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�O=DU=� CUwO|Hvo u}UL
TQOt C}@ QD x=oWv=O 'CU} R \}Lt w u=Qta |UOvyt |xOmWv=O

QO w |@ wQm}t C}atH 'l =N \}=QW QO C}@]k ?w=vDt Z} waD QF= 'Q[=L VywSB QO
|x} wU Qw[L QO l}Dv}mwQDmr=w}@ VwQ x@ |UQ l =N R= s=N Civ hPL u=tOv=Q xH}Dv
u=}O=Qo w s=N Civ |x}rw= C_re QF= |@=} RQ= x@ w |UQQ@ Pseudomonas Putida

QO 'pY=L G}=Dv j@] "CU= xOW xDN=OQB l =N |x}iYD u=R}t QO xOW p=ta= S=Drw
u=} QH QO u; Q}F-=D w l =N pH O}OW C=Q}}eD Cra x@ 'C}@]k Z} waD uwO@ |=yV}=tR;
"OwW|t xDU=m s=N Civ |x} RHD MQv R= u=tR CWPo =@ '=y|QDm =@ C}r=ai w RtU=wQDmr=
|FvN |xOwOLt QO l =N pH 'C}@]k ?w=vDt Z} waD p=ta= =@ xm CU= |r=L QO u}=
=}yt x}iYD u=tOv=Q V}=Ri= xH}Dv QO w =y|QDm =@ QDy@ C}r=ai |=Q@ \}=QW w OwW|t ^iL

|OYQO 20 V}=Ri= Ea=@ xDa=U l} C}@]k Z} waD 'Q[=L |xar=]t QO "OwW|t
=@ xU}=kt QO 's=N Civ sQowr}m Q@ sQo|r}t 6000 x@ xOwr; l =N R= xOv}q; hPL u=tOv=Q
xOv}q; |x}rw= C_re V}=Ri= 'QwmPt Ov}=Qi QO 'u}vJty "OW C}@]k Z} waD uwO@ Cr=L

"OW xOv}q; hPL u=tOv=Q Ow@y@ xH}Dv QO w x} RHD u=R}t V}=Ri= x@ QHvt S=Drw u=}O=Qo w
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'C}@]k Z} waD 'l}Dv}mwQDmr= w}@ '|Div |oOwr; 'l =N |x}iYD %|O}rm u=oS=w
"pH

xtOkt "1
Q}=U x@ C@Uv l}Dv}mwQDmr= VwQ [2]"CU= 3R}UQwiwQDmr= w 2|m} QDmr= CQH=yt
Qo}O R= [10�8]"OQ=O u}}=B |Q}PBPwiv =@ |=yl =N QO |QDy@ |}=Q=m 'x}iYD |=yVwQ
u=tR |@Uv uOw@ x=Dwm '=HQO |x}iYD C}r@=k x@ u=wD|t l}Dv}mwQDmr= VwQ |=}=Rt
|}=yC}OwOLt R}v XwYN u}= QO 'p=L u}= =@ "OQm xQ=W= =yxv} Ry Vy=m w x}iYD
u}vJty w =yOwQDmr= h=Q]= QO pH O}OW C=Q}}eD =yu; u} QDsyt R= xm OQ=O OwHw
C}iQ_ w h}a[ C}rqL p}rOx@ |@]kQ}e |r; |=y?}mQD R}J=v hPL u=tOv=Q

