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 (Hard clam) 

1970

 ( 500 ) 1971

0.5 1.0 mm  ( 200 300

)

 

1974 13,976

1975 1976 12,977 12,867

1977 1978 7,845 6,747

1983

16,049 2003 31,518
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20 2012 62,969 36.1

60

180 100

 

 

 

 

( )  

 (Mollusca)

(Bivalvia)  (Veneroida)  (Veneridae)  

(Meretrix)  (Meretrix 

meretrix)  (Meretrix lusoria)  (Meretrix 

lamarckii)  (Meretrix petechialis)  (Meretrix
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lyrata) 

 (Meretrix meretrix)  (Meretrix lusoria)  

 
 

  

�  � ( )

( )

 

�

 

 

( )  

10 45 psu

3 39

25 32 13 22

D

4 8
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60 80
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( )  

500

 ( 1,200

1,500 ) 

200 400

3 5  

( )  

500 kg

1,000 kg 1,500 kg

2 3 1
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5 10 cm

1 m

 

 

 

� 10 cm 1 m  

 

2  
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( )  

2 3

30 cm

 

( )  

1. 

 

2.  

3. 

pH  

4.  

5. 3
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6. 1 2  

7. 1

 

 

 

 

 

 

� 2 3  

�  
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( )  

1,000 1,200 /

2011

2011 4 1 11

11 7 A

4  (1,200 / ) 2  (600 / ) 

B 2  (600 / ) 2  (600

/ ) 2  (600 / ) C 3  

(900 / ) 3  (900 / ) 23

32.9 10 20 psu pH 7.96 8.23

5.3 ppm 5.32 5.29

5.44 g 90 92% 
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4 11 20

9 32

11 22 4 11

2012 1 2

15 11

A

 

 

 

�A 1-2  
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( )  

 

1.  

 

2.  

6 25 �m

 (
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)

60 kg

 

3.  

1

 

( )  

 (

)
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1.  

3 39 25

35 20

25 1 41

45

42

240 g/m
2

15 25 90% 

35 5 6

- -

10  
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2.  

25 35 psu

25 30 psu 1.6 cm

16 36 psu

20 25 psu

3.  (pH)  

pH

pH 5 8 95% pH 4

pH 9 20% 25% pH 3 pH 10

pH 3 72

pH 10 18

 

pH (1)  ( )

pH (2)

pH
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pH

pH  ( ) 

15 mg/L pH

 
 

 

�  
 

4.  

20 psu 30 psu

10 psu
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25 0.25 ppm 48

6 55%

 

5.  

 

(1)  

 (NH3)  (NH4
+
) 

NH3

280 ppb 50%

96  (LC50) 3.3 ppm

A.

B.

C.  

(2)  

280 ppm
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50% 96 LC50

756 ppm

 

(3)  

2,500 ppm

50% 96 LC50 2,600 ppm  

6.  

 ( )

pH

SO4
-2

25

96 LC50 1.5 ppm

2 6
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1.2 g 48 120

1 mg 14 mg 0.35 mg

2.07 mg

(1)

(2)

 

7.  
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( )  

1.  

-

 

(oxidation reduction potential, ORP) 

 

(1)  

pH/ORP meter  ( ORP

) ORP ORP

ORP  ( ORP

220 mV 250 mV

30 mV 30 mV ORP )  
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�pH/ORP meter ORP  
 

 

2 3 cm

30 60

6

9 3 5

 

(2) ORP  

 

 

�ORP  
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ORP 200 300 mV NO3
- 

NO2
-

Mn
+4

Mn
+2

100 200 mV NO2
- 

NH4
+

50 mV Fe
+3 

Fe
+2

 -150 -250 mV

SO4
-2

S
-2

 (H2S)  -250 mV CO2

CH4 ORP  -150 mV

 

 

 

 ORP (mV)  

 400 700 O2 � CO2 

 100 400 
NO3

-�NO2
- 

NO2
-�NH4+ (100 200 mV) 

 100 -100 Fe+3�Fe+2 

 -100 -300 
SO4

-2�S-2 (-150 -250mV) 

CO2�CH4 (< -250mV) 

 

2. ORP  

ORP ORP

ORP  -150 mV

ORP  

(1)  ( ORP  -150 mV )  

