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������� �    

�	��
����
����������������������	�������� 
 
1. �	��
����
�������������	���������������
�� 
������	
 21 ����������������������������	����� ��!	����"���#�!�������� �����$� 
 

 

������ COD TKN NH3 SS Temperature pH 

8/8/2005 10,630 926 671 545 29.8 4.51 
15/8/2005 16,090 1,718 1,251 590 29.6 2.88 
22/8/2005 7,276 765 583 342 29.8 4.95 
29/8/2005 11,780 1,261 962 495 31.2 4.62 
5/9/2005 10,070 900 703 625 30.0 4.63 
12/9/2005 13,490 1,187 910 490 29.8 4.69 
19/9/2005 16,680 1,818 1,365 530 30.1 4.42 
26/9/2005 5,700 496 372 425 29.4 5.09 
4/10/2005 8,930 1,222 977 730 29.9 4.95 

10/10/2005 7,768 415 316 377 30.5 5.51 
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������	
 21 (�/�) 
 

������ COD TKN NH3 SS Temperature pH 

31/10/2005 9,200 876 585 465 29.7 4.85 
7/11/2005 5,680 385 230 575 29.4 5.13 
28/11/2005 5,400 354 274 385 28.9 4.52 
12/12/2005 5,600 455 368 241 29.8 5.15 
19/12/2005 5,970 484 410 275 29.4 5.43 
9/1/2006 17,900 1,880 1,455 560 30.1 4.65 
16/1/2006 17,600 1,733 1,306 955 29.6 4.60 
23/1/2006 8,760 515 426 755 29.6 4.73 
30/1/2006 12,400 1,080 890 425 29.8 4.69 
6/2/2006 10,730 1,120 862 430 31.2 4.62 
20/3/2006 8,743 1,035 790 543 29.9 4.85 
27/3/2006 9,850 689 490 415 29.4 4.72 
10/4/2006 8,110 758 560 420 30.7 4.86 
24/4/2006 10,740 987 682 560 29.8 4.51 
22/5/2006 9,050 940 910 755 30.1 4.85 
29/5/2006 11,500 970 620 352 29.4 4.61 
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������	
 21 (�/�) 
 

������ COD TKN NH3 SS Temperature pH 

5/6/2006 16,600 1,480 1,010 650 29.7 4.41 
12/6/2006 11,590 1,130 765 810 28.9 4.52 
19/6/2006 9,920 890 535 760 28.6 4.81 
26/6/2006 10,640 980 715 585 28.9 4.66 
�1�	
� 10,479.90 981.63 733.12 535.50 29.77 4.71 
SD 3,568.53 422.56 321.86 164.42 0.59 0.43 
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2. �	��
����
������������1������
��2�3��4�5���
���56�����7
���
8�	����� 

������	
 22 �������������������	��4
��	�����5�#��/�6������	�	
 -500 �����6���� 
 

ORP-500 mV 

COD (mg/L)  SS (mg/L)  TN (mg/L) 
Date  

Influent Effluent %Removal  Influent Effluent %Removal  Influent Effluent %Removal 

1  18400.00 7200.00 60.87  485.00 160.00 67.01  1814.24 1664.55 8.23 
2  18400.00 9600.00 47.83  485.00 971.43 -100.29  1814.24 1673.55 7.75 
3  18400.00 8000.00 56.52  485.00 1320.00 -172.16  1814.24 1739.62 4.11 
4  9600.00 6800.00 29.17  124.00 430.00 -246.77  989.13 942.16 4.75 
5  9600.00 3200.00 66.67  124.00 380.00 -206.45  989.13 872.35 11.81 
6  9600.00 4800.00 50.00  124.00 1020.00 -722.58  989.13 933.26 5.65 
7  9600.00 6400.00 33.33  124.00 530.00 -327.42  989.13 949.64 3.99 
8  9600.00 1200.00 87.50  124.00 410.00 -230.65  989.13 939.28 5.04 

�1�	
�  12900.00 5900.00 53.99  259.38 652.68 -242.42  1298.55 1214.35 6.42 
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������	
 23 �������������������	��4
��	�����5�#��/�6������	�	
 -325 �����6���� 
 

ORP-325 mV 

COD (mg/L)  SS (mg/L)  TN (mg/L) 
Date  

Influent Effluent %Removal  Influent Effluent %Removal  Influent Effluent %Removal 

1  5680.00 3200.00 43.66  760.00 440.00 42.11  409.50 307.50 24.91 

2  5645.00 3300.00 41.54  192.50 100.00 48.05  353.50 253.33 28.34 

3  5200.00 3275.00 37.02  241.00 142.50 40.87  344.17 248.50 27.80 

4  5540.00 2900.00 47.65  195.00 70.00 64.10  306.83 243.27 20.72 

�1�	
�  5516.25 3168.75 42.47  347.13 188.13 48.78  353.50 263.15 25.44 
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������	
 24 �������������������	��4
��	�����5�#��/�6������	�	
 -200 �����6���� 
 

ORP-200 mV 

COD (mg/L)  SS (mg/L)  TN (mg/L) 
Date  

Influent Effluent %Removal  Influent Effluent %Removal  Influent Effluent %Removal 

1  8930.00 1110.55 87.56  730.00 355.00 51.37  1222.00 962.05 21.27 
2  8930.00 968.60 89.15  730.00 400.00 45.21  1222.00 935.05 23.48 
3  8930.00 851.70 90.46  730.00 302.00 58.63  1222.00 1002.07 18.00 
4  8930.00 1052.10 88.22  730.00 335.00 54.11  1222.00 1009.10 17.42 

