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Rhodopseudomonas palustris KK14& 0|83t
=Xl XFHZTH HE

2st4 - OlEHZ - UMY - Ty’ - YEr
SeftSt 4EFAS, TS HRFGATE,
Agst AE/HE S, et AEAY I

E8 DAFANT % 1FE f7)HS ADFAY ML FHom MHeHE dFE
e 33 HZ 1% %7] Hexglol EYSHT e P74 Aslel BT w22
7439 two-stage systemoﬂ HEAA 7 9AE AexE HZEE AT £AES flask-
scalec ] FESIYTH FFYste B A%, = G Y ToERE 188 8X4o] 1
F 714 2480] <R3 FFEE B3t o|F 7P $43 T3 KK14E M¥stn 4%
A3} Rhodopseudomonas palustrisT BHE Q. BAJATE 0|43 HA5ATTRY A
AR A Al M= F71A A e o] 714 Ao Aghslli pH 5.0, HRT 242 $314
oF 80%2] R7I4F FUHES BHch AAE folate] FAAAMel 8 AsEHE A ©
AN ﬂﬂ}dﬂ];" Wezol 2AS pH70, €5 30T, F% 4,000uxE & o) T
AEE 2 {714 Agkgo] /M -8om 27 CODRESHkg COD/kg FFAAT A2FH)
€2 xd;mm 7Vd =2 CODAIA&92%/5A)E e ATHI994d 7€ 8¢ H<, 19949
84 34 Fb.

M = poi= Al %’“&‘4%94 71EAEE dN WAEgoEN
fo|atA wA} e FEAAATY HEAE T4
BTG 0183 HyAHeye 1 SidE: Ea= A FAAR s frEeF EaEHA e n
SRz AEE S Bk ohE °o‘°4 &HAE 2 £49 378 B §715 BaaA g ol o3
TAZA Adstd & Qe HolM A2 A= 4 AAE AF APAES AT BLYe 2 o]
B84 feagoes 5L @y ok FFAAFE Foz 4 BOD®Biochemical Oxygen Demand)FaEg o
% purple nonsulfur bacteria¢l Rhodospirillaceae o} = A3l two-stage system O 2 AJ S o] glohll
&3he T2 4F #71ES d@i29Y ¥ FFA4urse E Afoie FPAHTE o] 88 FFWtY A
AAZTAA 2 o] Rels B4 FIRATFOE QoL 2 7t&d 5 A3 e % VxdT Y dgew
o] g WAEEREY dedlu @7y, 5713 2 AEE FAEAAHFAMY F71A AsE 2 AWK
3719} olH AN E Abro) hbLwe)l BAgle]l  $% FPAMTE ¥ FHIT flask-scaleol A E
&as] YK = A7) Wi nFE F7)HFA Y Ao Held dEE F= HARAES AEINATE
AP FroR BauEa gioh Y

FFYAT A5Agel R 10,000 ppm 043 M W ey

IEE G/A5E ANSA 23w FIke) Aad

oz gHodyel Ha A2 B 1/2~1/3g A PFEEal ¥ M

oo} B, A, $AAN Fo| A AFHW  FFE 2 WEE w1 Cohen-Bazire® F3 Sa-

BOD fapige] e EAdAel gle @, olgW ¥ wada Fo] AHEF FAWMAE WS AMgStAT
o] ddyton #e|EA MY 2L st Loldln (Na-acetate 2.0 g, Na-propionate 2.0 g, Na-butyrate 2.0
BOD “dstet FAlol 37 AAHE ¥ & € &+ g veast extract 1.0g NH,CI 1.0 g MgSO,-7H,0 04 ¢,

