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Time { hour)
0:00
0:10
0:20
0:30
1:00
1:30
2:00
2:30
3:00
4:00
6:00
8:00

10:00
12:00
15:00
18:00
21:00
24:00

pH;

PH,
Cone, |
Cone, f

% Removal

300

pH;

5.03
5.03
5.03
5.03
5.03
5.03
5.03
5.03
5.03
5.03
5.03
5.03
5.03
5.03
5.03
5.03
5.03
5.03

Adsorotion Capacity

PH,
5.03
5.61
5.11
5.67
5.84
5.82
5.80
5.76
5.78
5.80
5.78
5.77
5.75
5.80
5.76
5.83
5.78
5.79

Cone, |
10.15
10.15
10.15
10.15
10.15
10.15
10.15
10.15
10.15
10.15
10.15
10.15
10.15
10.15
10.15
10.15
10.15
10.15

Cone.,
10.15
9.41
9.28
9.05
8.78
8.51
8.35
8.00
7.65
7.60
7.60
7.63
7.61
7.61
7.65
7.61
7.61
7.60

% Removal
0.00
7.29
8.57
10.84
13.50
16.16
17.73
21.18
24.63
25.12
25.12
24.83
25.02
25.02
24.63
25.02
25.02
25.12

10

Adsorotion Capacity
0
7.4
8.7
1
137
16.4
18
21.5
25
25.5
25.5
25.2
254
254
25
25.4
254
25.5

87



300

Time (hour)  pH; pH, Cone. 1 Cone., % Removal Adsorotion Capacity

0:00 6.08 6.08 1010 10.10 0.00 0
0:10 6.08 6.06 10.10 9.30 7.92 8
020 6.08 6.03 10.10 9.09 10.00 10.1
0:30 6.08 6.05 10.10 9.01 10.79 10.9
1:00 6.08 6.09 10.10 8.60 14.85 15
1:30 6.08 6.10 10.10 8.12 19.60 19.8
200 6.08 6.07 10.10 7.80 22.77 23
2230 6.08 6.06 10.10 7.61 24.65 24.9
300 6.08 6.08 10.10 7.20 28.71 29
4:00 6.08 6.05 10.10 7.07 30.00 7:12
6:00 6.08 6.01 10.10 7.08 29.90 30.2
§:.00 6.08 6.07 10.10 7.07 30.00 30.3
10:00 6.08 6.05 10.10 7.07 30.00 30.3
12:00 6.08 6.10 1010  7.09 29.80 30.1
15:00 6.08 6.03 10.10 7.08 29.90 30.2
18:00 6.08 6.03  10.10 7.10 29.70 30
21:00 6.08 6.08 10.10 7.07 30.00 30.3
24:.00 6.08 6.09 10.10 7.07 30.00 30.3
pH;
pH,
Cone. ;
Cone.,
% Removal

Adsorotion Capacity
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10 5
300

Time (hour)  pH, pH, Cone,i Cone., 9% Removal Adsorotion Capacity

0:00 503 503 1015 1015 0.00 0

0:10 503 561 10.15 9.41 7.29 74
020 503 571 1015 9.28 8.57 8.7
0:30  5.03 567 10.15 9.05 10.84 1
1:00 5.03 584 1015 8.78 13.50 13.7
1:30  5.03 582 1015 8.51 16.16 16.4
200 5.03 580 10.15 8.35 17.73 18
2:30 503 576 1015 8.00 21.18 21.5
3:00 5.03 578 10.15 7.65 24.63 25
4: 503 580  10.15 7.60 25.12 25.5
6:00 503 578 10.15 7.60 25.12 25.5
§:.00 5.03 577 10.15 7.63 24.83 25.2
10:00  5.03 5,75 10.15 7.61 25.02 254
12:00 503 580 10.15 7.61 25.02 254
15:00 503 576  10.15 7.65 24.63 25
18:00 5.03 5.83 10.15 7.61 25.02 254

