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Time(hour) ~ pH, PH,
0:15 5 5.09
0:30 5 5.10
0:45 5 5.10
1:00 5 5.08
1:30 5 5.13
2:00 5 5.16
4:00 5 5.20
6:00 5 5.29
8:00 5 531
12:00 5 5.33

24:00 5 5.33
48:00 5 5.35

pH,
PH,
Cone.,
Cone.,

%Removal
Adsorption Capacity
detection limit

Cone.,
10.30
10.30
10.30
10.30
10.30
10.30
10.30
10.30
10.30
10.30
10.30
10.30

Cone., %Removal Adsorption Capacity

10.00
2.10
131
5.28
1.70
0.30
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

10

291
73.79
87.28
48.74
83.50
97.09
100.00
100.00
100.00
100.00
100.00
100.00

1.50
38.00
44.95
25.10
43.00
50.00
51.50
51.50
51.50
51.50
51.50
51.50

88



Time(hour) ~ pH,
0:15
0:30
0:45
1.00
1:30
2:00
4:00
6:00
8:00
12:00
24:00
48:00

pH,
pH,
Cone.,
Cone.,

%Removal
Adsorption Capacity

02 /.

pH,
5.03
5.01
5.01
5.05
5.06
5.05
5.20
5.17
5.32
5.80
531
5.32

detection limit

Cone.,

10.20
10.20
10.20
10.20
10.20
10.20
10.20
10.20
10.20
10.20
10.20
10.20

01

10

89

500

Cone., %Removal Adsorption Capacity

9.80
9.80
3.89
1.35
0.96
031
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

3.92
3.92
61.86
86.76
90.59
96.96
100.00
100.00
100.00
100.00
100.00
100.00

2.00
2.00
31.55
44.25
46.20
49.45
51.00
51.00
51.00
51.00
51.00
51.00



Time(hour) ~ pH,
0:15 5
0:30 5
0:45 5
1:00 5
1:30 5
2:00 5
4:00 5
6:00 5
800 5
12:00 5
24:00 5
48:00 5

pH|
PH,
Cenc,j
Conc.f

%Removal
Adsorption Capacity

02 /.

pH(
5.02
5.02
5.03
5.03
5.04
5.04
510
512
517
5.22
5.23
5.24

detection limit

Cone.,
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.

10.00
10.00
10.00

01

Conc.f %Removal Adsorption Capacity

9.70
3.96
3.82
0.48
1.67
0.35
0.32
N.D.
N.D.
N.D.
N.D.
N.D.

3.00
60.40
61.80
95.20
83.30
96.50
96.80
100.00
100.00
100.00
100.00
100.00

1.50
30.20
30.90
47.60
41.65
48.25
48.40
50.00
50.00
50.00
50.00
50.00

90

600



Time(hour)  pHt
0:15
0:30
0:45
1.00
1:30
2:00
4:00
6:00
8:00
12:00
24:00
48:00

ol o1 o1 o1 o1 o1 o1 o1 o1 o1 o1 Ol

pH]
PH,
Conc-i
Conc.f

%Removal
Adsorption Capacity

5.02
5.05
5.03
5.02
5.01
4.99
5.07
5.10
5.10
5.16
5.27
5.21

detection limit

Conc,|
48.50
48.50
48.50
48.50
48.50
48.50
48.50
48.50
48.50
48.50
48.50
48.50

=01

Cone., %Removal Adsorption Capacity

39.50
40.20
34.30
30.70
24.50
19.80
3.99
0.94
0.97
0.20
0.98
0.86

50

18.56
1711
29.28
36.70
49.48
59.18
91.77
98.06
98.00
99.59
97.98
98.23

45.00

41.50

71.00

89.00

120.00
143.50
222.55
237.80
237.65
241.50
237.60
238.20

91

400



02 [.

Time(hour)  pH, pH,

0:15 5 5.00
0:30 5 5.01
0:45 5 5.00
1:00 5 4.99
1:30 5 4.99
2:00 5 5.00
4:00 5 5.01
6 5 5.06
8:00 5 5.07
12100 5 5.06
24:00 5 521
48:00 5 5.21

pH(

PH,

Cone.,.

