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Biological wastewater treatment efficiency was compared between under normal environment and under
electric field forming in bioreactor. The variation of electric charge forming in electric field between anode and
cathode was applied to the wastewater treatment. The electric charge variation was assumed to be a good signal
for the bacterial metabolism or activator for bacterial growth. On the basis of this propose, the wastewater treat-
ment system with electric field was designed and tested. The COD consumption, MLSS, HST and SV30 were
positively influenced by the charge variation forming in the electric field but TN and TP were not influenced.
The electric field forming in the bioreactor for wastewater treatment is thought to be a good signal or an acti-
vator for microorganisms living in the wastewater.
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0LFURELRORJLFDO ZDVWHZDWHU WUHDWPHQW KDV EHHQ

GHSHQGHQW RQ WKH PLFURIORUD LQKDELWHG LQ ZDWHU ZLWK

KLJK FRQFHQWUDWLRQ RUJDQLF FRPSRXQGV���� 7KLV V\VWHP

LV PXFK PRUH VDIHW\ WKDQ WKH FKHPLFDO WUHDWPHQW

V\VWHP DQG GRHV QRW SURGXFH WKH VRXUFH IRU WKH

VHFRQGDU\ FRQWDPLQDWLRQ DIWHU WUHDWPHQW��� +RZHYHU�

WKH HIILFLHQF\ RI ELRORJLFDO WUHDWPHQW LV QRW VWDEOH DQG LV

ORZHU WKDQ WKDW RI FKHPLFDO WUHDWPHQW��� 9DULRXV

V\VWHPV KDYH EHHQ GHYHORSHG IRU WKH LPSURYHPHQW RI

ELRORJLFDO ZDVWHZDWHU WUHDWPHQW HIILFLHQF\� 7KH URWDWLQJ

ELRORJLFDO UHDFWRU� ILOWHU PHGLD� EODQNHW PHGLD� ILEHU

PHGLD DQG IORDWLQJ PHGLD ZHUH DSSO\LQJ WR WKH ELRORJLFDO

WUHDWPHQW V\VWHP�������� 7KH EDIIOHG UHDFWRU ZDV

UHSRUWHG WR EH HIIHFWLYH IRU G\H DQG IRRG ZDVWH��� 7KH

VXFFHVV RI ELRORJLFDO ZDVWHZDWHU WUHDWPHQW LV WR D ODUJH

H[WHQW JRYHUQHG E\ WKH DELOLW\ RI EDFWHULD WR LQGXFH

PHWDEROLF DFWLYDWLRQ� WKHUHE\ IDFLOLWDWLQJ WKH FRQVXPS�

WLRQ RI RUJDQLF FRPSRXQGV IURP WKH ZDVWHZDWHU���� 7KH

EDFWHULDO DFWLYLW\ ZDV DIIHFWHG E\ WKH FRQWLQXRXV

YDULDWLRQ RI HQYLURQPHQW VXUURXQGLQJ RI EDFWHULDO FHOO LQ

