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Cd(II) Adsorption Using Waste Sludge from a Municipal Wastewater
Treatment System
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Abstract

In this study, dried waste activated sludge from a municipal wastewater treatment plant was used for Cd (II) ion
adsorption withrand without pre-treatment. Waste activated sludge was treated with 1% Hydrogen peroxide. Cd
(IT) adsorption was investigated at an initial Cd(II) concentration of 50 mgL ™" with an adsorbent particle size of
50-70 mesh in erlenmeyer flasks used as batch reactors. The pseudo-first and pseudo-second order kinetic
models were used to determine the correlation among the experimental data. The results showed that
pretreatment of waste sludge with H,O, increased equilibrium adsorption capacity. The equilibrium adsorption
capacity values obtained for waste activated sludge with and without pretreatment were 39.84 and 20.2 mgg ™',
respectively, which increased with increasing solution pH. The correlation coefficients obtained for pseudo-first
(R*>0.87) and pseudo -second (R*>0.96) order kinetic models showed that the latter model better described the
experimental data on both types of treated and untreated activated sludge than the latter.

Keywords: Adsorption, Cd(IT), Dried Waste Activated Sludge, Hydrogen Peroxide, Kinetic Models

1. Assoc. prof., Faculty of Public Health, Lorestan University of Medical Al Ol ) (S ple olitils anidligy edSils L2 )

Sciences, Khoramabad ol (e o oK zils cJaes Sl ki (81,5 (g gmeils =Y
2. Ph.D. Student of Environmental Health Eng., Tarbiat Modarres rezadarvish86@yahoo.com (Y1) AMAOFYAY (Ut e )
University, Tehran (Corresponding Author) (98 21) 88956487 O ke S o0 cams Sl wilige (51555 (g gl -V

rezadarvish86@yahoo.com

3. Ph.D. Student of Environmental Health Eng.,, Tarbiat Modarres
University, Tehran

Y ulslagui IKA9 Jlu ) aglods



i Sl gl rlin oyt Son g oS
o o3l (grio glas 8 5 VY 5 V] el (o545
33,000 ke slge 4 3L 15 53,8 e eslital s e e s )
DV s 8 ool YU S b (ae 53 (2515 4 Wil 5 o0
Jole slans S a0 516 Jlasl w55 g 5 S50 Sl
Lol Sen sl sacdy s b 5 (S o)l (555 2 5575
CH PURPRCHFINE JPRIN IRE A WSV P PSS SR EC PN
o o 28 it sl 1 anlllan ol s [VV] 5,8 e o5
L wbd s o3l cnl (ol Qi (95 2 0550 amnS) 052
B P CIRUNL IS5 P RV - VS VS P PRI PW P Y
i Szt OVolaa Sleslizal i 281y s sleds)
s b 9 Jol s ad Jae o opl op s 8 S e

ol sl L5 ) s 5o sl s 48 Jite w50

ﬂ :klads(qe _q) (\)

dt 3

U‘ BL 45
SSem o3l 95 = s 0 i Jslas Ol ge
Sz o R 0n i Ol QS 2 e Ske e
ol Kiags 9 andlas 5,550 slapla; 51 S5 o 55 (5550
Ll Jgl 4y 4 dslas

u’.u\_») 6\_m)l_’ BE] A_EA‘) U_-’-\ )\ LSJ_.".fJ‘Jl:"\
a0 a5 1, Y dal; =0 B g=0 iz o5 s t=t L t=0

K
lo -q)=lo — —lads ¢ Y
&(qe —q) = log g ~ = (v)

Cowsiny e S S50 53 (t)ols e 53(log(de-q) )oles
o Jime ol 3l i S amilbiadls s Sl sl
S o
gpd@\@}w\ggﬂrya_?ﬁ@d&u
- Sol s wiSe Cuns P92 4x o r-w\S» 3NS5 s s
o slacsbushns bcwbze sis i syl (65,8
Olas )y Jace oIV adaly il s 320l Lead ESILY

