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ABSTRACT

Nonliving Absidia coerulea and Thraustochitrium sp. were used as biosorbents to
remove lead and cobalt that are one of representative pollutant in wastewater and
radioactive liquid waste. The optimum pH range for maximum lead and cobalt removal
was increased 6.5~11.4 and 8.6~12.0 for Absidia coerulea and 4.2~10.5 and 8.9~
11.6 for Thraustochitrium sp. to compared to bicsorbent-free control. pH of 8.4~11.2
and 10.5~11.5, respectively. With 1 g biosorbent/L at initial solution pH 5.0, Absidia
coerulea and Thraustochitrium sp. took up lead from aqueous solutions to the extent of
104 and 125 mg/g biomass, respectively, whereas Absidia coerulea and Thrausto-
chitrium sp. at initial pH 6.0 took up only 2 and 20 mg/g biomass of cobalt,
respectively. For initial 500 mg Pb/L at initial pH 5.0, optimum amount of biosorbent
for maximum lead uptake was 0.2 g/L for Absidia coerulea and Thraustochitrium sp.,
whereas optimum 3.0 g biosorbent/L. was needed for initial 200 mg Co/L at initial pH
6.0. Absidia coerulea and Thraustochitrium sp. had higher adsorption capacity for lead
than that of cobalt.
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545 v 2L WA MY Sol Y do ILEE AASY) Y3 YEFHA R Absidia
coeruleast Thraustochitrium sp. & AH&-8te] FAHYE AP}, do} IYE A A9 §
A pH 9492 blank® A zt2 8.4~11.2, 10.5~11.5, Absidia coeruleat 6.5~11.4, 8.6
~12.0, 18lx1 Thraustochitrium sp. ¥ 4.2~10.5, 8.9~11.6°19t}. &7 pH 5.0914 1
g/Le BEERANE BUNE W Absidia coeruleat Thraustochitrium sp.& 1048} 125
mg/g dry biomass?] ¢& AAY F AV LM, 7] pH 6.0014 ILEE &= 29 20 mg
Co/g dry biomass%& A A" 4= Uk %7] 500 mg Pb/L, pH 5.0014 {3 YEEIA &
UFE Absidia coerulea®t Thraustochitrium sp.7} 242} 0.2 g/Lelglew, 27 200 mg
Co/L., pH 6.0914 & 3.0 g/Lelit}. Absidia coerulea®t Thraustochitrium sp.€ ‘gl ths)
A e T BIoy RYE diME vlad B F45E 2y

ZMlof : Absidia coerulea, Thraustochitrium sp., ME&F%, ¢, ILE

.M B

TEEOIU A UF 3] 54 ol RU1E
Adte gl AQANA HAEd A Eai=A
27| W&o §70] vAE o] % 23 Ao,
A =FF3FoU 259 BN M W&
sl sl Aol glolA dwraog gol AHgs]
€ 3L 7 ety anidd of g geha Ay
ojty.'? olai gk A2l Wi nEEe] T4 ol ¥
# sl % S Aol Histn 13 AYzE ¥
€0l vuA Y, A7t &oldtx Aia] ¥
&0l ¥e AHE 7R D 3o AR AFEedA
A A L] st pHY] WAste] v =173t 2} 7}
A B4 oj2Eo] Al EAY W Mejadol 9
oA, a2n #¥ed % A A £Yez
€YA7t OF S el YmBeE vy
F7He o] BT EF, Al B4 EDTAS
2 Folol EANE W Nelgo] 43 Fas
B, HzS, HCN, HF$} 28 {5744 7t2 249 9
ol Aoh'? g9, 4y gRLoA BYsE o
H H71E 3o A BF LS F2 FUYE, olen
oY, A3y, AEF Tl AAY FH A
E, ol=BE Fov F& o] &F 13} A& AH
e, nednt’ P @A E F2 3% $EYol
ol &= ghowt dixe FHgF ALg R e

