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Biosorption Characteristics of Organic Matter in a Sequencing Batch Reactor
Effect of Sludge Retention Time

Keum-Yong Kim - Jin-Hyung Kim - Daekeun Kim - Hong-Duck Ryu - Sang-lll Lee'

Department of Environmental Engineering, Chungbuk National University

ABSTRACT : The objective of this study was to investigate biosorption of organic matter on EPS(Extracellular Polymeric Substances)
at different SRT(Sludge Retention Time) in a SBR(Sequencing Batch Reactor) process, which was operated with the following operation
steps : Fill-React-Settle-Decant-Idle. The hydraulic retention time was set to be 24 hours. The results obtained from this study showed
that the organic removal efficiency per unit microbial biomass decreased with increasing SRT, and the corresponding EPS amount also
did. The percent removal of organic by biosorption increased with SRT, and it reached to 53.2% at SRT of 30 days. However, the
highest biosorption per microbial biomass(48.6 mgCOD/gVSS) was found at SRT of 2 days. The EPS analysis was performed by measuring
TSS, TCODc;, and TKN. The EPS production per unit microbial biomass was observed to be high at a low SRT. Due to the above result,
the floc formation was hindered and therefore poor settlement of sludge resulted in decreasing the COD removal efficiency. It was there-
fore concluded that the consideration of the system design should include the characteristic of EPS as well as other factors such as
SRT, MLSS, and organic loading.
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Table 1. Influent wastewater characteristics

Item Concentration
Suspended solids, mg/L 64 (22~88)
TCOD, mg/L 427 (149 ~820)
SCOD, mg/L 128 (56~298)
Alkalinity, mg/L as CaCO3 219 (180 ~246)
pH 7.28 (7.06~17.55)

J. of KSEE / Vol. 30, No. 2, February, 2008

2.2. 4% W 2 £A

718 FFa&S SBR &3 WA F 297 Al
AT ARE AFHS FA] gk A]89] SCOD #&
9 SCOD # Hlwsle] 2 (1)l 93ty LAk {771
E9 AAEZEL AE&TD A (decant)®] SCODS} TCODE #
Xste] Z+ZF SCOD A AEEF TCOD AAZEZE LERY

Aok 7t wkE1e) 94 2 552 TCOD ¥ SCOD9
B8 standard methods9)«] Closed Reflux, Colorimetric

¢

Methodol] F3}3Th
o, SCOD s — SCOD 4
Biosorption, %= SCOD 100 M
EPS T 542 QEHE SuAE wdew gtk ¥

S Ueda'”9] o] —fo}oq, 1% £8]X]9] TSS(Total
Suspended Solids), TCOD(Total Chemical Oxygen Demand),
TKN(Total Kjeldahl Nitrogen) =73 3%t2 EPS 5%
e g AxE E88di Aawe ¢4 479 v
27101]*1 SYAE Foto] 49 Adued o
3 % 3,000 rpmoll A 2083F AR 1k A
= 100 mL AZEZ T FH3F v 95% Oﬂﬂi 60
mLE ?%‘0}04 stk olFA FHlE AEE 4T
A 48A17F HoF HIX|3 & GF/CE oJ33le] TSSE A=
& &9 FAR Jehiich =g EPS €] TCOD(f+71
=) % TKN(Ea) S92 943 Bad A& GFICE o
gk £ 105C Oﬂfﬂ oF 24131 Ft WA gt dgeS &
A3 WX 7] F o]Z Standard Method” 9] Closed reflux-
Titrimetric Method % Semi-Kjeldahl MethodZ Z+Z} #49
Elpiisd