[11]"CU= sm |@PH=w
u=tOv=Q Ow@y@ w xOW QmP |=yVwQ R= l} Qy |=yC}OwOLt Vy=m Qw_vt x@
u=wva =@� QwmPt VwQ wO j}irD x@ u=QoWywSB |NQ@ 'hrDNt |=yxOv}q; |x}iYD
CUO |y=oW}=tR; T=}kt QO |@ wr]t G}=Dv x@ w xDN=OQB �l}Dv}mwQDmr=w}@ VwQ
uOv=UQ hOy =@ u; QO xm CU= |WwQ 'l}Dv}mwQDmr=w}@ VwQ [24�12]"Ov=xDi=}
uO=O CmQL =} '=yxOv}q; x@ |Pet O=wt w uwQDmr= |=yxOvQ}o '=ysU}v=oQ=wQm}t
|m} Swrw}@ |x}iYD '|m} QDmr= u=O}t \UwD =ysU}v=oQ=wQm}t CtU x@ =yxOv}q;
l}Dv}mwQDmr= Ov}=Qi j}irD '|rm Qw] x@ [25]"OwW|t x=Qty l}Dv}mwQDmr= Ov}=Qi =@
OwHwt |=ysU}v=oQ=wQm}t xm OwW|t |L=Q] Qw_vt u}= x@ |m} Swrw}@ |R=Um =B w

"CU= |m} Swrw}@ |=yOv}=Qi R= xO=iDU= 'xOwr; |=yl =N |x}iYD |=yVwQ R= |m}
�=y|QDm =@ xOta Qw] x@� =ysU}v=oQ=wQm}t OQ@ Q=m R= CQ=@a |m} Swrw}@ |x}iYD
|DU} R \}=QW CLD QDxO=U O=wt x@ =yu; p}O@D w hrDNt |=yxOv}q; |x} RHD |=Q@
'=ysU}v=oQ=wQm}tu=tRsy Qw[L|m} Swrw}@ |x}iYDC}kiwt\QW [1]"CU=?U=vt
|=Q@ |QwQ[ |Pet O=wt w uwQDmr= |=yxOvQ}o '�=ysU}v=oQ=wQm}t |=Pe� =yxOv}q;
'u}}=B |m}rwQO}y C}=Oy =@ xv=OR} Q |=yl =N QO =t= "CU=ysU}v=oQ=wQm}t OWQ
'l =N QO uS}Um = Pwiv sOa R}v w xOv}q; w |QDm =@ CmQL QO C}OwOLt p}rOx@

"CU= x=Qty C}OwOLt =@ ,qwtat xOW QmP Ov}=Qi s=Hv=
l}Dv}mwQDmr= Ov}=Qi 'xOwr; |=yl =N |R=Ul =B QO Qo}O |xOW xO=iDU= VwQ
uwQO xOW x}@aD |=yOwQDmr= u=}t R= sm COW =@ xD}U} QDmr= u=} QH u; |] xm CU=
'l}Dv}mwQDmr=VwQ x@ l =N|R=Ul =B R=|rY=hOy [7�2]"OwW|t xO=O Qw@al =N
'1R}rwQDmr= %pt=a3\UwD|U}]=vet u=O}tCLD xOv}q;C=QPCQH=yt QO|Q=PoQF=
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|=Q@ |Qi=@ |=y?}mQD |q=@ hQYt Ea=@ �C}@]k Z} waD uwO@� l}Dv}mwQDmr=w}@
sQo u}vJty w |@ wQm}t C}r=ai QO u; |ivt Q}F-=D w =yOwQDmr= h=Q]= QO pH pQDvm
CqmWt =yOwQDmr= C}@]k Z} waD =@ xm |r=L QO 'CU= xOW l =N \}Lt uOW
urw�=m l =N |x}iYD QO 2016 p=U QO u}vJty [32]"CU= xOW p}OaD QwmPt
|y@=Wt G}=Dv 'C}@]k Z} waD =@ l}Dv}mwQDmr=w}@ Ov}=Qi R= xO=iDU= =@ pR}O x@ xOwr;
VwQ x@ |}xkrLOvJ l}D=twQ; |=yu@ QmwQO}y |x}iYD QO [33]"CU= xOW VQ=Ro
QDy@ OWQ 'Q=O}=B |m} QDmr= u=} QH O=H}= Ea=@ C}@]k Z} waD R}v l}Dv}mwQDmr=w}@
[34]"CU= xOW ��60 hPL u=tOv=Q� xOv}q; QDQF-wt |m} Swrw}@ |x} RHD w =y?wQm}t
Civ x@ Civ |xQ}NP uR=Nt w =yx=oW}q=B h=Q]= l =N |oOwr; x@ xHwD =@
lD}v}mwQDmr=w}@ VwQ |UQQ@ x@ Q[=L VywSB QO '=yu; |R=Ul =B CQwQ[ w s=N
xDN=OQB |y=oW}=tR; T=}kt QO 's=N Civ x@ xOW xOwr; |UQ l =N |x}iYD QO
|QDm =@ |x} wU R= uwvm =D 'Q[=L Q=DWwv u=oOvU} wv C=aq]= j@] "CU= xOW
xO=iDU= s=N Civ x@ xOwr; l =N |x}iYD QO |}=yvD x@ Pseudomonas Putida

