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Biosorption and Flotation of Lead and Chromium using Waste Activated Sludge
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We have investigated biosorption kinetics and equilibrium of Pb’+ and Cr%+ using waste sludge,

and separation efficiency of waste sludge by dissolved air flotation was evaluated in the various
A/S ratio. The biosorption capacity and contact time were shown as a simulation of biosorption
equilibrium and kinetics models. Biosorption equilibrium of the Pb*+ and Cr’+ onto the waste
sludge could be fitted by the Langmuir, Freundlich, Redlich-Peterson, and Koble-Corrigan
equation. The kinetics could be fitted by a pseudo-second-order rate equation more than a
pseudo—first-order rate equation. The separation efficiency of waste sludge using DAF was kept
above 90%.

B keyword : | Biosorption | Heavy Metal | Pb | Cr | DAF | Waste Sludge |

L e AR
L M2 A, ol2ngy, S48 F4d, R AAFEY 5
ol dg] o]&5 3 SIthl1l. o] W 5 & AAY

T7hEE R $EEL 58 2, 489 2L oY & 2 2 o] L7} AdukE o2 o] 45

ARkl tdshAl Ao gk 2y Az AT 2 7ke] AAEAL o] &3 BAF 2 hiosorption)
Aol 23] A Wil wEe FF&o] HlEs o] E4A Uig 7% thtstA ol RNz Yok

clole Q1 AuA AP APLLZ PAAL py3) wgery AR BAHE A RS
stet. £ e MR SR F4H, O3 BS02 §Y
HEHE 55 A5E AAsted A HE 33 o) extracellular polymer(BCP) 2] A% 31 52}E A o]

He#S ¢ $090930-001 AR 20094 108 19
AR 20004 098 30 BMAZL : o| &St e-mail : Imawang01 @hanmail.net



i

HNXIE 018 Hat 2| MAEH U BY 445

EAste] AAZAAZAY & sbede] =k
Neufield®} Herman[4]2 # &4 &R & o] &alo =
5 FHAA 54¢ #ristdnh E£3, Laminaria
ochroleuca® o838t T84 F2%L Langmuirs}
Koble ~Corrigan 2J0l & &&= icty B3l n}
ATHEL Gulnazl6]= 4&e14E o1 435td d59 A
AETAELE  Lagergend AT 1, 23} SREE A0
ofel] BA o FA]9t APX 7y A gtk B g up
ek

£ deM = 2
AHE 7FEA S AN, PHUSH O Y] 3%
£9Ae adEdEe Frstua o

2
SR

A
e,

5
5495} Lagergen] 4} 1, 2z} %a £EAS A45
o 2o AP A5E 7

A A= fusth $49 ASUNE 184
o2 25 AN SELAUDADE AHEE

F34 55 L AS U B 1

Ak
i o] 8
1 MHER So% % 52BN oY
1.1 3% 24
2 Arelld e AAEEY AAUSH S50
e ATE 91319 Lagergen 5HEH 2dlg ALg-3}

di
d_(i: kil —q) o))

=004 t=t, g= 0014 ¢g= g2 3]
)& T geo] "o

k
log(q, —q) =logg, — 5= =t 2
A7, g ky 2= FRAT, to] e FAA
12 W& EAoIth, Ao AAE EE
te) PARNE k& 72 5 ot
522 g 9 19 BAZRA T

E: 2J)(1(qe —‘q)2 (3)
12} 9he3) BAdd BAZANA HEE A((3)
Hz o] Ak
[2 1 1
—_ = +__._.
q k?.(z(lqi

FE80 Bl 24 Wgolehd AW t/gsh ¢

@

A seA o} Fu5 &4 EetE dAY 259
A BdsAd Fad S85 F2 &9 TEE
FEo AFE ok oMY FAWIHL TES TR
ok FAA o) BAZRY Tu5e] FH ¥ capacity)
2 A (affinity) & & 5 Utk A= AA
FH54] 7122 ARMAE 2E57] A5ty ‘QHW °

[*)

o} A Langmuir, Freundlich, Redlich-Peterson %
Koble-Corrigan =24-& A3t THTI.