@A Fo2 & FHLE vy ozt YE FAHo|
% 34 ol ¥& e e N Piome
o] 2n@Y, Y, W7, A4FHY Fol
ey nRziA R o8 kA FeEdE kA n Q)
.12 o g B0, olemBY L AExEe F& o]
& A Bt 44 £ AAE= 75
A gk, ol mBFA 7} vlmA mrleld Ca’t, Mg?*
¢} e glel g4 ol &o] EAE u Ml A&l
Yoz}, 183 ;A ol @] Hz pHY
Hslel R1Zhel, Fol@ FEAAl Aalgo] 433
A FAYL AExe FF5 seAed A
W3t A 2 AR PR, B, A
FHA, A LFvvel 2 F&3A7} vz arle)
o F3e =9 A2 ol 2lxm pHY| Wl
Astn gol& EAA 94 Ase A4rt =
ot Ariey e vheEEr vad e &
2 Aele A%y vzt fdsin 3R ¢4
gol g}, d4FIH L EHA(lux)7t Hong &
TR Aeld dgsn 2 o9, 1 ¥ $9v) o
2 oA, = Mo €8] Fo] FAlde] Uk
o822 71E9 g4 ol ¥R s Ayl
71X G FAME B3], F& pH G0 A A
Ve A @e oM A2ls AFE I8
T e M2 e w4 Mg d7EiA 5
Art. o] FoME HEEHHY (biosorption) & Hlo]
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Svl 2 (biomass) & ©l &3 FF& v PAMA
YEE 23, & =& AAANA AAAN = B
o2 Be A7AE 8 A7 A n Yo b
ol ¢ WEFAAE 71EY ol BPFA A
g 22 FAA RO g4 Hojd FiA5E 7R
I g ¥t opa FHA R AYEA Ay 4
o AEFIE UM A FaFE AL F& o
2o ¥ Figo] Hold A FAAE Belghe
Aolo, Mid HEFAAZ /¥ B9 AMA
E4& A7sAY AA AEE Eol7] A sty
EHH e, v|=(bead) HEl 2 A2 S48 A
oz AYY = U

E d7e FEES Y "3 g Hold
FA5E 71 AEFHAE Hdstn ole HAd
g 712 AFE Yt V&Y F3 I B
T At AAHez 48 Adted o
549 YA AFY dE2Ee W3 zgEes],
AEFRAZE Absidia coerulea® Thraustochi-
trium sp.7t 2% AR HQA, 1 zhge) o] &
o taiM &< pHe J¥, Hd FXF, YEFH
A FAFe] 9% Tl @ ATE Syt

2. ME 3 AEHYY
2.1, Alet % Mg

Ago] AH2E ¢33} TLE AL lead nitrate
(Pb(NO3)2, Aldrich chemical)®} cobalt chloride
hexahydrate (CoClz - 6Hz0, Aldrich chemical) &
242t 32 FHeel 5 ¥ 4o g 718k pH
& 3.022 %3] stock solution§ UE F AL
. o] 8dEe Fxe Y9AEHEY7](atomic
absorption spectroscopy, AAS)E ZHFstgon
goraitt A3 FE F et A-gEdnh. 2 9
pHY =3 & Y8l Sigma Chemical®] sodium
hydroxide(NaOH)$} hydrochloric acid(HCI)&
AHg-BH

NEFAA = Absidia coerulea®t Thraustochi-
trium sp.7t 42y A 85U}, Absidia coeruleas
FHole] dFoz B f71EE @dLadez A

ey, A7 ed YETY A4 (BPERC)
oA AFLskt. FF MGFA AHEE ghde
Yeast-Malt(YM, Difco) iR & 1 L8 F#Fol &
2+ ¥n & 5 F AFA A AA wiFe 500
mLe] k23 AAsen, 30T, 150 rpm
o] 7% w7 (shaking incubator)ollA Al &3l
oYM @Al 1 LY S/l YM A&
Zt Y¥e ¥ F7I2 Gum agarg 20 g/L ¥3 =9
o3 AN A, Thraustochitrium sp.t 24 )
F8t2] ¥ (F)hdol A H4ik(hexane) 2.2 doco-
sahexaenocic acid(DHA)E F&31 @& 7|8
€ TS YEEFLAE 23] M A
3] Wi} Absidia coerulea® “WU¥AE 15,000
rpmolA] 2083 f4Eel gt AFES AA¥ANA
ok WA JEEE 2] 9%t 45de veEn
AAE FFEE SR A B oL 94
st AR 45 A gz FA
¥ @Fe€ 2den, @39 #EH9 rl%rEs
WAE Bl A8 2 dxAAY. Absidia
coeruleats FBo|2A wiFAl FEA FHA Ae
7} W Eoll v M &A B8k A3k, Thrausto-
chitrium sp.&= DHAS] & & {38} o|v] ¥£4=of
AiA thA] E4¥ Fart ey Beldle /7
S0l g HEA7] A8 B2 Az B3 € ARG

