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A concerted effort to develop alternative forms of energy is underway due to fossil fuel shortages and its deleterious effects.
Recently, bioenergy from microalgae has gained prominence and the use of municipal wastewater as a low cost alternative for
a nutrient source has significant advantages. In this study, we have employed municipal wastewater directly after primary treat-
ment (primary settling basin) in a small scale raceway pond (SSRP) for microalgal growth. Indigenous microalgae in the waste-
water were encouraged to grow in the SSRP under optimal conditions. The mean removal efficiencies of TN, TP, and NH3-N
after 6 days were 77.77%, 63.55%, and 89.02%, respectively. The average lipid content of the microalgae was 19.51% of dry
cell weight, and linolenate and linoleate (18:n) were the predominant fatty acids. The 18S rRNA gene analysis and microscopic
observations of the indigenous microalgae community revealed the presence of Chlorella vulgaris and Scenedesmus obliquus
as the dominant microalgae. These results indicate that untreated municipal wastewater, serving as an excellent nitrogen and
phosphate source for microalgal growth, could be treated using microalgae in open raceway ponds. Moreover, microalgal bio-
mass could be further profitable by the extraction of biodiesel.
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AHE-E 20209717] 4ufol} e =8 HekE AASHGTH16].
ol2fgt AA| A 3 5o grFo] vpo| eofets - oA Y4
ol ol S4, AFSe, HAZT 5 oS5 @
T7F i) APH 3 Qlok. vpo]l e A® AAkS T Hho] 2
A FEL FAES o] 8 BS B AufH o] Bast
2 4% B3 A Hol A FE 120 2 4TS
A e 59 EAA el AA = Ue[5, 17, 25].

olof ¥Hafl, uN2FE o] &3t Hio| 2T A 4HE T
A Aol Holuw A Z= Al %= A &
£ olHE AT o], BRE fof wol AR} AT
e FARE FEY 5+ U& AR 7Y Ao, 17,
23], B DA 25S BIH G BT o HSEL 14
TEol flemg 2AVIA Ao 7| 5 §glom[s, 14,
25, 30], Hiol oA A4ksta @2 ulA2 R/ RAES 7}
SARE o] & & e AHS 7HAI YT, 27, 29].

AR H A 27 i Foll= Aot A 22 YEFY
Wheh ge ool Zo| Wral, olk v 25HE ol 87
Hho] @ T4 4] -&-& Eol= a¢lo] B lth(30]. o]l
W, oAER o2 $714 g ol gatehE ol
ez A5E 9 vHZF o8 2Y & o,
SAll H4= AYanE 7|ds) & 5 Aok, 29].

e B QT §714 H9E ol vART W)
EEH D ARE vhol QT4 BE AV AT AAE vl
2uje) vol 2 O MG FEAE dotunA 714 5
4= 2.9 v A28l (Small Scale Raceway Pond, SSRP)S
AgstAtt. B3 nA| 27 S 3l A4 T
L 8714 A5 GFLR AASS BAsHT, SRR A
ARt A2 FY 28E AN ESE s 79 &
yspsict
H= 3 TH
29| et AlAH

st AR FUHE 7714 HeE ol &3 nAE
5 |92 o17] 91 SSRPE 47]s}sich, SSRPS| ol
oF 30 cm, €3 60 Lo|1, Z7]+ paddle wheelZ 0]83}4]
Fr4 30 cm/secZ 3T FYLS HFFE o] &IHL
o] 2t Q1 ¥gtof| o3 light/dark cycle (/D cycle)& 53
1, HRT (hydraulic retention time)= 6Y4 2 HIHEA| 02
GO, AR AT $714 ARE GAA oD
DALY A JAAE AH 27|20 017171 &)
g olgatgn. 8714 d+e BE A 19-
2012 59¥)2 BOD (biological oxygen demand, mg/L):
167.85 £ 31.01, COD.yy (chemical oxygen demand, mg/
L): 111.90+24.28, TSS (total suspended solids, mg/L):

