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Summary

The cultural conditions for the cell growth of Zoogloea ramigera 115
and the production of its biopolymer were established. The removal of such
heavy metal cations as Cu”, Mn”, Cd” and Cr*’ by the biopolymer isolated
from the culture of Z. ramigera 115 was investigated, in which batch and

continuous type reactors were employed.

1. The optimum pll range for the bacterial growth was between 6.3
and 7.0 at 25C, and a biotin or a vit. Biz was required as a growth factor.

2. The higher C/N ratio had a tendency to give a better flocculation
ahility, which reached a maximum above a C/N ratio 27.0.

3. The concentration of a biopolymer in the culture of Z. ramigera 115
was 31.43g/ ¢ .

4. Batch type reactor showed 98% and 67% removal of Cu” and Cd”,
respectively, upon mixing for 2 minutes. The degree of removal remained
almost unchanged thereafter. Correlation coefficient between the degrees of
Cu” and Mn”> removal was r=0.999.

5. Continuous type reactor showed 81% removal of both Cu™ and
Mn® after operation for 60 minutes. Correlation coefficient between the
degrees of cation removal was slightly different from that in batch type
reactor.

6. The degree of cation removal decreased in the order of Cu®>Mn%>

Cd">Cr’ regardless of a reactor type.

Based upon these data, the metal binding ability of the biopolymer
produced by Z ramigera 115 could be applied to wastewater purification

and metal recovery.



Zoogloea £ 4o BESHH AP GAEHAEY 2UFol oy
EFHY473 @4 ETASe $HFo2M FoF AYL e uAEoT
(Wattie, 1942; McKinney &, 1953).

A= o] F7F HAdke A E 1 EAH biopolymer)E2E & 1A why
o2 FE39 I FZ2E WL oY 71x 52 o Ee IV IR
3 e oy HdAFE0] o] ool B UHH LS £} dE A
% olth(Norberg®} Enfors, 1982; Hunt, 1986; Ahn®} Chung, 1992).

Yoz METEA BAL PR A7Fd ZTFold 9sir A=
(Hunt, 1986), ol E2& AE4, 94824 A4 7153 zAd o84, %
o 9¥d o FAHE M2 Q7] R 2 857 A 71 Aog o
AT =S AR Aol glowM Mol A FIFE FF FHo L A
EXEAR BEAL FAEC AHEEHDT e 7129 $HA == JAHA gL E
o2 A" F 3loH, FFE& FHARL o|% sMsAo] ¥& ERojgtn &
& AHCrabtree 5, 1966; Norberg$} Enfors, 1982). @ AlE £ L AA=
AA e w2 gFe] EAAA TS AMgo= AF gk YHPE
3 T2 23 LEE oA EAV) YA, ABDTEAE SHAR A}
8T A §AFH & BY ol /250 FFHAE AdHog B
7t HER 23 FHE REA ge 54 ZEHSinskey, 1986).

m2tr B AFNME Zoogloea ramigera 115 #5771 4B EA EHE A
dated g 2de FuzEAn. 22n YA4E 42T ER} 2L o8
o] 2 E4 g A&4 A Wyoz FIFE AAYG HdPor F&£L IS
& e WAL 2.
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1. Zoogloea ramigera 115 #32| MHSE =Y

Zoogloea ramigerat 193539 Butterfield7t g2 2 sieAade &4
£ F A EelsAdon(McKinney &, 1953), A¥FF oA EASHE 73
& Qgm gt o] #FE 1A eR FaY HdiFoln, ofE e} ¥
g3 2 Z7le 05-30molth. RAEA ZFeE d1n 7k @ Jhe WEE 7t
A3z GEsA $EE st ol Ax Aol HE A E7} Hol &FA0]
golAHEA M2 g AEER flocd FA4std FAdEd agx o FF7L
A% drgsty] 9 I L5E 28~30ToIH, 10CANAE MA 3] 4t
HTANE 4FstA) Bk B8 JGT pHE F4 F2ol9, pH 45 ol &t
100] el ME 4432 Rt sith

o] 3+ AW T7IAHTLE xylose, fructose, glucose, ethanol, glycerol 2}
22 olnAbe  ARS}A]F|Y,  dulcitol, melibiose, melezitose, raffinose,
glycogen, &34 AR} inuling A3IA171A] £33, cellulose®t com starch
e JlEsEA Bas EA4L MR Atk 283 Zoogloea &
Pseudomonas, Acetobacterst o}F vHl=3d AA L 7ix1 glen olg n|BE
2 sugar % alcohol(ethanol ¥£3H& 4h3tste 43 7M1 o] 7 F8
g EAH Fo st B 5 Ut EF Zoogloead 9% HEE
Acetobacter xylinum®t Pseudomonas denitrificans®] HE 9} A1 HE 9
38t AEo] cellulose2t & X|q Acetobacter WHEF HAHFA| gon,
Zoogloea ¢+ Acetobacter® zpo)lH-E& Zoogloea?t pH 450)3tdlM & =tz
23ttt ZHoltHOhad 5, 1962).