�1�	
�  8930.00 995.74 88.85  730.00 348.00 52.33  1222.00 977.07 20.04 
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������	
 25 �������������������	��4
��	�����5�#��/�6������	�	
 -150 �����6���� 
 

ORP-150 mV 

COD (mg/L)  SS (mg/L)  TN (mg/L) 
Date 

 Influent Effluent %Removal  Influent Effluent %Removal  Influent Effluent %Removal 

1  17,360.00 7,600.00 56.22  760.00 262.00 65.53  1,684.00 550.42 67.31 
2  18,800.00 8,600.00 54.26  854.00 335.00 60.77  1,605.00 651.05 59.44 
3  18,400.00 7,400.00 59.78  820.00 352.00 57.07  1,659.00 707.00 57.38 
4  17,200.00 6,600.00 61.63  860.00 384.00 55.35  1,754.00 961.33 45.19 
5  17,600.00 7,200.00 59.09  955.00 390.00 59.16  1,733.00 928.00 46.45 

�1�	
�  17,872.00 7,480.00 58.20  849.80 344.60 59.58  1,687.00 759.56 55.16 
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3. �	��
����
������������1������
��2�3��4�5���
���56�����7
���
8�	�L	�����L	�M�
��4����� 

������	
 26 �������������������	��4
��	�����5�#��/�6������	�	
 -150 �����6���� 68��	�9������:���;�	
���;��<�����/���9� 
 

ORP-150 mV (��7
���
8�	�L	�����L	�) 

COD (mg/L)  SS (mg/L)  TN (mg/L) 
Date  

Influent Effluent %Removal  Influent Effluent %Removal  Influent Effluent %Removal 

1  10500 3540 66.29  880 340 61.36  1110 481.01 56.67 
2  10700 4010 62.52  910 375 58.79  974 435.03 55.34 
3  10220 3860 62.23  875 360 58.86  1023 520.00 49.17 
4  10300 3800 63.11  850 315 62.94  926 482.05 47.94 
5  10030 4020 59.92  845 330 60.95  900 402.00 55.33 
6  10120 3710 63.34  860 355 58.72  934 450.00 51.82 
7  9400 3150 66.49  760 275 63.82  874 434.04 50.34 
8  9600 3400 64.58  655 260 60.31  805 380.02 52.79 
9  9640 3220 66.60  610 230 62.30  773 343.06 55.62 

�1�	
�  10056.67 3634.44 63.90  805.00 315.56 60.89  924.33 436.36 52.78 
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������� 	 

�
���
������������������� 
 

1. ������� �!�"� (Total Chemical Oxygen Demand : TCOD)  

    ����
�� Dichromate Closed Reflux Method 

��>?�!">�@A���B���� 

1. Direstion  vessel : ��������������������� �!���"# borosilicate  glass  ()��  16×100

,-��-�-./, 20×150 ,-��-�-./ �/�� 25×150 ,-��-�-./ �/��,��"#3��4��#"56�78 9:�#�)�5;) TFE 
2. Block heater �/���B/� �9,���� )C �� B���#4D)78 9E�,�/F���B"�,/��)��  150+02   

�9H��7��7�#E �/��,4DI�J�9 Block E!��/DI�EJ����  K,JB"/���  Oven  ��/��.D"�#J�9��MM�/D "78 9
M��4-�4�/4D�4/J�)N����M/��I-�K��  �)4/O��� .��9��� Oven ���PE,.D"�#J�9�)��������(��4D)��
4J�)M89M�)!��(�� Oven 
 3.     Microburet 

����"� 

 1.  E�/����#,�./T�)�U�/V/DEN�,W,�)�#,7D��U.  (FAS)  0.10  M  �./�#,W�#����#  
Fe(NH4)2(SO4)2. 6H2O  39.2  4/D,  �))�!�4�D )  �.-,  conc. H2SO4  20  ,-��-�-./  �-�9����#_)N��"5/DI
5/-,�./��"#)�!�4�D )M)5/-,�.//",�5;)  1  �-./ 
  E�/����#)��M�.��9)!�,���B"�,�(�,(�)�� N)J)�)�)N.J��"D)  ��"#E�/����#
,�./T�)W5.DE�7�#,K�WB/�,. 

 4�/��B"�,�(�,(�)(�9E�/����#,�./T�)�U�/V/DEN�,W,�)�#,7D��U.  (FAS) 

  )!�E�/����#,�./T�)W5.DE�7�#,K�WB/�,. 5 ,-��-�-./ �.-,)�!�4�D ) 10 
,-��-�-./  �-�9����#_)�� �̀O�:a,-���9 �.-,�U�/VW/�-)�-)�-�B�.�/V 1-2 �#� N��")!�,�K���/.4DI�U�/V
/DE-N�,W,�)�#,7D��U.  (FAS)  0.10  M M̀�#`.-�5�� #)M�4)�!��9-)N4,�(�#"�5;)E�)�!�.��N�9 

��������� 

 W,��/-.�(�9  FAS  = [5/-,�O  K2Cr2O7  (ml) × 0.25] / 5/-,�O  FAS  �� ���  (ml) 

 2.  E�/����#,�./T�)W5.DE�7�#,K�WB/�,.  0.01667  M  �./�#,W�#����#   K2Cr2O7  

(�IN��9�� �̀O�:a,-  103  �9H��7��7�#E  �5;)�"��  2  �D "W,9)  4.903  4/D,  �))�!�4�D )5/�,�O  
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500  ,-��-�-./, conc. H2SO4  167  ,-��-�-./ N�� HgSO4    33.3 4/D, ����#�(����"#4D) M�4)D�)5�J�#
����#_)�� �̀O�:a,-���9 N��"5/DI5/-,�.//",�5;)  1  �-./ 
 3.  E�/����#4/� H2SO4 �./�#,W�#�!�4�/PE,  Ag2SO4  N�� conc. H2SO4 ��"#ED�EJ") 
Ag2SO4  5.5  4/D,  .J� conc. H2SO4  1  4-W�4/D,  .D�9�-�9K"�  1-2 "D)  ��� Ag2SO4  ����#4J�)
)!�,���� 