Langmuir 35242 44 F3(site)ell &
& ZHmonolayer adsorption)©] ®chka 7FAsHA o
23} o] AT

GuaxtCo
%=15bC

A7jeA, g, % b BEFEA] HUFAEH &
2 A UxE YehllE Langmuir “d5olch.

TUg EHAAM FEEEE ke Langmuir &
220l 93] Freundlich §2H6-2 22> thFsh F24

|

I} O9EEES 7HEa glom, tgdt o] H3

do ol




446 SZEUX83=2X '09 Vol. 9 No. 10

71N, K9 ne FEEs
Freundlich “<ro]t}.

Redlich-Peterson 222 Langmuir®} Freundlich &
A52AE Mg AP Aoz A S} 2o] P

K €
9. = Sl 3 @
1+apsC.

A7)0, Kpp, app BE Redlich-Peterson 440l
o g 0 1Alel9] HE JERH, g=19W
Langmuir &2H5-2413 434 gt

Koble-Corrigan(Langmuir-Freundlich) = 49-& ¢
& 29T F2E EYTY Aol wgdide gt
A& 235 o, oen go] Yepd 4 gtk

E[ob

AFeE e

GO
9 = 1+le/n (8)
0. THE % gy

AAFHAE FAFGAe 24l Sy
o] 22} FAA A wEEE o F4EAE AR
o AHgatgith # &4€2AE 150meshd] AE o] &
st REE AASL AT Fo S FEo)>
o GFE Zol7] sk Dol 33 AHs] A
e F Age 8-Stk W gdeHA vre
105CoM Ax3ko] dAAlE oA 147 Ttk ¥y
& ¥ A2THFE ST TS S4L AGF
Pb(NO3):%t Cr(NOs) & AT =] §d902 A%
g F Ao AgStgrh 3 A4¥e H &34 &
g, S0mLe TEEE, S0mLE 22 Yk s E9
2917 H =5 Fu|ste] 300mLe] FzEetaIolA 2
2 EFE F A ET]oNA 100pme.2 wkst
AA 25, 30 TN S84 d&eq 528 42
125 ~ 1000 mg/Lek 500 ~ 3000 mg/L2 ¥3A 7]
A AAFHEEES FYa QA A

o] AEE AAste] 3000rpmoll A 587 A2 5o

HEAE AR F A4S AAERBEA
(Shimadzu AA-670)2A S84 =& A

2. Hs2xle] REa

dleeiA|e} 79 E) A49E DAF-jar tester(BCE
engineering Co, Lid)E AHE-8te] B4 02 3315
. a5 F2E AsAE TS EREA 1L

o 74442 021 FUst] ARy bt

G EN AAFAE NS TS0 F24d A
5 ~ Gkef/erZ 714E 7HHE FAS B
FNRT Ae A} &0 Ed AL FAY ¥
FAZ M ARE AF st HEs} 1YE FE

ol

&Y AATH dgd FAHYEE A
H g4&YR Y FEE 10gL, T3% T 500
mg/LZ 3te] FAAZ ] e F2Hg)S Wast
(29 119 YepdAth §2 B3 08| Hel =93t
ok

350

300_

e A
Q O
(] Pb*
o o
pseudo 2" order
——— pseudo 2™ order
0 T T T T
0 30 60 90 120 150

t (min)

a3 1. Hi&2Xol 2E Pb**e Cri*el MABAAE



B BASKE 0183 Wil 350 MHES U 2y 447

o s 8 2 DA S

kv +ek(capacity) 2 213} E(affinity) =

et S dxe £E0 G2 §237)

49 |0.9888[0.0029|259.37]0.9979 o) 43} AAJNRE 8o 7ssit) B A

o [128.30[0.0227] 29.05 [0.8910[0.0024]126.78|0.9839 5o Aol xg %22 Langmuir, Freundlich,

Redlich-Peterson % Koble-Corrigan 2948 A}&-3}
*ﬂiﬂii}—?»‘i% gtetelr] st (17 119 A¥x o AAErI T