Cone.,

%Removal

Adsorption Capacity

detection limit

Cone.1
49.20
49.20
49.20
49.20
49.20
49.20
49.20
49.20
49.20
49.20
49.20
49.20

= 0.1

Cone,,
37.20
36.70
32.60
29.70
21.50
14.00
1.39
0.87
0.96
0.72
0.81
0.85

50

%Removal Adsorption Capacity

24.39
25.41
33.74
39.63
56.30
71.54
96.08
98.23
98.04
98.53
98.35
98.27

60.00
62.50
83.00
97.50
138.50
176.00
239.05
241.65
241.20
242.40
241.95
241.75

92

500



Time(hour)
0:15
0:30
0:45

=]
xIT

1:00
1:30
2:00
4:00
5:00
8:00

12:00

24:00
48:00

ol o1 o1 o1 o1 o1 o1 o1 o1 o1 o1 Ol

%Removal
Adsorption Capacity

02 /.

pHf
4.99
4.98
4.97
4.98
4,97
4.97
5.04
5.06
5.06
5.09
5.10
5.16

detection limit

Conc,j
50.70
50.70
50.70
50.70
50.70
50.70
50.70
50.70
50.70
50.70
50.70
50.70

0.1

Cone.,
45.20
40.10
37.70
27.50
22.50
24.80
7.33
3.65
0.96
0.98
0.97
0.83

50

%Removal Adsorption Capacity

10.88

20.94
25.67
45.78
55.64
51.10
85.55
92.80
98.11
98.10
98.10
98.36

21.50

53.00

65.00

116.00
141.00
129.50
216.85
235.25
248.70
248.60
248.65
249.35

93

600



400 : 0 J.m 5

Time(hour) ~ pH, pH,  Cone; Cone., %Removal Adsorption Capacity

0:15 5 5.16 9.95 791 20.50 2.04
0:30 5 5.17 9.95 7.58 23.82 2.37
0:45 5 5.20 9.95 7.24 21.24 2.1
1:00 5 5.18 9.95 7.29 26.73 266
1:30 5 5.30 9.95 6.31 36.58 3.64
2:00 5 5.29 9.95 5.22 37.49 3.73
4:00 5 5.52 9.95 3.60 63.82 6.35
5:00 5 5.55 9.95 3.20 67.84 6.75
3:00 5 5.68 9.95 1.90 80.90 8.05
12:00 5 5.74 9.95 1.44 85.83 8.51
24:00 5 5.80 9.95 0.4 95.98 9.55
48:00 5 5.90 9.95 ND. 10000 9.95
pH,
pHf
Conc-i
Cone.,
%Removal

Adsorption Capacity
detection limit =0.02 ..



500

Time(hour)  pH] pH,

0:15 5 5.10
0:30 5 5.08
0:45 5 5.17
1:00 5 5.09
1:30 5 5.24
2:00 5 5.24
4:00 5 5.33
6:00 5 5.46
8:00 5 5.52
12:00 5 5.61
24:00 5 571
48:00 5 581

pHI

pHf

conc-i

Cone.,

%Removal

Adsorption Capacity

«. detection limit

Conc,j

9.72
9.72
9.72
9.72
9.72
9.12
9.72
9.72
9.72
9.2
9.72
9.72

Cone., %Removal Adsorption Capacity

8.09
8.39
6.81
7.35
6.52
6.40
5.20
3.95
2.93
2.02
0.59
N.D.

