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Abstract

The biological wastewater treatment is more eco-friendly and can be used effectively in wastewater for a variety of purposes
than that of the conventional treatment. In particular, the wastewater treatment using microalgae in biological treatment proc-
esses has attracted great attention due to its ability to remove economically nutrients from wastewater and have many advan-
tages as a renewable energy source. This study was investigated to establish the optimal growth conditions for microalga
Scenedesmus obliquus. Additionally, the removal efficiencies of nutrients (N, P) and heavy metals (Cu, Zn) from the synthetic
wastewater were evaluated. As a results, the optimal growth conditions were established at 28 C, pH 7, and light and dark
cycle of 14 : 10 h. In the evaluation of nutrient removal efficiencies at each concentrations of 500, 1,000, 5,000, and 10,000
mg/L, the removal rates were 17.6~70% N and 8.4~34% P in the single treatment and 12.0~58.0% N and 3.0~40.3% P
in the binary mixture treatment. In addition, the evaluation of heavy metal removal efficiencies at each concentrations of 10,
30 and 50 mg/L, the removal rates were 13.7~40.3% Cu and 10.0~30.0% Zn in the single treatment and 16.0~40.0% Cu
and 12.0~20.0% Zn in the binary mixture treatment. Based on the results of the study, it appears that Scenedesmus obliquus
can be used for the removal of nutrients and heavy metals from the swine wastewater.
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T2 7S 3SR, A o
7 e Y% Cusl Zn T2 FEE0] &
FEAME A T - AEoA 545 4o
| of7] wie]] Ho] Akze] FZ E o] FejA
QITH1]. B3h free ammoniai= T4 A&l 54
ammonium ion¥} ammoniai= T & RS A
I o) APAE Soll FEE T, BEEe] dast
5 Yol Fo Aoz AdHA i3]

Satu ol EE QAEAS 3] AAS] HElMe o A
Y B o B2 83 igo] Fasit V&l =3 - s8]
A 4L vlgo] wo| E1 U] £HAF AYAikebH 2aF 2o
2 o]ojR| 1, B ThE FTHAR] vlgo] Asith4] 2 919 A2 &
A8 S|Ast7] $13l bacteria, fungi, algae, protozoa 5 ©]-83k]
H4-5 MEshks AESHE A g6 Bt ATt FERAL Qi
AWA © 2 nAEFE SYE iRy shelA gA s,
7] A} Q1E A3 o] &3] wiel thst AEEE AY 37
FoOXE EEHOR o] 8F F QUTH5,6]. K3, vAERRE s
Wk ol AR £548 IS EERE AAT o, 23 291E
kA =) A PAIZRT S5 Chlamydomonas reinhardtii[ 7],

Chlorella pyrenoidosa[8], Scenedesmus rubescens [9] 5= 2 F

7] QEEE AASHE ToEA ke WHo R AFE L Qv F
o e9=dE AA] dsiME s Fo Yol Fadh),
Scenedesmus= 3732 $18] F-Le AAPOZ nitrite == ammonium
S AT Qe T2 AR IExFolth B3, ScenedesmusE
= 29 sy ARelld TR HarEo]Aal glomlo],
S ACA 7 A o st e odoksle S Aslehe
F8t A%E FYT 5 glo] FHF Aol At s AoE Il
Hr11,12]. g, 7159] wlAlERFel #He A7 T2 A 9 B4
el e] FYLR A, Co, 13k 8 ol e 98] el B
AL QT SARE A ] At dSE e S AEE
sto] el WAo] FTIgtelE BTtetal FAHGe] Ao #
st ATE VIR AAAJD A7t vl mgeh B A5
Q3 7ol

wEha] B Aqtol M= mHFF] AEQ HF5F Scenedesmus 2ol
&38= Scenedesmus obliquuss TR A wigkzAS ] 9
3l 2%, pH, FF710l W ALES S5, dUFEFN, P) H F
FE(Cu, Zn)°] Al mX= I AAES gRlstaat sigith &=
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2 Aol AR vNZRFE 5325 4F2 Scecedesmus obliquus
2 P Ay vAEARIAE(KCTO) R B 2eigitt
Scenedesmus obliquus2] A% BG-11 mediums AHE-8FATH13]. &
R PIAERE 10% (viv) 2 Eske] &% 28 C, pH 7 f+7]
a5, BF7)(light : dark cycle)= 14 : 10 h& HHEel= xHo 7

