
www.SID.ir

Arc
hive

 of
 S

ID

�13
95

u=DU
tR�

'h}
QWu

=Qta
|U

Ovyt
19

�13
"X

'4/
2|

xQ=t
W'

32
�2

|xQ
wO

O
ri

gi
na

lA
rt

ic
lexU=t V}=UQi CaQU Vy=m QO |QDm =@ j} QRD Q}F-=D

�OWQ= |U=vWQ� |wHWv=O� u}t= wv}t
�Q=}Wv=O� �u=}OQtR |raOtLt O}U

R=Q}W x=oWv=O '|RQw=Wm |xOmWv=O

?wUQ |=v@t Q@ l =N KqY= w l}vmDw�S p�=Ut QO u} wv |WwQ 'j} QRD � CU} R VwQ
pasteurii |QDm =@ R= VywSB u}= QO "CU= |QDm =@ R= xO=iDU= =@ s}Urm C=v@ Qm

R= u}vJty "CU= xOW xO=iDU= |U}r}U |xU=t V}=UQi pQDvm |=Q@ Sporosarcina

V}=UQi `@=D x=oDUO R= w =yxvwtv |wQ Q@ xOWO=H}= C=@ wUQ |UQQ@ |=Q@ XRD V}=tR;
s}Urm x=Qty x@ xQw= pwrLt w |QDm =@ "CU= xOW xO=iDU= |Q}PBV}=UQi QDt=Q=B |UQQ@ |=Q@

Cr=L x@ Ca=U 24 COt x@ w xOW j} QRD xU=t |xvwtv |wQ Q@ xv=o =OH Qw] x@ O}=Qrm
QO "Ov=xOW x}rND 'AtB R= xO=iDU= =@ xvwtv |=yDv= R= =ypwrLt TBU "CU= xOt; QO `=@W=
K]U |wQ Q@ `=@W= CQwYx@ xm 'xQw= pwrLt w |QDm =@ pN=O QO |yO=wy Q}F-=D VywSB u}=

"CU= xDiQo Q=Qk |@=} RQ= OQwt |Q}PBV}=UQi |=yQDt=Q=B |wQ Q@ 'CU= xDiQo Q=Qk xU=t
x=Qty x@ j} QRD Cr=L QO Q@=Q@ 2 =D xU=t |Q}PBV}=UQi ?} Q[ xm CU= xO=O u=Wv G}=Dv
OQwt R}v j} QRD Q=QmD u}vJty "Ovm|t =O}B Vy=m |yO=wy uwO@ Cr=L x@ C@Uv |yO=wy
p=ta= u}=Q@=v@ "CU= xOQm =O}B Vy=m �95 =D |Q}PBV}=UQi ?} Q[ w xDiQo Q=Qk |@=} RQ=
VwQ OQmrta V}=Ri= Ea=@ O}=Qrm s}Urm pwrLt w |QDm =@ j} QRD Q=QmD u}vJty w |yO=wy

"OwW|t l =N V}=UQi pQDvm QO j} QRD � CU} R

m.amin228@yahoo.com
mzomorod@shirazu.ac.ir

'Sporosarcina pasteurii 'V}=UQi `@=D '|QDm =@ j} QRD %|O}rm u=oS=w
"|Q}PBV}=UQi ?} Q[ 's}Urm C=v@ Qm

xtOkt "1
|Q}owrH |Oa@ Q}PB=vu=Q@H |=yCQ=UN R= w O=O Vy=m =Q |Q}PBV}=UQi Ot;Q=m w

"OQm
'OwW|t xO=iDU= pB |x}=B h=Q]= V}=UQi Vy=m |=Q@ xm |WwQ u} QDxOta
w xv} Ry xrtH R= |DqmWt OwN |x@ wv x@ R}v VwQ u}= "CU= u}JnvU O=H}=
VwQ QO xm 'OQ=O xv=NOwQ l =N w u}JnvU u}@ |Ov@xv=O QO Cw=iD O=H}= u}vJty
R= xO=iDU= =@ VwQ u}= QO "OQm hQ] Q@ =Q CqmWt u}= u=wD|t j} QRD � CU} R
|QDm =@ "OvWN@|t Ow@y@ l =N uORsy Q@ uwO@ =Q l =N |m}v=mt X=wN '|QDm =@
QO `} QUD Ea=@ uwo =vwo |=ys} Rv; O}rwD =@ w OwW|t Ci=} |v=w=Qi x@ Ca}@] QO
s} Rv; u}= "CU= R; |xQw= s} Rv; '=ys} Rv; u}= R= |m} "OwW|t |}=}t}W |=yOv}=Qi
|=yuw} O=H}= w xQw= R}rwQO}y Ea=@ 'CU= xOW x�=Q= 2 w 1 \@=wQ QO xm Qw]u=ty
s}Urm C=v@ Qm C=@ wUQ 's}Urm uw} OwHw CQwY QO xm 'OwW|t sw}vwt; w C=v@ Qm
|=yxwm O=H}= Ea=@ w OyO|t MQ |v=w=Qi x@ Ca}@] QO Ov}=Qi u}= "OwW|t p}mWD

