2155-6199

'"HFRQWDPLQDWLRQ RI 'RPHVWLF :DVWHZDWHU ¢
OLIHG %DFWHULD LQ %DWFK 6\VWHP

(EWHVDP (O %HVSWPHG $/ +HHMLQSPHUDQG 5]D] $EGXOUD]DT .DVKPHUL

"HSDUWPHQW RI (QYLURQPHQWDO 6WXGLHV ,QVWLWXWH RI *UDGXDWH 6WXGLHV DQG 5HVHDUFK $OH[DQGUL
'"HSDUWPHQW RI /LIH 6FLHQFHV )DFXOW\ RI 6FLHQFH .LQJ $EGXO $]L] 8QLYHUVLW\ -HGGDK .LQJGRP RI
'"HSDUWPHQW RI (QYLURQPHQWDO %LRWHFKQRORJ\ &LW\ IRU 6FLHQWLILF 5HVHDUFK DQG 7HFKQRORJ\ $SSOL

&RUUHVSRQGLQEWKWERUO %HVWDZ\ 'HSDUWPHQW RI /LIH 6FLHQFHV )DFXOW\ RI 6FLHQFH .LQJ $EGXO $]L]
7HO )DI (HBWHVDPHOEHVWDZ\#\DKRR FRP

. LQRUJDQLFV DPPRQLD URDG VDOW Vt

SHF GDOD $FF GDWH -X@HE GDWH -XQ WKLRF\DWEWRIWXOIDWHV HWF DQLPDO

ERSIULIKW (O %HVWDZ\ ( HW DO 7KLV LV DQ RSHQ DFFHVY\UHAO M GV Wiy WAX WH B puaipi U s HaWH U9)

XQUHVWULFWHG XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ Lle 68B%I‘%PQEH{|%Y6HK{/G ¥\/ E‘OPGUL&ﬁLQQQ/OV\PéW

HWF  JDVHV K\GURJHQ VXOILGH FDU

$EVWUDFW WR[LQV SHVWLFLGHV SRLVRQV KHUELJ

J
7KW WXBAPHG WR LQYHVWLIJDWH WKH DELOL
DV PL[HG FXOWXUH WR GHFRQWDPLQDWH UDZ \gb%‘égﬁ%ﬂﬁ% 58%&& @_‘? ){E‘t&r}
VHOHFWHG DQG LGHQWLILHG XVLQJ WUDGLWIFRRYH DNRzABBYHVLYR &M ERBDHRW
VI\VWHP IRU VHYHQ GD\V 5HVXOWYV LQGLFDWI—V\GJW@(WWHWWHVUWHfD'V\AN-ZIfWQQHZ:[W/H@I
OHYHOV RI DOO WKH WHVWHG SDUDPHWHUV D@D SR WWHDWIFR @) FV Z DV PX QR IF LIEQ©
PL[WXUH RI WKH WHVWHG EDFWHULD FRQVLEGIHZBGWWEBWRRY WIWHIQFUHQ W UR UV /KA
3VHXGRPRQDV VWXW]HUL 36 ZDV SHUIHFW MMMRRK{LFQQ\RWQWQRIQQD@WWﬁMH%Vguﬁ
FRQVLGHUHG WKH PRVW HIILFLHQW IRU UHPRDY @Jwﬁ@mﬁg\ow%%%wzsw WE URAB

&)8 PO UHVSHFWLYHO\ GLVFKDUJH OLPLWYV

GLVFKDUJLQJ RI GRPHVWLF DQG LQGXVWULD\(]) gg@% %%%éﬁg LFU %gﬁpﬁé
HIILFLHQFLHV RI 766 )2* DQG 7& UHFRUGLZg O R o
DQG SDUDVLWLF ZRUPV DQG QRQ SDWKRJIHOQLE YitwERM }H PLFUR§ '-V VLQ D PI
IRU VHZDJH &KHPLFDOO\ VHZDJH zZDWHU Lv DPENEHNP PRGy UE RIDD \RQVXPH
GLVWLQFWLYH FKHPLFDO FKDUDFWHULVWLFV ZRRWRR LJQDFQ; % x V\}LWMPU(%/XA% k RH
GLVVROYHG VROLGV KLJK DONDOLQLW\ DQgHF W\%QI—G BR U B85 Ko Fi'é’WWk}Q V VR
DQG 7ULKDORPHWKDQHY DUH DOVR OLNHO\ ‘WK BW KW o W \5 URVED W TR LS BTG
GLVLQIHFWLRQ &KHPLFDO FRQWDPLQDQWV L E'(%QQI—C?'?%LUJBV 1P WiB b W HAWWVSDA’FHQ/F‘”
KDLUV IRRG YRPLW SDSHU ILEUHV sobQw PDYRYL00 ®XxPxv HWF VROXEOH