7. ramigera= 05% glucose’t TRV 005% arginine WA wixjoll A wjF
N@do ol ol moFolt Wuiehe] gke 2hg FAH, AR v
MeE H2%9 flocg A FTH Dugan® Lundgren, 1960). £33 flocd] A&

._5_.



dte gloto] diAl GA7 M2 BAH7] ufEo wAEo] &EeA A A
U A4sEE Hol 2 AEKHEFE floc 4ol <¢HEH, flocl 719 1EA
Fe ujxo] ARoluy g Alztel & J¥L Wt FHCrabtree T,
1965).

Friedman &(1968)2 Zoogloea 49 §3& FAJLE flock A3 Z
e matrixol 9siA] o]E AHEEo] FE FERYSZ TEoXE AHolH,
matrix°l #AFHE 7= AR polymere cellulase® 4% W] HE
polyglucose2 & 4 otz 34Tt

@2tM Z ramigera £ 4 £AANM #7187 3H3 L floc FAol
AT 4L din, 274 31U Pseudomonas, Alcaligens, Flavobact-
erium 3 tEo $HF o2 ERde FoltHMcKinney &, 1953; Crabtree
&, 1965).

2. 4=208X =239

e

ghxol 54y

HETEA 4L dutdoz oA (P, HRY @ud), SMRNA,
DNA), B3H (5T, A2 e M2 745 glen, o] TEAELLE THE,
AYTE, n|AEd ENgtt a22ln YR Y2 RE YELREA 24
€ FE37] 9% WHe autoclaved, ultrasonification], high speed centri-
fugeol qlon, HIde olyd FF WS wWYPsteq MEIEA EFS
Aardtele A7 W AvKNorberg$t Enfors, 1982).

Sinskey(1986)2 Z. ramigera 115904 BH|sle YE3EA 2= A
gAEA B AE FRAAT glucose, galactose, pyruvates o2 T4 5 of
T84 He Yo R Aoz dedA At EF Z ramigera o F
A7t 718 g4 @ AL 19821 d Norberg$} Enfors 7t Z. ramigera 115 &
FollM BETEA E2HE& FEEA FEHoloh

Norberg®t Enfors(1982) 7. ramigeraE ©]|8 3% exopolysaccharide 443
Ao EA dhHo 2 vldF-E o o] exopolysaccharide A2 AX A%

_4_



@A g FEoA 71 wo] HAHAT, o] HETIEA} BEAL PEEA HE
ol Bitso] lon, widste A WA HE7F ¥7] @l Foll 150413 o
& hgFslokgt Hl24 fEo] AEHAA "ojAdu sPTE 281 glucose
< 7148 39 cexopolysaccharide® &€& 23§ ZAx 384 Yo
glucose, B4, A2 4% AdAEE FIFITHH 38g/ ¢ o144l exopolysacch-
aridc® ¥& F Atz AT Ahn= Chung(1992)2 Z ramigera 115 TF
& At AESIARA AMREHE HAEDER 23 A4 dPdME BE
TR B QS Eol7] fdtd AR, Gl A5G wEe o83
Adedl, da¥e2E glucose, lactose, molasses, cheese wheyE AM83ld]
glucosed Z3$-ole C/NH] 08 of WEEA WA &7t Fhon, lactose
o] 7o+ C/NH| 30, molasses$}t cheese whey2] 9ol C/NH 60Y
BE DA Aol 7HE Fok /U wiF whgo] B AWG Wy B
T AEIELA A 3t n Badgnt

a2]32 Dugan® Pickrum(1972)& 7 ramigera 115 FFolA 8AH
exopolysaccharide 82} AsfF(polyelectrolyte)® #-& H4AE zt1 3o
A FE ol Ae G HAFTD HudHh