21:00 5.03 578 10.15 7.61 25.02 254

24:00 5.03 579 10.15 7.60 25.12 25.5

pH;
PH,
Cone, |
Cone.,
% Removal

Adsorotion Capacity



10 5
200

Time (hour)  pHj  pH, Cone.l Cone. % Removal Adsorotion Capacity

0:00 505 505 10.09  10.09 0.00 0
0:10 505 555 1009  9.56 5.25 5.3
0:20 505 562 1009  9.50 5.85 5.9
0:30 505 577 10.09 9.40 6.84 6.9
1:00 5.05 564 10.09 9.10 9.81 9.9
1:30  5.05 572 10.09 8.90 11.79 11.9
2.00 505 570 10.09 8.80 12.78 12.9
2:30  5.05 572  10.09 8.71 13.68 13.8
3:.00 505 576 10.09 8.49 15.86 16
4:.00 505 575 10.09 8.08 19.92 20.1
6:00 505 577 10.09 7.71 23.59 23.8
8:.00 505 574 10.09 7.65 24.18 24.4
10:00 505 576 10.09  7.66 24.08 24.3
12:00 5.05 579  10.09 7.67 23.98 24.2
15:00 5.05 569  10.09 1.64 24.28 24.5
18:00 5.05 574  10.09 7.65 24.18 244
21.00 505 579  10.09 7.68 23.89 24.1
24:00 505 574 10.09 7.65 24.18 24 4
pH
PH,
Cone, j
Cone. ,
% Removal

Adsorotion Capacity
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10 5
100

Time (hour)  pHj pH, Cone,i Cone., % Removal Adsorotion Capacity

0:00 499 499 9.95 9.95 0.00 0
0:10 499 5.8 9.95 9.71 241 2.4
0:20 499 5.68 9.95 9.61 3.42 3.4
0:30 499 571 9.95  9.50 4.52 4.5
1:00 499 575 9.95 9.35 6.03 6
1:30 499 5380 9.95 9.21 7.44 7.4
200 499 579 995 9.5 8.04 8
2:30 499 577 995/ 9.07 8.84 8.8
3:00 499 578 995 890 10.55 10.5
400 499 582 9.95 8.80 11.56 115
6:00 499 579 9.95 8.48 14.77 14.7
8:00 499 576 9.95 8.05 19.10 19
10:00 499 579 9.95 7.95 20.10 20
12:00 499 581 9.95 7.70 22.61 22.5
15:00 499 577 9.95 7.67 22.91 22.8
18:00 499 584 9.95 7.67 22.91 22.8
21:.00 499 576 9.95 7.70 22.61 22.5
24:00 499 580 9.95 7.68 22.81 22.1
pH;
pH,
Cone, |
Cone.,
% Removal

Adsorotion Capacity
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average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
PH
pHf

Cone. 1
Cone, f
Chitosan

% Removal

pH,
3.96
3.96
3.96
3.96
5.07
5.07
5.07
5.07
6.06
6.06
6.06
6.06
6.96
6.96
6.96
6.96
7.98
7.98
7.98
7.98

Adsorotion Capacity

pHf
4.29
4.29
4.31
4.28
554
5.53
5.50
5.58
5.99
5.99
5.94
6.05
6.67
6.60
6.73
6.69
6.91
6.83
6.88
7.01

4,56, 7

Cone,j Cone, f Chitosan Adsorotion Capacity

0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96

0.78
0.77
0.80
0.76
0.57
0.55
0.57
0.59
045
0.51
0.40
0.45
0.28
0.34
0.28
0.21
0.20
0.14
0.19
0.26

8

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

1.80
1.90
1.60
2.00
3.90
4.10
3.90
3.70
510
450
5.60
5.10
6.80
6.20
6.80
7.50
7.60
8.20
7.70
7.00

300

% Removal
18.75
19.79
16.67
20.83
40.63
42.71
40.63
38.54
53.13
46.88
58.33
53.13
70.83
64.58
70.83
78.13
79.17
85.42
80.21
72.92



average
sample 1
sample 2
sample 3
dverage
sample 1
sample 2
sample 3
dverage
sample 1
sample 2
sample 3
dverage
sample 1
sample 2
sample 3
dverage
sample 1
sample 2
sample 3
pH,
pHf

Cone. 1
Cone, f
Chitosan

% Removal

pH,
3.97
3.97
3.97
3.97
5.00
5.00
5.00
5.00
6.12
6.12
6.12
6.12
7.07
7.07
7.07
7.07
8.01
8.01
8.01
8.01

