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Potential Use of Microalgae Scenedesmus acuminatus for Tertiary Treatment of Animal Wastewater
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ABSTRACT

The green algae Scenedesmus acuminatus was cultured in different media: animal wastewater and an artificial culture medium in
order to evaluate potential use for tertiary treatment. The experiments were conducted with air flowrate 1~2 L/min at 28~30 °C.
The nitrogen and phosphorus showed very similar removal efficiencies (68~77 % and 69~80 % for nitrogen and phosphorus
respectively). The optimal fed period was estimated as three days in the semi-continuous experiment. The effects of CO. (4.5 %)
injection on nutrient uptake from animal wastewater (biological treatment effluent) were compared to an air injection under the same
conditions of light and photoperiod. The uptake rates of nutrient with air injection were observed 0.009 gN/gChl-a/day, 0.028
gN/gChl-a/day and T-P 0.003 gP/gChl-a/day for nitrate, total nitrogen and phosphorus respectively. The rates were enhanced by
addition of CO, to 0.026 gN/gChl-a/day, 0.076 gN/gChl-a/day and T-P 0.018 gP/gChl-a/day. This study establishes that CO, addition
during nutrient deprivation of microalgal cells may accelerate tertiary wastewater treatment.
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— < 98 7HA *WEE’ Al AgstEA] Zeplon Az
ARSI AR BHALE

Al g-akat =

o Aesrsusin g F ATt 22 2], A9d 5 & O'quﬂf‘i A
wex WIS STl 2951 9k (Tepel et al,, 2006). LH=EZ AAsH| ¢
T Corresponding author Tel.: +81-2-970-7138 e AAS 2o Ao Re 1.__}_ =

Fax: +81-2-975-6928 A= ok $o Ago] Faghy =27 Scenedesmus

E-mail: limbr@hotmail.com acuminatus’7} 29% POl dAFofA LdFoZ HEE Q)
20104 129 69 F thal $toh (Kallgvist et al., 1996; Karrman, 1997). 29
20119 1¥€ 119 HA= L o0 of e =g As
2011115_] 1% 20%] 7‘"ZH§.]'7§ ﬂ%oﬂ/\_lu 3T DEI’IO]— J:C';_E:— ;<1_. '—ﬁ‘}\]'—l':ﬂ T= %]‘110}7]

63



244 D=2 S 3t nN2F Scenedesmus acuminatus® ©1% 7HsA

o] Scenedesmus sp.7F Agsi 37|59 WHS 53k
A7 812 =9 £ A%t (Park et al., 2010). 3, A

EFe HEFE UAELR sl olilslta S 0|83l
e s dEs VIREN SHededs AT

Aol A4S Eote] -8t HolemiAE AAkitt (Wilkie
and Mulbry, 2002). A2 oA ABikel ZFHfo] QoA
O] f-8/del W3t A= A Fsfol B2 2RE = A
& 7R ARSSIES A Aal A ew7k-3 A4
o] B $RE A EHol 59 A4 7AE A
H[80 7 Zoj= AWE HYrkal gt} (Nitsan et al, 1999).
E3], Fdoll= A ouA] A HFE vARFE Hlol
ogd dug ARsHE A7 2Esith (Travieso et al,
2006; Sialve et al., 2009).
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Table 1 Composition of C medium

wHEAIE (NIER)OIA £ 8RS acuminatus (NIER-10093)
T ARSIt w2 242 Table 13} 2t 2A1E 8]
(CHIADE 29 Dat7]olA 120 °C, 158 ot 7petEdsto]
Al wfekstoict. wiYS XBHY7] (shaking incubator)&
ARgsto] SEAD uiYRS SRt 2%+ 30 °CE 8kl pHe
7.5, WEFEEL 150 rpml.E dIgoH, FLo Aulit HuE
ARgSRlTt, e SR wiok 1329 & 254 s vAE
T2 et A= iAol wigfte R 279 g St
AFet.

2. St

Aol AME Hles A7 A YRR GF SAkEe
i HEA e R e Faugon, A=A, 1o
wo)7], B9 AAR AEdS AX Al g4 (bio-
ceramic media)E ©83t A&IEA] HES-E (SBR; Sequencing
batch reactor)3Ho2 HH 22} HP5E 4°C Ao B
o] Atoll ARSSTE 2 At ARE FAtEe (BE
A Ael4r)9] gdE-2 Table 29} 2.