1449 A E Adeleks sisith B T2 AE AE 9N
U FL20SGP) S AME3T, F 150 molm’/sec TG 3FSIT

2.2, =M =A =g

Scecedesmus obliquus®] 2 voF 21 FHslr] 8l 21(15,
25,28, 35 C), pH (3, 5, 7, 10), 3F571(10 : 14, 12 : 12, 14 : 10 h)9]
Z218}el| A E38k3ich 250 mL cell culture flaskell #14] 200 mLE ¥
31, WSt Scenedesmus obliquuss 0.5% (wiv)Z &3] 14 vk

it

ol

2.3. QYARN, pyoll [E H&A MAE

A48} Q9] FEo w2 Scecedesmus obliquus®) 3743} A|AE&S
GIst7] Slal wiA ol 223 AAA(NaNOs) - AA(K,HPO, + 3H0)
= AT WA E AxsGich S 2l AU 1S E NaNos,
NH.Cl @ K;HPO,Z o]&3lo] 717} 500, 1,000, 5,000, 10,000 mg/L ]
sre Aelan AelTe) BE 44 e H1EaT L0
W F5 Hls ) oARAe) BEE sl A A
AT Aan. Ao TE Aast A2 FEET Neld 1ol
W E£3 Azl A

2.4, Z2H(Cu, Zn)0l W2 MZE} HAHE

Ao AR 5% T8N AE9 KANTO CHEMICAL CO,
o] Al#E]= Cu standard solution (1,000 mg/L)¥} Zn standard solution
(1,000 mg/L)= ARESIGITE A7) 5 AR Ve s g A
HrtATdellA B JEEee] usdEs Faste] 10, 30,
50 mg/Le] FEE Ak AT Cust Zns FEHE AT
4 9 S5 gt s, 3 Ml Cust Znf FEE
1: 1 Hlgol g3 REsigit.

25. OMI=R H% 53

7 92 4 AT 71E2] ES04312.1a chlorophyll-a 4]
Moz =438tk AR 10 mLE 2] Ao 2X|(GF/C, 45 mm)Z
olafetal, oA E e 4] wpar)el obMES STHFO + DE B
3 wpfsielet. wisleh AlE eidwE]dte] Wi dE 4 T ofF
& ol B FF WUAIE 3 T AAEEI(500 g 20 min)dte] g5l
< wz2 AFHsie] Fu SHslch FEE A wEEEA
(Model UV Mini 1240 Shimadzu, Japan)E ©]-8381] 663, 645, 630, 750
nm IO Scenedesmus obliquus®] 374 733

2.6. S0l B MY EIt

FAEEE & 3309 ETkelA AFEGITh FAES A 5
AT it ZEARTRA R FEgion, BoF C ATt
Al F7A A wiEE s s ARSI 37 FAlEl B
T FAPA AN WiEEE SEERE 10 m Dol YA eM W6t
o, 4 T AAex Baaisict. Aol AMgd FATE Fheas
AASL FAAR 5 FE R sto] AR-8IGlaL, 74/ Table 13}
2} FAkel X €] TN, T-PoF F54(Cu, Zn)o A& A2 o]
A A FdE o w Sl

27, SEEN
% Z(total nitrogen, T-N)2} % (total phosphorus, T-P)2] =74
T4 9 FHAITER ol Fte] Ak & Aa AR Ak

