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������ก ก. 
 

ก�
����
�
����
������
����� � 
 
1.  ��ก����ก��
���ก����� �
������!"���#$���#�%
���������#$����"&� 

1.1 ก��	
����
�����	������ก��-���� ���	
�� Electrometric Method   
       (APHA, AWWA & WEF No. 4500-H B, 1998) 

1.1.1 89:�;<�ก=>?�@��=:��AB��C
�=��B��8�:D
C�� 89:ก�
��EB
99FG>H�;<�8�:A�:� 
1.1.2 8D�C
�=��B��=�8�H�ก�กC��B�?H��JKD��=
=����L�M�� (GN?� pH buffer J
  

L:C�������	�� ����ก������8ก=:�����ก>H�;<�B
;����B>?	S�J
89:D��=
=����L�M��B�?������	������ 
ก��-���� C�F�B�? 4,7 A=
 9) 

1.1.3 ��>H���U?C��UC8�:S�:�����L�M��L���<�A�
�<�8��F��UCก�� 
1.1.4 89:�;<�ก=>?�@��=:��C
�=��B��C�ก��>;� G>H�;<�8�:A�:� 
1.1.5 JK��C
�=��B��=�8��;<�B
;� (�<��;<�B
;�B�?	>�J
L:C���CKV�WF�
8ก=:�������UC      

�B��ก>HCKV�WF�
XC�D��=
=�� pH buffer  
1.1.6 C�������	������ก��-���� B�?S�:J�ก���U?C�	>� �	������ก��-���� A=


H>�BNก����	������ก��-���� B�?S�: 
 

1.2. ก��	
����
�������ก���<�SYYZ� (Conductivity) ���	
�� Electrometric Method   
        (APHA, AWWA & WEF, 1998) 

1.2.1 89:�;<�ก=>?�@��=:��AB��C
�=��B�� 8�:D
C�� A=
89:ก�
��EB
99FG>H�;<�8�:
A�:� 

1.2.2 JK��C
�=��B��=�8�H�ก�กC��B�?H��JKD��=
=�� KCl 0.01 ��=��� ��>H
���U?C��UC8�:S�:�����L�M��L���<�A�
�<�8��F��UCXC����U?C��UC�>;�` ���8�:H
��Ka�S�B�?���DF�DK�    
ก�C�b:�C������S��S�: JN���>H��B�?���L?<� 

1.2.3 89:�;<�ก=>?�@��=:��AB��C
�=��B��8�:D
C��A=
89:ก�
��EB
99FG>H�;<�8�:  
A�:� 

1.2.4 JK��C
�=��B��=�8�H�ก�กC��B�?H��JK�;<�L>	C����B�?J
L�	J	>� A=:	JN�H
��Ka�S�
B�?���DF�DK�ก�C�b:�C������S��S�:JN���>H��B�?���L?<� ���B�?S�:J
�����	����� S����G����L�L�C=FกH�cก�
�G�L
��L� 
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1.3 ก��	
����
���� �����
��VXC�AXd�B>;���� XC�AXd�B�?�
���S�: A=
 �b:� ���	
�� 
Gravimetric Method (AOAC Official Method No. 966.02, 2000) 

1.3.1 CH��FG
�H
;= B�?CKV�WF�
 103 C�c��G=�G��D �����	=� 1 9>?	��� ��UCJ�
�;<���>ก��B�? 

1.3.2 �<���FG
�H
;=8D�8���G
���LC�� B
;�S	:8�:��d� (��
��V 15 - 30 ��B�) 
1.3.3 9>?��;<���>ก ��FG
�H
;= (A) 
1.3.4 9>?�L>	C����B�?B��H�;<���>กA���C�8D�8���FG
�H
;= 
1.3.5 H>�BNก�;<���>กL>	C�����	�ก>H�;<���>ก��FG
�H
;= (B) 

1.3.6 �<�S�CHB�?CKV�WF�
 103 C�c��G=�G��D �����	=� 1 9>?	��� ��UCJ��;<���>ก

��B�? 
1.3.7 �<���FG
�H
;= S�8D�8���G
���LC�� B
;�S	:8�:��d� (��
��V 15-30 ��B�) 
1.3.8 9>?��;<���>ก�	�XC�L>	C�����	�ก>H�;<���>ก��FG
�H
;= �=>�ก��CH (C)   
1.3.9 �<�S��h����89:�L��h� B�?CKV�WF�
 550i50 C�c��G=�G��D �����	=� 20 ��B� 
1.3.10 �<���FG
�H
;=8D�8���G
���LC�� B
;�S	:8�:��d� (��
��V 30 ��B�) 9>?��;<���>ก

�	�XC�L>	C�����	�ก>H�;<���>ก��FG
�H
;= �=>�ก���h� (D) A=
�<��	Vh= 
1.3.11 �<��	VL��DFL� 

% TSC (��
��VXC�AXd�B>;����)   = (Y x 100)/X 
% MC    (�	��9U;�)   = ((X s Y) x 100)/X 
% VC     (��
��VXC�AXd�B�?�
���S�:) = ((Y-Z) x 100)/Y 

���B�?     X = �;<���>กXC�L>	C����D� (B - A)    ���	�����ก�>� 
  Y = �;<���>กXC�L>	C�����=>�CH (B - C)    ���	�����ก�>� 
  Z = �;<���>กXC�L>	C�����=>��h� (C - D)    ���	�����ก�>� 

 

1.4 ก��	
����
�������G��C�� (Chemical Oxygen Demand)���	
�� Close Reflux Titrimetric 
Method (AOAC Official Method No. 973.46, 2000) 

1.4.1 ก���L����D������ 
1) D��=
=�� digestion reagent  =
=��  K2Cr2O7 4.913 ก�>� GN?�CHA�:�B�? 103 oC 

