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? 13
Arthrospira platensis, Phormidium angustissimum,
Viva intestinalis, Ulva ri%ida LCaulerpa lenlillifera ,Caulerpa sertularioices ,Rhizoclonium sp.,
Chagetomorpha sp., oV Padina sp. ,Turbinaria sp., Sargassum sp., Dictyota sp.,
Gracilaria fisheri, Acanthophora sp.  Soliena .

G. fisheri (0,,)
483.4619.53
Padina sp.tf 288.809.30
? G.fisheri
2939 76
?
36 2 26 6
3
1
40-50 45- 55
75 - (An)
?
Langmuir
. lentilliferalRhizocloniumsp. ~ G. fisheri
Padina sp., Turbinaria sp. ~ Sargassum sp.
? A. platensis, c. lentillifera ~ G.fisheri

c. lentillifera

G. fisheri, Padina sp. . platensis

? 31,40+0.54,
321001  50.801. 16



Abstract

Removal of henewot red, malachite green and benefix red by 13 genera of dried algae:
cyanobacteria; Arthrospira platensis and Phormidium angustissimum, green algae; Ulva
intestinalis, Ulva rigida ,Caulerpa lentillifera ,Caulerpa sertularioides JUiizoclonium sp. and
Chaetomorpha sp., brown algae; Padina sp. ,Turhinaria sp., Sargassum sp. and Dictyota sp.. and
red algae; Gracilariafisheri, Acanthophora sp. and Solieria sp. were studied. G. Jisheri showed
high benewol red removal ability (Qntf) of 483.4619.53 mglg dry wt. Padina sp. showed high
malachite green removal ability of 288.80£9.30 mg/y dry wt. G.fisheri showed high benefix red
removal ability of 293.1948.76 mg/g dry wt.

The optimum conditions for dye removal by algae with high removal capacity were
studied. The results showed that the optimum pH for benewol red, malachite green and benefix
red removal were 3, 6 and 2, respectively. The adsorption of henewol red, malachite green and
benefix red were reached equilibrium within 12, 6 and 6 h., respectively. Elevated biomass, cell
size and debased dye concentration were decreased all dye uptake (mg/g dry wt.) by algae. The
optimum temperature for removal of benewol red were 40-50 °c, malachite green were 45' 55°c
and benefix red were 50 °c. The enthalpy (AH) of all dye removal by all algae were positive
value.

The removal of benewol red, malachite green and benefix red by almost algae followed
Langmuir adsorption isotherm. Adsorption kinetic of benewol red removal by c. lentillifera,
Rhizoclonium sp. and G. Jisheri, malachite green removal by Padina sp., Turbinaria sp. and
Sargassum sp. and benefix red removal by A. platensisic. lentillifera and G. fisheri, followed
the pseudo-second order rate reaction and intraparticle diffusion in the secondary step was likely
the rate-limiting step except for benefix red removal by c. lentillifera which the followed
intraparticle diffusion in the first step was likely the rate-limiting step.

The efficiency of algae as hiosorbents to remove dye from tertiary treatment wastewater
was studied. G. jisheri, Padina sp. and A. platensis showed the highest benewol red, malachite
green and benefix red removal ability of 31.40£0.54, 327+0.0l and50 ,89+1. 16mg/g dry wt,,
respectively.

Key words: dyes, dye removal, algae, biosorption, wastewater treatment
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1 ( )
( 20 )
2 ( )
( ) )
3 ( )
( 100 )
4
5
6
1
8 Langmuir  Freundlich
9 1 Langmuir  Freundlich
10 Langmuir  Freundlich '
i} )Qnd
12 Caulerpa
lenlillifera, Rhizoclonium sp.  GracilariaJisheri
13 /
sp., Turbinaria sp. ~ Sargassum sp.
14

Arthrospira platensis, Caulerpa lenlillifera  GracilariaJisheri

15 Caulerpa
lenlillifera, Rhizoclonium sp. ~ Gracilariajisheri

16 Padina
sp., Turbinariasp.  Sargassum sp.
17

Arthrospira platensis, Caulerpa lenlillifera  GracilariaJisheri
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44
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58
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64
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(1)

18 Caulerpa

tentillifera, Rhizoclonium sp.  Gracilariafisheri

19

20 Padina
sp., Turbinaria sp. ~ Sargassum sp.

2 '

22 7 Arthrospia platensis, Caulerpa lentillifera
Gracilariafisheri

23 ?

24 Caulerpa
lentillifera. Rhizoclonium sp.  Gracilariafisheri

25
Padina sp., Turbinariasp. ~ Sargassum sp.

26 ?

Arlhrospira platensis, Caulerpa lentillifera  Gracilariafisheri

21 Caulerpa lentillifera
28 Rhizoclonium sp.
29 Gracilariafisheri
30

? Caulerpa lentillifera
3

? Rhizoclonium sp.
3

? Gracilariafisheri
33 Padina sp.
34 Turbinaria sp.

3 Sargassum sp.

12

13
18

19
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8/\
84
84

86

87
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(Dyes)
I
- 15
1 (Aksu and Tezer, 2005; Mishra and Tripathy, 1993)
I
BOD, COD
(EI-Sheekh etal.. 2009) (Malachite
Green)
1 V 2 (Bhattacharyya
and Sharma, 2005 ' . ot
(Mittal et .,
2005)
(sludge)

(adsorption)

(Robinson et .. 2001) !



(

. 2552)

(Pandey et al., 2007)

12



(optimum - condition)

(adsorption kinetics)



14

(Dyes)
(Bekei, 2009; El-Sheekh et al.,
2009) (Mohan et
al., 2002) 10,000
? 700,000  (Aksu and Tezer, 2005; Dancshvar et al., 2004,

2007b; Gupta et al., 2000)

4 ’
(hydrogen bond), (Van der Waals’ force), (ionic force)
(covalent bond)

(Basic dye) (Acidic dye)
1 (acid dye)

sulphonates (SO 5), carboxylates (C0)  sulphates (SO 4) (Ozer et al.. 2006a)
2 . (basic dye) (organic base)

(NR 4) (NO 2
(Marungrueng and Pavasant. 2007)
3 (reactive dyes) ,



(covalent bond)
(. 2542)

(Bhattacharyya and Sharma, 2004; http://europa.eu.int)
Malachite Green (MG)

Leucomalachite Green (LMG)
(metabolite) ~ Malachite Green MG

(www.nfi.or.th)

(Bhattacharyya and Sharma, 2004)

(El-Sheekh et al., 2009)

(Mohan et al., 2002) 1

(Gupta et al., 2004a)

BOD, COD

(Bekei, 2009)

(Novotny et al., 2006) Malachite green cationic dye

(www.nfi.or.th)


http://europa.eu.int
http://www.nfi.or.th
http://www.nfi.or.th

16

(Dancshvar et al.
2004a, b; Gupta ct al., 2004a. b; Jain et al., 2003: Mittal et al., 2005; Robinson et al., 2001)

(sludge)
(Kumar et al., 2006)

2552)

(Choy et al., 1999; Robinson et al., 2001)

(hiosorbent)
(Namasivayam et al., 1996) (Nassar and Magdy, 1997)  (Ho and
McKay, 1998) (McKay etal., 1999) (Khattri and Singh, 1999)
(Gupta et al.. 2000) (McKay ct al.. 2003) (Marungnieng
and Pavasant, 2007; Bekci et al., 2009; Hoffmann and Bauknecht, 1999; Ozer et al., 20068, b; EI-
Sheekh et ., 2009)

(Marungrueng and Pavasant, 2007)
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2000)

Oscillatoria

60

Sargassum, Padilla

Enteromorpha

17

16 (Schiewcr and Volesky,

Spirogyra, Cladophora ~ Microsporu

Gracilaria Caulerpa

Gracilaria

Ulva, Caulerpa, Chaetomorpha, Rhizoclonium, Cladophora,
Acanthophora, Gracilaria

120243
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(Rothstein, 1959)
(

) (Marungrueng  and
Pavasant., 2006)

€O
COOH, SO,2, -NH2 oh -SH (Volesky, 1990; Percival, 1967; Eccles, 1999) !

(NR 9 (NO?Y
(Marungrueng and Pavasant, 2007)
glucuronic sulfonate
carrageenan amino acid, carboxyl, sulfhydryl, amine,
amide, amidazole
Oscilltoria sp., Chlorella pyrenoidosa ~ ¢. vulgaris aodye
-N=N- ) (Acuner and Dilek, 2004)

(Lei et al., 2002)

(decolorisation) ,
(mineralization) (Dandey et al., 2007)

(Hu, 1998; Volesky, 1990; Van-Hilie el al, 1999)
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(Lee, 2001)

(dlesorption)

(Akhtar et ai., 2003)

(PH)

(acid dissociation constant- pKa)
pKa pKa carboxyl, phosphate ~ hydroxyl

25,59 912 (Cho
etai, 1994)

(Ahner ct al., 1994; Mathcickal etal., 1999)
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Enteromorpha prolifera acid dyes
2-6 2-3
(Ozcret al., 2005)
pH
(Ozeret al., 2006a)
Enteromorpha methylene blue
6-10 (Ncibi et .,2009), Spirogyra reactive dye
3 (Khalaf, 2008), Spirogyra rhizopus acid red
3 (Ozer et al., 2006h). Cosmarium malachite green
9 (Daneshvar et at.. 2007a), Chlorella vulgaris
reactive dye 2 (Aksu and Tezer, 2005), Caulepa
racentusa var. cylindracea malachite green 6 (Bekci et al.,
2009)
(rate of chemical
reaction)
Enteromorpha prolifera acid dyes
30°c ( 20. 25,30, 35,40 50 °C) 30°
(Ozeretal., 2005)
acidered  Spirogyra rhizopus (20,
30, 40. 50°C) 20-30°C
exothermic ( ) (Ozer et
, 2006a)
Caulerpa lentilifera basic dye
(astrazon blue) 50 °c (Marungrueng and Pavasant, 2006),
Spirogyra reactive dye (synozol) 30 °c (Khalaf,

2008), Spirogyra rhizopus acid red 30



2

°c (Ozer et al., 2006b), Chlorella vulgaris reactive dye
25, 35 °c ( Aksu and Tezer, 2005), Spirogyra rhizopus
acid blue 25,30 °c (Ozeret al., 2006a)
(equilibrium)
5
Caulerpa Ilentilifera basic dye
(astrazon  blue) 60 (Marungrueng ~ and
Pavasant,2006), Enteromorpha basic dye (mathylene blue)
90 (Ncibi et la., 2009), Spirogyra
reactive dye (synazol) 18 (Khalaf.
2008)

Ozer et al. (2006b)
AR 274 Enteromorpha prolifera 25-3600 mg/L
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lingar

( ) (hiomass
concentration/ density of biosorbent)
(Carr et ., 1998)

(Franklin et al., 2001)

(Abuja etal. 1999%; Donmezetal.