2 rlo
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Table 1. Chemical Properties of Swine Wastewater Samples Used for the Experiment

T-N T-P Cu Zn
Sample pH
mg/L
Swine wastewater A 5.8 6,952 867 15.1 59.7
Swine wastewater B 6.3 5,418 990 348 74.7
Swine wastewater C 5.6 6,617 491 254 40.8

Table 2. Conditions of ICP-OES (Inductively Coupled Plasma-Optical
Emission Spectrometry) Used in the Experiment

Item Analysis conditions
RF power 1,300 KW
Nebulizer Seaspray
Plasma flow 15 L/ min
Auxiliary flow 0.2 L/min

Nebulizer flow 0.65 L/min

FHEEHE ol g3t %ﬁ% ArEFon, F 9l AL ofrgmE
WAl o5t Eajud 3 '
d 74 2 M*Al?ﬂﬂ%%loﬂ o5k ArkALS o]
S ARgsle] A stEele) WS EA(ICP-OES, Perkin Elmer)Z ©)
g3to] EAEIGITE AREE TS S E ot (327.393), Zn™”
(206.200)0]™, FA %7 Table 28} 2t}

2.8. SHEAM
SAS package (statistical analysis system, version 9.1, SAS Institute
Inc) & ol&ste] A¥ A¥E A Bt ek, AF Aol &
gt zlo]E FZAFE ¢35l ANOVA (analysis of variance) =22} Tukey’s
HSD (honest significant difference) tests AN A1, AF TR 95%
Frow AN BE AYE 3o AN,
3. 20 3
3.1. HIYZARE, pH, 7)o wE ME
2 EZ70f W Scecedesmus obliquus®] ’37S S73517] S5k 15,
25,28, 35 C F 472 27102 AT Scenedesmus obliquus
28 TY W 7Hg %2 AEES B3laL, 15 TY ) 7P w2 A%
%—0— R SITKFigure 1(A)). [15]18] T2 el W=, ScenedesmusE
227 CY 25 v 7P H2 o] o] FR L, [16]9 AT-E 7%
ol A= 302.7 K (29.55 C)ollA ol AFES 23Tk s19lom, &
ATAH} T AFAT} FAREI
AU 0T o]§HE COY &3llE 9 M8l Fash J3E 1)
A= pHE 3,5, 7, 1022 F 47149) pH ZellM A3-E S48
t}. Scenedesmus obliquus= F73 pH 7€ w) 71 =& ALES 1
A3, pH7}F 3=7UpH 10) R3(pH 3) 4-$ AAEo] Az A%
o] o]FoX]#] 23} tH(Figure 1(B)). B3}, Scenedesmus obliquuse %
239l pH 6011 Hoh AFES Bvh= (1719 d-23el FARE
o} [14]9] A7 W2, 98 5325 E21 Chlorella vulgaris %=
3k pH 7~7.5 BEelA 7P £ AES Bl
FF7](light : dark cycle) Z=7) WS Scenedesmus obliquus®] 73
5810 14,121 12, 14 : 10 hO.Z F 37F4] Z2710lA] o] Fo]
%ok Light intensity”} 73t 14 : 10 hd v 714 2 YAES A
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Figure 1. Growth curve of Scenedesmus obliquus according to optimum
conditions for (a) temperature (15, 25, 28, and 35 C), (b) pH (3, 5,
7, and 10), and (c) light : dark cycle (L : D =10 : 14, 12 : 12 h,
and 10 : 14) during the 14 days.