Key words : Photosynthetic bacteria, Rhodopseudomonas palustris KK14, Swine wastewater treatment
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NaCl 0.1 g, CaCl,-2H,0 0.05 g, NaHCO; 0.3 g, KH,PO,
1.0 g, trace metals solution 1 m/, distilled water 1/, pH
70). Fostd 3k, =3 EY, do €494 B
oA AHI AEE E2& viAZ A$ 15m/ screw
captubeol] ¥ 30C, 5,000 luxe] &7]3A FzAA 14}
Hge T A4 e 45 el ogd 01 miS 12
g/l f71% S A AE, 5Y WHo g 239} 330
24 AZRuiFsAct AR FR sjdAE {-7)20] 6
g/l 39 FPu A &4, =23 F GasPak Plus
Jar System(BBL 60641)o4 7|4 Fzxdo= wigst
gom, #4449 single colonyEZ % E 100%9] #38
cRBEd. B AFFES oz ANy
S AARE 3 A go] mE 107355 1312 Adsigon
HAE T A1 AstEEe Hu S S5 (maxi-

mum specific growth rate)E A3t AH3lPch

i)

HEAFo &3

AEFFo 4L ‘Bergey’s Manual of Systematic
Bacteriology'™’ # ‘Manual of Methods for General Ba-
cteriology'®” of] &3t A A}3FYT)

EH a4

WdE e AVIE S20F JEgdA wMEEHE dHsE
35mesh A2 ZE #HFE AASF2 3o 4T o BF
HastwA APl Alg-stTh

AMHA QRS

AoV FAE 500ml A7t flaskel] YH ¢S
200miy g& F 37C oA 2N HCl# 2N NaOHE
°]& pHE 5002 ZAAFUA & 2dE F4 4
ARs HES o o A EE Yad 2804
FASAL 2 wHeRE 120ml wjFHo] 2AT
B LYE 50miA B33ka wiekex 37C, pH5.0,
6.0, 7.0, 8.09} HRT(Hydraulic Retention Time) 1, 29,
3%, 499 Z4 A YHLz w@sle wdSs
HEFE dAEITh Headrde 7148 E FA8
7] 913te] wik o] head spaced] E718 AAvtAR
Riis =

et Mre E5EH

Fa A A71% FuAY HEZ F71iY
vl gL A FAMEAl acetic acid : propionic
acid : butyric acid=3:1:29] v]&2 2R3 £ {74
EE 6,000 ppmEi A& o] &3] 48AIZwITE 5= 34

g9 259 - F

AR AdesiEt W F B71F dHE {FAANA
Z7] 98 Zubsl e} aluminium capo.® YHE 60 ml
vialld & Ag-atgen 30T oA 100W A5 o
3led oF 20 cmA oA BAE AT

BEAMF giSx

A Hexa e #AAAES AES 3 300
m/ WFEE o] gste] WHEr|d FzAstelA 5UL
vldstd A BT AS=E 2 /7 AsES
Z2A43Hch A EFE FEER 34, CODL(Chemi-
cal Oxygen Demand) 10,000 ppm?¢! Z-& AH8-31g o
9] HEHL 20%v/vE QT

714k BA.2 gag chromatograph(Shimadzu GC-14A)
E AM&3} flame ionized detector(FID)E th&-9 =
oAt B3t tHColumn; Glass column(3.2 mm ID X
2m), Column material; Carbopack B-DA 80/120 4%
CW20M, Column temperature; 175C, Injection tempe-
rature; 200C, Detector temperature; 200C, Carrier
gas; Nitrogen(1.4 kg/cm?), Injection volume; 1 w).

MY &4

Al R of) wj<F3t #A & spectrophotometers o]-&
sto] 660 nmol X FRFEE FAHIAL, ol e
acetone : methanol=7 : 22] &v]Z bacteriochlorophyll
ag F23 770 nmoA FF=E FAsAch MLSS
(Mixed Liquor Suspended Solid)¢] %€ 103~105T 9]
Az7A ng] AZF F214d-F(Whatman, GF/C)ZE
ABE A8 F 103~105C Az7|A 2417 Az
AlZl L desiccatorof Al B Fo] RA} of#He)
Feldf FA Aolz FASIYT

BODs ¥ COD.,

BOD:= 20C oA 543 AEE wdAE o 4Ard
Aag, CODe A3kl FaFHIKLR0NE o8
F71ES Ao g Mg W AnE FiagE 7

Zke) ™) weh &4t

Heey
Hpo] durAdE-2 ‘Standard Methods for the Exa-
mination of Water and Wastewater'”” o we} H 3}
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Fig. 1. Removal rate of organic acids and maximum
specific growth rate of the isolated strains. Cultiva-
tion was carried out at 30°C for 6 days under 5,000
lux in the basal medium containing 0.2% Na-ace-
tate, 0.2% Na-propionate, 0.2% Na-butyrate as car-
bon sources with initial pH 7.0.

