
�� �����
�������	 
��)G(���	�� ����� ��� ��	�� �	 ���	��  � !�"# ����	 $%&  '(�) �� 

�(
�	")  *�� +(,-  ����.��/ 0(,- 
�/�� 1(����	  '(�) 23) 

45�6��78 %�  �%��/� ,- 9 �%�  �:;8 <� ��24mg
l

,- �=%> ?	7��  � / /"= 
%:@�# �A� �BCD� <&- "A�� "A& $	�	  A� ��A�

���� �� ��@�8 E3@ F"G �DH I��  �:;8 ,- JCK� 

�(12.5 +(7.5 0(9.2 L(24

4M�,-  �%�  �:;8 <� �� !�"# ����	 N�) 23)5O#	 JCK� "�� .Q�%AC� ,- 6ARS�  ����K�A�/ "AG	31.02 10
.
kg
m s

−×

/��%� �� ,- OT"# ?%��	"G 2�&	�U� N�) 1550 S −��%� .%�"H $	"A� F�V ?	�A8 �W	�) 
	/�AR�> �ADH �K��%AK� ?7AX& ?�A�

�� ���%� 

Y(1.54 +(2.16 0(2.78 1(3.52 

�1��O#	 F	�> ,-  �%�  �:;8 �D�Z�  8 N�) $�	�"� I"[� / �)	"\ �#%#	 ���>%= 

Y(�]S# �%� +(<�%8 6XT 0(
�/�> L(O^R_6RC� 
	��%* 

���O^R_ %� E3@  ��X� <�  ����	� 6`�;U� ?�/ $	�	� 
	��%* �a�� 2.48�O#	 "��@ "� F"G �DH 

�(875 +(1037 0(1453 1(2048 

�b���� ��	���DG $	"� ,-  �%�  �:;8 <�
3

37850 m
day

Q�%C�49 kg
day

�D> �� c";� "R> .�	 �AC� I��%X�W%� "R> O^R_30

9 d%X8  B�W�0.55mg
l

��%� �� .�O#	 F	�> "��@ "� F"��R�� J�) "� J�8"8  � ,- "R>�%�� ?	7�� / �B��78 "R> ?	7�� 

Y(0.55 91.23 5(1.2390.55 M(1.3290.77 L(0.7791.32 

�e�2A3)  � �D��� �	 �&%G/"�� �)	/ �� ,- �	 $"�G ��U# $	"�0.1m3OA�="f %A� /60 kg  �:;A8 OA[* 2000 L/day 

��� �� I�%:�#	 ,- .,- ��UA# "AG	280 mg/l as CaCO3�A*/"� ��UA# / �A�%�85 mg/l as CaCO3?%A�� �A�%� 

�O#	 �/� �DH E��� $%�)	 

�(�g+(+g0(0g1(1g

�h���$�D�  �	� d�KC� $�Z��� �XT �	 ij I�� $�D�  �	� J#%D� "�R�= <�:

Y(��%� �� l�	7=	 E��%j  � V%� �	 5(��%� �� l&%> E��%j  � V%� �	 

M(��"G �� O�	�DK� m��%> 
��a  � L(��%� �� l&%> in# / l�	7=	 	���	 

�o�F	�� �� pH�*/ ,- �� �D�	�8 �� "�� $%& O�p%�RW ��D�%�  ��	� �

�(��pH�	 "�X� 8.3����	/���& O�p%�RW +(��pH�	 "�X� 8.3
%D�"� �� / 
%D�"� O�p%�RW 

0(��pH�	 "�X� 8.3 
%D�"� �� O�p%�RW 1(W E�� �\%q8�	R/ ,- O�p%�pH��	�� ��*/ 
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bg�l�	�� $	"�hg;8 ��  � $�/�/ ,- �	 2�7�D� / 2��R� $%[��� �	 �a�� F"G�R�� �DH ��%�  �	�/� ��� 
%;UZ� %�  �%�  �:

CaO���� ��RU� ,- %� 

O^R_Ca2+ $�/�/ ,- ��=3.25 meq/l 

O^R_Mg2+ $�/�/ ,- ��=1.50 meq/l 

$�/�/ ,- ��� =250m3/day 

�(44.8 +(350(26.6 1(25

b�����%� �� E�"�q#%D� ,- �	 
�/�� cs) $	"� �D�	"= F	�� 

�( 8�D�Z� +($�%#  �U@ / �%BC�	 0(?��#	"�R�= 1(?��#	"�R�= / $�%#  �U@ 

b+�����  =%(	 ,-  � ��	�8 �� Q/	��� $%&  �%�  �:;8 �� ,"� ,-  �:;8 E�) "�� ���� F	�� 

