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Size Estimation of Microalgal System for Nitrogen Removal
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Korean wastewaters have higher nitrogen concentrations than typical wastewaters of other countries. Most treatment
processes such as activated sludge processes will need to supplement exira carbon sources for a complete removal of
remaining nitrogen after the initial wastewater treatment. Because of these difficult matters, we have searched wastewater
treatment methods that require no additional carbon sources. Wastewater treatment by microalgae in photobioreactors, using
a green eukaryotic microalgae, Chiorella kessleri, showed a promising results and thus was selected to study further. This
system is not intended to replace the conventional system but is to assist the existing biological treatment systems as a
supplemental nitrogen removal process. Thus the secondary treated livestock wastewater was tested. Column type
photobioreactors developed in our laboratory were used. When aerated with 5% CO. balanced with air at 1 vwm and
iluminated at 100 pmol/m*s under 25°C and pH 7-8 by CO; buffering effect, the maximum nitrogen removal rate was 2.6
mg/Lhr. The results confirmed a possibility of microalgal wastewater treatment system as a secondary system to remove
extra nifrogen sources. Based on these experimental results, the size of the optimal microalgal wastewater system was
calculated. For the wastewater whose initial nitrogen concentration of 150 mg/L, the optimal batch system was found to be a
2 stage system with a combined retention time of 4.6 day. From the continuous experiments, nitrogen removal rates were
examined under different dilution rates and 2 stage system was also found to be the optimal system. The combined
retention time for the continuous system was 3.5 days. It is expected that conventional biological wastewater treatment
systems followed by microalgal systems would reliably decrease the nitrogen concentration below the government criteria
even for the livestock wastewater with low C/N ratio.

Key Words : Microalgae, wastewater, photobioreactor

M B 7} dolQlAl ArkD).

53], +eusty siee gaded uis) 49 Hgol
tgoz 52 S42 Bol7] wie] 71&9 &S o
st sh-¥g AY WHer ALE AAs e fgol

o,

7129 AENA H5 Ade N, HEYY, @
N14AEY Fol ok 2 sk &AL 19999 4@ 5 =
A Sutat 3 22 el WA 150704 2= 127740 2 9L iRtk ON B (34499 % o 299 F
A QER] AR 9y ASHT 9= wde)t) 3L A o] w7k @7] Wi V&S WHoE A P& W 2
£ olg3tal AgFdid BODY 90% olo] AA7 7bsst Hle WS oA k.
o g 2a AALL 1642% AL Be AYLS 7} shH ol XFEY Qs FAavh T3] AASA g A
AEE BASHAZ MY Tolx A3 B ] Ax  EA S FFEhE Axz dstd wE R
4w AAAY HIls B2 gAY wgto] oy
4 ATH2-4).

old EAE shAsy] Y3 degol} g g ¥
zo 9% f7] SdAYe FY3 ON ¥E Fo AAE

AA AW, 3 M WEe olestArh 1y og

bl %E op

+ Corresponding Author : Department of Biological Engineering,
Inha University, Incheon 402-751, Korea

Tel & Fax : +82-32-860-7518

E-mail : leecg@inha.ac.kr

236



Kim, H. U,, Size Estimation of Microalgal System for Nitrogen Removal 237

B e Bad Tl mEi 71 vlgo] WAsn =3
3

A4 A9 50-90%E A5t A

ol FAAEAE HEst7] A3 He ) A4E biomassE
A agn vEEA aAse W) itk olE Hd Tl
AzxF7E A mixlzRe BEAE sl Adse v
AEEA f7] g2d9 T 28 93 oJUSERE ©
2907 ojgdte] HAEEZ CON H7} e HEolA 3
2 24 o Atk wAzFE A7 B AERE
20 FFAROH BE F8F 29 Al = S
Fort FEoln AFE, obE Als 1¥i 8% Rt
5o} W ThsAdo] gzl Al & 7|9E skeln 7
o] JG). & vAzRE HAsAd o848 e i
Aoz WEFHE oiglgad o] 1 & Ut HA
F7tE e oldstghd vEE AT 2dsy FHEARZ o
¥ oE AL om] o dojn =3} & T IAHL
2 olitstead AAE A% S20e] ATHe). WA b7
9 oldsiga A9 Ay W] ALE AASE F A