"OwW|t |my;
Co(NH2)2 + 2H2O! 2NH+

4 + Co2�
3 (1)

Ca2+ + CO2�
3 ! CaCO3 (s) (2)

l =N KqY= |=Q@ |y=oW}=tR; \}Lt QO Ov}=Qi u}= |UQQ@ x@ |Q=}U@ u=QoWywSB

C}iQ_ V}=Ri= '|Q}PBV}=UQi Vy=m %xrtH R= hrDNt |=yOQ@ Q=m |=Q@ l =N
=@ u=wD|t u}tR K]U QO "OwW Q=O}=B O}=@ |WQ@ Ctw=kt V}=Ri= w '|Q=PoQ=@
V}=UQi R= w Q=O}=B =Q l =N |m} Swrwm = |=yVwQ w sm =QD |=yVwQ R= xO=iDU=
'CU= xOW `k=w xHwD OQwt ,=Q}N= xm '|m} Swrwm = |=yVwQ "OQm |Q}owrH u;
"CU= l =N V}=UQi Vy=m |=Q@ xDw@ w 'utJ 'CNQO 'u=y=}o CWm %pt=W
xO=iDU= j} QRD |=yVwQ R= O}=@ 'OW=@ Q_v Ot jta QO l =N Ow@y@ Qo = =t=
=yv; OQ@ Q=m =Pr 'CU= |tU w Q@xv} Ry |}=}t}W O=wt j} QRD xm =Hv; R= "OQm
u=}@ j} QRD � CU} R VwQ R= xO=iDU= pmWt u}= pL x=Q w CU}v ?wr]t
V}=UQi R= |Q}owrH 'l =N uOQmsw=kt |xOta p}qO R= |m} [1]"CU= xOW
|Q}PB=vu=Q@H |=yCQ=UN pB |x}=B w '=yR} Qm =N '=yOU QO V}=UQi =Q} R "CU=
OU pt=m |Ow@=v Ea=@ xm 1uRNt ?; uOWR} QQU Ov}=Qi Ovv=ty "OQw;|t Q=@x@
sy QO Ea=@ pQDvm sOa CQwY QO xm 'pB |x}=B |oDU )W?; =} w OwW|t
OQwt |=yQDt=Q=B u} QDsyt R= |m} |Q}PBV}=UQi u}=Q@=v@ "OwW|t pB uOWxDUmW
u} wv |=yVwQ =@ u=wD@ =D 'CU=ypB w '=yR} Qm =N '=yOU QO K=Q] u=UOvyt xHwD

pw�Ut xOvU} wv �
"1394 3 26 VQ}PB '1394 2 27 x}LqY= '1393 6 8 Ci=} QO %M} Q=D
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F- =Du; lwDU= "CU= QDtwQm}t 3 � 0 5 pw] x@ |QDm =@ u}= "Ovm|t OWQ O=Qo|Dv=U
'?U=vt CWm \}Lt "CU= xOW |Q=O} QN u=Q}= |QDm =@ w IQ=k uw}Umrm RmQt R=
uOQmxO=t; R= TB "CU= O}=Qrm sw}vwt; 10 g/L x=Qty x@ 3QtNt |xQ=Ya 20 g/L

|xHQO 120 |=tO QO xk}kO 15 COt x@ w s}_vD 8 5 |wQ Q@ pH '\}Lt
w xi=[= \}Lt x@ p} QDU= \}=QW QO |QDm =@ TBU "CU= xOW p} QDU= O=Qo|Dv=U
xOW xO=O Q=Qk ?wr]t OWQ x@ uO}UQ |=Q@ QwD=@ wmv= Qm}W QO Ca=U 48 COt x@

"CU=

xU=t C=YNWt "2"2
400 =D 50 'j} QRD � CU} R VwQ R= xO=iDU= |=Q@ |Ov@xv=O |xOwOLt u} QDy@
QO w OwW|t sm |QDm =@ C}r=ai w CmQL 'QDR} Q |xR=Ov= QO =Q} R "CU= QDtwQm}t

