.5 24.7 34.3% 8.3 10.0 10.7% 9.6 14.7 12.4% 13.3 8.5 17.2%

  
   

     

   17 15.1 17.4 17.7% 5.5 11.1 6.5% 85.1 60.7 

   29 14.1 14.9 16.7% 7.2 11.7 8.5% 84.8 66.8 

   12 10.8 7.6 17.8% 3.0 4.6 4.9% 60.6 45.4 

   10 14.5 16.3 23.6% 5.6 6.2 9.0% 61.6 37.9 

 68 13.8 14.6 17.9% 5.8 9.9 7.5% 77.2 58.3 

/     
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7-3   

  
    

     

   17 122.3 32.3 31.2% 27.3 31.1 7.0% 77.9 97.0 19.9% 81.0 42.1 20.6%

   29 115.2 56.0 30.8% 52.9 58.1 14.1% 46.2 27.9 12.4% 65.9 25.7 17.6%

   12 144.8 101.9 42.8% 41.3 59.6 12.2% 19.4 9.8 5.7% 56.3 17.9 16.6%

   10 106.1 47.2 33.6% 41.3 41.2 13.1% 17.4 17.6 5.5% 51.1 33.0 16.2%

 68 120.9 60.9 33.3% 42.7 50.6 11.8% 45.2 56.0 12.4% 65.8 31.7 18.1%

  
   

     

   17 53.9 27.6 13.7% 30.1 72.8 7.7% 392.6 154.3 

   29 57.2 41.9 15.3% 36.2 65.5 9.7% 373.6 128.5 

   12 60.6 35.9 17.9% 15.8 17.2 4.7% 338.1 126.2 

   10 67.9 62.2 21.5% 31.6 27.5 10.0% 315.4 148.3 

 68 58.5 40.8 16.1% 30.4 57.1 8.4% 363.5 137.4 

/  
 
 
 
 

7-4   

  
    

    

30  18 2.0 1.7 1,032 643 1,682 1,170 12 5 

30-49 18 2.7 2.1 759 305 1,181 332 12 3 

50-69 17 3.0 2.3 853 245 1,103 356 12 3 

70-89 11 1.9 1.1 748 244 1,075 261 9 3 

90  4 1.9 0.7 400 231 1,055 227 12 3 

 68 2.4 1.9 832 423 1,269 694 11 4 

(%) ( ) ( / ) ( / ) ( ) 
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7-5   

  
    

     

30  18 51.2 36.6 36.9% 12.0 14.9 8.6% 14.5 24.0 10.5% 21.4 10.4 15.4%
30-49 18 21.2 7.5 31.1% 4.4 4.3 6.5% 12.1 13.1 17.8% 13.2 5.8 19.4%
50-69 17 15.6 8.4 34.8% 5.1 6.5 11.4% 5.5 4.4 12.2% 9.6 5.6 21.3%
70-89 11 12.8 3.9 25.9% 13.1 9.5 26.5% 5.0 5.6 10.2% 7.6 2.5 15.3%

90  4 27.3 21.8 28.6% 7.8 6.8 8.2% 12.7 9.8 13.3% 11.3 8.8 11.8%

 68 26.5 24.7 34.3% 8.3 10.0 10.7% 9.6 14.7 12.4% 13.3 8.5 17.2%

  
   

     

30  18 29.3 18.8 21.1% 10.5 13.7 7.6% 139.0 80.0 
30-49 18 12.2 6.7 18.0% 4.9 12.0 7.2% 68.0 23.9 
50-69 17 6.5 4.8 14.5% 2.6 3.2 5.8% 45.0 17.3 
70-89 11 6.7 8.1 13.5% 4.3 2.1 8.7% 49.5 21.2 

90  4 15.1 12.2 15.8% 7.3 6.0 7.6% 95.7 38.0 

 68 13.8 14.6 17.9% 5.8 9.9 7.5% 77.2 58.3 

(%) /  
 
 

7-6   

  
    

     

30  18 137.0 73.7 35.6% 32.2 39.8 8.4% 33.9 24.2 8.8% 68.3 43.0 17.7%
30-49 18 129.5 58.0 32.1% 24.7 24.6 6.1% 73.6 95.8 18.2% 76.3 27.9 18.9%
50-69 17 104.9 68.7 36.0% 33.6 38.9 11.5% 33.8 26.0 11.6% 57.7 24.1 19.8%
70-89 11 105.7 28.4 26.2% 103.4 74.5 25.7% 38.2 34.4 9.5% 63.3 23.7 15.7%