TP P

g dv AHE HAZRFE ol HEHEAANA &
S & A& Aoz AZdrt 1 9 vARFe dA dER
A Alg-o] Zbwdlth B |59 wRge] A7t lx &
Adge] di A oldtsteay) BASY AT evdsls o
oFe 5 EAA "o A AR dAF7E JAF S0l
t}. AESHAC AZE AEZM ethanol, methanol 1z}1t

methane o] Sl=dl HAZFE 2l AEH deg A
e Agst 2 4 gtk oAzRFE 549 ethanold
methanolS A4+ & 4 Q1o 53] Botryococcus brauniiZ
HE bio-diesel®] A2 Wol A} HATKT, 8). o]
ol FEAEE B3 vARFY wige] o]FoAm Juk9).
284 7% 59 20l HAzRIL AFEE AdE F
At HA zo] HA Za|r ZofolA FiHgel o A%
e wAzRE 409 A44E Sld 0507 gL we
FEE Z=tH10).

e o Ael FAE ON Wb we A% ye) Aa
g AAS fa, 718 ARSEHL de dAeAE AAY
9AE FEse deHE FXE ALsie otk olwf A}
L5 oM ZFQ Chlorella kessleri 9] A2 AA ¥EHS 2
ORI Chlorella®] @Y FoZ #HE W) Ah A7 Fx9
7Fede Lotrua Aok

S EREY

oF U M=

B Aol AARE U N ZRFE Chlorella kessleri UTEX 398
2 Culture Collection of Alga at the University of Texas,
TX, USAZRE Bouoith C kessleric 714 &3 2 4
de vARFR F FFHA G HF diameter= 5-10
mmzE Aghojut cellulose®] 27 B|52g Z7|E 7MAT $
k7, 11). % heterotrophic A7&e] B34 AFHTF =9
B A &5 2 Pol=d C kessleriz= F3A Hu wg#
259} heterotrophic o) ¥l &%} 8% viNZFS
o] shAleltt. g & w4 2FEC HlE 52 TE9

AFAFAN 44T 4 A 54

Zal Qo

tio

THsE 718H o2 N8 wiAlE ARS-SFGlaL Table 19
2 2L Jelgth Table 10 Holi R N8 #j=]o
e fr7leido] Ad o3l ok a2 Agd A8
modified N8 WjA= N8 wj#|9} tpg MBS BF 21 A4
T gl FAC nAzRFRY 9Y AR o dns
A7) Y QFHSFE 121°CllA 1587t autoclavedte] ARE-

st

s
i o

Table 1. Composition of artificial wastewater (N8 Medium)

Components W g]}g})llte(c ;/];rill;)l) con(csn{r;;t;{;;ion
KNO; 101.11 1000
KH;PO, 136.09 740
Na;HPO, . 2H;0 142.06 260
N8 MgSO, . 7TH,O 246.48 50
CaCl, 110.99 10
FeNa EDTA 376.10 10
Micronutrients 1
ZnS0,. TH,O 287.54 3200
Micronutrients MnC), . 4H,0 125.84 12980
CuSO, . SH>O 249.70 1830
Al(SOs); . 8H,0 342.10 3580

(A)

B)

Figure 1. Scheme of experimental system ((A) photobioreactor for the
batch experiment (B) photobioreactor for the continuous experiment).
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Figure 2. Nitrogen removal rate each nitrogen concentration.
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Figure 3. Comparison of single stage system and two stage system
from batch experiments.
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Figure 4. Profiles of cell of nitrogen concentrations under various
dilution rates: (A) fresh cell volume (fLymL); (B) nitrogen concentration
profile {(mg-N/L); (C) dilution rate (/hr).
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Table 2. Calculation of retention time from continuous experiments

1 stage 2 stage
So 140.0 49.4
mm(/hr) 0075 0.075
Ks (mg/L) 63.53 63.53
Dopt(/hr) 0.033 0.019
S(mg/L) 49.4 21.4
Retention time (hr) 303 52.6
N-removal rate(mg/L/hr) 2.84 0.53
Total retention time(day) 345

Aggre. Effluent

Microalgal System

Figure 5. Application of microalgal system.
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