By

3. A}

3.1 fF71&E AA 54

3.1.1. COD A A

Fig. 1> SBR AA|F42] COD AALS SRTEE e}
W Aotk SRT7} Z7HeH we} TCODS SCODY] A|A
"ag&o] 47 S71EE AT & AT L AAESE B
W A SRTZES] 30944 TCODSF SCODE 242t 75.4%
9} 66.7%E HATE o714 5olgk H2 SRT 9¢Y ©|FF
E= SRT#] A#glo] TCODS} SCOD2 A|AEL A
o] dAA FA=AHE Zlolth o] AL SRT 9¢ o
AA WAES] 4= o o) F718HA eS|
stH, ZF AN AREe vAEY] FH 2T
AZE s AeE FFETh webA COD AAEHAA
Eod, 2434 o]gd SBREAL FHZ SRTE ¢ 992
E 5 Aok E=3F A471Eset 9499 TCOD/SCOD

i)

e F 7.9 AE=GANE W97 fFE5] £4== TCOD/
SCOD Hl]= SRT#e| TAIQle] <k 2002 U3t 54
< Btk Fig. 2€ ¥H&7IW &9 mAERS 1S



a0 @9 WAET F2E SCODHS SRT7F T718E A
o B0 F T T 2H o7 A4S Rt dukdo g nAE dHo| &
= 70 E . £ Atolle FYEHE f71E difie]l A A o8y
£ &0 1 [ £ kg, 71 SRTOIAE f71%e WASERAe A8
€0 9 Ago] o)gHT) ol BHIN B w, B A7AR}E
S | SRT7} 7h85% 7143 o] Fo] FAlo] Rashs o
g 30 BEFEANA 7 %cka AR Hh
E 20 & TCOD
42 10 o SGOH £
. ] & SRTZ
| . BRTS
0 10 20 30 'Eh W | o SRTE
BRT,day T 40 * BRTi4
Fig. 1. COD removal efficiency as a function of SRT. ; & SRTH
a1 -
1000 g i . . .
s TCOOD g & i .
8 A0 o SCOD g i ir
4 10
= @
E 600 4
E 0 20 41 Ll
E and Tirme, min
a Fig. 3. Determination of SCOD biosorption in SBR.
4 20 .
o l}. : _
5 g 5 50 05
qa aj
. " 0 - 4n 04
SAT. day % T i 2
Fig. 2. COD removal per biomass as a function of SRT 5‘ an . e el | 04 ,E E
applied. = & g
: i
L]
(%]
- N o 20 T L4 0z g
& AAFES SRTEE =43 Zito|t}y. SRT7} F71e 3 g2
S5 Wg7] e mARRE Sk wEdl, @9l vl 9 10 I T
MNE o 92 Az 7} Z7 42 7haske st [ o BCoOD
g_g o 18 AAZE SRI7F ST g ® = 500D pisomed SEO0 mmowd
9 4 Ak : 00
o 10 20 3
SRT, day

A daolth, WgVIE FYHE F71=0] W & P

Aok HES F 18 olyol 27 FUEH o 25%7} E":"
Aoz AU ol YANHA §71% a1 g
491 & g7 biosorption Z-golA e 5= 9tk whel s
A B Ao A= H-3-71Y biosorption©] dojd 4 = g -
71HE #7718 Y F 1R olHE Aotk g 30 |

Fig. 4()9lXE A SCODAAE F HEFH ] o é 20 8 ] _
SCODAA A& Bl SCOD A=F&FS =438k 4 e 1 |
EE280] HA SCODAAL g 7|od=E SRTAT a0 L
glo] A9 dA s & F Ao, I #%e o 30%°] 0
Qok. SHAT W& SRT, 5 29)ME 2 gho] oF 25%0] g B 0
ek R 1S FEHEE SRTE S7he o} o % Fig. 4. SCOD biosorption during a contact pried in SBR: a)
ke A%E B Fig 4b)= @9 PIAET A=F the concentation of SCOD adsorped, b) rate of COD
zZto] EAS SRTY wel B43 2xE HoAFa Utk adsorption unit microbial biomass.