4.  E�/����#�U�W/�-)�-)�-�B�.�/V  �./�#,W�#����#  1,10-phenanthroline  monohydrate  
1.485  4/D,  N��  FeSO4.7H2O  695  ,-��-4/D,  �))�!�4�D )M)K��5/-,�.//",  100  ,-��-�-./ 
 5.  E�/����#,�./T�)W�N�E�7�#,KnW�/�M)�o���� (KHP, HOOCC6H4COOK) 
�./�#,W�#I� KHP  N���!����N��9��  110 �9H��7��7�#E  �D 9,� 425  ,-��-4/D, ����#�))�!�4�D )
N��"5/DI5/-,�./M)K�� 1,000  ,-��-�-./ E�/����#)��M��#aJ.D"F���4_I�).a��#_)N.JK,J.���K5 

�
������
������ 

 1.  ."9.D"�#J�95/-,�./  10  ,-��-�-./  �EJ�)����E!��/DI��BJ� COD 
 2.  �.-,E�/����#,�./T�)W5.DE�7�#,K�WB/�,.  0.01667 M  M!�)") 6 ,-��-�-./ 
 3.  �.-,E�/����#4/� H2SO4  (PE, Ag2SO4)  14  ,-��-�-./ PE,����(��4D) 
 4.  56�3����� COD ���N)J)����N��)!�����K5��"� #9���E�/PE,4D) 
 5.  "�9�����9�) block  digester ��  preheat  K"��� �̀O�:a,-  150 �9H��7��7�#E  4J�)N��"
/�U/D47V�-�9K"�  2  �D "W,9  5�J�#����#_)�)�̀O�:a,-���9  M�4)D�))!������9�EJ�) test  tube  rack   
 6.  M�4)D�))!�,�K���/.��"#E�/����# FAS  0.10  M  W�#���E�/����#�U�/VW/�-)  2-3  
�#�  �5;)�-)�-�B�.�/V  M̀�#`.-�5�� #)M�4)�!��9-)N4,�(�#"�5;)E�)�!�.��N�9 

7.  �!�NI�9BVW�#���)�!�4�D )�)5/-,�./�� ��J�4DI)�!�.D"�#J�9  �!�4�//�U�D47V��,��).D"�#J�9
�`45/�4�//",�D�9E�/�B,��� ���4_.��9��J�4D)��"# 

���������    

COD (mg/l)  =   [(A-B) ×M ×8,000] / 5/-,�O.D"�#J�9  (ml)  
   W�#��   COD  =   BJ�  Chemical  Oxygen  Demand 
                    A  = 5/-,�O  FAS  �� ���E!��/DINI�9BV  (,-��-�-./) 
                    B  = 5/-,�O  FAS  �� ���E!��/DI.D"�#J�9  (,-��-�-./) 
                   M  = W,��/-.�(�9  FAS 
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2.  	�!@	D!@	��A�� (Suspended Solid : SS) 

     ����
�� Gravimetric Method  

��>?�!">�@A���B����  

1.   Glass  Filler  Disks  (Whatman GF/C �/�� Gelman  type  A ) 78 9K,J,�E�/�-)�/�#V.-�
�#aJ 

2.   �B/� �9,��E!��/DI4/�9 
2.1 Fillter older  ���  gooch  crucible  adapter  �/��  menbrane  fillter  funnel 

  2.2  F�"#4/�9B"�,M̀  25   ,-��-�-./  E!��/DI Glass Fillter ()��  2.2  �7).-�,./ 
3.  ("��a� (Suction  flask)  B"�,M̀  500  ,-��-�-./ 
4.   �B/� �9�a�Eauu�4�H 

�
������
������ 

1. �I4/���v4/�9�� "�9�)���a,-�)�#,U/�# ���N��9�� �̀O�:a,- 103-105 �9H��7��7�#E
�5;)�"�� 1 �D "W,9 �-�9����#_)�)��E-B�B�.�/V5/�,�O 30 )��� N��"�D 9��)�!��)D4  

2. ����45/-,�O)�!�.D"�#J�9�� K��5/-,�O(�9N(_9N(")��#K,J)��#4"J� 1.5 ,-��-4/D,/�-./ 
3. "�94/���v4/�9I)4/"#�� .J�4DI�B/� �9�a�Eauu���4�H 
4. ���)�!�4�D )w��4/���v4/�9����5x#4 N��"�56��B/� �9�a�Eauu���4�H ��� ����4/���v

4/�9.-�4DI4/"# 
5. 4/�9.D"�#J�9�� PE,�(��4D)��N��"W�#��HD#N/9�89M�4�B/� �9�a���4�H 
6. 56��B/� �9�a�Eauu���4�H ���B�,B�I4/���v4/�9 N��")!��EJ���a,-�)�#,U/�#�D)��-, 

M�4)D�))!�K5�IN��9�� �̀O�:a,- 103-105 �9H��7��7�#E �5;)�"�� 1 �D "W,9  
7. �-�9����#_)�)��E-B�B�.�/V5/�,�O 30 )��� N��"�D 9��)�!��)D4�� ��- ,(8�) 