3. deyd

A2 S acuminatus®] 1, Aax AASAE sl ¢
sto] CHiAleflA] Q19 =5 UASHA shal Hao] FFU

Ca (NO3)z-4H:0, Tris aminomathane (C4H11NO3), KNO32J

Components (Ichiura, 1971) Amount A7kES WA RS ARstgon, AAo ErE oA

Ca (NOy)z - 4H:0 15 mg S1A sfar 19 FFHQl B-Nagglycerophoaphate (CsHNagOsP
0 e 5H,0)9) WNE WstAA WiAE Az 2 A4
Eggfﬁigphoaphate ii 9 %ﬁ%?l Ca (NOS)%'ZLHQO, Tris aminomathane (C4H;1NOs),
T i KNOs] 71 Wbl o] F4lo] glol st Cal
Biotin 0.01 pg Oﬂ AR P BF 11]9]6]'—1—1 NaNO:gQ @7}%5’—]' CH;COOH
Thiamine HCI 1ng = o83t 7159 A7FES HSpAA AFIH|olE (shaking
P-IV metals* 0.3l incubator) & AREsto] FERATS skt
Tris (hydroxymethyl)ami-nomathane 50 mg
Distilled water 99.7 mL Table 2 Composition of animal wastewater
*P-IV metals (Provasoli and Pintner, 1959) Component Concentration
FeCls - 6H,0 19.6 mg pH (=) 8.23
MnCl - 4H:0 3.6 mg NOz-N (mg/L) 56
7nS0; - TH0 2.2 mg NH;-N (mg/L) 36.76
CoCly - 6H:0 0.4 mg T-N (mg/L) 119.41
NagMoOs - 2H,0 0.25 mg T-P (mg/L) 24.71
NazEDTA - 2H:0 100 mg CODCr (mg/L) 1200
Distilled water 100 mL SS (mg/L) 390
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Fig. 1 Photobioreactor: a) Air, b) COq addition, ¢) photo of apparatus

Fig. 19 2793718 A2 2 AAsto] 9ra&4] (Fed-
batch or Semi-continuous) A¥-& a3ict w2 2
742 10 cm, Zole 50 cm®E ARSI w4 AelA
+ WNRF S acuminatus& WIOE FRAFEA Qydle
CHiA) 9 FAHSE ARgsto] AFsqltt. A A Al
Aago] 7 2 NOs-N 9F 40 mg/Le} T-P ¢F 55
mg/L FEE Z7|APS s9lon, F7HE0R nAxRe o
20| dERS Yobidy] flef 954-a (Chlorophyll-a)E &
stk Fdae $UL 3~8U=R B 7Y F vk
& AXIL HEstal thA HlE FUske BF &4 0R )
of 7] §%& 2 LEstL wiE2 7] &5 1291 1 Le
Hrse Yo E WheRE HHEHE ES 2 FEES7of|A]
5719 et Feet 3719 COE AR FYstds W =

FEEF AAES 2o nHdRFE 12 %9
Chaoe ATEg 11 HQoliollA] oitshekad] F
e AAskoln. 371 =Y Aldle IS 1 L/imine=®
. Air-CO; ¢ Aloll= 37173+ 2 L/min, COx= 4.5
slo] AgS shgdnh &= 28~ 30 °CE SR8kt

o~
HI
z
L
¥

O RF] AR gokry] el OPTIZEN 3220UV (3h=;
g7 2A)E o] 83le] 660 nmollA 27X 0.D.FF (Optical
Density)Z} SS (Suspended Solids, ¥-8-17&8E)3 663 nm,
645 nm, 630 nm, 750 nmOA Chlorophyll-aE 43}t
Hkgo] Zgjo] wE Azl pH WsE doper] 9Jsf pH
meter (pH-510)F ©]§sto] pHE ZHstglon, ARE 045
m TRo] AR Tk (Filter)® oJkslo] T-N, NOs-N, NH;-N,
T-P, CODeS EA4519th. NOs-N& DR-4000 (2]=+ Hach
g olgste] St
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7t ®A a0l vHEZ2Y (P 1Y)
ArsTE 40 mg/L, 50 mg/L, 75 mg/L, 125 mg/LE W
, ¢ BEE 4 mg/LE JAsteo] A)Zke] Hijof whet
S acuminatus®] el HA9] & WIS gdolHitt E%
k= F & 25 i 39 & dojwron, uieF 6ol o
o] AARES Hrh 22jar wiek 2097HA] AAal) AAR
ol A&AHog 271519t S acuminatus= 10:1¢) 40 mg/L
ol A ik 6U7HA] T2 % AAEEES Helow, ujek 2047t
A 99 %] AAREES Btk EF AaseE 14 me/L, 30
mg/L, 59 mg/L, 121 mg/L2 H3IE Fi1 Q9 =& 5
mg/LE A} 3:1, 6:1, 14:1, 25:12 sfal HjeF 204 7
7] AEHom Y FA] o= RGO R HAd FE
H3ks ARt FIE sh AAste nARRol7] o
= 3 EsAE AL = AAZL
dojuhr] o2 A& & 4 Sl (Fig. 2).

