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Flocculation Characteristics of Zoogloea ramigera 115
and Removal of Heavy Metal Cations With its Biopolymer

Ko Young-Hwan*, Hyun Guen-Tag*, Kim Jai-Ha*

Summary

Optimum pH and vitamin requirement for the growth of Zooglea ramigera 115 which was originally
isolated from an active sludge in wastewater treatment plant were determined. Effect of C/N ratio
on floc formation by the strain 115 was also investigated. Biopolymer known to be directly involved
in flocculation was isolated and tested for its sorption capacity of metal cations. The optimum pH
for cell growth was between 6.25 and 7.00, and a biotin or a vit. B,, was required as a growth
factor. Although the increase in C/N ratio stimulated floc formation, C/N ratios over 27 showed
similar degrees of flocculation. The concentration of biopolymer produced by Z rmmigera IS at C/N
ratio 90 was 34.43 g/¢, which could be improved. The sorption capacity of the biopolymer was
1.3350 pmol/mg for Cu®* and 0.3120 gmol/mg for Cd*, respectively. When a solution containing
about 5 mg/¢ of each metal cation was treated with the biopolymer in a continuous type reactor,
the cations were removed in the order of Cu®) Mn*) Cd*) Cr* with an individual efficiency of 77,
75, 43, and 20%. The batch type reactor also showed similar removal efficiency. The practical ap-
proach for the use of biopolymer produced by Z ramigera IS needs to be tried in the field of waste-

water treatment and heavy metal cation recovery.

Pseudomonas, Alcaligenes, Flavobacterium 53} t©i¥o] %

A—] 2 Hdeve $HFoz By Fo|f(Crabtree et

al., 1965). Z romigera 115 4&Fo| FN7} =

Zoogloea ramigera = 1 HEA FoZ olEet £ oA floc(ZH)F YHe H4E Mz e
gol glem, 0.51.0 x 1.0-3.00ms] =272 m, flocg &71 2% & A4 FPes 4

* 3o 8 4] E3 82 (Dept. of Food Science and Technology, Cheju National University, Chejudo. 690-756. Korea)
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¢t =3 floce wphsid FegAg pER
M3l ¢tod, AehulodolMe HEYZ 4HY
. 2 27+ 0.53.0mmz 129 f¢Nlez:
AN Moz Y4 4549 TN AH=HD 9
t}(Friedman et al., 1969). o] FgMe &=
AAYo) sl A FEEAT, 2o YU A2y
TFzof diside =gt gaA o] girt(Easso
et al., 1987). ©iqh o] FYME HH4 FHAL
off oJsjy it FAL wooz 7 FRA -1,
4 AL ZFx 3le Aoz Yoix|o (Friedman et
al., 1968), FgMe FA4H4AHE o2 glucose,
galactose, pyruvater} de{z], cjste| Az
F2 7l5E vfstz Aok FAF o} (Franzen
and Norberg, 1984). °] Fglv Al X9 3dx
tF2 floce] 4oy, ZHo)2s2l Fito Y
Al FEse] AUz 2. #F31157 H4se o
F5e A see dgo] NAY FAPA
A YE37] Adled g JUEEELE FAYPA
255 Fasld ALE N0 pHste Aolaln §
24 gfolf

Z ramigera 115v WA A=A gaedz
2 22jd FF2 (Crabtree et al., 1965), ©) #
F2| E4e s4ANeje Pl 2 AgYel £
7t2) WollA =2 Hrisiw ok 2% shie &
A4 (=€ floc Y452 P84 Agdx AN
T T YA B& FAve RE E9Fe
Z 4 (Friedman and Dugan, 1968), o& E4e
Fad5o2 d5 Fo AF frlgolY FEole
T LYEAE AAN FozA4, PH A4 E
¥ F SUEE #HFE a2 o|golr F&ol2d
ol old FF7} ol 4 Ax AsAL U
o},