��������� 

 Suspended Solid  (mg/l)   = [(A-B)×1000] /ml sample 
W�#��    A  =  )�!��)D44/���v4/�94J�)4�/"-�B/���V (,-��-4/D,) 

B  =  )�!��)D44/���v4/�9��D94�/"-�B/���V (,-��-4/D,) 
 
 
 



 

 

101 

3. �D"@�A���� (Mixed Liquor Suspended Solid : MLSS)  

       ����
�� Gravimetric Method  

 4�/�� MLSS "-o�4�/��,��)4DI4�/��  SS ���#9N.J���)�!�.�4�)M̀�-)�/�#V (Mixed liquor) 
N�))�!�.D"�#J�9 
 
4.   ����
������@�"�"���M��N�O� (Ammonia  Nitrogen : NH4

+-N)  

����
��  Phenate Method 

��>?�!">�@A���B���� 

1. �B/� �9�� ����)4�/4�D ) 78 95/�4�I��"# Kjeldahl Flask, Condenser N�� Heaters 
2. �B/� �9"D� pH  

����"� 

1. )�!�4�D )5/�HM�4N�,W,�)�# 
2. E�/����#U�E�U.ID��U�/V (Phosphatebuffer) �./�#,W�#����# KH2PO4 14.3 4/D,  

N�� K2HPO4 68.8 4/D, �))�!�4�D )5/�HM�4N�,W,�)�# N��"5/DI5/-,�./�5;) 1000 ,-��-�-./ �/��
E�/����#I��/.ID��U�/V (Borate buffer) 78 9�./�#,W�#�.-, NaOH 0.01 N 88 ,-��-�-./ �9�) 
Sodium tetraborate solution 0.025 M 500 ,-��-�-./ (����# anhydrous Na2B4O7 5.0 4/D, �/�� 
Na2B4O7.10H2O  9.5 4/D, ��"#)�!�4�D ) 1 �-./) N��"5/DI5/-,�./M)K�� 1 �-./ 

3. E�/����#�-)�-�B�.�/V �./�#,W�#����# Methyl red 200 mg �) ethyl �/�� isopropyl 
alcohol 95 �5�/V�7_).V 100 ,-��-�-./ ����# methylene Blue 100 ,-��-4/D, �)  ethyl �/�� 
isopropyl alcohol 95 �5�/V�7_).V   50 ,-��-�-./  /",E�/����#E�9�#J�9�(����"#4D) �./�#,����)N.J
������) 

4. 4/�I�/-4 + �-)�-�B�.�/V �./�#,W�#����# H3BO3 20 4/D, �))�!�4�D )�� 5/�HM�4
N�,W,�)�#�.-,�-)�-�B�.�/V 10 ,-��-�-./N��"5/DI5/-,�./M)K�� 1 �-./  �./�#,����)N.J������) 

5. E�/����# Standard sulfuric 0.02 N �./�#,W�# ���4/� conc. H2SO4 2.8 ,-��-�-./PE,
4DI)�!�4�D )�� 5/�HM�4N�,W,�)�#M)K�� 1 �-./ M�K��4/� H2SO4 �(�,(�) 0.1 N M�4)D�)5/DI
5/-,�./�5;) 200 ,-��-�-./ (�94/� H2SO4  0.1 N ��"#)�!�4�D )5/�HM�4N�,W,�)�#M)K�� 1 �-./ 
4/��� K��(D�)E`����#)��M�,�B"�,�(�,(�)5/�,�O 0.02 N ��B"�,�(�,(�)(�94/� H2SO4W�#K���/.
4DIE�/����#,�./T�)W7���#,B�/VI��). 0.02 N  
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6. E�/����#,�./T�)W7���#,B�/VI��).,�./T�) 0.02 N �./�#,W�#����# Na2CO3   
1.060 g (�I�� �̀O�:a,- 125  �9H��7��7�#E �5;)�"�� 4 �,.)�))�!�4�D )N��"5/DI5/-,�./�5;) 1 �-./ 

7. E�/����#����)4�/5/DI pH 
1)  E�/����# NaOH 1 N �./�#,W�#����# NaOH 40 4/D, �))�!�4�D )5/�HM�4

N�,W,�)�#N��"5/DI5/-,�./�5;) 1 �-./ 
2) E�/����#4/� H2SO4  1 N  �./�#,W�#����# H2SO4 �(�,(�) 28 ml �))�!�

4�D )  5/�HM�4N�,W,�)�# 500 ,-��-�-./ 5�J�#����#_) N��"�M��M�9�5;) 1 �-./ 
3) E�/����# NaOH 6 N �./�#,W�#����# NaOH 240 4/D, �))�!�4�D )

5/�HM�4N�,W,�)�#N��"5/DI5/-,�./�5;) 1 �-./ 

�
����� 

1. 4�/4�D )���9�B/� �9,�� ���)�!�4�D ) 500 ,-��-�-./ N�� Phosphate buffer 20 ,-��-�-./
N��"5/DI pH ����5;) 9.5 ��"# NaOH 6 N �EJ�a4N4�" (glass beads) �9K5 PE,E�/����#����(��4D) 
4�D )���9M)N�,W,�)�#M)�,� 

2. 4�/4�D ).D"�#J�9 )!�.D"�#J�9 500 ,-��-�-./ �/��.D"�#J�9�� ,�4�/�M��M�9 500 ,-��-�-./
,�5/DI pH ���K��5/�,�O 7 �.-,E�/����# Phosphate buffer 25 5/DI pH  N��"5/DI pH ���K�� 9.5 
M�4)D�) ���EJ  Kjeldahl flask �.-,�a4N4�" (glass beasd)  )!�K54�D ) �4_I  Distillate 250 ,-��-�-./ ���
4/�I�/-4+�-)�-�B�.�/V 50 ,-��-�-./ /",�5;) 300  ,-��-�-./ )!� Distillate )!�K5K���/.4DI
E�/����#4/�,�./T�)4/� H2SO4 0.02 N M)4/��D 9F89M̀�#`.-4��#�5;)E�,J"9�J�) 