�����	=� 2 9�.8��;<�ก=>?� 500 �=.     ��C� ` �L
� conc. H2SO4 167 �=. �L
� HgSO4 =�S� 33.3 ก�>� 
��8�:=
=�� L>;�B
;�S	:8�:��d�B�?CKV�WF�
�:C� A=:	��>H��
��L�8�:���� 1 =
L��:	��;<�ก=>?� 
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2) ก�� Sulfuric �X:�X:�B�?hD� AgSO4 (Sulfuric Acid reagent) =
=��  AgSO4 22 
ก�>�8� Conc. H2SO4 GN?����;<���>ก 4.1 ก
�=ก�>� (2.5 =
L�) A=:	L>;�B
;�S	:       1-2 	>� �yU?C8�:=
=�� 

3) D��=
=����L�M�� ferrous ammonium sulfate (FAS) 0.1 N =
=�� 
Fe(NH4)2(SO4)2.6H2O 39 ก�>�8��;<�ก=>?�   A=:	�L
� conc. H2SO4 =�S� 20 �=. B<�8�:��d�A=:	�L
��;<�
ก=>?�=�S�J���H��
��L� 1 =
L� D��=
=����;L:C��<������	���X:�X:�B�?A���C��:	�D��=
=�� 
digestion reagent �>���; �UC �L
��;<�ก=>?� 10 �=. D��=
=�� digestion reagent 14 �=.J�ก�>;�89:�z��L
��C� ` �L
� Sulfuric Acid reagent =�S� 14 �=. B
;�S	:8�:��d� A=:	�<���SB�B�Lก>HD��=
=�� 
Ferrous ammonium sulfate (FAS) ���89: ferroin J<��	� 2-3 ��� ����C
��
���LC��   D��=
=��J

��=�?��J�กD���=UC�����D�YZ�C��X��	A=
����D��;<�L�=A��B�?JK��KL
 

Normality of FAS solution =       (ml K2Cr2O7 ) (N K2Cr2O7) 
             ml Fe (NH4)2(SO4)2 used 
     =     (10) (0.25)                    
             ml Fe (NH4)2(SO4)2 used 

 
  4) D��=
=�� ferroin C
��
���LC�� =
=�� 1-10 phenantroline monohydrat 1.485 
ก�>� A=
 FeSO4.7H2O 695 �ก. 8��;<�ก=>?� A=:	�L
��;<�ก=>?�J�����
��L���H 100 �=. 
  5)  D��=
=����L�M�� Potassium hydrogen phthalate( KHP) =
=�� Potassium 
hydrogen phthalate (KHP) (HOOCC6H4COOK) 0.425 ก�>� GN?�CHA�:�B�?     120 oC �����	=� 2 9�. 
8��;<�ก=>?� 500 �=. ��8�:=
=�� A=:	��>H��
��L�8�:���� 1 =
L��:	��;<�ก=>?� ��� KHP 1 ก�>� J

8�:��� COD = 1176 mg 

 1.4.2 	
��ก��B�=C� 
   1) =:���=C�B�=C� A=
{�JKก�:	�ก�� H2SO4 20 % ก�C��yU?C�ZC�ก>�ก��
����|}C�J�กD��C
�B���� 
   2) �z��LL>	C�����;<��� 10 �=. 8D�=�8��=C�B�=C� A=:	�L
� digestion reagent 
=�S� 6 �=. 
   3) ��C� ` �L
� ก�� sulfuric �X:�X:�B�?hD� AgSO4 =�S� 14 �=. 8�:S�==�ก:�
�=C�Aก:	 �yU?C8�:9>;�XC�ก��C�F�8L:9>;�XC��;<�L>	C����A=
 digestion reagent 
   4) �z�JKก�=C�Aก:	8�:A��� A=:	�	?<��=C�Aก:	S����=�� ` ��>;�C����B>?	bN�ก�C�
J
�<�L>	C����S���Y=>กG� �yU?C�ZC�ก>�S��8�:�ก
��	���:C�D
D�C�F�B�?ก:��=C� GN?�C�JALกS�:
8�XV
B<�ก����Y=>กG� 

= 0.10 
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   5) 8�:B<� blank ���89:�;<�ก=>?�AB��;<�L>	C�����:	�	
��ก��B�=C��9������	ก>�ก>H
ก��	
����
���;<�L>	C���� ��
��V 1-2 �=C� 
   6) �<��=C�Aก:	B>;����B�?8D��;<�L>	C����A=
 Blank 	��H�B�?L>;��=C�B�=C� A=:	
�X:��L�CHB�?B<�8�:CKV�WF�
DF�bN� 150 ± 2 oC ก�C���:���;A=:	 ��U?C��H�	=� 2 9�. 8�:�<�L>	C����
CCก��B
;�S	:B�?CKV�WF�
�:C�J�ก�
B>?���d� 
   7) �BL>	C����J�ก�=C�8D�=�8�X	��F�9�yF� A=:SB�B�Lก>HD��=
=�� FAS J�
ก�
B>;�bN�JK��KL
 J
��d�ก����=�?��A�=�J�กD���=UC�����D�YZ�C��X��	A=
����D��;<�L�=A��B�?JK��KL
 
C�����
��L�B�?SB�B�LLC���
?���=�?��D�����D��;<�L�=A��B>�B� 
   ก���<��	V 
   COD, mg / L =  (A s B) x N X 8000 
                     ml sample    
   A = ml XC� Fe (NH4)2(SO4)2B�?89:SB�B�L Blank 
   B  = ml XC� Fe (NH4)2(SO4)2B�?89:SB�B�L �;<�L>	C���� 
   N = Normality XC� Fe (NH4)2(SO4)2 B�?89:   
2. ��ก��(
����)��*����
+��#$���#�%
���������#$����"&� 

2.1 ก��	
����
����
��V��LKC����S��L��J�B>;���� ���	
�� Kjeldahl Method (AOAC 
Official Method No. 955.04, 2000) 