T&ol2L WAl F4E Jehin, DFrds
AE8A dzr)zl wiad 7 ez Jehy, 29
Fol 2A=AY YoldAE Sl $2E 7154

o] glol, w3 Hdo] Ev WL =z g oje}
ate, o]o] Al A FArt AR U
FEolLol g F2AFL 2dANRgE o4 E
o] ©] A}Holegle A (Walker et al., 1989) 5 7}
Fslz gle AAolct =Y Y4H2UE o] 8¥ s
FAE o8] FHol29 HAL F2 Fitel o
oz 31y vl ok (Kodukula et al., 1994).
®%2 7= (Norberg, 1983; 1991;

Mullen et al., 1989) &2 o4 Eo] Yatsle 4 &

227 gReA4o] o 24 FHEYo o

Trujillo,

K3

otz o]§ ol &3l si4F JEE4 Aoy
T g5 US4 FIEE AAsEe o
TE AAE v AUck

< AToME s A5 Majgh Badslo
Zoogloea ramigera 115 72 floc 4ol &3 3
540 i3t 7124¥E AL, floc 4
of H{YP wkzdE 45t YEaEANENE
B, o] F FIF& AAN LEstATI
1 ZAAE Hade dlojch

AE o
. ZF

Zoogloea ramigera 115(ATCC 25935) & ol 3 F 7%
% (American Type Culture Collection) 2 88
st ALgEigich 9z FFEEEES Yo
nutrient agar izl o] &3w, Hey ajoig
28Col A Al sl o}

2. HY=Ho| wWE 2N £

AP wkz=r g A7) A Wik pH vit-
amin 7jed Fofl wg 3Ll FUEE 4283k
wledell ALLg wixe) 7| E 24 L Table 154 3},

Table 1. Minimal medium composition for Z. ramigera

Ingredient Composition (%) Ingredient Composition (%)
Glucose 0.50 K.HPO, 0.20
NH,Cl 0.05 FeS0O,. 5H,0 trace
MgSO0.. 7H,0 0.20 KH,PO, 0.10
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Zoogloea ramigera 1152] A &4 22 4EF2EAF ol 4Y FFE MA

1) vitamin H7I0{20| IE FHY &
H:

Table 13 7+& =Ae] wlx]o| biotin, vit. By,
(cobalamine), riboflaving& 37} g =t A~r}s)
A Askg Ao FHFE vlmsr] A AYoelo.
7]l 2] 100mlE 300ml AtZEelAaed Yo pH
¥ 652 2% ¥ 1YEEI2 121CH A 152
S HZslgch HIMAE ALz YAY &
7} vitamin€ HFFx 5X107g/¢7F 1= 5 Hrls)
Aok olel o] FulH wialo] wiojr)7ie] WL
FFE 19FJY AFstn, AHESLaE A
gufefzlo] ol 25ColA, 200rpme g 4847}
Fob wioksidch gl E FelA R (GF/C
Whatman) 2 o #}sled Qojx FME 105Ce 32
AzAN A Azstn, dAAHolN Y7 F 1
FAE ZAsiglo

2) tHYpHOl WE DAY &Y :

Table 13 2& =49 wix] 100mlE 300ml At
Z+EetA a0 Yo pHE 55904 8 072 A
o2 2FY ¥, zAFEIIIZ 121CH A 1582 |
#%9 . membrane filter2 oJz}d7 % bioting
HFFrrl 5X107°g/¢2 12 E Y7 uixlo] A
7teta, FFE 1YFJI4 FFsAck "AFY 4
ZtEtAzE Agguickrio] ol 25Co4],
200rpm 2.2 48417 Wi=] 72417 Fot wiopaiglct
wjofol & $2J A ¥ (GF/C, Whatman)2 o =3}o
THE Lo, FrAzRZ|Z 105CHH PA=dan o
AlAolHel A P2 ¥ 2 FAE ZFAEA

3. C/N =4u|d Mg floc HMs &
rs|
ufofpHoll @& #Mg A A9 F2 =2

4e wWixelA AxEY §F el 42 AP
FA 84, glucosey=9HE 0.05%14 1.50%7
A gAMezg WA ez C/N 24u|7}t 1.5
ol A 45.0°] HE=& e 7zte] w2 § floc YA
5 EAAY Agsigedl, 2719) pHe 6.52
z2Asc e AAEetLad o] &Y 3
elorezr HEY WU FAsAG @A floc
P4 5L fdoz sohisich AN HMEZx £
doz TAY + UL Fx2 Foy floc 2
azl2 & = E<aAsiedl oz gol Ut