E!��/DI Blank �!���,��).D"�#J�9�`45/�4�/N.J���)�!�4�D )N�) 
 

.�/�9��  27 4�/�M��M�9(�9)�!�.D"�#J�9�)4�/"-�B/���V NH4
+-N 

 
NH4

+-N  in sample (mg/l) Sample volume (ml) 

5-10 
10-20 
20-50 
50-100 

25 
100 
50.0 
25.0 
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 ��������� 

NH4
--N  (mg/L) = [(A - B)×280]/ ml. sample 

 W�#��  NH4
--N =  N�,W,�)�#K)W./�M)  

       A =  ,-��-�-./(�9E�/����#,�./T�)4/� H2SO4 0.02 N �� ����)4�/K���/..D"�#J�9 
        B =  ,-��-�-./E�/����#,�./T�)4/� H2SO4 0.02 N �� ����)4�/K���/. Blank 

5.  ����
������O����AM��N�O�   (Total  Kjeldahl  Nitrogen : TKN)    

      ����
��  Macro  Kjeldahl Method 

��>?�!">�@A���B���� 

 1.  �B/� �9,���)4�/#J�#E��#  5/�4�I��"#�B/� �9�a���4�H��� ��a�K�)�!���4�-�9 
 2.  �B/� �94�D )  �`����#"4DI4�/��N�,W,�)�#K)W./�M) 

����"� 

 1.  E�/����#E!��/DI4�/#J�# (Digstion solution) �./�#,W�#����#W�N�E�7�#,7D��U.      
(K2SO4) 134  4/D,  N��  7.3  4/D,  CuSO4  PE,4D)�))�!�4�D )5/�,�O  800  ,-��-�-./  M�4)D�)�.-, 
134 ,-��-�-./ (�9 conc. H2SO4 ��"#B"�,/�,D�/�"D9 N���-�9����#_)�� �̀O�:a,-���9   M�4)D�)M895/DI
5/-,�./����5;)  1 �-./ PE,����(��4D)  �4_IK"��� �̀O�:a,-Ea94"J� 14 �9H��7��7�#E ��� �5|�94D)4�/
.4P�84 

2.  E�/����#W7���#,Kn�/�4K7�V-W7���#,KoW�7D��U.  �./�#,W�#����#  NaoH  500  
4/D, N��W7���#,KoW�7D��U.��).�Kn��/. (Na2S2O3.5H2O) M!�)") 25  4/D, �))�!�4�D )N��"5/DI
5/-,�./M)�5;)  1  �-./ 

�
������
������ 

1. ����45/-,�./(�9)�!�.D"�#J�9�����,��E, M�4)D�)�.-,)�!�4�D )�� 5/�HM�4N�,W,�)�#
M)5/-,�.//",�5;) 300 ,-��-�-./ 

2. �.-,E�/����#E!��/DI4�/#J�#E��#�9K5 50 ,-��-�-./ 
3. .�,�B� #"M)K��E�/����#�E �B� #".J���4 20 } 30 )�������,�B"D),�N.JEJ")�E M�4)D�)

�-�9����#_)N��"5/DI5/-,�./��"#)�!�4�D )����5;) 300 ,-��-�-./ 
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4. �!�����5;)�J�9 ��"#E�/����#W7���#,Kn�/�4K7�V}W7���#,KoW�7D��U. 50 ,-��-�-./ 
M�4)D�))!�K54�D ) W�#���E�/����#�-)�-�B.-�9I�/-B��7-B 50 ,-��-�-./ �5;).D"MDIN�,W,�)�#M)K��
5/-,�.//",�D�9�,��5;) 250 ,-��-�-./ 

M�4)D�))!�EJ")�� 4�D )K�� 250 ,-��-�-./ .D�9�-�9����#_) )!�,�K���/.4DIE�/����#4/� 

H2SO4  0.02 N M)4��#�5;)E�,J"9�J�) 

��������� 

  NH4
-
 } N + Org }N (mg/L)  =    [(A - B)×280]/ ml. sample    

 W�#��   

  NH4
-
 }N + Org }N   =  N�,W,�)�#K)W./�M) + �-)�/�#VK)W./�M) 

                A =  ,-��-�-./E�/����#,�./T�)4/� H2SO4 0.02 N �� ����)4�/K.�./�
.D"�#J�9 
    B  =  ,-��-�-./E�/����#,�./T�)4/� H2SO4 0.02 N �� ����)4�/K.�./� Blank 
 
6. ����
������M�MN�N�M��N�O� (Nitrite-Nitrogen :NO2

-)  

      ����
�� Spectrophotometric Method  

��>?�!">�@A���B���� 

1. Flask 
2. Volumetric flask ()�� 50 ml 
3. Volumetric pipet 
4. Cylinder  ()�� 100 ml 
5. Beaker 
6. Test tube 

7. 4/���v4/�9()�� 0.45 µm 
8. �`�4/�9�/��,�B/� �9�a�Eauu�4�H 
9. Spectrophotometer 
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����"� 

1. Sulfanilamide Solution 
2. 1-Naphthyl-Ethylene-Diamine Solution (NED) 
3. Stock NO2-N B"�,�(�,(�) 0.1 mg NO2-N/ml 
4. Deionized water 
 