Adsorotion Capacity

pHf
4.52
4.48
4.49
4.58
5.61
5.63
5.64
5.57
6.00
6.03
5.99
5.98
6.49
6.40
6.51
6.57
6.73
6.77
6.72
6.70

4,56, 7

Cone. 1 Cone. f Chitosan Adsorotion Capacity

3.10
3.10
3.10
3.10
3.10
3.10
3.10
3.10
3.10
3.10
3.10
3.10
3.10
3.10
3.10
3.10
3.10
3.10
3.10
3.10

2.53
2.48
2.54
2.58
1.96
1.94
1.90
2.04
1.80
1.75
1.83
1.83
1.55
1.50
1.56
1.59
145
1.52
1.43
1.39

8

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

570

6.20

5.60

5.20

11.40
11.60
12.00
10.60
13.00
13.50
12.70
12.70
15.50
16.00
15.40
15.10
16.50
15.80
16.70
17.10

300

% Removal
18.39
20.00
18.06
16.77
36.77
37.42
38.71
34.19
41.94
43.55
40.97
40.97
50.00
51.61
49.68
48.71
53.23
50.97
53.87
55.16

95



4,56

pH|  pHf  Cone, i
average 401 474 507
sample 1 401 485 5.07
sample 2 401 469 5.07
sample 3 401 468 5.07
average 504 576 507
sample 1 504 575 5.07
sample 2 504 575 5.07
sample 3 504  5.77 5.07
average 604 611 507
sample 1 6.04 6.18 5.07
sample 2 6.04 6.03 5.07
sample 3 6.04 6.11 5.07
average 710 635 507
sample 1 710 638 5.07
sample 2 7.10  6.32 5.07
sample 3 7.10  6.36 5.07

pH
pHf
Cone. |
Cone, f
Chitosan
% Removal

Adsorotion Capacity

Cone, f Chitosan Adsorotion Capacity

4.22
4.26
4.17
4.22
3.36
3.28
3.35
3.45
3.06
3.00
3.10
220
2.90
2.95
2.87
2.88

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

8.50

8.10

9.00

8.50

17.10
17.90
17.20
16.20
20.10
20.70
19.70
19.80
21.70
21.20
22.00
21.90

300

% Removal
16.77
15.98
17.75
16.77
33.73
35.31
33.93
31.95
39.64
40.83
38.86
39.05
42.80
41.81
43.39
43.20

96



10
45 6 300
4

pH,  pHf  Cone, i Cone, f Chitosan Adsorotion Capacity % Removal

average 401 498 99 874 5.00 12.20 12.25
sample 1 401 490 996  8.75 5.00 12.10 12.15
sample 2 401 507 996  8.78 5.00 11.80 11.85
sample 3 401  4.96 9.96 8.69 5.00 12.70 12.75
average 504 578 99 759 5.00 23.70 23.80
sample 1 504 578 9.96 7.54 5.00 24.20 24.30
sample 2 504 581 996 750 5.00 24.60 24.70
sample 3 504 576 996  7.74 5.00 22.20 22.29
average 606 607 996 707 5.00 28.90 29.02
sample 1 6.06 6.11 9.96 7.00 5.00 29.60 29.72
sample 2 6.06 612 996 7.1 5.00 28.50 28.61
sample 3 6.06 5.98 9.96 7.09 5.00 28.70 28.82
7 8
pH,
pH.
Cone. 1
Cone. f
Chitosan I
% Removal

Adsorotion Capacity ,
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5
0
456 7
300 4
pH,  pH, Cone. | Cone.f Chitosan Adsorotion Capacity % Removal
average 401 474 5.07 4.22 5.00 8.50 16.77
sample 1 401 485 507  4.26 5.00 8.10 15.98
sample 2 401 469 507 417 5.00 9.00 17.75
sample 3 401 468 507 422 5.00 8.50 16.77
average 5.04 576 5.07 3.36 5.00 17.10 33.73
sample 1 504 575 507 328 5.00 17.90 3531
sample 2 504 575 507 335 5.00 17.20 33.93
sample 3 504 577 507 345 5.00 16.20 31.95
average 6.04 6.11 5.07 3.06 5.00 20.10 39.64
sample 1 6.04 618 507  3.00 5.00 20.70 40.83
sample 2 6.04 6.03 507 310 5.00 19.70 38.86
sample 3 6.04 6.1 5.07 3.09 5.00 19.80 39.05
average 710 6.35 5.07 2.90 5.00 21.70 42.80
sample 1 710 638 507 295 5.00 21.20 41.81
sample 2 710 632 507 287 5.00 22.00 43.39
sample 3 710 636 507 288 5.00 21.90 43.20

