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&'9En  G/h: #QR!5 )* .(/012 3 .!4$5 6fVo Y"!< )* A. cygnea ]9F C'!2(+K C7)/@ )+fE- M@ .67( U+VW- *(+- ]k\ 3 ^VD-

.9E05/p )(/T Y'!-H; *)+- H!@ ?0$17 )* 3 *(/pC02!7 M,)* qr – tu .)(/\ M,)* )*  M2+p &'( H( ]9F

U+VW- G!"vS2 #k, )(9X- 3 ( ml.min-1.g-19\(3 w!7(/@ 3 (AFDW) /0$<!> =39@ vI> =H3 x$\ /@) =+17(/0V15 )(9X-

_(+K 6I< H( 8*!407( !@  (=+17(/0V15 )(9X-) 9"*C- )+mB !"YI@; ^'/O H( ]9F M< C@; ?Z\ &11DK .9: G/1p8H(92( .(/012 3 .!4$5

&'( 9: 8*!407( Guillard & Rhyter 6I< [1W- H(  !"Y'!-H; &'( )* .9: _!Z2( Scenedesmus sp. و Chlorella sp.

*(9DK Y'(L5( !@ M< *(* =!I2 y'!02 .917) zuu × qu| cell.ml-1 )(9X- M@ !"vmV, 6fVo  M< 65/p )(/T 8*!407( *)+- C2!-H 6I< [1W-

&'9@ .65!' Y"!< !"vmV, &'( [7+K  (.(/012 3 .!4$5) U+VW- *(+- H( Ch,+K `@!T )(9X-  (CK!1\ G!"H!12 &1-!K 6h, )*) !"vmV,

)*  ]9F 8}'3 =+17(/0V15 )(9X- 3 65!' Y"!< qzu/zt mg.l-1 M@ tuz/q~ mg.l-1 H( H!@ ?0$17 )* U+VW- .(/012 (6fVo))(9X-  x1K/K

.*+@ qu/uq ml.min-1.g-1 Ash Free Dry Weight (AFDW) )(9X-  MX1T* tu =!-H .9-

_/p t/qz M@ _/p t/ut H( =H3 M< C-!lE" .*)(* *+,3 !"]9F 8}'3 =+17(/0V15 )(9X- 3 =H3 &1@ 6m�- Cl0$mS" 9:  !I- &1E"S"

/uqml.min-1.g-1 AFDW M@ #/$~ ml.min-1.g-1 AFDW H( ]9F 8}'3 =+17(/0V15 )(9X-  917)  (/0$<!> =39@ vI> =H3)

.*+: C- !"]9F [7+K 8}'3 =+17(/0V15 )(9X- Y'(L5( xm7  !"89E'%; 6fVo Y'(L5(  M< *(* =!I2 y'!02 83QB M@ . (p < u/uu|).917)qu

=+17(/0V15 )(9X-  917) G*3)3 )* tuz/q~ mg.l-1 M@ $z/#| mg.l-1 H( (.(/012 G!"vS2 =*+S2 M5!R( !@ CB+EN- )+&@) .(/012 M< C-!lE"

mg.l-1 M@ ''/r~ mg.l-1 H( .(/012 6fVo C,3/> )* 3 917) qu/uq ml.min-1.g-1AFDW M@ #/$~ ml.min-1.g-1 AFDW H( 8}'3

( p < u/uuq) .917) qzu/zt
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.*+@ qu/$| ml.min-1.g-1 AFDW
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 ( p < u/u|~) .*!05( (!4K( qu/$|
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C,3/> )* 3 *!05( (!4K( qu/$| ml.min-1.g-1AFDW M@ |/$z ml.min-1.g-1 AFDW H( 8}'3 =+17(/0V15 )(9X- Y'(L5(  G*3)3 )*

( p < u/uqz) .*+@ zu/|#mg.l-1 3 q~/$q mg.l-1 x1K/K M@ .!4$5 6fVo
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%L.M&N O= *CPA +G"(2 >&.F G&Q<&.) R8"9S#4 <!