�
������
������ 

1. �./�#, Standard NO2-N B"�,�(�,(�) 0.02, 0.04, 0.06, 0.08 N�� 0.10 mg NO2-N/l 
M�4 Standard NO2-N B"�,�(�,(�) 1 mg NO2-N/l W�#4�/ Pipet Standard NO2-N B"�,�(�,(�) 1 
mg NO2-N/l 5/-,./ 1, 2, 3, 4 N�� 5 ml �EJ�) Volumetric flask ()�� 50 ml N��"�.-, Deionized 
water M)K��5/-,�./ 50 ml 
 2.   "-�B/���V NO2-N (�9)�!�.D"�#J�9W�# 

2.1 )!�)�!�.D"�#J�94/�9PJ�)4/���v4/�9()�� 0.45 µm W�#����`�4/�9�/��,
�B/� �9�a�Eauu�4�H 

2.2 56�5.)�!�.D"�#J�95/-,�./ 10 ml �EJ�) Test tube 
2.3 �.-, Sulfanilamide solution 5/-,�./ 1 ml �(#J�����(��4D).D�9�-�9K"� 2-8 )��� 
2.4 �.-, NED 5/-,�./ 1 ml �(#J�����(��4D) 

)!�K5"D�BJ� Absorbance �� B"�,#�"B�� ) 540 nm :�#�) 10 )��� } 2 �D "W,9 
 

7. ����
������M�N�NM��N�O� (Nitrate-Nitrogen :NO3
--N )  

      ����
�� Cadmium  Reduction  Method 

��>?�!">�@A���B���� 
1. Flask 
2. Volumetric flask ()�� 100 ml 
3. Volumetric pipet 
4. Cylinder  ()�� 100 ml 
5. Beaker 
6. Test tube 

7. 4/���v4/�9()�� 0.45 µm 
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8. �`�4/�9�/��,�B/� �9�a�Eauu�4�H 
9. Spectrophotometer 
10. Cadmium Reduction Column 

 

����"� 

1. Sulfanilamide Solution 
 2.    1-Naphthyl-Ethylene-Diamine Solution (NED) 
 3.    Stock NO3-N B"�,�(�,(�) 0.1 mg NO3-N/ml 
 4.    Deionized water 
 5.   NH4Cl-EDTA Solution 

�
������
������ 

1.   �./�#, Standard NO3-N B"�,�(�,(�) 0.2, 0.4, 0.6, 0.8 N�� 0.10 mg NO3-N/l M�4  
Standard NO3-N  B"�,�(�,(�) 5 mg NO3-N/l 5/-,�./ W�#4�/ Pipet Standard NO3-N B"�,
�(�,(�) 5 mg NO3-N/l 5/-,./ 1, 2, 3, 4 N�� 5 ml �EJ�) Volumetric flask ()�� 100 ml N��"�.-, 
Deionized water M)K��5/-,�./ 100 ml 
 2.   4�/"-�B/���V NO3-N (�9)�!�.D"�#J�9 

2.1 )!�)�!�.D"�#J�9PJ�)4/���v4/�9()�� 0.45 µm W�#����`�4/�9�/��,�B/� �9�a�
Eauu�4�H 

2.2 )!�)�!�.D"�#J�9�� PJ�)4/���v4/�9N��"5/-,�./ 25 ml PE,4DI NH4CL-EDTA 
Solution 5/-,�./ 75 ml ��� �4!�MD�W����)D4.J�9 C  

2.3 PJ�))�!�.D"�#J�9�) Cadmium Reduction Column ��"# Flow rate 5-7 ml/min 
2.4 �-�9)�!�.D"�#J�9 25 ml N/4N��"�4_I)�!�.D"�#J�95/-,�./ 10 ml �EJ�) Test tube  
2.5 �.-, Sulfanilamide Solution 5/-,�./ 1 ml �(#J�����(��4D)�-�9K"� 2-8 )���  
2.6 �.-, 1-Naphthyl-Ethylene-Diamine Solution (NED) Solution 5/-,�./ 1 ml 

�(#J�����(��4D) 
2.7 )!�K5"D�BJ� Absorbance �� B"�,#�"B�� ) 540 nm :�#�) 10 )��� } 2 �D "W,9 
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 3.    4�/"D�5/�E-�o-:��(�9 Cadmium Reduction Column  �!�K��W�#4�/�5/�#I���#IBJ� 
ABS �� B"�,#�"B�� ) 540 nm  (�9 NO3-N N�� NO2-N �� B"�,�(�,(�)�� ��J�4D) BJ� ABS �� 
�5/�#I���#I4D) M�NE�9F895/�E-�o-:��(�9 Cadmium Reduction Column �� E�,�/F/��-"7V  
NO3-N ����5;) NO2-N K���#J�9E,Ia/OV 
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������� � 

��	
���	��	� � Waste Water Treatment �  ����	� ��	�� �!���	"#$�%���& 
 
  ����	�
 � Waste Water Treatment, WWT � (������	���� 28) #$%&'	
�()*�+,-*�$.��/0(� ��1$2�*34 �35'6( * �/*78��47*6( *7�*5 9:�	($ �*;<�8=>%9:�*2* 1 6;$ 7?���

>�2/�.�5(. @A+5�*B�/*��4 >%�
�;BB5�5�*/8/�;B5�C *�:�@:�7*� 5�	75�.*��� >�C�*:�#�=6%�$.
#
D#$%�(��*;<�87�E*7�	@��9�	��A��/0(� 7�E*���	�
�� =6%B2�B;
�����5�B2�B;
	��78/