4 MSDEX SFo 229 Y

wjofzel =g FMUH floc YA A
AYAsEF HYazste Table 201 veld AAF
C/N ZA4v] 9oz =4 wixl§ pHE 55 =4
ted, Z ramigeracl] &% QEnEA galol] A&
sl 25Coll A 72417F &b AiEtul okt wlofol o
g2 Yo 4EnEEF 2o

Z ramigera 115 34 YAHE YELEAEA
£ %37 A Yoz sy, 249
sy, ogz a&AAEege] ded, o714
€ °olF W& WY F&YU<A Norbergst
Enfors(1982) o whyel F3ld FEslgler, 2
ALA gL & 2o

ZAEFZIZ 121CAA 108 T FAL st
& 2024 38lo] FAA LRt 283} s
o}, A7l 3 RI9 FH&E 4L o 12
000gol A4 40 Tt YAXEEe FME FHEL
HAAs T 4FA%t HEg MNP A5HE A
3} FAEE st BE AAEL AAsn, G2 4
F9e 1%KCl& ¢+ propanolg 2#H9 uig=2
4L o2 4C YAz 147 o)A npssish o
714 AAY OdFE 55C AUAR7NA o)

Table 2. Medium composition for biopolymer production by Z. ramigera

Ingredient Concentration (g/¢) Ingredient Concentration (g/¢)
Glucose 50 FeS0O,.5H,0 trace
K,HPO, 2 Yeast extract 0.01
KH,PO, 1 Biotin 5x10°*
MgSQ0.. 7H,0 0.2 Vit. B,, 5X10°¢
NaNO, 1.36

-119-



2@ - ¥ A

¥ A7z AzAA FAE Ao 42 d
Aspg Agsigiond, oFA ¥ed YTz ¥AE
FE5AA AHe A&l

5. MENEX0| 28 ZH H A

Z ramigerav} PAEe AEnEAY FAFE
g3l FT4AA APE HET ol A
.

) £3% ol2g s &% :

A|BZe 324 o]& F=-F atomic absorption
spectrophotometer (Perkin Elmer-2380) 2 A g3}
fom, AN o]lel P ¥H2=HL Table 3ol
v} ole vieh Zch

2) 3EH XHIUHE ol B335 H
AH:

HEngle Y FI4 FAYE FHA 4
84 o2 ol AHsigch 500ml A EetA=
ol Cu®¢} Cd*o| z+z}t 1. 5645mMe} 0.5097mM<l
£} 300mi§ ¥ pHE 6.022 =AY ¥, ¥
T 34.43g/1Q HEnEA £ 10mE Yol X4
272 500rpmell 4 A4AH ez mukAZd F
24 oley 4Egniae] TYAF HFF=E<
Cu*%} Cd*e] %2} 1.5140mM3} 0.4933mM, A&
ZEAE 1.11068/¢2 SIgich mulbe] o]Foixl=
5 53 AzZugE AEF 10mid Ao
6000go 4 10% B2t A Felstn, AFEUE A
3o Fejdeie) FI4 ol FEF Ao ol ¥
A3t azds QP GNPt F3d
F24 ol & Adsigch ¥@oE Cu™,
Cd¥, Cr*, Mn* Zzte] 5% & 4.838mg/é2
AzA 3}z $st Fe AYE UM Y2
alol 3 FI4& o)L AAEE A4sHh

3) oA XH|WHE OlE8 F25 M
A
Fig. 15} e d%4] AaFa§ ol &3l FF
4 o] AAAYPE HAsATE o ALA wE=
= A2 EAEAT FI4e) Y EYE S
ato] Y W2 FhEul e Holgg Zn A
b3z guleboll s 71X WA 717} Habsie]
. HEZE Fsld EHE YEnEA B4 F
BT 34.43g/i%lzn, F24 £499 FE< Cd7,
Cr*, Mn*, Cu®o] Z+7 5mg/¢7} ==& 3lge
oy, pHE 6.022 =z}t Wi&=o FUsle
AN FHL 20md/minE, aFA FF4L Lo
19.5m¢/minol gz, AFx A $EE (.5%/min
F Axsgch gded HEade FI345 oleF
€ 7247 4.8750mg/golUch gz EE £%F
st AEF 53 AZHEZ 10w MH 3,
6000goll A1 10¥ FoF YA obd, A