RUJDQLFV XUHD IUXLW VXJDUV VROXEOH SURWHRUQW HGY KWL RK DY DTN EWULERO \G H'
HWF LQRUJDQLFV VDQG JULW PHWDO SDRWKBOHIYG RXW ZLAYH WH WSD U WIRFGOOBHD \






KHUH , &LWLDO &4RQFHQWUDWLRQ EHIRUH 7UHDWPHQW =HUR 7LPH

5& 5GHVLGXDO &RQFHQWUDWLRQ DIWHU 7UHDWPHQW DW HDFK ([SRVXUH
7LPH

SHVXOWYV

,VRODWLRQ DQG FKDUDFWHUL]DWLRQ RI LQGLJHQRXV EDFWHULD

&RORQ\ PRUSKRORJ\ DQG WKH PLFURVFRSLF FHOO H[DPLQDWLRQ DV ZHOO DV
*UDP VWDLQ UHDFWLRQ Rl WKH SXULILHG EDFWHULD GDWD QRW VKRZQ UHYHDOHG
WKDW WZR RI WKH LVRODWHG LQGLJHQRXV EDFWHULD ZHUH *UDP SRVLWLYH URGYV
5] DQG 5] DQG WKH UHVW ZHUH *UDP QHJDWLYH URGV $FFRUGLQJ WR WKH
$3, ELRFKHPLFDO SURILOHV 7DEOH LQGLJHQRXV EDFWHULD ZHUH PRVW
SUREDEO\ DIILOLDWHG WRSUHXBE RPRHOTLIH\FHSYFADOG L Q J
5] 5] DQG (RIWHUREDFWHU TJJORENUEQ DD
SQHXPR®ILD 6DOPRQHOOD]| DDIFBERBNOQHUL YV

o7 ]

%DFWHULDO &R¥®BH ,GHQWLILFDWLRQ
(QWHUREDFWHU DG@JORPHUDQV
5] ( FORDJDH
3VHGXRPRQDV /BHSDFLD
5] 3 PDOWRSKLOLD
5] 6DOPRQHOOD DUL]RQDH

5] .OHEV ISHQ®X P RBLSEB



JLIXUHAHLJKERU -RLQLQJ 7UHH %DVHG RQ 6 U51$ 6HTXHQFHV RI

WKH ,QGLJHQRXV DQG ([RIJIHQRXV %DFWHULD (YROXWLRQDU\ GLVWDQFHYV

ZHUH FDOFXODWHG XVLQJ WKH .LPXUD PRGHO XVLQJ 0(*$ VRIWZDUH

7KH QXPHUDOV VKRZ WKH UHVXOWYV RI WKH ERRWVWUDS DQDO\VLYVY YDOXHV IURP
UHSOLFDWHVY RQO\ ERRWVWUDS YDOXHV DERYH ZHUH VKRZQ 7KH

VHTXHQFH LQ EROG ZDV GHWHUPLQHG LQ WKLV ZRUN

'LVVROYHG R[\JHQ '2

'2 OHYHOV RI WKH VHHGHG DQG XQ VHHGHG ZDVWHZDWHU UHFRUGHG
QRWLFHDEOH YDULDWLRQV ZLWK WLPH 'DWD QRW VKRZQ $ UHPDUNDEOH
GHFUHDVH LQ WKH UDZ ZDVWHZDWHU '2 PJ O ZDV UHFRUGHG ZLWK
LQFUHDVLQJ H[SRVXUH WLPH FRPSDUHG WR WKH FRQWURO XQ VHHGHG
ZDVWHZDWHU 7KLV LV PDLQO\ GXH WR LQFUHDVH '2 FRQVXPSWLRQ GXULQJ
R[LGDWLRQ RI WKH LQFOXGHG RUJDQLF PDWWHU ZLWK WKH DGGLWLRQ RI EDFWHULTEL
$PRQJ WKH WHVWHG VSHFLHV WKH PL[HG FXOWXUH H[KLELWHG WKH KLJKHVW
ELRGHJUDGDWLRQ DFWLYLW\ VKRZQ DV VKDUS GHFUHDVH LQ WKH '2 UHDFKLQJ