[21]"CU= l =N uOWsw=kt |=Q@ |QDW}@ |}=Pe O=wt x@ R=}v QDCWQO |xR=Ov=
0 35� u}@ |Ov@xv=O |xOwOLt =@ �T}r}U �98� |U}r}U |xU=t R= u}=Q@=v@
|m} R}i C=YNWt w '1 pmW QO u; |Ov@xv=O Q=Owtv w xO=iDU= QDt|r}t 0 18

"CU= xOW x�=Q= 1 pwOH QO l =N

O}=Qrm s}Urm w |QDm =@ j} QRD "3"2
x=oDUO XwYNt ?r=k QO '�75 |@Uv sm =QD =@ |U}r}U l =N 'xrLQt u}= QO
'CU= QDt|r}t 101 6 Q]k =@ OQ=Ov=DU= sm =QD |xv=wDU= u=ty xm 'V}=UQi `@=D
s}UkD CtUk 3 x@ l =N 'xvwtv QO sm =QD |DN=wvm} O=H}= |=Q@ "CU= xOW xDN} Q
x@ p=YD= |=Q@ |N=QwU '?r=k |=yDv= QO "CU= xOW xDN} Q ?r=k QO x}q 3 QO w
'2 pmW "CU= xOW x}@aD |QDm =@ uOQmGQ=N w Vmt Qw_vt x@ Peristaltic AtB
|QDm =@ =OD@= 'j} QRD s=Hv= |=Q@ xm |Qw] x@ "OyO|t u=Wv =Q xvwtv |x}yD |xwLv
prN Q@=Q@ 1 5 |xR=Ov= x@ '(OD600 = 1) 8� 107 cell=ml C@=F C_re =@

"xU=t |Ov@xv=O |vLvt "1 pmW
"l =N |m} R}i C=}YwYN "1 pwOH

Q=Okt QDt=Q=B
0 28 mm D50

1661 kg/m3 �dmax

1401 kg/m3 �dmin

2 65 Gs
1 7 Cu
0 98 Cc

l =N KqY= Qo}O |=yVwQ x@ C@Uv |}=yC} Rt QwmPt VwQ =Q} R 'Ov=xDN=OQB
|}=}t}W j} QRD hqNQ@ [3w2]"OQ=O Qo}O |=yVwQ x@ C@Uv QDtm |xv} Ry xrtH R=
|Q=oR=U Ca}@] =@ w CU}v |tU |QDm =@ j} QRD 'l =N KqY= Qo}O |=yVwQ =}
uDN} Qsyx@ w |Q=OQ@l =N x@ R=}v l =N uOQmsw=kt |=Q@ VwQ u}= QO [5w4'2]"OQ=O

[6]"OQ=Ov OwHw l =N
|WQ@ Ctw=kt V}=Ri= QO |@ wN |y=oW}=tR; G}=Dv uOWC}Urm Ov}=Qi
w |rL=U j]=vt QO V}=UQi pQDvm [14�12]'uD@ |=ylQD |R=UR=@ [11�7]'l =N

[16w7]"CU= xDW=O l =N |Q}PBPwiv Vy=m u}vJty w [15w2]'=yxv=NOwQ
Vy=m QO j} QRD � CU} R VwQ QF= x@ |QDtm xHwD xOWs=Hv= |=yVywSB QO
|xv}tR QO |D=ar=]t xm OW xOy=Wt CQwQ[ u}= 'u}=Q@=v@ "CU= xOW xU=tV}=UQi
QO Kq]Y= l} u=wvax@ |Q}PBV}=UQi xm =Hv; R= "OwW s=Hv= l =N |Q}PBV}=UQi
|Q}PBV}=UQi OwW u=toCU= umtt 'OwW|t xO=iDU=V}=UQi wVWwH C=ar=]t
QwmPt Q=Okt xm |v=tR "OyO|t u=Wv =Q �|Q}PBV}=UQi CaQU� OOa l} \ki
=Q |tm Q=Okt Qo = w OQ=O |}q=@ |Q}PBV}=UQi l =N xm CU= u; |vat x@ 'OW=@ O=} R
|@U=vt swyit u}= xm 'OQ=O |@ wN |Q}PBV}=UQi Ctw=kt l =N |va} 'OyO u=Wv
Q=Okt w ?; u=} QH CaQU u}@ \=@DQ= xmr@ 'CU}v OOa l} |Q}PBV}=UQi "CU}v
CyH xm 'CU= |Q=OQ)@ C}tm l} ?; CaQU =t= "CU= l =N QO |Q}PBV}=UQi
xm '|WQ@ VvD C}tm CU= QDy@ u}=Q@=v@ 'CU= Q}eDt u=} QH QU=DQU QO u; Q=Okt w
'|Q}PBV}=UQi xH}Dv QO "OQ}o Q=Qk xO=iDU= OQwt 'OyO|t u=Wv =Q l =N QO ?; Q}F-=D
2V}=UQi `@=D u; x@ xm 'CU= l =N V}=UQi CaQU =@ |WQ@ VvD u}@ \=@DQ=
uOWC}Urm Ov}=Qi Q}F-=D |UQQ@ |=Q@ |y=oW}=tR; |=yVywSB u}=Q@=v@ [17]"Ov} wo|t
"CU= xOW s=Hv= V}=UQi `@=D x=oDUO R= xO=iDU= =@ l =N |W}=UQi Ctw=kt QO
'|QDm =@ C_re 'pH '=tO %xrtH R= |OOaDt |=yQDt=Q=B x@ |QDm =@ j} QRD VwQ
xm |Qw] x@ "OQ=O |oDU@ j} QRD C=aiO w 'j} QRD VwQ 'O}=Qrm s}Urm 'xQw= C_re
Gw= x@ O=Qo|Dv=U |xHQO 60 QO w ẁQW O=Qo|Dv=U |xHQO 10 R= |QDm =@ C}r=ai
u}vJty [18]"OwW|t hkwDt O=Qo|Dv=U |xHQO 100 |=tO QO w OUQ|t OwN