=0.02

1

16.77
13.68
29.94
24.38
32.92
34.16
46.50
63.48
69.86
79.22
93.93

100.00

10

1.63
1.33
291
2.37
3.20
3.32
4.52
6.17
6.79
1.70
9.13
9.72

95



600 /. 5

Time(hour)  pH; pHf  Cone.,  Conc.f %Removal Adsorption Capacity

0:15 5 5.06 1025  8.65 15.61 1.6
0:30 5 511 1025  7.85 2341 2.4
0:45 5 511 1025 763 25.56 2.62
1:00 5 5.07 10.25 7.58 26.05 2.67
1:30 5 517 1025 731 28.68 2.94
2:00 5 5.20 1025 .63 34.83 3.57
4:00 5 5.33 1025  4.28 58.24 5.97
5:00 5 541 1025 323 68.49 7.02
8:00 5 541 1025  3.32 67.61 6.93
12:00 5 551 1025 1.6 81.66 8.37
24:00 5 5.57 10.25 1.06 89.66 9.19
48:00 5 5.61 1025 023 97.76 10.02

pH; |

pHt

Cone.,

Cone.,

%Removal

Adsorption Capacity
detection limit =002 /.
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Cone.,
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%Removala

%Removalt

Adsorption Capacity

=01

detection limit



Blank
Sample 1
Sample 2
Sample 3

Blank
Sample 1
Sample 2
Sample 3

Blank

Sample 1

Sample 2
Sample 3
Blank
Sample 1
Sample 2
Sample 3
Blank
Sample 1
Sample 2
Sample 3

pH,
3.00
3.00
3.00
3.00
4.00
4.00
4.00
4.00
5.00

5.00

5.00
5.00
6.00
6.00
6.00

6.00

7.00
7.00
7.00
7.00

400

3.13
5.07
4.93
4.74
4.12
5.24
544
533
521
5.97
5.92
5.87
6.05
6.51
6.86
6.91
6.91
1.46
741
1.49

10

100

Conc.i Cone., %Removala %Removalt Adsorption capacity

9.60
9.60
9.60
9.60
9.48
9.48
9.48
9.48
9.30
9.30
9.30
9.30
9.45
9.45
9.45
9.45
8.79
8.79
8.79
8.79

9.60
2.04
2.37
2.26
9.48
1.46
151
1.48
9.30

0.73
0.74
0.94
9.45
0.72
0.57
031
8.79
0.34
0.32
031

0

18.75
7531
76.46
0
83.54
83.02
83.33

0

89.27
89.17
87.08

90.94
92.50
95.21

88.02

88.23
88.33

0

18.75
75.31
76.46
1.25
84.79
84.27
84.58
3.13

92.40
92.29
90.21
1.56
92.29
94.06
96.77
8.44
96.46
96.67
96.77

0

1.56
1.23
7.34
0
8.02

1.97

8.00

8.57

8.56
8.36

8.73
8.88

9.14

8.45
8.47
8.48



pH,

Blank .00
Sample 1 ¢ .00
Sample 2 ¢ .00

Sample 3 ¢ .00

Blank
PH]
pH,
Cone.,
Cone.,

%Removala
%Removalt

pH,
7.01
1.54
151
1.52

Adsorption Capacity
detection limit =0.02

101

Conc.i Cone., %Removala %Removal, adsorption capacity

8.66 8.66 0

8.66 0.21 88.02

ss6 029 87.18
866 027 87.39

I

9.79
97.81
96.98
97.19

0

8.45
8.37
8.39



Blank
Sample 1
Sample 2
Sample 3

Blank
Sample 1
Sample 2
Sample 3

Blank

Sample 1
Sample 2
Sample 3
Blank
Sample 1
Sample 2
Sample 3
Blank
Sample 1
Sample 2
Sample 3

3.00
3.00
3.00
3.00
4.00
4.00
4.