M)Go

dq 2
a = k2ads(qe _q.) ) (\ﬂ)
U‘ BL 45
2 Ses oS e 93 2 b i 5 ul Ko
ol 4B 35

1 .
Cansartium

IFA9 JLu | aglods

doddo —
3 sl So ol oot 5 S3S2a ¢ St 31 Ko
i 58 oS sl 51 [F-V] ol S D56 4 a5
a5 Sy s lane (5 g G il (5345 S
Sl e [V-0] 55 b 0 gmene DUy 5 Lyl
ol mhwas Ll 51 20 wass S sz se s (5
el Gl sla g 3T Elad oS o 55 S8 L 28,
Doz 50 50 6l (g iy pens Cools (D158 ) e r05e
3 S LA Al Eol s pad a1, Ll cmilag ol s
plee aile cadoie plio s o8 (S Sl o S
(3l S (LSl e e L LS ) S S
TSP PO W WS WP ST GNP S W, (W[ QPSP AR
r.:.u\j ESRVIN S Se-g PO r:/ulf‘:)\: 52,8 glatun
23 ol il gl s 5 S ol s
i 6Lg_.ib¢,i)_:r_4.p.[\\j\~] Sl sy ST w0 L
gl (ol co 5 sl dlex Sl S0 15l
D] cslioss Iols 5 (b ol (Lt sl 3 >
CC QU g FOUP. STV BIoo. SGE F1LRE X g PRRCN- T PRCH
T80 1 515 e o) a5 5 JalS B e 15l e
5 a5 sty S DIl S letlils B T e
ol 5 05 S5 Lo (65050 T 0 4 950 (ol
1 sl G5 (sl 55 0 ol iy ST S
313 Mg 5 s slaty 5o Wl i s il
DI gl s s end olge gledos Sos VYT wisls
a3 P I8 bl ST o sase plas glaanl s
53 sy Olalllae o350l [V Y ] st o) 35l sl (20l
Lo 8L ez B ol a5 gLl 5l salanal glel
RN U TR IR | JE TP K A P NE
ol e 51 a5 is wl B sLlse ol a8 S O 50
i VL o B YL LS 5w e Qi 0 g S
bl bl ol Ol s (a5 O3l sl e sl Cools
Cslyoacd i Ol il 5 o5 sume salizal W3l
el 03 8 S0 158 Gl (g anl 3 ol 0o g o sllas
S oS Sl oy llae Gl Ly, 51 (G V0 5 Y]
Sgo 0 $35 6oL s Olallae 3 sl s S ONSB
SN 55l il | B mds 2 Sl slizal il b S
sl e aias ood g55 5 (S35 iz aallbs .ol
b S o Lol (g5l 5 3l U551 b o (Jlab 2
3 ool S (Kanlios 5 552 e OSL 2 ol

ulsligal  aa



R0 e e lie ol haslinal b e i 4l
sl b5l easledl Clle 5 oad o Jglows 51 3lr 05 S
NP FI PR, SN | FUFR WP PP RV I L CRI
ol s S s Sy S5t e WFX-130
S Cono 5 S Jpar slm 48,5 e slagt bl

s S 45 e dw del S

Jlsd ) s 5 r.:.ablf@laa i Jolws le ) aadlee - Y-Y
sl Sk 85k

S 53 s (s JLab ad b 5 S b D 35
53 0le 4 s s il 5 59500 ST Lo i
Slaslial Uy caslS iy aalllan .ol s s Y6 oldss
gl able 55 05gsumn Sl Lond wial i Jlad
i ool 3l ssle 2 550 S 5 aslS 2 s e Sl O
s I ol 5l oslizad b slS kxS sl s ol oy
Chle s suds aiar Jud o 5 03500 Sl Lond i
sl el @ aids Fe c33S 51y 2 o pfgL:‘a' s
) o 3T Sl Jls S b i 0 51 ey 5 a0

50 O b

A 4l ey Jb

40

30

20

10

(MZ/ ) predlS 2ler ol 3

0 50 100 150 200 250
(s ) ol
3o kil Jub 2 (595 2 sl Dl eis g, - ) K
0390900 demShg Lol wial iy