|m} Swrw}@ |x} RHD CyH QwmPt |x} wU lD 'Q[=L VywSB QO =Pr "CU= xOWv
C}@]k Z} waD |r=tDL= Q=F; =D 'CU= xOW xO=iDU= |m} QDmr= u=O}t CLD s=N Civ
QO u}vJty "OwW |UQQ@ QwmPt |x} wU OQmrta w C=}L QO |m} QDmr= u=O}t
|QDm =@ Q}FmD 'l =N \}=QW QO C}@]k ?w=vDt Z} waD QF= |@=} RQ= x@ Q[=L VywSB
Ovv=t |}=yQDt=Q=B Q}F-=D 'xwqa x@ "CU= xOW xDN=OQB s=N Civ |m} Swrw}@ |x} RHD w
xar=]t x}iYD sDU}U OQmrta QO xOW p=ta= |m} QDmr= u=O}t COW w |oOwr; u=R}t

"CU= xOW

=yVwQ w O=wt "2
xO=iDU= OQwt sDU}U "1"2

|=yQwDm =Q R= 'CU= xOW s=Hv= |y=oW}=tR; T=}kt QO xm Q[=L VywSB QO
j@=]t 'Tqo|UmrB TvH R= QDt|Dv=U 5 Q]k w 55 pw] x@ pmW|}xv=wDU=
|v=}t |x_iLt 'QwmPt |=yQwDm =Q QO "OW xO=iDU= =yV}=tR; s=Hv= CyH 1 pmW
7 5 pw] x@l} Qy u}iQ] |=yx_iLt w l =N |Q}oQ=Qk pLt 'QDt|Dv=U 40 pw] x@
Ov; |x_iLt CQw=Ht QO "OW xDiQo Q_v QO C}rwQDmr= |=ypwrLt CyH QDt|Dv=U
|Qw;`tH w |iQYt C}rwQDmr= |Q=Oyov CyH ?}DQD x@ '?U=vt hwQ_ R= OD=m w
C}rwQDmr= |=yx_iLt u}vJty "OW xO=iDU= OD=m CtU x@ xOW pkDvt C}rwQDmr=
R= Tqo|UmrB TvH R= 'l@Wt |}xQ}=O C=LiY \UwD l =N |Q}oQ=Qk pLt w
Q]k x@ |}xQ}=O K]Ut |=yOwQDmr= R}v u=} QH |Q=QkQ@ Qw_vt x@ "OvOW =OH Qo}Om}

"OW xO=iDU= C}i=Qo TvH R= QDt|Dv=U 1 Ct=N[ w 4 8

"l}Dv}mwQDmr=w}@ QwDm =Q l}D=tW "1 pmW

sU}rw@=Dt w Q}FmD 'OWQ =@ =D OvwW p=ai |}xS} w |Pet O=wt R= xO=iDU= =@ l =N QO
VwQ QO 'Qo}O CQ=@ax@ "OQm x} RHD l =N QO =Q |r; |=yxOv}q; u=wD@ '=yu;
|=ysU}v=mt j} Q] R= l}Dv}mwQDmr= Ov}=Qi QO hQ] l} R= l}Dv}mwQDmr=w}@ |k}irD
C}rwQDmr= w =y|QDm =@ 'xOv}q; |}=Hx@=H '""" w |m} QDmr= CQH=yt 'RtU=wQDmr=
VN@ Qy QO xOv}q; |x} RHD =@ |m} Swrw}@ Ov}=Qi QO 'Qo}O |wU R= w OwW|t p}yUD