[19]"CU= 8 =D 7 5 u}@ 'R; |xQw= |=ys} Rv; |=Q@ pH u=R}t u} QDxv}y@
R= |m} s}Urm C=v@ Qm p}mWD QO |DN=wvm} sOa 'xOWs=Hv= C=ar=]t s=tD QO
x@ QDW}@ w xOw@ pta QO xO=iDU= Qw_vt x@ |QDm =@ j} QRD VwQ CqmWt u} QDsyt
QO l =N C=}YwYN w =tO 'O}=Qrm s}Urm w xQw= C_re '|QDm =@ C_re Q}F-=D |UQQ@
OUQ|t Q_v x@ xm |DQwY QO "CU= xOW xDN=OQB C=@ wUQ p}mWD u=R}t w OQmrta
j} QRD VwQ 's}Urm C=v@ Qm p}mWD |DN=wvm} QO QF-wt |=yQDt=Q=B u} QDsyt R= |m}
|UQQ@ 'VywSB u}= s=Hv= R= Qo}O hOy u}=Q@=v@ "CU= j} QRD C=aiO w |QDm =@

"CU= |DN=wvm} sOa Vy=m QO j} QRD C=aiO u}vJty w j} QRD |=yVwQ

=yVwQ w O=wt "2
|QDm =@ CWm "1"2

xO=iDU= Sporosarcina pasteuriiC@Ft R; |xQw= |QDm =@ R= Q[=LVywSB |=Q@
QO |QDm =@ ẁv u} QDxOWxDN=vW R= |m} w |tU Q}e |QDm =@ ẁv u}= "CU= xOW
|}q=@ Ctw=kt u}vJty "OwW|t Ci=} Qwiw x@ Ca}@] QO w CU= xQw= R}rwQO}y
QO xO=iDU= |=Q@ p}rO u}ty x@ "OQ=O \}Lt |}=}t}W w |m} R}i pt=wa Q@=Q@ QO

[20]"CU= ?U=vt O=R; |=y\}Lt
|xHQO 28 |=tO QO w |R=wy\}=QW QO Sporosarcina pasteurii |QDm =@
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D C B# A� Q=t}D/u=tR
|QDm =@ j} QRD |QDm =@ j} QRD |QDm =@ j} QRD |QDm =@ j} QRD pw= RwQ

O}=Qrm s}Urm w xQw= j} QRD O}=Qrm s}Urm w xQw= j} QRD O}=Qrm s}Urm w xQw= j} QRD O}=Qrm s}Urm w xQw= j} QRD swO RwQ
|WmyR |WmyR |WmyR |WmyR swU RwQ

|WmyR R= Oa@ RwQ 5 |WmyR R= Oa@ RwQ 5 -

|QDm =@ j} QRD O}=Qrm s}Urm w xQw= j} QRD sDWy RwQ
O}=Qrm s}Urm w xQw= j} QRD |WmyR syv RwQ

|WmyR syO RwQ
"|yO=wy =@ # '|yO=wy uwO@�

"swri l}D=tW KQ] "3 pmW

"swri uqB "4 pmW

|xrLQt j} QRD R= RwQ 5 CWPo R= Oa@ 'O}=Qrm s}Urm x=Qty x@ xQw= j} QRD ,=OOHt C

j} QRD xm Cw=iD u}= =@ 'CU= C |xvwtv Ovv=ty D |xvwtv "CU= xOW s=Hv= pw=
COt x@ =yxvwtv ,=D}=yv "�2 pwOH� CU= xOW Q=QmD RwQ 5 CWPo R= Oa@ R}v |QDm =@
`@=D V}=tR; TBU "CU= xOW |Qw;pta O=Qo|Dv=U |xHQO 30 |=tO QO 'RwQ 60