3. 4BIEX SIS 0/SH 25 FY =4
AL @AY, A, GRo, p4E A

T4 AA 2 frEss ’\‘_E—’1‘7—*1°i il-r?ﬂt't‘ﬂ 9]
% F 9,19-[‘1, BELEG FHAZAM FEF}E 7Hesith
EuRA 239 FHole AYL HE ¥ 7HA
AUESR O]Toixl—“:— d AR o] 2P (ion exchange)old, EXE U4
o|E3}(chelatc) 2 WF-Fo] YEnEAE 74 AR 2 T4 F 7lx AR
7ol g A LF A FAlof °] oFd & gz AT
\akubuq Dudeney(1986) 749 F3Zo o]&= & biomasse bacteria,

rlo =

_5_



fungi SN F&5H+Ed, fungiFAME Aspergillus nigere 2t &35
o] o]l2x @ FA(Amberlite IRA-400)2Th pH 491A F3tA3 pH 1A=
243 93ddn 9. = Kiff$ Little(1986)2 Aspergillus oryzae®l
biomass& ©]&% APANME LPAAM 52 F¢ BFAZ Cd7E FH3A
99%7t 2 AABRoH, o] M FFE o83 vF FHE =4 &
E3E& AARAY 35 ed $Lo] sHsdittn At

283 Mullen $(1989¢ R Aol wgor FFE Ag, CdF, Cu”,
La® 848 4%Z9 utg 2)oN Bacillus cereus, B. subtilis, Escherichia coli R
Pseudomonas aeruginosa)s o]&3ta A AHs= AE °1V‘1'. Ag'9] HtH| 2o}l
ol A A7} 71 AFdHo|Aon, ImM AggddAe HA Ag el 83%71 A
A A1, Cd”, Cu™, La*ol 2zt 12, 29, 27%7F AAHJLH, olF F£EE
M A vrelglotele] W3}H S Ag>La>Cu>Cd €22 Aty B3
ot

TS Norberg(1983)2 7. rumigeraS °l83ld 3% o]2-& FFA717]
3 d4 AL AgsgEd, 2 da Cu¥ FFo] mEn AFHo|Yon,
108 ¥ biomassdl FFHE Cu™FE 017g/gldry wolm, TEE9
biomassol Al Cu” AlA &A7E olF ¥A T biomassol FsE Cu™'el e
de zAog nudgch

HZol= Trujillos} Jeffers(191)7F A 3E biomassg ©|-&3t] #H4+ F 9
FEEE AANY] A £ 2dPL wheo E4E FI ADCD>Zn>
Ca>Mn>Mgso2 g4 olgo] AlAdY

4. B35 bl XNe

e g A Rl AFES FFE ol FFHE FHE Ad #3
o WEgozA YHA GFgT¥E Fiu UL B ol olF HF Fo
XgE A7 F552 257 oy Adde] e $8 JEEAs A3
el 8lojety & # rh



4 #F0 My dgoze Azudy, $AAAY, &2
ey MRS, Y, 29 Fol Aded olg ¥

@?}J@%‘P} oleny FAE olgae ol AYPo] o

Zo] AH&EH 1 Atk

ol TAHEL &9 ol 1-100 mg/ ¢ B3xE F&S0] FFH UL o

HZgHo| AL e o] ofF uid ¥ & 7Hxn Utk FFIHH
Ax7b golstn fAuE3 A Ap7 FdFHez ¥ FHE AY

7] WEo 743 BHEHoz AgHT Y wEold, FFEAAL
st g o] ehE AT AMEH O, aq A= £3AAY 59 & &4
e AYxm Utk £ olem PSP JHYd Hl& AAL] 2 A
FEo FF4 oleg HddHoR xﬂﬂg 4 Je 3HE 73 ey 1
7ol 22 Algstaiol &7] @ 2ol FL] 35 L AAEol WHHA o
& A% e M v 8 FAHoZR ¥ F ATHAhnT Chung,
1992).

e od deje] nYEES $£EAHY F2F FAFEL YA ¥
IF Be o FL ol2EL IR F Ut T U A FEY IS
AA o 47 5L AdFog 4% 5 Y& FHE 7HA U

28T Hunt(1986)= A E FaAES ol&s wie olengrAYst &
Hqerg ol g3 FHHel Ha wAYET fAsTh L A
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1. A8AF

GARAUZFAM HEHQ floc AT Zoogloea ramigera 115 (ATCC
05935)8 b= Z7F Y3 (American Type Culture Collection)Z5 € 7433
1, o] @€ BES7] 993 NAHIA(Becton Dickinson Co., pancreatic
digest of gelatin 5.0g/ ¢, beef extract 3.0g/ ¢, agar 5.0g/ ()& ol &3I4t