"OwW|t p}OaD l}Dv}mwQDmr= VwQ uOw@ Q@u=tR 'l =N R=
\=kv R= =y|QDm =@ Q=OCyH p=kDv= C}r@=k 'l}Dv}mwQDmr=w}@ Ov}=Qi |rY= C} Rt
hPL CyH l}Dv}mwQDmr=w}@ Ov}=Qi R= u}vJty [25]"CU= xOv}q; CtU x@ j} QRD
|=yl =N R= �Q=Qi |r; O=wt |NQ@ w =yO}�wrmwvw}O=Q 'u}ovU C=Rri� xOv}q; `=wv=
"OwW|t xO=iDU= =y?wUQ R}v w xv=OR} Q |=yTQ '|Dr}U '|}xU=t '`=@W=Q}e w `=@W=
l =N pm QO |Pet O=wt CN=wvm} VNB 'l}Dv}mwQDmr=w}@ |k}irD Ov}=Qi Qo}O C} Rt
l}Dv}mwQDmr=w}@ hrDNt C=ar=]t QO "CU= X=N C}akwt CtU x@ C}=Oy =} w
xOW xO=iDU= l =N |x}iYD QO \wrNt =} lD CQwY x@ '=y|QDm =@ `=wv= R= uwvm =D

"CU=
R= 'Civ x@ xOwr; l =N |wQ V}=tR; s=Hv= =@ 2010 p=U QO u=QoWywSB |NQ@
""" wBacillus sp. 'Pseudomonas aeruginosa pt=W |=y|QDm =@ ?}mQD
|=y|QDm =@ \wrNt OQ@ Q=m =@ R}v 2011 p=U QO |WywSB QO [19]"Ov=xOQm xO=iDU=
pY=L�36hPLu=tOv=Q 'RwQ 10 R=TB '2(V=cm) S=Drw u=}O=QoCLD Q=wNCiv
x@ xOwr; urw�=m |x}iYD QO l}Dv}mwQDmr=w}@ VwQ '2005 p=U QO u}vJty [26]"OW
u=tOv=Qu} QDW}@ w OW|UQQ@ Pseudomonas sp. |=y|QDm =@ Qw[L QO u=mO=DvB
[26]"Ot; CUO x@ RwQ 14 R= Oa@ 0 63mA=cm2 QO ��77 OwOL� xOv}q; hPL
VwQ R= xO=iDU= =@ pR}O x@ xOwr; l =N |x}iYD R}v '�2011� Qo}O |}xar=]t QO
w Paenibacillus 'Bacillus |=yx} wU \wrNt R= |Q}oxQy@ =@ l}Dv}mwQDmr=w}@
13 \wrNt R= '�2014� |WywSB QO u}vJty [27]"OW |UQQ@ Brevibacillus

Civ x@ xOwr; |twr l =N l}Dv}mwQDmr=w}@ |x}iYD CyH Q=wNCiv |QDm =@ |x} wU
CUOx@ �25 OwOL 'V}=tR; RwQ 60 R= TB Civ hPL u=tOv=Q w OW xO=iDU= s=N
x@ xOwr; l =N |m} Swrw}@ |x}iYD QO R}v Bacillus sp. |=y|QDm =@ [28]"Ot;