[*]
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169.39 £ 40.24, TN (total nitrogen, mg/L): 40.30 £ 2.52,
TP (total phosphorus, mg/L): 4.36 £ 0.425 UEFN T SSRP
of AW B2 vAZFE 13 AAA fo] AAsE
AZHE Y5ate] SSRPo] AT AEH B2 0]y
ZBE $ANIY] 9, §714 A9 WEelel 637 &
detgon, 62 & 4ET B 025 £ A
Asioiet. $AE R oA 2FE JRE 5250 By
£ Uehych ¥ SSRPE A sleE AN s
st

FRZAMUH

SSRP9] i FoZ 2Uutth A F35ko] 0.45 pm who] 2=
ABA2 AH7} & FF TN, TP, NH;-NE S48k
TN, TP, ¥ NH;-N& Standard methodE ©]&3}to] £4J3}
FTH2].

250 A AxZE% D chlorophyll-a® ZA3H%
o}, A2%Z%FL SSRP #%FN 10 ml& 0.45 um Hlo]| L& o
B o] AZ F 105°Col| A 2417t F9F ARSE] EA4 319
th. Chlorophyll-ax= 90% O EL ©]&3t= +HLHF%

Adwel w2t SAsHAH2.

oL

-t

DNA == Y & PCR =

SSRPS] lH|2% 2UE B4l Slstel, BAp - BT
Z 7]¥H 2l Denaturing Gradient Gel Electrophoresis
(DGGE)E o] 2354 th. SSRP &4 2094 2] vjofo 1.5 ml
Z 2 FastDNA Spin kit for Soil (Bio101, USA)& ©o]&
3t total DNAS &3¢0, AIZ2HE 42 DNAS
F3 2= PCR ¥H-g-& 3531t} 18S rRNA FAAE 5
Z3t12 SR-4F GC (5'-CGC CCG CCG CGC GCG GCG
GGC GGG GCG GGG GCA CGG GGG GAG CCG CGG
TAA TTC CAG CT-3"¢} SR-7R (5-TCC TTG GGC AAA
TGC TTT CGC-3"& ZZF AFE35F4 11[22], ©] primerE 9|
£3}¢] 50 pl ¢to] 1x PCR buffer, 20 mM MgCl,, 40 mM
dNTP mixture, Z} primer (1 uM), template DNA®} 0.5
U Taq polymeraseZ A 7}sle] PCRE £3)3}4T}H20, 21].
HES- 2 AL 94°CollA 5 min 52 DNAZ pre-denaturation
Al A, 94°CollA 45 sec denaturation, 60°Col|lA] 45 sec
annealing, 72°Col|A] 45 sec extensiond}il 72°Co|A] 7 min
59 final extensiong $33}4t}. Annealing == 27|
o = 60°Coll A AJZaA] 1 cycle T 0.5°C FAa38HA 20
cycles 883} 3l, 1 3 50°Co| A 15 cycles2 433}
touch-down PCRS &=3}%1, 23} PCRY AHES o] &3}
o] DGGES 433t th21).



DGGE Z=Z1

PCR AHE-2 Dcode™ System (Bio-Rad, USA)& o] &3}
o] DGGEE 433} tH21]. Denaturing gradient gel>
10% polyacrylamide (37.5:1 = acrylamide:bisacrylamide)
o] urea?} formamide HAAE 40-70%7tA] ==Lu)j7} &
Y w2 H7ete] ABHom, AE DGGE gelo] PCR
FEZAHEL 30 WA loadingdle] 1x TAE buffer (40 mM
Tris, 20 mM acetic acid, 1 mM EDTA, pH 8.0)o]4] 60°C,
115 V2 19X 7t Fet A7 95ttt 71950 8¢
DGGE gel2 ethidium bromide (1:10,000)°| A G A3t &
UVE shelsheieh2ll,

