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Table 1. Chemical properties of wastewater eluted from methane
fermentation system developed in this lab

Parameter Methane Fermentation ' Biological
System Filter Chamber
HRT (day) 16 3
L‘(’g% i ida) 54,9554 1.8~6.0
pH 7.6~7.9 8.4~92
Temp. (°C) 45 30~35
T-N (mg/l) 4200 288
NH.-N (mg/l) 1350 65
NO,N (mg/l) 602 31
T-P (mg/l) 80 30
TCOD (mg/l) 3282 510
SCOD (mg/l) 2214 490
BOD (mg/l) 834 161
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Fig. 1. Schematic diagram of a pilot scale three-stage methane fermentation system consisting of a hydrolysis/acidogenic reactor and two upflow
anaerobic sludge blanket (UASB) reaciors for acidogenic and methanogenic processes. A, crusher; B, hydrolysis/acid reactor; C, acid reactor; D,
immobilized-bed methane reactor; E, clarifier; F, oxic biological filter chamber; G, anoxic biological filter chamber; H, algal periphyton chamber;

I, gas reservoir tank; P, pump; AC, air compressor.

FFE 27]d s Addem B QAL Hel
AN AAE ST tiere] A== 390H9,10,18).

£ d7lMe SulleA o2 28stT e 2278 A
A B2og F 25 B 72 194 R4 JeRa a2
B, 094 B4 hEEE, 394 @714 vie gERE oA
FASUEFg. 1), AF WEHE Al A7 cop, F Ak, &
el F=IF WEsIl 1R 7] qEd olge AAT e
go] AATH(1L)(Table 1). WA 47122 BFE 54 F 3
F WESET dFE IRF F27E 2
HFEBFC)S 25, BHE S0l 2 AYsEh 37 Al
& 85 A2 AL sk FARAE AEskL

A st
s 2 Ey
A=z
Aeietr 28 Az A" 2FE Chlorella sp.2)
= (=) N=)

Selenastrum capricornutum 5 FL2E )92 growth chamber
WellA 25°C, 6000-7000 lux-H O 2 2447F FARSIHLE &5
ik ¥ A]+= ATCC (American Type Culture Collection) Culture
Medium 625 Gorham’s Medium &3] wal AZsidtt
(Table 2). AlHa)oF2 25w} B9, Wik =] 200 mr} ©70
500 mi 4zt Zepadl] 2F57F 2X10° cellsiml B HES}
Ak EWHE-L Moina macrocopa® AHESFHom wld2 M4

Table 2. ATCC Culture Medium 625 Gorham’s medium for alga

Constituent Final concentration (rmg/l)
NaNO, 496.0
K,HPQ, 39.0
MgS0, * TH,0 75.0
CaCl, - 2H,0 36.0
Ferric citrate 6.0
Na,8i0, 20.0
Citric acid 6.0
EDTA 1.0
Distilled Water 1000
Adjust pH to 7.5+0.5.

HiA S k7t W ste] ARSI (Table 3)(15), growth chamber
oA 25°C, 6000-7000 x2] ZALZ 3 | vlo]F o] vk AE
21 AL F Holg HBE 2X10° cell/ml HES FUSMAM 2
7] Bislant. %9 WSS 47 27) Wlgo] Euky 94
sHA & A o) A2 HEEBFOAAN FEEHE HAE =F
A FYaA Hde] H-SE=F st

Algal periphyton systemS 0|8t 25 HHLY & 4 XA
=4 HAZIE Wg L8 T4 F rEde 4@ dh B8
4200 mg/lys Ai FEE 7IECE 100, 150, 300, 500 mgllZ
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Table 3. M4 culture medium for waterflea

Constituent Final concentration (ing/l)
CaCl,-2H,0 293.8
MgS0, 7TH,0 123.3
K,HPO, 0.0184
NaNO, 0.0274
NaHCO, 64.8
Na,$i0,-9H,0 1.0
H,BO, 2.86
KCl1 58
LiC1 0.31
RbCl 0.071
SrCl,-6H,0 0.15
KI 0.0033
Na,EDTA-2H,0 25
MnCl,-4H,0 0.361
CoCl,-6H,0 0.01
NaMoO,-2H,0 0.063
NaBr 0.016
CuCl,-2H,0 0.0165
ZnCl, 0.013
Na,Se0, 0.0022
NH, VO, 0.0006
FeSO, TH,0 0.996
KH,PO, 0.0143
B, (cyanocobalamin) 0.001
Biotin (¢-Biotion) 0.0008
Thiamine (HCI) 0.075
Distilled water 1000

S F 500 m A} Sl 7 Ah FEEE 250 m
Qo| FQTh A7) Chlorella sp.2t S. capricomutums 42t S
Jila Hobl  AxEes) WS A Bokd 2R 27) F
YU FE chlorophyll a8 FEZ 500-600 mg/m’ S FU3RL,
zZyzve] A BTN Chiorella sp S} S. capricornuum® &3+
Ha AAEH chlorophyll a8 EABFITE. Chlorophyll o] &
A2 Standard method(4)o] w2} =g s} ).