2.1.1ก���L����C
��
���LC�� 
1) 9>?� Methyl red 200 �
==
ก�>� =
=��8� 95 ��C���Gd�L� Ethyl alcohol 100 

�
==
=
L� 
2) 9>?� Ethylene blue 100 �
==
ก�>� =
=��8� 95 ��C���Gd�L� Ethyl alcohol 50 

�
==
=
L� 
3) hD�D��8�X:C 1 A=
 2 �X:��:	�ก>�  ��>H��
��L��:	��;<�ก=>?����cJ�กSCCC�

����  1 =
L� 
2.1.2 	
��ก��B�=C� 
1) �z��LL>	C���� 20�
=
=
L� =�8��=C�B�=C�X��� 500 �
==
=
L� 
2) �L
� CuSO4 1 ก�>� A=
 K2SO4 9 ก�>� =�8��=C�B�=C�X��� 500 �
==
=
L� 
3) �L
�ก�� H2SO4 �X:�X:� ��
��L� 30 �
==
=
L� 
4) �<��X:����U?C���C� 8�:�	���:C�B�? CKV�WF�
 450 C�c��G=�G��D J�D��=
=��8D  

(89:�	=���กก	�� 30 ��B�) 
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��
ก
�
��8�ก�
H	�ก����C�  
Organic N + H2SO4          (NH4)2SO4 + H2O + CO2 + other sample matrix by-products 

5) L>;�B
;�S	:8�:��d� �<��X:����U?C�ก=>?�C>L���>L
 DW�	
XC����U?C�ก=>?�  �L
�
�;<����cJ�กSCCC���
��L� 100 �
==
=
L� �L
�D��=
=�� NaOH �X:�X:� 40 ��C���Gd�L���
��L� 50 
�
==
=
L� 

6) �กdHD��B�?ก=>?��:	�ก�� H3BO4 ��
��L� 100 �
==
=
L�8�X	��F�9�yF�
X��� 250 �
==
=
L� B�?�L
� C
��
���LC�� 2 bN� 3 ��� NH3 B�?ก=>?�S�: ��กก	����UC�B��ก>H 200 
�
==
=
L� 

��
ก
�
��8�ก�
H	�ก��ก=>?� 
                                               Ammonium gas 
(NH4)2SO4 + 2NaOH           2NH3   + Na2SO4 + 2H2O 

                            Ammonium gas              Ammonium s borate complex 
NH3    + H3BO3            2NH4

+:H2BO3
-   + H3BO3 (D���	�C�9�yF           D��X��	) 

 
7)  SB�B�LD��B�?ก=>?�S�:ก>HD����L�M�� L>�D
��	��bFกL:C��:	�

D��=
=��   AH=��� 
 ��
ก
�
��8�ก�
H	�ก��SB�B�L 
NH4

+:H2BO3
- + H2SO4          (NH4)2SO4 + 2H3BO3   (D��X��	           D���	�C�9�yF) 

             
ก�� �<��	V 

��U?C89: HCl ��UC H2SO4 ����D����L�M��   
�:C�=
N = [(ml standard acid x molarity acid - (ml standard NaOH x molarity  NaOH)] x  
                  1.4007 / g test portion 

     
 

2.2 ก��	
����
������
��VAC������� ���	
�� Distillation Method 
 (APHA, AWWA & WEF, 1995) 

2.2.1 ก���L����D������ 
1)  �;<�ก=>?� de-ionized 89:D<���>H�L����D��=
=��L���` AH=��� A=
D��

��L�M��  �	������;<�ก=>?�8���  
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2)  D��=
=��Y��C= : =
=��Y��C= (C6H5OH) 5 ก�>� 8��C�
=AC=กC�C=� 95 % 
(V/V) 50 �
==
=
L�  
  3)  D��=
=���G�����S��L���>DSG�� : =
=���G�����S��L���>DSG�� 
(Na2Fe(CN)5NO.2H2O )  0.5  ก�>�   8��;<� de-ionized 100 �
==
=
L� �กdH�>กE�D��=
=����;8�X	�
Aก:	D��;<�L�= D��=
=����;��C��K 1 ��UC� 

4) D��=
=��CCกG
S�G
?� : =
=���G�����S��=C��SG���F��B(sodium 
dichloroisocyanurate, C3Cl2N3NaO3) ��UC ��ABD�G���S��=C��SG���F�
�(potassium 
dichloroisocyanurate, C3Cl2N3KO3)9�
�8�9�
���N?�J<��	� 1 ก�>�  �G�����S���CกSG��  5 ก�>�   
A=
SL��G�����G
�L�BS�S����L(Na3C6H5O7.2H2O) 50 ก�>� 8��;<�ก=>?�  A=:	��>H��
��L�8�:S�: 
250 �
==
=
L�   D��=
=����;��C��K 2-3 D>����� 

5)  �;<�B
�=�B���: =
=���G������=CS��� (NaCl) ����ก�>�L���	����d�B�?L:C�ก��
8��;<�ก=>?� 1 =
L�  

6)  D��=
=����L�M��XC�AC�������: =
=��AC��������G>=�YL  ((NH4)2 SO4) 
(analytical reagent grade) B�?CHA�:� 105-110 C�c��G=�G��D ��� 1-24 9>?	���  0.165 ก�>�  �:	��;<�
ก=>?� de-ionized  A=:	��>H��
��L�8�:S�: 1 =
L�  �:	�X	�	>���
��L�  D��=
=����;���	���X:�X:�
XC�AC������� 35 mg-N/L ����กD��=
=����;	��  stock standard solution   �กdHD��=
=����;S	:8�
X	�D�9�  D��=
=����;��C��Kก��89:��� 6 ��UC� bN� 1 �� 