+&4! .I:! &Q &J)! ,T5)< G!"2 UV&: K8!"W *&X8! I#P

<! ,W&) >YCZ[ A >&-8&\ 5.VC$ +I:! ]PC$ *7C4 ]^)=

_&/)* ]2 A G"(2 ]-4&P G&Q<&.) R.4&$ I#P O= `"a4

.[b] I:!  &J)! c"9:* 7* ,2= 12&34 ,T*CV=  =

+G"(2 14!CP <A"4! >;6(4 <! ,68 ]638! ]2 ]PC$ &2

G<7A&(M +,)&J)! G&QI.V&-[ <! ,W&) G&Q,T*CV= `dF

R8! `dF I#P ,)CT&)CT G&Q%!7 +[e] I:! ,9-3f A

R8"$U#4 <! ,68 ]M I:! %5W *&#3(.N &Q,T*CV=

.[g] I:! h8HCVC.2 ].ia$ G&QjA7 +&QjA7

I:! R8! 58=,4"2 O;\&[ ].ia$ ]^k87&$ <! ]^)=

].ia$  !C3E ]2 ,V= A lD-4 *!C4 `dF ]9WdT 7* +]M

"f&3E *A7A A  &4< IWdT ,VA 5W,4 ,?D$ O;\&[

 = "2 !7 R.aak94 +&QO;\&[ ]2 "iJ[ A ><! Gdm4

G&Q].ia$ <! nf&F O&JN +"$n4&M G!].ia$ &2 &$ IW!*

*A7A  .538&S) G"f&3E R.3o *CPA <! G7&E !7 _A!594

&Qh/DP p!C)! q8!L[! rE&2 ]638! "2 %A;E +Gdm4 "f&3E

R6S4 +53M,4 n6(4 7&o* !7 O= ].ia$ 538="[ A %5W

R8! ,T*CV= s/: +,3.4<"8< G&QO= ]2 tCi) &2 I:!

.*CW &QO=

*A7A <! ,W&) >;6(4 A %5W "Mt *7!C4 ]2 ]PC$ &2

]2 R9u!*"N +,["a4 G&QO= ]2 >!"9.) A >&iJ[

_&F R.E 7* A U#4 ,vF&/4 "f&3E R8! `dF G&Q7&6Q!7

,3w x585N q8!5.N &2 A byzb _&: <! ]M I:! 585P

.[b] I:! ]9["T 7!"{  !"'(QA|N ]PC$ *7C4  5W

K:C$ %538Y= *!C4 OdP ,8&)!C$ ,:7"2 +&.)* 7* }".u!

>&-V&~4 A I:! ]9["T 7!"{ ]PC$ *7C4 &QG!]iM A*

7* ]9[&8 1SX$ G&Q%538Y= 7!5?4 �3.4< 7* G*5-94

,au&W  !C3-2 ]M I:! ]9["T B&X)! &QG!]iM A* I[&2

7* *CPC4 G&Q%538Y= 7!5?4 A O= I.i.M R..-$ I#P

.[ ] *A7,4 7&62 O=

&QO;\&[ 7* *CPC4 >&iJ[ A >!"9.) ]638! ]2 ]PC$ &2

%*C2 ,#PC$ n2&{ I!Dw G!7!* +].ia$ 538="[ ,0 <!"N

&2 A 53#,4 *&X8! G7&.J2 ,~.@4 IJ8< >;6(4 A

G&8!L4 A ,68HCVC.2 G&QjA7 <! %*&i9:! I.SQ! ]2 ]PC$

,8&.S.W G&QjA7 G&P ]2 +&QjA7 R8! <! %*&i9:!

K.@4 7* ,8&.S.W *!C4  5W *7!A rE&2 ]M *CPC4

Anodonta cygnea `5f ,8&)!C$ +*CW ,4 IJ8<

>&iJ[ I!Dw qQ&M 7* I:! G!]iM A* `5f h8 ]M

 (<&2 U9J.: h87*)G"#W O;\&[ 7* *CPC4 >!"9.) A

.I["T 7!"{ ]-V&~4 *7C4

()*+, + -./&

UXF R..-$7C!34 ]2  C.:!"9D.[ >&(8&4<= B&X)! ($V!