2.2, B A MUY

g9 pHoll W& 33 ILES] HHe Y &
FRA ) ¥ FAFE gol B7] H3lo 33 5/
42 stock solution® 43t 50 mg/Le] §4&
24zt Qi) oluf ol EE WA ghgkon,
pHE 3.022 2d 1 A4 7}2§ Eoldo] £2F
o] & ojitatg4 g dei Rt WA 50 mg/L9
g Z¢E 498 27 100 mL Eet=3 10710
Y ¥ YEEFHAE 1 ¢/L8 Y3 HCIZF NaOH
2 pHE 2~122 %34, o] #2238 30T ¥
< Az A 200 rpmoE BHFEIHA 24413 W
289, 1 ¥ Egaa &o £HE 40 mL Ht
o 314 LA 15000 rpm, 308 71
ARe st FFaute H$ ¥ HF pHE 236
3 AASE EAMEt} Blank 4¥o2 YEEIA
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E ¥R €1 FAE A8 AYsid pHE 44
2~1274A %EQRen, ntAZAR 30T §2 g
ZoA 200 rpme 2 FHFEFHEA 24A13t B¢ ¥R
At 2 ¥ FAES d4REzles B2 o
2, 35AE HAA AASE & g 3gE &
& A3y,

HEdeeA &9 YEFAA G Fe A AA
& #4317 fsA 200, 400, 600, 800, 1,000
mg/L.8} & stock solution®& A =% g pHE 2zt
7} 3.0% 5.02.8 ZH 4ot LES Ho AA
& B3] 3+ 50, 100, 200, 300. 400
mg/Le IHE stock solution®& =% & pH
€ 247} 4.0% 6.02.2 2381t @& pH 5.0 ©}
Btoll A WA R gb7] o Fol F2AdPolNE 5,05
Bt} @& pH 3.0% 7|F22 stock solution® Al
Z3g e, IYESY F$E pH 7.5 olgdlMe
AAHA ¢7) WEol pH 6.08 B} %€ pH 4.0
€ 71£22 stock solution® A Zstgct Eapx
Ao pHE 2T Zz+e] stock solutiong 100
mLA 22 F JEFHAE Zzt 1 /1Y ¥
ol g ¥ wutZzAA WEA ] g kAR 2
AR NN YEFHAE AT, o0 F 4
E9¢] pHE 24§ thS AASE BA . a9
REZAA F 4 ol AASL HY e
AEEHA N F&= AAD F& olv9] 42 o
4 Fel ol e waAM FEA S

HEEFA Y FdFel we d3 3dE] AA
& Yoty &AM pH 3.0% 5.09 & &
1000 meg/L$t pH 4.0% 6.09) ZLE &9 400
mg/LE 77 AzsHct, o2 & &gk234 100
ml¥ ¥ ¥ YEFAAE 22 05, 1.0, 2.0,
3.0 /LY 9} oA E P& mutFzeA HHgA
L o, "7k 2 44 8e3ln F5de pHY
g, ZRE g 47 24,

AM 2 FHANR d T 35 &o AEsle
d e AF F2E $ME] 9s)M PERKIN-
ELMER 3100 AASE A}8-3l%ict. Al&€ 7t2e
airs} acetylenec| o™, W} Z¢E dais 2
2} wave length 283.3, 240.7 nm, slit 0.7, 0.2
nmolA B4E APt BF {9 linear
range $x9 39, 64 A3 T E 22t AMEE