D ZD\ WKDW VWURQJO\ VXJJHVWV WKDW WKH HOHFWURFKHPLFDO

VWLPXODWLRQ FDQ DFWLYDWH WKH EDFWHULDO PHWDEROLVP��� $W

HQYLURQPHQW VWDQGLQJ WKH HOHFWULF ILHOG� EDFWHULDO

PHWDEROLVP PD\ EH LQIOXHQFHG E\ WKH SRVLWLYH DQG

QHJDWLYH FKDUJHG FRPSRXQGV� DQG DW FRQGLWLRQ ZLWK

FRQWLQXRXV FKDQJHG FKDUJHV WKH EDFWHULDO JURZWK PD\

EH LQKLELWHG E\ WKH IOXFWXDWLQJ YDULDWLRQ RI VLJQDOV� 7KH

LQFUHDVLQJ HOHFWURO\WHV FRQFHQWUDWLRQ ZDV UHSRUWHG WR

PDNH EDFWHULDO IORFNV VWDEOH����� 0RVW RI EDFWHULDO FHOO

XQGHU HQYLURQPHQW ZLWK DEXQGDQW RUJDQLF FRPSRXQGV

KDYH WR SURGXFH PRUH HQHUJ\ IRU RYHUFRPLQJ WKH

LQKLELWLRQ IDFWRUV� ,Q WKLV UHVHDUFK� ZH WHVWHG DQG

FRPSDUHG WKH ZDVWHZDWHU WUHDWPHQW HIILFLHQF\ XQGHU

HOHFWULF ILHOG IRUPLQJ ELRUHDFWRU�

�� ([SHULPHQWDO

���� %LRUHDFWRU

7KH ELRUHDFWRU ZDV FUHDWLYHO\ GHVLJQHG DQG PDGH LQ

RXU ODERUDWRU\ DV VKRZQ LQ )LJ� �� 7KH HOHFWULF YROWDJH

EHWZHHQ DQRGH DQG FDWKRGH LQ WKH UHDFWRU ZDV DGMXVWHG

WR '& � YROW RU '& � YROW DQG WKH UHDFWRU ZLWK HOHFWURGH

†7R ZKRP FRUUHVSRQGHQFH VKRXOG EH DGGUHVVHG�
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EXW ZLWKRXW VXSSO\ RI HOHFWULF HQHUJ\ ZDV XVHG DV D

FRQWURO� 7KH GHVFULSWLRQ DERXW RSHUDWLRQ FRQGLWLRQ ZDV

H[SODLQHG LQ ILJXUH OHJHQG� 7KH EDFWHULDO VHHG ZDV

REWDLQHG IURP WKH -XQJQDQJ WHUPLQDO ZDVWHZDWHU

WUHDWPHQW SODQW ORFDWHG LQ -DQJDQ�GRQJ� 'RQJGDHPXQ�

JX� 6HRXO� DQG ZDVWHZDWHU ZDV PDGH LQ ODERUDWRU\ E\

PL[LQJ RI � J�/ VROXEOH VWDUFK� � J�/ VR\ SURWHLQ

FRQFHQWUDWH� � J�/ \HDVW H[WUDFW DQG WUDFH PLQHUDO�

���� 0HDVXUHPHQW RI &2'

&KHPLFDO R[\JHQ GHPDQG ZDV PHDVXUHG ZLWK +$$.

�'5����� PRGHO� *HUPDQ� &2' PHDVXUHPHQW V\VWHP

DQG UHDJHQW� DOO SURFHGXUH IRU SUHWUHDWPHQW RI VDPSOHV

ZDV EHLQJ GRQH LQ DFFRUGDQFH ZLWK 6WDQGDUG 0HWKRG���

���� 0HDVXUHPHQW RI 71

7RWDO QLWURJHQ FRQFHQWUDWLRQZDVPHDVXUHGZLWK+$$.

�'5����� PRGHO� *HUPDQ� 71 PHDVXUHPHQW V\VWHP

DQG UHDJHQW� DOO SURFHGXUH IRU SUHWUHDWPHQW RI VDPSOHV

ZDV EHLQJ GRQH LQ DFFRUGDQFH ZLWK 6WDQGDUG 0HWKRG�

���� 0HDVXUHPHQW RI 73

&KHPLFDO R[\JHQ GHPDQG ZDV PHDVXUHG ZLWK +$$.