.5Q* ,4 7C/E &#((2= l8"0<! `5f ]M ,2=

(,8&.S.W x538Y=) _CD@4 *!C4 `dF >&(8&4<= (O

>&(8&4<= ].DM G7&4= ]8LX$ A >&/:&@4 B&X)! (%

.<&2 U9J.:7*

"N+G*A7A  &8"P  =7* ]M I:! ,S9J.:<&2 U9J.:

<! A %5W ,PA"u ]^\CF *7!A+U9J.:7* j*"T<!

.*CW ,4 %7&u U9J.:

%0/10 2,+3415 67& + 89(":.;<5 =">?/& -

<! + Anodonta cygnea +]-V&~4 *7C4 `5f

,2= B"T  &.Q&4 j7A"N %&T7&M ,PA"u G&Q_&)&M

A G7A=1SP G7&: <&) IW* ]?~34 7* ,8&P7 5.#W

+`5f "Q  .5W n?934 %&'(8&4<= ]2 %|8A I&&iF &2

,0 BC87!CM= nu!* 7* !7 %<A7 e' G7&T<&: %7A* h8

A G7&T<&: G!"2 5:7,4 "!32 ]M >54 R8! <!"N .*"M

h8 "Q I:! ,[&M n?) A nSF <! ,W&) c"9:! qQ&M

("W ]2 h8HCVC.2 ].ia$ U9J.: nu!* 7* +&Q`5f <!

.539["T 7!"{ +b %7&SW n6W

Anodonta @!A 2+, ;B C(D9(&E3 F(G0.

cygnea

H/"I.;JK": C(D9(&E3 (LM.

A Chlorella sp. h/DP A* <! +&Qq8&4<= R8! 7*

,D/{ >&-V&~4  .5W %*&i9:! Scenedesmus sp.

])CT A* R8! +]M *!*  &() byyy _&: 7* Javanshir

>54 &$  C.J)&):C: >7Cf ]2 ,2Cu ]2 ,)C96);N
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*%>+0 1 E#/FG;HC!

+R8!"2&32 .53)&4,4 ,{&2 ,2= K.@4 7* <A7 h8 n{!5F

%*C2  HCSQ >7Cf ]2 +q8&4<= K.@4 7* &#)= q3M!"N

"9D.[ ,2* �/:&@4 G&3/4 5)!C$,4 R.?8 7C0 ]2 A I:!

.[*] *".T 7!"{  &4< 5F!A 7* %5W

:<! 53$7&/E  C.:!"9D.[ G&Qq8&4<= B&X)! nF!"4

 Scenedesmus AChlorellasp.h/DPI(M  -b

sp.

%*&i9:! +Cak4 I(M K.@4 <! +]DF"4 R8! 7*

 C96);NC9.[ I!Dw <A7 b' &$ z >54 <! "N .5W

I(M 7* %5)< G&Q_CD: *!5-$ A 5.:7 ,[&M 5F ]2

*!5-$ ]2 Chlorella x scenedesmus B!C$

.5.:7 "9.V,D.4 "Q 7* h/DP  e''' –   '''

G7!*"2])CS) -e

�!i@4 ,PA"u A G*A7A 7* &Q C96);N I!Dw 7!5?4

A G".T%<!5)! ]?.{* e' ,)&4< nf!C[ 7*  C.:!"9D.[

 &4< >54 7* `5f "Q G!"2 G7!*"2])CS) .5W I/-

.I["T B&X)! ]?.{* be'

h/DP j7&SW -g

j7&SW I#P 7&2C.) BY <! ]DF"4 R8! 7*

"Q G!"2 &Qj7&SW .5W %*&i9:! &Q C96);NC9.[

+%54= I:* ]2 *!5E! A I["T B&X)! 7&2 b' ])CS)

.I:! j7&SW 7&2 b' R.')&.4

 !N9O3) P/K7& -./& @QR C(D9(&E3 (S

(89("1"T

>!"9.) A >&iJ[ `dF 5W ,-: &Qq8&4<= R8! 7*

+7C!34 R8! G!"2 .*CW ]-V&~4 A G".T%<!5)! `5f K:C$

I!Dw ]: A ><! sJF "2 >!"9.) $D9k4 I!Dw ]:

.5W G".T%<!5)! "iJ[ sJF "2 >&iJ[ >A&i94

]P7*  / G&4* 7* +`5f "Q &Qq8&4<=  &8&N <! "N

<! "N A 5W h(u IE&:  / >54 ]2 A *!"T,9)&:

z'' G&4* 7* +]M I[&8 _&?9)! %7CM ]2  5W h(u

�.DM  .5W %5)!<C:  = ,V= *!C4 ].DM *!"T,9)&: ]P7*

 A52 h(u  <A  *7A= I:52 I#P >&4!5{! R8!