£ Lagergen §984 2o 2489k Ph s} (2% 219 (77 31 A6)-©)& AH-3te] Langmuiir,

Cru BAEALEE Lagergen©] AMAR HAF 13 Freundlich, Redlich-Peterson 2 Koble-Corrigan &%

2 23 MeETAS AlgElglon] Adas A2 Teo] 93] Po’ o} O ) FARE 5 Slolth

% loglg, —¢q) ™ to] BAZRH 7]g7|9} 4B g 7 Redlich-Peterson 4]3} Koble-Corrigan 49| 2] Pb”

ohol AL 1A W0 HEAE k0 ABA, ¢, S GFY FRFL B A3 45 B Ung A
< AAFAL AW E ol8sle] yg ol to] BAER  BAWORA Asilh

B 712719k Ao §4} 23 whge] HEAS k,

b A%, g, ,, B BASAT ]
[E e AAFH 25450, 2 k) 2 d2 T
A, g, % FERIRTE PO o O el AAS RS EE T

T4 1 WEES B mude BAASA  § | o 2

098887 0891002 W 2719 608744 Ax, [

Gexpt AFA, g 7t 7S ZolE BYY. a2y w] — A

TrAF 274 Whgol| 3 38 AaASTt 22t 0.9979 , TTT Keamem”

o 0983924 #4124 W& ERTH A8a BA} S e

74538k} Aksull0] 52 sugar beet pulpE o] &3 C,(mgiL)
Cu™ o] AAFZNA FA 13Kk 09 27 WSS
TFkoaa)7F 242 0.06863 0.00428 b AHaA
@7} 1o TAske] o] 24 =9} NP7} w) S & 400
< A S Rl sk &A% Davis S{111¢] i

Al —- == Redlich-Peterson
E‘ 300 ~ Koble-Corrigan

ox

O 2. maxiol of3t Pb* o] MAIEAR oS,

o)

B

200 4

)
>
ol
ol
2
o
£
ox
2
ok
N
b
dl
N
)
)
ok
Bl
=2
10
2
T
ole
q(mg/g)

ARANNE Po7 ek 7 o) AAF o] f4} 17 b D

T T T T T T
0 100 200 300 400 500 600 700

2 283 ﬁii A=Ak C,(mglL)

33 3. HiEKiol 23t Crrtel MHERY oS,



448 BRIHXSEI=2X] '09 Vol. 9 No. 10
L

Pb" = Cot 84mg/L7ARA] E3o] maA F7}et
A9k Ce7h 839 mg/Lol gl A A2 Hy ol mdals
. PY"E  Langmuir(®=0.9818)>Redlich-Peterson(r’=
0.9783)>Kohle-Corrigan(r*=0.9728)>Freundlich(r*=0.8329)
T2 w08 HPEAAR T ARSI} =
stk O Langmuir(*=09796)>Redlich-Peterson(r’=
0.9771)>Koble-Corrigan(*=0.9577)>Freundlich(r’=0.8670)
FR5Y9 £oldth P9 CFe MAEHTL

Freudlich®} Koble-Corrigan &&%524 Hrls
Langmuir®} Redlich-Peterson &&5224 0.2 &3}
Aol AdAdol o A JEhgth ol PbY e

o F&o] o] 2w 22 3o o3t 3eg At
o o3 FP=E Aoz AlgHch

Langmuir®} Redlich-Peterson &35 22)0] Ph™"9}
') AAEZFY] o2 HFAT:. Langmuir,
Freundlich, Redlich-Peterson & Koble-Corrigan &2
T2 oR2RY 7o B2Y A5 [X 219 [E 3l v
Rt

L

¥ 2. Langmuir®t Freundlich ES2A0M =&5
Pb*2t Cri'e] Be M4

35.819 0.8329
10.539 | 0.8670

0.018 |0.9818| 0.459
0.005 {0.9796| 0.406

Pb* | 553.57

cr** | 188.61

B 3. Redlich—-Peterson®} Koble—-Corrigan &25
MM =55 Pb?'et CrPtel oul M4

Pb®*[10,884|0.025(0.96]0.9788|740.41 [0.012| 0.92 |0.9728

Cr**| 1.035 [0.007(0.94/0.9771(221.24(0.004| 0.98 |0.9577

Pb"e) A% Cot 89mg/Loldel $E YA
Langmuir$} Koble-Corrigan 4¢) «)&x)9} 23 2)7}
ztolE BT}, Freudlich®} Redlich-Peterson 4} C.
7} 484mg/Loldke] Al A = S e} APX)7} 2