3. & & uH

3.1. 4EFEN 2/t F& o|2e| HHA|
2 Arg

AEFAY L vYET 22 vlo] 2o A o] §3}
o B4 o2& AAse WP M MXHe &)
e 7t2E4d79 2 7157Iu AEede ¥ed
aEA Fé ol &g FHAA AAs}e B F&
(surface binding), MEW EA Bu|go] 23)A
A E e AR L Fo|2d & AAs: B
B A (surface precipitation), 281 MW &
WA BgM 84, siderophoes T B o]0
E843E HEe WYY 23 (intercellular
accumulation) 22 Y& ¢ th(Fig. 1).5°Y 23
Solut WY AF-E A A 48 YEFAAE
Agar] A 71ELe AHE 240 ge} gl
e o 2L r|Ee s ndsidT. AA, We
pHe d49dM F34 e WA 43 Fa¢
T lojof ¥t %o} F& pH FHoNN ¥ &
g BATE B33 34 ojewhe Mdd v
FreElgtA| vk o] 712 F& o] Eo] YA EAste
YHQ A AN E B o EE orig £
A, A, &9 YEFAA T FES L WA
HYFol] AT & F3AFE /IR ojo} B} of

Me mpmmmm——ts. Me + L

Surface Binding
Me

Surface Precipitation

Me

Me——b

Mel3
Intracellular Accomulation

Fig. 1. Mechanism of biosorption (Me: metal
ion, L: ligand and MelL: meta! ligand
complex).
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8 W& pH 99X 34 oj2& F3E + 39
= &9 &4 7 ool A o vhel F3Y ¢l
o FRAZA e BRI & 4 Aok 29
U g7l §& pH 9olA £ 35 & Hole 4
EFAA 7 B 49 5 o)2§ T4 £ 3.
3 folx 5 F4 ol & dgl Solzq &3
& A0 {KE34 848 F Ut o § .
o2 712 g% o]l Y EAY ), <y
T YEFAAE ol BT Ydte & ol2uE
228 & U9 siAgez A YEFAAE
g ¢ glojof et B nle) ol Ao &
7He A4E 7 UAAR FAAE dEFo A
g5l 717 g Fasith B3 YEFAAE
F2 nYEF o83z wjgste oM vEF
£& H| 8ol AasoME gt Wiy &g
TE FHIY AF TN YAHE HIEE o
£33l YBEAAE AZ2Y & Aok Foh E 4
oM e F 7ixle @58 2 Adsio Y =
YE g3t FAUYS APsAT. RANE A
9§t Absidia coeruleaw &%°lel 4Fo2 B4
o] &of dal ¥ FA5 ¢ Holk Jde] MEed
g EAztez Mg g HEP 259
Absidia orchidis2 Holan® Volesky?} g3 U#
o qsiA EHAEL AYste 242 351 mg Pb/g
7 5 mg Ni/g® AARn wnsdd.® a2 9
ol Thraustochitrium sp. & Z#¢ 4oz tg
¢} DHAE AZ e 33 Aoz 4=3A o
th.? o) #F¢& 98 DHAZ HAE Yoz 3%
21 & o] &€ £ S17] W o] (F)hAelA Eal§
TFEA AF 7182 44 4€ 5 U7 Wi
s HEERA] 287 4 § Ue BFT 4
Yol 12§ 22 DHAE F&32n d &9 57
EE2A (F)NZANAM T3t ALgE T

3.2. pHoll ME YEEEH S N IYE
&3 MAHS

B JefolA pHel W& Absidia coeruleast
Thraustochitrium sp.°] 2% @3 ILEL A|A
Foll dajA ztzt A Egt. 27] g3 agEee]
FTrE 47 50 meg/Leln FR18 HEFAA
F2 1 g/LAIAY. &3 ukgo] HYPe olz2g A

A2 71Ee B dYolr Yutzos Uizl 244
e 7182 YHAD YEFAAE FUS A S
S} 3R] < blank 4YE FAI0) WA

d9 blank d¥elA del #iEE pHA o) ¢
VR en, F& 8909 34 pH U & Wl
BAtode HAAHULD do] thAl &&= usith
(Fig. 2). & &oH F& olg9 AFE xHe
MINTEQAZ/PRODEFA2¢] Alitell oj&td, ¢
7FE o] E (carbonate) Wt A&7t Sl 2 -$o R
pHoel A Pb**e] Yel2 EA)3tn pHS Z7tsh ¥4
OH °l&3 ZAgsld Pob(OH): Hele) AHES
YA & =& pHolA & thAl Pb(OH)s™ HEl2 A
g8 g h(data not shown). 3ol F& pH 5
o] el o] doji}r] Al#sle pHAL 11 o4
o] 5 Moz FAHHUD Y £ Ho] A2
HA. 283 90% o149 E& AAY - e 3
#Ho| pH 99< 8.4~11.28 F& #Holt}. a7y
AEFERAQ Absidia coerulea®t Thraustochi-
trium sp.& 24 1 /L8 ¥oIF9& A% AEF
A& AHE-3HA} 982 blank A gl Hl3] ¢ A Ag
#3 pH7} o WelAh. Absidia coerulea®l #3
d AA pHe & 6.5~11.4°191 23 & AA%
< 94%%1d ®I3, Thraustochitrium sp.9) A%+
A AA pH7b 4.2~10.5°192 BT AASE