ORP
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5 25 

�m

 

(2)  ( ORP  -150 -250 mV)  

ORP  -150 mV

 (H2S CH4)

 (0.5 ppm)  (15 ppm)

ORP  (easily oxidized material, EOM) 

 (sediment oxygen demand, SOD)

 

(3)  ( ORP  -250 mV )  

 -250 mV CO2 CH4
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18  

                    

(g) 1.05±0.25 1.05±0.25 1.05±0.25 

(g) 8.03±0.62c 8.72±0.38b 10.09±0.87a 

(%) 2.78±0.30 2.73±0.58 2.75±0.16 

EOM (mgO2/g ) 11.34±3.10a 8.82±2.50b 7.68±2.10b 

SOD (mgO2/g ) 8.47±0.82a 4.43±0.52b 3.88±0.72b 

ORP (mV) 26.0±7.8c 53.0±6.2b 102.5±11.2a 

(%) 267.4±28.0c 294.4±36.0b 345.3±15.0a 

a, b, c p < 0.05  
 

3.  

ORP ORP

ORP

2 4% 10 cm

20 40

EOM

EOM  (Avnimelech et 

al., 2004) ORP EOM
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15  (70 × 50 cm 10 cm ) 

15 1

13.82 15.16% EOM 3.28 4.15 mgO2/g

30 2 11.20 12.32% EOM

2.58 2.84 mgO2/g 15

7 ORP  +218 +231 mV EOM 1.60

2.37 mgO2/g 30

 

15 20 g  ( 618 kg/ ) 7

ORP  +218 +231 mV  -290 -386 mV EOM 3.25

4.62 mgO2/g  
 

 (70 × 50 cm) 20 g  ( 600 kg/ ) 3

ORP EOM  

               
( ) (16 ppm)

 

(8 ) 

ORP (mV) -330±35 -325±36 -336±25 -352±38 

24 ORP -338±22c -215±62b -348±42c -153±26a 

48 ORP -334±32c -156±22b -338±52c -36±8a 

10 ORP -337±47b +55±12a -327±37b +83±21a 

EOM (mgO2/g ) 4.48±0.37 4.24±0.44 4.54±0.37 4.62±0.42 

24 EOM 4.41±0.41c 4.03±0.38b 4.52±0.41c 3.82±0.26a 

48 EOM 4.40±0.49c 3.88±0.41b 4.39±0.49c 3.14±0.38a 

10 EOM 4.38±0.45b 2.86±0.32a 4.28±0.45b 2.78±0.28a 

a, b, c p < 0.05  
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(1)  

3 24 ORP  -325 mV  

-215 mV EOM 4.24 mgO2/g 4.03 mgO2/g

48 ORP  -156 mV EOM 3.88 mgO2/g

10 ORP  +55mV EOM 2.86 mgO2/g

 

(2)  

1 ppm 8 ppm 16 ppm 3

24 10 3 ORP

 -325 -388 mV EOM 3.75 4.74 mgO2/g

16 ppm ORP

 

(3)  

3 12

ORP  -352 mV  

-153 mV EOM 3.82 mgO2/g 48 ORP
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 -36 mV EOM 3.14 mgO2/g 10 ORP

 +83 mV EOM 2.78 mgO2/g

 

ORP EOM  

4.  

6 12

 (4 × 8 m) 4

8 12 3 2

ORP  -121.4 mV -113.2 mV -136.2 mV EOM

3.56 mgO2/g 3.48 mgO2/g 3.64 mgO2/g

9:30 21:30

28 42 24

ORP 7.2 mV 9.6 mV 7.4 mV EOM

2.86 mgO2/g 2.71 mgO2/g 2.83 mgO2/g

4 12 7

12 0.094% (3 /3200

) 14 0.250% (8 /3200 )

8
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 (ORP  -250 mV )

EOM SOD 14

14

Avnimelech et. al. (2004) 

10 EOM

EOM 3  ( 4 8 12 ) ORP

EOM  (p > 0.05)

4 ORP EOM

 

 

 

                4  8  12  

ORP (mV) -121.4±15 -113.2±25 -136.2±18 

24 ORP 7.2±1.6 9.6±1.4 7.4±1.7 

EOM (mgO2/g ) 3.65±0.64 3.48±0.53 3.64±1.07 

24 EOM 2.86±0.41 2.71±0.82 2.83±0.65 

                

24 (%) 0 0 0 

7 (%) 0 0 0.094±0.010 

14 (%) 0 0 0.250±0.080 
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5.  