4.00
5.00

5.00

5.00
5.00
5.00
6.00
6.00
5.00
7.00
7.00
7.00
7.00

400

3.09
4.92
4.75
4.86
4.14
5.08
5.08
5.10
511

5.76

5.12
5.73
6.19
6.77
6.75
6.68

6.86

7.12
1.15
7.13

conc.i
371.70
37.70
371.70
371.70
35.40
35.40
35.40
35.40
36.30

36.30

36.30
36.30
35.00
35.00
35.00
35.00
32.30
32.30
32.30
32.30

40

102

Cone., %Removala %Removalt Adsorption capacity

37.70
12.80
11.70
16.30
35.40
10.74
10.57
10.25
36.30

581
5.98
6.15
35.00
3.40
4.66
421
32.30
2.24
2.56
3.78

0

66.05
68.97
56.76
0
65.41
65.86
66.71

0

80.88

80.42
79.97

83.82
80.48
81.67

79.73
78.89
75.65

0

66.05
68.97
56.76
6.10

71.50
71.96
7281
371

84.59
84.14
83.69
7.16
90.98
87.64
88.83
14.32
94.06
93.21
89.97

0

24.90
26.00
21.40
0
24.66
24.83
25.15

0
30.49

30.32
30.15

31.60
30.34
30.79

30.06
29.74
28.52



pH,  pH,

Blank 500  7.05
Sample 1 so0 7.23
Sample 2 500 7.30
Sample 3 ¢.00 729

Blank
pH,
pH,
Cone.,
Cone.,

%Removala
%Removalt
Adsorption Capacity

103

40 .

Conc.i Cone., %Removala %Removal. adsorption capacity

31.60 31.60 0 16.18 0

3160 266 76.71 92.89 28.92
31.60 3.01 75.84 92.62 28.59
3160 3.42 74.74 90.92 28.18

detection limit =0.02 /.



(Adsorption Isotherm)



Time(hour) pH,

1:00 5
2:00 5
5:00 5
8:00 5
12:00 5
24:00 5
48:00 5

pH,

PH,

Cone.,

Conc.f

%Removal

detection limit

5.01
5.02
5.04
5.04
5.06
5.04
5.05

=01

Cone.,
94.1
94.1
94.1
94.1
94.1
94.1
94.1

500
100

Cone,,
87.5
80.4
81.2
79.7
78.3
71.6
70.3

%Removal
7.01
14.56
13.71
15.30
16.79
2391
25.29

105



Time(hour)

1:00
2:00
5:00
8:00
12:00

24:00
48:00

PH]
pHf
Cone.1
Cone,,

%Removal

02 [ .

pH,

ol o1 o1 o1 o1 o1 o1

detection limit

pH,
5.06
5.07
5.10
512
5.14
5.17
519

=01

Conc-i

94.1
94.1
941
94.1
9.1
941
94.1

500

100

Cone.,

69.2
55.4
281
1.95
5.36
3.95
3.73

%Removal
26.46
41.13
70.14
91.55
94.30
95.80
96.04

106



Time(hour)
1.00
2:00
5.00
8:00
12:00
24:00
48:00

pHi
pH,
Conc,|
Conc.f

%Removal!

pH

S O O O O O o

detection limit

0.1

pHf
6.19
6.11
6.29
6.29
6.33
6.32
6.36

Cone.1

3.1
3.1
31
31
3.1
351
351

=0.02

1V

400
40

Conc.f
30.8
30.2
29.3
28.3
29.1
26.3
24.1

%Removal
12.25
13.96
16.52
19.37
17.09
25.07
31.34
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Time(hour) pH,
1:00 6
2:00 6
5:00 6
8.00 6
12:00 6
24:00 6
48:00 6

pHS
PH,
Conc,|
Cone.,

%Removal
detection limit

1.5

1

pH,
6.29
6.47
6.69
6.75
6.95
1.23
7.40

Cone.1
3.1
3.1
3.1
35.1
3.1
35.1
3.1

=002 /.

400
40

Cone.,
22.00
17.40
10.28
8.77
5.23
2.47
1.92

%Removal
37.32
50.43
70.71
75.01
85.10
92.96
94.53
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109

5 500
100 /. 5
o c X m xmX Llogce Logxm  LX 1lce

924 677 247 004 6175 18305 27906  0.00162  0.0148
924 4715 449 008 56125 16767 27491  0.00178  0.0211
924 312 612 012 510 14942 27075 0.00196  0.0321
924 156 768 0.16 480 11931  2.6812  0.00208  0.0641
924 326 8914 02 4457 05132 2649  0.00265  0.3067