ก���กdHL>	C����A=
ก���>กE�L>	C�����;<�D<���>H�<�S�	
����
����AC�������
D����b�กdH8�X	�Aก:	��UCX	�y=�DL
ก (polyethylene, polypropylene) กdS�: ก��	
����
���	�
ก�
B<�B>�B�W��8� 2-3 9>?	���  �=>�J�ก�กdHL>	C����   ��UCก�C��:	�ก�
��Eก�C� GF/C  A=:	A9�
��d�S	:GN?�D����b�กdHS	:S�:��� 24 9>?	��� 

2.2.2  ก���L����ก��Y��L�M�� 
1) �F�D��=
=��J�ก stock standard solution   ��  5  �
==
=
L� A=:	��>H��
��L� 

�:	��;<�ก=>?�8�:S�:  500 �
==
=
L� D��=
=����;���	���X:�X:� 0.35 mg-N/L 
2) �F�D��=
=��J�กX:C 1).  5,  10,  20 A=
 40  �
==
=
L� �:	� volumetric pipette 

8D�X	�	>���
��L�X��� 50  �
==
=
L�  A=:	��>H��
��L�8�:S�: 50  �
==
=
L�  �:	��;<�ก=>?� ��UC�;<�
B
�=�B���  D��=
=����;���	���X:�X:� 0.035, 0.070, 0.140  A=
 0.280 mg-N/L L��=<��>H  D<���>H
AH=���89:�;<�ก=>?���UC�;<�B
�=�B���8�:DC��=:C�ก>HD��=
=����L�M�� 

3) �L
�D��=
=��Y��C=  2.5  �
==
=
L�  D��=
=��CCกG
S�G
�  5 �
==
=
L� A=

D��=
=���G�����S��L���>DSG�� 2.5 �
==
=
L� L��=<��>H  �=>�J�ก�L
��;<�������AL�=
9�
��X���
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8�:�X:�ก>� B
;�S	:B�?CKV�WF�
�:C����C�����:C� 1 9>?	���  AL�S���ก
� 24 9>?	���   �<�S�	>����ก��
�F�ก=U�AD�B�?�	����	�=U?� 640 ������L� J�H>�BNก���ก���F�ก=U�AD�B�?S�:  ���	��D>�y>���
�
�	������ก���F�ก=U�AD�B�?	>�S�:ก>H�	���X:�X:��:	�	
�� Linear regression (hF:	
����
��C�J��
�	��D>�y>���J�ก���U?C�	>�ก���F�ก=U�AD����L��กdS�:) 

2.2.3 	
��ก��B�=C� 
1) 89:S���LAHHก�
���
�F��;<�L>	C���� 10  �
==
=
L� 8D�=�8��=C�B�=C�B�?��

{��z������ก=��	�yU?C�ZC�ก>�ก���
���XC�AC������� 
2) �L
�D��=
=��Y��C= 0.5 �
==
=
L�   D��=
=��CCกG
S�G
� 1 �
==
=
L� A=


D��=
=���G�����S��L���>DSG�� 0.5 �
==
=
L� L��=<��>H    �=>�J�ก�L
��;<�������AL�=
9�
��X���
8�:�X:�ก>�   B
;�S	:��
��V 1 9>?	��� AL�S���ก
� 24 9>?	��� 

3) �<�S�	>����ก���F�ก=U�AD�B�?�	����	�=U?� 640 ������L� J�H>�BNก����	��
�X:�X:�B�?	>�S�: ��UC�<����ก���F�ก=U�AD�B�?S�:S��<��	V�� �	���X:�X:�XC�AC�������8�L>	C����
J�กก��Y��L�M��B�?S�:�L����S	: 8�ก�V��	����d�XC��;<�L>	C����A=
D��=
=����L�M��
ALกL���ก>��ก
� 2  psu ��UCD�	�8�y>���>HAก:����	���X:�X:�B�?	>�S�:J�กL>	C�����:	�DFL�
�>�L�CS���; 
   NH3(corr) = (1+0.0073  x (Ss s S0)) x NH3(unc) 

 
��U?C NH3(corr) , NH3(unc) = �	���X:�X:�XC�AC�������8�L>	C����B�?��>HAก:h=

��U?C�J�ก�	����d�A=:	   A=
�>�S��S�:��>HAก:h=��U?C�J�ก�	����d�L��=<��>H  A=
 S0 A=
 Ss = 
�	����d�XC�D��=
=����L�M��A=
�;<�L>	C����L��=<��>H 

 
2.3  ก��	
����
��S��L�BAHH Brucine Method 

2.3.1 ก���L����D������ 
1) D��=
=��DLdC�S��L�B (Stock Nitrate Solution) =
=��AC�S���>D

��L>D�G���S��L�B (KNO
3
) 0.7218 ก�>� 8��;<�ก=>?�A=:	��>H��
��L����� 1 =
L� 8�X	�	>�

��
��L�X��� 1,000 �
==
=
L� (D��=
=��DLdC���;���	�� �X:�X:� 100 �
==
ก�>�/=
L� NO
3
-N) 

2) D��=
=����L�M��S��L�B (Standard Nitrate Solution) �<�D��=
=��DLdC�
S��L�B�� 10 �
==
=
L� 8D�=�8�X	�	>���
��L�X��� 500 �
==
=
L� �L
��;<�ก=>?�J�S�:��
��L� 
500 �
==
=
L� (D��=
=����L�M��S��L�B���	���X:�X:� 2.0 �
==
ก�>�/=
L�) 



 

 70 

3) ก���L����ก��Y��L�M��S��L�B�>���; �L����C�Kก��XC�D��=
=��S��L�B
��L�M�� ���ก���z��LD��=
=����L�M�� S��L�B�	���X:�X:� 2.0 �
==
ก�>�/=
L� 0, 1, 2, 3, 4, 
5 A=
 6 �
==
=
L� 8D�8�X	�	>���
��L�X��� 10 �
==
=
L� �L
��;<�ก=>?�J�bN�X��B�?ก<����L��=<��>H 
�X���8�:�X:�ก>� J
S�: D��=
=��S��L�B���	���X:�X:� 0, 0.2, 0.4, 0.6, 0.8, 1.0 A=
 1.2 �
==
ก�>�/
=
L� A=:	�<�S�B<�ก��B�=C��9������	ก>HL>	C�����;<� A=
�<�S�	>����ก���F�ก=U�AD� (Absorbance) 
y=dCLก��Y�
�	����	���X:�X:�XC�S��L�B (�
==
ก�>�/=
L�) ก>H���ก���F�ก=U�AD� (Absorbance) 