.5W B&X)! "9JM&u

2,(&3 %9UGV+ C(WI(7& F(G0. (X

I:! >&/:&@4 G&3/4 ]M "9JM&u  A52 h(u  <A

:58=,4 I:* ]2 "8< �~2!7 <!

 <A – "9JM&u  <A = "9JM&u  A52 h(u  <A

h(u

58=,4 I:* ]2 Jørgensen �~2!7 <!  C.:!"9D.[ *5E

:<! 53$7&/E ]M

 !"#$#%& '%()* +,-%. :/ 012

Anodont Sitution in the Chamber

Input

Output
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 !"# $%&' ()*+*,-. / 0*12 CI

V
w

= ml.min-1.g-1
sJF "2  C.:!"9D.[ 7!5?4

V = mL sJF "2 `"& UXF

= ("9.V,D.4 "Q 7* *!5-$) "if  &4< 7*  C96);NC9.[ I!Dw

Ct
0

,D.4 "Q 7* *!5-$) q8&4<=  &8&N 7*  C96);NC9.[ I!Dw

("9.V

Ct
n

=

t= ]?.{* sJF "2 q8&4<=  &4<

sJF "2 "9JM&u  A52 h(u  <A c&:!"2 7C)&P  <A

w = B"T

"9JM&u  A52 h(u  <A G!<! ]2  C.:!"9D.[ *5E

]J8&?4 l8"0 <! G7&4= ]8LX$ .5W ]/:&@4 (AFDW)

G&Q")&87!A G!"2) (student t test) &QR.')&.4

.I["T B&X)! (R'SQ

Y9(J0

:I:! !LX4 qk2 R853o n4&W "\&F ]-V&~4

%5W ].ia$ O;\&[ ,T538Y= s.M"$ G".T%<!5)!  -b

h8 ])CS)  !C3E ]2  !75)<&4  &9:! 7* O"v80"#W

.*CW,4 &Q7 IJ8< K.@4 ]2 ]M %*CV= O;\&[

A chlorella h/DP A* ,8&)!C$ ,:7"2  -e

A >&iJ[ I!Dw qQ&M 7* Scenedesmus

G"#W O;\&[ 7* >!"9.)

Anodonta `5f  C.:!"9D.[ ,8&)!C$ ,:7"2  -g

%538Y= A* `dF 7* `5f ,8!7&M R..-$ A cygnea

>!"9.) A >&iJ[

SZ[(: 89("1"T %9UGV Y9(J0 -

O"v80"#W %5W ].ia$ O;\&[ ,8&.S.W �8LX$ 18&9)

:I:! %5W2k(4 b%7&SW _A5P 7*

"#W U3&{ OC3P 7* A  !75)<&4  &9:! 7* O"v8 0"#W

.I:! "i) b4'' "2 5V&2  = I.-SP A I:! %5W 1{!A

].ia$ O;\&[ 7* *CPC4 %538Y= "8*&?4 ]2 ]PC$ &2

U9J.: "-!  *CS) 2u&W I#P >&(8&4<= 7* +%5W

mg.L-
<! +>!"9.) '/'eb mgL-1

G&P ]2 +G*&#3(.N

<! >&iJ[ */4 mg.L-1
G&P ]2 A >!"9.) e' /bz

1

.I:! %5W %*&i9:! >&iJ[ 4'/ y mg.L-1

\WK5 =D] Y9(J0 -

U9J.: 7* ]M 5W2k(4 +%54= I:* ]218&9) ]2 ]PC$ &2

Chlorella x Scenedesmus I(M K.@4 <&2

.I:! %*C2 >&iJ[ A >!"9.) I!Dw  *7A= R.8&N ]2 7*&{

%5W 2k(4 e A b %7&SW G&Q7!*CS) 7* ]V&J4 R8!

.I:!