2. dddy

D 3 E4 oo @& n¥E 4 54

Zoogloea ramigera 1159 4% & JeH& Z337] HsfA vitamin¥ 7}
ogRol pH W3lo WE FA YAZFE FH3ATH

ol 4¥g 3t7] A% WX AL Table 17 ETH

(1) vitamin 7t © 2 A3 E4

Table 1 & & ZAo] H4 viA|dl biotin, vit Bix(cobalamine), ribo-
flaving F710& Ao} FristA e @& Husdo

22 Wz 100mE 300m 4z Zetx3d] Wo pHE 652 M F 3
gt AF7|E ALgEte 121 CoAA 1583 7HE¥F, & vitaming 3F FE 5
x107g/ ¢ 7} F =& HUlsto] A& ATt

Z} vitamin 299& 0.2um membrane filter® AFA 2l okl ujx]ol 3
7hat Aot



Table 1. Composition of minimal medium for Z. ramigera

Ingredient Composition (%)
Glucose 0.5

(NHy)2 SO4 0.06

MgSQOy TH0O 0.2

KH2PO4 0.1

K2HPO4 0.2

FeSO4 5H20 trace

HEFE 44 E2t23E D F2uiFridA 25T, 200mmeE 48X3
TG Y F FAE 045m membrane filter2 o331 g AX7|E At
£3t] 105TA 1AIZE Bt A2 F, A AolHolAM H¥std T2 T4
€ 33

(2) pH ®¥3tel o3 4% 54

Table 17 Z& 249 AL WA E 100meH 300m¢ 2zt FepxFo ¥
I pHE 5594 80714 @A dcz A ¥ 1 AF7IE AHE3Y 121
TolA 158 F2¢ 71939 0.2tm membrane filter2 3} A]Z! bioting
Z ¥E 5x10%/t0] H=2 AT Z ramigeras FE3AC

AFE A4 Eg23§ J9AL vigr)dA 25T, 200mmeE 48413,
72A1F F Wi F pHE 33 x, 44 F23d ugd aAFE
0.45im membrane filter® AT F 32 ARI|E AHE3tA 105TAA 14]
L Az HAFHHAAN WIATIn 2 FAE FH}AT

2) C/NH] Ao & &3 54
biotinol F7FE Table 1 ¥z A A (NHs):S0.5 AEF AEL A3

_9_



Al FABL, DA glucoseFTHE 0.05~15%2 BAHo 2 WA A C/N =
d8|7F 15014 45.00] HEE 3t Ad¥sAct 300me Fz Feh23 10700
glucose®HE W3AZ) AAul A& 100 FY3t 2tz pH 652 =%
F 1 2H@71E 121TColA 158 B¢ 7Hd# UE bioting A& upst
Zol 713 AT, Z. ramigera® BT E Z wiA o] FEFH ¥ I IIIE
o] §3te] 25Tl A 48A13F Wi ¥ 2 Eet23W $3IE TAE {Uge=
w3 ot

3) BEIER BRI AF L B

Z. ramigera 115914 A48 JEIEA EFE FEF37] A Wye=
ttEE, 2% B, 281 14 gARE o] e, B Addxe
o5 WyE WaE 32 Wy Norberg® Enfors(1982)o & 2L A}
3 FEAAH, FE3E 45YS FYURAA BELEA EF L AN
o}

Table 2. oA AAIE AAFH C/NH) 9022 A9 WAE pH 658 =3
3t WA F Z ramigera € FFHA WRwlFrIZ 25TM 7241
B NG WG o2 YE HEIEAE T Ho] & A

Z. ramigera®] W ¥4-& 1t BA7INA 121TE 108 X FAF ¥
o2& 20% B 33 FAAM 2L HHHAT 289 HH4E g
ZHTE 1:39 v182 4L g 12000gA4 408 F 94 EaEldto &
of & #MT FAEL AAHL F5AY¢ HAAD AHE 44L& 2%
A Felsted YAELS AAsD G F45AT AFH}A 1% KCIE /3
propanol®} 1 : 2 H] &2 A& o 4T dA 3 1A ol wAsta JA
& fFE3AT 971 JHE EFL 55T FYARIIANN AxAA JED
FAE 993, A A A48 FAELS A g9 Huug FRTE
A7t ¥ 2023 43 AAM 259 A4t



Table 2. Composition of medium for biopolymer production by Z. ramigera

B
Ingredient 1 Composition (g/ £ )
- =
Glucose ; 25
K>HPO4 | 2
KHPO; 1
MgSOs 7THO 02
j NaNOs 0.68
! FeSOs 5H0 trace
f Yeast extract 0.01
| Biotin 5% 10°®
% Vitamin Biz 5 x 10°®
L _ _ ]

