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Development of Advanced Wastewater Treatment System using Phototrophic Purple Non-sulfur Bacte-
ria. Lee Sang-Seob', Hyun-Jong Joo?, Sukchan Lee’, Man Jang*, Taek- Kyun Lee®, Hojae Shim® and
EungBai Shin®. 'Department of Biology, “Department of Environmental Engineering, Kyonggi University
3Department of Genetic Engineering, Sung Kyun Kwan University, “*Korea Ocean Research and Development
Institute, *Department of Civil & Environmental Engineering, Hanyang University - Twenty nine strains of photosyn-
thetic purple nonsulfur bacteria were isolated from Kyonggi area in Korea. The isolated strains were identified as
Rhodopseudomonas blastica, Rhodocyclus gelatinosus, Rhodocyclus tenuis, and Rhodopseudomonas rutila. The enhanced

nutrients removal system for wastewater using phototrophic purple non-sulfur bacteria was developed. Experiments were

performed into two Phases and the results were compared: the synthetic wastewater was tested for the removal efficiency
of nutrients and organics during Phasel and the real wastewater during Phase2. Results showed that 97~99% of organics

were removed during Phase 1 and 96~99% during Phase 2. Nutrients (nitrogen and phosphorus) were also removed effi-
ciently: 85~91% removal of T-N and 78~92% removal of T-P were achieved for Phase 1, and 76~89% removal of T-N

and 73~88% removal of T-P for Phase 2.
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Table 1. Composition of 27 Medium [13].

Yeast extract 1.0g
Ethanol 0.5 ml
Disodium succinate 10g
Ferric citrate solution 1.0 ml
KH2PO4 0.5 g
MgSOy4 7TH,0O 04g
NaCl 04g
CaCl,-2H,0 0.05g
Trace element solution SL-6 1.0 ml
Distilled water 1,000 ml

w71 60 W HdAdT-9} ¥F5-5 29F AL wiFst
At (ZE: 2,000 lux, &5 28°C+2°C). 552 el
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Table 2. Composition of synthetic wastewater.

A B
Yeast extract 0.1g NHCl 0.096 g
Absolute ethanol 0.1 ml KH,PO4 0.011g
Disodium succinate hexahydrate 0.1 g = Glucose 0.117 g
NH,C1 0.076 g Na,COs 0.040 g
KH,PO, 0.007 g Isomil 1.5 ml
NaCl 0.4 g Distilled water 1000ml
MgSO,4 7H,O ) 04g pH 6.8
CaCl,'2H;0 005g
Ferric citrate solution (5%) I ml
Trace element solution (SL-6) 1 ml
Distilled water 1000 ml

pH 6.8
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Fig.1. Schematic diagram of a bioreactor.
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At = B3 dtelglort Hrhd ukgvlollE B 2
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Table 3. Characteristics of synthetic wastewater and domestic
wastewater.

Characteristics Synthetic Domestic
wastewater wastewater
PH 7.3 7.0~7.5
Temp.(°C) 15 14~18
BODs (mg/1) total 150 100~250
soluble 80 60~120
COD¢, total 200 250~330
(mg/1) soluble 120 80~150
Ammonia (mg/1) 25 20~30
POZ-P (mg/l) 5 1.0~2.0
TSS (mg/l) 220 250~300
Alkalini
i astéaC% 250 190~260

71Z, ARz AFAIZEE Z42F 24417, 1217, 4217E, 34]
ez AdAsdd. whg719 MLSS FX& 3,000~
4,000 mg/l2 FAIBIST, wioFRel] 10%, 37)2e) 90% HF
$3te] 2.

A F AR o] £35S Phasel FA
uteg]olr} AYAF ANALE v|X= L AP
Asted A 22 =4 5 Q= A (Table 2, B)
£ Alzste A3t DA M) APEEE v,
Phase2’s Al#| 9] A2 BE-S v|as)y| $lsted U4 o
75 AFeTE FYUTE AMEEIT (Table 3).
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HML u]= EPAY] Standard Methods[5]ell F38}e] AA|
s 7122 FEE F 33y it fEE AF
3led TBODs$} SBODsZ &3 3}9]2, BODE 243}
¢k-2 Fofl= Closed Reflux, Colorimetric Method S ©]-8-3}
] CODcE HAIsIE . 2utell Org-N-& Macro-Kjeldahl
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Table 4. Utilization of single organic substrates and electron donors by each strains.