Mg & ¢l Feloz oIst HaMA W =F x5 #st

Wg wE #H o] BRCA 34T ARAE AR T HlE
2 we) §&59 @2 FEE oF 300 mg/io|thTable 1). ©]
ol GE4 FANER] MghE 2F A =] 24
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E a3l on, g 27 Al He d40 29 HELE
g F7] 93 g FASA A4 Qe HEE 1017
15: 12 AT 232 Mgh& 20, 48] HElsbe] AbA|H
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BECA 13} 28" @4 5% oF 300 mgle] H B 100,
150, 200 mg/i2 Ztzt A3 H, 7)ol S, capricormumms: <F
8X10° cellsim! FYstAT}. F712e 25 wjouz A% &
Mg?T} Ca¥E 7)1EFxe] 2 (Mg® 150 mgll, Ca® 72 mg/hst
4 Mg™ 300 mgll, Ca¥ 144 mg/HE ' 242re] A% &7t
HAGH SekaTd] £YSHL, FI1ES PolFA] &2 AL Uz
T2 sl 24X 7 et WA AAET =5 AT HELE H]
. FESSIT

ZRe S| Yo s 2A ol 2/t FHH =+ St

BFC f2FE 24 F5E 7IF2= 150 mg/2 4T AR
10 mi go] 10705 €818 § H719 8. capricornutum®)
0° cells/ml7} B2 FUFL, B8 S M. macrocopa 19}
= /0] test wbedll FUSHTE T8l EHES WA 2
7 N8 ERELE sl BHS /Ao SvH] WmE =
A5 4AE #Essrh
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HeY M2 24

aE g R 246 9l COD, T-N, NH,; N, NO,N, T-
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Chlorella sp2l Selenastrum capricormuum®| 2|8+ W5 I
o] Mx MAH A =& 4T

S22 2F HAe A4 FEE 100, 150, 300, 500 me/i=
B E9S W, Chlorella sp} S. capricomunme] 218 24~ 2|
Age 27 Fig 20 JEAATE Chiorelia spoll 23 2}7}e]
B4 F=o tigh 49 Fo] AAZL 38, 50, 33 AL 21%2
EXHYL EA FEI} 150 mgid o) 7FY £& Fi AlAE
& Boea 91, o] e FEE 756 melE SHFAL. S
capricormutum®l| 2|#jAE Zzte] A FEAA 48, 54, 38 L
g 26%E FEPATE S, capricomutum™ SA] Chlorella sp.St
V7R 2 AT} 150 mgle o 71 =2 A4k AAES
ez glom TR 69.0 me/E BRI Chlorella sp.
o} S, capricornunumel] 918 A4 AALE vlwske] £ of Az}
Boie EAr) 272k iR B e dAAA ENE
BHeZ7 9tk

FE Ar FEE J)1FEe 4% Zze] FekhFdA
Chlorella sp.8} S, capricormuum®] 25 F= H3E Fig. 39
e ict. Zzte) STkaZol e chlorophyll «= 500~550 mg/
m® FUSAL, AR E 2R TEHIE BESAT
A FE=TF 100 mgli®k 150 me/id W, Chlorella sp.-‘ﬂ chloro-
phyll ¢ T=F 4979 Hhg F 1350, 1360 mg/m’S 2 =& =
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Fig. 2. Nitrogen removal efficiency of algae according to the total
hitrogen concentrations.

@ ; T-N 100 mg/l, O : T-N 150 mg/l, ¥; T-N 300 mg/l, V ; T-N 500
mgll.

7 ARE BYET Tk S capricormunim Ho1E A H0)A)
T 7P £ £2F A4S Bolv A2 228 HdY ds 7

E 100 mg/le}t 150 mg/l= HAg ASE chlorophyll ¢ FE
= 212 550, 600 mgm* L REE] 1580, 1620 mgim’o.E 7}
wo] F7¥ekact

o)%d2) BB Chiorella sp2} 8. capricornumunre ¥R e]
A4 FEE V)ELR 150 mgo R AANE W 7 v 2
= AAEH 2R S BT Je 302 e, o
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S. capricorutum®] Chlorella sp.B.0F ™ 2 AL A7 753
2 27 4%E BoFT ik geld DEEY f714 HRy
H2-E ZFHE o)&sle AANZA & e F F 7ked s
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3WH, Chlorella sp2t S. capricormunm®] 213 A2AAE 2
A FE7T 100 mg/el A 497ke] 9k & WUHS 42 71EA] )
718} 23sks A0 2 vtk 2, Hdge) Aawert 300
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Fig. 3. Growth of algae according to the total nitrogen concentrations.
® ; T-N 100 mgfl, O ; T-N 150 mg/l, ¥ ; T-N 300 mg/l, V ; T-N
500 mg/l.