4) D��=
=��H�FG��-ก��G>=Y��
=
� (Brucine-Sulfanilic Acid Solution) =
=��H
�FG��G>=�YL (Brucine Sulfate) 1 ก�>� A=
ก��G>=Y��
=
� 0.1 ก�>� 8��;<��:C� 70 �
==
=
L� �L
�ก��
�ก=UC�X:�X:� (conc. HCl) 3 �
==
=
L� B<�8�:��d��B=�8�X	�	>���
��L�X��� 100 �
==
=
L� ��>H
��
��L��:	��;<�ก=>?�J�bN�X��HCก��
��L� D��=
=����;J
��L>	C�F�S�:����=����UC� b:���D�9�yF
�ก
�XN;�J
S����h=L�Cก��	
����
�� 

5) D��=
=��ก��GK=YF�
� (4+1) ��C� ` �Bก��G>=YF�
��X:�X:� (conc. H
2
SO

4
) 500 

�
==
=
L� =�8��;<�ก=>?� 125 �
==
=
L� B
;�S	:8�:��d�B�?CKV�WF�
�:C� 
6) D��=
=���G������=CS��� (NaCl Solution) =
=���G������=CS��� (NaCl) 

75 ก�>�8��;<�ก=>?� A=:	B<�ก����>H��
��L����� 250 �
==
=
L�  
2.3.2 	
��ก��B�=C� 
1) �z��LL>	C�����;<� 10 �
==
=
L� 8D�=�8�X	��F�9�yF�X��� 50 �
==
=
L� 
2) �L
�D��=
=���G������=CS��� 2 �
==
=
L� �X���X	� 
3) �L
�D��=
=��ก��G>=YF�
� (4+1) J<��	� 10 �
==
=
L� �X���8�:�X:�ก>� A=:	�<�

X	��F�9�yF�S�A9�8�b���;<��yU?C8�:����:C� 
4) ��U?C��d�A=:	8�:�<����L
�D��=
=��H�FG��-ก��G>=Y��
=
� J<��	� 0.5 �
==
=
L� 

�X���8�:�X:�ก>� A=:	�<�S�A9�8����U?C�C>�SC�;<� (Water Bath) GN?���CKV�WF�
 95 C�c��G=�G��D ����
�	=� 20 ��B� (�	���z����U?C�C>�SC�;<�S	:=�	���:�A=
L>;�CKV�WF�
 95 C�c��G=�G��D ��U?CS�:CKV�WF�

B�?L:C�ก��A=:	JN�J
B�=C�S�:) 

5) ��U?C��H�	=� 20 ��B�A=:	 8�:�<�X	��F�9�yF�A9�=�8�b���;<���d� L>;�B
;�S	:J��B��
CKV�WF�
�:C� �<�S�	>������ก���F�ก=U�AD� B�?�	����	�=U?� 410 ������L� 

6) H>�BNก���B�?	>�S�:�yU?C�<�S�L>�ก>Hก��Y��L�M��S��L�B  
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2.4 ก��	
����
������
��VYCDYC�>DB>;���� ���	
�� Spectrophotometer Ascorbic Acid 
Method (APHA, AWWA & WEF No. 4500-PE, 1998) 

2.4.1 ก���L����D������ 
1) C����DLC����C�J�B� : �L
�ก��G>=YF�
��X:�X:� 122 �
=
=
L� 8��;<�ก=>?� (DDW) 

800 �
=
=
L� =
=�� AC����������=
���B 10.5 ก�>� A=
AC�L
������ALD�G���B����L�B 0.3 
ก�>� L>;�B
;�S	:8�:��d�A=
��>H��
��L�D��=
=������ 1 =
L� 

2) D��=
=��ก��ACD�CH
�ACG
L : =
=��ก��ACD�CH
�ACG
L 3 ก�>� 8��;<�
ก=>?� (DDW) 100 �
==
=
L� (�กdHS	:8�B�?CKV�WF�
L?<� S�: 1 D>�����) 

3) D��=
=��ก��G>=YF�
� : �L
�ก��G>=YF�
��X:�X:� 300 �
==
=
L� 8��;<�ก=>?� 
(DDW) 600 �
==
=
L� L>;�8�:��d�A=:	��>H��
��L����� 1 =
L� 

4) ก��S�������=C�
� 6 N : �L
�ก��S�������=C�
��X:�X:� 500 �
==
=
L� =�8�
�;<�ก=>?� (DDW) 500 �
==
=
L� (��U?CD��=
=������D���=UC�8�:B
;�) 
   5) �G�����S�����CกSG�� 1 N : =
=���G�����S�����CกSG�� 40 ก�>� 8��;<� 1 
=
L� 

6) Y��CYB�=�� C
��
���LC�� : =
=��Y��CYB�=�� 2.5 ก�>� 8��CBB
=AC=กC�C= 
250 �
==
=
L� A=
�L
��;<�ก=>?� (DDW) J���H 500 �
==
=
L� 

7) AC����������C��G>=�YL (NH4)2S2O8 : 0.4 g / L>	C���� 
8) D��=
=����ALD�G���YCD�YL��L��M�� : 9>?���ALD�G���YCD�YL 

(K2HPO4) 3-4 ก�>� CHB�?CKV�WF�
 103 °C �����	=� 1 9>?	��� �<�D��B�?h���ก��CHA=:	 2.81 ก�>� 
=
=��8��;<�ก=>?� (DDW) 500 �
==
=
L� (�กdHS	:8�X	�y=�DL
กS�:��� 6 ��UC�) 
 