Substrate 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314
Citrate - - - - - - +) . . + I T N N N
Thiosulfate - - - - - - - - - @ B @ R R R
Mannitol + - + - + + - - - G INGS) . . . .
Glucose + + + + + + o+ + + + G I G I G
Fructose + + + + + + + - - + + + + + +
Propionate ) + - + - - - ) - + + + . . .
Malate + + + &) + + + - - + + + + + +
Acetate + + + + + + + - - + + + + + +
Lactate + + + + + + + + + + + + + + +
Sorbitol + - + 63 + + + - - + + + @ H @
Glycerol + - + - +) + + H H B @ + *® + +
Gluconate - ) - GO G - + G GD) + + + + + +
Arginine + +) - + - - - +) - + + + - i .
Fumarate + + + + + + + + + + + + + + +
Tartrate - - - - - + + - - @ © R - . .
Carproate - - - - - - - - - - + + ) - .
Aspartate + + + + + - - - - + + + - - -
Valelic acid “ - + - S G B S + + + +H H W
Pyruvate + + + + + + + + + + + + + + +
Benzoate - - - - - - - - - _ _ _ _ _ -
Carprylate - - - - - - - - - - - - - - -
Formate - - - - - - - - - + + + R _ _
Malonate - - - - - - +) - - - - - + + +
Butyrate + + + + + + ) - - + + + - - R
Citrate - + ®H H H O - - - + - - - -
Thiosulfate - +) - - - - - ) ®) - - +) - -
Manitol - + - - - - - + + - _ + + -
Glucose ) + + + - - + + + + - + + +
Fructose + + + + + + + + + + + + + +
Propionate - + - - + + + - - + - - *+) +
Malate + + + + + S 65 B +®H H + +
Acetate + + + + + + + + + + - + + +
Lactate + + + + + + + + + + + + + +
Sorbitol +) + + - - . + + + . + + +
Glycerol + + + + + + - + + " @ + + )
Gluconate + ) + “ H O - + + + - + R +
Arginine - - - - - - + + + + - €3] + +
Fumarate + + + + + + + + + + + + + +
Tartrate - + - - - - - + + - ) + _ .
Carproate (AN GS) - - - - - ) - - - - - -
Aspartate - + + + + + + +) + + - + + +
Valelic acid @ H BB - - - + - H BB
Pyruvate + + + + + -~ + + + + ) + + +
Benzoate - - - - - - - - - - - - - .
Carprylate - - - - - - - - - - - - - .
Formate - - - - - - - - - +) - - - -
Malonate + - - - () 6] - - - - - - +) -
Butyrate - + ) ) ) ) + + + + ) + + +

Optical density(OD) at 650: -=00.1, (+)=0.10.2, +=0.2
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Fig.2. Absorption spectra of Rhodopseudomonas blastica KS-300 (a), Rhodocyclus tenius KS-307 (b), Rhodocyclus gelatinosus KS-
317(¢), and Rhodopseudomonas rutila KS-312(d). A sample of the culture were added 60% sucrose for spectroscopic examination.

Method2 33 &4 3}¢]. 2, NH;NZ NO;-N, T-P=
Spectrophotometer(HACH DR/2010)2 AR&-3ed F5335H
22 wjed 138 FAskgdcl. MLSS, MLVSSE "l &4
393, TSSE Method 2540D, VSS:= Method 2540E,
SVIE Method 2710DE 7}7} A 8¢ v}, 28] 3 DO:
DO meter(YSI 58)% o] &3le] ZAsl¢lT pHE pH
meter(Orion Model SA720)E o] &3] &35}

a3t A 0F

g giHEjof 22 W I3

74715 =3t 3] o9 s e s A3 v
gglo} 29 #FE Fedl, °]E 5 Van Niel[18]%}
Bergey’s manual of systematic bacteriology[17]¢] £ key
o] whe} KS-300, 301, 302, 303, 304, 305, 316, 321, 322,
323, 326, 327, 3282 Rhodopseudomonas blastica®., KS-
317, 318, 319, 325% Rhodocyclus gelationsusZ-, KS-307,
308-2 Rhodocyclus teniusZ., KS-306, 312, 313, 314, 315%=
Rhodopseudomonas rutila=- =%t Ly =] 5719 #45
KS-309, 310, 311, 320, 324% n$A =}

