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using Chlorella vulgaris

Eun—Ji Oh, In—Sung Hwang”, Jin Yoo, Keun—Yook Chung*

Department of Environmental & Biological Chemistry, College of Agriculture, Life and Environment Sciences,
Chungbuk National University, Cheongju 28644, Korea
" Animal Products Inspection Division, Chungbuk Livestock and Veterinary Service, Cheongju 28153, Korea

Abstract

Bioremediation has been recognized as a suitable alternative to conventional methods of removing contaminants, and it uses fungi,
bacteria and microalgae. In contrast to other organisms, microalgae are unique in that they have the ability to perform photosynthesis
like plants and to utilize organic/inorganic carbon substrates, in a process called phytoremediation. Microalgae can populate a reaction
site rapidly and enhance the bioremediation efficiency. In this study, Chlorella vulgaris was used to evaluate the removal potentials
of the nutrients (N and P) and heavy metals (Cu and Zn) from swine wastewater. The optimum growth conditions for Chlorella
vulgaris and the removal potentials of N, P, Cu, and Zn from synthetic wastewater using Chlorella vulgaris were investigated. Based
on the results, the applicability of this microalga to on-site wastewater treatment was examined. Optimal growth conditions for
Chlorella vulgaris were established to be 28 C, a pH of 7, and light and dark cycles of 14:10 h. As the concentrations of the nutrients
were increased, the efficiencies of N and P removal efficiencies by Chlorella vulgaris were decreased in the single and binary mixed
treatments of the nutrients, respectively. Further, the efficiencies of Cu and Zn removal also decreased as the heavy metals
concentrations added were increased, both in the single and binary mixed treatments. In addition, the efficiency of Cu removal was
higher than that of Zn removal. Our results indicate that Chlorella vulgaris could be used in treatment plants for the removal of
nutrients and heavy metals from swine wastewater.
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Table 1. Characteristics of swine wastewater 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 5418 990 34.8 74.7
Swine wastewater C 5.6 6,617 491 254 40.8
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Table 2. Treatments of the nutrients and heavy metals and their concentrations in synthetic wastewater

Treatment

Concentration (mg/L)

Total nitrogen (T-N)
Total phosphorus (T-P)
T-N+ T-P
Copper (Cu)

Zinc (Zn)
Cu+Zn

500, 1,000, 5,000, 10,000
500, 1,000, 5,000, 10,000
500, 1,000, 5,000, 10,000

10, 30, 50

10, 30, 50

10, 30, 50
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Table 3. Instrumental conditions for the analysis of heavy metal by ICP-OES

Item Analysis conditions
RF power 1300 KW
Nebulizer Seaspray
Plasma flow 15 L/min
Auxiliary flow 0.2 L/min
Nebulizer flow 0.65 L/min

Item

Analysis conditions

3. Znt A n#H

p s}

3.1. Chlorella vulgaris®| %X H{LZEZ EE

Chlorella vulgaris 2] 22 v|Y2AS 57 9
s ol el &1, pH, 712) wisto] ot
u Al 27-9] 378E 278 lthFig. 1), nlAl 2R,
olitalehar ool e iR g, wRkEE 9 o e 5 o
OF3t JARIAE Q3 (Park et al., 2010). 2% W3}
ofl e C. vulgaris o] 4453 & BR1517] S1al ok
TE215TC, 25T, 28C, 35TCE AAsIgom, LA
AREA O 2 A RS AFIste] nA| 272 A4S S
SH AT, 28 CollA 7P 22 Ao o] FoR = A& &
4= 131t} Choi and Lee(2011)= C. vulgaris7} Z2)
3=t 4 2]+= doubling time©] 25~35C oA 714 =
chin Sjeom, o R n)4| s Ro) 22 e 2543
ofl ] o]52o] 2k o] de] 17 Ao} 225K Choi
and Shim, 2012). pH7} C. vulgaris @] /%ol n]x]+=
QRS 7V AT, C. vulgaris'=pH 7oA 71 S
ES Hom, pH 3 2o A= Aol o] FoA]
2] QR olefet Ak o o] el ArKim etal,
2009; Choi and Shim, 2012)¢f £3}51= Aok H Y
61, Tadesse et al.(2004)2 0| A| 25 v]|oF A] o]Aks}
B2 X474 02 TP B 45 T840 7484
o Y& v A pH7F ghaxsHA] Flrkal sHlch. B3k pH
= AR thAlE o] 2139291 odake 7] whizoll
OA| 25 B Al otk S g - pHE 4
o gAjstoloF O Bk WA |(lightdark
cycle)ol| W& C. vulgaris /37457323 717to] Aofd
2 ||z Fo] AAo] 271191, 14:10 h 2710
A 7V e 3l oz A Ibo] Lol