1.00 ml  = 1 mg   PO4
-3 s P 

 
2.4.2 ก��B<�ก��Y��L��M�� 
1) �JUCJ��D��=
=����ALD�G���YCD�YL��L��M�� (1 mg/ml) 1.0 �
==
=
L� 

�:	��;<�ก=>?� 100 �
==
=
L� J
S�:D��=
=����ALD�G���YCD�YL��L��M��B�?���	���X:�X:� 10 
mg/L 

2) �<�D��=
=����ALD�G���YCD�YL��L��M��B�?���	���X:�X:� 10 mg/L �L����
D��=
=����L��M��B�?�	���X:�X:� 8�9�	� 100 s 500 µg/L 
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2.4.3 	
��ก��B�=C� 
1) ก=>;	X	��F�9�yF�X��� 125 ml �:	�ก��S�������=C�
� 6 N A=
=:���:	��;<�

ก=>?� (DDW)  
2) �L
�D��=
=��ก��G>=YF�
� 1 �
==
=
L� =�8�L>	C���� 50 �
==
=
L� 8�X	��F�

9�yF� 
3) �L
�AC����������C��G>=�YL (NH4)2S2O8  0.4 g �z��:	�C=F�
�����Y�C� 
4) �<�S���C�8���:C�N?��	���>� B�?CKV�WF�
 121 °C �	���>� 15-20 �C���/

L�����
;	 �����	=� 30 ��B� 
5) ��ก�ก
�L
กC�8�L>	C�����=>�ก����C� 8�:ก�C��:	�ก�
��Eก�C� GF/C 
6) ��>H y��C9 ����L
�Y��CYB�=�� C
��
���LC�� 4-5 ��� A=
��>H�:	��G�����

S�����CกSG�� 1 N J�D�L>	C��������D�9�yF A=
����:	�D��=
=��ก��G>=YF�
�J�D�L>	C����8DS��
��D� 

7) ��>H��
��L�L>	C�������� 100 �
==
=
L� 8�X	���>H��
��L� 
8) �F�L>	C������
��L� 50 �
==
=
L� =�8�X	��F�9�yF�X��� 125 ml �L
�C����DL

�C����C�J�B� 5 �
==
=
L� A=
ก��ACD�CH
�ACG
L 1 �
==
=
L� 
9) �X���A=
B
;�S	: 5-15 ��B� �<�D��B�?S�:S�	>��:	����U?C�D�����L��Y�L�
�LC��B�?

�	����	�=U?� 880 nm 

   
2.5 ก��	
����
����
��V��LKC�����yABD�G��� ���	
�� Atomic Absorption 

Spectrophotometric Method (AOAC Official Method No. 965.09, 2000) 
2.5.1ก���L����D��=
=�� 
1) ก��hD� HNO3 L�C HClO4  
�L�������hD� HNO3 �X:�X:� 1250 �
==
=
L� HClO4 �X:�X:� 250 �
==
=
L� A=
 

NH4VO3 0.06 ก�>� (=
=��8� NH4VO3 0.06 ก�>� 8��;<�ก=>?����cJ�กSCCC� ��
��V    5 - 10 
�
==
=
L� 8�:�	���:C�J�=
=�� 	��8�:��d�A=:	hD�=�8�ก��) 

2 ) D��=
=���yABD�G�����L�M�� �	���X:�X:� 1000 �
==
ก�>�L�C=
L�  
1. �L�������=
=�� KCl (B�?h���ก��CHB�?CKV�WF�
 105 C�c��G=�G��D �����	=� 4 

9>?	���)  
2. 9>?� KCl 1.9067 ก�>� =
=�� �:	��;<�ก=>?����cJ�กSCCC� 8�X	�	>���
��L�

X��� 100 �
==
=
L� 
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3. ��C� ` �L
� HNO3 �X:�X:� 12 �
==
=
L� ��>H��
��L�8�:��H 1 =
L�             �;<�
ก=>?����cJ�กSCCC� 

3) D��=
=���yABD�G�����L�M���	���X:�X:� 100 �
==
ก�>�L�C=
L� 
1. �L��������z��LD��=
=���yABD�G�����L�M�� �	���X:�X:� 1000 �
==
ก�>�

L�C=
L� ��
��L� 100 �
==
=
L� 8D�X	���>H��
��L� X��� 1 =
L� ��>H��
��L��:	��;<�ก=>?�
���cJ�กSCCC� 

4) D��=
=���yABD�G�����L�M���	���X:�X:� 0, 10, 20, 30, 40, 50 A=
 60 
�
==
ก�>�L�C=
L�  

1. �L��������z��LD��=
=���yABD�G�����L�M�� �	���X:�X:� 100 �
==
ก�>�
L�C =
L���
��L� 0, 10, 20, 30, 40, 50 A=
 60 8D�X	���>H��
��L� X��� 100 �
==
=
L� L��=<��>H 

2. ��>H��
��L��:	��;<�ก=>?����cJ�กSCCC� J�S�:��
��L� 100 �
==
=
L�  
2.5.2 	
��ก��B�=C� 
1) �z��LL>	C�����;<� 20 �
==
=
L� A=
�L����D��=
=��AH=���S�y�:C�ก>� 
2) =�8�X	��F�9�yF� X��� 250 �
==
=
L�   
3) �L
�ก��hD� HNO3 L�C HClO4 15 �
==
=
L�  
4) �X����H�8�:�X:�ก>� �z�X	��F�9�yF� �:	�ก�	�Aก:	 
5) ��C�H����U?C�8�:�	���:C�B�?CKV�WF�
 80 C�c��G=�G��D 
6) J��	>�D��;<�L�=��� A=:	�y
?�CKV�WF�
J��ก
��	>�X�	 
7) ��C�L�CS�J�S�:D��=
=��8D 
8) L>;�B
;�S	:8�:��d� ก�C�h���ก�
��Eก�C�=�8� X	�	>���
��L� X��� 100 