��	�F=*�����:��($*-:�7@�. ���	��$%2. ����8�292($�����*#5*4��%�
�(-A7B�C �A
C�8�292($
BD� DO, pH, ORP and Temperature  ����(8�*
(8/=*&(A78/
��	�F @�
��&7	O��2��2
+%�
'5BD�
8D�AP �� 8�292($#$%�����*#5*4 3, A9�&'	�(*�,	#2%=*B�
�/278��4�;	 10-15 *��� �$.S'%=6%
@�
��&��(�7�5� .*725�=*	���(*�,	+%�
'5#$%8�
8%�A	�� 
 
 
 
 
 
 
 
 
 
 
 
 
 

������	����  28����	�
 � Waste Water Treatment �   
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1. ��	#�)*�+��,��-"	$.�#����	/��*�� 

   >5(A9�	�U�*6C �S'%=6%�5��>(@SD�*�5%2 9����	V����	�
 WWT S'%=6%8%�A75C�	
7
*'���4 �	���:�A�*� 3, A9����	V>*%�8D�A �Process section� $(A������	����  29 7�C �8(-ABD�
@&�*�7�/ 
8%*	���:�A�* S'%=6%@�
��&75C�	2/Z�	��B2�B;
	��78/
��	�F �$.=6%BD�����
/78��4 DO 
>�C� ORP �$.75C�		��B2�B;
7�E* Slope >�C� Range  >5(A9�	*(-*=>%8(-ABD�@&�*�7�/ 
8%*	��
�:�A�* (Start Status) +�A Pump, Valve 1, Valve 2 �5� Valve 3 �$.75C�	=* combo box 3, A9�
�
B:�@( A=>%75C�	 3 ��� BC� 

ON >
�.&,A 7�d$ 
OFF >
�.&,A �d$ 

   0 >
�.&,A 7�E*#�8�
BD��� 8(-A#2%=*	��7+�.*����	�
 
 
 
 
 

 
 
 

 

 

 

������	����  29 >*%�8D�A �Process section� @:�>�(�8(-ABD�@&�*�7�/ 
8%*	���:�A�* 
 

 >5(A9�	8(-ABD�8D�AP 7@�O97��.��%�.�5%2=>%	$�;f
 �Start� 9����	V>*%�8D�A 
�Process section� 3, A9��@$A@��2�	���:�A�* �$.9�
�>*%�8D�A�@$ABD� 2(*7$C�*�g 725� 9:�*2*
+%�
'5�� �(*�,	 (Record)  =*@D2* Metering 9��@$ABD�����
/78��4�� 8�292($ (pH, ORP, DO, 
Temperature) @D2*��  I / Q STATUS 9���	2D� Pump, Valve 1, Valve 2 �5� Valve 3 *(-*7�d$>�C�
�d$ (ON / OFF) >�C���99�$'�� 6D�A I / Q #$%76D*	(* $(A������	����  30 
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������	����  30 >*%�8D�A �Process section� �@$A+%�
'58D�A 725� BD�����
/78��4�� 8�292($ �5� 
�@$A@&�*�	���:�A�*+�A�no
 

 

2. ��	#�)*�+�#����	 

  >�	8%�A	��	:�>*$6D2A+�ABD� ORP �5� DO @:�>�(�B2�B;
	���:�A�*+�A�no

=>%75C�	7
*'���4 �BD�8(2����9����	V>*%�8D�A �@D2*	��	:�>*$BD�8(2���8D�AP� (������	����  
31)9�
�7
*'+�A ORP DO �5� Misc (	:�>*$725�	���:�A�*+�A����	�
�5������:��($) 
@:�>�(�@D2*+�A Pump Valve 1 Valve 2 �5� Valve 3 =* combo box 9�
�B:�@( A=>%75C�	 3 ��� BC� 

 ON  >
�.&,A 7�d$ 
 OFF  >
�.&,A �d$ 

    0  >
�.&,A 7�E*#�8�
BD��� 8(-A#2%=*	��7+�.*����	�
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������	����  31 >*%�8D�A �@D2*	��	:�>*$BD�8(2���8D�AP� 
  

@:�>�(�	��8(-ABD� ORP �5� DO=>%7+%�#��� 7
*'�� 8%�A	��9�8(-ABD� >5(A9�	*(-*=>%
�U�*BD�6D2A+�ABD� ORP >�C� DO  2D�9�=>%
�BD��.'D=*6D2A=$ >5(A9�	*(-*=>%75C�	8(-ABD�	���:�A�*
+�A Pump Valve 1 Valve 2 �5� Valve 3 8(2�.D�A	��8(-ABD� ORP =*6D2A 400-450 
/55/�25�4
(������	����  32) 75C�	8(-ABD�	���:�A�*+�A Pump �$. Valve 1 9�7�d$85�$ @D2* Valve 2 �5� 
Valve 3 9��d$7
C �BD� ORP 
�BD�
�		2D� 450 
/55/�25�4 7
C ��U�*BD�8D�AP7@�O97��.��%�.�5%2=>%	$
�;f
 �8	5A�  
 
  
 

 

 

 

 

 

 

 
 

������	����  32 >*%�8D�A@:�>�(�=6%=*	��	:�>*$6D2A+�A ORP �5�@&�*�	���:�A�*+�A�no
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  @:�>�(�	��8(-ABD�	���:�A�*+�A����	�
�5������:��($�:�#$%�$.75C�	7
*' 
�Misc� 9����	V>*%�8D�A �@D2*	��	:�>*$BD�8(2���8D�AP� $(A������	����  33 >�	8%�A	��8(-A
BD�	���:�A�*+�A����	�
�5������:��($=>%�U�*BD�8D�AP �� 8%�A	��=>%7��.��%�. 9�	*(-*9,A	$
�;f
 �8	5A� 
 