1999) (electrostatic
interactions)
Enteromorpha 01,02 125 1020
basic dye (methylene blue) 5
(Ncibi et al., 2009), Spirogyra 5, 10, 20
reactive yellow 5
(Mohan et al., 2002), Spirogyra 4.8, 12
reactive dye (synazol) 8 (Klialaf,
2008), Spirogyra rhizopus 05, 1,152,253
acid red 0.5 (Ozeret al., 2006h)
(rate of reaction)
(order of reaction)
(rate determining/rate limiting step) (rate

constant)
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Marungrueng and Pavasant (2007)
m 3 ?
2 capillaries

Marungrueng and Pavasant (2007)

Caulerpa lentillifera
Aravindhan et al, (2007) Caulerpa
scalpelliformis

Pithophora
malachite green first order (Kumar ct al.. 2006).

Caulerpa lentilifera basic dye pseudo second order (Marungrueng
and Pavasant, 2006). Caulerpa scalpelliformis basic
dye pseudo second order (Aravindhan et al., 2007 ),

Chlorella vulgaris reactive dye pseudo second order (Aksu and
Tezer, 2005). Caulerpa racemosa var. cylindracea
malachite green Spirogyra rhizopus acid blue pseudo
second order (Bekci et al, 2009: Ozcr et al. 2006a)

(maximum
capacity)
(equilibrium  adsorption)

(Adsorption  Isotherm)

(@)
(C]

Langmuir
Freundlich adsorption isotherm

Langmuir homogenenous
Freundlich
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heterogeneous
malachite green Pithophora
Freundlich (Kumar et al.. 2006), basich dye (astrazon blue)fo
Cauterpa lentilifera Langmuir  Freundlich (Marungrueng
and Pavasant, 2006), methylene blue!  Enteromorpha
Langmuir (Ncibi ct al., 2009). basic dye  Caulerpa scalpelliformis
Freundlich (Aravindhan et al., 2007). acid red
Spirogrya lingar isotherm modlel (Ozeret al., 2006h),
malachite green  Cosmarium Michaelis-Menten

kinetics (Dancshvar et al,, 2007a)

(Ah) (As)
Marungrueng and Pavasant (2007) enthalpy
Caulerpa lentillifera 14.87
Aravindhan ¢l al., 2007 enthalpy
Caulerpa scalpelliformis (Anh) -3.306



11 Arthrospira platettsis
1.2 Phormidium angustissimum

2.1 Ulva intestinalis

2.2 Ulva rigida

2.3 Caulerpa lentillifera
2.4 Caulerpa sertularioides
2.5 Rhizoclonium sp.

2.6 Chaetomorpha sp.

3.1 Padilla sp.
3.2 Turbinaria sp.
3.3 Dictyola sp.
3.4 Sargassum sp.

4.1 Acanthophora sp.
4.2 Gracilariafisheri
4.3 Solieria sp.

(Microminar flow. ABS 1200 A. UK)
(Autoclave) (Hirayama. Hiclave HV-50. Japan)
(Hot air oven) (Shellah 1350FX, U.S.A)
(Water bath)) WNE, Germany)
2 (Mettier-Toledo, Switzerland)
4 (Mettier-Toledo, Switzerland)

25
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(semimicro rectangular 10mm, Hellma, . A)
(micro pipette) (socorcx, Switzerland)
(PH meter)) Ecoscan, Netherlands)

(polypropylene)

Rack

Caulerpa
lentillifera, Caulerpa sertularioides  Acanthophora sp.
Rhizoclonium sp., Chaetomorpha sp., Uhva rigida Uiva intestinalis
" Sargassum  sp,,Dictyota sp.
Turbinaria sp. Padma sp.
Gracilaria fisheri  Solieria sp.

(Acanthophora sp., G. fisheri  Solieria sp.) (Padilla sp.,
Turbinaria sp., Dictyota sp. ~ Sargassum sp.) (c. lentilifera, C. sertularioides,
Rhizoclonium sp., . rigida, . intestinalis  Chaetomorpha sp.)
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0.5 1
051
1
(Arthrospira  platensis
Phormidium  angustissimum) A. platensis Zarouk’
p. angustissimum BG-11
2512 1 (exponential
phase) 15 3 60
(35 ) 0
60
(acid dye) OT 60304 A Benewol Red RS* (Protein)

(hasic dye) OT 70701 A Malachite Green Crystal*
(Synthetic) ( )
(reactive dyes) OT 404021 Beneflx Red 5 B

(Cellulose)
100
UV-vis spectrophotometer ( 1)
peak
( ) 1

100
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HNO, 0.1
spectrophotometer
257

125
180

200

25+2

3,4.5, 10, 15,20,30,45,60, 120, 180,360

2,3,4,56,7

NaOH 0.1

10

shaker

250

100

28

spectrophotometer 1

8
120
spectrophotometer
((
()
( )
( )
()

shaker

, 12,24,48,12,96, 120

1
?
0.2
50
73 5
120
0.12
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23
]
10 10, 20,40, 80, 100, 150, 200,
250,500, 750 1000 125 shaker
120 2512
Langmuir  Freundlich
3
3 Caulerpa
ientilifera, Rhizoclonium sp.  Gracilaria fisheri Padina sp.,
Turbinaria sp. ~ Sargassum sp. Arthrospira platensis,
Caulerpa lentillifera  Gracilaria fisheri
31 ,
0.25-0.49
005, 1152253 6 10
3521 125 shaker 120
spectrophotometer
10
32 ,
0.25-0.49 1
10 125
10, 20, 40, 80,100. 150, 200, 250, 500, 750 1000 shaker
120
spectrophotometer 10
3.3
0.25-0.49 1
10 121
12 25,30, 35.40,45,50 55
(water bath)
spectrophotometer 10



30

34
I 10
35.2.1 0.1,0.1-0.24,
025049 051 0.1,0.25 1
spectrophotometer
4

10, 20, 40, 80, 160,
240,320 400 5
. 25, 5. 10, 20, 40, 60 100
0,1,2,3,4,5, 10, 15,20,30,45,60, 120, 180,360 , 12,24,48,72,96,
120 (order of reaction) 8§ 9
(rate limiting Step) ()

()

1000
Aluminum potassium sulphate 250
5 250 Aluminum potassium sulphate
250 10
Aluminum potassium sulphate 500

200 1,236, 12
24.48.72,96 120
spectrophotometer
6
spectrophotometer (Genesys 20 Thermo Spectronic,
Thailand) (completely randomized design)
3 (One-way ANOVA)
Duncan new multiple range test
9% (SPSS For Windows 12.0)



90112
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11
1 !
1 Arlhrospira platensis, Phormidium angustissimum. Viva imesiinalis, Ulvct rigida,
Caiderpa lentillifera, Caulerpa sertularioidex, Rhizoclonium sp., Chaetomorpha sp., Padina sp,
Turbinaria sp., Sargassum sp. , Dictyota sp.. Gracilariajhheri, Acanthophorci sp.  Solieria sp.

111
13
3( 1 1) G fisheri 33.6820.16
C. lentillifera
33.4110.18
(p<0.05)  Solieria sp.
)
(Anionic group) (S0j) 1
(COj) (pKa) 13 L7147
(Ozer et ai. 2005b)
(H)  hydronium
jons (H,0) (interaction)

(Ozeretui. 2006a)



Algae

Arthrospira platemis
Phormidium angustissimum
Ja intestinalis

Viva rigida

Caulerpa lentiliifera
Caulerpa sertularioides
Rhizoclonium sp.
Chagtomorpha sp.

Padina sp.
Turbinaria sp.
Sargassum sp.
Dictyota sp.

Graciiariafisheri
Acanthophora sp.

Solieria sp.

2
12.32%0.41
17.72+0.23°F
10.02%0.14K
20.27%0.23"
31.76+0.2207
31.08*0.21'B
23.30£0.35D
15.76*0.20°°
14.65%0. "
11.95:0.08
1411£0.21H
13.79%0.
30.86*0.148
30.18%0. °

6.34+0.09°L
!

3

17.94+0.24¢
22.95*0. °
13.49*0.21°
21,350 41'E
33.41%0.
32.10+0.108
20.41%0. °
22.23+0.32'™
21.99%0.15"™
16.63*0.30F
17.51%0.12¢
17.59*0.32¢
33.680.16°A
31.84+0.168
10.45*0.26"

4
12.15+0.88tF
20.34+0.451C
12.36*0.14"
18.86*1.05t0D
28.49+0.540A
27.49*0.620A
20.15£0.30¢C
16.54+0.43E
18.18*0.2 ILE
170,69
11.77+0.62d
11.27+0.26F
24.18%0,238
23.63* L42B
6.430.246G

pH
5
9.18+0.54¢F
16.14+0.38¢C
10.14*0.20°
16.94+0.69aC
21.30%0.33"
26.5040.260A
16.65*0.2
18.25+0.641B
12.92+0.240
11.39+0.52tE
11.60+0.62¢
1251%0.25°™
15.94%0.32C
1843*0. B
6.22*0.12°

6
1.19+0.53HF
12.59*1.15D
4.93%0.27°°
14.90%0. °°
21.66*0.73"
21.9920.470A
18.5040.50B
14.55%0.40*
1.83:0.8°E
8.46+0.90E
5.56+1.660G
9.03*0.3
18.21+0.34B8
19.38+0.08°B
1.72+0.481E
(p<0.05)

50

1
1.19+0.53E
11.1540.29C
6.43*0.09¢F
13510.10B
14.45+0.45°B
13.94%0.2 168
15.76%0.220A
8.56*0.07°°
1.92%0.06°°
6.14*0.221
5.50%0.09"
5.64%0.09"
13.790.12™
13.49+0.28B
6.75*0.2°E

8
1.19%0.53dJ
9.038*0.51°°
5.10%0.07*"
10.45*0.15"
11.38*0.29™
12.5420.200A
8.81%0.32°
1.66%0.12°E
1.3802r
186*0.21E€
163%0. B
1.38*0. I5nF
10.22*0.45*
10.84+0.358C
6.79%0. 1/F
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(p<0.05)

(functional group )

uronic acid

guluronic, glucuronic, mannuronic sulphonate group 1 hydroxyl group
10 (Schiewer and

Volesky. 2000)



35

algicnic acid glucuronic
sulfonate group carrageenan, porphyran
agar sulfonate  group  fucoidan sulfated
heteropolysacharides amino

acid (hydroxyl, carboxyl, sulfhydryl, amine, imine, amide, anidazole)

pcpdidoglycan 10
pcpdidoglycan  glucosaming ~ muramic acid
asparagines, lysing, cysteine

aspartic acid lipopolysaccharide lipoprotein (outer
membrane) phophonate
(Schicwer and Volesky. 2000)
3
(anionic dyes)
(Ozer et 1. 20053) Ozer el /. (2005h)
Enteromorpha prolifera 337 324
100 2-6 337 324
55.1 592 2 3 Padmeshel .
(2006) Azolla rongpong
88, 3 [} 15 2-1
25 81.30,83.33,76.92  76.34 Guezquez et
(2009) Pasidonia oceanica 59
50
2-11 p. oceanic 2-3
4.99 Ozer et 1. (2006b)
Spirogyra rhizopus 290 324 100

2-6 2 3 6640  46.88
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112 *
(
2 ) Solieria sp. b,
A platensis, . intestinalis and . rigida 1 6
Padilla sp. 4,28+0.03
(p<0.05)
Solieriasp. ~ Chaetomorpha sp. 050£0.03  0.61£0.02
(p<0.05)
1( 42
(cationic group)
(NR 4 (NO 2
(Marungrucng and Pavasant, 2007) 3
(zero point charge) (Kumar et al. 2006; Daneshvar et al. 2007)
)
(H)
(Kumar
etal. 2006; Daneshvar et al. 2007; Tsai and Chen. 2010)
3
3
(810 Cosmarium sp.
2-11 9
2.05 106 (Daneshvar /. 2007)

Turbinaria conoides
2-10 8 42 (Kannan



etal. 2010)

Enteromorpha spp.

et a. 2009)
6

15

37

‘(810
6
2-10 2
6-10 70.35 (Ncibi
57
Pithophora sp.
2-1 6 64.4
7 5 620 580
(Kumar et al. 2006)
Cladophora sp. 15-85

2.38 (Khataec et al. 2010)



Aigac

Arthrospira platensis
Phormidium angustissimum
Ulva mtestinalis

Ulva rigida

Caulerpa lentillifera
Caulerpa sertularioides
Rhizoclonium sp.
Chaetomorpha sp.
Padilla sp.