�
==
=
L� 89:�;<�ก=>?����cJ�กSCCC� =:��L>	C����H�ก�
��Eก�C� 
9) ��>H�:	��;<�ก=>?����cJ�กSCCC� 8�:S�: ��
��L� 100 �
==
=
L� 
10) 	>����ก���=��=�C�AD��:	����U?C� Flame Photometer (D��=
=��

�yABD�G�����L�M���	�� 0, 10, 20, 30, 40, 50 A=
 60 �
==
ก�>�L�C=
L� A=
L>	C����) 
DW�	
XC����U?C� Flame Photometer 410  
        Sensitivity                                   0.1 �
==
ก�>�L�C=
L� Na A=
 K �B��ก>H100 units 

                            Detection Limits (S/N=2)           Na, K 20 S����ก�>�L�C=
L� 
        Specificity                                   Interference less than 0.5% 
        Gas                                              Propane, Butane ��UC Natural Gas 

11) �X���ก��Y�
�	������ก���=��=�C�AD�ก>H�	���X:�X:�XC��yABD�G��� 
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12) �<��	V���89:D�ก��J�กก��Y��L�M�� 

 
2.6 ก��	
����
����
��V��LKC����A�ก���G��� ���	
�� Atomic Absorption 

Spectrophotometer Method ( AOAC official Method, 951.11, 2000) 
2.6.1 	
��ก��B�=C� 
1) 9>?�L>	C������
��V 1 ก�>�=�8�H�ก�กC�� X��� 150 �
==
=
L�  
2) �L
�ก��S�����=C�
ก 10 �
==
=
L� 8�:�	���:C�J�D���กUCHA�:� 
3) �L
� 2 ��=��� HCl 20 �
==
=
L� 8�:�	���:C�L�C 2 - 3 ��B� 
4) L>;�B
;�S	:8�:��d� ก�C�h���ก�
��Eก�C�=�8� X	�	>���
��L� X��� 100 

�
==
=
L� 89:�;<�ก=>?����cJ�กSCCC� =:��L>	C����H�ก�
��Eก�C� 
5) ��>H��
��L��:	� 0.5 ��=��� HCl 8�:S�: 100 �
==
=
L� 
6) �<�S�	>��:	����U?C� Atomic Absorption Spectrophotometer AHH��=	SY  

DW�	
ก��L�	J	>�    �	����	�=U?�  422.7 ������L�   
Flame oxidizing air - Acetylene  

     Optimum range 0.1 -0.2 �
==
ก�>�L�C=
L� 
2.7 ก��	
����
������
��VG>=�YL ���	
�� Turbidimetric Method (APHA, AWWA & 

WEF No. 4500 sSO24-E, 1998) 
2.7.1 ก���L����D������ 
D��=
=�� Conditioning reagent 
1) hD�ก=��GC�C= 50 �
==
L�ก>H ก��S�����=C�
ก (HCl) �X:�X:� 30 �
==
=
L� 
2) �L
��;<�ก=>?� 300 �
==
=
L� ��8�:�X:�ก>� J�ก�>;��L
� Isopropyl alcohol ��
��L� 

100 �
==
=
L� 
3) �L
��G������=CS��� (NaCl) 75 ก�>� ��8�:�X:�ก>� ��>H��
��L����� 500 

�
==
=
L��:	��;<�ก=>?� 
D����L�M��G>=�YL 
1) 9>?� K2SO4 B�?CHA�:�A=:	 �;<���>ก 0.5434 ก�>� 8D�X	���
��L� 1 =
L� ��>H

��
��L��:	��;<�ก=>?�J
S�:D����L�M��G>=�YL�X:�X:� 1000 ppm 
2) �JUCJ��8�:S�:�	���X:�X:� 10, 20, 30 A=
 40 ppm 

   2.7.2 	
��ก��B�=C� 
1) �z��LL>	C�����;<� 50 �
==
=
L� 8D�X	��F�9�yF� X��� 150 �
==
=
L�  
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2) �L
� conditioning reagent 5 �
==
=
L� ��8�:�X:�ก>� 
3) �L
� BaCl2 ��
��V 0.2 ก�>� ��8�:�X:�ก>������	=� 1 ��B� 
4) �<�S�	>����ก���F�ก=U�AD��:	����U?C� Spectrophotometer B�?�	����	�=U?� 420 

������L� 
5) �<�h=B�?S�:S��B��Hก>Hก��Y��L�M�� 
 

12. ก�
��,(
�������%
-.��� �� �����)! Spectrophotometry (Becker, 1994 �&��%,� 

Aslan and Kapdan, 2006) 

D������B�?89:�ก�� Analytical Reagent (A.R.) 
Methanol       (BDH, England) 
	
��ก�� 

1. �<�L>	C�����;<��=�;�� 10 �
==
=
L� ������	�?��B�?�	����d	 3000 rpm �����	=� 30 ��B� A=

�C��;<�D�	�8DCCก 

2. �L
� �����C= 3�
==
=
L� �<�S�8�:�	���:C�H�C���C>�SC�;<� �yU?CB<�ก��Dก>��C��=C
��Yz==�CCกJ�ก�G==�D������ �����	=� 5 ��B� 

3. B
;�L>	C����8�:��d�=�B�?CKV�WF�
�:C� A=:	B<�ก����>H��
��L�L>	C�������� 5 �
==
=
L��:	�
�����C= 

4. �<�L>	C����S�	>����ก���F�ก=U�AD� B�?�	����	�=U?� 650 A=
665 ������L� �<����B�?S�: 
S��<��	V��
��V�=C��Yz==��>�D�ก�� 
Chlorophyll a (mg/L) =  [(16.5×A665 ) s (8.3× A650)] × ��
��L�L>	C����B�?Dก>�S�:  

��
��L�L>	C���� 
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������ก ". 