Co
Ce

B
Adsorption Capacity
detection limit =01 [,



Co
36.2

36.2
36.2
36.2
36.2

Co
Ce

e X
294 68
226 136
1144 2476
3.63 3257
209 3411

M
0.1
0.2
0.5
1.0
15

x/m;X
68
68

49.52

32.57

22.74

Adsorption Capacity

detection limit

Log ce
1.4683
1.3541
1.0584
0.5599
0.3201

=0.02

400
40

Log x/m
1.8325
1.8325
1.6947
15128
1.3568

I

X
0.0147
0.0147
0.0202
0.0307
0.0440

6

lce
0.0340
0.0442
0.0874
0.2755
0.4785

110



AWIANTANNIING 18
ChuLALONGKORN UNIVERSITY



Time
(Hour)
12
12
12
24
24
24
36
36
36
48
48
48
60

Time(hour)
Sample(cm)

Volume()
Volume(BV)
Cone.

pH
%Removal!

Sample
(Cm)
10
20
30
10
20
30
10
20
30
10
20
30

detection limit

Volume

()
336
336
336
67.2
67.2
67.2
100.8
100.8
1008
134.4
134.4
134.4

BV
3574
3574
3574
714.89
714,89
714.89
1072.34
1072.34
1072.34
1429.79
1429.79
1429.79

=0.1

Cone.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

pH
6.21
6.32
6.53
6.17
6.34
6.52
6.24
6.39
6.46
6.23
6.36
6.5

%Removal
100
100
100
100
100
100
100
100
100
100
100
100
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Time
(Hour)
12
12
12
24
24
24
36
36
36
48

Time(hour)
Sample(cm)

Volume()
Volume(BV)
Cone.

pH
%Removal

Sample
(Cm)
10
20
30
10
20
30
10
20
30

detection limit

Volume
Liter BV
33.6 3574
336 3574
33.6 3574
672 714.89
672  714.89
672  714.89
100.8 1072.34
100.8 ~ 1072.34
100.8  1072.34

=01

Cone.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

pH
6.15
6.25
6.32
6.25
6.30
6.34
6.26
6.34
6.38

113

2.8 |

%Removal
100
100
100
100
100
100
100
100
100



AWIANTANNIING 18
ChuLALONGKORN UNIVERSITY



3( . .253)

1

1
L 22 4 - pH Meter
(pH value)
2. (TS Total - 3,000 /. . 103 -
Dissolved Solids) 105 °¢ |

5000 /.

3. - 5 /.

(Suspended Solids) (Glass Fibre Filter Disc)

150



1
4, (Temperature)
)
6. (Sulfide as H2S)
T. (Cyanide as
HCN)
8. ' (Fat, Oil

and Grease)

9.
(Formaldehyde)
10.
(Phenals)
11. (Free
Chlorine)
12.

(Pesticide)
13. (Biochemical
Oxygen Demand : BOD)

116

40 °c
0L /. - Titrate
0.2 |/

Pyridine Barbituric Acid
50

15

T - Spectrophotometry
e i - 4

Amino-antipyrine
1.0 /. - lodometric Method

- Gas-Chromatography
20 [, - Azide Modification

20 °¢c 5

60 /.



14, (TKN
Total Kjeldahl Nitrogen)

15. (Chemical
Oxygen Demand : COD)

16. (Heavy Metal)
L
2.
(Hexavalent
Chromium)
3.
V (Trivaient
Chromium)
4, (Cu)

o1

(Cd)

117

100 J. - Kjeldahi
, 200
120 /. - Potassium Dichromate
Digestion
400
CHINA S - Atomic Absorption

Spectrometry Direct
Aspiration Plasma
Emission Spectroscopy
Inductive Coupled
Plasma : ICP
025 /.

075 |

2.0 .
0.03 /.



11

12.

13

(Ph)

2539

2539

1.0
0.2
1.0
50
0.25
0.02

0.005

I

- Atomic Absorption
Spectrometry

Direct Aspiration
Plasma Emission
Spectroscopy
Inductive Coupled
Plasma : ICP

- Atomic Absorption
Cold Vapor Technique

3( . .2539)

113 13
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