Turbinaria sp.
Sargassum sp.

Dictyota sp.

Gracilaria fisheri
Acanthophora sp.
Solieria sp.

2
0.5620.01A
0410056
0.160.04BA
0.1+0.02
043003
1.6840.041A
1 544,00
0.0i0.01"
2.15:0.03A
24340, 05A
1.3540,066A
21140.01iA
14540.02A
04740016
0,220,030

3
0.83£0.04A
0.90+0.02d
0.51+0.06MA
0.34+0.02:H
0.92+0.018
1.7820.07A
2.3510.028
0.33:0.02
2.30+0.04B
2.77+0.041B
1514009
2.22+0.0Iff
1.67+0.02iB
0.8210.028
0.32+0.05'B

............ Geerenemmermreees

4
14040168
10740.03C
0.73£0.028
0.47+0.014C
2]4£0.021
254200318
2,660,051
0,54£0.021C
2,600,021
3.01£0.02¢
2.00£0.02¢
2.35:0.018
2.60+0.061C
13240026
0,390,018

pH

5
1.48:0.018
1.300.03D
0.75£0.0288
0.47£0.01€C
2.]3t0.0L°C
2.51+0.0118
2.71+0.01K
0.5410.021C
2.65:0.01C
3.10£0.02C
2.91£0.021C
3.07+0.03D
2.71£0.01C
1.74*0.01@8
0.50£0.03¢D

6
2.0040.14°
2,540,047
0.78:0.01¢
0.720.07hD
23240 02E
3.174003"
3.90:0.04E
06140.02UD
4.2840.03K
4,05:003F
4.10:0.0F
38140 011F
37540, 041E
2294003
0494002

!
2.44+0.10D
2.2110.07%
0.82%0.01C
0.72+0.02*
2.23£0.00"
2.6810.014C
3.58+0.00n°
0.5210.01C
3.4310.021°
341+0.02F°
3.60£0.01D
3.48+0.02HE
3.32£0.0l'u
2.10£0.01€

0.47%0.01

(p<0.05)

8
2.4110.16¢
0.23+0.02E
0.75£0.031C
0.71£0.011C
2.18£0.03 °°
2.76£0.02¢
3.53+0.05H°
0.54:0.02ar
3.57+0.02E
3.49+0.02tD
3.63+0.01D
3.48+0.0LE
3.25%0.01
2.0810.02€
0,45*0.01iC
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L4ni
*<

4 Mil

2H

I nil

41 till

(p<0.05)

113

2 ( 3
3) A platensis G.flishen
93.06£1.01  90.96£0.95
(p<0.05)  Sargassum sp.
, Turbinaria sp. 3$H3 HA 36.87+1.13

(p<0.05)



Algae

Arthrospiru platensis
Phormidium angustissim an
Ulva intestinahs

Ulva rigidci

Caulerpa lentUlifera
Cauterpa sertularioides
Rhizoclonium sp.
Chaetomorpha sp.

Padirni sp.
Turbinaria sp.
Sargassum sp.
Dictyota sp.

Gracilariafisheri
Acatithophora sp.

Solieria sp.

2

93.06%1.01
69.72+0.23D
50.92+049'G
61.68+0.671.
11.29+0,85C
86.53£0.56f
54.660+0.464
51.12il.46%
41.910.521!
36.871.13"
35.31%0.34*
46.08£0.27H
90.96*0.95"
67.47%0.95™
48.25+0.30H

3
50.1740.630A
48.290 631E
405750910
43.07+057IC
4231405000
53,760,608
38830221
35,0140, 441F
36.75:0.47F
27.990.230
195140574
30814062
197740314
35,0141 461F
23474053

4
342740798
35534061 “
27765041 *
329840338
36.411%1,060A
27.2040.67™
37.4540,30A
27.2040.500D
23584033
19.56*04|E
18.77%0.35tE
26.00%0.33+
1B7740.16'F
28.36% 1956
23,0540.36tE

pH
5
25.90+0.208B
217.01:+0.80d3H

17.87+0.63CH
20.80+0.371H

28.70%0.83A
23.730.548C
22.65+64¢TE

19.78+0.52Ii¢G

15.99%0.61*“
14.3710.95d

15.83£0.39¢
20.52+0.26¢F
15.55+0.66 1'
231312170
16.82%0.66""

6
12.23+055"
16.0240.6507G
17.05+0.36"
19 85:0.24dC

25.51*0.16°A

19.37+0.26dTE

22.46*0.448
20.21£0.10¢

18.95*0. 1841
15.22+0.72dH
14.35%0.46"
18.85%0.27"
16.78+0.21dG

20.56*0.87B

17.99%0. 1508

!
16.20%0.44“E
16.02*0.65E
12.2°1.37A
19.2710.21&C
22.83*0.7 1A
23.300.1°A
20.67%0.1768
16.77£0.60nE
15.96+0.44¢E
15.40+0.30cG
14.2110.22¢H
18.11%0.65"°
1351*0.47dH
20.24*0.118
16.55+0.30dE

(p<0.05)

[00

8
19.2240.380A
16.14£0.82D
12624058
16.5540.30%°
16.58%0.130C
17.40%0.30%
17.2150.92°"
17,7440, 14678
12.93+0.17*
16,580,766
155140.86°
18.310.2508
85340.49°
15,45+ 54
12.55+0.36*



1
3 ?
(2
(p<0.05)
2( 3
(anionic group)

(Mahmoud.  2008)
Spirogyra sp.

N

100

1-4

41
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3 ) 36 6-8
( 10 ) (KJialaf. 2008) Cholorella vulgaris
(Remazol Black B, RB) (Remazol Red
RR, RR) (Remazol Golden Yellow RNL, RGY)
13 80 Cholorella vulgaris
3 55.2.553 3.0
(Aksu and Tezer. 2005) Scenedesmus
(uadricauda (Remazol Brilliant Blue R)
2-8 150
2 45.7 (Ergene el al. 2009)

(functional group)

pKa
(Sotieria sp.)
12
Zf. platensis
( 4) 55
30, 30 1 6,6 2
22.00%0.44, 2.73*0.08  90.27*0.45
. Intestinalis , '
6.6 6 16.31*0.17. 1.09*0.05
44.45%0.51 . Tigida ,
1 ? 26 3
21.60%0.06,0.83*0.01 53.42*0.38 C
lentillifera , ?
26 3 34.23%0.87, 256*0.03  T71.34*1.20

¢. sertularioides ,
' 12 6 6 36.37*0.09,
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316002  81.1040.73 Rhizoclonium sp.
, ? 26 3
29.15+0.69, 3.93:0.03 42.5611.24
Chagtomorpha sp. , -7
6,6 3 23.63£0.25, 0.7040.02
43.2240.78
Padilla sp. , ?
22 3 25.1910.36, 4.2410.03
38.08£1.75 Turbinuria sp.
, ? 6,6 3
17.25¢0.13,4.15£0.03  30.11£1.60
Sargassum  sp. , mi 7]
6.3 3 21.71£0.244.07£003  29.53t1.47
Dictyota sp. ,
? 6, 6 215110.18,
3861007 39.51i0.65
G. fishen A , ?
6,6 2 40.31£0.42. 3.85£0.07
90.49+0.47 Acanthophora sp.
, ? 6,6 6
67.02£1.03,2.5240.11  31.52+0.44
Solieria sp. , ?
12,6 6 15.35£0.24. 0.710.09 44,06£0.99



Arlhrospiru platensis
Phormidium angustissimum
Viva intestinalis
Viva rigida
Caulerpa lentilijera
Caulerpa serlularioides
Rhizoclonium sp.
C-haetomorpha sp.
Padilla sp.
Turbinaria sp.
Sargassum sp.
Dictyota sp.
Gracilariajisheri
Acanthophora sp.
Soliera sp.

g

(desorption)

@@mmmm@cﬁ@l@@@m@@

[ (maximum capacity)

22.00%0.44"
21.3240.31h
16.3140.17g
21.60+0.06"
34.234087"
36.3740.00h
29.15%0.69
23.6340.258
25.1940.36
17254013
21.7140.24"
2151%0.18h
4031042"
31520441
15,3540.24*

<p<0.(%)

(adsorption)
(equilibrium adsorption)

(Adamson. 1990)

45,63*0.74"
44.210.54"
33.82*0.59
45,09%0.23"
1146*1.76*
1543%0.55"
60.44*1.25*
49.33*1.06s
52.60+0.74r
36.02%0.55
44.93%0.54"
4453%0.33"
83.43%0.23"
65.25+0.93a
3L.77%0.37°

4



Arthrospiru piatensis
Phormidium angustissimum
Viva intestinalis

Viva rigida

caiderpa lentilifera
Caulerpa sertularioides
Rhizoclonium sp.
Chagtomorpha sp.
Padilla sp.

Turbinaria sp.
Sargassum sp.

Dictyota sp.
Gracilariafisheri
Acanthnphora sp.
Soliera sp.

—

— O OO OO OO LW OO N oo o OO OO OO OO O O

001

2.73£0.08f
2.55£0.05B
1,09+0.05h
0.830.01

2.56*0.03"

3.16£0.02C
3.93+0.03d
0.70%0.02

4.2410.03:
4.15%0.03"
4,07£0.03fc
3.86+0.07d
3.85+0.07d
25240.11s
0.71*0.09

(p<0.05)

45

61.39%1.85"
57 35%1.05"
23.30% L07]
18.67+0.17h
57.58+0.77c
71544061
83.59%0.55"
15.890.34"
95,30£0.32r
93.20%0.1h
91.67+0.28'
86.9440.87h
86,67+ .11
56,70+1.91)
15.88*1.78



Arthrospira platensis
Phormidium angustissimum
Viva intestinali.s

Viva rigida

Caulerpa lentilifera
Caulerpa sertularioices
Rhizoclonium sp.
Chaetomorpha sp.
Padilla sp.

Turbinaria sp.
Sargassum sp.

Dictyota sp.
Gracilariafisheri
Acanthophora sp.
Soliera sp.