 
 

 

 

 

 

 

 

 

������	����  33 >*%�8D�A@:�>�(�	:�>*$725�=*	���D�*�5��(*�,	+%�
'5 �5�	:�>*$�(8��	�� 
#>5+�A��	�F 

 
9�	������	����  31 Refresh time (Sec) BC� ��.�725��� 9�=>%����	�
�D�*BD�2D�9�=>%�D�*BD�

�;	P	� 2/*��� 
 Record time (Min) BC� ��.�725��� 9�=>%����	�
�(*�,	BD�2D�9�=>%

�(*�,	BD��;	P	� *��� 
 Air frowrate 1 Air frowrate 2 �5� Air frowrate 3 BC� BD��(8��	��#>5

+�A��	�F9�	7B�C �A�no
��	�F2D�8%�A	���(8��	��#>5+�A��	�F7�E*
7�D�=$ 
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3. ��	3�4��	�56�7�%�89 

  =*7
*'���4 �9($	���tU
+%�
'5� ���	��$%2. 5 >(2+%� BC� 	���:��;A�(	0�
�tU
+%�
'5 @�%�A�tU
 CSV �:�@:�7*�+%�
'5 5�+%�
'5��	 �5� �D�*+%�
'5	5(� 

1) ��	 ��	!*	��;��56�7�%�89 (Maintanance) 

  75C�	7
*'���4 �9($	���tU
+%�
'5� �5%275C�	 ��:��;A�(	0��tU
+%�
'5� 9����	V
>*%�8D�A�	���:��;A�(	0��tU
� =*������	����  34 =>%75C�	@D2*�� 8%�A	���:��;A�(	0��tU
�� 
���	V=*>*%�8D�A 3, A9�
� 4 >(2+%� BC� �(*�,		���:�A�* +%�
'58���A725� 8���A�>(@@
�6/	 �5� 
8���A�>(@��.A�*  7
C �75C�	>(2+%��� 8%�A	���5%2 9�
��;f
 �7�/ 
� �5� �.	75/	� =>%75C�	&%�75C�	�;f
 
�7�/ 
�����	�
9��:�	���:��;A�(	0��tU
+%�
'5 �5%29�	5(�
�@'D>*%�9�>5(	+�A����	�
��	B�(-A
S'%=6%B2�9�=6%7
*'���4 ��:��;A�(	0��tU
+%�
'5� 7�E*���9:�7�C ��U�A	(*	�+%�S/$�5�$=*3�t84�2�4 
 
 
 

 

 
 
 
 
 
 
 

������	����  34 >*%�8D�A �	���:��;A�(	0��tU
� 
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2) �	��*�56� CSV  

  75C�	7
*'���4 �9($	���tU
+%�
'5� �5%275C�	� �5%275C�	=* list box 7�E* �@�%�A
�tU
 CSV� 9����	V>*%�8D�A �@D2*@�%�A�tU
+%�
'5� $(A������	����  35 =>%�/
�46C ��tU
+%�
'5
�� 8%�A	��@�%�A+,-*
�=>
D�5%275C�	�;f
 �8	5A�    &%�#
D@�%�A�tU
+%�
'5=>%75C�	�;f
 �.	75/	� 
>5(A9�	75C�	�;f
 �8	5A� 9����	V+%�B2�
�@$A	���:�A�*7@�O97��.��%�.�5%2 �5� 
�+%�
'5�� 
*:�#�9($7	O�=* �tU
+%�
'5�� @�%�A	� ��.	�� (9:�*2*7�D�	(�+%�
'5�� 
��.'D =*+v�*(-*) $(A
������	����  36 +%�
'5�� #$%@�
��&7�d$=6%	(� Microsoft Excel #$% 
 
 

 
 
 
 
 
 

 
������	����  35 >*%�8D�A �@D2*@�%�A�tU
+%�
'5� 

 
 
 
 
 
 
 

������	����  36 >*%�8D�A�@$AS5	���:�A�* 
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3) /�����"��7�%�89 

   	���:�@:�7*�+%�
'59�=6%=*	�v��� 9�5�+%�
'5�� &'	7	O��.'D=*7B�C �A��	�5�
8%�A	��.%�.�� 7	O�+%�
'57>5D�*(-*=>
D �$.75C�	�� 7
*'���4 �9($	���tU
+%�
'5� �5%275C�	=* list box 
7�E* ��:�@:�7*�+%�
'5� 9����	V>*%�8D�A ��:�@:�7*�+%�
'5� $(A������	����  37 �/
�46C �
�tU
+%�
'5�� 8%�A	���:�@:�7*��5%275C�	�;f
 �8	5A�  
 

 
 
 
 
 
 
 
 

������	����  37 >*%�8D�A ��:�@:�7*�+%�
'5� 

4) 9 7�%�89%%� 

  75C�	7
*'���4 �9($	���tU
+%�
'5� �5%275C�	=* list box 7�E* �5�+%�
'5��	� 9�
���	V>*%�8D�A �@D2*@( A5�+%�
'5� $(A������	����  38 9����	V+%�B2�
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  H2O   2  L 
  Glucose   6  g 
  Peptone   6  g 
  Yeast extract  0.6  g 
  (NH4)2SO4  4.8  g 
  KH2PO4   0.96  g 
  MgSO4   1.2  g 
  MnSO4   0.108  g 
  FeCl2   0.006  g 
  CaCl2•·2 H2O  0.012  g 
  NaHCO3  0.6-0.8  g 
 
 