[e1 AN
o
A~

L. 25 HA/0 H&Z2F (N 13)
=22 3 mg/L, 5 mg/L, 10 mg/L, 20 mg/LE W=
AR FrE 29 mg/L2 At A7k Fato] wt
T HIE W SRk 2 A= Fa A3t
VA b2 oihg-2 wiA|skal EukeS Foke] A Egk
th S acuminatuse 29:3~ 20 EF 271%=0] tis] 5¢7
I & HsL Qllen, 29:3~52 A uiF 10 Fde
AAEES Belon, AATES 92~ 87 %olgitt. Haield
H|7F 29:10~ 20 HfeF 1590l Hasds Helon, AAR
&2 93~70 %oltt. 1L wiYF 20U7HA] AEHORE A

me 2 AN
L2 1o ke
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Fig. 2 NO3—N removal according to N:P ratios at fixed P
concentration: a) light reaction, b) dark reaction
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Fig. 3 T-P removal according to N:P ratios at fixed N
concentration in light reaction

A7 Gglom, woF 2007k 29:3~ 102 o 98 %2 e
AATLE Bt (Fis. 3).
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Fig. 4 Nutrient removal from culture medium in photobio—
reactor

<= AABIGIEE HREEUolA NOs-N 5%, T-P 5% % Hjo|
QujA0) BTFE Fig. 40 YERGlon mlA|l2F2] Hio] euf
2E GEA-aR ST 9E4-al A o AA
S7IIATE 3Y7IAE g BYloH 39 o]F i 7t
£ Btk 27] YA oHRFot w71l A-Sshe A7)
2} FEn NO;-N S%E 354 mg/LolA] ik 89% 11.2
mg/LE 68 % AAEGCH T-P2 A% 54 mg/LollA 1.7
mg/LE 69 %9 AALES Bt P& dad= &
Tl JUEAQ AAaot 912 A& A Bt

Lt. S. acuminatusE 0| &%t M M| 54

SAtH| ol tiet mA|lRRe] A3l Alskol g Ad
< ol 271 YA 108 FHo R stgom HapHoR 3
s FolHA 27]87FS 2 LE3IL HiYF 3¢5 27]
S50 1/291 1 LE wAsl= RraHA 082 Adsioint. SSet
0D.9] 23} HaHo R Jrlele A0RE nARFe Aol
ojfofA= AT & 4 e HEa-am 2715 (104
sl 2231y (GHISIADA] 12417~ 199 ZHE KT
A AAol = 23~52 mg/Le 919 = 1.3~2.83
mg/L=E H|Fo|97] wiizol 7|7to] F2 ACE AlmEr), of
A9k 32t (281314]), 43+ (2j3]A) 9] Alolli= NOs-N &%=
7} 13.8~13.4 mg/Loli, 29 5% 6.5~5.6 mg/LE 1A
2579 43l F3E FUot sHARE 524 (Hg) FY Aloll=
2R Y FHo| o Dol glo] Y
WL gle AoR Btk §7189 A £ 271RH
W} gl 2R Hof H3f 7hett f7lES e
g UolA A7t ¢ =gkl dgEch 1guE S
d 7182 29 Bk f71ER e

T-Po] AARES 7] (10834) Y} 22} (5uj}A) +
QA 39 A 3 1.26~2.83 mg/LoA 0.17~0.88 mg/LZE
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Fig. 5 Semi—continuous treatment of animal wastewater using S, acuminatus

87~69 % AAREES Hglon, 32t (2u3]A), 42F (24]3]
A, 52F (Y4 FYA 6.5~ 13.78 mg/LolAl 3.1~8.3 mg/L
2 23~40 %2 Hold AAEES HolA| it skAT
A5 YA HHRFEY Aol AAZIE HEriSolE Bkt
I AL HHe YIRS AFeks AL & & AT

NO3-N&| AAEES AHEE 27] (10813]4) F42t 22}
(5ujEA) A 3Y A & 2.3~5.2mg/LolA 0.4~1.5
mg/LE 83~79 % AAZEE How 32 (2u)F4), 42}
(2u8]4), 5&F () FYUAl 13.8~25 mg/LolA 3.3~20
mg/LE 76~20 %2 AAZEE =9 s sHEY &
Btk aRARE NOg-No| A|ALH Ao emyopd &

=2 0

A5 128~ 31 Afojo] & AAsLe vlM2F7E EY
oMy ALE AFoh= A & 4 UYLk pHE 8.5~952

nHEFe AT dgEE ¥ A Y=

2oz e (Fig. 5).