OO OO D W W W W W W o LW W O O O

90.270.453
61264061
4445405

53,420,381
71.3441.20C
81.1040.730
425641 248
4322i0.78*
38.084].750
30.11i1.60°
29.53il 471
39,51i0.650
90.49i0.47a
67.02i 103
44,06i0.99*

(p<0.05)

)

97.95i0.42¢
66.480.75

48.2310.61*

57.3510.551
76.58il.48f
87.99i0.69i
45.68il.30c
46.39i0.89h
41.57i1.81a
32.87i1.63**
32.23il.490
43.14i0.70c
96.96i0.31°
71.80i0.91f
47.2010.87h

46
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59 (acid yellow 59)
7 (acid orange 7)
88 (acid red 88)
290 (acid blue 290)

(Methylene blue)

Ifirm  (Malachite green)
(Malachite green)

(Remazol black B)

(Remazol golden yellow

RNL)

', (Remazol brilliant blue

120 (Reactive red 120)

Pasidonia ocaenica

Azolla rongpnng

A:olla rongpong
Spirogira rhizopus

Caulerpa racemosa var,
cylindracea

Cosmarium

Chlorella

Chlorella \tdgaris
ChlorelUmilgaris

Scenedesmus
(uadricauda
Spirogyra majuscul

100
100
100
100

100

10
1000

200
200

150

100

24

60

90

60

300

"}

Guczguez etal. (2009)
Padmesh €tal. (2005)
Padmesh et al. (2006)
0zer et al. (2006b)

Cengiz and Cavas.( 2008)

Daneshvar et al. (2007)
Tsai and Chen. (2010)

Aksu and Tczer. (2005)
Aksu and Tezer. (2005)

Ergene € al. (2009)

Celckli €tal. (2009)



13

131

48413
(@

A plalenxis

. angnstixsimum
. Inlestinalis
rigida

C. lentillifera

C. Serttdarioides
Rhizochmium sp.

Chaetomorpha sp.

Padina sp.
Turbinaria sp.
Sargassum sp.
Dictyota sp.

G fisheri
Acamhophora sp.
Solieria sp.

132

Langmuir

Langmuir
G. fisheri
(p<0.05) ( 8)
Langmuir  Freundlich
! Langmuir
. 2
A( [
' )
78.39*1.61€  0.0085%0.0001 0.985
119.14*5.82*  0.0045*0.0001 0.994
55.00¢5.60  0.0088%0.0(X)6 0985
117.98+5.17*  0.0077*0.0002  0.993
440.12*14.07" 0.0045*0.0002 0.988
479.92*33.76" 0.0045*0.0001  0.986
28151 +12.72"  0.0049%0.0001 0987
147.764£15.73) 0.0069*0.0004 0.992
152.8841 197d  0.0068*0.0003 0.973
9i.27£10.00%r  0.0078*0.0005 0.991
8).50%2.8005  0.0077%0.0001  0.991
60.00+4.60B  0.0099%0.0003 0.985
483,46*9.53*  0.0067*0.0003 0.924
434.52*9.04"  0.0061*0.0001 0.922
48.28%1.63* 0.0051*0.0001  0.986
(
Padina sp.
*

(P

49

Freundlich
(")

Freundlich

K ( |
)
2.89%0.12 0.744%0.005  0.941
4.22*0.19 0.749%0.006  0.934
4.21%0.24 0.685%0.006  0.948
1.480.01 0.782%0.001  0.960
1.37%0.04 0.833%0.008 0,953
1.29%0.08 0.795%0.011  0.962
1.40%0.05 0.867*0.006 0.961
1.40%0.05 0.783%0.005  0.954
1.44%0.02 0.795%0.003  0.962
1.87%0.06 0.776%0.001  0.956
1.75%0.03 0.794%0.002  0.924
1.86*0.05 0.794%0.1X12  0.952
1.97%0.13 0.825%0.012  0.946
1.54%0.04 0.844%0.005  0.929
1453028 0.663%0.002 0.892
1 (n<0.05)
484.13



A platensis
. anguslissinwm
. intestinalis
. Tigida
C. lentillifera
C. sertularioides
Rhizoclamum sp.

Chagtomnrpha sp.

Padina sp.
Turbinana sp.
Sargassum sp.
Dictyota sp.

(3 fisheri
Acanthophorasp.
Solieria sp.

133
Langmuir

(10

Langmuir

il

)
152.95+1.96
154.37i1.99'1
122.0Ril.53*
126.1514.48h
137.08£3.30%n
162.69 .87°

179.53 .49’

101.60£2.05]
288.80i9.30a
238.4416.36t
17353 15 27*
154.78i2.25"
143.96i2.41%
92.35+3.00°

76.94i[.73k

(

(Qm
Freundlich
Langmuir !
K : i
)
0.0218 .0002 0.987 5.04
0.0226 .0005 0.991 5.23
0.0208 .0004 0.980 3.54
0.0137 .0005 0.997 2.84
0.0275 .0008 0.994 5.42
0.0331 .0004 0.948 6.33
0.0327 .0005 0.996 7.07
0.0254 .0002 0.982 4.21
0.0242 .0007 0.983 10.63
0.0221 .0010 0.9878 7.86
0.0316 .0013 0.986 7.80
0.0211 0004 0.968 5.04
0.0241 .0008 0.965 4.93
0.026 .0009  0.984 4.32
0.0276 .0003 0.988 3.96
!
G. fisheri
293.198.76
(el

07 1528
05  1.532
06  1.558
03 1516
03 1.607
07 1546
07 1.582
02 1.649
18 1.527
08 1528
03 1.617
06 1542
07 1575
03 1729
01 1852
(p<0.05)

007
005

006
004
012
007
003

003
003

50

(p<0.05)

Freundlich
2

0.983
0.985
009 0.993
0.989

0.972

013
005
0.978
0.976

0.976
0.913
0.955
005 0971
0.977
0.972
018

020

0.973
0.970

(p<0.05)



10 Langmuir  Freundlich
0 ., Langmuir
s & ’
( )
)
A platensis 277.12i3.92a 0.0460+0.0015  0.995
. tinguslissimum ~ 205.R9i5.38¢ 0.0285i0.0019  0.995
. Intestinalis 168.05£4.79¢ 0.0172£0.0005  0.980
. rigida 187.32¢ 0.0258+0.0016  0.985
C. lentillifera 259.30il1.94b  0.0257dt0.0019  0.988
C. Sertulaiioides  2fig.90i4.851 0.0258i0.0011 0.995
Rhizocloniumssp. ~ 165.37+3.85¢ 0.0203£0.0007  0.974
Chagtomorphusp. ~ 171.08£2.03C 0.0 60£0.0003  0.985
Padilla sp. 101.80i4.428 0.0146+0.0005 0.976
Turbinaria sp. 92.13i2.fi Ith 0.0160*0:0009 0.978
Sargassum sp. 78.38+0.75h 0.014540.0002  0.969
Dictyola sp. 118.99i2 851 0.0112 0.0006 0.976
G.fisheri 293.19i8.761 0.0537i0.0049  0.992
Acanthophorasp. ~ 208.22i7.02¢ 0.029Ci0.0019  0.995
Solieria sp. 118.84i4.371 0.0129+0.0006  0.985
f
Langmuir ~ Freundlich

Langmuir

K(

16.01i0.20
9.48i0.22
4.4410.01
7.54i0.23
9.73i0.17
16.10i0.31
5.28+0.05

4.07i0.09
1.76i0.09
1,68£0.04
1.34i0.01
1.65i0.07
17.08i0.64
9.58i0.12
1.91i0.01
(p<0

(homogenous binding site)

51

Freundlich

1,568+0.008
1.642i0.010
1.487i0.002
1,650£0.025
1.610i0.014
1.820i0.011
1.55940.006

1.441i0.012
1.266i0.013
1.316i0.009
1.280i0.002
1.237i0.013
1.569i0.019
1.645i0.008
1,268:0.(H)4
05)

Freundlich

2

0.970
0.977
0.979
0.974
0.981
0.963
0.978

0.975
0.983
0.989
0.987
0.985
0.971
0.977
0.981

Langmuir

(monolayer)
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Freundlich
(monolayer)
(heterogeneous hinding site)
(Masel. 1996)
Langmuir
(£1m)
(Qnd
i} G
fisheri Azollafiliculoides
3 (Padmesh el al 2005) 7 (Padmesh el al 2006)
Posidonia oceanica 59 (Guezguez el al. 2009)
Enteromorpha prolifera 337 324 (Ozer el al 2005)
274 (Ozer et al. 2005h) Spirogira rhizopus 1
329 290 (Ozer et al 2006h)

Padina sp.
Turbinaria conoides (Kannan et al. 2010)  Caulerpa racemosa (Bckci et al 2009)
Pithaphora sp. (Kumar et al. 2005)
Enteromorpha spp. (Ncibi et al 2009) C. lentillijera
FGRL (Marungrucng and Pavasant. 2006)

G. fisheri
Laminaria sp. (Vijayaraghavan el al 2008)  Phormidium sp.
(Scvgil and Gonul. (2007)
Spirogira rhizopus ! 22 (Mohan et al. 2002)
Chlorella vulgaris 1 11
(Aksu and Tezer. 2005)
K" Langmuir
( )
( ) Ka
, fisheri K1 1 Azolla
filiculoides 3 (Padmesh el al. 2005) 7 (Padmesh et al,
2006) Spirogira rhizopus 1 ' 329 290

(Ozer et al 2006h) Posidonia oceanica 59
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(Guezguez et al. 2009) Enteromorpha prolifera 337
324 (Ozer et al. 2005) 274 (Ozcret al. 2005h)
Padina sp.
Caulerpa lentillifera FGRL (Marungrueng and Pavasant. 2006)
Enteromorpha spp.§ (Ncibi et al. 2009) Turbinaria
conoides (Kannan et al. 2010) Caulerpa racemosa (Bekd et al. 2009)
Pithophora sp. (Kumar et al. 2005) ( 4.11)
G.fisfieri K1 Laminaria sp.
(Vijayaraghavan et al. 2008) Chlorella
vulgaris

(Aksu and Tezer. 2005)



FGLR)
1

3 (Acid green 3)
7 (Acid orange 7)

59 (Acid yellow 59)

337 (Acid red 337)
324 (Acid blue 324)
274 (Acid red 274)
324 (Acid blue 324)
290 (Acid blue 290)
(Benewol red)

(Astrazon blue

(Malachite green)
(Methylene blue)

{Qn |

Azollafiliculoides
Azollafiliculoides
Posidonia oceanica
Enteromorpha prolifera
Enteromorpha prolifera
Enteromorpha prolifera
Spirogira rhizopus
Spirogira rhizopus
Gracilariafisheri

C. lentillifera

Pithophora sp.
Enteromorpha spp.

137
1096
6.9

210.87
160.59
2381

367

1360.6
483.46

31.17

117,647
213.79

0.0052
0.0043
2.94
0.0187
0.00960
0.0649
0.00332
0.00125
0.0067

0.020

0.0093
0.02

Padmesh et al. (2005)
Padmesh et al. (2005)
Guezquez et al. (2009)
Ozer etal. (20053)
Ozer et al. (2005
Ozer et al. (2005b
Ozer et al. (2006b
Ozer et al. (2006b

—~ o~

Marungrucng and Pavasant

(2006)
Kumar et al. (2005)
Ncibi et al. (2009)



ne )

(Malachite green)
1 (Malachite green)
(Malachite green)

22 (Reactive yellow 22)
(Remazol black B)
(Remazol red RR)
(Remazol golden yellow
RNL)
(Reactive black 5)

(reactive Black B)
(Remazol Blue)
V' (Benefix Red)

Turbinaria conoides
Caulerpa racemosa
Padina sp.

