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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‘Zig"\‘,gs uiday) 54.9~55.4 1.8~6.0
pH 7.6~7.9 8.4~9.2
Temp. (°C) 45 30~35
T-N (mg/l) 4200 288
NH,-N (mg/l) 1350 65
NO,-N (mg/l) 60.2 31
T-P (mgll) 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) reactors 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.
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Aefsta g e] Alzwloll AVEE ZFE Chlorella sp.St
Selenastrum capricornutum 5 %92 WiF- growth chamber
el A 25°C, 6000-7000 lux33-A O & 24X 7F AT =7
Hj %k vl A= ATCC (American Type Culture Collection) Culture
Medium 625 Gorham’s Medium FA3Eo] wl A Z3H
(Table 2). Althull o2 25=wjc}h aF3dar, vl #i=] 200 mizb 231
500 mi 2zt Fekesdo] ZF7F 2x10° cellsiml B2 &3}
k. BWE-S Moina macrocopas AFESIA0H W d2 M4

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

Constituent Final concentration (mg/[)
NaNO, 496.0
K,HPO, 39.0
MgSO, - TH,0 75.0
CaCl, - 2H,0 36.0
Ferric citrate 6.0
Na,SiO, 20.0
Citric acid 6.0
EDTA 1.0
Distilled Water 1000
Adjust pH to 7.5£0.5.

Hi A2 oF7h W& slo] ARR-E19IaL(Table 3)(15), growth chamber
ol A 25°C, 6000-7000 luxe] 20 & 3 Hlo]AH e vjmAE
21 A F HolE FHE 2X IO cellyml HEE FYNA 2
7] wheFslath. 279k EWEe Zhzh 27) woke] Eyx 94
s 2 2= o) AAET BR-R(BFOA FEHE HlAE 25
A A d Yol 2= EE a¢]t

Algal periphyton system O| 88 &5 H L 4 HA
52 H7E e 2E 3 ¥ fEEHe A3 da v

4200 mg/hs BA FEE 7IFSE 100, 150, 300, 500 meg/l2



Vol. 37, No. 4

Table 3. M4 culture medium for waterflea

Constituent Final concentration (mg/l)
CaClL,-2H,0 293.8
MgSO,-7H,0 1233
K,HPO, 0.0184
NaNO, 0.0274
NaHCO, 64.8
Na,Si0,-9H,0 1.0
‘H,BO, 2.86
KCl 5.8
LiCl 0.31
RbCl 0.071
SrCl,-6H,0 0.15
KI 0.0033
Na,EDTA-2H,0 2.5
MnCl,-4H,0 0.361
CoCl,-6H,0O 0.01
NaMoO,-2H,0 0.063
NaBr 0.016
CuCl,-2H,0 0.0165
ZnCl, 0.013
Na,SeO, 0.0022
NH,VO, 0.0006
FeSO,-7H,0 0.996
KH,PO, 0.0143
B,, (cyanocobalamin) 0.001
Biotin (d-Biotion) 0.0008
Thiamine (HCI) 0.075
Distilled water 1000
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SHH F7] 98 s FYste) Aast Q9] HSS 10017
15: 12 A8t Z4ztel]) Mg 28), 4u) A e)ale] A Ad
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7-8X10° cellsim! 2 AFSAT}. 240700t} A 8E A3 51
i 5 2 2/ S HIE aF2ega, 9L AAS AL

e Aj2] AlzEle o)83) HAeAlel 319
ol FES B3

Msx Hdo] I8 Fe=z QIft s XA ¥ ==
4%

BFCOA 12} X" HA F5 2F 300 meie] HAL 100,
150, 200 mg/i2 Z+Z} 8|43y H, A7) S. capricornumms °F
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Mg*#} Ca™*& 7155 280(Mg> 150 mgll, Ca®* 72 mg/)%}
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A9 STk FY3aL, FU1ES YolFA &L AL Uz
TOZ ] 24A)7tele} A AALY ZF7 NAS WElE v
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ZRet EHERZE| HolAM A of of 8t JHH|5= H 5}

BFC 278 24 TEE 7IF2E 150 mg/2 A3 A5
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2X10° cells/mlP} S =5 943813, BWESQ M. macrocopa 19}
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an % o
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3| M819:S W, Chiorella sp.S} S. capricornutum®] &3+ A A
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i ol g 49 Fo] AALLE 38, 50, 33 21 21%2
AT A FE} 150 mgid W) 7P L Ax AAE
< BT Qa1 o] mje] FLE 756 mglE ZAHAL) S
capricornuum®l] 2|E\X= 247} A wEolA] 48, 54, 38 1
23 26%5 YEMITE. S. capricomuum= X Chiorella sp.2}
PRI R AAFET} 150 melld W) 7FE 2o Ak AALS
eI 9o FEgke 69.0 mglE B AT} Chiorella sp.
9} S. capricormummd)] 93 A AAGL H|Wle] 2 uj A=}
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m' FYAIL, ATl e 27 Fewsls gl
A FE7F 100 mg/ih 150 mghd W, Chiorella sp.2] chloro-
phyll @ F=v 4U7H] ¥R & 1350, 1360 mg/m’So 2 & %
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Fig. 2. Nitrogen removal efficiency of algae according to the total
nitrogen concentrations.
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Fig. 3. Growth of algae according to the total nitrogen concentrations.

@® T-N 100 mg/l, © : T-N 150 mg/l. ¥ ; T-N 300 mg/l, &/ ; T-N
500 mg/l.
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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 ; /, N:P=10:1; W, N:P=15:1;
O, Mg*x2+N:P=10:1; @ , Mg**x2+N:P=15:1; > , Mg** x4+ N:P=
10:1; A, Mg*x4 + N:P=15:1.
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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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Fig. 6. Effect of inorganic compounds on the growth of S. capri-

cornutum at different nitrogen concentrations.
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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-
ciency 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.