 

(1)  (lime)  

pH

 

A.  

 (

60 70 kg) 7 12

5 20 mg/L  

B.  

pH

pH

95%

 ( )
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(2)  (zeolite)  

 (C.E.C.

160 180 mg/100g)

40

 (clinoptiloite)  (mordenite)  

A.  

60 80 kg

 (1/2 1/3)

40 kg

1 m 20 kg

 

B.  

 

pH
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(3)  (photosynthetic bacteria)  

 

A.  

1 m 15

 ( ) 10 20

1 2 1  

B.  

65.45% 7.18% 2.78% 4.28% 

20.31%  
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(4)  (bacteria for improve water quality)  

 

A.  

 

B.  

 

1 15 ppm

1 × 10
6
 cell

1 2

3 ppm

4 3

 ( 1992)

 (Willison, 1993)

7
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15 ppm 6.17 g 3 ppm

6.05 g 5.81 g 4.17 g

 (64.92 mg/100g) 

 (63.64 mg/100g)  (50.52 mg/100g)

 (29.82 mg/100g) Jeng et al. (1979) 

 

 

 

  

�
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2016 2017

5 10

10 2

3 3 20

 (3 17 )

2% 18% 24%

2 16

3 21 82% 27%



40 

3 27 56%

9%

4 6 11 18 41% 20%

5% 3 2 16 10

3 27 4 6

43% 4 11 18

78% 67% 4 6

3 27

2017

25



41 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

�

�



42 

�

�



43 

 

� �

 

 

2 3

 

3 5
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4 5
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13 15

EOM SOD

14

ORP EOM SOD

7 28

14

EOM SOD

14

ORP EOM SOD

( ORP < -250 mV) 4

ORP EOM

8
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( )  ( )  

  

 
11048 

600 109  
02-87897158 

 

22063 

157 2
02-29596353 

 
20201 

1  
02-24238660 

 

33053 

57  
03-3326742 

 
30295 

192  
03-5519548 

 

 

30051 

120  
03-5216121 

 
36059 

10  
037-320049 

 
40877 

28-18  
04-23869420 

 
54058 

499  
049-2222542 

 
50093 

2  
04-7620774 

 
64041 

517  
05-5523250 
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60006 

199
05-2254321 

61249 

1
05-3620025 

73064 

501
06-6323039 

70045 

87
06-2130958 

83068 

166
07-7462368 

90052 

58

23

08-7224109 

26841 

60
03-9602350 

97058 

5
03-8227431 

95065 

733
089-233720 

88050 

118-1
06-9212839 

89142 

20
082-336625 

20941 

76
0836-22926 
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( )  ( )

http://aquamed.nvri.gov.tw/

http://aqua.nvri.gov.tw/ 

63676 

271

  08:30~12:00 

05-6984703 

61446 

14 2

  09:00~12:00 

05-3734330 

62444 

2 6

  9:00~12:00 

05-3427922 

72742 

1-186

     09:00~12:00

  09:00~12:00

06-7864793 

82842 

124

  09:00~12:00 

07-6915512 
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83250 

46

  09:00~12:00 

07-7462368 

93143 

128

  09:00~14:30 

08-8717971 

( )

153 02-33661296 

250
04-22840894 

508 

580 05-2732918 

142
07-3617141 

3719 

1
08-7703202 

5159 



52 

20246 199

02-24622101 02-24629388 

sdyang@mail.tfrin.gov.tw

50562 106

047-772175 047-775424 

30267 111

035-551190 035-554591 

slyeh@mail.tfrin.gov.tw

72453 4

06-7880461 06-7881597 

63676 271

05-6982921 

05-6983331 
05-6983158 

l-j.wu@mail.tfrin.gov.tw

80672 6
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tichen@mail.tfrin.gov.tw

92845 67

08-8324121 08-8320234 

yshu@mail.tfrin.gov.tw 

96143 22

089-850090 089-850092 

95093 2 291 299
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88049 8
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