BN
DGGE gel Aol 4] Th2 917]0] 43 DNA HHES
343517] Yte] 2] bandE AEE &, Zehyo] 33 @
P4 50 W WIS COA S e PAstel 45
4& F5H Tt Bandol A 2<% DNAE F3 22 PCRO|
ARG primerE ©]&5t0] AFES PP L, PCR AHE
S o2 AAA A7) 953l DNA recovery kit
(QIAGEN, Germany)Z AA|3t & cloning 3} t}. Cloning
2 T-Blunt vector (Solgent, Daejeon, Korea)E ©]-&3}% 11,
manufacturer’s protocolS wz} 4~33}o] 18S rRNA &3
Ao G471 ES ARstHt 288 |74 €2 NCBI
(www.ncbi.nlm.nih.gov)2] GenBank databaseE ©]-&3} 4
BLAST searchE E3} £4]35}%ch.
Lipid F&

o)A 252 Az 2 A3 Bligh & Dyer] WS ¥
3 v o2 BASIg Tl n| | RF A]FE | Chloroform :
methanol (2:1 vv)& do] 14 &, Z2FLE H71sty
Chloroform : methanol : water?] ¥]&©°] 1:1:0.97} 4
Z4sto] £2€ chloroform & AXAA AAFFS &

AsHATHS, 14].

FAME 2444t

A HHA W e o A (Fatty acid methyl esters, FAME)
ZA BEA4L 93] Gas Ghromatograph (Shimadzu GC-
2010, Japan)E F3to] EA ST A2 F A& 50 mgd}
1mle] KOH-CH;0HE test tubeo] 75°Co|A 10&, 5%
HCl#} methanol& g o] 75°Col| A 1087+ ¥H3-A1 7t} 1 H,
hexane¥} (CH;);COCHs= ¥l BH-e-A1Z & S7+E A7}
sto] FAMEZ} 2350 3+ 55 225 3ith A4ate
Gas chromatography (GC-2010, Shimadzu, Japan)E %
slo] B35 TH14]. GC detector= flame ionized detector
(FID)E AF£3}19 21 Rtx-wax capillary column (30 m x
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0.25 mm x 0.25 um) (RESTEK, USA)2 A3} th. Injector
9} detector= 300°CE AA3}¥92H, column %= 170°C
2 18 3 5°C/ming £E 2 52319 250°Co| A 128 =
o AT, F RAALE 20802 AFTAck

1]
Hap g %

OMZER HIYS St TAGk +E%S;

2 A7l AHE 14 FAA BRee TN Bt 35.35
+1.00 mg/Lo|H, SSRPE o]&3}o] A a® Hg|4o TN
A 69S NAHCRE FHH 7.92 +1.04 mg/Lo g YEYTH
(Fig. 1A). 22 717t &4 &2 A T g3 =4 F
Z WH4o TN B¢ 13.01 ppmo|H, o= U ZFE 9]
4% 7714 deA Y7t e A SHED =2 TN A
A &aEZ 7HA L §lon TNY EAstgy R 247|&
¢l 20 mg/L °|3t2 TNS AAT 5= Y& 53 8= 7}
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Fig. 1. The removal of total nitrogen (A), total phosphorus (B),
and NH3;-N (C).
Closed square; SSRP using municipal wastewater, open square;

influent. First 6 days; SSRP was batch operation, after 6 days;
semi-continuous operation.
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5.10 + 0.40 mg/Lo| ¥, SSRPE ¢] &3} || ZFEE wjoF
3t 22|49 TP 24 6¥2 A FHeE FHH 1.7940.39
mg/L.e 2 YERth(Fig. 1B). -2 7|7t @452 31
of 9sf HeH 2T WF+ TP= B 0.29 ppmo|H,
SSRPE ©]-&3%t TPAIA ag&o| &R Y TP AA
B MAA ZFE & 5 AU AR A5k W
Fo 47124 2 mg/Lol| BEst= 243} A& e
YO EH SSRP+= ¢l AAE g4t 235 et
#E 4 Qloh. E3 HRT 642 &4 Al, TP & TNo| ¥
T $A7E oFtE fAHE A& FUsHT