�(2��# +(F��D���@- 0($/� 1(7D�D� 

b0��O#	 "8"tu� ,- �	 E&- cs) �� �D�	"= F	�� 

�(�&�	�& +(��� "R� / �&�	�& 0(?��#	"�R�= 1(?��#	"�R�= / �&�	�& 

b1��O#	 F	�� O�.�  SB� ,"� ,- ��� "R� �� 

�(�D�%� I�� ��.Z8 %[D��- "R�  � O#	 $	  SB�.+(��/"� E�� �	 %[X���%G�	/".��  �R�  � O#	 $	  SB� 

0( SB� O#	 $	 �	�- 
��a  � "R��C�  � ?- �	  ��� �� ��- 1(��%� "v�	 �) I��%X�W%� "R�  � O#	 $	  SB� .

b���O#	 J#%D� I�%� F	�� ����8%� $%[D��� $%�)	 $	"� 

�(�����"R� ��#	 +(2��# ����	/���& 0(2�#%�j 
%D�D�"j 1(2��# 
%D�"� 

�	
�� �����

bb�N�) 6XT Q/	 w�� Q- I��	 �D�Z�  8 N�) �� :

�(���	� �%q8�	 N�) N"T %+(O#	 "t�� �D�Z�  8 �XT "� 

0(��	�� �D�Z�  8 �XT �� $"�t%8 1(O#	 "t�� �D�Z�  8 OT"# �� 

be� �#��j ?%�"* ��%� ����	 ����	� �� �� ( )CFSTR$�/�/ O^R_  '�%DH 
L
mg200 �*/"� O^R_ /

L
mg10 �A�%� .

lD�	/ OT"# O�%t / �	��%j O@%) x�	"� N"= %�14 −day� ��� �&	�� �/� �DH ��%� ?%�� 

�(3.5 +(3.75 0(4.5 1(4.75 

bh��O#	 J@%_ ��%�"��%� ��� �%= F	�� I�"��G �&�	�& Q%C= E3@ �D�	"= �� 

Y(�X���%�@ 5(O�%t M($��� ��� L($"��%8 
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bo�9 E3@ E# ?�� "�	"� /� %� Q%C= E3@ �D�	"= �� 
M
F

.......  Iy�/ ��� z"� /...........�� �&	��.

Y("�	"�/� 9 {;� 5("�	"� /� 9 "�	"�/� M({;� 9 {;� L({;� 9 "�	"�/� 

eg��:;8 �D�	"= F	�� �� E3@ ��@�8 � O#	 "�X� ,�(%=  

�($�	�& �� +(I�D.H �=%a 0(c�%C�� Q%C= E3@ 1(I�"��G �&�	�& 

e�� �	�/�  '�%DH 4879 �A&	�� ��A*/ EA3@ ?	7A�� EA�	 �� ":�= ��BH 9��� ��@�8  �%�  �:;8 �� �� �	�%� Q%C= E3@ F"G�R�� 

� O�	� 

�(87 +(96 0(100 1(112

e+���� %� $"[� ,�(%=  '�%DH 28 L/S /BOD5= 300 mg/l %A� $	  �%��/� ��	/ BOD5= 2mg/l  A�%��/� �A�� 9��"AG 

%8 ��%�  ��%t "� "��@ �DHBOD5���	 �	 ij ,�(%= /  �%��/� ,- Q�%C� �5 mg/l���� 

�(�beh +(+e�0 0(h0o� 1(�1oh 

e0��O#	 "�Z�� �qR* O^R_ "�� $%&  �"� �	 �� F	�� �� 

�($�	�&  �"� +($�	�& ��  �"� 0($�%���	  �"� 1(�&�	�& ?�GV 

e1�"G	 BOD5 �%�  �:;8  � $�/�/ ,�(%=+�g $�/�/ ��� / "��@ �� F"��R�� 1ggg��A@- �%A� �	�AB� �A�%� �/� �� JC.� "�

 cs) ?%���	� %� �*/"�og�O#	 �/� �� F"G�R�� �DH �a�� 

�(�gg +(1gg 0(�gg 1(�ggg 

e���O#	 �/� �DH x#��� ��\  � E3@ E# ��%B� Q%C= E3@ 2���# �� 

Y(2.1 

+(3.7 

0(7

1(9

eb�E3@ �X3) |�%� )SVI(D�[� �O#	 F	�� Q%C= E3@ �D�	"= ��  

�(50 150−+(200150 −0(250200 −1(150250 −

ee��D�	"= OT"# $/� "� ��� ���� F	�� tionEutrophica���	� $"�Z�� "�t}8 

�(?~/"��� +(":�= 0("�E�1(
%.�R�# 

eh�$"�>%� Q��"=  '�%DH 5 7 2C H O N�O�	� �&	�� F�V ?y��>	 �)	/ �DH ?��#	���>	 O[* i���� �)	/ "& ��%� 