A3 A9E JehhA Y, HulgaEke] o5 glolA
= Agx 9} AFe 2pole HYrh &Y AL Ct
978 mg/L #3HE £33 J el A Freudlich®t Koble

A&7} AFe zpolE
€ Langmuir, Freudlich, %
Redlich- Peterson—4 FAT A& o8k Aspergillus
nigerd) Pb™ AAEE B4 2 2ANRE EF5G0
™, o] Ao £ 72z} {AFHA Freudlich?] ol
B3] Langmuir®} Redlich-Petersonj¢ll 2} EA}t
&7k AR o Z dAgt AA P

800
o
600 4 A
o
2 U]
~ 400 4
£
o 2
° o
200 - O Langmuir
O Freundlich
A Redlich-Peterson
v Koble-Corrigan
0 T T T
Y] 200 400 600 800
Qo 0 (MI/Q)

T2 4. Pb*ol BEEA| 3 AHxIet oiSXIS) H@.

200

]
150
g g
\-é 100 4
£
o
50 a O Langmuir
a  Freundlich
& Redlich-Peterson
v Koble-Comigan
0 T T T
0 50 100 150 200

)

38 5. Cr¥'ol WEAf) tfEt MYRI oEXIQ bl

(29 419 [29 5= Pb2 s} O 9] H3sse 35
Fol A 4719 4717 mdel] o o&x9} AP E



W SAE2XIS 0|83 Lot 3Be| MHEN U 4 449
_

Almgk Zeltk (28 41904 PbE oo deca”t F
4000 mg/Lol 3] REE oA o FX) 9} A7}
2 AolE Both A8 A (qeen) 7t 4360 mg/gel 22
4] Langmuir®} Koble-Corrigan 2l 2J3F o] =X i
(Qeea™ 2t 49927 501.3mg/gEA] Freudlich®}t s
Redlich -Peterson 2jol] &3 o &X|(qeca) e 63249
BB 1mg/gRrt APAo] ZHEATE [2F 504
CrE Qeew®t Geca”t %F 1000 mg/Lol3ke] Aol A
&z e} AHR| 7} Zo]E BHTh i
o] Asg vlws) Hote W Pb ek O o AAFR 8 P——
< Ot FEAEY tEEES 71438 Freudlichet o P
Redlich-Peterson 2ol H]8] A48k E32(site)ol] T 80> . N ‘A CI} ——
F¥Fmonolayer adsorption)e] ¥kl 7H4# Langrmuir 0.001 0.01 0.1
A3} o] 4¢ +4% Koble-Corrigan®(I/n = Dol 2J3) A8 ratio (mL/mg)
dZol] 2R v CF Y A9 AEE g 33 6, A/S Hiol TE m| 24gaiX|o BMSE

100

>e
> J

Removal efficiency (%)
8
s}

T&7} 27} ol AYuEAEHY] B
2 FAN31H0 dol 349 AAFRH o] malo] Iv. 2 8
HHdF oz ojFe)x)7] gEel Aoz AaFc

B ATE o 2HEUNE o4 Po ek O A
3. 1 BAaK|e T AEPLHE RSN FREet AEgR 9
WH )% 9O 3 o7 7O AR OO
A BEEANE o8 AAFIAG BAFHY oo P R R AR SR
01041;}
g R4 g =% Zo a9 40 T A RAR T
B = R 114 = L R =l o= A 9= I+ N E % = =
85 BAGHAE 5002 TaRe Y ger 2 # A& Po ot Cr 7 AAEAE o &2
o Aol EEE A1 HEEE Hrhe 24 27 WS
(29 6] Pb)Q} CE7Y o BHSA A/S H]o| of & A3ttt Pb” 9k Cr o A ZERe Freudlich
u Ol . o&E B — . .
BE TAREES G Aotk S 53 5 ool Comigin BEH Langmuirs Redich Peterson
RS 1080 TAT Agadth Fage oo | ATEHE AT ARl o s e
T 10 2% AL T = WO zTaHe - - -
FasA g2 H Bdsex ﬁon»; &8 :A/S TEES WA T A Bugend waLe
A o H Eew AT <