3, 2 days; @z, 6 days; =, ..

Zn § o

oFe| M

R AsbeEol 945 FFE HAAEE] 99
acetic acid, propionic acid, butyric acidE g4 o g
H7kek 6,000 ppm F7)4F Wi 13h2 MEE 10
Fo ST F710 AeE 9 2 FFEEY .S ]
AE3}IcHFig 1). 2 27 KK14, HY3, No34, P18 Zo
TAF 2 Ho HFAEEr 946910 53] strain
KK14+= © 8 33 b8 wa Azhde §7)4e
k843 Ay ikol 1.05(hour '), generation timeo] 40
TOE Kol g pdlgoeng wyE §7)H 5

YE Y3 HE FEw A st o).

mim
;

e
B A

KKI4E #7148 Bzastox 2473 48
o] Z(JEM100cx-
Mos ##s A3 £ 06~08um, 2ol7} 15~20
A) polar flagellumol ]38 $ZAlo] 9l

o] el =9PS o AT A o
= + Gram
714
A wedel] Awgle]l REF &3 Wz
o s wgdrh Starch} ca-
214 catalase positive©) %33l nit-

Fig. 2. Electron micrographs of selected strain KK14.
Cells cultivated for 1 day (A) and 2 day (B) were
negatively strained by phosphotungstic acid. A flage-
llum was seen in the pole of the cell and the cells
were clumpy together. Bar represents 1 pm.

rate FUE 7FA SISitKTable D). 94¥-ae o
AE 60% sucrose-&Mol HEA|Z] 3. scanningd A}
365 nm, 590 nm, 806 nm, 863 nmolA Ho} FAz=
WEFR 1, acetone : methanol(7 : 2) f7)8W2 o]&
FZ3% AAE 476 nm, 508 nm, 594 nm, 771 nmol) A}
Hd FHEE JERTE o] Auu®l spectrume purple
nonsulfur bacteria®] carotenoides 2 bacteriochloroph-
yli a9l HFFEe TS RYGW

o])g-p,] H;ﬂv‘___rﬂ 11};@ oz Mysk oF KKl4:=
1% g4 M0 2. 24 Rhodospirillaceae Aol 4385
2 4 AUk Table 1, 2049} Zo) KK14& gelatine
350l glal, growth factor® p-aminobenzoic acidZ
sgthe Ao 7dol g4 55l WS sHEHEQ ben-
zoic acid$} sulfide, formate 58 B2 Qo g o] 4
Do tartrate®} arginineS ©AHUORE ]8T 5 ¢
o= H ol Rhodopseudomonas palustris®} FU3k A
AL YRk MET3 Rhodopseudomonas palustris
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Table 1. Morphological, physiological and cultural characteristics of the selected strain KK14

Characteristics Selected strain KK14 Rhodopseudomonas palustris
1. Morphology
Cell size (um)
Width 0.6~0.8 0.6~09
Length 1.5~2.0 1.2~20
Cell shape rod rod
Motility + +
Spore formation - -
Gram staining - -
Color of culture red red to redbrown
IL. Physiology
Growth
Anaerobic, light + +
Anaerobic, dark + +
Aerobic, light + +
Aerobic, dark + +
Bacteriochlorophyll a a
Amax Of whole cell (nm) 365, 590, 806, 863 589, 802
Amax Of cell extract (nm) 476, 508, 594, 771 860~875
Gelatine liquefaction - -
Starch hydrolysis -
Casein utilization -
Nitrate reduction + +
Catalase activity +
Vitamins required PABA PABA (biotin)!