pH,
pH,
Cone. |
Cone, f
Chitosan
% Removal

Adsorotion Capacity



100

2
5
0.05
4,5, 6, 7 8
300 4
pH.  pHf Cone, i Cone.f Chitosan Adsorotion Capacity % Removal
average 408 545 508 428 5.00 8.00 15.75
sample 1 408 552 508 434 5.00 7.40 14,57
sample 2 408 539 508 424 500 8.40 16.54
sample 3 408 543 508 426 5.00 8.20 16.14
average 504 592 508 347 5.00 16.10 31.69
sample 1 504 597 508 342 5.00 16.60 32.68
sample 2 504 588 508 346 5.00 16.20 31.89
sample 3 504 590 508 354 5.00 1540 3031
average 603 610 508 317 5.00 19.10 37.60
sample 1 603 613 508 310 5.00 19.80 38.98
sample 2 603 608 508 324 5.00 18.40 36.22
sample 3 603 610 508 317 5.00 19.10 37.60
average 713 634 508 299 5.00 20.90 41.14
sample 1 713 637 508 304 5.00 20.40 40.16
sample 2 713 632 508 290 5.00 21.80 42.91
sample 3 713 633 508  3.02 5.00 20.60 40.55
average 775 6.63 508 286 5.00 22.20 43.70
sample 1 775 659 508 278 500 23.00 45.28
sample 2 775 666 508 288 5.00 22.00 4331
sample 3 775 664 508 291 5.00 21.70 42.72
pH, ' '
pHf
Cone, i
Cone. f
Chitosan

% Removal

Adsorotion Capacity



average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
pH,
pH(

Cone. 1
Cone. f

Chitosan

% Removal

300
pH,
4.00
4.00
4.00
4.00
5.07
5.07
5.07
5.07
6.06
6.06
6.06
6.06
7.08
7.08
7.08
7.08
.81
781
781
.81

Adsorotion Capacity

pHf
5.55
5.54
5.58
553
5.98
5.95
6.00
5.98
6.15
6.18
6.14
6.12
6.35
6.35
6.32
6.39
6.57
6.60
6.54
6.57

Cone. | Cone, f Chitosan Adsorotion Capacity %

5.06
5.06
5.06
5.06
5.06
5.06
5.06
5.06
5.06
5.06
5.06
5.06
5.06
5.06
5.06
5.06
5.06
5.06
5.06
5.06

4,56, 7 8
4
423 500
4.20 5.00
428 5.00
421 5.00
343 5.00
3.38 5.00
351 5.00
341 5.00
321 5.00
3.26 5.00
3.20 5.00
3.18 5.00
3.00 5.00
298  5.00
2.96 5.00
3.06 5.00
2.90 5.00
291 5.00
2.84 5.00
2.94 5.00

8.30
8.60
7.80

.50
16.30
16.80
15.50
16.50
18.50
18.00
18.60
18.80
20.60
20.80
21.00
20.00
21.60
21.50
22.20
21.20