 

��
IJ���I�  �
�*(ก
�� 

 
1. �K&��L�*��*���K�� (Incubator) UM-OVEN 55L H�
E>B U s Mac Scientific ��
�BcUSA  

 
�F�W��h�	กB�? X1 LF:�	H�K�CKV�WF�
 

 
2. ������ Modal 6000 Furnace H�
E>B Thermolyne  

 

 
�F�W��h�	กB�? X2 �L��h� 
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3. ��
IJ����, ��������([�ก
, ,��� (pH meter) Model MP220H�
E>B Mettler TOLEDO ��
�Bc 
USA  

 
�F�W��h�	กB�? X3 ���U?C�	>� ����	������ก�� ���� 

 
4. ��
IJ��]�J������� 4 �$� ���� Model BT 224S H�
E>B Satorius ��
�Bc Germany  

 
�F�W��h�	กB�? X4 ���U?C�9>?�Bc�
�� 4 L<�A���� 

5. ��
IJ����, ���ก�
�$�_--`� (Conductrometer) Model Cond 315i H�
E>B WTW  ��
�Bc 
Germany  

 
�F�W��h�	กB�? X5 ���U?C�	>� ���ก���<�SYYZ� 
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6. ��
IJ����, �����"&� b� (Lux meter) Model Foot Candle/Lux H�
E>B EXTECH 
INSTRUMENT ��
�Bc Taiwan  
 
 
 
 

 
 

�F�W��h�	กB�? X6 ���U?C�	>� �	���X:�AD� 
 

7. ��
IJ�� Spectrophotometer Model Spectronic Educator H�
E>B Thermo Scientific ��
�Bc USA  

 
�F�W��h�	กB�? X7 ���U?C� Spectrophotometer 

8. ��
IJ�� Atomic Absorption Spectrophotometer ]��, Flame atomizer Model AAnalyst 100 
H�
E>B Perkin Elmer ��
�Bc USA  

 
�F�W��h�	กB�? X8 ���U?C� Atomic Absorption Spectrophotometer 
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9. ��
IJ��+�&����
&�� (Hot plate) Model Cerastir CH-1 H�
E>B Nickel-Electro ��
�Bc UK  
 

 
�F�W��h�	กB�? X9 ���U?C�8�:�	���:C� 

10. ��
IJ������%(
�!� (Digestion) Model K s 435 H�
E>B BUCHI   
 
 
 
 

 
 

�F�W��h�	กB�? X10 ���U?C���C����L�� 
 

11. ��
IJ��ก��J�%(
�!� (Scrubber) Model B - 414 H�
E>B BUCHI  
 
 
 
 
 

 
 

�F�W��h�	กB�? X11���U?C�ก=>?����L�� 
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12. ��
IJ��j�Lก
, (Distillation) Model B s 324 H�
E>B BUCHI  
 
 
 
 
 
 

 
�F�W��h�	กB�? X12 ���U?C�J>Hก�� 

 
13. ��
IJ��,K,��ก�� Model Vacu/Trol H�
E>B Spectrum J<�ก>� ��
�Bc UK    

 
 
 
 

 
 

 
�F�W��h�	กB�? X13 ���U?C��F�C�ก�c 

 
14. ��
IJ����L�*��*���K���#$� (Waterbath) Model W 600 H�
E>B Memmert ��
�Bc Germany  

 
 
 
 

 
 
�F�W��h�	กB�? X14 ���U?C��	H�K�CKV�WF�
�;<� 
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15. %l,K,����]I#� (desicator) Model Vakuum H�
E>B SCHOTT ��
�Bc Germany  
 
 
 
 
 
 
 

�F�W��h�	กB�? X15 �b�F��	��9U;� 
16. �
Km��L�� (Porcelain crucible) Model HCT 103/60 H�
E>B DIN ��
�Bc Germany  

 
 
 
 
 
 

 
�F�W��h�	กB�? X16 ��FG
�H
= 

 
17. ก

,��ก
�� GF/C (GF/C Filter paper) H�
E>B Whatman International ��
�Bc England  

 
 
 
 
  

 
 

�F�W��h�	กB�? X17 ก�
��Eก�C� GF/C 
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18. ก�&��j*��

��� (Microscope) YS2-H H�
E>B Nikon ��
�Bc Japan  
 
 
 
 
 
 
 

 
�F�W��h�	กB�? X18 ก=:C�JK=B��c�� 

 
19. ��
IJ�� Flame Photometer Model 410 H�
E>B Sherwood-scientific ��
�Bc England  

 
 
 
 
 
 

 
 

�F�W��h�	กB�? X19 ���U?C� Flame Photometer Model 410 
 
20. b_�,� Hemacytometer Model Improved Neubauer H�
E>B BOECO ��
�Bc Germany  

 
 
 
 
 

 
�F�W��h�	กB�? X20 DS=�� Hemacytometer 
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21. ��
IJ���b�b�
 (Vortex Mixer) Model VM-300 H�
E>B Gemmy Industrial ��
�Bc Taiwan    
 
 
 
 
 

 
�F�W��h�	กB�? X21 ���U?C�hD�D�� 

 
22. ��
IJ������
�
��m!%�,! (COD Thermoreactor) Model ECO 6 H�
E>B VELP  SCIENTIFICA 
h=
L8� Europe  

 
 
 
 
 

 
�F�W��h�	กB�? X22 ���U?C�	
����
��G��C�� 

 
23. ��
IJ��(qr����!J�� (Centrifuge) Model Z 206 A H�
E>B Hermle Labortechnik GmbH ��
�Bc 
Germany  

 
 
 
 
 

 
�F�W��h�	กB�? X23 ���U?C�������	�?�� 

 

 