1, light intensity”} 2F3+ 10 : 14 hdd w) 7P W& ALES Bv}
(Figure 1(C)). PIAIZF= AR FaAS <18l 24k 457171 &
Q3}t} Adenosine triphosphate (ATP), nicotinamide adenine dinucleotide
phosphate oxidase (NADPH)7} AJxts]= 33}sh4 %74]7} &= 7]
30 light7b 2731, darkt= A33k8H QAo B8-& S18l 254
Ql #AE skl 7ErH19]. B AT A3 light 1nten51ty7]-
ol A% ATPS} NDAPHE S| AP A o2 wA /o] A
ol S7RItHE 7129 v Avrd el FEskgith20,21]. whebA
vkl we ] A7 EaHE EdE o520 dUFAFN, P)gt

F4(Cy, Zn)olM Q) 4 9@ AAE A2 28 C, pH 7, 14 : 10 he)
ZstellA A A&seith

3.2. QULRWN, POl ME Y& MAHES

Scecedesmus obliquus2] “37dell FEFS vIX = I o 2210

AN, Pl olg o) da AL A1) 99 Dot
o] &l 2 E9 X7 7} 500, 1,000, 5,000, 10,000 mg/Le] 5
2 /dx%g].oﬂ;]_ ;d)\g]_ =] o] 71— \:]—0] 1:!_1 j:ﬁl j.]g]:rL 500 Ing/Lol UH
7P w2 e BYlL, St SRS 23] AsE Sk Figure
2). 8, A4} Qo] BelAel e EgA T BFEe Ak o
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Table 3. Removal Efficiency of Total Nitrogen (T-N) by Scenedesmus

q in the Single Treatments, Respectively

Total nitrogen conc. (mg/L) 500 1,000 5,000 10,000
Initial conc. (mg/L) 500 + 2.08 1,000 + 1.00 5,051 + 1.53 10,010 + 2.08
After biotreatment (mg/L) 150 + 0.61 400 + 2.08 4,008 = 1.00 8,245 + 0.38

Removal efficiency (%) 70.0 60.0 20.6 17.6

Table 4. Removal Efficiency of Total Phosphorus (T-P) by Scenedesmus obliquus in the Single Treatments, Respectively

Total phosphorous conc. (mg/L) 500 1,000 5,000 10,000
Initial conc. (mg/L) 500 + 1.73 1,000 + 1.00 5,000 + 0.66 10,707 + 0.19
After biotreatment (mg/L) 330 = 1.00 907 + 1.89 4,550 + 1.01 9,806 + 0.58
Removal efficiency (%) 34 9.3 9 8.4

Table 5. Removal Efficiencies of Total Nitrogen (T-N) and Total Phosphorus (T-P) by Scenedesmus obliquus in the Binary Mixed Treatments,

Respectively
Treatment Initial conc. (mg/L) After biotreatment (mg/L) Removal efficiency (%)
T-N 500 + 2.65 210 £ 1.02 58
500 mg/L
T-P 501 + 045 299 + 0.72 40.3
T-N 1,005 + 0.53 790 + 1.53 21.4
1,000 mg/L
T-P 1,001 + 1.02 884 + 1.50 11.7
T-N 5,000 £ 1.53 4,150 + 2.08 17
5,000 mg/L
T-P 5,000 + 3.06 4,700 + 0.74 6
T-N 10,000 + 0.58 8,800 + 2.08 12
10,000 mg/L
T-P 10,000 + 1.04 9,700 + 2.08 3
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Figure 2. Growth curve of Scenedesmus obliquus in synthetic wastewater
containing single and binary mixed nutrients; (a) Total Nitrogen
(T-N), (b) Total Phosphorus (T-P), and (c) binary mixed nutrients (N

+ P) during the 14 days.