A FHEF ANESG FHFE 139 Hg2 4 FHRH 5C A=
71N AxAIE BHE e QETEAE FF Sk ¥W AAE
pellet2 0.45/m membrane filter& ©o| 83 A3z 105TAM 12 T
AZAY F A FAJHANN st Ax FMFE FH}AL

A AE #AFE a3 JyehdiA Fig. 13 @)

4 A4 R 54 N2 Hid 4 & FIE AA

1) F55 o9 5% 33

AEY 2 d54 A YA HE A2dsE 24 AF ARG €2 20
m¢ Al@ ol 10mH MFH3 3z o] AEF 6000gMM 108 EQF 944 A
F 2 4sdd FAR3}E FI5 ol FEE FHHAL 22z FIE o
29 FE& 337 AMA YAFFF = A (Perkin Elmer - 2380)& AH8-3}
don E4 WL Table 39 A A13tQ T



Liquid culture ( C/N : 90, 25C, 72hr )

Autoclave( 121TC, 10min steaming )

Sonication{ 20sec, 3 times )

Mixing( sample : DW=1:3)

Centrifuge( 12,000g, 40min )

| |

Suspension Pellet 1
Recentrifuge

| |
Suspension Pellet 2

l

Mixing( sample : propanol containing 1% KCl =1:2)

Precipitate

Drying ( 55C vacuum oven )

Dry weight measured

Fig. 1. Isolation procedure for biopolymer from a culture of Zoogloea
ramigera.

_1 2_



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

Wave P A
Element [ length | Lamp current | St width | n
| s e mA) (mm) |
{ cd | 2283 | 4 0.7
. Cu™ . 348 15 0.7 40 15
oot sl 10 04
Mn® | 2795 20 0.2

(2) BEA Az UHE o83 FF& AA

nFEe FE5 FRYE FAE7] AsA AR HE PPoz 4P
fAct.

CuS0s . 5H0(1.56mM Cu®) ¢} CdSOs.8/3H-0(051mM Cd*)2 XA4d 3
F4& #H49 004mM Cd”, 0.10mM Cr*, 0.09mM Mn”, 0.08mM Cu® Z§
44g Zt7} 500m¢ Azt Ea23o) 300med Wi pH 60 o2 TAHF The,
TE 3443g/0 Q0 AERER 100E & 4 Eal23d J7Me F Aoy
71 € ol&3ta] 500rpmelA 1583 A& og wukAIZT

2 o EF ANg ¥R 4 A8 10w Ao f4EE=
6,000g914 10% ¢ 44 AN F, FHY FAE v AFAF
AR FES ol FEE A uo Bo] AAFFFEAE o83
339

b

Q) 54 ALYYL ol 8T FIFE AA

Fig. 2¢} & A&4 A= l% ol &3t FFE AA HEL A
ol 2= HETEA EAF IS oleno THE FA 37 Hso 7}
4 ek BB dAFHPoH, J%i gulgde 7|EE HANIE B

A
=



29 E 4AsA.

agln 10¢87]d YAHF FER XA FFE AL AW ¥
peristaltic pump2 W2 By on, FF& &AL AAS 7] A% & 2
B2 BAL 500 AE23d HFs| ¥ peristaltic pumpE Y43 3
Hhg-Zo E3 Byt =F Wk FoA AHEd HIse 1087 Redy
A2 A 88 Ao AFEHe FLHole FEE FAY F UEE 3
At

234 #4E 0.04amM Cd”, 010mM Cr*, 0.09mM Mn* al"' 0.08mM
Cu”ol 49 &% 402 pH 60 o2 ZH&A AL3Kt) 338, 4ELE
2 g9 Fxi= 3443g/ 0 ATt

Hh3-Z o] Eolev A FFL 20m/minE dFen, o HAR[FFF AN
Ze4 H4 %L 195m/mineld, Y ETER} 9L 05m¢/minl2 /A3
Ak 283y YA 1583 AEZA $F F AF ANAEER 2 AR
10my AP, o] AIEE YAHEH7IZ 6000g0A 108 F 44 2
A F A AR} 44 FFEolR FEE dAFRREAE o &
o Z3sc

=3 JEIEAFN @8 FIE AAFES FF3#7 3o 0.08mM
G2 ZAE 3£ 5o YETEAR 898 1.0 £E 15m/min2 3
31 A wgFol §HL 20m/mine2 3o 9lo} g2 Yoz AAINA
=3



Air outlet f ;

Aeration pump

Metal stock solution

Biopolymer
stock solution

Pump

Reactor

\
1

/

~

~
~
—

-
b-'/
e
/\__-
-~ -
-
-

-

~
-

~

Effluent reservoir

Fig. 2. Experimental setup of continuous type reactor for removal
of heavy metal cations with biopolymer from Z. ramigera.