[29]"Ov=xO=O u=Wv OwN R= |@ wN OQmrta '|m} QDmr= u=O}t CLD p}�wR=o
QO xm OQ=O OwHw |rt=wa 'l}Dv}mwQDmr=w}@ VwQ |=Q@ xOW u=}@ |=}=Rt Q=vm QO
C}OwOLt u} QDsyt "OR=U|t OwOLt =Q u; OQ@ Q=m w OQ=Po|t |ivt QF= u; |}=Q=m
Ov}=Qi u}L l =N pH C=Q}}eD '|m} Swrw}@ |x}iYD w l}Dv}mwQDmr= VwQ j}irD QO
R= "OwW|t O=H}= =yOwQDmr= h=Q]= QO ?; R}rwQDmr= Cra x@ xm CU= l}Dv}mwQDmr=
xv}y@C}r=ai '�8 =D 6 5�|FvN pH |xOwOLt QO,qwtat =ysU}v=oQ=wQm}t xm|}=Hv;
OD=m w Ov; |=yOwQDmr= CQw=Ht QO?}DQD x@|}=}rk w |O}U= |xy@H p}mWD =Pr &OvQ=O
[22w17]"OwW|t sDU}U u=tOv=Q Vy=m xH}Dv QO w |@ wQm}t C}atH Vy=m Ea=@
?w=vDt Z} waD 'xOW QmP pmWt pL CyH |O=yvW}B |=yQ=my=Q R= |m}
CN=wvm} Q}el}Dv}mwQDmr=VwQ '2005p=UQO|WywSB QO "CU=yOwQDmr=C}@]k
|m} Swrw}@ |x} RHD w p=kDv= QO `} QUD Qw_vt x@ �C}@]k ?w=vDt uOW Twmat =@�
T=U=Q@ w OW |UQQ@ pvi |xOvvmx} RHD |=y|QDm =@ \wrNt \UwD 'pvi |=HQO
hPL u=tOv=Q V}=Ri= Ea=@ 'pvi QDCN=wvm} `} RwD ut[ C}@]k Z} waD 'u; G}=Dv
|m} Swrw}@ |x}iYD QO '2007 p=U QO|y@=Wt C=ar=]t [30]"CU= xOW l =N R= u;
u=O}t C}@]k Z} waD =@ u; QO xm CU= xOW s=Hv= pviwQrm|O x@ xOwr; l =N
R= �73 hPL u=tOv=Q 'l =N QO xOv}q; CmQL w |@PH=w V}=Ri= ut[ |m} QDmr=

[31]"CU= xOW VQ=Ro RwQ 15 |] xOv}q;
Ov}=Qi R= xO=iDU= =@ xOwr; l =N R= pR}O hPL '�2015� |Qo}O VywSB QO
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yt |=yVywSB u=tR=U |DavY |=ysU}v=oQ=wQm}t uw}Umrm R= xm CU=domonas

Q=wNCiv |=y|QDm =@ xrtH R= Pseudomonas "OW x}yD u=Q}= |DavY w |tra
[36]"OwW|t G=QNDU= |Div |=yu@ QmwQO}y x@ xOwr; |=yu=mt R= ?re= xm CU=
sQo 1 |w=L xm Ow@ E=Q@ Cv} QDwv 'QwmPt |QDm =@ |=Q@ xOW ?=NDv= CWm \}Lt
l} QO s=a] ltv sQo 5 w 6uwDBB sQo 5 'QtNt |xQ=Ya sQo 2 'CWwo |xQ=Ya

"CU= xOw@ ?; QD}r
=@ T=tD QO =ysU}v=oQ=wQm}t uDiQu}@ R= w lwW O=H}= R= |Q}owrH Qw_vt x@
|xOv}q; =@ =ysU}v=oQ=wQm}t |Q=oR=U x@ s=Ok= =OD@= QO 's=N Civ |q=@ C_re
w 8000(mg=L) C_re =@ E=Q@ Cv} QDwv pwrLt R= 'Q[=L VywSB QO "OW |Div
Pseudomonas Putida Q=wNCiv sU}v=oQ=wQm}t |x}PeD CyH s=N Civ R}v
E=Q@ Cv} QDwv pwrLt \ki \UwD =ysU}v=oQ=wQm}t =OD@= '=DU=Q u}= QO "OW xO=iDU=
C_re Q@ 'E=Q@Cv} QDwvC_re R= uDU=m =@ u=tRCWPo =@TBU w OW |yOl =QwN
Q=Okt '|Q=oR=U |xQwO |=OD@= QO 'Q[=L VywSB QO "OW xOwRi= |k} QRD s=N Civ