O Io

]

3

L

Biopolymer
stock solution

Hetal stock soloution Efflueut reservor

Fig.1. Experimental setup of continuous type
reactor for removal of heavy metal
cations with biopolymer from Z,
ramigera

Table 3. Conditions for analysis of heavy metal ions with atomic absorption spectrophotometer

lons Wave length Lamp current Slit width Air flow Acetylene flow
(nm) (mA) (mm) rate (£/min) rate (¢/min)

Cd* 228.3 4 0.7 40 15

Cu* 324.8 15 0.7 40 15

Cr® 852. 1 10 0.4 40 15

Mn* 279.5 20 0.2 40 15
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Zoogloea ramigera 11581 ¥ %43} 229 JE2EAE o1 &Y FFS AA

R4z 2AE A7 FI4BE VY v
st ol AWHHR, 22¥E YELEA oY
734 ol& HAEE AV

43 9 23

1. Y=o wa 7 e

Z ramigera®] A& FA0=22A49) vitaming =
AH3l7] #13led glucose R Aeixlo] 4] FF o
vitamin& A7leled WP ¥, A=FMNUELE FY
% Z 3§ Table. 4ol4 et vitaming A
74l Ysk& wis} riboflavint-g AH71-& w4
€ ZMY Yol A glon], o9} YzHo
biotinelv} vit. BI2# Sz M g o
Mo P&Ko] Yysle], HzFAMge] < 2240z
25mg/ 1000 Addsiict A& FAIN} Ye
biotin®} vit. B, & #7 wizlol MWL Aol E,
Z42te] vitaming FYAozZ M IYE APl ul
A ¥ aels} glo] vy FAFE Bid
4ot gHAsted o] FFI el IHuiy
delcld e FAeo] #F Hcoe AE 2¥ o,
BOD& &= 4x7x 3o F4P 4¥F
¥ Zeoz Zid=s, A7|¢ viel 22 vitlamin &
TAHE 42 AMY ofekdt JEFA44(Amin,
1967) ¢l elsle] 7Y Zez Yzdch

Table 4. Requirement of vitamins for growth of

Z.  ramigera

Culture medium Dry cell weight

(mg/100m¢)
Minimal medium® only 1.20£0. 52
Minimal medium + Riboflavin 1.50%£0.75
Minimal medium + Biotin 25.10%1.25
Minimal medium+ Vit. B,, 22.40%1.50

Minimal medium+ Vit. B,,+Biotin 28.25%2.30

* Minimal medium : the same medium as

shown in Table 1.

sjedel o] pHell ot& FAMFe) Hat& F3Y 4

50

~ 48hr Culture < 72hr Culture
40
E
Q
o
= 30+
-}
E
£
o
°
2
3 20t
(1]
o
o
10+ }
4
o ! . 1
55 6 6.5 7 7.5

pH

Fig.2. Effect of pH on growth of Z romigera

& Fig. 29 Zoh. &3 pHe 6.25404
7.004101 2 i RES AFol Z2 e HAH43
et =3 pH 5.50 olstallM & ZMPHo] A
o] o] folAA ¥z o€ & + Urk oY H
G4E wiFA L 48414 At 724170 AR A
2 ¥zl

2. C/N =dH|o] otg floc HYS

Z ramigera& FofEol g Froid A A
eatetiel, 559 floc ¥4 % (Friedman et al.,
1969) 2.2 i3l sl 4He)xle] BODE# 3w 3
a3 AY%E Y9t C/N 24l JEHAA
uido] ofsjA si4§ Y o} 2o} e
F89lat Fo slvg, a0l floc Y4 vl
d3g& zAElgch KAz Al HlA flocst 3
=% 9o A3 Table. 5o vjebd wbs} o)