CiBlelzd Zet3| x| 30 23, 20084 22

[y}



178 a8 - A9 - A2 - 7§59 - ol ¥d
100 —
al .
. o TCOD
E HD x TEHW
E— -
80
%“ &
=3
& 40
=
a
g .
E 0 ¥
w
o ; .
0 0 20 30
SRT, day
160
(5] »  TEE
= T & TGOOD
._:t % w  THM
. Fut |
% 100
L ]
E:lj =1
2 0 4
8 40 &
E = " # &
uﬁ b * X o
X
a
0 id 20 an
ZART, day

Fig. 5. Perfermance of EPS production in SBR: a) EPS pro-
duction, b) EPS production unit microbial biomass.

3.2. EPS A4

Fig. 5(a) SRTO| w2 EPSY AAZS yehd ZAijol
o} EPS#o] 7HYx|#<l TSS, TCOD, TKN FEZ¥H=Z
ot zolE HolA ggkom, AWkHoZ SRTHk &
Slo]l EPSHS <A FA=ATE =3 Fig. 5(b)e
$ HABES EPSAAH AAE 44y B 4, 479
SRTEZ AAHE ©9] PIAET EPSHLS Fig. 4(b)9] &9
vAEY ST FARE AES HISS ¢ 5 Aok
B A wke7|W AA] MLSSAlA EPS7} 2A|5H=
F2 SRT 2o °F 13% AE=HPom™, SRTF| E71&
FE O e ok Fadte 4T BAh Rudd 59
AT AT e oA EPS9 & HA MLSS#HO °F 14%
AR Huwy glon, B AFZAAe}t A A

o

AENL Y] $AZA 2 EPS HAAFS Hudk /&
1R W &9 | AEF EPS AAEHS SRTHH
7353:12,13)% E_()a
3125k Rudd 5

Eo] WA EA e Eoi7t o]F FF

SHAI %7}3?}‘3]'37— B3 3}, Paolo 59 T mAE
2 SRTOl| ZF¥gle] I8ttt Bl sttt
B 05_?75‘_4? SRTEZ &9 WAES EPS AAdwo] =

T
&g
o
o
olN
N

S}
32,

(o

é
N
N
>
of
l‘ll‘

)
-,

Ir
e
r2

J. of KSEE / Vol. 30, No. 2, February, 2008

2 =8 o] SRTEE bAE 9
E4% e B4R detAE AdA 2 AolE
gols 4= Utk YoM E AFdxel vAEY] A4 @
(837 22 WASES 74])011 webA] wAEe] &4
23t} Melanie 57
EPS9} SRTS}o] #AAE SRT%k Ha LR 23l
AFsted, AT A SRT 3~9YoAE= SRTo] =7}
45 EPSY Yol FAsHA 53st9al, SRT 9~18Y9
A& SRTO| W& EPS ¥ $vtsiA F71stitta R
stk AT & AR o= FAksh EPSY| 42
AAsm EPSe e MLSS%¥ BAHTL B 3%
ot} o] ¢4 @& Paolo 5V AFAFHe} FAKSITH
Sudhir 5'9¢ SRTo| wWE <o wdilAn thgio

&S =H3E 23} SRT 20~30€ A proteine] o] 717
7%471 ANEE O3 Fe SRT/F E/18+E Z718)
= Qow