�(1.42 +(1.52 0(2.62 1(5
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eo��O#	 �.�  H  � F%� $"[� ,�(%= �� ��*�� 
�	 

�(O�"��� / 
	"��� +(
	"��� ��%����- 
�	 /

0(��%����- 
�	 / �@- 
�	 1(O�"��� / ��%����- 
�	 

hg����� �� ,��]� I�DD� �/�]�  R)"� F	�� $�	�& �� �D�	"= �� 

�(7�@/���&  R)"� +($�%# ��#	  R)"� 

0($�%# ?%��  R)"� 1($�%# ��#	 / 7�@/���&  R)"� 

�	
�� 
 �� �������
���� 
 ����

h��$/%) ��CDa �)	/ �� ,�(%=100 mg/l �AD= )C6H6O(�A�%� �A� .?	7A��COD /TOC �ADH ,�A(%= EA�	 mg/l 

�O#	 

�(COD=250 mg/l /TOC=87 mg/l +(COD=238 mg/l /TOC=77 mg/l 

0(COD=150 mg/l /TOC=77 mg/l 1(COD=110 mg/l /TOC=185 mg/l 

h+��X� �� E��@%�= �D= O�p%�RW ,-  �0.4 meq/l y�	�/	 ���� O�p%�RW /5.2 meq/l ��%� �� .

�(O#	 "�Z�� 
%D�"� $%[��� �	 
%D�"� �� $%[��� +(O#	 
%D�"� / ����	/���& $%[��� $	�	� ,-  ��X� 

0($��]� ,-  ��X�CO2O#	 
%D�"� �� ?�� / Q�R]� 1(��	� 
%D�"� �� ?�� xB= ,-  ��X� 

�M�J�A)"� �8%D�"� "�_ ��U# / O�p%�RW  '�%DH O#	 I��- ��� Q/�* ��  � ,- |W%� 7�@%�- $	"�3CaCOQ�%AC� JA�8"8  A� 

40 /180 "��@ "� F"��R�� �D�%�.�DH 2�7�D� ?�� O^R_
mg
l

���� �&	�� 

�(�g

+(+g

0(0g

1(1g

�L�$"��%� Thiobacillus $%[�"��%� �	 :

Y(��=/"8�8- ��:@�#(Autotrophic)�� ���q8 
%:@�#  � 	� �@- �	��  � �D��& �DD�.

5(��=/"8 /"�&(Hetrotrophic)� �@- �	��  � �D��&  � 	SH 2�� ���q8 �DD�.

M(��=/"8�8- ��:@�#(Autotrophic) � �D��& SH 2�� ���q8 ����:@�# ��#	  � 	� �DD�.

L(��="8/"�& ��:@�#(Hetrotrophic) � �D��& SH 2�� ���q8 ����:@�# ��#	  � 	� �DD�.

l
mg

O^R_?�� 

0.55+2Ca
?+2Mg  

0.23+Na
?+K
?−

3HCO
0.48−2

4SO  
?−Cl  

43NO −
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�4�#	 %�  @�%C� �	 I�%:�Michaelis – Menten  A� lDA�	/ OT"A# ?��A#� $	"A� �%A�� ���� I"����# O^R_ Oq�� 80 �Aa�� 