Rhodopseudomonas blastica® 3% 715 Gram <4
o, HR5-5 et el d¥eln 27 Fol 08
~1.0 pm, Ae] 1.0~ 1.5 ume]le}. whefFelo] A2 24, 4
7oz vepygen, 292 28R ). ofFo] 9
4% 5 e S Table 40 BABKAH. Aae 71E

o) FRE(21300] met FzHH ) Aol glont A

bacteriochlorophyll a2] peak: 859 nm, 801 nm, 590 nm,
377 nmel| A VT carotenoid™= 505 nm, 479 nm F-Lo]]
A Jepdeh(Fig. 2a). (GHO)%= 64.92 YEPdT} (Table 4).

Rhodocyclus tenius®. ¥ F5-(KS-307, 308)= Gram
=4 RS vEh AR 58 Y 25 mkx
7)ol v Eo R BEAde] Zslet. Hell 7R AR v
A2 27 72 adde] s-Eeln 59 o]Akd
TAME d5 AE7 AL 3 Aol ARG 7HE
Cluster & 3A3le] 84l dalA& & 4 et =7+
Z 0.3~0.4 um, Z°] 4.0~6.0um =G AF 10 um
ol i FHiut. wiodo] ALz viehton] R
ol FH LR BT} o] o83 & S wAUE Table
4ol HAIEIG . A A 718 FHE2, 13]0] wep 4zt
A o] zlol= glor} B Aol Al bacteriochlorophyll a £
peak’™= 851 nm, 799 nm, 589 nm, 383 nm F-rol|A] vlelyt
3L, carotenoid® 490 nm -l A vtebgde}(Fig. 2b). A&
2 pH 5.8~8.2¢14 & xghem (G+CO)%= 63.92 vie}
WJeH(Table 5).

Rhodocyclus  gelatinosus® FX ¥ TF(KS-317, 318,
319, 325)= Gram £A4H-8 3t HE5E 3l &
AL wigzTe ZHEo R ] SR ol ol H4E
clusteridA] $-5Ado] oFsizlct}. ef= Z7lol=AINuF 3
o F) FIL g2 o] HiEeln 7Y ol Fe= rlEn
2 ZHE8 (3.0~ 5.0 um) o & Wahk= 7w} 7HE Ze)7}b 10 um
ol Hi 71 Ax IEAFAT. dFE clusterS FAIH T
ol AL -gA el Wit sl =)= Fol 0.2~0.5 um A
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Table S. The DNA G+C of phototrophic purple nonsulfur bacte-
ria in DSC.

Table 6. Comparison of COD removal efficiency of photosyn-
thetic bacteria at the light and oxygen conditions (unit :mg/l).

Species Strains Tm G+C%

KS301 80.0 63.7
KS302 799 634
KS304 80.0 637
KS305 805 649
KS322 798 632
KS323 798 632
KS328 802 632

- Rhodopsekudomonas blastica

Rhodocyclus gelatinosus KS 317 825 698

Time Light/ Light/ Dark/ Dark/
(h) aerobic anaerobic aerobic anaeroic
0 185.6 226.7 166.3 185.6
12 15.5 71.6 20.3 91.5
24 12.7 40.6 17.8 73.7

Table 7. The comparison of COD removal efficiency of photo-
synthetic bacteria at different bacterial concentrations (unit

:mg/l).

=, Zel7} 2.0~ 5.0 um xSl e, & & 10 um o=
Z 3k 4 9ot wieke o] E3Mo® velgion] B2
o] B o2 3lgir}. o] 52 gelatin liquefaction (2%) HH-&-o]
dofitet. o] 50 o8& 4 Sl =S Table 4] A}
grt A 7|0 FHER, 13)] wel ¥ zle]=
glo} B Algo A= bacteriochlorophyll a2] peak:
862 nm, 804 nm, 589 nm, 376 nm FFoA velgT,
carotenoid= 498 nm -4 WebdehFig. 2c). 72 pH
5.8~8.204 2Rlskem (GO 69.82 LERdTH(Table 5).