ES F7]14 H429 NHe-N= H 25.77+ 2.11 mg/Lo|
), SSRPE ©]-§5t4 w|A| 275 v e v FH 9 NHs-N
L 24 6US NHCR BF 2.74 £0.48 mg/LO 2 (Fig. 1C)
Hat 89.02%9] 2 AA A& Ech SSRPE F3 1|

Fig. 2. Photographs of dominant microalgae cells visualized
under a light microscope x 1000 in the SSRP using municipal
wastewater.
Scenedesmus (A) is oval shape and Chiorella (B) is a circle. Scale
bars: 10 um.

0.6 Batch

Al2F2 £714 #H42 A2 Al NH3-No| A A5 o] ujs
Se 4T 292 dgEt NHe-Ne vAE9 8%
o glo] Fa% 2H U, n|dEE0] HIE AUWTAHLE o
&ol 7Hse FHY daz A 7] gizelth nEE
o] /g7stHA NHs-N9| 5=7F HA| 43 ol NO3-N¢J
L7} 14354 H&=4), 0]= nitrate reductase?] A o]
Srmjote] o) FHATACNA A7 RE Ao
o 21 QJTH10, 19, 26, 28]. =, NH,-N9} NO,-N7}F 3]
EA3FH NOg-NEth NHs-N7F WA 7H4H &, NOs-N9| 5
L7h ZrastA "k

OMER AEEAM

SSRPE ©|&3 nN2F Wge s 4714 H4E BF3st
= rAE 2L 19 52752 Chlorellat 274, 471 &
2 87 T AlZEo] HEE FAE o]F = 52/
Scenedesmus7t A3 cH(Fig. 2). $AT n|RFo A7t
of W& 43S gstr] s AxFF T chlorophyll-as
S5 o= /7148 d4Y A2 He 010 £
0.01 g/Lo|™, SSRPH ] AXxFHFE 4 6 AFL=E
B 0.44 + 0.01 gL2 A E Q0o o] QujA YAt
0.07 g/l/day= Yebd= 218t gich(Fig. 3). 3+ F+Y=+=
+714 #H49] chlorophyll-ax= ¥ 0.39£0.23 mg/Lo]H,
SSRP= 24 642 AIFCE By 16.11 £ 0.70 mg/LE
A ge AL glstArh(Fig. 4). SSRP W9 nlA| 2/ A
2% chlorophyll-o®] 74 215 F3f nA2RE0| ¢
A fAEE AS ZAT 5 st

SSRP &40 24 9] wljefH 0 ZRE DNAS FZ35}9], ]
AELH dFE E45ted /83 71H<d DGGEE &
o o] E FHY S AR A, Fig. 59 2ol
DGGE gel 4o A T3t bandsE 8918 = ST} ETF

Semi-continuous:

0.5

04
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|
|
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Fig. 3. Dry cell weight according to the operating time of the SSRP using municipal wastewater.
Closed square; DCW by SSRP using municipal wastewater, open square; DCW of influent.
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Semi-continuous:

20 1

Chlorophyll-a (mg/L)

—l— Microalgal treatment chlorophyll-a
—CF— Influent chlorophyll-a

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (Day)

Fig. 4. Chlorophyll-a according to the operating time of the SSRP using municipal wastewater.
Closed square; Chlorophyll-a by SSRP using municipal wastewater, open square; Chlorophyll-a of influent.

U-F
40%
el
& B
T
e5
e6
70%

Fig. 5. DGGE profiles based on 18S rRNA gene generated
from SSRP.

DGGE condition: 10% polyacrylamide (37.5:1 = acrylamide:
bisacrylamide), urea, formamide 40-70%, 60°C, 115V, 19 h
running.