"CU= xOW s=Hv= =yxvwtv |wQ V}=UQi

4V}=UQi `@=D x=oDUO "4"2
|=yl =N QO x=ox}mD w pB |x}=B |oDU )W?; jta |UQQ@ x@ 1999 p=U R= Ow} Q@
QO "CU= xOQm x�=Q= =Q SRICOS-EFA Q=Ri=sQv Qw_vt u}= |=Q@ w xDN=OQB xOv@UJ
`@=D x=oDUO R= x=oW}=tR; QO pLt l =N |W}=UQi Ctw=kt u}}aD |=Q@ VwQ u}=

"OwW|t xO=iDU= �EFA� V}=UQi
j@=]t V}=UQi `@=D x=oDUO 'R=Q}W x=oWv=O ?wUQ l}rwQO}y x=oW}=tR; QO
XNWt |@O Qw@a =@ u; QO xm 'CU= xOW xDN=U 'CU= xOQm x�=Q= Ow} Q@ xJv; =@
u=}=B QO "OQw; CUOx@ =Q |WQ@ VvD u=R}t u=wD|t u=tR |Q}oxR=Ov= w xvwtv |wQ Q@
Q=Owtv u=wD@ =D 'CU= xOW |Q}oxR=Ov= 'xvwtv |xOWs=Hv= V}=UQi u=R}t R}v V}=tR;
u=} QH CaQU O=H}= Qw_vt x@ "OQw; CUOx@ Q_vOQwt l =N |=Q@ =Q V}=UQi `@=D
QDt|Dv=U 12�6 O=a@= =@ pmW|r}]DUt|[Qa `]kt =@ xDU@ |=QHtl} R= 'O=} R

"�3 pmW� CU= xOW xO=iDU=
x}@aD u;hm QO QDt|r}t 101 6 Q]k =@ xQiLl} xm 'CU= xOw@ QDt 2 swri pw]
|xv=wDU= ?}DQD u}O@ "�4 pmW� CU= l =N |xvwtv |Q}oQ=Qk pLt xm 'CU= xOW
hm QO xOWx}@aD |xQiL j} Q] R= Ov=wD|t 'QDt|r}t 101 6 Q]k x@ OQ=Ov=DU= sm =QD
xDiQo Q=Qk |QDm =@ j} QRD CLD xm l =N |xvwtv wQ u}= R= "OwW pYDt u; x@ swri

"l =N pN=O x@ |QDm =@ j} QRD VwQ "2 pmW

`=iDQ= x@ |QDm =@� `=@W= Cr=L x@ w j} QRD ?r=k QO '�QD}r|r}t 250� l =N GQi w
Ca=U 24 COt x@ VmyR uwO@ w �OQ}o|t Q=Qk l =N K]U |wQ QDt|Dv=U 2
15 ml/min |HwQN |@O =@ AtB \UwD'Ca=U 24 R= Oa@ "CU= xOW xOQw; QO
prN Q@=Q@ 1 5 u=R}t x@ O}=Qrm s}Urm w xQw= pwrLt |=Q@ Ov}=Qi u}ty w GQ=N |QDm =@

"CU= xOW Q=QmD GQi w
xOw@ O}=Qrm s}Urm Qqwt 0 5 w xQw= Qqwt 0 5 |w=L O}=Qrm s}Urm w xQw= pwrLt
'l =N pN=O QO |QDm =@ OWQ |=Q@ ?U=vt \}Lt O=H}= Qw_vt x@ u}vJty "CU=
s}OU 2 12 g/L w nutrient broth 3 g/L 'O}=Qrm sw}vwt; 10 g/L C=@}mQD

"CU= xOW xi=[= O}=Qrm s}Urm w xQw= pwrLt x@ C=v@ Qm|@
p}mWD |DN=wvm} sOa QO j} QRD � CU} R VwQ CqmWt u} QD syt R= |m}
QDW}@ 'C=@ wUQ `tHD xmCU= xOW xQ=W=|D=ar=]t QO "CU= s}Urm C=v@ Qm C=@ wUQ
QO 'C=@ wUQ |DN=wvm} Q}e p}qO R= |m} OUQ|t Q_v x@ [10]"CU=yxWwo w hm QO
Ovv=ty 'OQ=O OwHw uS}Um = xm |k]=vt QO w CU= |QDm =@ C}r=ai |DN=wvm} sOa
u}= |UQQ@ |=Q@ "CU= QDW}@ C=@ wUQ `tHD 'l =N |xvwtv hm w xWwo 'K]U
j} QRD C=aiO w =ypwrLt C_re ^=Lr R= u=Um} \}=QW =@ B w A |xvwtv wO 'x} Q_v
xQw= pwrLt w |QDm =@ `=@W= pwrLt QO |yO=wy 'A |xvwtv QO =t= "CU= xOW xO=t;
s=Hv= =wy AtB R= xO=iDU= =@ |yO=wy =ypwrLt QO 'B |xvwtv QO w xDiQov CQwY

