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Pb*. removal capacity and initial Pb* removal rate were compared between non-biomaterials (granular
activated carbon, powdered activated carbon, ion exchange resin, zeolite) and biomaterials (activated
siudge, Aureobasidium pullulans, Saccharomyces cerevisiae). The Pb” removal capacity of biomaterials
were greater than that of non-biomaterials, generally. The Pb* removal capacities of non-biomaterials
and biomaterials were shown on the order of ion exchange resin > zeolite > granular activated carbon >
powdered activated carbon and A. pullulans > S. cerevisiae > activated sludge, respectively. In the initial
Pb* removal rate, the non-biomaterials showed powdered activated carbon > granular activated carbon >
zeolite > ion exchange resin and the biomaterials showed A. pullulans > activated sludge > S. cerevisiae.
Comparing the Pb® removal capacity and initial Pb** removal rate of activated sludge with those of other
non-biomaterials and biomaterials, activated sludge may have an availability on the removal of heavy me-
tal ions by the economical and pratical aspects.
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Fig. 1. Typical time course of Pb*" removal by non-biomaterials ((a)granular activated carbon, (b)powdered
activated carbon, (c)ion exchange resin, {d)zeolite) under various initial Pb® concentration: initial
non-biomaterial concentration (g/1) of (a} 1.0; (b) 2.0; (c) 1.0; (d) 1.0.
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Fig. 2. Typical time course of Pb* removal by
biomaterials ((a)activated sludge, (b}A. pul-
lulans, (c)S. cerevisiae) under various in-
itial Pb* concentration: initial biomaterial
concentration (g/1) of (a) 1.0; (b) 0.8; (c) O.
8.
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AL B o oS- & ez, ¥ AP pH ye el
A 44 Fe) gy-Ho] P ez EA)ste o]
2aghe] dgFe] wjg AA depyr] HEY Aoz F
et w3, 2] gold FX29 Wil ulE o)
L AA HIE 7 27) Fo] L ¥ ue} 2E
ol & euigith. Fol22) A A e HYe =2
e A B o, & oY EARY ASdde 2]
Hol Fxo Wslte] BAY] A dASA Jeb
L}, o] 2 aHFR| 2 Ao 7] Fold FEE
F7HA A Gl alel FYo dEe AE ZA 485
€ AE& 4 4 Uk olol wie} o] 2mFR| oA 9
Fol AAZ @ FYEGA L 27) Fo]L FE
v S 4 5 A

A Lol Ex X7] Fold Fxo Hild wZ do]
2 AA=FE W3y} vl A Hglx, ol AA=g
o] o] g myppA ke 2gtont FAwkel vl = ]
24 A Jegton], ¥ @il Alzte] 53 A
A 285e A& 190

AEA R Qo] 7] Fol& FEFE FUHAA o
gl gol& AMAZe] e AL vYEAEY AL
8} fralE sl chFig. 2). WA, dol AAFe wWE
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cerevisiaer= Z+7Z} 49 mg/ld| A 278 mg/12} 16 mg/1
o4 96 mg/19) ¢ 5.7u) ¢} 61 A=) 7] Fo] & ¥
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Fig. 3. Typical time course of Pb* removal by non-biomaterials ((a)granular activated carbon, {(bjpowdered

activated carbon, (c)lon exchange resin, (d)zeolite) under various initial non-biomaterial con-
centration: initial Pb** concentration (mg/1) of (a) 191; (b) 180; (c) 191; (d) 194.
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Fig. 4. Typical time course of Pb*" removal by
biomaterials ((a)activated sludge, (b)A. pul-
lulans, (c)S. cerevisiae) under various in-
ttial biomaterial concentration: initial Pb*
concentration (mg/1) of (a) 104; (b) 100; (c)
100.