�'5����� PRGHO� *HUPDQ� 73 PHDVXUHPHQW V\VWHP

DQG UHDJHQW� DOO SURFHGXUH IRU SUHWUHDWPHQW RI VDPSOHV

ZDV EHLQJ GRQH LQ DFFRUGDQFH ZLWK 6WDQGDUG 0HWKRG�

���� 0HDVXUHPHQW RI 0/66

0L[HG OLTXRU VXVSHQGHG VROLG ZDV PHDVXUHG E\

VWDQGDUG PHWKRG�

���� 0HDVXUHPHQW RI KDOI VHGLPHQWDWLRQ WLPH

�+67�

7KH VDPSOH LVRODWHG IURP ELRUHDFWRU SXW LQ ���� PO RI

PDVV F\OLQGHU DQG WKHQ WKH WLPH IRU SUHFLSLWDWLRQ RI KDOI

YROXPH RI IORFNV ZDV PHDVXUHG� 7KLV LV VLPLODU WR WKH

69�� EXW PRUH FRPIRUWDEOH DQG XVHIXO IRU PHDVXUH�

PHQW RI DJJOXWLQDWLRQ RI VXVSHQGHG VROLG�

���� 0HDVXUHPHQW RI 69
��

6HGLPHQW YROXPH SUHFLSLWDWHG IRU �� PLQ ZDV

PHDVXUHG E\ WKH VWDQGDUG PHWKRG�

���� 0HDVXUHPHQW RI PLFUR�SDUWLFOHV LQ VXSHU�

QDWDQW DIWHU VHGLPHQWDWLRQ IRU 69
��

7KH PLFUR�SDUWLFOHV VXVSHQGHG LQ WKH VXSHUQDWDQW

RYHU WKH VOXGJH �69��� ZHUH VSHFWURSRWRPHWULFDOO\

PHDVXUHG DW ��� QP DV DQ RSWLFDO GHQVLW\�

�� 5HVXOWV DQG 'LVFXVVLRQ

7KH FRQWLQXRXV YDULDWLRQV RI HQYLURQPHQWDO IDFWRUV�

VXFK DV WHPSHUDWXUH� LRQLF VWUHQJWK� VDOW FRQFHQWUDWLRQ

DQG FRQFHQWUDWLRQ RI FKDUJHG LRQLF FRPSRXQGV� FDQ DFW

DV D VLJQDO� 7KH VRPH VLJQDOV DUH SRVVLEOH WR VWLPXODWH

RU RWKHUV DUH SRVVLEOH WR LQKLELW WKH EDFWHULDO JURZWK�

*HQHUDOO\� WKH EDFWHULDO JURZWK KDV WR EH DFWLYDWHG

XQGHU HQYLURQPHQW ZLWK JURZWK IDFWRU DQG JRRG VLJQDOV�

E\ ZKLFK WKH EDFWHULDO PDVV FDQ EH LQFUHDVHG DQG

VXEVWUDWH FRQVXPSWLRQ KDV WR EH LQFUHDVHG� $QG WKH

LQKLELWRUV RU EDG VLJQDOV FDQ LQIOXHQFH RQ WKH EDFWHULDO

JURZWK� E\ ZKLFK� KRZHYHU� WKH EDFWHULDO PHWDEROLVP IRU

R[LGDWLRQ RI VXEVWUDWHV PD\ EH DFWLYDWHG IRU SURGXFWLRQ

RI PRUH HQHUJ\� ,QKLELWRU\ IDFWRUV H[FHSW WKH DQWLELRWLFV

)LJ� �� 6FKHPDWLF VWUXFWXUH RI ELRUHDFWRU ZLWK HOHFWURGHV�
E\ ZKLFK HOHFWULF ILHOG ZDV FRQVWUXFWHG EHWZHHQ
WZR HOHFWURGHV� 7KH HOHFWULF SROH ZDV SHULRGLFDOO\
FRQYHUWHG IURP QHJDWLYH WR SRVLWLYH RU IURP
SRVLWLYH WR QHJDWLYH DW LQWHUYDO RI �� PLQ� 7KH
GLVWDQFH EHWZHHQ WZR HOHFWURGHV ZDV ��� PP DQG
GHSWK RI UHDFWRU ZDV ���PP� 5HDFWRU YROXPH�
DHUDWLRQ VSHHG DQG WHPSHUDWXUH ZHUH DGMXVWHG WR
�� OLWHU� �� OLWHU SHU PLQXWH DQG ��R&� UHVSHFWLYHO\�
7KH FKDUJHG FKHPLFDOV PD\ PRYH WKURXJK WKH
HOHFWULF ILHOG IURP DQRGH WR FDWKRGH RU UHYHUVH
GLUHFWLRQ�
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FDQ VXSSUHVV WKH EDFWHULDO JURZWK EXW QRW NLOOHG� 6RPH