Lr:.é:db.éOngMﬁﬁA:K@uk.ay;\?d‘”ij;‘—r—*

i S
r.:.oﬂ_{g,;.:\_?o\}:nj\)?U\'ﬁ.\\.&»ﬁpH;\ij sl S
_9@4_.:4.:.1.4_?04..lﬁjsj>,au)y)>pHﬁ\}é\b.nowom
50« Y SIpH & gl .l o (il Qi Ol e o ias
S e by (315 Wy @3 Ol 0 P w ale s
% 50 lpH L5 i ol s gl LB o5 S (g 550
PH ol szeas 15,0 Jslaa pH o)) 55 oo ol ol s 58 sad sanlin

2 Membrane Filter
Braik

M ulsligal

st B0 e slansls s asban ol (6 oSS L
sl ssze ¥ aaly 0T 035 bt 5 q=q. bq=0 iz
Te Lt %)
4 Kpgde e
Jolie 55 (t/q) oo e Rt L Koags 59e olie
DAl aal g3 Consa ()b

sy 5 olpe-Y
Sebedl Sray-\-Y
g o Sl 28 Jlad o Gudiss o s asdlas 5550 O3>
8 Ol 3 St NS Bl dias Gl (abs b 2
N g o ool s L pa B lulisr s laieg ol
e gles Ligd e, o8 5 ool sle sy iz
53 eslizl glos b 5 ad Kt (ol 055 @ g B o s
Pl S Shaslinal b g5los 5 Jas it (o e [ 518
5l LS 51 oslizad b 3l s A o 5 o255 & g0
IRV SN UM FA R VR VN WA YA W VEVA IS U %

sgss T shaslimal b s g Sz bl (gledshowe el
Bt Sl Uy Jylos sl S ot 55T Cd (NO3 ) 5 S
SRS lr s sbieay s bl (Lol Jlons 51 1) s 0 S ks
e ad BLol Jole 0 SO s aal okl iy Gl e 5
S golgniy iy el Ly sl S il J sdoe
L S sl plone o5l pH [V 4] 258 & g e sl led
SoAS s s a5 V50 /) s 1Sy s Sleslin
S r——“‘“ ol g3 nslie 55 ;e pH & abws 4 5 Y500 /)
Olgrean plo ol slaslizal b 5 (a3l elie 53 Sladlas
SraS) e Sy Jsloe s S ool i b 0L 2 5581,
w03 584 Y 2 (@oiomass/Li202) Olee & a5 S (55,500
L Lol 5 aids 55 59 10+ 3en St by 0500 S 5|
Ll 5 S sl slne M (6l 1 5 oo YOO o
w5 bl (YO£)T) Gl (sbes s b bl RIS
Jolre 5 L6 gl e ble cods sl gl gla i lasl o
e S Bk e s eslizal 550 3l s 5 2 s 0 S s
Cizs Lol ol ooy e Jtalaslad Ol 2 s
sxbe el ¥ Suet gl s eslS s b
33 ok s 31 oy Jlaol s s 5l oligabsl J
o)l 5l calisn glaples 5o g gos 5 w5 S rl’.d‘ iz Jdy sy

! Shaker

IMA9 Jlu | aglods



Kosads apias o

25 Aa.\.ﬁw}ﬂ;]wu’sj

0 10 20 30 40 50 60

(4ids) olej

il JUb oo 655 2 peealS iy Sz g5ledan - ¥ S

r})@))@dawj‘nm‘\iaﬁwﬁjbm

S35 2 peedlS Dl S (RY) (S a5 ) U

%Hujwumbomwﬁouwdww
whal Gy JLad ol (555 sl Dl St Stes
J'\uLé.:_.Jl__, “M%‘dwu—ﬂjdjﬁ)%&w‘ﬁl‘““
el S t/AAYY 5 JAVYS 5 5w ol 4 acd e
Dl JLd o (555 peedlS Dl Szt Sten o 50
L s wias JUad ad 5 05500 STy Load i
'/Q/\Vf 3'/%?0\/ SN g W rﬁ.\ 4.>)>4.._.:;J.x_»)\a.sl.a:....\

el Cawsa

Jub o g5 2 el D St (Son o 5 -\ sz

amwjb.,\.ﬁ@aﬁ&

£33 423 4 dslae Jsl a5 4 dslae dslas

S d o) b )t ) e .
(SR}

X% 4.‘_0..4.»”' 5 IR 4...0_4;”’ ) X% M"’ Y} s 4—"0-4-'”. Y ' '
< /A50Y < /AAVE WINAL4 < /AAYY R?