2 ol Alxue] gol & AEE A fle Aoz A%
A & 4§ glov, gAeeAE gETeR FAF
sl Fol olel, o vl Fo] EulEe AL ¥
AEA D EZ) o8 SstA 7Y demg A
pullulanss} & gol& AAFAE Vit ¢4
37l 23 Ao 2 Az

A EABEFE DI JEABEFE 2)9) A
ol & AAFE vl & o, HAHA 39 vnEe E
B3t Folo] AAHE S-S Bd, &R ¢}
A. pullulanst ¥ EARESF BUEAADL] dol& A

2435 A8l E, S. cerevisiaex o] #4-] 2
543} fAFsle ). S. cerevisiaed] A& ol AlA7]
zte] gle] o] A LT F83 dF-ES AT
gl onl, A pullulansol A& o] o] A2 dejrix)]

S Aoz nuE s ol (4, 1997).
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EARY FEE F/HAA 6 del Jdol29 AALES
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oA dol& FE 3 vPEARE ¥ AEANRY
Az2FAG Fol& AARE Jehgl e, =3 o] &
Langmuir®} Freundlich 5-24]¢] H4A#A ¥gkch
{Fig. 5, 6). 3 do| 9] 57} S71¥5Z H YAty
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9 Fxrt F=3A 2E o eld o] AaE 271
XA o HLAA 1A AE A sl Table 1o
yet il

HAEARE F JASAE, 23" Y A=)
¢] E= Langmuir §-24]¢) o $- H3s}A velytond,
o] ¥R+ Langmuir = Freundlich $24] £
o= mdof o] HPA] Bdslrisl TS AE
ANEE A& S. cerevisiaetto] Langmuir 5-24] ol
H3tg oo, A& ¢ A pullulanse Lang-
muir 5-&4] 2o} Freundlich $-24]2 o] & o2¢}
€ AL ¢ F8ldd. 2=z 933] ddsr)e o
A+, AR AR, F2EAE, AL
golx, AEANEZE S. cerevisiaer} B3 dol&
AAEZEAR L /MR AL 4 §F UL, = o] 2aHsy
2], A&l A 9 A pullulanse ¥ 53 Fel2 AlA
EAL 7 Z e A2 A 4 g

ol AASE v Az AEANRA Hal AA
Aoz w3 B o, o] xaxHLAE Adstae AE
ANBEY Fol& AT v|AEAEERT] U953 =
A Jebdozy, vl &) FF& o] LA A diFt o]
4758 & 5 Atk v EA R 2] Fol2 Al
AEL o] AL > LEfo] ExA TG>T
Adte] #4Z Jehgen, JEAR ol A
pullulans>S. cerevisiae>®8A &2l A9 +i0]¢)c}. E
3], qio 3l 8lel A. pullulanse S. cerevisiaevt #4]
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Fig. 5. Equilibrium isotherm of Pb* removal for (a)granular activated carbon, (b)powdered activated car-

bon, (c)ion exchange resin, and (d)zeolite.

&8 Aol b8 453 & dol& AATE Bgle d,
ol A. pullulans’} ¥u]she A Z9 13 E49
o] vl =27] ¥ A2 Y4 aEe g
o2 W gBe] HsE AE 2EAEL) A A
FAA 477 ool ¥ Aoz fwddd. & WA
AE gl AL S. cerevisiaes)] 04 Quoo B] Quo Bt
o vla] €53 FolAA A. pullulans®] gye¥.t} %7t

A wrhe A elth o]l 7] Fol&9 FEI} ol F
FEA4 ohd 7] PINE FEI} vl S o el
T+ AEe RALZA, )T AS AX Fol 28 AF
2 dste HAse Axgaz gdgtel AEuy o]
L AAFTY AE viZe Flaldte Roeg Azt B
et o] =¥ A&l d77t Has Aew A
Z5dd. g4 &R dAd ez o8 FEAFY o

Table 1. Comparison of isotherm model and the removed Pb* amounts at q,, and q., between non-

biomaterials and biomaterials

i
materials Larr:;(x)stﬂr(r erzllil:c)llich g0 {(mg Pb?'/g) aze0 (mg Pb**/g)

granular activated carbon 0.95 0.84 26.0 36.5

powdered activated carbon 0.96 0.90 2.1 17.3

ion exchange resin 0.92 0.92 167.7 -

zeolite 0.99 0.91 30.2 57.7

activated sludge 0.93 0.98 30.9 68.8

A. pullulans 0.72 0.82 170.4 235.8

S. cerevisiae 0.97 0.94 95.3 272.7

* qi0 and qgzo0 represent the removed Pb?* amounts (mg Pb®'/g) at the equilibrium
concentrations of 10 mg/l and 200 mg/l. respectively.
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