LRQRSKRUH ZDV UHSRUWHG WR PDNH EDFWHULDO FHOO FRQVXP�

LQJ PRUH HQHUJ\ IRU RYHUFRPLQJ HIIHFWV RI WKH LQKLELWRU\

IDFWRUV� :H RSHUDWHG WKH ELRUHDFWRU IRU ZDVWHZDWHU

WUHDWPHQW IRU �� GD\V DQG DGGHG IUHVK VXEVWUDWHV WR WKH

UHDFWRU WZR WLPHV PRUH DIWHU VWDUWLQJ WKH RSHUDWLRQ DW

�WK DQG ��WK GD\� $V VKRZQ LQ )LJ� �� WKH &2' FRQVXPS�

WLRQ ZDV PRUH GHFUHDVHG XQGHU HOHFWULF ILHOG IRUPLQJ LQ

WKH ELRUHDFWRU WKDQ LQ FRQWURO UHDFWRU� 7KLV VKRZV WKDW

WKH LRQLF FKDUJH YDULDWLRQ LQ WKH HOHFWULF ILHOG FDQ

DFWLYDWH EDFWHULDO PHWDEROLVP RU EDFWHULDO JURZWK� $V

VKRZQ LQ )LJ� �� WKH 0/66 ZDV KLJKHU XQGHU WKH

HOHFWULF ILOHG IRUPLQJ LQ WKH ELRUHDFWRU ZLWK WKH

HOHFWURGH� 7KLV LV D FOXH WKDW WKH EDFWHULDO JURZWK ZDV

DFWLYDWHG XQGHU HOHFWULF ILHOG DQG WKH LQFUHDVHG ELRPDVV

PDNHV LQFUHDVLQJ WKH VXEVWUDWH FRQVXPSWLRQ HIILFLHQF\

RI EDFWHULD� :H GLG QRW H[SHFW WKDW WKH 71 DQG 73 ZHUH

GHFUHDVHG LQ WKH ELRUHDFWRU ZLWK DQG ZLWKRXW HOHFWULF

ILHOG EHFDXVH WKLV V\VWHP ZDV RSHUDWHG XQGHU VWULFW

DHURELF FRQGLWLRQ� 8QGHU FRQVWDQW DHURELF FRQGLWLRQ� WKH

EDFWHULD FDQQRW GR WKH DQDHURELF UHVSLUDWLRQ ZLWK QLWUDWH

DV DQ HOHFWURQ DFFHSWRU� $V VKRZQ LQ )LJ� � DQG )LJ� ��

)LJ� �� &2' YDULDWLRQ RI ZDVWHZDWHU EHLQJ WUHDWHG LQ WKH
IHG�EDWFK W\SH ELRUHDFWRU ZLWKRXW HOHFWULF ILHOG
�ø�� ZLWK � YROW HOHFWULF ILHOG ��� DQG � YROW
HOHFWULF ILHOG �ý� EHWZHHQ WZR HOHFWURGHV� 7KH
DUURZ PDUNV LQGLFDWH WKDW QHZ VXEVWUDWH ZDV
DGGHG WR WKH UHDFWRU WKDW LV D IHG�EDWFK V\VWHP
ZLWKRXW UHPRYDO RI SURGXFWV�

)LJ� �� 0/66 YDULDWLRQ RI ZDVWHZDWHU EHLQJ WUHDWHG LQ WKH
IHG�EDWFK W\SH ELRUHDFWRU ZLWKRXW HOHFWULF ILHOG
�ø�� ZLWK � YROW HOHFWULF ILHOG ��� DQG � YROW
HOHFWULF ILHOG �ý� EHWZHHQ WZR HOHFWURGHV� 7KH
DUURZ PDUNV LQGLFDWH WKDW QHZ VXEVWUDWH ZDV
DGGHG WR WKH UHDFWRU WKDW LV D IHG�EDWFK V\VWHP
ZLWKRXW UHPRYDO RI SURGXFWV�

)LJ� �� 7RWDO QLWURJHQ YDULDWLRQ RI ZDVWHZDWHU EHLQJ
WUHDWHG LQ WKH IHG�EDWFK W\SH ELRUHDFWRU ZLWKRXW
HOHFWULF ILHOG �ø�� ZLWK � YROW HOHFWULF ILHOG ��� DQG
� YROW HOHFWULF ILHOG �ý� EHWZHHQ WZR HOHFWURGHV�
7KH DUURZ PDUNV LQGLFDWH WKDW QHZ VXEVWUDWH ZDV
DGGHG WR WKH UHDFWRU WKDW LV D IHG�EDWFK V\VWHP
ZLWKRXW UHPRYDO RI SURGXFWV�

)LJ� �� 7RWDO SKRVSKRUXV YDULDWLRQ RI ZDVWHZDWHU EHLQJ
WUHDWHG LQ WKH IHG�EDWFK W\SH ELRUHDFWRU ZLWKRXW
HOHFWULF ILHOG �ø�� ZLWK � YROW HOHFWULF ILHOG ��� DQG
� YROW HOHFWULF ILHOG �ý� EHWZHHQ WZR HOHFWURGHV�
7KH DUURZ PDUNV LQGLFDWH WKDW QHZ VXEVWUDWH ZDV
DGGHG WR WKH UHDFWRU WKDW LV D IHG�EDWFK V\VWHP
ZLWKRXW UHPRYDO RI SURGXFWV�
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WKH 71 DQG 73 ZHUH QRW GLIIHUHQW EHWZHHQ UHDFWRUV