Rhodopseudomonas ruila®. FXH ¥ TF(KS-306, 312,
313, 314, 315y Gram=4 HH-S Jepiie #Hr &5
stdct. gele 7o ® 37)= £ 0.2~04 um, Aol 2.0
~3.0um AEGE wiekzrlol= g3 Fou} Az} do)rt
Aol clusters HAsH +5AHAE FalAH. o] F2
gelatim liquefactionol] ¥H5-3}A] ekgke}. whoFel-2- A} oju
3719 Al v w7 Wty o5 'l ol 4=
Table 4ol HAI3FA. My 718 FHE2, 13]0 wet
F7FA 9] zjoli= 9l or} B AlFe| A& bacteriochlorophyll
a 9] peak: 851 nm, 799 nm, 589 nm, 383 nm F-T-of| A
el carotenoids 490 nmri-coll A Yebde}(Fig. 2d).

9, vl 5ATF KS-309, 310, 311, 324+ 74302 Z05
~0.8 um Z°] 2.0~3.0 ume| -2, vk FEA ]3]
o} Gram 54 4RSS Vel RR 55 3 ol
o} gh49] o]-4-E Table 4ol AEIIT)

ZEH stE2lol 232 3 84

Hgxjelol] A8 B3 ulelg]ols (AH o2 Bt
FE9] elig] o] 847 (Table 4)2 vlglo g okt el
< o)438 4 9l EIIFE(KS-309,310,311,312,313,314,
322,323,324)& AA3IA ol F3A AlEES] H7I4t
719} &7)/37) 279 W3l wE flE AAEEE £
AFstgth(Table 6). 334 W ok F7]& AAZES
H7)/37], §71/27), H71R/37), 71”37 &2 F27
02 Jepdoth 33H deEelels olokst diabsE e 2l
NeBZ I FE TFe &3] FTIES A7
3, F7)A1E gXelM FFAAE slEE {f7)E Ballsel

Bacterial concentration
0.5g/1 1.0g/1 4.0g/1 8.0g/1

(h) COD Rem. COD Rem. COD Rem. COD Rem.

(mg/l) (%) (mg/l) (%) (mg/) (%) (mgh) (%)
200.0 200.0 200.0 200.0
1246 570 1093 598 111.8 542 129.6 490
81.3 72.0 559 795 966 604 1144 550
712 755 50.8 81.3 91.5 62.5 1068 58.0
483 833 305 88.8 839 656 89.0 650
10 7.8 939 51 982 1042 573 813 68.0

Time

I W N N Y

Table 8. The results of removal efficiency for SCODcr, NH;-N,
NO3-N and PO 4+ by photosynthetic bacteria (1 g/I).

Time SCOD,. Rem. NH3-N Rem. NO;-N Rem. PO; Rem.
(h)  (mgh) (%) (mg/l) (%) mgl) (%) (mg/l) (%)

0 2000 00 215 00 09 00 51 00

2 2000 00 203 58 08 00 36 294
4 1474 30.1 215 00 08 00 32 373
6 119.5 433 148 314 08 00 13 755
8 68.6 675 108 500 08 00 03 941
10 127 940 93 570 07 00 03 941

T A= AlREY gReIME P W AAeE B
o
%

£

FA dele]obe] Fmisle)] e 718 AAEES
Table 71| A|A|8lodet. A9 f71& AA%e] 7 =
2 A3 vlelE]old] FE= 1 g/ o]ddet. 0.5-1.0 g/19] 4}
glg]o} Fzol A= oF 93.98%2] A|AEES dS-ukd, 4y
19} 8 g/lo] geAl= @38 A|AEo] FHidle] 57-68%
o) AAEES Bk & TAFe] BS5S AAEEe] ¥
2 o] ol Z1g ou|gidt

AZEx 1 gllr FAuee] §718 2 7718 AAR
5 ZAelolch(Table8). B4 wlelg]ole] f71== <l Al
AL ZHzt 93.99%2} 94.12% wi$- A et e
U ghe]elA] Ai 56.98%, A AiE 72] F7to
atol vehdel. ol S3gHA wlelglolr) kR oM ALE
AAbst A0 2 WA T Fle] opd M EFA o83}
= FoE ez}
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Fig. 3. Chronological CODcr(a), T-N(b), and T-P(c) concentra-
tion profile in phase 1. ((I: influent, O:effluent, A :removal
efficiency).

ghdhsre| XelgE

28719 71 A7E 97~99%= M S
< epliek(Fig. 3a). ol& F50] f71E o= g
A atER ot 4l AFH EAE 4 e AU AR
7] wiEelm, FA 5 wioFA] wiALE AR Aol
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