Spirogyra sp.
Chlorella vulgaris

Chlorella vulgaris
Chlorella vulgaris

Laminaria sp.

Phormidium sp.
0 Phormidium sp.

Gracilariafisheri

Qe (

66.66
25.67
288.8

400
476.2

19%.1
.9

1015

1417
147
293.19

Ka(

0.0203
0.00094
0.0242

0.587
2.215
2.09

0.012

0.0537

)

Kannan et al. (2010)
Bekei et al. (2009)

Mohan el al. (2002)
Aksu and Tezer (2005)

Aksu and Tezer (2005)
Aksu and Tezer (2005)

Vijayaraghavan et al,
(2008)

Sevgil and Gonul (2007)
Sevgil and Gonul (2007)
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2
3
Caulerpa lentillifera, Rhizoclonium
sp. Gracilaria fisheri,
Padina sp., Turbinaria sp. Sargassum sp. ? '

Arthrospira  platensis, Caulerpa lentillifera
Gracilariafisheri

21
211
) 0.56
c. lentillifera. Rhizoclonium sp. ~ G.fisheri 05
68.69+0.57,
63.77:0.61 69.80£0.20 64.2610.28,
59.670.78 65.30.14
(p<0.05) C
lentillifera, Rhizoclonium sp. ~ G.fisheri 6
6.1740.02, 6.0810.03  6.92¢0.05
10 12)
2.12
0.5-6
Padina sp., Turbinariasp. ~ Sargassumsp. 05
90.71£0.43,
87.01£0.17  86.27£0.36 8.60£0.22, 8.25:0.19
8.18+0.19
(p<0.05) Padina sp., Turbinaria sp.
Sargassum sp. 6 0.77£0.02,

076:002 076011
1 (1B
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2.13 , ,
0.5-6
A platensis, c. lentillifera ~ G.fisheri 05
90.88+0.23, 68.6310.44
91.5620.22 175.07+0.75, 132.2'+1.64
176.370.69
(p<0.05) A platensis, c. lentillifera
G. fisheri 6 15.9440.09,
13601009  15.980.1 119

11 ( ©



12

0.5

15

2.5

0.0040.00"
0.0040.00“
0.0040.00“
0.0040.00¢
0.00i0.00"

0.00£0.00¢
0.00+0.001

(%)
0.0040.00¢
0.00£0.00a
0.0040.00"
0.0040.00¢
0.0040.00°
0.00£0.0
0.00i0.00'1

Caulerpa lentillifera. Rhizoclonium sp.

Caulerpa lentillifera

64.26i0.28¢
33.3510.081
22.6340.09%
17.38£0.13d
14.51£0.07°

12.26i0.07b
6.1740.02¢

(%)
68.69i10.57f
71.2940.1
72.58i0.23d
74.3240.3
77.52i0.23b
78.6440.3 1"
79.09+0.16a

(p<0.05)

Rhizoclonium sp.

59.67i0.78%
32.06i0.261
22.2840.09¢
17.14+0.041
14.3040.09¢
12.0140.10°
6.0840.03"

(%)
63.77i0 .611
68.5440.3r
71,43£0.17d
73.28i0.14c
76.41i0.41b
77.03i0.53a
78.04i0.24"

Gracilariafisheri

Gracilariafisheri

65.340.14*
39.4240 35*
27.11i0.12¢
20.2540.14d
16.3740.1 0¥
13.66i0.04b
6.9240.05"

(%)
69.8040.20"
84.2740.47¢
86.9240.067
86.5740.24"
87.4740.17b
87.6140.2
88.7640.27¢
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05

15

25

0.00+0.00"
0.00+0.00"
0.00+0.003
0.00+0.00"
0.00+0.002
0.00+0.00a
0.00+0.003

)

(%)
0.00+0.00"
0.00+0.00"
0000001
0.00+0.00a
0.00£0.00¢
0.00£0.00a
0.00£0.00a

Padina sp,

8.60+0.22°
4,51+0.100
3.02i0.07c
2.28+0.05d
1.8410.04c
].54£0.03¢
0.77+0.02*

7,

)

Padina sp.. Turbinaria sp.

(%)
90.7140.43¢
95.14£0.12d
95.4540.21
06,04+0.25°
96.78+0.23
97.2640.13d
97,9610,

(p<0.05)

Sargassum sp.

Turbinaria sp.

8.25£0.19"
4.31+0.100
2.91+0.06°
2.20+0.05d
1.77+0.04c
1.49:0.03c
0.76£0.02f

)

(%)
870140471
91.01+0.38°
91.95+0.13d
92.800.1
93574027t
94214023
96.6240.42

Sargassum sp.

, ) (%)

8.18:0.193  86.27£0.36°
4.35:0.11h  91.80+0.44]
29010.08°  91.88+0.657
2.19:0.05d  92.4520.17d
1.7820.05c  93.750.40¢
1500.03*  95.11£0.28p
0.76+0.02f  96.43£0.22a



( 2 1 14)
Cavas. 2008; Tsai and Chen. 2010)
1000
33.67-9.45
Enteromorpha prolifera
5
(
(Ozer et al 2005b)
scalpeUiformis Yellow
3-10
2007)

1988; Fourest and Roux. 1992)

61

(Ozer et al 2005b; Cengiz and

Chlorella
50-200
(Tsai and Chen., 2010)
AB 324 AR 337
0.5-3.0
)
Caulerpa
4
8 9%

(Aravindhan et al

Caulerpa racemosa var. cylindracea

0.1-2
| 8l
Cosmarium sp.
1.5-7.5X106
2007) Spirogyra rhizapus
0.5-3.0

500-100

59) 0510

(Gadd.
50
9% (Cengiz and Cavas. 2008)
65.7-89.1 (Daneshvar et al.
274

(Ozeretal, 2006h)
Pasidonia ocaenica

59 (Acid Yellow
100



05 10

(Guezquez et I11., 2009)

2.2
221

. lentillifera. Rhizodonium sp.

1000
51,26+1.42,40.5612.16 50.47il.40
51.79i14.08.410.56i13.27  601.80il3.39
15)

c. lentillifera. Rhizodonium sp.  G. fisheri
8.5240.09
90.54+1.07. 89.00£0.29

2.2.2

Padina sp., Turbinaria sp.
1000
56.5410.61, 48.33t0.82  46.44%].39
483.3719.23, 4132811145 397.20£16.33
16)

sp., Turbinaria sp. Sargassum- sp.
8.23+0.13
95.12+0.05, 92.65£0.82

62

83 843
458 903
10-1000
G.fished
(
(p<0.05)
10
8.5710.13, 8.4310.03
65,51 70
90.0411.19
10-1000
Sargassum sp.
(
(<0.05)
10 Padina
8.4410.08. 8.2241.25
57,50 48
92.71i0.58



63

2.2.3 ?
! 10-1000
A platemis, C. Jentillifera  Gfisheri
1000 ?
65,08£0.82, 61.94£0.53 66.59+0.66
632.44+8.47,601.8815.64  647.0816.88 ( 17)
(<0.05)
? 10 A. platensis,
C. lenlillifera G fisheri 9.01£0.17, 8941023  9.20+0.28
70.67 70
94.17+1.54,93.46+1.54  96.15£1.59 15



15

10
20
40
80
100
150
200
250
500
750
1000

0.00£0.00¢
0.00+0.00a
0.00£0.003
0.00:0.00a
0.00i0.003
0.000.00a
0.00i0.003
0.00i0.003
0.00i0.003
0.00i0.003

0.00i0.003
1

)

(%)
0.00i0.003
0.00i0.003
0.00i0.003
0.00i0.003
0.00i0.003
0.00i0.003
0.00i0.003
0.00i0.003
0.00i0.003
0.00i0.003
0.00i0.001

Caulerpa lentillifera, Rhizoclonium sp.

Caulerpa lentillifera

8.57+0.13
17.12+0.4
34.9110.45%
69.201.13f
87.43+0.57f
12711£3.22¢
168.53£2.27d
180.33£3.89d

309.89+11.56¢
459.63£17.94h
518.79+14.083

(%)
90,54£1.073
90.0410.81a
89.0£0.95°
88.6411.00d
87.17+1.06dx
85.42+1.26lc
83.16+1.73¢
71.5620.97d
62.01£2.31e
60.77+1.91c
51.26il 42*

(p<0.05)

Rhizoclonium sp.

8.43+0.03
16.86+0.16H
34.44+0.44n
66.671.22%
81.57+2.66*
112.55+2.45¢
141 84+0.73"
166.50+2.86d
259.7611.22¢
341.79£15.01b
410.56+13.27a

(%)
89.000.29°
88.72+1.22a
87.79+0.82a
85.40+1.26a
81.26+1.650
15.64+0.99c
70.00£0.18d
66.06+0.97¢
51.98i0.991
45.19+1 62
40.56+2.16h

Gracilariafisheri

Gracilariafisheri

8.52+0.09
17.2310.43*”
35.44+0.20*
70.18il.331
88.47+1.55f
131.83+2.54¢
181.39£0.73d
182.61£3.05d
332.358.81¢

)

505.20£14.98h
601.80+13.3%

(%)
90.04+1.19
90.65£1.30a
90.37£0.78a
89.80+1.00a
88.19+0.94a
88.600.75a
89.52il.Ila
124710.61h
66.50+1.52¢
66.81+1.45¢
59.47+1.40d
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10
20
40
80
100
150
200
250
500
190
1000

000000
0.0040.00°
0.0040.00°
0.0040.00
0.0040.00"
0.0040.00°
0.0040.00°
0.0040.00"
0.0040.00
0.0040.00°

0.0040.00°
1

)

(%)
0.0040.00°
0.0040.00
0.00+0.00J
0.0040.00
0.0040.00"
0.0040.00
0.00£0.00"
0.00+0.00a
000003
0.0040.00
0.0040.00°

Padilla sp.

8.4440.081
168116
32.4940 4
8L.ALILIN"
81.65il.05*
119.02i1.99*
151.9644.13°
189.42+1.92d
336.3645.72°
399.93£6.57h
483.3719.23a

7

(%)
95.1240.05a
94.09£0.57d
93.40+0.53ak
92.1040.62kw
92.0040.58°“
91.11+0.62d
85.7641.29°
64.1140.35°
78.14i0.641
61.2740.66s
56.54i0.611

(p<0.05)

Sargassum sp.