0.1

Removal
16.40
17.00
15.42
16.80
3221
33.20
30.63
3261
36.56
35.57
36.76
37.15
40.71
4111
41.50
39.53
42.69
42.49
43.87
4190
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5
01 456 7
300 4
pH,  pHf Cone,i Cone, f Chitosan Adsorotion Capacity % Removal
average 401 474 507 422 5.00 8.50 16.77
sample 1 401 485 507 426 5.00 8.10 15.98
sample 2 400 469 507 417 5.00 9.00 17.75
sample 3 401 468 507 422 5.00 8.50 16.77
average 504 576 507 336 5.00 17.10 33.73
sample 1 504 575 507 328 5.00 17.90 3531
sample 2 504 575 507 3.3 5.00 17.20 3393
sample 3 504 577 507 345 5.00 16.20 31.95
average 604 611 507  3.06 5.00 20.10 39.64
sample 1 6.04 618 507 300 5.00 20.70 40.83
sample 2 604 603 507 310 5.00 19.70 38.86
sample 3 604 611 507 309 5.00 19.80 39.05
average 710 635 507 290 5.00 21.70 42.80
sample 1 710 638 507 295 5.00 21.20 4181
sample 2 710 632 507 287 500 22.00 43.39
sample 3 710 636 507 288  5.00 21.90 43.20
8

pH,
pHf
Cone.
Cone. t
Chitosan
% Removal
Adsorotion Capacity



average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
pHi
pH;

Cone. 1
Cone, f
Chitosan

% Removal

05:1

pH,

3.93
3.93
3.93
3.93
4.96
4,96
4,96
4,96
6.15
6.15
6.15
6.15
7.01
701
701
701
8.10
8.10
8.10
8.10

Adsorotion Capacity

4,5, 6,7
300
pH, Cone. 1 Cone, f Chitosan Adsorotion Capacity
512 500 305 5.00
515 500 302 5.00
516 500  3.00 5.00
504 500 312 500
581 500 345 5.00
576 500 355 500
584 500 343 5.00
582 500 338 5.00
608 500 380 5.00
6.04 500 387 5.00
606 500 384 5.00
613 500  3.69 5.00
643 500 361 5.00
641 500 355  5.00
646 500 370 5.00
642 500 358 5.00
664 500 354 5.00
668 500 353 5.00
659 500 344 5.00
664 500 365 500

4

8

19.50
19.80
20.00
18.80
15.50
14.50
15.70
16.20
12.00
11.30
11.60
13.10
13.90
14.50
13.00
14.20
14.60
14.70
15.60
13.50

% Removal
39.00
39.60
40.00
37.60
31.00
29.00
31.40
32.40
24.00
22.60
23.20
26.20
27.80
29.00
26.00
28.40
29.20
29.40
31.20
27.00
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average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
pHj
pHf

Cone. 1
Cone, f
Chitosan

% Removal

11

pH,

4.05
4.05
4.05
4.05
5.02
5.02
5.02
5.02
597
5.97
5.97
597
7.05
7.05
7.05
7.05
8.08
8.08
8.08
8.08

Adsorotion Capacity

300

pHf
5.29
5.23
5.33
5.31
5.88
5.85
5.88
592
6.19
6.18
6.15
6.25
6.79
6.70
6.80
6.87
7.28
7.34
7.25
7.25

Cone. | Cone. f Chitosan Adsorotion Capacity % Removal

520
520
5.20
5.20
5.20
5.20
5.20
5.20
520
520
520
520
520
520
5.20
5.20
5.20
520
5.20
5.20

2.00
2.06
1.94
2.00
351
3.56
3.52
345
4.34
431
4.40
4.30
444
4.45
4.45
441
450
4.45
4.55
4.49

4,56, 7

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

4

8

32.00
3140
32.60
32.00
16.90
16.40
16.80
17.50
8.60
8.90
8.00
9.00
7.60
750
7.50
7.90
7.00
750
6.50
7.10

61.54
60.38
62.69
61.54
32.50
31.54
3231
33.65
16.54
17.12
15.38
17.31
14.62
14.42
14.42
15.19
13.46
14.42
12.50
13.65
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average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
pH,
pHf
Cone, |
Cone, f
Chitosan
% Removal

2:1

pH,

4.02
4.02
4.02
4.02
5.07
5.07
5.07
507
6.11
6.11
6.11
6.11
7.00
7.00
7.00
7.00
7.97
7.97
7.97
197

Adsorotion Capacity

Cone, j Cone. f Chitosan Adsorotion Capacity % Removal

300

pHf

540 517
535 517
539 517
545 517
601 517
603 517
6.02 517
597 517
631 517
640 517
628 517
626 517
6.84 517
6.88 517
680 517
684 517
725 517
730 517
720 517
726 517