Jace 5haaal sty (5 S5 bt olan 5 sl anylio |
Ol w33l VL (Srarae oy 02 o3 203 b Ol
e 5 53 s i UL 5 () ol o ol
2l 55 25y teonn s S a5 3] sy a3 slas
) 5 ot sl o S PU/AR s o olie s
53] s 035 0d a8 Losd ddad g ads Jlad
Sl 5 o a8 Sk Vo /Y (oles Gl 0l5e S I
el Cnds s 0ls ddal gads Jlab

C«:ij@w—\“

baMMﬁJlﬂﬂhﬁﬁ)Ku”ﬁ)wwM
Jj‘da&\—g&-ljémM@aﬁJLajchjojjjdﬁﬁJﬁS\x

KA JLu | aglods

2l ol ods Sl pH olsea 5 FpH 5 0 ace
ssmdd e cis ol Y YU slapH .03 S ks
ISR 0dsae slop Chl 6 K5 O pe g 5 anl
PH sl s .ol i anl b 13831 (sle 2ol o g
slaosm YL S s ¢ sl g o0 i oliee GralS il
sleo s SV S0 ail (658 sbap s 4 s 03500
L8 slap s 5 i Lagm o) 555 0 Sl 050000
iz Ol g i [V o] aes Sl pds Jlad slelna
gois adhat ool gl alasl s se PH ol 5o aslS
LA NI R VA QNI FENS PRIV UL JFR WU W

.&:a.w\ R u:‘)\jff':JJQ r;L;L:A

® i wia O s i g Jlab oy

40
X
; 30 | © e
5l g
+ 20
3 i
% 10 | L]
“’:‘; 10 5
= o g i‘
1 3 5 7
pH
Gﬂ:db&ﬁbﬁﬁ:&@h‘uwdjjijj‘—“J&J
sl Sis

Il (o) b 55 a8 (rhaw Dl S (g5l - F-Y

i S 235
St 2ds e o (595 2 peslS (b i (g5l
Lo il 5 059000 denSl Lo ddai Sl 53 3 0ud
Fo¥ sldss s (93 420 4l 5 Jsl s 4l sl 5heslin

sl 00l 03l QL.Z..:

1.5 4 X sad 4k oy
A A ddal ey Jb o
I
Q
<
& 05|
X
0
0 20 40 60

(4&35) obj
il JUb o (55 2 pealS iy Sz g5ledan - JSS
d)‘ oﬁudalm)\nl.c.:.»lbau@wusﬁjpm

ulsligal 5.



LY laob e talS Ois olia pH (2alS'L oats 4duas
i St YU 3 s L5 (Ko ol sl
50399 a0mS) 3 Lysad wdas (i Wb od b 5 oS
s RY) Sl o ss 455 4t Jaa Shoats aaas b
onslS 3 s Sz (acal Cusa < /AAYE 50 /450Y
JLed o2 5 05 asamannS) Lo wias i Jlab o) Lo s
St Gl 503,555 (93 47,5 4l Je 5l sads dhas
Sy L oad e oy Jld o b 5 S s
ol sats aiad Jlad oo 5 mdn (oS 0550
SBi glaadlles 3 \WAY JLu s oL 95,8 65V 58
ASJ_’.Q‘QJ‘J_BW)jb)j—&‘)hu))xdwdq_lbﬁﬁ)ls
56035 Il oo (595 peeslS i ols Gl aalllae s
SIS S 90 4203 4 St dalae Sl ahal iy 0
e [ Y] Gl oot andllan i s sl Conses pbls
S sl gl gladlan s Yoo e s olslils s ol
0355 ka5 (655 5 a8 USG5 S St D13
[N aS e G 90 4z s s aslae 51 aShe s (Sl
NI i Sl el b ol aly 5 e ss 42 4 dolae
S8 5 S (i S g0 Cam 55 423 S S
sl 48 S S0 slaulu sl b cnlize suS Gl slaco L