[ ¢ 79p. Turbinariasp.  Sargassum sp.
Turbinaria[sp.
( (
(%)

8.22+1.5* 92.65i0.82" 8.2340.13*
16.36i0.191 90.68i0.58*1 16.3610.271
31.934i0.91  91.8240.87° 31.83i0.16h
71.86i1.32* 88.08i0.57d 78.22i1.168
77.10i0.428 86.88i0.18h 76.8041.38*
101.72il.831  77.86i0.63¢ 108.6941,93*
139.9443.43° 78.9840.84> 133.4540.74°
17151i2.70d  76.15i0.49¢ 164.5410.66d
320.88i4.38c  74.55i0.49¢ 321.9442.89°
383.2417.741  58.71i0.70r 380.51i2.40b
413.28il 145>  48.3310.828 397.20416.33"

(%)
92.7140.58"
90.6840.91°
91.5340.62d
88.49i0 490
86.5241.10°
83.2040.69d
15.3540.69°
13.0841.12
14.8241.08°
58.3140.85f
46.4441 39
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10
20
40
80
100
150
200
250
500
750
1000

Q000003
0.00i0I03
0.0020.002
0060008
0060008
0000003
0.0040.00°
0060008
0060008
0060008
0000003

)

(%)
000000
0000033
0000033
0000038
0000033
0000033
0000033
0.00+0 00a
0000033
0000038
0000001

Arthrospiraplatensis. Caulerpa lentillifera

Arthrospira platensis

)

9014017k
18.7240.25

3651403

71.7640.86h
86.81=1050y
132,941 48f
1719441 46°
2108341244
341.9140.741
518.9645.72h
632.4448.47a

(%)
94.17£1.54a
93.4811.428
91.59+1.13k
91.23i0.48[c
90.65£0.47c
90.35£0.88¢
89.98i0.71°
83.03£0.38d
71.09i0.221
12.04+0.39%
65.08i0.821

(p<0.05)

Caulerpa lentillifera

8.94i0.23k
18.6310.97)
36.54+0.33
70.98i0.82h
85.8410.49s
131.4310.43r
166.29il.52¢
197.8313.96d
325.65£2.67¢
456.5314.06h
601.88i5.64a

(%)
93.46il.54a
92.99i0.4)°
91.66i0.71d
90.23i0.6%
89.6310.550
89.30i0.520
87.02 0.79£
77.91il.57d
67.71i0.581
63.37+0.36f
61.94i0.531

Gracilariafisheri

Gracilariafisheri

9.200.28k
19.37i0.31)
38.20i0.121
74,04i0.54
89.09i0.32g
135.13i0.98f
173.31i0.46¢
213.30i3.59¢
344,180,160
529.60i3.420
647.08i6.883

(%)
96.15il.59%
96.73il.828
95.8310.78d
94.13il.01dx
93.0310.17w
91.82i0.91
90.7020.350
84.01il.31c
71.56£0.14f
13.53i0.27f
66.59i0.665



67

( ) ( I>-17)
( 40-50 )
. lentillifera, Rhizoclonium sp.  G.Jisheri
100,80 200 ( 15)
Padina sp., Turbinaria sp. ~ Sargassum sp. 150, 200 100
( 16) A platensis, c. lentillifera
G. fisheri 200 ( 1)

(Ozer etal. 2006h)

214 Spirogyra rhizopus 25-3600
(Ozcr
et al. 2006) Cosmarium sp.
25 b 022 278
106 0 8333 (Daneshvar et al. 2007)
Caulerpa scalpelliformis (Basic Yellow) 5
5 150 AT
21 (Aravindhan et al. 2007) Caulerpa racemosa
var. tyluulracea 05 30 5-100
0.295-5.777 (Cengiz and Cavas.
2008) Chlorella
200-2000 1.755-18.727
Turbinaria conoides 25-
200 11.0-47.08 (Kannan

et al. 2010) Chlorella vulgaris (Remazol



68

black B) (Remazol red RR) 20-800
(Remazol golcen yellow RNL) 10-
200 1 14.9-368.8, 14.2-
1819 6.2-52.8 82.6-46.4, 80.3-22.6
60.3-26.6 (Aksu and Tezcr. 2005)
Phormidium sp. (Reactive red) 22.2-19.0
3.4
(Karacakaya et al. 2009)
! , A2l rongpong 88 (Acid red 88)
4 10-1000
204 109 817
436 (Padmesh et al. 2006)
2.3
231
. lentillifera, Rhizoclomum sp. G ftsheri
25-55 45
. lentillifera 42.63+0.71
40
(<0.05) 80.70+0.58
Rhizoclomum sp. G fisheri 55 45
40.771044  46.16£1.01
(p<0.05)
71320£035  87.40£0.54 (
18)

. lentillifera. Rhizoclomum sp.
G. fisheri 25-55 99.15, 10.02
87.14



69

2.3.2
! Padina sp., Turbinaria sp. ~ Sargassum
sp. 25-55 Padina sp.
45 4.4910.03
40 50
(<0.05)
94.8240.45 Turbinaria sp. 50
4.2610.06 45
(<0.05)
93.3810,60 Sargassum sp.
55 4.2610.06
50
(<0.05)
93.53t0.57 ( 19)
Padina sp.. Turbinaria sp.
Sargassum  sp. 25-55 50.40,
4616  47.85
2.33 11?2
A platensis, ¢. lenlillifera G, fisheri
25-55 A platensis  G.fisheri
50 93.45:0.76  93.3910,60
(<0.05)
8790034  87.90£0.34 C
lenlillifera 3 70.89+0.65
40
(<0.05)
75.93£0.43 ( 20)
Padina sp., Turbinaria sp.
Sargassum sp. 25-55

38.04,-41.25 3583



30
35
40
45
50
55

18

0.00i0.00*
000i000"
0.00i0.00*
0.00r0.00*
0.00£0.00a

000000

()

0.00t0.00”
0.00i0.00*
0.00£0.00*
0.00£0.00a
0.001.0.00*
000-0.00*

0.000.00a

Caulerpa lentillifera

(

20.82%0,07"
33.81£0.02d
35.66*0.16"
42.35%0.45*
42.63*0.71*
39.18*0.28b

36.51*0.52"

nleii Tfiw
(%)

42.79+0.03
68.96*0.13¢
72.69*0.35'
85.50%0.68"
80.70£0.58b
72.45%0.28'

65.54*0.71"

Caulerpa lentillifera, Rhizoclonium sp.

Rhizoclonium sp.

24.87%0.34'
32.9610.03
34.52%0.27"
35.79%0.40¢
37.39%0.70"
39.52+0.60b

40.77%0.44*

(%)

51.12£0.56d
67.23£0.36¢
70.37£0.50b
72.26*0.51"

70.77£0.67h
73.09%0.22*

73.20%0.35"

Gracilartafisheri

Gracilariafisheri

32.35%0.42"
35.0740.48d
42.40%0.18"
44.81£0.22b
46.16*1.01*
44.76£0.78b
43.95£0.64b

(%)

66.5!£0.29
71.55%0.07"
86.43+0.03b
90.47%0.09*
87.40£0.54b
82.78%0.58"
78.90*0.62"



25
30
35
40
45
50
55

19

)
0.00%0.00s

0.0010.00*
0.00-t0.00"
0.001-0.0

0.0(}£0.00"
0.00% 0.00*
0.00,0.00*

I 1
mi Padilla sp.
?
L) ( (%)
)

000.000* 4.06+0.01] 89.86+0.41c
0.00£0.00" 4.21+0.06¢ 90.88£0.37c
0.00+0.003 4.35+0.05k 93.21i0.46'1
0.00j-000* 4.35+0.054x 96J2+0.354
0.00'0.00* 4.49+0.03a 94.82+0.45kc
0.0Q:0.00a 4.44i0.04% 97.41£0.18a
0.oftto.00* 4.32+0.05H 94.6540.77

(p<0.05)

Padina sp., Turbinaria sp.

2.8940.04°
3.76+0.09"

3.95£0.07b
4.00i0.05b
4.25£0.01"

4.26+0.06"
4.08£0.04b

Turbinaria sp.

(%)

64.11£0.8"

SUQi0-SO1
84.68+0.52¢
88.2810,52h
89.64£0.32b
93.38£0.60a
89.40i0.66b

Sargassum sp.

3.19£0.05'1
3.74£0.09'
3.81£0.07C
3.90i0.04c
4.08+0.04b
4.22+0.04d

4.27£0.04"

Sargassum sp.

(%)

70.75£0.80d
80.77£0.99"
81.55+0.76¢
86.11£0.4 b
86.07£0.38h
92.59+0.33a

93.53£0.57a



25
30
3
40

45
50

55

)
00020.00*
0.00-0.00*
0.00=0.00*
0.00=0.00*
0.000.00*
0.00t0.00*

0.00-0.00%

(%)

0.00i0.00*
0.00=0.00*
n.oor0.00*
0.000.00*
0.00£0.00*
0.00i0.00

0.00i0.00*

Arthrospia platensis, Caulerpa lentilUdera  Gracilariadisheri

Arthrospia platensis Caulerpa lentilli/era
( %) (%)
') H)
63.0240.51c 70.9430.59* 41.17i0.651 45.57i0.771
68.32il.66d 75.043.056*  61.85il.03d 65.0230.91*
711 1il.35d 80.18i0.460  70.89£0.65" 75.93i0 43'
77.88i0.48* 83.75i0.59* 70.24+0.54' 72.019i0.42b
87.3430.5 b 85.01:0.56h  67.11¢1.1% 65.2030.91*
93.45i0.76* 87.90+0.34* 64.42i0.96* 60.63i0.69d
90.14il.07b 79.44:0.36h  58.0430.46* 54.4430.56*

(p<0.05)

Gracilariaftsheri

3

64.09+0.06*
71.37£0.38r
74.8530.65*
81.68i0.721
88.41i0.33b
93.3930.60*

84.7130.37*

(%)

70.94i0.591
75.0430.56*
80.1830.46d
83.7530.59*
85.9130.56h
87.9030.34*
79.4430.36d



21 (‘AH)
AH 'As

C. lentilifera 9915 033
Rhizoclonium sp. 1002 0.04

G fisheri 804 030
AhlAs  Ag( )

22
'‘Ah o

Padilla sp. 50.40 0.19
Turbinariasp.  46.16 0.16

Sargassum sp. ~ 47.85 0.17
'‘Ah,As  AG( )

23
Ah  "As

A. platensis 3804 013
C. lendlifera 4125 -0.12
G.jisheri 383 013
'‘Ah,As  Ag( )
v 11

13

(*As) (Ag)

%5 30 H 40 4H 0 %

038 128 293 459

181 - 239 259 -2.18

143291 440 589

N
» 0 H 40 H 0 05
516 609 -7.02 -79%6 - 982
359 441 523 605 -6.87
236 320 -404 48 - 651 -4l
N
'‘Ag

5 0 B 0 &H 50 5%
181 248 315 -382 449 516
298 23 174 112 050
223 281 351 414 478 542
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4550 [ 55

(Marunreung and Pavasant, 2006)

55
Rhizodonium sp. Sargassum sp.
55 55
Rhizodonium sp.  Sargassum sp.
C. lentillifera
3
!
rate of chemical reaction (Ledin. 2000)
(Wild. 1993)
(All)
exothermic ( )
endothermic ( )
(Ag)

(spontaneous nature of biosorption)

(As)