= 2 ok =3 559 COD= #FYTe I
CODF/M Hils vks7y vlAE ZE0AM §E% EPS
AEoldtka Btk

Fig. 6 W70 mAEKVSS)ol w2 EPS A
(TCOD)E #&SH Axg RoFa ot v AE%7 EPS
A aot“,].,] -‘4'74]t EPSHE & }\Lo];]_Oﬂ ol:q xhﬂ]—;ﬂ o=z oF
o] AFAAE BAth FAEA ©E 7 SRTH uvg
E&39} EPSUAIE y = ax(y: EPS, x: VSS)E &S 7
71€7] 33l aE SRT 2994 0.1201, 5¥014 0.0597, 9
Aol A 0.0442, 14€oA 0.0340, 3044 0.0301= e}
w}om SRT7} ZolA4E av 2 E45%h o= SRT
7} FE4E Ao R B nAyEY AAEE EPSHO]
B5S gulgth o] A7 AHE T BN A
Be &3 gk wk37)e] SRTS WA 38 A9 4
Zog wo ool EPSrt whE-7Iol] AAHA FH, o]
EHA9 FE2FS Wellste] A9 A %111
7R 9 AAAQ] fU1E AARHRE FAAZE F AU
ATFAFANME & SRTAA F7]1% AATZE] 7
she de #Ed 4 Aok

ﬂ

HrﬁMmﬂr&

B |

a0 | . /7

an | J y’
o (TP e, —

I-..é ‘ - +EATE

I 4 1 SATH
£ & ZAT 14

B EAT 30

Extraceliular potymer, mgiL

d] 5o 1000 1500 2000
VES, mpll
Fig. 6. Relationship between biomass and EPS in SBR: Each
slope was 0.1201, 0.0597, 0.0442, 0.0340 and 0.0301
for SRT 2, 5, 9, 14 and 30, respectively, based on
regression analysis.



100
al -
uh
- a0
£ :
4 -®
-
2 40 ® 5T 2
] +SRT S
=] 1
8 o SRTH
g *ERT 14
B & GRT 30
o
i 50 100 150 Fat | 250
Extracellular TES, mgig V55
10
i)
m
&{
=
m
E (=]
f ;
E 40 = SRT 2
] +3RT 5
E o3RTH
= 20 * SRT 14
&SR0
a
i} L 100 150 20} 2560
Extraceliular TCOD, mgig Va5
0T
u
o=
=
o=
E
u
#5RT2
+5RTS
3 acERTS
o W ERT 14
= & SRT 30
i} 80 100 160 200 250
Exfracallular TEM, maln VS5
Fig. 7. Relation between EPS and SCOD removed ; a) ex-

tracellular TSS, b) extracellular TCOD, c¢) extracellular
TKN.

3.3. EPS A=) f71&E 53
Fig. 7 TSS, TCOD % TKN# o2 7H% )
nAET EPSHAHS SCOD Fagate] #AE 43}
3 Aotk &y mAAED EPSe A o
9 PAETY FFFe] TS }
St A2 EPSe| AAHOEZH %
TCOD, TKN A#)olA FA}SH 3
AUk o 2 SRT/} Y&4= EPS A4 Fo] LS o &

Oﬁ 0—‘-4 I‘Ir

oirt. mEbA wAEE ol 8dt A=t YAl EPS
o] 54& aelste] SRT, MLSS #A, §71& ¥ad &
o A7 QAE AHAs] dAste] £Fske 2ol ad
Aoz FoEch

4.4 &
B d7dlde SRT7E S7Hel whet AeFFEsc] S
7Vske A%E Btk COD AAE FHAA B B9, 2
A7olM 283 SBREAHS] 2 SRT= o 9= e}

Wk EF SRT7E He4E gl mAEY AAEE EPS
ol 7k o Uegd ot &9Ae 55 ¥
4o Walste] ARHoT weiAe] Aol BAE o
7189t Axg Aoz o] AXdE AA A AAZTEES

-rr‘

=
sorptions ¥4 HL&T

o2 F 7IXE 2ok B 4 9tk AA|, BiosorptionZS
B2 B4 Ave] ANG A9, MAREET HE
o

718 HAES ol 8% FRoE

AAEZ] W2 Fdg 4 " /718 ek |

ol wE FHEYA AN nAE FE8S 9522

T Utk %

A )l AL Aeele Aitst a8 S
X

Ack. A Hdol viEEeA%} FA57E RSk Bio-
sorptionZ 9]r AAXE HE2 AXT 39, dsEHA|

AHoz Aotk ofF PrzolH R
= }\h:]]x%oi _3_7]‘:' = J

1. Nielsen, P.H., Jahn, A., and Palmgren, R., “Conceptual
model for production and composition of exopolymers
in biofilms,” Water Sci. Technol., 36, 11~19(1997).