A= 2

=ol7] flstel 27|10l 108 3l4o] ohd 2w} 3

15 %z Blo] AFe| Ho|Z F9ct.
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= —a— NHs-N
g =
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SS9 0.0.9 A HAAor F7ke E5e B Az

7O APHS nyon, YEa-a0] 4% 27] @A) F
QA WAl A 2 wskE HelRA slal] ue]
CO, 71l Thet A% A7)2 el o3 (2ufsls) 914
o vl ol FA

7122wk

2 et 223t

L

o
Azl Sle e #9827t

o]
3 f7I=olet BAEIT 27] F9 Aloli= NO;-N¢F T-P
srol 2 Wsph glolon Aol w9k 22 (2wigd) F
A NOs-N9J 79 16 mg/LolA 4.8 mg/LE 70 %2 AA
FES HYon T-PO AL 12 mg/LollA 4.4 mg/LOE 62
%2 Ao AAEES 2k T-N 4<% 57 mg/LolA 30
mg/LE 47 %] AARES Btk 9 FYAlel= NOs-N
o] A% 16.3 mg/LollA 8.0 mg/LeE 51 %9 AAAELY
T-P& 14.2 mg/LolA 5.9 mg/LE 58 %, T-N& #H<$ 75
mg/LolA 34 mg/LE 55 %9 | AAEES Bt 4=
Yot Aae 37|1FAAe vEZ A2 8ieF 12417~ 1Y A

ojofl 7 AA=U (Fig. 6).

fr =2
M L

Ty

Lt MALSEZe nE

AE5A-a0] dist Aa 2 9 AAEES B 379 £
Aol NO3=N-& 0.01~0.013 (0.009) gN/gChl-a/day2] A|#
£25 Yehlla, T-N& 0.023~0.035 (0.028) gN/gChl
-—a/day, T-P%= 0.001~0.004 (0.003) gP/gChl-a/dayS U+
ERdch 18)3 CO, 9419 NOs-N+= 0.005~0.047 (0.026)
gN/gChl-a/day?] AALEES YeRAL, T-N< 0.023~0.129
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Fig. 6 Animal wastewater treatment by S. acuminatus under the condition of CO. addition

Table 3 Nutrient uptake rate in photobioreactors

NOs-N uptake rate
(gN/gChl-a/day)

T-N uptake rate
(gN/gChl-a/day)

T-P uptake rate
(gP/gChl-a/day)

A Average 0.009 0.028 0.003
D 0.004 0.006 0.002
0y Average 0.026 0.076 0.018
SO 0.029 0.075 0.021

* SD: Standard deviation

(0.076) gN/gChl-a/day, T-P%= 0.003~0.033 (0.018) gP/
gChl-a/dayE UetHo] 3715% Hoh CO; (45 BE &
FUt 2RUSOA w2 AYay 9 AR FEE T
7R AL & = QldTh (Table 3). B AtoA] njAlz
F7h Aaot QY] w2 AARES THE AR AR
SAk|o] IwAE (3RMA )] de] &8 A & A
o5 A7t A7t 4 v Fe s8ete] g Tl
At 9 2RlsE GO de] 83 = 9lg AoR AR

N

<

=
—

2 Ao SAlEe] Aalt Q1o B84 1EAHE ¢
S. acuminatusg °1&sto A 7HsAdE HAESIH. 9
AP v o R AA ARt 2708710 S acuminatus
AFHA] B FAHE o] 8sto] Aa W QY AARE
Aslitt. 37] 32 1~2 L/min, %= 28~30 °C
Foleh, 2798719 QgujA] AFAT NOs;-N e
~38.8 mg/Lof|A] Hlj%F 8UE 8.6~11.2 mg/LE 68~

an

o H
Ooft

Hu o mn =

wW
o~

5.

77 % AA=ReH, T-Po 7% 4.4~54 mg/LoA 0.8~

1.7 mg/LE 69~80 %2 AAEES Bty ¢&54-a 23}
HHAEA] AddollA uijeF 3o Ao A 4t
A5 FUst] 715U CO; (4.5 BFY AFAT} FAk
g (B A Ae 3IFdAde dAdEa

(NO3-N)  0.009 gN/gChl-a/day, T-N 0.028 gN/gChl-a/
day, T-P 0.003 gP/gChl-a/day?] AALEES EAoH, CO,
(4.5 %) FUAle AadE4s (NOs-N) 0.026 gN/gChl-a/
day, T-N 0.076 gN/gChl-a/day, T-P 0.018 gP/gChl-a/day
f AAEKEE o COE FUsIE W7t ¥ &2 AASE
4 AAZES HAtks AE & 5 AT

o] =52 20069 AR (MEIAALR)Y Ao T
SN EATY ARG Wob 2E A7 (KRF-2006-
311-D00131)
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