C. lentihpera
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)
C. lentilipera
1 C. lentilipera
)
Maningrucng and Pavasant (2006) Astrazon
blug FGRL C. leniillifera 18,2740 50
1487 10
Aravindhan et al. (2007)
Yellow dye Caulerpa scalpeltifarm(5 -3.306
AR 274 Enteromorpha prolifera
20,25 30,340 50 250
30
30
AR 274 E. prolifera (
) (Ozer et al. 2005a)
-5.28, -4.67, -4.06 -2.83 Azolla rongpong
88 (acid red 88), 3 (acid green 3), 7 (acid

orange 7) (acid blue 15) 530
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30 8130, 8333, 7692  76.34
21.83,
3098, 2582 1523 (Padmesh et al. 2006)
"1 Pithophora sp. 30
-8.585
(Kumar et al. 2005)
Caulerpa racemosa var. cyliiulragea
3 298, 308 318
-7.1-98  -10.9 49.6
38! 45
25,67 (Bekci et al. 2009) Chhrella
298,298 318
9.074.9.452  9.302 (Tsai and Chen. 2010)
337 (acid red 337) 324 (acid blue 324)
Enteromorpha prolifera 20,25 30,40 X0
4155,61.32,67.29, 6373 4505 3293 66.27, 5357, 4584  36.22
337 30-50
324 25-50 1358 -3.64
(Ozer et al. 2005h) Chlorella vulgaris
(Remazol red RR)
(Remazol golden yellow RNL) 25, 3,45 5 C
vulgaris 2 25 1%.1
719 C. vulgaris
2 ] 1063 -2315 (Aksu and
Tezer.2005) (Remazol brilliant blue R)
Sce/wdesmus quadrieauda 20-45
150 30 453

6.42 (Ergene etal. 2009)



1

24
0.1
0.1-0.24,025049 051
241 ,
C. lentillifera, Rhizoclonium sp. G. fisheri 0.1 ( 24)
73.1310.66, 63.2410.18
80.83+0.85 C. lentillifera  Rhizoclonium * 1
34.03t042  29.43:0.07
0.1-0.24
(p<0.05) G. fisheri 31.6120.36
(<0.05)
24.2
Padina sp., Turhinaria sp. ~ Sargassum sp. 0.1 (
25) 94.130.36, 90.330.12
90.90+0.11 Padina sp., Turbinaria sp. Sargassum  sp.
34031042, 408:002  4.10£0.02 '
0.1-0.49
051 (p<0.05)
24.3 , ?
A platensis, C. lentillifera G, Jisheri 0.1 ( 26)
94.62+0.21. 88.35:0.21
99.26+0.09 A platensis G fisheri !
92771073 97.32£0.56
0.1-05 051
(p<0.05)  c. lentillifera 86.62+0.59

(<0.05)



24

0.1
0.1-0.24
0.25-0.49

0.5-1

0.00£0.00°
0.00+0.00¢

GGOt0.00

0.00+0.001

0.00i0.00"

0QUi000

0.00-'0.00"

000i0.00s

Caulerpa lenlillifera

34.03%0.42"
33.20%0.20*
32.84£0.34b
32.34%0. ]

(%)

73.13*0.66*
71.3520.41b
70.58+0.46kc

69.50%0.08"
(p<0.05)

Caulerpa iemillifera, Rhizoclonium sp.

Rhizoclonium sp.

! ft
( (%)
29.43%0.07* 63.24+0.18'
28.61%0.35* 61.4920.52b
26.97£0.28h 57.95%0.38*
25.98%0.29* 55.82+0.39)

Gracilariafisheri

Gracilariafisheri

37.61%0.36"
35.2910.33b
34.260.19¢
32.13*0.07

(1
(%)

80.83*0.85*
75.83£0.70b
73.63*0.19"
69.05£0.43



25

01
0.1-0.24
0.25-0.49

0.5-1

0.00=0.00"
0 =0.00"
0.0C 0.00"
0. )0.00"

. =0.00"

*0.00"
=0.00¢
=0.00"

4.25+0.02"
4.18%0.03*
4.18%0.02"
4.03£0.03b

Padina sp.
!
(%)
)
94.13+0.36*
92.61*0.28”
92.55d--0.107
89.15*0.14“

(p<0,05)

Padina sp., Turbinaria sp.

4,08+0.02"
4,05£0.03¢
4.01*0.03"”
3.94£0.02b

Turbinaria sp.
(%)
)
90.33%0.12*
89.62=0.16"
88.71+0.33b
87.17%0.34"

Sargassum sp.

4.10%0.02"
4.08*0.02"
4.06%0.03*

3.98%0.05”

Sargassumsp.

!
(Vo)

)

90.90+0. "
90.36*0.16
90.02%0.19"
88.30%0.95”
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0.1
0.1-0.24
0.25-0.49
05-1

)

0.00£0.00°
0.00 0.008
0.00i0.003

0000.001

7 (%)

0.00£0.00"
00HOD!
0.00i0.00

0.00).

Arthrospira platensis
1
( (%)
)
92.770.73 94,62+0.21
92.1540,659 93.99+0.191b
91.14+0.76*b 92.96+0.24b
89.03+1.37b 90.79+0.51C

(p<0.05)

Arthrospiraplatensis, Caulerpa lentillifera

Cattlerpa lentillifera

86.620.59"
84.05£0.54h
82.88+1.020t

81.320.27"

(%)

88.35+0.21a
85.73+0.06b
§4.5310.59t

82.95+0.33d

Gracilariafisheri

Gracilaviafisheri

97.3240.56"
96.31£0.42%
96.15+0.72"

93.81£0.82b

(%)

99.26+0.09*
98.23£0.26h
98.06+0.11b

95.68£0.19°



G.jisheri

01

(2008)
(0.1-084

Red)

26.9

100

25-180

8l

c. lentillifera, Rhizoclonium sp.
Padina sp., Turbinaria sp. ~ Sargassum sp.
A platensis, c. lentillifera G, nisfieri
( 24-26)
5  (Punjonghamet al. 2008)

Punjongham et al.
C. lentillifera
) (0.84-2 ) ( 2 )
(Astrazon Golden Yellow GL-E)
(Astrazon FGRL Blue) (Astrazon GTLN
355,214
807,704 680
1136, 769 787
(diatomaceous)
0.13-1.87
45-63, 200-500 500
218 174 134 (Shawabkeh and Tutunji. 2003)
Turbinaria conoides (hodamine B)
I
% & (Hii et al. 200)

13 (Basic red 13)
38-45. 74-88, 104-124
10110844 0.778 (Ho etal. 2005)



Caulerpa lentillifera

31

sp.

fisheri

82

Caulerpa lentillifera, Rhizoclonium sp. Graciiariajisheri,

G. Jisheri

)

(

30-32)

Padina sp., Turbinaria sp.  Sargassum sp.
Arthrospira piatensis,
Graciiaria Jisheri

C. lentillifera,  Rhizoclonium

¢. lentillifera, Rhizocloniumsp. G
( 21%29)



21

10
20
40
80
160
240
320
400

28

10
20
40
80
160
240
320
400

Caulerpa lentillifera

- - k (xio®
(xio'l )
5.0666 0.7755 31.2627
8.2908 0.9159 20,9348
5.5212 0.8785 6.7875
8.7514 0.7449 8.6399
18302 0.9483 2.3876
4.8363 0.7077 30984
6.6787 0.8323 2.8409
5.2969 0.6009 4.0083
Rhizoclonium sp.
-k <« lo* k(x104
) )
5.9878 0.7299 69.3776
75999 0.8533 318701
18302 0.8926 15.3641
1.1393 0.7887 9.7540
8.2908 0.7473 5.2134
85211 0.8851 20171
1.36% 0.856 2.0474
6.6787 0.8628 0.9093

0.9989
0.9997
0.9987

0.9991
0.999
0.9999
0.9999

0.9998
0.9998
0.9998
0.9998
0.9999
0.9998
0.9998
0.999%4

83
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4v

10
20
40
80
160
240
320
400

30

10
20
40
80
160
240
320
400

Gracilariafisheri

()
00103

0.0044
0.0133
0.0119
0.0116
0.0062
0.0086
0.0051

k(x]0J

)

47.1735
20.2614
21,1438

1.0382

35892

14830

16348

0.9890

Caulerpa lentillifera

0
0.2664
0.4442
14402
4.7189
5.3353
44820
1.0899
8.2534

0.9998
0.9998

0.999%
0.9999
0.9996
0.9999
0.9996

0.1871
0.1936
02751
0.9603
12510
2.1242
0.6908
12356



3l

10
20
40
80
160
240
320

400
32

10
20
40
80
160
240
320
400

()
00114
0.0081
0.0024
0.0054
0.0076
0.0038
0.0060
0.0099

(3
0.0276

0.0086
0.0066
0.0651
0.0070
0.0192
0.0051
0.0025

Rhizoclonium sp.

0)

0.2522
0.8035
11438
0.6267
3.8388
24510
11641
125612

Gracilaria ftsheri

14017
0.8636
0.8397
14,0942
34716
8.86/7
9.7431
149518

®

0.1000
0.3232
04122
11822
3.9659
19809
24540
3.9238

0.1327
0.2764
17719
19393
29175
43714
42034
5.1353

0

85



3.2

Sargassum SP.

(%%

( )

25

10
2
40
60
100

-k (xio”

)

6.6/87
6.9090
1.8302
1.1393
6.6787
8.2908
11.2847
8.2908

86

, Padina SP., Turbinaria Sp.

Turbinaria sp. Padina sp. Sargassum sp.
( 33-35)

[l Vsp
k (xio®

al ) [
0.6287 16010352 1
0.8145 246.3160 0.9999
0.7416 196.3734 1
0.7401 70,0155 0.9999
0.7402 30.8810 0.9999
0.8634 141461 0.9999
0.7098 17,7134 |

0.7704 5.5029 0.9999



34

25

10
20
40
60
100

35

1
25
5
10
20
40
60
100

)

)

K (xiod

)

8.5211
8.0605
1.5999
8.5211
8.7514
8.5211
9.212

10.3635

& (xiod

)
71303
62181
85211
78302
89817
105938
9212
9212

-
0.8233
0.7411
0.7695
0.7857
0.5969
0.8554
0.8025
0.7776

al
0.7349
0.6946
0.7365
0.7539
0.7084
0.7889
0.7999
0.7455

Turbinaria sp.

k(x10'4

103.6307
474.6441
116.0035

66.6406
116522
13.9561
8.8348
53311

Sargassum sp,

MxI04

149.1763
322.5669
130.0311
62.355/
63.568
17.4893
12.2613
14926

r
0.9999
1
0.9999
1
1
0.9999
1
1

0.9999
0.9999
0.9999
0.9999

0.9999
0.9999
1

87
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25

10
20
40
60

100
31

25

10
20
40
60
100

0.0064
0.0063
0.0207
0.0211
0.0091
0.0175
0.0196
0.0245

(7
0.0147
0.0210
0.0190
0.0122
0.0137
0.0556
0.0334
0.0142

Padina sp.

0.0228
0.0287
0.4034
0.5537
12171
2.7622
1.7845
6.8267

Turbinaria sp.