.c,m\rpa\):l{

S di=f

o b g r.:.u\s‘;:bd G Cud b sl lis asdlagy| @\.:J
rj_f‘_,,_l_:»\‘“\//\\" ujjjww‘ﬁbbuwdﬁ_&()w
Ca-:éjbggbjédﬁaﬁ&_;‘}&)dwﬂr;jﬁﬂs
w‘jb“TQ—»)@aM&'&@ﬁ)J@uﬂrﬁjﬁﬂs
ye 31 ssbizad o w2l Al b oS W n aallan ol s
S b sl g e 55 Sl b hatS wha iy
s Gl Jud ol b s 5 ol 5 O

6 Yan
Virarghavan

b el SO slan 8 (g sba s ) 3l b el
sy 355 Dl ol 4 Jsloe 5 oud bl i St
i 53540 oS ghaalllan s Yoo ¥ Il s ol Sen 5 5T
Jedg s 48 asls las wsls rt;g\ ry@JL» S bu g e
Fieg godal 5o (B @ Sl dds Ve s Sl S
S [TV] el by Sy bl s Ve s i
ssldl 3Lasl jiaSly cass ad3s Yo b s F.uksg,;;\.,. sy
L st iy ey JUod ood (gl e ol b s 5
YA s VY s i sis wias JLad (o 5 059500 anSl
230l yen e 5 sledly 5 s S S Ol b b ws s
e S5 5l g 5 SVl STy s s el a8 45l 52 B
e B 5 L lp0 oSS Dl J85 5 00 e g2 520
Sl slaiiSlyg o 5l o sl S Sl g g LS s
U 28Ty izan 5 5l 385 (2815 235 s (s 0la etz
Gl Gl s Ol e dailir g5 o Gl Sl 4 )
ol glagn 5L S iy (s 3L e Qi g S
o3 ol L8 Lal sy 355 8l 4 i 0l B s (5 28
by iz Sl o Uaol lihanl ol gloy il JSis
YY1
S b alia s Jlad ol (sl i sl & s 0l
Ele s ol San sl ) S el 5 3V b S5 o) e
JLed ol 3552 50 glo e 815 Koo (sl g2ome 035 (Seal
Oy (5 glie sla IS Jold il e JLsd ) il
wsl LSl LT Ll Sy g 7 S
oS ledlan 55 \YAY Jiw s olslSas 55,5 0¥ 55 VY]
S 350 55U g 05 b o sy sl i (555
Ol a5y wdes Jslas &S wisls plias cssls rlqd\ saiiS dday
GRS L iz e 2alS [YY] sis o0 g 585 4 el ¥
26 Lo 5 03 glagn ol sames plis (pH
d=ds0 b PH s ail e 03l (555 2 0l slele Jlid)
S i oo T S 5 05550 sl s Sl il 5l
eoslS i 5 e slllan o o8 Jle s Pl e
o aiat ol ol ss5m 3 48 ol ot (g Jlab 2 b

Antunes

Microthrix Parvicella
Nocardia Amarae
Proteobacteria
Al-Qodah

[ N O N

c"‘}a—o

1-Yan, G., and Viraraghavan, T. (2003). “Heavy metal removal from a queous Solution by fungus Mucor

rouxii.” Wat. Res., 37 (18), 4486-4496.

#) dlsligl

KA Jlu | aglods



2- Guibal, E., Roulph, C., and Cloirec, P.L. (1992). “Uranium biosorption by a filamentous fungus Mucor
miehei: plt effect on mechanisms and performances of Uptake.” Wat. Res., 26 (8), 39-45.