100

F=3 [ 0
(=] o o
N i "

Removal Efficiency of Pb (%)
N
(=

Solution pH

Fig. 2. Removal efficiency of lead for initial
50 mg/L with 1 g dry biosorbent/L at
various pH values: (@) Absidia coe-
rulea, (¥) Thraustochitrium sp. and
(O) without biosorbent.
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98%% © EUTH(Table 1). 222 HHo] Yo
UAl e 22 pHelM e AEF3Ae] Fdo] &
Ashe 715710 ol FiEo AAE Aoz &
4 913, ¥2 pHellM & dol A=A AAE A
o2 As®tt. Absidia coerulea$t Thrausto-
chitrium sp.8 ¢ AAE A¢ pHY Age] A
3 FASR oY W pHolM @e AASS 3%
ole} A9 Absidia coeruleaBtt ZF 4FQ
Thraustochitrium sp.7t © &3t R ojsiA
B FolM & ol JHEE wuE A g
< gy=(ligand)yt A EH<9 71%7](functional
group) £22 71X Asle Aol Yot a3
2 F1elon} F1EATY] oxygen ¥ acetamido 21F
% nitrogene =2 ALl F&E FAY ¢
AE Tl Ao g 7k o A FY
& Fa%o] dotm @0 webA MEH o] 7]
HE dFo s $R/3k1 e Absidia coeruleatr
He Jd9oAM FE4E T AAL 3o &
< pHAMZ A AFe Asl7} vjmad ZA] ¥ict,
#9, Thraustochitrium sp.© U Y& pHelA =
& AASE By & pHAM e AAF F
8A "ojxls d@o) UMt oA vl FF
5z @3 dol 19 DHAZF ¥& pHelA aliglsr]
g2 Heoz AlRE AdAZ FRAAYE A4
A B 24X F AEdo] T 717A] W)
UeE ¢ 4 Utk 28ir2 #2¥ DHAS o
At AR g B Fo §EFHe Aoz
Alg et wtebs Thraustochitrium sp.v JEF
HAZ AHEE7] YA F71EQA AHHgPe] ge
§ Aoz wdd

FES FALYELE @I FYF 2N

Absidia coerulea®t Thraustochitrium sp.& %%

@ 7% TY8A| 92 blank P22 o] 2
g3tk AaoljA] B ubel 2o] blank A ¥elA
AYEE pH 8 F2oA Ado] dojuir] Alaag
o, HHe9 pH 949 10.5~11.52 % F&
Ho|Urh(Fig. 3). HAM s o T3 e
ALES] SHLEE F2 Co¥F Co®oln, gato)
2] gl 7% pH 6.5 ©l8tellA] FAo] doji}r]
A&t} pH7EF 10 ol4eld difE Aoy} ¥
FAo JHE Yl § ol2h? a2l YEFAA
Q) Absidia coerulea®} Thraustochitrium sp. & %
U3t A $ole blank B} IRE A9 33H pH
7} z+z} 8.6~12.07 8.9~11.622 © Yozt
28\ pH 6 ol3te] @& pH dgolie o313 ¢
2 AATE JeY.  Absidia  coeruleast
Thraustochitrium sp.2} ZYE AAE 948 HA

-
(=2
o

b 23 [
[=3 o (=3
. M

Removal Efficiency of Co (%)
n

I T v T
2 4 6 g8 10 12
Solution pH
Fig. 3. Removal efficiency of cobalt for initial
50 mg/L with 1 g dry biosorbent/L at
various pH values: (@) Absidia coe-
rulea, (¥) Thraustochitrium sp. and
(O) without biosorbent.