<! 5-2 A n/{ 7!* ,3-4 `;9u! %53Q*  &() G7&4= ]8LX$

'/''*) >!"9.) *7C4 7* +]M >7Cf R852 .I:! q8&4<=

p '/g') >&iJ[ *7C4 7* A ( n=  A t='/* A p <

.I:! (n=  A t= '/*g A <

345! 6472 892 '%()* 3:;<= >!<%?%2 '!@A* B!<,C :/ DE9F
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( n= t= / p < / E )
t= / p < / E )

. ( n=

 .

.

 .
( n= t= / p < / )

.  (n= t= / p < / )

 .
 .

.

 .
 (n= t= / p < / )

chlorella x Scenedesmus  :
 .  .

Scenedesmus x chlorella  :
 .
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( n= t= / p < / )
.  (n= t= / p < / )

Anodonta  .

cygnea

:
 -

.
 -

.
 -

)
.  (

.  :
 .

.  :
.
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G&Q`5f GA7 "2 >&(8&4<= �.DM l.?@$ R8! 7*

<! ,W&) G&Qc"9:! (qQ&M) 1[7 <! "N +]-V&~4 *7C4

B&X)! +,EC3a4 K.@4 ]2 ,-./0 K.@4 <! n?)AnSF

,D4&E  !C3E ]2 n?) A nSF <! ,W&) c"9:! &4! .I["T

 .53M,4 nSE &Q`5f  C.:!"9D.[ *"6DSE "2 7!dT".-&$

7!5?4 G".T%<!5)! �3.4< 7* >&-V&~4 c&:! R8!"2

.*CW ,4 ("~4 >7Cf A* ]2  C.:!"9D.[

A ,PA"u G&Q Ci.: ]2 ,M<&) G&Q]VCV  -b

A G*A7A O= UXF A *CW %5)&/Jo sJo &2 G*A7A

]638! &2 nSE R8! .*CW G".T%<!5)! ;S.?9J4 ,PA"u

585W G&Qc"9:! *&X8! rE&2 ,VA I:! l.{* 7&.J2

*&X8! !7 G"'8* G&Q&~u <;SE A *CW,4 *CPC4 7*

K8!"W _"93M A &Q]VCV "3P ]2 ,'9J2 ]M 53M,4

.*7!* q8&4<=

*!C4 <! ,f&u I!Dw  *CS) *7!A l8"0 <!  -e

7!5?4 +O= 7*  ( C96);NC9.[ &8 ,v3u >!7t) L87

`;9u! ]2 ]PC$ &2 A *CW G".T%<!5)!  C.:!"9D.[

 C.:!"9D.[ 7!5?4 ,PA"u A G*A7A R.2 I!Dw

%*&i9:! BA* jA7 <! l.?@$ R8! 7* ]M.*CW ]/:&@4

.5W

]M *!*  &() e''b _&: 7* Javanshir >&-V&~4

Cerastoderma edule �)CT 7* c"9:! *CPA

]M *<&: *A5@4 R.8&N "8*&?4 7* !7  C.:!"9D.[ 5)!C$,4

(c"9:!  A52),-./0 K8!"W 7* &Q`5f ]-V&~4 R8! 7*

18&9) ]2 ]PC$ &2 R.3^SQ .(4)539["T 7!"{ q8&4<= *7C4

q8!L[! &2 +]M *"M ("~4 R.3o  !C$,4 +%54= I:* ]2

<&2 U9J.: 7* (>&iJ[ A >!"9.)) _CD@4 *!C4 I!Dw

*!C4 `dF R8!"2&32 52&8,4 q8!L[! *!C4 R8! `dF 7!5?4

A* "Q A ]9["T B&X)! `5f A  C96);NC9.[ K:C$ _CD@4

.5)*CS) nSE _CD@4 *!C4 I!Dw qQ&M I#P 7*

G&Q]/3P <! h/DP A `5fq?) +%54= nSE ]2 �-V&~4 7*

K8!"W ]2 ]PC$ &2 ,VA I["T 7!"{ ,:7"2 *7C4 $D9k4

A *!5E! 7* I:! R6S4 A 5() "J.4 "8< *7!C4 ]-V&~4

.5W&2 %54= *CPC2 ,$!"..m$ 05)! %5W ]3!7! "8*&?4

`9(&E3 a9.;T E. -('J0. -
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