"CU= xOW
Cr=L u} QDy@ uOQw;CUOx@ |=Q@ xv}y@ j} QRD C=aiO O=OaD |UQQ@ Qw_vt x@
|xvwtv QO xm 'CU= xOW x}yD D w C |=yxvwtv 'l =N |Q}PBV}=UQi Vy=m QO
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F- =DOwHwt |=ywor= T=U=Q@ w Xpert high score Q=Ri=sQv R= xO=iDU= =@ '|DWoQ@
O=wt 'xvwtv V}=tR; R= xOt;CUOx@ |=yl}B =@ u; Ck@=]t w X=N |xO=t Qy |=Q@

"CU= xDiQo Q=Qk |@=} RQ= OQwt xvwtv QO OwHwt

G}=Dv "3
u; |wQ Q@ xOWp=ta= |WQ@ VvD =@ |]N |x]@=Q 'l =N |xvwtv V}=UQi CaQU
'CU= |v=QL@ |WQ@ VvD |xOvyOu=Wv '|ki= QwLt =@ Q=Owtv |kqD pLt "OQ=O
?}DQDu}O@ "OwW|th} QaD k|Q}PBV}=UQi?} Q[CQwYx@ Q=Owtv?}Wu}vJty
CUOx@ =Q u; |W}=UQi |=yQDt=Q=B u=wD|t xvwtv |xty |=Q@ V}=UQi `@=D sUQ =@
w |Q}PBV}=UQi ?} Q[ QO j} QRD hrDNt |=yVwQ Q}F-=D |@=} RQ= Qw_vt x@ "OQw;
|=y|@O "CU= xOW x}yD xvwtv 4 '=yQ=t}D R= l} Qy QO |v=QL@ |WQ@ VvD u}vJty
xU}=kt Q=t}D s=Hv= uwO@ |U}r}U l =N |xvwtv =@ w xOW xO=O Qw@a =yu; R= Cw=iDt

"Ov=xOW
Q@=Q@ ?}DQD x@ Oy=W |xvwtv QO |v=QL@ |WQ@ VvD w |Q}PBV}=UQi ?} Q[

"�5 pmW� CU= xOw@ 0 23 N/m2 w 818 (mm/hr)/(N/m2)
�35 4 ?}DQD x@ Oy=W |xvwtv x@ C@Uv B w A Q=t}D |Q}PBV}=UQi ?} Q[

"�7 w 6 |=ypmW� CU= xO=O u=Wv Vy=m �68 3 w
u=Um} \}=QW w Q}O=kt =@ xm CU= xOW xOy=Wt B w A Q=t}D wO |x}U=kt QO
Q@=Q@ 2 OwOL QO B |xvwtv 'CU= xOW p=ta= =yxvwtv x@ xm 'xQw= pwrLt w |QDm =@
xm CU= xOW xDiQo xH}Dv u}= =Pr "CU= xDW=O A |xvwtv x@ C@Uv |QDy@ OQmrta
R=}vOQwt |Pet O=wt OwHw u}vJty w =tO ?U=vt \}=QW x=Qty x@ |yO=wy p=ta=
?Hwt '�C=v@ Qm|@ s}OU w nutrient broth 'O}=Qrm sw}vwt;� |QDm =@ OWQ |=Q@

"Oy=W |xvwtv V}=UQi `@=D "5 pmW

"A Q=t}D V}=UQi `@=D "6 pmW

|wQ Q@ V}=UQi V}=tR; j} Q] u}O@ w xDiQo Q=Qk swri u=} QH ZQat QO 'CU=
"CU= xOW s=Hv= l =N |xvwtv

6|WQ@ VvD w �E� 5V}=UQi CaQU u}@ \=@DQ= u=wvax@ V}=UQi `@=D u}=Q@=v@
Q=Owtv OQwNQ@ pLt x@ xHwD =@ '��c� 7|v=QL@ |WQ@ VvD "OwW|t h} QaD '�� �
?}W u=wvax@ �K� 8 |Q}PB V}=UQi ?} Q[ w O};|t CUO x@ |ki= QwLt =@
V}=UQi R=e; |x]kv u=wvax@ |v=QL@ |WQ@ VvD V}=Ri= "OwW|t h} QaD Q=Owtv
QO l =N Ctw=kt V}=Ri= |xOvyOu=Wv '|Q}PBV}=UQi ?} Q[ Vy=m u}vJty w