0.0493
0.1691
0.2834
0.6947
1214
5.9303
6.099%
5.8173

"

0.0355
0.0714
0.2549
0.1991
0.8390
0.8390
4.9849
4591

0.0144
0.0504
0.1134
0.2397
1.3508
06715
1.9266
42719

88
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38
sargassum sp.
) ( (
(7 ®) 0

1 0.0183 0.0778 0.0264

25 0.0216 0.1683 0.0529

5 0.0220 0.2455 0.1808

10 0.0234 0.6867 04534

20 0.0139 1.1310 0.9952

40 0.0381 34645 1.5556

60 0.0198 6.6219 1.3910

100 0.0145 6.8876 1.0834
3.3 A. platensis, C. lentiififera

G.jtsheri

A. platensis, c. lentillifera G fisheri
( 39-41)  C. lentillifera
( 43) A platensis G fisheri

( 42,44)



39

10
20
40
80
160
240
320
400

40

10
20
40
80
160
240
320
400

)

)

K (xiod
)

6.6787
66787
85211
85211
89817
11,9756
06726
80605

- (x104

)
5.5272
5.9878
10.3635
10.5938
8.0605
8.0605
1.5999
8.7514

-
0.5958
05131
0.4709
0.8071
0.7265
0.7497
0.6966
0.6027

-
0.568
0,7243
0.7689
0.805
0.746
0.6961
0.7013
0.6595

Arthrospiraplatensis

K (XI0-*

61.8459
43,908
46.8587
54411
31243
2.1758
1.3912
0.9689

1

0.9998
0.9999

0.9998
1
1
1
0.9999

Caulerpa lentillifera

k(x104

52.9018
158798
11.2239
4.7311
16375
12105
11582
11857

r
0.9995
0.9994

1
0.9999
0.9998
0.9999
0.9998

1

90



43

10
20
40
80
160
240
320

400
44

10
20
40
80
160
240
320
400

()
0.0778
0.0498
0.0226
0.0148
0.0143
00131
0.0173
00177

(1
0.0699
0.0567
0.0566
0.02%6
0.0300
0.0214
0.0383
0.0310

Caulerpa lentillifera

2.2426
2.7149
2.1698
3.8444
1.1836
6.4991
135157
23.0213

Gracilariafisheri

2.1401
3.5018
1.1188
5.6975
12.2549
16.2238
265152
26.7156

1.0057
14433
2.2867
3.9840
5.6414
13.1668
220181
29.3678

0.4680
2.8110
0.5683
2.5890
6.2967
122192
9.57T7
16,4660

92
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10
20
40
80
160
240
320

400
42

10
20
40
80
160
240
320
400

K (104

5.5212
6.909

1.3696
8.5211
9.4423
9.6726
8.9817
9.9029

(9
0.0672
0.0354
00291
0.0187
0.0216
0.0168
0.0169
0.0155

al
0.3889
0.349%
0.6136
0.6526
0.6298
0.7968
0.7124

0.7356
?

Arthrospiraplatensis

?

17339
3.5682
6.9547
9.1532
136005
178758
18.2201
203107

Gracilariafishen

k(xI0-*

216.9914
1311899
41.1475
25.1646
0.3326
2.6150
2.7405
16333

®

_ =), = =

0.9999

0.6661
2.2921
L4247
19148
8.6580
11.3900
138173
23.1696

®)

91
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C. lentillifera,
Rhizoclonium sp. ~ G. fisheri ( 21-29) Padina sp.
Turbinaria sp. Sargassum sp. ( 33-35) ? A
platemis. c. lentillifera G fisheri ( 30-41) !
(1
Caulerpa racemosa var. cylindracea (Bekci et al. 2009)
(Cengiz and Cavas. 2008) Chlorella sp. (Tsai and
Chen. 2010) Turbinaria conoides (Kannan et al. 2010)
Caulerpa lentilifera FGRL (Astrazon Blue
FGRL) (Marungrueng and Pavasant. 2006) Chlorella vulgaris
RR (Remazol Red RR) RNL (Remazol Golden
Yellow RNL) (Aksu and Tezer. 2005) Spirogyra rhizopus
324 (Acid Blue 324) ! 290 (Acid Blue 290) (Ozer et al. 2006h)
Azollaftliculoides 88 (Acid Red 88) 3 (Acid green 3)

7 (Acid Orange 7) (Padmesh et al. 2005)

c. lentillifera, Rhizocloniumsp. ~ G.yw/rm'
( 30-32) Padina sp.,
Turbinariasp. ~ Sargassum sp. |
( 36-38) ¢ lentillifera

( 40) A platensis,  G.fisheri
( 42 -44)

(adsorption
mechanism) 4

1) bulk transport



94

! 2) film transport
3) intraparticle transport
4) adsorption active sites
(Agrawal, 1990)
( 428, 4.29.4.30,4.35,4.36, 4.34,
440 442 433, 4.344.354.39, 440, 441442  4.44)

C. lenlillifera
( £)
c. lentillifera

Spirogyra rhizopns

324 (Acid Blue 324) 290 (Acid Blue 290) 40 100
(Ozer et al.12006h) FGRL (Astrazon Blue FGRL)
C. lentilifera 20 1280 (Marungrucng and
Pavasant. 2006) Caulerpa racemosa var. cylindracea
0 70 (Bekei et al. 2009)
Posidonia oceanica 59 (Acid Yellow 59) 20 100

(Guezgues et ., 2009)

41



Aluminum  potassium sulphate

4.6
120 120 C. lentUlifera
[ 31054035 31.40:054
48-96
91961038  92.96£0.33
Rhizoclonium sp. 120
(<0.05)
4.2
Aluminum  potassium sulphate
5.8 1
Padinasp.  Sargassum sp.
3.11+0.02
76981062  73.12£0.43
72-9

(<0.05)

9%

1000
250

G. fisheri

(<0.05)
( 1)
30.0540.33
9
88.98+0.79

10
500

120 120
3.270.01
9%
(p<0.05)
46)

Turbinariasp. 120

3.23£0.05

15.96+0.40



%

43 ?
? 1000
Aluminum  potassium sulphate 250

41 1 120 120

A platensis  Gfisheri 1 ? 50.89:1.16
50.27+0.70 %

(<0.05) 7167106
70.81+0.51 ( 47)  c. lentilliferu 120
N 45.46£0.73

(<0.05) 64.03:0.83



)

0.00%0.00*
0.18*0.02*
0.23+0.04d
0.31+0.04
0.47:0.07
0.68*0.13d
0.81+0.19
0.94%0.22
1.420.12h
1.71%0.28°
2.07%0.24"

)

(%)
0+0.00h
0.53%0.04*"
0.67%0.12*"
0.92*0.13r°
1.39£0.194E
2.01*0.36"
2.40%0.54dl
2.78%0.60¢
4.19*0.36"
5.04£0.75%
6.10%0.61"

Caulerpa lentillifera

)
0.000.00

20.23*0.31'
23.06£0.72d
24.27+0.53d
25.86*0.30
211748 ™

28.30%0.68"
29.83%0.38"
30.11*0.36°
3048+0.31°
31.05*0.35"

(%)
0.00*0.00”
59.91%0.51*
68.27*1.53
71.84%0.50°
76.64%0.45"
82.18*1.30
83.79*0.90
88.34%0.22"
89.16*0.30”
90.28*0.66°"
91.96*0.38°
(p<0.05)

Rhizoclonium sp.
)
0.00%0.00" 0.000.00°
20.75*0.43* 61.44*0.70”
22.14%0.59* 65.52*0.91*
23.13*0.51" 68.470.79
24.10%0.48" 71.37*0.86'
25.20*0.56° 74.59*0.93"
25.12*0.79' 76.11%1.22
26.35*0.65" 78.01*0.90
21.54*0.34” 81.55*0.44”
29.22%0.23° 86.53*1.12"
30.05*0.33" 88.98*0.79°

Gracilariafisheri

)
0.00%0.00%

23.44%0.28f
25.10%0.51"
26.99%0.35"
28.63*0.60
29.02%0.44
294940 45
30.71*0.43*"
30.79*0.41"
30.89%0.45°
31.40%0.54°

(%)
0.00%0.00
69.43%0.84"
14.30%0.52*
79,910 451
84.76*0.87
85.93*0.48"
87.33%0.12
90.94*0.24"
91.19%0.28°”
91.47%0.12°"
92.96%0.33°



46

)

(

)
0.000.00h

0.10£0.01 1
0.16%0.02"
0.22£0.03
0.29+0.02¢c
0.33:0.03at
0.37+0.04tal
0.420.05¢c
0.46£0.05%
0.480.058
0.50£0.04a

(%)
0.00:0.00b
2.25+0,31¢
3.70:0.46f
5.27+0.65¢
6.8240.33¢
7.74+0.62d
8,63:0.85
0,984, 124r
10.69¢1.09
11.2341]3a
11.70£0.87h

Padina sp.

)
0.00:0.0

1.5320.03h
1.90+0.05¢
21 =00.02r
2.55:0.07¢
2.81£0.02d
2.9910.01c
3.07£0.02¢
3.17+0.02h
3.24+0.02
3.2710.01a

(%)
0.00£0.0
36.1140.76*
44.71+0.87h
49.72+0.17¢
60.0610.961
66.19+0.38¢
70.410.40d
12.33+0.30c
74.73£0.49h
76.34£0.49%
16.98%0.62°
(p<0.05)

Turbinaria sp.

) (%)
0.00%0.00 0.00%0.00°
1.3240.08h 3L11*1.56
1.730.03! 40.68+0.28b
2.1240.04f 49,93*0.69"
2.29+0.04¢ 54.00%0.56*
2.61+0.07d 61.42*0.91°
2.80+0.08¢ 65.80£1.19
2.970.06b 69.96*0.76°
3.1110.078 73.28+0.78b
3.16*0.07° 14.49%0.80°0
3.23*0.05° 75.96%0.40°

Sargassum sp.

) )
0.00%0.00* 0.0040.00k
1.32%0.02 31.00%0.47°
1.81+0.03 42.61%0.37
2.0210.03k 47.50%0.17h
2.1740.02f 51.12+0.21B
247%0.03° 58.1840.33
2.77£0.02d 65.20%0.91°
2.9240.02c 68.7610.48d
2.9910.020 70.37%0.45°
3.05£0.02°0 71.73£0.49
3.11£0.02 13124043



4

)

(

)
0.00%0.00°
0.33*0.07+
0.91%0.12*
1.20%0.14*
1.76*0.06"
2.21%0.26"*
2.83+0.49t
3,2840.61fc
3.93£0.77%
4.36*0.78%
5.11%0.81"

(%)

0.0020.00h
0.46:0.09"
1285017+
1.69:0.19f
247+0.06"

3.11%0.34"*

3.97%0.66™
4.61*0.81'
5.93*1.03%¢
6.12+1.04%
1.17%1.07

Arthrospira platensis

)
0.00+0.00h
20.26*0.09
21.51*0.96*
30.89*0.50°
3544%0.72"
39.77%0.85"
41.43+0.84"
44.19+0.61b
46.40*0.85h
49.91%1.04*
50.89*1.16"

(%)
0.00%0.00%
28.54*0.15
38.74*1.07°
43.51*0.48"
49.92+0.66*
56.01*0.80"
58.35%0.68"
62.25%0.37°
65.3620.73b
70.30*1.05"
71.67*1.06"
(p<0.05)

Caulerpa lentillifera

)
0.00:0.00

6.34*1.25"
11.74*1.49
16.06*0.88"
19.18*1.76"
22.10%1.49*
28.32%2.83"
32.68*1.07"
37.52*0.65"
42.11%0.74p
45.46*0.73"

(%)
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