Table 1. Removal efficiency of lead and cobalt at various pH values

Biosorbent

Initial metal Average metal

Metal Biosorbent amount (g/L) concentration (mg/L) Optimum pH removal (%)
blank - 50 8.4-~11.2 96
Pb Absidia coerulea 1 50 6.5~11.4 94
Thraustochitrium sp. 1 50 4.2~10.5 98
blank - 50 10.5~11.5 98
Co Absidia coerulea 1 50 8.6~12.0 a0
Thraustochitrium sp. 50 8.9~11.6 98
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pH 23& 3938 vx&yA T pHA| 1 & IYE
9| A A% Thraustochitrium sp.7} %4t & $4
sttt =% Absidia coeruleas ¥-& pHelA %
T AA%ol 90%2 Thraustochitrium sp.2 98%
2o 4 @ik, & W& ¥ Absidia coe-
rulea®] EYo] =gFA Ml Ue AL Hol A
24 Fof Yo} =] vehr] awEs} A
o AR gn AAFE AAlFle AeR g
¥}, BlankZ AH8-E HWEE £ pH A
vt dojuveg Hris e e o] Ba A
pHY 99go] ¥lmA Fkoh, aH Aol YEFE
Aol o AAE el ALge] 7bedtn F4 o]
& AAY] AT HAH9 pH/F ke §HA
#esict, B3 22 pHAME vlm3 AA%e] ¥
ong ity Yol HEEHE ¢ ol /T
H¢ Al HEE Aoz ALRHUY.

3.3. HHYE oM chel MEEEH E ot
FYE HY HHE

AP dAelA o] AA=e A I AsA
%7) pH 3.0% 50004 2t 1 g/l Absidia
coerulea$}t Thraustochitrium sp.& Y3t &
ggatgion, 24AI3te] At Fof o] A &
&of ol e d& vimwdtd ag ez Jyehific
(Fig. 4). Aol =3 Absidia coerulea®t
Thraustochitrium sp.& A9 4% Fd5¢& B
ek £7] £d9 pH7E 3.08F 5.0¢ ) Absidia
coerulea®l % pHE 2.87 3.7 =€ o o]
e} Hn Fa5L 24z 913 104 mg Pb/g dry
biomass®l $ATHTable 2). ¥, $4 & £7] pHol
A\ Thraustochitrium sp.9 3% pHe 242} 3,33
4.59 ol23lon o] uje Hu FA% 42 937
125 mg Pb/g dry biomassell®}. Thraustochi-
trium sp.& 7% %7} pH Hti= HF pHrt <t
Z7tete o2 Hot N X Yo DHAM =8 4%
Hol Y2 Aoz Algdc. aen YEFAAY
71%719l H" ol&3 Pb?* ol&o] N2 ARz
F357] Aol 7] & pHF HETE FHF
o] WolAE & & ATt &, olst & A=
pH7} RolAFE HY ol 9] 71 §43%] Frisn

— -
[} w0 n (24
(=] o =] (=]
" L

Lead Uptake (mg/g)

Final Solution pH

0 100 200 300 400 500
Equilibrium Concentration (mg/L)

Fig. 4. Maximum uptake of lead with 1 g dry
biosorbent/L at various final pH
values: Absidia coerulea at initial pH
3.0 (@ and 5.0 (O) and Thrausto-
chitrium sp. at initial pH 3.0 (¥) and
5.0 (V).

Table 2. Maximum uptake of lead and cobalt
by biosorbent

Final Biosorbent Mi‘x}:’milm
Metal Biosorbent a1 amount eta
pH (&/L) uptake
(mg/g)
2.8 91
Pb Absidia coerulea 1
3.7 104
3.3 93
Thraustochitrium sp. 1
4.5 125
3.6 1
Co Absidia coerulea 1
3.9 2
4.7 16
Thraustochitrium sp. 1
5.8 20