VAY g owa

1. 2|24 B0l [E Zoogloea ramigera M& SY

vitamin 7} W& Z ramigera®l AF AEL R4 v|Yg PP L o]f
o 1 AxE Table 4914 JeRRAL

vitamin& F7}312] & WA 9} riboflavin® F7HE vl AN X A
Fol Z1zb 1.2, 1.5mg/100m2 Ao A=A ke, biotin vit. BE 3
7t & e dx dAFol 4 251 2 224mg/100me0] A3 biotin#} vit. Bie
& W vl xo) FJAE wWoles AX FA o] 283mg/100m2 BT} e #F
A7+ A= At

wetr] o] #Fo M HEE vitamin® H7F o gt AAIHA zlol
7t A& ¥ ol biotin EE vit BpZl ASUAE 27EL ¢ F AN
=3

Z. ramigera 115 @59 4% HA pH M€ FAA37] 93 pHE 23
3to] AR Al Wi F FAFE AT Fig. 3& ol #F9 pH W3}
g v g Ao g JFF4E JehiRIT

o] oA pH 55014 4841t ik A9+ AxFAMF] 0.4mg/100m
ola, 72413t wWigF AL 25mg/100mE Aol FA o] olfojAA g3 Q)
t}7t pH7E 718l wak FxHoz AAslo] pH 63~7.000A4& 48413 i
FF Aol 27.2~29.3mg/100mee] s, 72212t vl FE L 32.0~-360 mg/100m =
Aol YHEA v 8ol H4A3ATt. 22 pH 700 FREH T AHFo] Ho
AHA pH 750 E 48AI1t= 72413 Foll 242} 9.2mg/100me, 10.5mg/100me
22 pH 55914 Bt} th4 ¥A JepgAS ¥ FA 4FEL EJoh

m2tM o] FFE pH 63~7.0 NN 714 H{o] F2 Aoz yd
o}



40

72hr culture

W
@)
T

48hr culture

Dry cell weight(mg/100ml)
S
T

10} b
r
o) | | |
5586 6 6.5 7 7.5
pH

Fig. 3. Effect of pH on cell growth of Z. ramigera.
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Table 4. Effect of vitamin addition on growth of Z. ramigera

\ Culture medium Dry cell weight (mean = SD)
l ] R  (mg/100me)
‘ 1
| Medium® only | 120 = 052
' Medium® + riboflavin , 150 = 075
. Medium® + biotin 2510 = 125
~ Medium® + vit By 2240 = 150
Medium® + vit B + biotin 2825 = 230
L Lo

* Minimal medium as shown in Table 1.

2. CAH| ZNO| B ST By

Z ramigera® 3 EAL AYEuEx EF9 FAT #FH=HA Ao

vl AF C/Nu| ¥iste] 8 ZFA9 ¢3 FEE &Aoo APdHueH, 1
A7} Table 59 Ueh A

o 71A C/Nul& glucoseT ol det 15~45002 2FHUL, 2 A7 15
~21.0AtolME 2F 3ol FAHTI 2700180 Tl Fud =
993S ¢+ AU

Norberg®} Enfors(1982)& C/NH] 24 & HAdoz U+ dA9 &3
Zo] BolAnl, YA wiF Algto] A Fole HEREAE Bol IS
Qo v Agte]l A2 uiAe AEI} F7Hste 200412 AR Fe %
800cPZ ®thx 34t



Table 5. Distribution of flocculation ability of Z. ramigera according to

C/N ratio
Glucose (%) | C/N ratio Flocculation ability
? 0.06 | 15 .
; 0.08 2.4 +
0.10 3.0 ++
0.30 9.0 | ++
0.50 150 | ++
0.70 21.0 ++
0.90 27.0 +++
1.10 33.0 +++
1.30 39.0 e+
1.50 450 +++
+ ! weakly flocculated ++ . flocculated

+++ ! completely flocculated

3. ¥80EX =3 MY

Z. ramigera® MEIEA} AL C/Nuld) wigl A o)t Adedl C/N
H7h %€ A4t ¢ Agol v HE nEA Aol WY F AT,
v F Aol wmhet dA xjo|rt B

B AZANE o] #F9 HHF wlF =A< pH 659 A& 77te &
£ 25T2 #A8tod, C/NH| 022 HEnEA EF 44 21¢ 2331 19
goujFrlol M wlgd A 3443g/L € dE& F AYeH, Ax FAFAE
3.23g/ ¢ At}