1.94
201
1.95
1.85
3.50
345
3.48
3.56
428
4.24
4.32
4.29
4.40
441
4.36
4.44
4.46
4.40

. 4.55

4.43

4567

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

4

8

32.30
31.60
32.20
33.20
16.70
17.20
16.90
16.10
8.90
9.30
8.50
8.80
7.70
7.60
8.10
7.30
7.10
1.70
6.20
740

62.48
61.12
62.28
64.22
32.30
33.27
32.69
3114
21
17.99
16.44
17.02
14.89
14.70
15.67
14.12
13.73
14.89
11.99
1431
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average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
pH,
pHf
Cone.
Cone, f
Chitosan
% Removal

pH,

4.09
4.09
4.09
4.09
5.05
5.05
5.05
5.05
6.10
6.10
6.10
6.10
7.05
7.05
7.05
7.05
8.01
8.01
8.01
8.01

Adsorotion Capacity

pH,

484
4.78
4.90
483
5.67
5.64
5.65
5.12
6.15
6.11
6.13
6.21
6.56
6.56
6.52
6.59
7.07
7.00
7.06
7.16

1

11

Cone, i Cone, f Chitasan Adsorotion Capacity % Removal

1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03

300

0.09
0.15
0.06
0.07
0.50
049
0.52
0.50
0.68
0.65
0.68
0.70
0.73
0.76
0.73
0.70
0.75
0.74
0.79
0.72

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

4,56, 7

9.40
8.80
9.70
9.60
530
540
510
5.30
3.50
3.80
3.50
3.30
3.00
2.70
3.00
3.30
2.80
2.90
240
3.10

4

8

91.26
85.44
94.17
93.20
51.46
52.43
4951
51.46
33.98
36.89
33.98
32.04
29.13
26.21
29.13
32.04
27.18
28.16
23.30
30.10
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average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
pH,
pH,
Cone.
Cone. f
Chitosan
% Removal

pH,

4.05
4.05
4.05
4.05
4.98
4.98
4.98
4.98
6.02
6.02
6.02
6.02
7.03
7.03
7.03
7.03
7.90
7.90
7.90
7.90

Adsorotion Capacity

pH,
5.06
501
510
5.08
583
579
5.85
5.85
6.18
6.13
6.16
6.26
6.66
6.67
6.61
6.70
7.18
7.05
1.26
1.22

11

Cone, i Cone. f Chitosan Adsorotion Capacity % Removal

3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00

300

0.70
0.70
0.65
0.74
1.85
1.88
1.80
1.88
2.21
2.33
2.26
2.22
2.38
239
241
2.35
249
2.54
245
247

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

4,56, 7

23.00
23.00
23.50
22.60
11.50
11.20
12.00
11.20
7.30
6.70
740
7.80
6.20
6.10
5.90
6.50
510
4.60
5.50
530

4

8

76.67
76.67
78.33
75.33
38.33
37.33
40.00
37.33
24.33
22.33
24.67
26.00
20.67
20.33
19.67
21.67
17.00
15.33
18.33
17.67
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average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
pH,
pHf
Cone. |
Cone, f
Chitosan
% Removal

pH,

4.05
4.05
4.05
4.05
5.02
5.02
5.02
5.02
5.97
5.97
5.97
597
7.05
7.05
7.05
7.05
8.08
8.08
8.08
8.08

Adsorotion Capacity

pHf
5.29
5.23
5.33
531
5.88
5.85
5.88
5.92
6.19
6.18
6.15
6.25
6.79
6.70
6.80
6.87
1.28
7.34
1.25
1.25

11

5.20
520
520
5.20
5.20
5.20
5.20
520
520
5.20
520
5.20
5.20
5.20
5.20
520
520
5.20
5.20
5.20

4,5, 6, 7 8
300 4
Cone. 1 Cone, f Chitosan Adsorotion Capacity 9% Removal
2.00 5.00 32.00 61.54
2.06 5.00 31.40 60.38
194 500 32.60 62.69
2.00 5.00 32.00 61.54
351 5.00 16.90 32.50
3.56 5.00 16.40 3154
3.52 5.00 16.80 3231
345 5.00 17.50 33.65
434 500 8.60 16.54
431 5.00 8.90 17.12
4.40 5.00 8.00 15.38
4.30 5.00 9.00 17.31
4.44 5.00 7.60 14.62
4.45 5.00 750 14.42
4.45 5.00 7.50 14.42
4.41 5.00 7.90 15.19
450 5.00 7.00 13.46
4.45 5.00 750 14.42
455 5.00 6.50 12.50
4.49 5.00 7.10 13.65
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average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
pH,
pHf
Cone. 1
Cone. f
Chitosan
% Removal