ZLWK HOHFWULF ILHOG DQG ZLWKRXW HOHFWULF ILHOG� 7KLV LV D

UDWLRQDO UHVXOW� ZKLFK KDV EHHQ H[SHFWHG IURP WKH WLPH

ZKHQ WKH UHDFWRU ZDV GHVLJQHG� +RZHYHU� WKH KDOI

VHGLPHQWDWLRQ WLPH DQG 69�� ZHUH LQIOXHQFHG E\ WKH

HOHFWULF ILHOG IRUPLQJ LQ WKH ELRUHDFWRU� $V VKRZQ LQ )LJ�

� DQG )LJ� �� WKH IRUPDWLRQ RI IORFNV DQG VHGLPHQWDWLRQ

WLPH ZDV DFWLYDWHG DQG GHFUHDVHG� UHVSHFWLYHO\� XQGHU

HOHFWULF ILHOG IRUPLQJ LQ ELRUHDFWRU� 7KH VHGLPHQWDWLRQ

HIILFLHQF\ ZDV PHDVXUHG E\ RSWLFDO GHQVLW\ RI VXSHUQDWDQW

DIWHU VOXGJH ZDV SUHFLSLWDWHG� $V VKRZQ LQ )LJ� �� WKH

RSWLFDO GHQVLW\ZDV FRQWLQXRXVO\ GHFUHDVHG LQ SURSRUWLRQDO

WR WKH UHDFWLRQ WLPH� ,W VKRZV WKDW WKH ZDVWHZDWHU

WUHDWPHQW HIILFLHQF\ LV JHWWLQJ EHWWHU LQ WKH FRXUVH RI

UHDFWLRQ IRU D ORQJ WLPH� 7RWDOO\� WKH WUHDWPHQW HIILFLHQF\

RI ZDVWHZDWHU XQGHU HOHFWULF ILHOG LV VLPLODU WR WKH YDOXH

ZH H[SHFWHG EHIRUH RSHUDWLRQ�

�� &RQFOXVLRQ

7KH LRQLF FKDUJH YDULDWLRQ IRUPLQJ LQ HOHFWULF ILHOG

EHWZHHQ DQRGH DQG FDWKRGH FDQ DFWLYDWH WKH EDFWHULDO

JURZWK� VXEVWUDWH FRQVXPSWLRQ� VOXGJH IRUPDWLRQ DQG

VHGLPHQWDWLRQ RI VOXGJH� 7KH LRQLF FKDUJH GLG QRW LQKLELW

WKH EDFWHULDO JURZWK DQG PHWDEROLVP EXW ZDV FRQILUPHG

WR DFWLYH WKH EDFWHULDO ZDVWHZDWHU WUHDWPHQW�

$FNQRZOHGJHPHQWV

7KLV UHVHDUFK ZDV VXSSRUWHG E\ WKH &RUH (QYLURQ�

PHQWDO 7HFKQRORJ\ 'HYHORSPHQW 3URMHFW IRU 1H[W

*HQHUDWLRQ �SURMHFW 1R� ����������������� RI .RUHD

,QVWLWXWH RI (QYLURQPHQWDO 6FLHQFH DQG 7HFKQRORJ\�

7KLV UHVHDUFK ZDV VXSSRUWHG E\ D JUDQW 1R� 5���

���������������� IURP WKH %DVLF 5HVHDUFK 3URJUDP RI

WKH .RUHD 6FLHQFH 	 (QJLQHHULQJ )RXQGDWLRQ�

)LJ� �� +67 YDULDWLRQ RI ZDVWHZDWHU EHLQJ WUHDWHG LQ WKH
IHG�EDWFK W\SH ELRUHDFWRU ZLWKRXW HOHFWULF ILHOG
�ø�� ZLWK � YROW HOHFWULF ILHOG ��� DQG � YROW
HOHFWULF ILHOG �ý� EHWZHHQ WZR HOHFWURGHV� 7KH
DUURZ PDUNV LQGLFDWH WKDW QHZ VXEVWUDWH ZDV
DGGHG WR WKH UHDFWRU WKDW LV D IHG�EDWFK V\VWHP
ZLWKRXW UHPRYDO RI SURGXFWV�

)LJ� �� 6HGLPHQW YROXPH YDULDWLRQ RI ZDVWHZDWHU EHLQJ
WUHDWHG LQ WKH IHG�EDWFK W\SH ELRUHDFWRU ZLWKRXW
HOHFWULF ILHOG �ø�� ZLWK � YROW HOHFWULF ILHOG ��� DQG
� YROW HOHFWULF ILHOG �ý� EHWZHHQ WZR HOHFWURGHV
DIWHU WKH 0/66 ZDV SUHFLSLWDWHG� 7KH DUURZ
PDUNV LQGLFDWH WKDW QHZ VXEVWUDWH ZDV DGGHG WR
WKH UHDFWRU WKDW LV D IHG�EDWFK V\VWHP ZLWKRXW
UHPRYDO RI SURGXFWV�

)LJ� �� 6XSHUQDWDQW WXUELGLW\ YDULDWLRQ RI ZDVWHZDWHU
EHLQJ WUHDWHG LQ WKH IHG�EDWFK W\SH ELRUHDFWRU
ZLWKRXW HOHFWULF ILHOG �ø�� ZLWK � YROW HOHFWULF ILHOG
��� DQG � YROW HOHFWULF ILHOG �ý� EHWZHHQ WZR
HOHFWURGHV DIWHU 0/66 ZDV SUHFLSLWDWHG� 7KH
DUURZ PDUNV LQGLFDWH WKDW QHZ VXEVWUDWH ZDV
DGGHG WR WKH UHDFWRU WKDW LV D IHG�EDWFK V\VWHP
ZLWKRXW UHPRYDO RI SURGXFWV�
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