"O}UQ 10000mg=L x@ '|Q=oR=U |xQwO |=yDv= QO w QiY =@ Q@=Q@ s=N Civ

sU}v=oQ=wQm}t OWQ |xv}y@ u=tR u}}aD "4"2
'|@ wQm}t hrDNt |=yxvwo x@ xDU@ xm OQ=O OWQ |vLvt l} 'sU}v=oQ=wQm}t Qy
u=tR 'OUQ|t OwN OWQ |xv}W}@ x@ sU}v=oQ=wQm}t xm |t=ovy "CU= Q}eDt u; u=tR
Pseudomonas OWQ |vLvt uOQw; CUOx@ |=Q@ "CU= u; C}r=ai |=Q@ xv}y@
CWm \}Lt QD}r|r}t 50 |w=L l} Qy |QD}r|r}t 250 urQ= 8 'Putida

pN=O QO w OW xDU@ p} wi w x@vB =@ urQ= Qy ?QO 'xt=O= QO "OW xO=t; E=Q@ Cv} QDwv
TBU "CiQo Q=Qk xk}kO 20 COt x@ Tw}UrU |xHQO 121 |=tO QO wqmwD=
Qm}W pN=O w OW K}krD =yurQ= R= s=Om Qy x@ |QDm =@ |x} wU 'wri Q=v}tq Owy Q} R
"OW xO=O Q=Qk Tw}UrU |xHQO 37 |=tO w xk}kO Q@ QwO 180 CaQU QO QwD=@ wmv=
pw] QO 7|Qwv |r=oJ 'XNWt |=yu=tR QO =yurQ= R= |Q}oxvwtv =@ R}v C}=yvQO
|r=oJ Q=Owtv w |Q}oxR=Ov= QDtwDiwQDmBU= x=oDUO =@ �OD600� QDtwv=v 600 Gwt

[37]"OW sUQ u=tR x@ C@Uv |Qwv

=yxvwtv R}r=v; VwQ "5"2
�QwDm =Q|rw]CyH QOVN@ 4� l =NhrDNt |=yVN@ R= '=yV}=tR; s=Hv= R=TB
|Q=OQ@xvwtv Q_vOQwt |=yu=tR QO �OD=m w Ov; |=yx_iLt QO� =yC}rwQDmr= R}v w
C}atH w 8�TPH� |Div |=yu@ QmwQO}y pm 'C@ w]Q OYQO 'pH Q}O=kt w
|Div |=yxvwtv R}r=v; w G=QNDU= CyH 'Q[=L VywSB QO "OW |Q}oxR=Ov= |@ wQm}t
|Div |xO=t C_re w xO=iDU= s}OU C=irwU w pS=m}r}U 'ur}D=wQrm =QDD pqL R=
WILKS CmQW CN=U Infracal TOG/TPH Analyzer x=oDUO \UwD
ptar=QwDUO j@] 'u; C_re u}}aD w TPH G=QNDU= pL=Qt "OW u}}aD Infracal

OQ=Ov=DU= j@] R}v =yxvwtv pH u}}aD Qw_vt x@ [38]"OW s=Hv= QDt TPH x=oDUO
|U|U 10 |w=L QW@pN=O QO l =N sQo 4 'ROC EPA NIEA S410 60T

x@ l =N w ?; \wrNt w xDN} Q �2 5 x@ 1 =@ Q@=Q@ ?; x@ l =N C@Uv� Q]kt ?;
|v}WvxD w xk}kO 10 CWPo R= TB "OW xOR sy |@ wN x@ Qm}W =@ xk}kO 15 COt
u}}aD 691 pOt Metrohm QDt pH x=oDUO R= xO=iDU= =@ xvwtv pH 'l =N
'ASTM-D-221 OQ=Ov=DU= j@=]t R}v =yxvwtv C@ w]Q |Q}oxR=Ov= CyH [24]"OW
QO "OW |Q}oxR=Ov= u; uRw w CiQo Q=Qk |v}J |xDw@ uwQO l =N sQo 5 =OD@=
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1. electrolysis
2. electromigration
3. electrophoresis
4. United States department of agriculture
5. nutrient broth
6. peptone
7. optical density
8. total petroleum hydrocarbons
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