DGGE profileA 9] Z} bandsZ € 3]428 DNAS] 7] A
g< 2743 F, NCBI¥ GenBankE ©o|-&5to] A54d< H
w3t AMBE 18S rRNA $HA}L 671 bandsol o3t &
71 E& ARkl Table 13} o] £A4 .

18S rRNA {7 Aol tf3t 671 9] bandsE &A% A1,
2717 48] 5279 A7HA Y Ao 2 A E . DGGE
band el, e3, e4= Chlorella vulgaris2 24%%11, DGGE
bands e2, e6= Scenedesmus obliquus® A= it} 1
11 DGGE band e52 Spizellomycetales sp.2] fungiZ 4
. C. vulgarise FF5RXFERA Lk o|AtstgtLo|
e WAS 7 ol Hgeol Hold Ao way
ATHB1]. EF 77148 AdH W 1= NHz-Noj gt
Wido] S5k H4 WO NH3-N, NOs-N, PO A|A &a&
o] 2 7oz BUFEQITH9, 30]. 218|3 th2 Chlorellal
Wsto] ARSES Mo oldsies A Seo] Frhu
HIEATH11]. S. obliquus HA 1717 HW 2| NHz-N,
NOs-N, P& AAS=H w2 8&S VYehdtha g4 9l
om[9, 18], A H Y FaEE AAS=H ol & =+ 3L
3, 2 NAEE L3t vhol oA Ak Ao o]§
21 o4, 17).

M

OMER Hio|20HAS| X|ZEH-Y ! X2t =4

SSRP 24 64, 149, 221 209 9] vjoFH ol A m|A| %
FE gstd nAxF W NAdgS BAT 41, 4
Z} 21.97%, 18.58%, 17.98% =2 e on, X2 AJAteFe
14.31 mg/L/day® YEFES 215t th(Fig. 6). 14Y, 20
o A AFETY 6Y 9 AAFFo] v 2 AL 27|
647t v A o & §lo] SSRPE &45to] v e 2
2 D2 27 2R BaEn. ity e s

(o)
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Table 1. Identity of the bands obtained from 18S rRNA gene DGGE profile of SSRP.

Band no. Accession no. Closest relative Similarity (%)
el FR865683 Chlorella vulgaris CCAP 211/79 99%
e2 FR865738 Scenedesmus obliquus CCAP 279/46 99%
e3 FR865683 Chlorella vulgaris CCAP 211/79 99%
e4 FR865683 Chlorella vulgaris CCAP 211/79 99%
e5 GQ499385 Spizellomycetales sp. JEL 549 97%
eb FR865738 Scenedesmus obliquus CCAP 279/46 99%

25%

20%

15% r

10% r

Lipid content (% DCW)

5% |

0%
6 day 14 day 20 day

Fig. 6. Lipid contents of microalgae of SSRP after the incu-
bation days.

A 2Fe Aozt 124 FeHolA AW AEEHE F7
Al7)= Ao 2 &3 A QIth15, 17]. HRT 6¥ 2 SSRP &4
Al A7 2 E= 21E o AR, NAFFS ST A7
7] 918 Al= HRTE & © 47 &4t Aol f2sitt=
e & 5 Uik

SSRP 24 64, 144, 181 20Q 9] ujeFHo] A mA =
FE sgsto nAzRF WY AE& FAMER Hgsto] 2|
A 2L BASYOH, Fig T3 22 242 3
t}. SSRPo A $-H3he nlH2{E2 FAMEE F2 C18n
¢l Linolenate (C18:3n3), Linoleate (C18:2n6¢c)2} C16:n2l
Palmitate (C16:0)2 o]Fo]A L2 gelstglr. dutze
2 Chlorella sp.2] FAME 242 16:0, 18:2, 18:30] @11,
Scenedesmus obliquus® FAME 242 16:0, 18:27} 2
Fag AT G A Uch12]. SSRPO|A] HijkE HA|
229 FAME 24 Z%E & u, Chlorella vulgaris}
Scenedesmus obliquus7t -Ast= RS Yt dujF A
Z(Fig. 2)7+ DGGES] Z3H(Table 1)7} A ot= AS &<
il