57} 25~5,000 mg/LY W A8k, 2~619 mg/Le] FEY W 7H
E2 AAHIE BRlth= [22]9] AT AT} FARKSITE 8 1EE
9] Ax A= AsE A9 vlaste] uAzFe] el &t
A1 FFE WA &3, A AE AT [23] o] AF+Axrte}
A Fct. 2410 Rarg vke} o] NHy N9 557F HS575(> 500
mg/L) HAIZEF ARSI NH, 557 S7F7] widel wlAl=x
Al falld gaE veRlth )12 dWkRow mARF 141
orthophosphate (PO,*) 5] BﬂEHE ST, AR A vlA

F Al el e T3 Ao R 2t} 25,26]. & AT
Ao A thekst Fo] JdRiE 7] 713ks Alglska AT 713
E AR A % sk Jaks wFlch

At 1497 FEEE F 17.6~70% AAES HAtKTable 3).
249 F%7F 500 mg/LY wﬂ 70%2] A AAEE 7P & AAS
y_ 32, 10,000 mg/LAA 17.6%2 7F8 AZ%3F #7142 vepick

> 14Y47F TEEE F 8.4~34% AAES HetH(Table 4). <19 &
J} 500 mg/LY w 34%= 7P 2 AAES B3, 10,000 mg/L
o4 8A%E THE AxTE AAES ERTh Al 1] 23 55
7} 500 mg/LY W AE 58%, A 403%E P B AAES B
A3, 10,000 mg/Lol A AaE 12%, & 3% 7P AZS AA&S
YEF Itk Table 5). s} 19 &l X2 F AALT FASE FES
HAARE a8 os A @l X Fe] AAERT A2, Q)
A AT AAE B} =gkt s RE FEAH o gl 919
A 9 ATl AAY FEDFE FES AAEC] FETFH
718kt ol QlyHla Tl A= 2 FFAF] oFo] Scecedesmus
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Table 6. Removal Efficiency of Copper (Cu) by Scenedesmus obliq in the Single Treatments, Respectively
Cu conc. (mg/L) 10 30 50
Initial conc. (mg/L) 10 £ 1.05 30 + 0.20 51 + 0.58
After biotreatment (mg/L) 6 + 0.12 24 + 0.20 44 + 0.15
Removal efficiency (%) 40.3 20.0 13.7

Table 7. Removal Efficiency of Zinc (Zn) by Scenedesmus obliquus in the Single Treatments, Respectively

Zn conc. (mg/L) 10 30 50
Initial conc. (mg/L) 10 = 1.50 30 + 1.34 50 + 1.35
After biotreatment (mg/L) 7 £ 0.19 27 + 0.30 45 + 095

Removal efficiency (%) 30.0 10.0 10.0

Table 8. Removal Efficiencies of Copper (Cu) and Zinc (Zn) by Scenedesmus obliquus in the Binary Mixed Treatments, Respectively

Treat. Initial conc. (mg/L) After biotreatment(mg/L) Removal efficiency (%)

Cu 10 = 0.58 6+ 0.34 40

10 mg/L
Zn 10 + 0.40 8 + 0.27 20
Cu 30 + 1.00 23 + 0.10 233

30 mg/L
Zn 30 £ 0.93 26 + 0.05 133
Cu 50 = 0.58 42 + 0.15 16

50 mg/L
Zn 50 + 0.07 44 + 0.35 12
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Figure 3. Growth curve of Scenedesmus obliquus in synthetic wastewater
containing single and binary mixed heavy metals; (a) copper (Cu), (b)
zinc (Zn), and (c) binary mixed heavy metals (Cu + Zn) during the
14 days.
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9] % Hle] s whor, wAH Q10 selA wiA] Ul o] 2
25 AAE = vkar si9ick wEbA] E AFAIE F3) Scecedesmus
obliquus® FFAF AAT AFEL Aol Qloka AlaEch

3.3. Z2H(Cu, Zn)0l| THE MED} HAHE

Scecedesmus obliquus'= Cu®] F%7} 10 mgLY W] 7 =2 A%
S B, st ksl ulel AgEe] Taskalth(Figure 3(A)).
ZnolA1 €] 472 10 mgLY W 7 =AW Azt A atglel] et
A Qe FEER 423 2to]7) §lSIth(Figure 3(B)). Cufl Zn &3
A2 47> 30 mg/LY W 7S FIAIE AlRto] A#se) wet
A AL FER Fo8E 2fol7t SSIth(Figure 3(C)). Scenedesmus
obliquus 8] 3°¢L T2 Bl @ &3 A Ttels] fAkek S
RHRA, BE ATrellA AlRte] sl webs Ado] As)E ek
WSt Scenedesmus obliquus®] 374 Cukth zno] A a7} 7+
sk 2102 JeRsTh