£ A/S H17F 0.008 mL/mgel Al 94.3%0]1th Pb”
9 G FEE W gAY E A/S HI7F 0008
oA mARELO) 2 91.3%8)

Fp{t

A& A) = A/S 87} 0.008
AR F gl 4 91.3%
3}

Z}
o) B
Lol =

&
oo
X
fu
T i
k)
T
2
o,

AR l T
o] 24 # AN B4 F59 Yr} FobA

DAREge] Yold Aoz WeEAL. shAD



450 St=xBEIXSHE=2X| '09 Vol. 9 No. 10
L

(1] N. S. Wei, Removdl o heavy metals from
wastewaters, B&L Information Services, 1980.

[21Betul Arican et al, "Mechanistics of nickel
sorption by activated sludge,” Process Biochem.,
Vol.37, No.11, pp.1307-1315, 2002.

[3] F. Eric and R. Jean-Claude, "Heavy biosorption
by fungal mycelial by-products : mechanisms
and influence of pH"” Appl. Microbiol &
Biotech., Vol.37, pp.399-403, 1992.

[4] R. D. Neufield and E. R. Herman, "Heavy metal
removal by activated sludge,” J. Wat. Pollut.
Control Fed, Vol47, pp.310-329, 1975.

(5] C. Aldrich and D. Feng, "Removal of heavy
metals from wastewater effluents by
biosorptive flotation,” Mine. Eng., Voll3
No.10-11, pp.1129-1138, 2000.

[6] O. Gulnaz. A. Kaya, F. Matyar, and B. Arikan,
"Sorption of basic dyes from aqueous solution
by activated sludge,” J. Hazardous Materials,
Vol.108, pp.183-188, .2004.

[71 Z. Aksu, "Biosarption of reactive dyes by dried
activated  sludge equilibrium and  kinetic
modelling,” Biochem Eng. ], Vo7, Nol,
pPp.79-84, 2001.

(8] Y. Goksungur, S, Uren, and U. Giiveng,
"Biosorption of cadmium and lead ions by
ethanol treated waste baker’s yeast biomass,”
Bioresour. Tech., Vol.96, No.1, pp.103-109, 2005.

(9] P. Chen, W. R Chen, and R. C Hsu,
"Biosorption of copper from aqueous solutions
by plant root tissues,” J. of Ferm. & Bioeng.,
Vol8l, No5, pp.458-463, 199%.

[10] Z. Aksu and L Alper, "Removal of copper(ll)
ions from aqueous solution by biosorption onto
agricultural waste sugar beet pulp,” Process
Biochemistry, Vol.40, No.9, pp.3031-3044, 2005.

[11} T. A Davis, B. Volesky, and A, Mucci, "A
review of the biochemistry of heavy metal
biosorption by brown algae,” Wat. Res., Vol.37,
No.18, pp.4311-4330, 2003.

[121 A. Y. Dursun, “A comparative study on
determination of the equilibrium, kinetic and
thermodynamic parameters of biosorption of
copper(Il) and lead(Il) ions onto pretreated
Aspergillus niger,” Biochemical Engineering
Journal, Vol.28, No.2, pp.187-195, 2006.

[13] J. H Bruus, P. H Nielsen, and K. Keiding, “On
the stability of activated sludge flocs with to
dewatering,” Wat. Res., Vol.26, No.3, 1597-1604.
1992.

©] % $HChang-Han Lee) 3
» 1996 2€ : glFugn AEF
HFEAD
+ 199813 249 : FHAldigtn gk
SHZEAA))
L2002 891 : bt B3
aHF AP

<HAEP: #2887, A#71EA