C/N zA4u|7} Z7H4tol whe} floc g4l A4S
dom, C/N =4uj7}t 27 olA4odA = floc P4ol
Gz Aoz Jeiytc o)y A JA ode}
floc ¥4o] Jg& Wwede 7iEyg A7AH
1965) o W3 Uct

(Crabtree et al.,
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Table 5. Effect of C/N ratio® on floc formation by Z. ramigera

Glucose C/N Floc Glucose C/N Floc
(%) ratio formation** (%) ratio formation
0.05 1.5 + 0. 08 2.4 +
0.10 3.0 ++ 0.30 9.0 ++
0.50 15.0 ++ 0.70 21.0 ++
0. 90 27.0 +++ 1.10 33.0 +++
1.30 39.0 +++ 1.50 45.0 +++

* NH,C] concentration was fixed at 0.05%.

% % +++, completely flocculated : ++, moderately flocculated :

+, weakly flocculated

3. MELEX 23 4¢

Z romigera e YE2 A 445 floc 45
A5 2dY PaAe] Ye Rox, C/N z=4vl9
og8g wom, C/N z4v7st F Afdle 3}
%o s Qe e G4Fol F& Aoz
t2iA glt}(Ahn and Chung, 1992). wHFzzd %
floc ¥4 %o VY AEAAEF Eh2 Fo, o
#Z3§ viejodel pH 6.5 2% 25C, C/N =4y
9002 g€ of, 3443 g/¢9) HEnEAE &
4 9lelth. ol Ahna} Chung(1992) | glucose#
gAifez dlod, C/N =4u) 30, 60, 90 w=ioll
77k 8.8 g/¢, 11.4 g/4, 12.6 g/¢2l A& nEA
EAE 9L Ao vzl nysgn & & Ut
o]& vit. B¢} bioting wiofefol HrI¥ HAetn
474 47} Uk Norberg®t Enfors(1982) ¢ Z.

ramigeras] ¢k exopolysaccharide 4§4F A9 7=}
exopolysaccharide 4 &4 AAcHAAN 713
o] A=l glucose, P4, oJE} 4{laE
o] Fdcid 38g/¢ °l4tel exopolysaccharide§
2e & Yotz sk T, AL AYRY FF
o] ulggol 2% cidFel Yale] FAAA dx
(Margaritis and Zajic, 1978) &t &g z2isl4,
Aol g WGl 44 E TFYE & Uv EH
Ao P& ALYchd, YEFnEAY YuFe
Z7H407 4 vk 3

4. MEOEX0| ofE F2E MHA

Yyl g F24 ole Cuvsh Cd'ol
FA5E 237 AsH FILoleg MERE
Ak 42, YA Fol A2 E A Fel4

Table 6. Heavy metal cation binding to biopolymer from Z. ramigera

Mixing time Free cation concentration Bound cation
(min) (mM) (¢mol/mg biopolymer) *
Cu® Ccd*> Cu* cd*
0 1.5140 0. 4933 0. 0000 0. 0000
20 0.0328 0.1708 1. 3336 0. 2903
25 0.0310 0. 1610 1. 3353 0. 2992
30 0.0311 0. 1539 1. 3352 0. 3056
35 0. 0303 0. 1508 1.3359 0. 3083
45 0.0311 0. 1467 1. 3352 0. 3120
75 0. 0306 0. 1482 1. 3356 0. 3107
135 0. 0303 0. 1469 1. 3359 0. 3119
195 0. 0308 0. 1469 1. 3354 0.3119

% The concentration of biopolymer was 1.1106g/¢.
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Zoogloea ramigera 115¢] $Y %43 279 A2 ¥AE ol4Y 334 44

o] o)y E FFiln, ozye Fad o
o] o}& Al41g A#E Table 60 elH sl

YEnEA} FF4 oleE Hz izt 208 A
=1 Fasol Ao Tl olze Aoz
elyton], HuFase Cu¥o thalA 1.3350 o
a2z Cd*vo daiAe
0.3120 gmol/mg biopolymerolgle}. ole Sacch-
aromyces cerevisige el o] HEaEAlol] &g Cu”e}
Cd*9] Fatsol z7z 1.12 pmol/mg, 0.46 gmol/
mgolgithke 3 (Brady et al., 1994)¢} wix¥
7 eg el glony, si2Fe FAlel o¢ P
o] Ba% 1.301 wmol/mg (Holan and Volesky,
1994) 3 A& qhsicl

