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RESOURCE RECOVERY FROM SLUDGE GENERATED BY PROCESS 
TREATMENT HIGH NITROGENOUS WASTEWATER (III) 
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Abstract (KEYWORDS[waste sludge\ anaerobic 
digestion; resource recovery)  
 
Acrylonitrite, butadiene and styrene (ABS, a 
petrochemical industry) production in Taiwan is one of 
the biggest manufactures in the world.  Higher the 
ABS production higher the wastewater generation.  
The ABS wastewater contains high strength of organic 
carbon and organic nitrogen.  The large quantity of 
waste sludge, produced from the high nitrogenous 
wastewater treatment process, contains significantly 
complex and difficult-biodegraded organics.  Thus, 
this sludge needs to be managed before its ultimate 
disposal.  Anaerobic digestion is often used in the 
treatment and disposal of waste sludge.  This process 
not only treats the waste sludge but also regards it as 
resource recovery.  It is one of the best methods to 
reduce the cost of operation.  
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]^��HYPRO-concept (Kristensen et al., 

1992\Esøy and Ødegaard, 1994) _` Denmark�
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Ö×Ø9IÙ 1 pÚ)µ¶7ÛÜÝÞßà�
���jiá�â> (Masterflex model 7518-10)�
ãäØ9"  4.5 å�æç Pyrex glass �èµ¶
é��EFêÐØ9ßàéÒ7Ð����j²¨

�6ëCÑÒ���8?Ã5ì���éÒíîÛ

ï²æçºÑÒðñò�iÑò8óÑØ9ôõ�

�óÑØ9ÂÃ�³Lö 5% H2SO4 �÷aøù�
Åú�MûüëCÑÒÅöýþo�)5Ô�<Ý

Þ#�Ò� (TS)�Èoº�Ò� (VS)�#C�³
�� (TCOD)�Å6ºC�³�� (SCOD)�#�
 Ç�  (TOC)�Å6º� Ç�  (DOC)��$ 
(NH3-N)�� $  (org-N)�#�  (TP)�Å6º� 
(SP))Ö×5Ô±¦��  Standard Methods 18th 
Edition (APHA et al., 1992))ÑÒ8ÈoÄ�{?Â
5�5�MÑ&�Ô	/
�º�� (GC/TCD) 8
Ñ&�Ô	/����ÌC��  (GC/FID) jk
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4-1. 1% TS ������� 

��*¥+ú,�- TS 1% !��.Hº/
ÚI0 1�1�2C"32 :)� pH 4` 7.0 
56��>�7���32µ¶�Ë,2Moý� 
pH 4ßà��º89 (7.3±0.1)�VS/TS �:4� 
0.69�;Úi�����(��� 	/\
SCOD/TCOD �:4<� 0.034�2=>� 	/
?@AMBCº½`����\`$�±D�TKN 
� 602 mg/l���� $� 546 mg/l�NH3-N� 56 
mg/l������$	/M� $EF(ÂÃ�G
��¬:�M NH3-N H�½`\��¥+ú�<
��¬���?@p�7�A½`��	Ò�) 
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Hlm�<7~����¥+ú�� Çj

k���Ë,�5Ô¥+ú��� Ç����C�

J�I��6���6ÄC�JK�Ù 2 "Ù 3 
5�,� HRT � 10 � 5 L1��MÐ8 35oC 
£� ÇÅi��C�)1�MÐNO£�éÒ

Ð�PQ�RSÐ�7�C}T��Ë,1Ù 2 "
Ù 3 �2oý�Ö×(·é��Ð��C89A  ̀
15-30oC �·�ÀÁ Skalsky et al. (1992) phi�
�K�µ¶Ð�` 14oC - 21 oC 1�ÄCµ¶U
3VEjk�Ë,��é�Ð�> 15 oC 1�¶O
-�o�Wàýþ�,²�K21Ù 2 ���C�
XYZ[):�MÐ8 35oC � DOC 4>AB
Åi��Koý�35 oC >ABÅip³1·\� 
17 L�MÐNO£N� 33 L�2] 35 oC 1>Y
AB�^��_)OTÐ�8 HRT � DOC �`
aÚ�0  2����¥+ú�  DOC 4�  122 
mg/l�� HRT 10 L�35 oC �NO£�¥+ú� 
DOC 4bL 167 mg/l�}MÐNO£� DOC 4
<bL  100 mg/l�Ë,�.�µ¶Ð��I� 
DOC Åi��7bL)Ö×jk1�»jk���
cá
��Ë, HRT 8��ÎÏ1· (SRT) &
b�ÀÁ San et al. (1995) �lm�' HRTßà� 
2 L�SRT 5�� 8 L" 2 L1�SRT 2 L�#
�Ä�<�  8 L�  60%�Ë,'  SRT rb� 
HRT 1�HRT 7def;X&'g��� HRT �
`a�Hlm�gh�²)ÀÁ0 2�� 35oC HRT 
10 L1�DOC 4� 289 mg/l�}iG� HRT 5 L
1�DOC 4%iG- 163 mg/l�8���¥+ú 
DOC 4 (122 mg/l) &��<bL 41 mg/l�;Ú
HRT 5L_�,�6ÄCµ¶�:G£¢) 