10

pH,

4.01
4.01
4,01
401
5.00
5.00
5.00
5.00
6.11
6.11
6.11
6.11
7.10
7.10
7.10
7.10
8.05
8.05
8.05
8.05

Adsorotion Capacity

pHf
5.42
5.37
5.47
5.42
5.90
5.98
591
581
6.25
6.24
6.22
6.29
6.90
7.00
6.88
6.82
7.35
1.26
7.34
745

11

Cone. 1 Cone. f Chitosan Adsorotion Capacity % Removal

9.84
9.84
9.84
9.84
9.84
9.84
9.84
9.84
9.84
9.84
9.84
9.84
9.84
9.84
9.84
9.84
9.84
9.84
9.84
9.84

300

549
5.56
540
551
1.67
758
.67
1.76
8.63
8.74
8.62
8.53
8.80
8.78
8.76
8.86
9.00
9.06
9.02
8.92

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

4,56, 7

43.50
42.80
44.40
43.30
21.70
22.60
21.70
20.80
12.10
11.00
12.20
13.10
10.40
10.60
10.80
9.80
8.40
7.80
8.20
9.20

4

8

4421
43.50
45.12
44.00
22.05
22.97
22.05
21.14
12.30
11.18
12.40
1331
10.57
10.77
10.98
9.96

8.54

793

8.33

9.35
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average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
pH,
pHf
Cone. 1
Cone. f
Chitosan

% Removal

pH

4.05
4.05
4,05
4.05
5.02
5.02
5.02
5.02
5.97
5.97
5.97
5.97
7.05
7.05
7.05
7.05
8.08
8.08
8.08
8.08

Adsorotion Capacity

300
pHf
5.29
5.23
533
531
5.88
5.85
5.88
5.92
6.19
6.18
6.15
6.25
6.79
10
6.80
6.87
1.28
71.34
1.25
1.25

Cone. 1 Cone, f Chitosan Adsorotion Capacity

5.20
5.20
5.20
5.20
5.20
5.20
5.20
5.20
520
5.20
5.20
5.20
5.20
5,20
5.20
5.20
5.20
5.20
5.20
5.20

4,56, 7

2.00
2.06
1.94
2.00
351
3.56
3.52
3.45
4.34
431
4.40
4.30
4.44
4.45
4.45
441
4.50
4.45
4.55
4.49

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

8
4

32.00
31.40
32.60
32.00
16.90
16.40
16.80
17.50
8.60
8.90
8.00
9.00
7.60
7.50
7.50
7.90
7.00
7.50
6.50
7.10

% Removal
61.54
60,38
62.69
61.54
32.50
31.54
3231
33.65
16.54
17.12
15.38
1731
14.62
14.42
14.42
15.19
13.46
14.42
12,50
13.65
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average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
pH,
pHf
Cone. |
Cone. f
Chitosan
% Removal

11
0.05

pH,

4.09
4.09
4.09
4.09
501
501
501
501
6.05
6.05
6.05
6.05
7.14
7.14
1.14
1.14
7.95
7.95
7.95
7.95

Adsorotion Capacity

300
pHf
553
5.55
54
549
6.00
6.02
6.00
599
6.18
6.14
6.17
6.24
6.84
.88
6.89
6.75
7.28
1.21
1.23
7.33

Cone, i Cone. f Chitosan Adsorotion Capacity % Removal

4.89
489
489
4.89
489
489
4.89
4.89
489
489
4.89
4.89
4.89
4.89
4.89
4.89
4.89
4.89
4.89
489

4.18
4.25
411
4.17
4.20
421
4.16
4.24
4.22
4.20
4.25
421
4.36
4.33
4.21
4.48
4.40
4.44
4.42
4.34