Ahn?} Chung(1992)¢] ABAAME glucosed 71AE o] 83 73 C/Ny|
30, 60, 90 wioll z}zt 88g/ ¢, 11.4g/¢ 283 126g/ L9 AEIER EFE



Atz BoF v o)

ol go] F& HEREAE A B AL vit. B9t bioting A 3
7b&ta C/N®) 9022 ZAF Axetn B 4 9tk

22]3 Ahn® Chung(1992), Norberg$}t Enfors(1982)2 MEx ¥z EHE
Bo] MA37) YA glucose, nitrogen & AR AAEL wiA|d H7tslo 3
4oz vjgttd 3Bg/ e olde] HEDEA BEE I + Uty FAL

Cooper(1989)& Z. ramigera 1159 °l3jA] HHd & AL ot 3
3 27 vd3A A EA9 Wil glucose, galactose, pyruvates o2 T
Hslol MR HA4 U Z ramigera 1-16-Mo] Baste nEAohe
28 584 capsule@Eio TR ez dA Avtn RudAS E=H
BEE HETEAE B2 Fx9 X%, 123 pH, 4, 7143 ADd§H
Wt mf-g QAR Aoz AA, o FHAA N2 vAEN SIAR
9] 7besAdol AMAIH AH(Norberg®t Enfors, 1982; Logan® Willkinson,
1991).

4 3iEA U ASY Nl WOl mE 534 N

D 3E4 Nz B B 234 AA

156mM Cu”¢t 051mM Cd” 3345 498 274 zAso L4 2
PPos T AUER ARE AR F3E ol AARE 23T 7
& Fig. 491 Jehj At

Cu” 3% A2 Az 580] A} 98% MAHAR, Ca7A A& 67%7}
AAL AT 22z Fx Aro] Age] wa Cd¥e 70~71% MAHQoL,
Cu”" A& A9l ¥37t AUt

282 94y 7HA FFE £9(004mM Cd™, 0.ImM Cr”, 0.09mM Mn”,
008mM Cu®)& £ A s B0z T34 o] AALL 23S A7
£ Fig. 59 Zth o] 2gdlX Cu”'9 Mn™'& &3 Azt 280 AFE 3 A
Agol 247} 33% B 32%0lNey, 08 A T 79% ¥ T71%2 Aol A



Removal of heavy metal(%)

100 —5———=

()] i
o—90—9 < ¢
O~-0 1.56mM Cu?*
©—0 0.51mM Cd**
20 30 40 50 60
Mixing time(min)

Fig. 4. Heavy metal removal using batch type
reactor by biopolymer from Z. ramigera.

_21..



Removal of heavy metal(%)

100
O-0 0MmMC O-O 0.ImMC® A-A 0WmlM®  O-O 108mMC"

20 . O/O/O
0-0—0—97"
0 P — PP | T P n
0 10 20 30 40 50
Mixing time(min)

Fig. 5. Heavy metal removal using batch type
reactor by biopolymer from Z. ramigera.



goll et FxFoz AAg FAHAT Cu¥'Y B4E v HEog =4
ARG TFE BAE TP AZEHPYL A7t AASo] HolAD
W Cd”, O AE % F 280 A HAL o 41% R 11%A A

HAen, 508 AoE FE M% D 22%2 A7) Ao wa Ca¥e A
HEO] gldod Cridl AL 284 Z71si4.

g2tM 224 Az PPe ol FF45 AA AL Cu¥> Mn®> Cd*>
CrigolAth. =& of Mz TN 2 ZAF FIE5 A3 FBBA
€ Fig. 6914 2™ Cu”'gt Cd™Y A$E r=09692 #4L 71x31 Qlon,
Cu” 9 Cr'& r=0992, Cu’" ¢ Mn™ & r=099=2 1%olWe] §9JAe 7xx
U Txo HBBAE YEhIAT 2T o]l AFUBVAZREH YEIR
Aol A% FFE FaAY AA Folg AZY 5 o HzE

Williams(1984)2 B EAR @Wde F&£APS L Cu>Zn>Ni>Co>
Fe>Mn>Mg>Ca Folgln 3¢t

2) 954 Az UYd g g FIF£ AA
Fig. 29 #& d£ Hg A¥ AANE 4A3od $3FL& #45004mM

Cd”, 0.ImM Cr*, 0.09mM Mn> @ 008mM Cu’)E ZAY ¥ 1 3329
AAFE 238 49 238 Fig. 79 dehych

Fig. 7°1 983 Cu®”# Mn*Ql H$& T AL 58 F 24z 71% 2
70% AAHAL, 60% AT Folls TR ZF 81% AAS S Azto] ATy
o @zt AAEo] F71ge ¢ F AU

A Cd” R Cre ASole £ A 52 Fol 24z 43% R 22% A
ARNeH, 608 ARE FAE 4% R 25%7t AAS O Aol ABFHAE
AAEL Ao R}t

2P AEA M Sy vadPL @ Cu®, Mn®d B9E 2IjdE
AALO] F7HHPAT A3to] AFHRAE AAGL A9 fABIELH, Cd,
Cr'E 94 Hl&8A AAHAUG.