£ ATE 714 ASE o188 BRA WAZF ol
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o, -
100% Linolenate (C18:3n3)

Linoleate (C18:2n6¢)
80% Oleate (C18:1n9¢c)

Stearate (C18:0)

Palmitoleate (C16:1)
60%

N\

Palmitate (C16:0)

Myristate (C14:0)
40%

U

Laurate (C12:0)

Caprylate (C10:0)

20% Caprylate (C8:0)

0%
Day 6 Day 14 Day 20

Fig. 7. Fatty Acid Methyl Ester (FAME) composition of
microalgae of SSRP after the incubation days.

SQujA g5 bR A 2R g ST 7714 5 H
9 AR 7 sl B3, 714 o - Hl
£ A3t mA2FY LAY A 2R/ Hto] euf A9 v
ol MesE EAsHTH TA A TAst= 714
#HE o]-&3te] SSRPOJA] WA =7 ik F 2 TN, TP,
NH3;-NE 243 A3}, SSRPE 53 {714 H49 %44
79 Agsol S 15Tt SSRP A A7 o A vy
FHo g AMGHE Flo] HREE ESY TN, TP 55 =
Algte W E4 37| Z2(TN: 20 mg/L, TP: 2 mg/L)& &
A7l 222 gyt ols nA|2F Hio]eujs 8
Sof wjFHE AA st o] EL L3S 9n|gitt. HRT
61014 82z w7 A, vfo] oo AL 748} COD
G A Z7He A0 2 Lhekutth(E 3t o] AA). ghebd
HRTE F7H7]1= A& 48743} SHoA e vaddds
Slst et B3, v AN 71744 He WY AL, s
= ARt ALEF AAA 715t nA2RE FET
AT} C. vulgaris® S. obliquus7t A3 &lst L, C.
vulgaris®} S. obliquus &3 &) AL B A4J35lo] vlo] o)A
A8 7Hs S sk ol & F3f wA|2F vl emjA



Arra7re] ARt oby s mA 27 wioke % FFE
T AA} st FHAN 2714 A= AT H=7t
L& o At vpo] euj A5 o] &3t whol e Tl A
7He/d & U AT FF scale up A+E T3 {714
HE o83 MR Hjgo] FA| Q] Hio] Qv Y4t
o vtol ot YAk gl B &l a9l AA AL

2 389 4 9& Ao vy,

2 o
AR Wi A H2E FFoE Qo] o] F
AT A oA A 7L e A2, oA E
$3t ol oy A ho] FBS W Qov], EATHEE
Fpeoz olgelel TAZRE el A Ak g
SRE 2 el 8 & 9t} ATolAE 29 243
3} v F A]AH](Small Scale Raceway Pond; SSRP)& ©]&

sto] AZ ek AP AHEE EASt = st A YA
9 14 AHAE AX FUFE ol &st3loy, EF w4z
FE SSRPo|A] wjFatict. AFAIZE 64 &4 & TN, TP,
NH-NO| B AA £EL T7.77%, 63.55%, 89.02%2 2}
Z- etk B3 n A2 F WY AT Ho 19.51%
2 Yyt on FAMEE 2 18:n9l linolenate, linoleate
2 o] Zo]A &L Folstgt}. 18S rRNA AR} B A 1}

o) BAL 5l =272 Chlorella®t Scenedesmus
7t $-Ask= 34\% gRlsttt. ol st AE Tt ZA|5t
e A= H %ol Zagt xl/\g].og;q]zg;_]—/\ Ao

43t SSRPE 3o A3td 4

AL skt B3 ] 2F vjdS 3 dojd H}OIS&
mj AL vlo] o)A A E3to] AMY3tE
S gelst e

& 9l 7Hs A

l
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