Cui= 10, 30, 50 mg/L FEHE 7} 40.3%, 20.0%, 13.7%°] AAES
HATHTable 6). Zn2 10, 30, 50 mg/l F=HE 7+ 30.0, 10.0, 10.0%
9] AALS BATKTable 7). Cus} Zn2) &3 2]+ 10 mg/LolA Cu
40.0%, Zn 20.0%7F AAE AL, 30 mg/LolA Cu 23.3%, Zn 13.3%7}
AAE A, 50 mg/LellA Cu 16.0%, Zn 12.0%7F AA= A THTable 8).
Scenedesmus obliquus= D 2 T3 FFE ] A] Znol B]3 CuE
O 530 E AAshz Aoz Ukt vAEFe AEE 2HY
ohs, @l e AR 8 52 5% ©]2-& bicaccumulation X
biosorption & 4= $1tH29]. Biosorption F-2> F71A15 ARl M3
¥ S R Fadol FAue] AARE e k) 1)
E&o]H, bioaccumulation®] 3! ©A|0]tH{30]. Bioaccumulation< A}
gEYPow ARG, &4, oA 2H] T5 o83t AlEHE A
A AE HZ FF50] FHEY AolBlE f71AeAR T3

ko

)
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Table 9. Removal Efficiencies of the Nutrients (Total Nitrogen (T-N) and Total Phosphorus (T-P)) and Heavy Metals (Cu and Zn) from Swine

Wastewater Samples (A, B and C) by Scenedesmus obliquus

Wastewater samples T-N T-P Cu Zn
Initial conc. (mg/L) 6,952 + 1.80 868 + 1.05 15 £ 0.26 59 + 0.68
Swine After biotreatment (mg/L) 5,570 + 2.08 815 + 1.98 8 £ 0.92 52 £ 0.95
wastewater A
Removal efficiency (%) 19.9 6.1 46.7 11.9
Initial conc. (mg/L) 5,418 = 1.06 991 + 0.87 35 + 2.05 75 + 1.47
Swine After biotreatment (mg/L) 4,497 + 1.53 931 + 0.70 28 + 0.85 69 + 0.58
wastewater B
Removal efficiency (%) 17.0 6.1 20.0 8.0
Initial conc. (mg/L) 6,617 = 1.95 492 + 3.53 25 + 1.50 41 + 145
Swine After biotreatment (mg/L) 5,492 + 0.94 462 + 1.04 20 £ 0.67 35 + 0.50
wastewater C
Removal efficiency (%) 17.0 6.1 20.0 14.6
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14 | ~—®—Swinewastewater A AVt e BRI Wb, Scenedesmus obliquusE ©]4-3F A1
12 | —%—SwinewastewaterB ‘/r: i{ﬂcﬂ] §31P<4 o= X‘]Q‘Ea] ‘/l: 9}% Zigi j&%%‘jr O]'X]Eﬂ', ﬁ*ﬂ
P ) oﬂ‘jxlg OFO F XA ok ~ = 0]
1.0 —B—Swine wastewater C Jﬂ‘roﬂ 1 Xﬂ}] £ ] o T A 7 921~1,382 mg/L’ ° =
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Figure 4. Growth curve of Scenedesmus obliquus in swine wastewater
samples (A, B, C) during the 14 days.
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Tk 0]% 71 log phase® sl /7o) o]Fo L) B3k Scenedesmus

ok 30~60 mg/L, Cu <k 5~7 mg/L, Zn °F 6~7 mg/L7} ATk
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