2. Christensen, B. E., “The role of extracellular polysaccha-
ride biofilms,” J. Biotechnol., 10, 181 ~202(1989).

3. Lazarova, V., Manem, J., “Biofilm characterization and
activity analysis in water and wastewater treatment,” Water
Res., 29, 2227~2245(1995).

4. Wingender, J., Neu, T.R., and Flemming, H.C., “What
are bacterial extracellular polymeric substnaces?,” Micro-
bial Extracellular Polymeric Substances: Characterization,
structure and function, Wingender, J., Neu, T.R. and
Flemming, H.C.(Ees.), Springer, Berlin, pp. 115(1999).

5. Evans, E., Brown, MAR.W., and Gilbert, P., “Iron chelator,
exopolysaccharide and protease production in Staphylo-

thetetd5sts|X| 303 2=, 20084 2



180

10.

S - AW - FE - ol

coccus epidermidis: a comparative study of the effects of
specific growth rate in biofilm and planktonic culture,”
Microbiology, 140, 153 ~157(1994).

Robinson, J. A., Trulear, M. G., and Characklis, W. G.,
“Cellular reproduction and extracellular polymer formation
by Pseudomonas aeruginosa in continuous culture,” Bio-
technol. Bioeng., 26, 1409~ 1417(1984).

Turakhia, M. H. and Characklis, W. G., “Activity of
Pseudomonas aeruginosa in biofilms : effects of calcium,”
Biotechnol. Bioeng., 33, 406~414(1988).

Hsleh, K. M., Murgen, G.A., Lion, L.W., and Shuler,
M.L., “Interactions of microbial biofilms with toxic trace
metals 1. Observation and modeling of cell growth, atta-
chment, and production of extracellular polymer,” Bio-
technol. Bioeng., 44, 219~231(1994).

APHA, AWWA, WEF, “Standard methods for the exa-
mination of water and wastewater,” 21th Edition, Edited
by Andrew, D. E., Lenore, S. C., Amold, E.G.(2005).
Ueda, S., Fuyjita, K., Komatsu, K., and Nakashima, Z.,
“Polysaccharide produced by genus Pullularia. I, Produc-
tion of Polysaccharide by growing cells,” Appl. Micro-
biol., 11, 211~215(1963).

J. of KSEE / Vol. 30, No. 2, February, 2008

12.

13.

16.

. Rudd, T., Sterritt, R.M., and Lester, J.N., “Complexation

of heavy metals by extracellular polymers in the acti-
vated sludge process,” J. Water Pollut. Control. Fed, 56,
1260~ 1268(1984).

Gulas, V., Bond, M., and Benefield, L., “Use of exo-
cellular polymers for thickening and dewatering activated
sludge,” J. Water Pollut. Control Fed, 51, 798 ~807(1979).
Pavoni, J. L., Keiber, S. W., and Boblitt, G.T., “The
harvesting of algac as a food source from wastewater
using natural and induced flocculation techniques,” in
proceedings of conference on use of wastewater in pro-
duction of food and fiber, Oklahoma, pp. 435~496(1974).

. Paolo, B., Gabricle, F., and Maria, L. R., “Heavy metal

shock load in activated sludge uptake and toxic effects,”
Water Res., 27, 821 ~827(1993).

. Brown, M. J. and Lester, J. N., “Role of bacterial ex-

tracellular polymers in metal uptake in pure bacterial cul-
ture and activated sludge-I. Effects of metal concentration,”
Water Res., 16(11), 1539~1548(1982).

Sudhir N. Murthy, “Bioflocculation :
tivated sludge properties and wastewater treatment,” Ph.D.
Thesis, Univerisity of Virginia(1998).

Implications for ac-