mglls} 500 mg/le] =R AAHE Aol 2771 & AA
5317] wiiel] #He Fe] i E F57) AU olFojAA]
F3 &7l 3 A4 A B @A e gela, &
HE H A2 12 A JARL o) A BE=I) 150 mgll
olatR HEZE § F ZFE o|83dA 23 HE sh= wikle]
AES Ao 2 AAZHE) Travieso 55 Tam 52 |83 =&
& 143t Situler, 7HE8E AEsider(4,15), B d
TAME Z2/E PFslH 22Z AAS Hegea 25
o fAgle] AR A= e AF Falsiajor &
Fo = AtzdEd

Mg & ol FeoR ¢lgt BFC f&72 Ha & =/ A
A wist

ZFE PR ol&sto oY) F9 COE nAA Ay
Fr1ES Aitehe EHIFAEEA A4 Yo 454 T4
5 Mghe] X7} FasiA gt

A8 TExe F1F TR Y BFCY FEF] g2
48] FA8Q Mg BAH ZRAGA 24 Fxe o)
(150 mg/ny<k 491 (300 mg/lyE FUge 23 2Fo] QoA A&
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Fig. 4. Effect of Mg™ and N:P ratio on the nitrogen removal efficiency
(a) and growth(b) of S. capricornutum.

@ . control; O, Mg®x2; ¥, Mg®*x4 ; V, N:P=10:1; l,N:P=15:1;
O, Mg™x2+N:P=10:1; € , Me**x24+N:P=15:1; & , Mg? x4+ N-P=
10:1; A, Mg*x4 +N:P=15:1.

F7keleA] AT B A 9l vEs 2R3 27
7t dAE BFAo R Fsly 1S o] & o|RREAE
ARG F, A4 Q0] 10: 13 15:1¢] B2 2HE Z2
o] Azl Mg ZzZ; 2Hl, 4l Y3k Zbzke] 2A w)
E 44 AAELEL Fig 4o, =F AT WF= Fig. 4boll
e

Mgg BolF Zo] ¥2) &2& Ax) o 5& A AALH
7 EE Ve o), fEgU aERe] Fd RS
et HAFGE0 mg/moel7] Wil 2577 2 g4EA Zahy
2 AAEE U Mg 2 o] eh& AT v, 48] ¥
olF A AALL Z4z}t 23, 30 I 32%=F VERGTH Mg
& ¢ FA% A FollA Aot Qo] HIEE 10:12 243
Ao 71 & Al AAERY] &F 50%, FE=E 153 me/is
EPfom, Mge FYA ¥ 2 g 2A% Alse 4
& AAL) A8 2 UeE AL BART k(g 4a).

P

BEEA FAT A2RE o8-8 HyAT 321

Mg 1% A 9 F=he 28e A= dh A7
0] A9 NG, E ATRE JAT 714 Mgte F
gt A5 Mg?E FYSA e A BMY Ha AALE
Mg*& YT AlBAN o £ F4 AASS Hole o=
IHP ez R, Aiel 919 vEETHE M) Exjlo] weka
ZFol ¢ ®Hot 571520 Ak AA7} o] FolFtia AL H T
Mg™8] FYF=r) 299 Y o) 25 FAd o Qe F&=rt
15: 125} 10: 1914 © B2 A AA7} o] FoiA= Aem 1}
Elgdth Fg 40018 Zhzbe] 2AdM Z2F A W
HaAFa vt 257 fAS dst 9A] daA AL 7R S
g Z791 Mghg 4] FYsta Ah o 19 HlEE 10: 12
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Fig. 5. Effect of inorganic compounds on the nitrogen removal

efficiency of S. capricornutum at different nitrogen concentrations.
® . control; O, (Mg, Ca®*)x2; ¥ , Mg, Ca®*)x4.
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AR E NFoA| 8.1X100 cellymBHE 1.5X107 cellmZ 7}
Z Be] 7RI ¢ ¥x AAR rEPIAz 28 2109 Al
oA 7 5L AAEQ 75%2 velian], o] S
27 34 mgllNA 8.5 mgll= ZHAsidet. 918 9des A
8] £ Mg*g FU3 A8 Qe iR AA= =2
=712 8 mg/e] S-e e ALE JERgy) wiEel e
1S H7k Fe AL BAV} gl Aoz Algdr)

olite] Ao Mg 4l9] TR FYsll 9 FEE
HAGE AFolA Aist A9 AA7 M FFsisEe] o
2394 7P & 79 A Z48L Hole AeE