Z  ramigera7} A Absle A EnEAE cellulose
Hyo] 2AE ¥4, A4 7¥HE Z2 Sle
Aoz ol 3loiAf (Franzen and Norberg,
1984), F3% odoled ol 2AYL FHYo=A
Fatzle oz 4zixici(Bender et al., 1994).
Hunt (1986) € W9t oz YJEndagdel F40]
L AYe olzmPa YN ERYN A4 F
2% NBoz olFojAdm 3ixch HETnEA
F43 Fz7F s 47 F ER AT
Ao ZAgdcde AE AY £ Uo

Fig.30l& 224 ole¢x 4EFatas ¥4
gzl At Eetaaclad 4 dA AlFke]
%, AEan¥zd] st FgFL ojfo] FAAHA
e E8& veligle, Fig. 4t Fig 13 22 &
24 W12 2§ olf3led FF4L ool AEEA
o si4 FaAMARE TEE LdFn Ud F
7bx) ofAle) whgzol4 FEFo2 Mn'F CuE
ul4g &2 743 ol AAsUR, 2 ol
Cd*¢} Cr* #45 #AXEol Fsith Mullen®
(1989) & B4 Ao FF45 dold Ag
Cd*, Cu*, La"§ vl $5F ele)ot(Baclls cerews,
B. subtilis, Escherichio coli Psudomonas aeruginosa) 7| &
ol g3t FaHMAse AYE ARed, 2 A
Ag'e AA7 71 B oleld, HA Age] 8%
7} AA=Yn 2 ez Cur, La*, Cd, &
oz 77 29, 27, 12%7F AASgctn FHH
Fig.39) 354 Agastel gjshd, oAz 658
2 7lZzeoz g o), Cu¥, Mn*, Cd¥, Cr" #28

mol/mg biopolymer,

22t 78, 76, 42, 19% HA=QIch ol FMAA
2oe ZNE FAHse A2 T EAEAC FT

a0
s o
® Cr
60
n

g . a

3

3

8 40+

e

s

H

) H

a

20 4
0 T T T
0 20 40 60
Mixing time(min)

Fig.3. Removal of heavy metal cation with
biopolymer from Z. ramigera, Cations
and biopolymer were mixed in flask
with magnetic stirrer.

100
s o
80 e Cr
a Mn

g 50 o Cu

Ed

H

E

&

s 40

]

4

g

a

20 4 ®
[+] T T T
0 20 40 (-1
Operation time(min}
Fig.4. Removal of heavy metal cation with

biopolymer from Z ramigera. Cations
and biopolymer were mixed in the
continuous type reactor as shown in
Fig. 1.
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¢ FE4 ol MALERT A FAZ 60F
o2 ¢ w, Cu¥, Mn*, Cd“, Cr* o
77, 75, 43, 20%2, Fig.39] 3l-&4 32§ o) &
¥ AALEH 24 $£XF 2odFz 9}t o
gk, A10e Aol g MALE Wl 4%

Zhell zte]7b gled], ol A4Al whgzel QoiA

9 AFAZE YT o], HEA B8zo U
AME @Azl MFATH Ao} UL e 2

2Y ¥ast ULE BHF

Kiffe} Little (1986) & Aspergillus oryzse 2] FM & A}
4Y Fo2 Cd"% FAAA 99%7HA A A
onf, o] FAPE olf3ld vizyk YHE 2Z4Y9
TEEEE AARNAY H43lenl §&o) s
ctz st Ag7ate AFAAE sdzsio,
Z ramigera7} AYAVEe aEate] FE& ol §3
3 floc ¥45& A5AHY FF4 o129 3
Fol o]4% 4+ AUe AAAL upde] RAsjoo}
g Aeld,

3 8

daAege] gHdedz F5 E2¥ Zoogoea
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