4-3. ,-.�/0 

10 2 2Moý�HRT �`aÈoÄ�?�
���`aËÌ�'Ð�� 35 oC 1�HRT 10 L
�#ÈoÄ�?�� 177 mg COD/l �HRT 5 L�
#ÈoÄ�?�� 18 mg COD/l�<�HRT 10 L
1� 10.2%�K`MÐNO£�HRT 5 L��K%
<� 10 L1� 2%��2X]#ÈoÄ�?�Q
� HRT 7bL}bL)ÀÁ DOC 48#ÈoÄ
�K2MX]�HRTM 10 L��7�jZ�k)
ÈoÄ�5ìlmÚI0 3�  ̀ HRT � 10 L1�
��M�GÇk�nÄ"oÄ���` 35oC "M
ÐNO£5��#ÈoÄ�� 87% 8  89%�} 
HRT � 5 L1���M�.Çk�pÄ�qÄ"
rqÄ���` 35oC "MÐNO£5��#Ä� 
67% 8 100%)ÀÁ Elefsiniotis and Oldham (1994) 
Ö×oý�ÈoÄ�5ì��sY SRT �`a�
8 HRT �&tº�u�P1�`Hlm� HRT 
T1¸� SRT �v3�Ë,�HRT 7.G��È
oÄ�5ì��;��`a) 
 
4-4. 123450678*+ 

Ù 4 ;ÚëC�ÑÒ��1 N2�CO2 " CH4 
wx?Ãp�?���M  N2 �:(��CO2 w
��CH4 �:¬�px�:g5�� 83%�11.2% " 
5.8%�µ¶s( CO2/CH4 �Òy:4\� 14��
AB1(NiG- 1.9�T1' HRT T�!�U
z{� 1.9 �:��;ÚÑÒ?Ã�:�8 HRT 
|t)� 35oC  HRT 10 L1�}��ëCÑÒ�
�� 222 ml�iG- HRT 5 L1�ÑÒ��%@
¬- 20.4 ml�;ÚÑÒ���Q� HRT �bL}
bL) 
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1�`����6ÄC~
��$��Ói�

ýþ�¯>;�Ë,�$���Ói���!��
	EF�?`a�U�HÖ×ÊÕ��²�gh)

��$�Ói�¥+ú�#�;Ú�0 4��	*
+±��$2Ói> 36%�P8	C�6±�:
���	�6�$Åi��Ò$���`a:u)

��*�	*+!�$C|	PeÅi�M TS 
1% ï��'�	µ¶� 35oC�HRT 10 L1�
�Åi�#$�� 198 mg/l�}.$��*+X
����}���\� 100 m3d-1�öá���$

�\� 371 mg/l�á�� 160 m3h-1�Ë,2´X

öá��#$�� 1,420 kg/d��'.$��*
+X���6�	 (¥+ú)�cá-32
�M
h�Ç1��cá�#$�� 19.6 kg/d�<x
öá��#$�� 1.4%��pÓi�$��Ò�
`a&'�¢)����Ói±D�̀  HRT 10 L
1��MÐNO£�:.��Ói��,²ýþ
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HlmM���	�6ÄC
���.$��

X�����jk*+��ÉÊ HRT "µ¶Ð�
���*+JK�`a)' HRT ßà�  10 L
1�2�X�7� DOC Åi��ÈoÄ��"ë
CÑÒ��)Ð�7�C�ÈoÄ��?8� 	

�Åi`aO(�Pßà�MÐNO£2@¬Ð�

ßà1�?H������6pÓi�$<x#j

á���$��� 1.4%�O-�?�	��*+�
�����K1�������¡:����Ë,
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0 1.  TS 1% � ABS ��.Hº/5Ô)
 
����           n* 

pH 7.3±0.1 3 

TS 10,360±106 mg/l 3 

VS 7,152±110 mg/l 3 

VS/TS 0.69  

TCOD 8,823±182 mg/l 3 

SCOD 300±26 mg/L 3 

SCOD/TCOD 0.034  
TOC 3,420±345 mg/l 3 

DOC 122±21 mg/l 3 

SCOD / DOC 2.46  

NH3-N 56 mg/l 1 

Org-N 546 mg/l 1 
TP 390±43 mg P/l 3 

SP 3.5± 2.1mg P/l 3 
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0 2. HRT ßà� 10 � 5 L�� 35oC 8MÐ

£DOC 8ÈoÄ��A��) 
 

HRT 

(	) 


� DOCa 

(mg/l) 

nb ���  

(mg COD/l) 

n 

35oC 289±35 14 177±33 8 10 

�
 222±34 27 255±54 7 

35oC 163±34 39 18±15 7 5 

�
 138±32 39 4±3 8 

a�������� DOC ��� 122 mg/L. 
b������� 

 

0 3. Ð�� 35oC�HRT 10 8 5 L1�ÈoÄ
5ì�H) 

 
HRT 

(	) 


�. �� 

(%) 

�� 

(%) 

 � 

(%) 

!� 

(%) 

"!�

(%) 

10 35oC 40 47 0 7 6 

 �
 89 0 0 0 11 

5 35oC 0 33 0 9 58 

 �
 0 0 57 0 43 

 
0 4. '  HRT ßà�  10 �  5 L1��  35oC 

8MÐNO£�  TKN 8Å6º���A
��) 

 
HRT 

(	) 


� TKN 

(mg/l) 
#$%&'

(%) 

()*+ 

(mg P/l) 

+$%&'

 (%) 

10 35oC 198 33.3 25.5 13.6 

 �
 123 17.8 47.5 27.2 

5 35oC 62 9.5 13.5 6.2 

 �
 82 5.4 11.2 4.7 
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� ��ãäâ>  � ./jiâ>  � êÐ�é 
� æçéÒ � ðÑò � Ð�ï. ��èd  �
��óÑØ9 (5% H2SO4 + ÷aøù�)) 
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Ù 2. HRT 10 L�OTÐ� (35oC 8MÐ) �

DOC ABÅi�`aÙ) 
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Ù 3. HRT 5 L�OTÐ� (35oC 8MÐ) � 

DOC ABÅi�`aÙ) 
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Ù 4. Ð� 35oC�OT HRT (10 8 5 L)��Ñ
ÒÒ?Ã5ì�H�`aÙ) 
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