90  4 85.1 63.2 27.7% 24.2 17.2 7.9% 32.9 30.6 10.7% 46.9 34.3 15.3%

 68 120.9 60.9 33.3% 42.7 50.6 11.8% 45.2 56.0 12.4% 65.8 31.7 18.1%

  
   

     

30  18 76.1 39.0 19.8% 37.6 76.0 9.8% 385.1 133.7 
30-49 18 69.6 28.4 17.3% 29.5 77.6 7.3% 403.1 150.1 
50-69 17 41.2 29.2 14.1% 20.1 24.5 6.9% 291.3 106.2 
70-89 11 55.2 60.7 13.7% 37.3 20.6 9.2% 403.0 145.2 

90  4 46.2 34.7 15.0% 35.8 31.3 11.7% 307.3 150.6 

 68 58.5 40.8 16.1% 30.4 57.1 8.4% 363.5 137.4 

(%) /
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1.1

1.9 0.8

1.2

 ( 7-7)  

7

2 3

 ( 7-8)  

( )  
68

 
 
 

7-7   

  
     

    

   17 12,880 9,772 104 16 650 360 257 390 1.0 2.1 

   29 14,638 10,160 103 24 625 357 251 354 0.8 1.2 

   12 17,611 13,065 103 12 669 281 331 292 1.2 0.9 

   10 8,976 5,288 123 39 790 471 475 463 1.9 2.2 

 68 13,891 10,213 106 24 663 361 300 371 1.1 1.6 

( / ) ( / ) ( / ) ( / ) 
 
 

7-8   

  
     

   

30  18 7,437 6,722 100 27 370 226 -15 210 -0.01 0.65 

30-49 18 14,029 8,513 107 31 627 334 237 366 0.88 1.74 

50-69 17 18,131 11,759 102 15 709 259 402 220 1.45 0.84 

70-89 11 17,131 12,108 114 16 980 331 607 348 2.22 2.30 

90  4 15,375 6,579 129 10 1,077 363 718 391 2.19 1.65 

 68 13,891 10,213 106 24 663 361 300 371 1.08 1.62 

(%) ( / ) ( / ) ( / ) ( / ) 
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1.  

���� � ���� 	� 
 !�" 
 # $ %�&'�� 
 ( 

$ %�&)�� 
 "���� 
 (�!……………(3) 

��
� * ���� + � 

����* !�" + � 

,
�
�* # $ %�&' �+  

��
�
* ( $ %�&) �+  

��
�* "�� + � 

��
�* (�! +  

2.  

���� � %%-".#�(	� 
 /�. %/ 
 ��(�� 
 "����  


%(.�(/�� 
 "�."#-……………….(4) 

01
2 * %.%-".#�( + � 

3141* /�. %/ + � 

,51
2* ��( �+  

61
2
* "�� �+  

71
2* %(.�(/ + � 

,81
2* "�."#- +  

0.1

/ (At) 30,000

/ (Ct) 1,500 / (Dt)

3.5 / (Et) (3) (4)

49

261,989  

 

 
 

 (2013) 1 150

80 90%

2.5 30 /

70 1

40

30

2017

36.3

106 /

1.1

30% 
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1 2 
1 2  

 
 
 

 
 

 (Meretrix lusoria) 

 

2014
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8-1   

 
(%) 

0 30 50 70 100  

( ) 26.3±5.8a 25.8±5.5ab 25.4±5.3bc 25.2±5c 24.9±4.8c p < 0.05 

DO (mg/L) 7.5±1.5a 7.2±1.1b 7.3±1.2b 6.9±1.1bc 6.7±1.2c p < 0.05 

(psu) 26.1±5.5 26.5±4.6 26.5±4.6 26.3±4.8 26.3±4.8  

pH 7.6±0.6 7.6±0.4 7.6±0.4 7.6±0.4 7.6±0.3  

COD (mg/L) 169.5±65.8 176.7±75.4 177.5±72.1 167.4±52.7 180.3±68.5  

BOD (mg/L) 5.4±4a 3.6±2.6b 3.4±1.7b 3.6±2.1b 2.7±1.2b p < 0.05 

(mg/L) 69.5±41.5a 67.2±40.7ab 61.3±37.1b 59.6±33.8b 60.3±35.6b p < 0.05 

a (mg/m3) 4±2.9a 2.3±2.7b 2.4±2.9b 1.8±2b 1.4±1.2b p < 0.05 

NH3-N (mg/L) 0.8±0.5 0.7±0.4 0.9±0.5 0.9±0.4 0.8±0.4  

NO2-N (mg/L) 0.009±0.007a 0.011±0.009a 0.012±0.006a 0.012±0.007a 0.015±0.012b p < 0.05 