+, Present or positive; —,
strains only

KK14E= 3714, §718 2143 2@spA YKol ks
3 fEEd9 292lo] HiE sulfideE energyf oz
o] &go 2 sulfide’} 7HE FPH S]] o] g7}
T B9 ol A% 244 U F54 W
JHES %i%%i ooz FEHA P&

98 B4l 2E AL AT 2F2 A
CEC

Ay iezo) HEzY

FPYATE BVSRE, VU Fo RIS
A48 e2UoR o14F 4 27 W) A5
£¢¢ o) AL DBE 47 QASS Ao

ABGAZE 27HR St Fig.3& #7132 AA4Lu
ZAE 98 57138 AA), 3713 3y, F7)F HH o
#7134 w59 72+ =3d {71 APFE A%
AR Fo1H FAWMEA F 202 BHA F MY e
A APES YR ol AT E0l B4 2
Al 714972 o]FolAx Sthe Hutwe {7

Absent or negative; PABA, p-Aminobenzoic acid; ( ), Vitamin required by a few

SFE AAWRRAE o BRAAT] F 208 Fol
F7t §A8 Utk B¢t dAlste AEE B
99t} Kobayashi 573} Hiraishi 52 photosynthetic
sludge process®] HAz] Wgo A E7Y& A3}
Hot B dFoMe 7] f7]ie] 23]8 ndHE
e vepdozn B A ASF ATt o
o= Ax 7l A HFYE &+ YUSioh
3H A w3 FolA pH ® AFAIZTe] #7145 A
el vXe 93-S AEF AF pH50, HRT 29=
ZAYE W 7 B F71HF 80% F7hel WA H
A cHFig. 4).

Sl =2 AMYME|TO| SM

Q5 5ot Aol 2ANA A E)sk AgAHS P
£ Table 33} Zt}. ¥ 59l total solidol] ®]3f suspe-
nded solid&Fo] 3] o] yYRE9 PR 7184
dHE AL Jeg ¥ 4 A2 BOD/Nitrogen
Hlgo] 8: 124 BHLUM ARH] 17~3ur) @



Phodopsendomonas palustris KK14E

Table 2. Utilization of organic compounds and elect-
ron donors by the selected strain KK14

Carbon
source or
electron donor*

Selected
strain
KK14

Rhodopseudomonas

palustris

Glucose
Fructose
Mannose
Ethanol
Glycerol
Mannitol
Sorbitol
Fumarate
Tartarate
Lactate
Succinate
Benzoate
Formate
Butyrate
Acetate
Propionate
Citrate
Malate
Pyruvate
Glutamate
Arginine
Thiosulfate +
Sulfide + +

T T A
b+ H+H o+

}
I

T T T I e
+

i
!

[

*Substrates were added to a concentration of 0.1%
(W/V) and acids were added as sodium salt.

+, Growth; +, Substrate utilized; —, No growth; 0,
Not tested.

& g-s e A3 A zlo 93] total solid, sus-
pended solid, COD 2 BOD+= 242t oF 20%, 50%, 20%
2 15%% 7HAsEg o) volatile solide A< wWabs)
glglom f7lake oF 85%7F F/hshith H acetic
acidE H|R &t hFEo] {75 3k 2nf Ax =
o} 01} propionic acid®] ¥FF7he REH A gtn
sulfate= 55% o4 AMAHEE HHTh

BEMME wexe| FEEY

D pH 9%

WP 7] pHE 60014 00714 2HE F
30C, W7lA BEAGA 5UF I T A1 A
Be 9 7o) 4%e AET A9 27 pHTONA &
1 Ashg B el gl T S5aUckFig 5.
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Fig. 3. Changes of organic acids under the various
culture conditions. Cultivation was carried out at 37°
C, and pH 5.0.

O—0O, Aerobic standing; @®—@®, Aerobic stirring;
v —V, Anaerobic standing; ¥—V¥, Anaerobic stirring.
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Fig. 4. Effects of pH and HRT on the organic acid
production. Cultivation was carried out at 37°C.
O—0, pH5; @—e, pH6; v—v, pH7, v—v, pHS.

o] Bergey’s manual 2] 5= Rhodopseudomonas pa-
lustris®] HF pH7} 692+ Baol Y|P onis® 2
N HCIZ o] &3le H3Z pHel 7002 =38 & A+
2Ry fr)a e 2 geo Kol $FEs
Ho g FFARNT ez pHE 23 F= Ao
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Table 3. Environmental factors of raw swine wastewater and anaerobic digested swine wastewater