BH Tt

Msze mHodo F7i8 Feo= it Ex MA 2 =R
oz

BEC &2 100, 150 283 200 mg/e] AiEwE 34
sha] A3 Zhzte] A8 S capricornutums DA 3A L5
I BE7EMgY, e BEE et 2adA diAA £
4 257 /Ao WelE Bds 4748 Fg. 59 6o et

Fig. 5914 B vle} 2o] AAETE 100 mg/2 AT A
M FVNEE YoiFA] g2 ETY A4 497 937
Bo] Ai AAE0] 56%E A T 27 F=aL 100 mg/l
N 44 mgiE AA=ELE. TFH Mg Cag 7IEFEY 2
HlMg™ 150 mg/l, Ca® 72 mg/hs} 48)(Mg™ 300 mg/l, Ca®*
144 mg/h2 ATBHAL Wole 22 63%8) 65%2] Al AAS
£ R} o) We] Hh e 100 medA 22 37 mell
o} 34 mg/lR ZHrste 2o WY, 77182 Yol AR
wolgz] g2 A BT 49319 9 T iR 4 vl 2
A2 FE VEXL 60 mg/iol3HE YRR 7] whZel BFCAA f
E5E A9 A T 100 mgielstd HE A9 H F7)
B QRS TUA gl THE o8 AlgdTh

Fig. 5914 A4 TEF 150 mg/iE ZAGE9E vie] Ai A
A& FNEE YolFA &2 A7 2, 4] goiF He] 2
7} 50, 56 1E]3 65%= WFEYRT). o] W e A4 wEE
75, 66 1E I 53 mg/l2 ZAFHTE A7 Fr)1EY] TEE
ai) FYstA & Agte] WFp A J1FEY olstXE UErE S
A = At 183, Fig 54 B vk 2ol #Hfe) &
A B57t 200 mg/l A wWE Z4zZ) 45, 50 281 51%8 BoF
I Qo) AR Axk FEIF BEF 100 mgl o Fe R W 7]
F£XE £7] g2 BFCAA FEHT Yy A4 T2
200 mg/l )14 ASolE B AERT ¢ g vhEAIE F
olob & Ao 2 AlgHth

Z}zke) Ak FE 24 W =79 A3 Fig 691 LJER]
At Hxk AAEe) F7EE ol £ Aol 7 =A verd
AAH ZFe A% T8-S gol £ 3lo] 2187 &L 7R
o g4 o 2 A3t Ao et BRC fEe] A4 F
T #Aglo] 2B BEE ZFul|A 7|# F5e 4]
FaEs W 71 =2 EF A4S e, o W 7
T AL AAES VNS A F UTh

o w
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Fig. 6. Effect of inorganic compounds on the growth of S. capri-
cornutuim at different nitrogen concentrations.
® . control; O, Mg>, Ca®) x2; ¥ , (Mg, Ca**)x4.
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Fig. 7. Population relationship between S. capricornutum and M.
macrocopa.
® . control ; O, S. capricornutum ; B , M. macrocopa.
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ABSTRACT : Treatment of High Organic Wastewater Using Ecological Water Treatment System
Jae-Hoon Cho’, Jung-Kon Kim?, Joon-Hwuy Kim?, Seong Myeong Yoon®, Jung Sup Lee?,
and Si Wouk Kim', (‘Department of Environmental Engineering, “Department of Biomaterials,
*Department of Biology Education, “Department of Biology, Chosun University, Gwangju 501-
759, Korea)

We have previously developed three stage methane fermentation system capable of digesting food wastes
effectively and then releasing high organic wastewater as a final product. In this study, we tried to devise an eco-
logical water treatment system, which can efficiently remove the nitrogen and phosphorus contained in the
organic wastewater. The system was made of microbiological filters, algae, and waterfleas. Of two species of
alga tested, Selenastrum capricornutum showed higher growth rate and more efficiently removed the nitrogen
from the wastewater than by Chlorella sp. In addition, the highest growth rate and the nitrogen removal effi-
cieney could be obtained when high concentrations of Mg”* and Ca®* were added to the diluted wastewater and
the molar ratio of nitrogen to phosphorus was adjusted to 10: 1. In this study, the population relationship
between alga and waterflea was also examined in a test tube. The initial number of algal cells decreased as the
waterflea population increased. However, the number of algal cells gradually increased again when waterflea
population decreased partly due to the environmental resistance, From these results, it was believed that the eco-
logical water treatment system could be used for removing the nitrogen and phosphorus from organic waste-
water very effectively. Moreover, the waterflea cultured by this system as a final predator could be used as a
good foodstuff for fishes.