&KHPLFDO R[\JHQ GHPDQG &2 DXJPHQWHG EDFWHULD RQ WKH SDWKRJHQL

5DZ ZDVWHZDWHU UHFRUGHG UHODWLYZHDa/\WIyLZJDKWEZQ OHYHO PJ O DW
WKH JHUR WLPH ZKLFK LV SURSRUWLRQDE®I\ ZMWHDBMWBUZVWRZ WE PIHL 1K) ARX®Q WV
ZDVWHZDWHU VDPSOHV VHHGHG DQG QRW POHDRIGLRY W8 B®RzHWWPUQIWHIXBOFW
FRQFHQWUDWLRQ 5& DW WKH ODVW H[YRVPOUWNOFEOH)REXOHWWYWIRYKH: AP AEWHPR
&2' UHPRYDOV E\ DOO WUHDWPHQWYV ZH UMK AL H ®HEX @ WAKIIIHD HTKIHE LIWOR/GY W KK BCIL J K H
H[SRVXUH WLPH 6LJQLILFDQW YDULDWER®@% LQ WXH &2' DRSRYDJ'"@RUBRW HYERV X

UHFRUGHG DPRQJ WKH WHVWHG EDFWHUEZBHZ MRR I8 65 P ROWH.IG@ LZHPY W KIHF RPUIRG/RVG DIFRW L W

5 ( IROORZHG E\ WKH 5] PL[HG VK ODVORBRN W UsH{PRYDO UHFRUGHG E\ W
5] DQG ILQDOO\ WKH FRQWUWBHZOWKWVRR\ GRR ZHHBWVXIKILHY H G
HIILFLHQF\ DOO DIWHU GD\V FRQILUPLQJ SRZHUIXO DELOLW\ RI WKH

DXJPHQWHG EDFWHULD

%LRFKHPLFDO R[\JHQ GHPDQG %2'

7KH UHFRUGHG %2' OHYHO LQ WKH UDZ HIIOXHQW PJ O ZDV
SURSRUWLRQDOO\ GHFUHDVHG ZLWK WLPH LQ DOO WKH VHHGHG ZDVWHZDWHU
VDPSOHV RQO\ UHDFKLQJ WKH ORZHVW UHVLGXDO FRQFHQWUDWLRQ 5& DW WKH
ODVW H[SRVXUH GD\ )LJXUH & 'XULQJ WKH ILUVW K IRXU ZDVWHZDWHU
VDPSOHV 6 36 PL[HG FXOWXUH DQG WKH FRQWURO VKRZHG LQFUHDVHV LQ
WKH %2' ZLWK GLIITHUHQW SURSRUWLRQV 36 DQG WKH PL[HG FXOWXUH
ZDVWHZDWHUV VKRZHG YHU\ VOLJKW %2' LQFUHDVHYV ZKLOH 6 VHHGHG
DQG FRQWURO ZDVWHZDWHUV VKRZHG VLIJQLILFDQWO\ KLJKHU LQFUHDVHV DQG
UHVSHFWLYHO\ 7KHVH LQFUHDVHV UHIOHFW WR[LFLW\ RI WKH ZDVWHZDWHU
WKDW OHG WR WKH GHDWK Rl VRPH EDFWHULDO FHOOV DGGLQJ WKHLU RUJDQLF PDYV
WR WKH ZDVWHZDWHU FRQWDLQHG WKHP 5] DQG 5] UHSUHVHQW WKH PRVW
UHVLVWDQW VWUDLQV IROORZHG E\ 36 WKH PL[HG FXOWXUH DQG ILQDOO\ 6
%DFWHULD LQKDELWLQJ WKH GRPHVWLF ZDVWHZDWHU UHSUHVHQW WKH PRVW
VHQVLWLYH VWUDLQV DQG VKRZHG UHJXODU GHDWK DQG LQFUHDVH LQ WKH %2'
ZLWK WLPH LQ WKH FRQWURO ZDVWHZDWHU UHDFKLQJ WKH KLIKHVW OHYHO
DIWHU GD\V

5HPRYDO HIILFLHQF\ Rl WKH %2' LQFUHDVHG UHJXODUO\ LQ DOO WKH VHHGHG
ZDVWHZDWHU VDPSOHV XQWLO WKH ODVW H[SRVXUH GD\ 36 H[KLELWHG WKH
KLIKHVW 5( Rl %2' IROORZHG E\ WKH PL[HG FXOWXUH 5] 5] DQG ILQDOO\

6 ZLWK WKH OHDVW 5( UHFRUGLQJ DQG
UHVSHFWLYHO\ DIWHU GD\V +RZHYHU FRQWURO ZDVWHZDWHU GLG QRW DFKLHYH
DQ\ UHPRYDO EXW H[KLELWHG %2' DGGLWLRQ L H IROG RI WKH LQLWLDO