 � OT"# ?��#� $	"� �%�� ���� I"����# O^R_  � 9 2X�7�%� OT"#20� O#	 F	�� 2X�7�%� OT"# �a�� 

Y(�5(Y5M(Y�L(5�

���,�(%= ��@�8  �	"# $"[� �� "G	Y�� xA#��� �	�AB� / �/�  �%q� �� "��@ BOD5Q�%AC�  �	"A#1��A�%� �/�  �%qA� �� F"AG 

x#��� O^R_ BOD5�O#	 "��@ �� F"��R�� �DH "[� E�	 

�(1gg +(+�g 0(0�g 1(��g 

���?7U� �� ?��#%D�"R� $	"�71 � "�� ?	7��  � ,- �qC.
L
mg2Q�AR]� �	 "A��@ J�A)"� �AX3)  AH 5OA�"R��n�& �V�A� 

�O#	 F�V 2��# 

�(1.16 +(0.8 0(0.58 1(0.4 

hh�Q��"= ���� �� {�a�8 F	��C5H7O2N�O#	 ��]a 

�(%[�"��%� �@- lU� Q��"= +(%� ���C� lU� Q��"=%[�"�� 

0($"��%� 2#�j�8/"j Q��"= 1(%[�"��%� �R� Q��"= 

ho�?��#%K�:�"���� / ?��#%K�:�"��� �D�	"= ��pHJ�8"8  � ��%[� .............../...................��%� ��.

Y(l&%> 9l&%> 5(l�	7=	 9l&%> M(l&%> 9l�	7=	 L(l�	7=	 9l�	7=	 

og���%�@ ���  R)"� �� "&  � $"��%� �� �	 OT%# �DH O�sG �	 ij �X����	�AC8 ��� �� "�v.8 �%� ��  B�W� +�b $"��%A� 

���� �� ��@�8 

�(�+(+0(01(1

���� ������ ��� !

o����D�	�� 	�&  ���%t $%& I�D�V- E�"�X[� 

�(
�	 ����	 $���"G�G ����	 $� +(
�	 ����	 $��?�	 

0("�/���&%[D��?�	 1(%& E�:@	–%[D�# 

o+��O#	 "�Z�� �R�	� $"�G�8"j �� %&�8"j F	�� $	"� $~"�	 �S� Q%B��	 

�(?/"����j I�� +(%:@- I�� 0(%�%G l�%8 1(?/"8%�� I�� 

o0���8/7�	 ���	� �� �.�7�= "XT  X��  '�%DHh?- �.�~�@��� "XT  X�� / OT%# �XT  X�� 9��%� OT%# �ADH m%Aq�"B8 ?- "tu� "

�O#	 OT%# 

�(2.0 +(3.1 0(5.5 1(6.5 
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o1��O#	 F	��  �%�#- �) �	 l�� O^R_ �� 
�	 ����	 $� "t	 E�"�X[� 

�(��:D8 ��%W�= $�%3� ��"]8 +(%&  �� F��8 

0(%&  '� �� ��& l&%� 1($��� O��:T �%3�	 

o��W%� �	�- "R� ?	7�� %D� "U�#	 �� / "tu� ��	�� �DG $	"� I��%X�pHJ�8"8  � ?	"G%D� 2ZH �� ��"]8 �W	�) �%3�	 $	"�  D�[� 

�O#	 $�/�)  H �� 

�(0.6mg/l /7.6 +(3mg/l /70(3mg/l /8.3 1(0.6mg/l /8.3 

ob��O#	 F	�� ?%��	 "� ":�= F�X# "t	 E�"�X[� 

�(���� ��%� / O#�j "� "t	 +(%U� "� "t	 ="# �%3�	 / ��:D8 I%��#� �

0(�%X_	 / {C( / E�@�� ���#	 2�7�- �S# ?��/- E��%j 1(
���	�� �� ��	7�%\"# 

oe��O#	 F�X# I/"G F	�� �	 ?���%� 

�(�@- I":�= +(
%�%��%� 0(I"R� 1(��p/"8 "�j 

oh���D� �� !\%# i.�	  C�	 ��8��R������	� F	�� 

�(F����@�j+�g +(2�7#�0e 0(O@%q�bg1(2���"�	�o+ 

oo���D�%� �� ��	7�%\"#  � ?�D^� ��� 
%q��"8 %� "a%DT �	  �#� F	�� 

�(Ep�@�8 9E���	 $� 9?%���@%& $"8 +(�D= �����D�"R� �Rj 9E���	 $� 9?%���@%& $"8 

0(?%���@%& $"8 9?7D� ��8	 9F��DR# 1(?�D�@ 9?%���@%& $"8 9E���	 $� 

�gg�O�CX* �	 "G	 ��gggg EA�	 �A��* I�A� ��	7AG ��	�A� �A�	  �A�	� �	"W "�G	/ $�%X�� �� N"C� ��  � w%X�*	 �� $":� 

$�%X��+�gg��%� ":� .J�) "� w��� ?	7���ggg�O#	 "�.��7�  D�7G F	��  � O�CX* ":� 

�(0�+(+g0(�e1(��g 
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