A& Ag] FHAN A& FIFS AANN & £F&7e] JRBAE Fig. 89
A AEE Cu”e Cd¥Y A $E r=08740]8), Cu¥'s} CPE r=08742 B2



Residual metal concentration(mg/)

o Cd*(r=0.969")
O Cr*(r=0.992")
O Mn®(r=0.999")

Residual Cu**(mg/)

Fig. 6. Correlation of metal cation removal

by biopolymer in batch type reactor.
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100

D-D0MmMC* O-O 0ImNCY*  A-A 10mMM®  O-O 0.08mM G

Removal of heavy metal(%)

20 30 40 50 60
Operation time(min)

Fig. 7. Heavy metal removal using continuous type
reactor by biopolymer from Z. ramigera.
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Residual metal concentration(mg/)

0 Cd*(r=0.874")
o Cr*(r=0.874%)
O Mn¥(r=0.998")

L

0 05 1 15 2 25
Residual Cu®*(mg/)

Fig. 8. Correlation of metal cation removal by
biopolymer in continuous type reactor.



Al Ael 33 2o g "dolAAw 5% o9 ReAHE tAx Y Cu”
g Mn” € r=09982 3 E4 FA Hzis} mpAstAE 1%0lHe 4L 7}
A ol 1xe g JehlAct

Fig. 92 4 E1¥2 84 F4Fd 0& FF5 AALE 47 943 4%
Addl I AFE AHEY AEEAFE 1.0w/minE FYHFLAE 008mM
Cu”7} % A7t 580l A7 Foll 68%7F AASHAT, 6052 A3} Foll= 69%
AAHAAS 28 JEEA] £YFE 15m/min2 F7IHdEs ¢
A1ZE 580l ATt Fole TI%AAHAUL, 608 A7} Foe 81%7 AHEL
U & AU

aez dA&4 A dydl % FIFE AA EEe EA A 4y
o 98 FF% AA e np@ stA2 Cu®> MnP> P> CrF'é¢es g
o] Fxon, tut A A thi zolrt gILL & 4 UANADH

Hunt(1986)= YWt og YET Rzl o3 534 AL ojleasy
HolE B YAHoz FUH A2dAME A ol d F 71A AR u
$o] ¥4 dold = itz A



100
8 [ o4
80 oo .
3 o 0 g—g——"70 O i
]
2 60}
Q
(& ]
E<)
©
é 40 | Biopolymer
&: 0—0 1.0 mi/min
©—< 1.5 mi/min
20 |
0

0 10 20 30 40 50 60
Operation time(min)

Fig. 9. Removal of copper ion according to biopolymer
concentration using continuous type reactor.
The concentration of Cu?* was 0.08mM.



Z ramigera 115 52 4% % o & YEuEA EF AL 3}
& 28 4R 28 FF wigdoziy Eeld A £3E
ol g8t HEA L A& A PPoz Cu”, Mn”, Cd7, Cr'F FFE ©
2 AASE HENJH

1. Z ramigera 115 39 25CdA A A% pH ¥P9= 63~70 olA
I, A8 27 AAZ biotin EE vit. Bpg 8734

2. C/NHI7t 2842 A 3%l MPsE AgelAx, C/NH 270 ]
Felde aA %50l A =23k

3. Z ramigera 115 @3 wigdoziey R AEIEA £33 A4
¥ 3443g/ ¢ oA}

4. %2 Ha el o8 FF& AANA CuP'e EF AL 28] 3
e F 98% AAAUL, Cd& 67% AAHALH, L o|F Azt Fr3to
E AAEE A YUY a2z T4 AAL T FRBAE Cd”Y
Mn”Atole] r=0992 1Ee A@FuAE Jetds, yrx FEEE 1%04
o} #elztE@ JeEhfUL

5. 444 A2 WEdl A FFE AARE Cu”S Mn"ol ZF 60¥
Ad 5 81% AARNCH, 3345 AAR B JB4L AR A2 Py
cha zol& Bk

6. A4 B A% A PPN FFE AA L&L COMn>
Cd™> Crf &0t
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