%2' DIWHU WKH VDPH WLPH

)DW RLO DQG JUHDVH )2*

)2* LQ WKH UDZ ZDVWHZDWHU UHFRUGHG PJ O ZKLFK FRQVLGHUHG
KLJK OHYHO 7KH EXON UHPRYDOV Rl )2* WRRN SODFH GXULQJ WKH ILUVW K
DQG JUDGXDOO\ GHFUHDVHG ZLWK WKPH LQ DOO WUHDWPHQWY WLOO WKH
H[SRVXUH GD\ )LJXUH $ 5] DQG 5] H[KLELWHG WKH KLJKHVW 5(
IROORZHG E\ WKH PL[HG FXOWXUH 36 DQG ILQDOO\ 6 DQG
UHVSHFWLYHO\ +RZHYHU FRQWURO ZDVWHZDWHU VKRZHG RQO\
FRQILUPLQJ WKH DELOLW\ Rl WKH ELRDXJPHQWDWLRQ RI EDFWHULD

7TRWDO FROLIRUPVY 7& DQG IHFDO FROLIRUP )&

6LQFH WKH SUHVHQW VWXG\ GHDOV ZLWK GRPHVWLF ZDVWHZDWHU WRWDO DQG
IHFDO FROLIRUP 7& DQG )& DUH WKH PRVW LPSRUWDQW TXDOLW\ SDUDPHWHUV
GXH WR WKHLU HIIHFW RQ WKH UHFHLYLQJ ZDWHU ZLWK WKHLU SDWKRJHQLF ORDG
7KH\ DOVR GHWHUPLQH WKH HIILFLHQF\ Rl WKH WUHDWPHQW SURFHVV
(OLPLQDWLRQ RU PLQLPL]DWLRQ RI 7& DQG )& FRXQW LQGLFDWHV HIILFLHQW
WUHDWPHQW ZKLOH LQFUHDVLQJ 7& DQG )& LQGLFDWHY WKH RSSRVLWH 5( RI
7& DQG )& )LIJXUH % DQG & ZHUH SRVLWLYHO\ FRUUHODWHG ZLWK WLPH LQ
DOO VHHGHG ZDVWHZDWHUV ZKLOH DEVROXWHO\ QR UHPRYDO ZDV UHFRUGHG LQ
WKH FRQWURO VDPSOH FRQILUPLQJ WKH DQWDJRQLVWLF HIIHFWV Rl WKH



GLUHFWO\ DIIHFWHG LWV SHUIRUPDQFH WIISHDRR/ Ve RAQLFRRQWURO GBVY¥RGWDWHQDWL
VDPSOH VKRZHG WKH RSSRVLWH WUHQG ZLWK FRQWLQXRXV LQFUHDVH LQ WKH 7&

VWDUWLQJ IURP DIWHU RQH GD\ WR DIWHU GD\V DQG FRQWLQXRXYV
LQFUHDVH LQ WKH )& UDQJHG EHWZHHQ D PLQLPXP RI DQG PD[LPXP
R1 LQGLFDWLQJ WKH DEVHQFH RI DQWDJRQLVWLF EDFWHULD WKDW FDQ NLOO

DQG DVVLPLODWH FROLIRUP EDFWHULD

JLIXUBHPRYDO (IILFLHQF\ 6WLPXODWLRQ 5(6 RI $ )2* %
7& DQG & )& LQ WKH 5DZ DQG 7UHDWHG :DVWHZDWHU DW 'LIIHUHQW
([SRVXUH 7LPHV

'LVFXVVLRQ

$PRQJ WKH ZDVWHZDWHU LQGLJHQRXV LVRODWHYV RQO\ WZR 5] DQG
5] DV ZHOO DV WZR H[RJHQRXV VWUDLQV 6 DQG 36 VKRZHG WKH DELOLW\ WR
FODULI\ GRPHVWLF ZDVWHZDWHU LQGLFDWLQJ WKDW WKH\ SRVVHVV WKH UHTXLUHC
GHJUDGLQJ HQ]J]\PHVY OROHFXODU FKDUDFWHUL]DWLRQ RI WKH PRVW DFWLYH
EDFWHULD UHYHDOHGAK KWL B A DDBRRBA QF QR D