NO3-N (mg/L) 0.031±0.027a 0.039±0.028a 0.042±0.023a 0.071±0.055b 0.079±0.056b p < 0.05 

PO4 (mg/L) 0.39±0.26a 0.4±0.16ab 0.46±0.16ab 0.49±0.24b 0.59±0.17c p < 0.05 

(mg/L) 0.5±0.47a 0.62±0.28ab 0.9±0.69b 0.66±0.17a 0.86±0.39b p < 0.05 

TKN (mg/L) 11.9±6.6a 12.9±8.2ab 12.5±7ab 13.3±8.9ab 14.3±7.5b p < 0.05 

 
 

8-2   

 0%-A 40%-A 40%-B 40%-C 70%-A 

( ) 34.5±1.6 34.8±0.4 35.1±0.1 34.9±0.1 34.7±0.1 

DO (mg/L) 7.2±0.2 6.9±0.8 7.1±0.8 6.6±0.3 6.6±0.3 

(�s/cm) 34410.5±2.1 32318.5±147.8 32939±2948.6 33312±1791.8 31481.5±475.9

(psu) 22.5±3.5 22.5±3.5 22.5±3.5 22.5±3.5 22.5±3.5 

pH 8±0.4 8.1±0.4 8.2±0.4 8±0.2 8±0.1 

COD (mg/L) 132±77.8 136.5±68.6 108±39.6 138±63.6 130.5±77.1 

BOD (mg/L) 3.6±0.2 3.9±0.2 4.2±0.8 2.8±1.1 3.5±0.3 

(mg/L) 79.5±4.9 54.5±14.8 56.0±19.8 41.0±14.1 33.0±15.6 

a (mg/m3) 1.8±2.4 2.6±3.1 1.7±2.2 0.5±0.1 0.7±0.9 

NH3-N (mg/L) 1±0.2 1.3±1.2 0.9±0.5 0.6±0.3 1.1±1 

NO2
--N (mg/L) 0.019±0.019 0.019±0.019 0.011±0.013 0.033±0.021 0.017±0.006 

NO3
--N (mg/L) 0.045±0.049 0.043±0.039 0.055±0.014 0.075±0.049 0.078±0.067 

PO4 (mg/L) 0.11±0.03 0.08±0.05 0.04±0.01 0.11±0.02 0.05±0.02 

(mg/L) 0.27±0.03 0.35±0.08 0.32±0.03 0.25±0.05 0.27±0 

TKN (mg/L) 10.2±0.1 12.8±0.5 26±0 21.8±0.2 10.2±0.6 

A B C 5 kg 7.5 kg 5 kg  
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8-5   
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9 4
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1 3

10 30

S-0 50.1% S-40A

46.5% S-40B 48.2% S-40C 40.2%

S-70 63.2%

70%

S-0

307.6 kg × 70% = 215.33 kg S-40C

70%  

2018 9

26  ( 8-2)

 
 
 

8-6   
 

 

8-3  6  

             S-0 S-40A S-40B S-40C S-70 

4/30 (g) 1.5±0.35 1.5±0.35 1.5±0.35 1.5±0.35 1.5±0.35 

10/30 (g) 6.1±2.85 5.1±1.42 5.6±2.21 4.7±1.88 5.0±2.64 

( ) 10 10 10 10 10 

(%) 50.1 46.5 48.2 40.2 63.2 

(kg) 305.6 237.1 269.9 188.9 316.0 
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 CFU (colony-forming unit)  

 mm-Hg 1  = 76 cm-Hg = 760 
mm-Hg 

 mOsm/kg  

 mV (millivolts)  

 �m (micrometer)  

 pCO2  

 pO2  

 psu (practical salinity unit) 
1

 (‰)  

 ppm (parts per million) 1 ppm = 1000 ppb = 1 �g/ml 

 ppb ( part per billion) 1 ppb = 1 �g/L 

/  �g/ml  

/  �g/L  

/  mg/L  

 