4,56, 7

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

4

8

7.10
6.40
7.80
1.20
6.90
6.80
7.30
6.50
6.70
6.90
6.40
6.80
530
5.60
6.20
410
4.90
450
470
5.50

1452
13.09
15.95
14.72
1411
1391
14.93
13.29
13.70
1411
13.09
1391
10.84
11.45
12.68
8.38
10.02
9.20

9.61

11.25
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average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
average
sample 1
sample 2
sample 3
pH,
pHf
Cone. 1
Cone. f
Chitosan
% Removal

11
0.1

pH,

4.02
4.02
4.02
4.02
5.02
5.02
5.02
5.02
6.11
6.11
6.11
6.11
1.07
1.07
7.07
7.07
8.00
8.00
8.00
8.00

Adsorotion Capacity

300
pHf
5.65
5.68
5.62
5.65
6.06
6.11
6.00
6.06
6.21
6.23
6.19
6.20
6.83
6.85
6.80
6.83
7.33
131
1.32
7.36

Cone.
4.94
4.94
4.94
4.94
4.94
4.94
4.94
4,94
4,94
4.94
4,94
4.94
4.94
4.94
4.94
4.94
4.94
4.94
4.94
4.94

Cone, f Chitosan Adsorotion Capacity % Removal

4.36
437
431
4.39
4.38
4.42
441
4.32
4.39
4.40
4.32
4.45
4.48
443
4.49
4.52
451
4.55
4.52
4.47

4,56, 7

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

4

8

5.80
5.70
6.30
5.50
5.60
5.20
530
6.20
5.50
540
6.20
4.90
4.60
510
4.50
4.20
4.30
3.90
4.20
470

11.74
11.54
12.75
11.13
11.34
10.53
10.73
12.55
11.13
10.93
12.55
9.92
9.31
10.32
911
8.50
8.70
7.89
8.50
9.51
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117

1
Raw material Fresh Shrimp Shell
Deacetylation More than 90%
Appearance White to Yellow
Moisture content Less than 10%
Specific Area 861 2lg
Viscosity Less than 1% (mPa.S(cPs))*
Molecular weight 50,000-300,000
Solubility More than 99.9% (1% chitosan

1% acetic acid)

Note : * 1% solution in 1% acetic acid measured on a Vrookfield
LVT viscometer, 25 oc, Appropriate spindle at 30 rpm.
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3( ..2535)
1
1. -559.0
(pH value)
2. J 3,000
(TDS  Total

Dissolved Solids )

3.
(Suspended Solids )

5,000

J 50

150

I

I

119

pH Meter

103 - 105°
1

( Glass
Fibre Filter Disc)



4,
(Temperature)
b,

6. (Sulfide as

H2 )

T. (Cyanide as
HCN)

8. ' (Fat,
Oil and Grease)

9. I
(Formaldehyde)

10. I
(Phenals)

11. (Free I
Chlorine)

12,

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

40°

1.0

- Titrate

Pyridine Barbituric Acid

- Spectrophotometry

Amino-antipyrine

- lodometric Method

- Gas-Chromatography

- Azide Modification
20°C



14, (TKN
Total Kjeldahl Nitrogen)

15. (Chemical
Oxygen Demand :
COD)
16. (Heavy
Metal)
L
2.
(Hexavalent
Chromium)
3.
(Trivalent
Chromium)
4, (Cu)
5. (Cd)
6. (Ba)
1. (Ph)

100

120

5.0

0.25

0.75

2.0
0.03
1.0
0.2

200

I

400

/

- Kjeldanhl

- Potassium Dichromate
Digestion

- Atomic Absorption
Spectrometry
Direct Aspiration
Plasma Emission
Spectroscopy
Inductive Coupled
Plasma : ICP



10.
11.

12,

122

1 g ()
(Ni) - 1.0 /. - Atomic Absorption
(Mn) - 50 /. Spectrometry
(A1) - 025 /. Direct Aspiration
(Se) - 002 /. Plasma Emission
Spectroscopy
Inductive Coupled
(Ho) 0005 /. Plasma : ICP
- Atomic Absorption
Cold VaporTechnique
3(..2539) 3
2539 &
113 13 13

2539



. 2517

2

. 2535

. 2540

. 2542
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