YHUPLFROBDFLO® XV ISVEHESGRPRIIDIBG6 7KH
PL[HG FXOWXUH FRPELQDWLRQ ZLWK D IRXU VHOHFWHG FXOWXUHV SURYHG WR EH



ZDV DFKLHYHG XVLGDMKHOXWVHBPOQRROQIXHIDFLHQYV
6 DIWHU GD\ ZKLFK LV IROG KLJKHU WKDQ LWV PD[LPXP


http://www.pub.gov.sg/water/newater/Pages/default.aspx
http://www.ncbi.nlm.nih.gov/pubmed/17462712
http://www.ncbi.nlm.nih.gov/pubmed/17462712
http://www.ncbi.nlm.nih.gov/pubmed/17462712
http://www.ncbi.nlm.nih.gov/pubmed/17462712
http://jhmas.oxfordjournals.org/content/66/2/258.extract
http://jhmas.oxfordjournals.org/content/66/2/258.extract
http://jhmas.oxfordjournals.org/content/66/2/258.extract
http://www.nitw.ac.in/departments/chemical/srinunaik
http://www.nitw.ac.in/departments/chemical/srinunaik
http://www.nitw.ac.in/departments/chemical/srinunaik
http://www.nitw.ac.in/departments/chemical/srinunaik

7TLOOH\ ") $HURELF :DVWHZDWHU 7UHDWPHQW 3URFHVVHV +LVWRU\ DQG
'"HYHORSPHQW ,:$ 3XEOLVKLQJ

+HQJH YDQ /RRVGUHFKW 0&0 (NDPD *$ %UGMDQRYLF ' HGYV

%LRORJLFDO :DVWHZDWHU 7UHDWPHQW 3ULQFLSOHV ORGHOOLQJ DQG 'HVLJQ ,:$
3XEOLVKLQJ

%HQLGLEFNVR@KH &XOWXUH RI )OXVKLQJ $ 6RFLDO DQG /HJDO +LVWRU\

RI 6HZDJH 8QLY Rl %ULWLVK &ROXPELD 8%& 3UHVV

(OHVWDZ\ ( ,EUDKLP += %LRUHPHGLDWLRQ RI FDUERIXUDQ IURP
FROQWDPLQDWHG PHGLD XVLQJ VRLO EDFWHULD $VVLXW 8QLYHUVLW\ - %RWDQ\

(OHVWDZ\ ( +XVVHLQ + %DJKGDGL ++ (O 6DND O ,QWHJUDWLRQ

DSSURDFK IRU QXWULHQWV UHPRYDO YLD FRPELQHG ELRORJLFDO FKHPLFDO
WUHDWPHQW RI ZDVWHZDWHU (J\SWLDQ -RXUQDO RI %LRWHFKQRORJ\

(OHVWDZ\ ( (O ODVU\ 0+ (O $GO 1 7KH SRWHQWLDOLW\ RI IUHH

*UDP 1HIJDWLYH EDFWHULD IRU UHPRYLQJ RLO DQG JUHDVH IURP FRQWDPLQDWHG
LQGXVWULDO HIIOXHQWY :RUOG -RXUQDO RI OLFURELRORJ\ DQG %LRWHFKQRORJ\

(%HVWDZ\ ( +XVVHLQ + %DJKGDGL ++ (O 6DND 0) &RPSDULVRQ

EHWZHHQ ELRORJLFDO DQG FKHPLFDO WUHDWPHQW RI ZDVWHZDWHU FRQWDLQLQJ
QLWURJHQ DQG SKRVSKRUXV - ,QGOLFURELRO%LRWHFKQRO

(MHHVWDZ\ ( (O 6BRNNDU\ , +XVVHLQ + )DURXN $ 3ROOXWLRQ

FRQWURO LQ SXOS DQG SDSHU LQGXVWULDO HIIOXHQWYV XVLQJ LQWHJUDWHG FKHPLFDO
ELRORJLFDO WUHDWPHQW VHTXHQFHV -RXUQDO Rl ,QGXVWULDO OLFURELRORJ\ DQG
%LRWHFKQRORJ\

&OHVFHUWUHHQEHUJ &* (DWRQ $' 6WDQGDUG OHWKRG IRU WKH

([DPLQDWLRQ RI :DWHU DQG :DVWHZDWHU WKHGQ $PHULFDQ 3XEOLF

+HDOWK $VVRFLDWLRQ $3+$ :DVKLQJWRQ

0D <- 'LVVHQ *$ 5DJH ) 2MHGD 65 51DVH 3URWHFWLRQ $VVD\
OHWKRGV

$OWVEHKXDVK : OLOOHU : O\HUV (: /LSPDQ '- %DVLF ORFDO
DOLIJQPHQW VHDUFK WRRO - ORO%LRO

+DOO %. +RPRORJ\ ,QWURGXFWLRQ 1RYDUWLYV )RXQG 6\PS

(MHVWDZ\ ( O0DQV\ $+ ODQVHH $+ (O .RZHLG\ $+



	Contents
	Decontamination of Domestic Wastewater Using Suspended Individual and Mixed Bacteria in Batch System
	Abstract
	