"CU= V}=UQi p@=kt
|UQQ@ |=Q@ 'R=Q}W x=oWv=O QO xOWxDN=UV}=UQi `@=D x=oDUO R= |D=ar=]t QO
'CU= xOW xO=iDU= V}=UQi Q@ C@ w]Q OYQO w 'sm =QD u=R}t 'C}vwDv@ OYQO Q}F-=D
|WQ@ VvD =@ |]N |x]@=Q l} =yxvwtv V}=UQi CaQU CU= xO=O u=Wv G}=Dv xm

[22]"OQ=O =yu; |wQ Q@ xOWp=ta=
|WQ@ VvD "1"4"2

u=} QH \UwD l =N |xvwtv K]U |wQ Q@ xOWp=ta= |WQ@ VvD |x@U=Lt Qw_vtx@
%CU= xOW xO=iDU= 3 |x]@=Q R= u}at |@O Qy |=Q@ ?;

� = (1 8)� f�V 2 (3)

?; |r=oJ � 'l =m]Y= ?} Q[ f '(N/m2) |WQ@ VvD � 'u; QO xm
f l =m]Y= ?} Q[ "(m/s) u=} QH \UwDt CaQU V '(1000 kg=m3)
|Owt s=Qo =}O j} Q] R= '|@Uv |Q@ R w �4 |x]@=Q� u=} QH QOrwv} Q OOa x@ xHwD =@

[17]%OwW|t u}}aD
Re = V D=� (4)

'(m) �|m}rwQO}y `=aW Q@=Q@ 4� |m}rwQO}y Q]k D 'ROrwv} Q OOa Re 'u; QO xm
"�200c |=tO QO 10�6� ?; |m}D=tv}U CHwRr �

V}=UQi CaQU "2"4"2
Q}F-=D CLD 'C@=F |@O l} QO swri u=} QH QO uDiQoQ=Qk R= Oa@ l =N |xvwtv
xO=Ov MQ xvwtv |wQ CN=wvm} CQwYx@ V}=UQi u}= =t= "CU= xDiQo Q=Qk V}=UQi
|}=yCtUk QO w xDi=} V}=UQi QDW}@ 'K]U R= |DtUk 'V}=tR; u=tR pw] QO w
|xQiL XNWt=v pmW x@ xHwD =@ wQ u}= R= "CU= xOW V}=UQi Q=JO QDtm
sHL |Q}oxR=Ov= |x}=B Q@ |oDU )W?; CaQU 'l =N |xvwtv K]U |wQ xOWu=}=tv
l} R= xO=iDU= =@ Qw_vt u}= |=Q@ "CU= xOW xOR u}tND l =N |xDi=}V}=UQi pm
"CU= xOW xi=[= xvwtv K]U x@ xDi=}V}=UQi |=ysHL uOQmQ)B |=Q@ ?; 'nvQU

%CU= u}}aD p@=k V}=UQi CaQU 5 |x]@=Q j} Q] R= TBU
E = Ve=(As ��t) (5)

=yxQiL uOQmQ)B |=Q@ sRq ?; sHL Ve '(mm/hr) V}=UQi CaQU E 'u; QO xm
u=tR COt �t '(mm2) �sm =QD ?r=k K]U� l =N |xvwtv K]U As '(mm3)

"(hr) V}=tR;

XRD V}=tR; "5"2
V}=tR; u}= "Ovm|t u=}@ |i}m CQwYx@ =Q xO=t |xOvyOp}mWD O=wt ẁv XRD

u=Wv x} w=R R= |a@=D CQwYx@ =Q xvwtv l} R= xO}@=DR=@ Tm}= |xaW= COW Q=Owtv
|=yh}] VQ=tW w Q_vOQwt l =N |wQ Q@ XRD V}=tR; s=Hv= R= Oa@ "OyO|t
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"Q}PBV}=UQi ?} Q[ Vy=m QO =yQ=t}D Q}F-=D "10 pmW

"Oy=W |xvwtv |=Q@ XRD V}=tR; "11 pmW

"D Q=t}D QO XRD V}=tR; "12 pmW

|=yl}B xm 'CU= xOw@ �10 |xv}W}@ u=R}t x@ l =N QO xOWp}mWD s}Urm C=v@ Qm
C=v@ Qm O=H}= w |QDm =@ C}r=ai |xOvyOu=Wv 'Q=Owtv QO C}Urm s=v =@ xOWXNWt