Concentration (g/l)

Concentration (ppm)

Factor , Factor
RSW* ADSW* RSW* ADSW*
pH 7.1~72 6.0~6.2 Total nitrogen 2,530 2,300
Total solid 23~25 18~20 Ammonia nitrogen 1,640 2,000
Volatile solid 14~16 12~14 Total phosphate 43.0 340
Suspended solid 1.0~2.0 0.6~1.0 Total sulfate 1,390 600
COD., 22~23 18~19 Zn 041 0.40
BOD; 19~21 16~18 Pb ND* 0.01
Total organic acid 6.5 12 Mn 1.29 1.10
Acetic acid 23 45 Cr 0.08 0.01
Propionic acid 1.0 13 Cu 0.19 0.30
Isobutyric acid 03 0.8
Butyric acid 15 2.5
Lactic acid 13 29
*RSW, Raw swine wastewater; ADSW, Anaerobic digested swine wastewater; ND, Not detected.
3 3
20 r r g
H % o 2.5
HEIAN 1 :
g | 20 2.0
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Fig. 5. Effect of initial pH on the removal rate of
organic acid and the cell growth. Cultivation was car-
ried out at 30°C for 5 days under 5,000 lux in the
anaerobic digested swine wastewater with various
pH.

-0, pH6 v—v, pH7; v—v, pH8; 00—, pHY.

Hoxelage Fsts 98 a7
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100W g widgr] ke AE =24, 3=
1,000 luxell 4 5,000 lux7t2] AA&A §FAAFIHEA S
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S5 A8 2 AU AEkge] S8k AES U
e 4,000 luxEt} E& BxoME {714 23t
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35 ZAE BYKFig 6). FLpe) ojstd ¥3}
o]de] FmaloAie M QLS I FFAduko] §
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Time(day)

Fig. 6. Effect of light intensity on the removal rate
of organic acids and the cell growth. Cultivation was
carried out at 30°C for 5 days in the anaerobic dige-
sted swine wastewater adjusted to pH 7.0 at various
light intensities.

O—e, 1,000lux; v—v, 2000Iux; O—m, 3,000 lux;
v—v, 2,000lux; O —¢, 5,000 lux.
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Phodopseudomonas palustris KK145
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Fig. 7. Effect of initial COD loading on the COD re-
moval rate. Cultivation was carried out at 30°C for
5 days under 4,000 lux in the anaerobic digested
swine wastewater adjusted to pH 7.
Control, Not inoculated, 1, 2 days; 24, 5 days
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Optimal Conditions for Treatment of Swine Wastewater using Rhodopseu-
domonas palustris KK14

Han-Soo Kim, Tae-Kyung Lee!, Hyuk-I1 Kim? Hong-Yon Cho?® and Han-Chul Yang* (Depar-
tment of Food Technology, 'Institute of Biotechnology, Korea University, Seoul 136-701,
Korea, *Depatment of Food Science and Technology, Kemyung University, Taegu 704-701,
Korea, *Department of Food and Biotechnology, Korea University, Chochiwon 339-700,
Korea)

Abstract : For the development of biological wastewater treatment process using photosyn-
thetic bacteria (PSB), photosynthetic sludge process consisted of anaerobic digestion and
PSB reactor were designed for the treatment of swine wastewater and the optimal operating
conditions in flask-scale were examined. Photosynthetic bacteria from soil, pond, rice field,
ditch etc. were isolated in synthetic medium containing high amount of organic acids and
finally isolated one strain KK14 which showed the most degradating ability of organic
acids was selected for the treatment of swine wastewater. It was identified as Rhodopseudo-
monas palustris. In the anaerobic digestion stage, the maximum organic acid productivity
was obtained at pH5.0, 37C, HRT 2 day and under anaerobic standing condition. The
optimal operating conditions of PSB reactor for the treatment of swine wastewater were
pH 7.0, 30C under 4,000 lux illumination, and optimal initial COD loading (kg COD/kg
D. C. W of PSB) was 2 (20% v/v seeding) in the main purification stage. Maximum removal
rate of COD reached 92% under the above optimal conditions for 5 days.