2 Ml 7171004 PP’ oleg Woluin o
A F3g Aol 71A% ). Absidia coeruleast 2&
F%ole] N Ee g oleles B A8 o2
TR Jed F2 hF(EHN 90%), A, @4
A FolH, ol EAYE& Hole 4§ carboxyl
71§, phosphodiester £2.2 & A gich ' 4
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¥is] Thraustochitrium sp.&% B2 Z§9 Axd
< deeolRthe Fgole AXdn RAlE A
T &ol2 EAFE F2 carbonyl 1§, alginic
acid 5ol ofsiAd FEgE Wwe Aoz oA gl
. AR g wEe 4 olee Fi
€ AEFIA A2 ¥ Y 289 98E
o, A EE e L Z} vl BE] 72l £EEF
ddol7] WEe FaFol e YEFHAE A
e Ao FARGE F238%tH(Table 3). Holan
7} Volesky ol o2} Aol 9§ A F71A9)
T Aol o3t BHE Xe)dx e YEFAA
¢] ALl disl 50~300 mg Pb/g dry biomass
FEIE ¢ 5 A =@ o A YEEFH
A FolA 4% FA5E A REL YRE Z
FolFet 2R & HAPolM e Absidia coe-
rulea\} Thraustochitrium sp. & & A Ao o)A

€ 493 2% 4EFAAGND B 5 Qo
FZLE g YEFAL dxFe 429 Asco-
phyllum nodosumr& °14& Kuyucak$} Volesky
o mnsH? aRel Y Saccharomyces cere-
visiae® ©]%% Brady® Duncan £¢ Q7&'?
Ad3tne thE F& o2 ®3 He Holr
(Table 3). 482 A4 ZLEI} JAHAE A
< B A 2719 &9 pH 4.03 6.0914 1
g/Lel HEEFHAZ TP A} (Fig. 5). 247)3te]
At o] ILES AAFH B & dol Qe &
€ vlws BN Absidia coerulea®t Thrausto-
chitrium sp. 2% 193] £ F¥3%5& 712 &
A& g ¢ Uen, 27 £99] pHIl REFE
Fagol 2oiAE ¢ F Utk olg} 2 AFHE
9 7ZA%st 543 olf wWEQ Aoz Aggr
Kuyucak®} Voleskyte Ascophyllum nodosum®

Table 3. Recent studies for the biosorption of lead and cobalt

Metal Microorganism References
Pb Aspergillus niger 17
Brevibacterium sp. 18
Chlorella fusca 19
Citrobacter strain MCM B-181 20
Cladophora crispata 21
Durvillaea potatorum & Ecklonia radiata 22
Fucus vesiculosus & Ascophyllum nodosum, crosslinked 23
Myxococcus xanthus 24
Penicillium chrysogenum 25
Phellinus badius 26
Phormidium laminosum 27
Polyporous versicolor & Phanarochaete chrysosporium 28
Pseudomonas aeruginosa PU21 29
Rhizopus oligosporus 30
Saccharomyces cerevisiae & Aureobasidium pullulans 31
Saccharomyces uvarum 32
Sargassum fluitans & Ascophyllum nodosum 33
Sargassum sagamianum 34
Streptoverticillium cinnamoneum & Penicillium chrysogenum 35
Undaria pinnatifida, Hizikia fusiformis & Sargassum fulvellum 36
Co Myxococcus xanthus & brewery yeast 37
Neurospora crassa 38
Oscillatoria anguistissima 39
Pseudomonas halodenitrificans 40
Spirulina platensis 41

Ulva lactuca

42
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Fig. 5. Maximum uptake of cobalt with 1 g
dry biosorbent/L at various final pH
values: Absidia coerulea at initial pH
4.0 (@ and 6.0 (O) and Thrausto-

chitrium sp. at initial pH 4.0 (¥) and
6.0 (V).
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Fig. 6. Effects of biosorbent dose for 500
mg/L of lead: Absidia coerulea at
initial solution pH 3.0 (@) and 6.0
(O) and Thraustochitrium sp. at
initial solution pH 3.0 (¥) and 5.0
(V).
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Fig. 7. Effects of biosorbent dose for 200
mg/L of cobalt: Absidia coerulea at
initial solution pH 4.0 (@) and 6.0
(O) and Thraustochitrium sp. at
initial solution pH 4.0 (¥) and 6.0
(¥).
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Table 4, Maximum uptake of lead and cobalt by biosorbent addition

Metal Biosorbent Initial Initiali metal Optimum biosorbent Maximum metal uptake
pH  concentration (mg/L) amount (g/L) (mg/g)
Pb Absidia coerulea 3 500 0.2 132
5 0.2 154
Thraustochitrium sp. 3 500 0.2 138
5 0.2 162
. 4 3.0 1.4
Co Absidia coerulea 6 200 3.0 48
. 4 3.0 13.3
Thraustochitrium sp. 6 200 30 20.4
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