"CU= l =N QO s}Urm

|Q}oxH}Dv "4
|=Q@ VywSB u}= QO xm 'CU= l =N KqY= |=Q@ u} wv |WwQ 'j} QRD � CU} R VwQ
xDW=O x=Qty x@ =Q |@ wN G}=Dv w xOW xO=iDU= u; R= l =N |Q}PBV}=UQi Vy=m
xvwtv u} QDy@ QO =Q |Q}PBV}=UQi ?} Q[ |OYQO 95 Vy=m xm |Qw] x@ "CU=
%CU= xOW u=}@ CQwY u}O@ xYqN CQwYx@ VywSB u}= G}=Dv "CU= xO=O u=Wv
p}mWDEa=@ O}=Qrm s}Urm w xQw= x=Qty x@ Sporosarcina pasteurii |QDm =@ "1

"OwW|t s}Urm C=v@ Qm C=@ wUQ

"B Q=t}D V}=UQi `@=D "7 pmW

"C Q=t}D V}=UQi `@=D "8 pmW

"D Q=t}D V}=UQi `@=D "9 pmW

=@ |}=yxvwtv 'C}=yvQO w OwW|t l =N pN=O QO |QDm =@ QDCN=wvm} `} RwD w Q}FmD
"Ovm|t O=H}= =Q QDy@ OQmrta

xO=O u=Wv Vy=m �81 Oy=W |xvwtv x@ C@Uv C Q=t}D |Q}PBV}=UQi ?} Q[
C=aiO Q}F-=D |xOvyOu=Wv xm 'CU= xOW xOy=Wt �95 =D Vy=m D Q=t}D QO "CU=
Q=t}D "�9 w 8 |=ypmW� CU= xOw@ xQw= w |QDm =@ |xQ=@ wO j} QRD XNq=@ j} QRD
|QDy@ OQmrta 'CU= xOW j} QRD RwQ 5 R= Oa@ xQ=@ wO |QDm =@ xmv}= p}rO x@ D

"CU= xDW=O C Q=t}D x@ C@Uv
=D |Q}PBV}=UQi ?} Q[ Vy=m Ea=@ 'j} QRD � CU} R VwQ R= xO=iDU=
QO �V}=UQi `@=D Q=Owtv ?}W� |Q}PBV}=UQi ?} Q[ Q}O=kt "CU= xOW R}v �95

"CU= xOW x�=Q= 10 pmW QO hrDNt |=yQ=t}D
|v=QL@ |WQ@ VvD |Q@=Q@ 6 =D 4 V}=Ri= Ea=@ j} QRD � CU} R VwQ u}vJty
Oy=W |xvwtv |wQ Q@ X V=QB GvUh}] V}=tR; w xOW Oy=W |xvwtv x@ C@Uv
=Q s}Urm C=v@ Qm C=@}mQD uDW=O uwO@ |U}r}U |xU=t '11 pmW "CU= xOW s=Hv=
"�12 pmW� CU= xOW s=Hv= XRD V}=tR; R}v D |xvwtv |wQ Q@ "OyO|t u=Wv
u=R}t |Qw�D ^=Lr R= '|}=}t}W CqO=at w xOWxO=iDU= O}=Qrm s}Urm w xQw= T=U=Q@
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QO l =N Ctw=kt V}=Ri= QO |QDq=@ OQmrta 'O}=Qrm s}Urm w xQw= pwrLt \ki

"OQ=O V}=UQi Q@=Q@
Ctw=kt =@ |}=yxvwtv 'j} QRD Q=@ 1 s=Hv= =@ xU}=kt QO j} QRD x@DQt 2 s=Hv= "4

"Ovm|t O=H}= =Q QDq=@ ?D=Qt x@ |W}=UQi

V}=Ri= Ea=@ xQw= pwrLt w |QDm =@ QO |yO=wy p=ta= 'j} QRD Ov}=Qi s=ovy QO "2
p=ta= 'xH}Dv QO "CU= |yO=wy sOa x@ C@Uv |W}=UQi Ctw=kt |Q@=Q@ 2
|=Q@ R=}vOQwt |Pet O=wt OwHw u}vJty w =tO ?U=vt \}=QW x=Qty x@ |yO=wy
OwW|t l =N pN=O QO |QDm =@ QDCN=wvm} `} RwD w Q}FmD ?Hwt '|QDm =@ OWQ

"Ovm|t O=H}= =Q QDy@ OQmrta =@ |}=yxvwtv 'C}=yvQO w

=yCWwv=B
1. overtopping
2. erosion function
3. yeast extract
4. erosion function apparatus
5. erosion rate
6. shear stress
7. critical shear stress
8. erodibility coe�cient
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