3- Hutton, M., and Symon, C. (1986). “Quantities of cadmium, lead, mercury and arsenic entering the
environment from human activities.” Sci. Tital. Environ., 57, 129-150.

4- Nriagu, J.0.(1988). “Asilent epidemic of environmental Metal Poisoning.” Environ. Pollution, 50, 139-161.

5- Yun- guo, L. (2006). “Removal of cadmium and zinc ions from aqueous solution by living Aspergillus nigar
Trans.” Nonferrous Met. Soc. China, 16 (3), 681-686.

6- Kapoor, A., Viraghavan, T., and Cullimore, D.R. (1999). “Removal of heavy Metals using the fungus
Aspergillus niger.” Bioresource Technol., 70 (10), 95-104.

7- Sternbery S. P., and Dorn, R.W. (2002) “Cadmium removal using Cladophora in batch, semi- batch and flow
reactors.” Bioresource Technol., 81 (3), 249-255.

8- Barid, C.( 1995). Environmental chemistry, W. H. Freeman and Company.

9- Gupta, V. K., Shivastava, A. K., and Hain, N. (2001). “Biosorption of chromium (VI) from aquous solutions
by green algae Spirogyra species.” Wat. Res., 35 (17), 4079-4085.

10- Cruz, C., V. C., Costa, A. C. A., Henriques, C.A., and Luna, A.S. (2004). “Kinetic modeling and equilibrium
studles during cadmium biosorption by dead Sargassum Sp. Biomass.” Bioresource Technol, 91 (3),
249-257.

11- Yin, J.,, and Blanch, H.W. (1989). “Abio-mimetic ' Cadmium  adsorbet: design, synthesis, and
characterization.” Bioeng., 34 (2), 180-188.

12- Wilde, E.W., and Benemann, J.R. (1993). “Bioremoyal of heavy metal by the use of micro- algae.” Biotech.
Adv., 11 (4), 781-812.

13- Butter, T.J., Evison, L. M., Hancock, I. C., and et.al. (1998). “The removal and recovery of Cadmium from
dilute aqueous solutions by biosorption and electrolysis at laboratory scale.” Wat. Res., 32 (2), 400-406.

14- Volesky, B. (1990). Biosorption of heavy metals, CRCpress, Boca Raton. USA.

15- Matheickal, J. T., and Yu, Q.(1996). “Biosorption of lead from aqueous solution by marine alga Ecklonia
radiate.” Water. Sci. Technol, 34 (7), 1-7.

16-Volesky,B.(2001).“Detoxification of metal-bearing effluents: biosorption for the next century.”
Hydrometallurgy, 59 (2-3), 203-216.

17-Norton, L., Baskaran, K., and-McKenzie, T.(2004). “Biosorption of zinc from aqueous solutions using
biosolids.” Advances in Environmental Research, 8 (3-4), 629-635.

18-Antunes, W. M., Luna; A.S.; Henriques, C.A., and Costa, A.C.A. (2003). “An evaluation of copper
biosorption by a brown seaweed under optimized conditions.” Electronic Journal of Biotechnology, 6 (3),
254-261.

19- APHA .( 1995). Standard method for the Examination of water and waste water, 20 & Ed, Washington,
USA.

20- AL-Qodah, Z. (2006). “Biosorption of heavy metal ions from aqueous solution by activated sludge.”
Desalination, 196 (1-3), 164-176.

Gy o add) ealic S ol Sl “oia 3oty ol et el 5 Lacia3s Gda | e (VFV+) d Jisgas =Y
code S8 BRI (putige 5 (3 0SS () Jagae (puudiges

i 4] libIS G SLl i olals 5 Sane LIS i st i S13l G3a” (WWAY) ¢ lielond —¥Y
LI (S5 psle oIS nsas bl

08 o Oali pads ol Hu g a3 preslS 5 Qda gy ss T(VFAY) g cstiann (8 chp panlie oy wd sa¥ g8 -YY

A=Y AV Isls g T tia g3 — palep € odin s 59,

1A JLu ) aglods alsligal sy