=

S uNER] Ao SRt 71| - a el

rok

o,

35FAtHChoi and Lee, 2011; Choi and Shim, 2012;
Kim and Choi, 2014). Richmond(2008)+= H]A| 2 F+=
Light reactiong S3|Aqt thAlo] HQast ATPL}
NDAPHE /517 | wfizell 3 5a7|7te] Zojglof ot
2} 3= W] ¢Fo] F71E o] ATPINDAPHE %
5] A S =M TA| 2 7-0] Aol SRk 8}
Ak

3.2. Chlorella vulgaris®| HZ0| O|xl= FUHZFO

& A HHE

Chlorella vulgaris©] thgt o+ & 23} kA= A
AFES I Yol Ao S M s HE A
e IFEFAAE

IR Q1B o ml AT ]
ek GFEF B 4
_]

_é_
2710)4 Ago] Aofetort, ek ol Xl B
al

(Fig. 3). @ FF 7 A ef7-eh v A E 22|29
nA| 2 7o) mIAISHA ko S Aol YERA|
9FQftt. Barsanti and Gualtieri(2014)+= 242} 91-2- 1]
Alz77tH skt 5835 Gdaolm, ADPLLATP
O} -2 ol U A A, A, A 9 %A A
of k=] W @ 5tk SHIC, T A vl R A
3zof oJ3l A nitrate7} nitrite & 2 FHAE] 31 THA|
nitrite reductase©]] 2]} nitrite S ammonium ©.= -
A1tk 18]3l ammonium-2 glutamine synthetase 2}
glutamate synthetase©]] 2|3} aminoacids FE| 2 =%
Zo] AA % tH(Jin et al., 2003; Shi et al., 2007; Choi,
2014). Q12 YHtx o7 u|A|ZF U orthophosphate



1064 Q24 - B - /A - S

(a)
1.6
1.4 —— 15 —-25°¢
o ——28°C - z5C
£ 1.2
—
oy
£ 1.0
=
_‘P 0.3
z
s 98
2
o 0.4
=
() 0.z
0.0 - . - - - - - -
o 2 4 6 8 10 12 14 16
Time {(days)
(b)

Chlorophyll-a (mg/m?)

16

Time {(days)
@
1.6
—— 7074 A - 12:72 5
@ —— 1410 B
& 124
i
o
E
T o8
=S
i
o
2 0.4
o
=
(= $
0.0 T T T T T T T
[s] 2 4 6 8 10 12 14 16
Time (days)

Fig. 1. Growth curves of Chlorella vulgar is as affected by the (a) temperature (15, 25, 28 and 35C), (b) pH (3, 5, 7 and
10) and (c) light:dark ratio(L:D = 10:14 h, 12:12 h and 14:10 h) during the 14 days of incubation.
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Fig. 2. Growth curves of Chlorella vulgaris in synthetic wastewater containing single nutrient; (a) T-N and (b) T-P during

the 14 days of incubation.
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Fig. 3. Growth curves of Chlorella vulgaris in synthetic wastewater containing the binary mixed nutrients during the 14
days of incubation.

Table 4. Removal efficiencies of T-N and T-P by Chlorella vulgaris in the single and binary mixed treatments, respectively

Chlorella vulgaris

Treat. Initial conc. After biotreatment
*RE (%)
(mg/L) (mg/L)
single T-N treatment (mg/L)
500 500 + 2.08 100 + 1.53 80.0
1,000 1,000 + 1.00 290 + 1.00 71.0
5,000 5,051 + 1.53 3,914 + 321 225
10,000 10,010 + 2.08 8,059 + 0.32 19.5
single T-P treatment (mg/L)
500 500 + 1.73 250 + 1.53 50.0
1,000 1,000 + 1.00 771 + 1.53 229
5,000 5,000 + 0.66 4,101 + 0.46 18.0
10,000 10,707 + 0.19 8,826 + 0.50 17.6
T-N (500 mg/L) + T-P (500 mg/L)
T-N 500 + 2.65 162 + 2.08 67.6
T-P 501 + 0.45 250 + 0.18 50.1
T-N (1 000 mg/L) + T-P (1 000 mg/L)
T-N 1,005 + 0.53 700 + 2.08 30.3
T-P 1,001 + 1.02 856 + 1.00 14.5
T-N (5 000 mg/L) + T-P (5 000 mg/L)
T-N 5,000 + 1.53 4,000 + 1.85 20
T-P 5,000 + 3.06 4,600 + 1.00 8
T-N (10 000 mg/L) + T-P (10 000 mg/L)
T-N 10,000 = 0.58 8,500 + 1.15 15
T-P 10,000 + 1.04 9,600 + 1.11 4

*RE means the removal efficiency.
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Fig. 4. Growth curves of Chlorella vulgaris in synthetic wastewater containing single heavy metal; (a) Cu and (b) Zn

during the 14 days of incubation.
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Fig. 5. Growth curves of Chlorella vulgaris in synthetic wastewater containing the binary mixed heavy metals during the
14 days of incubation.
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Table 5. Removal efficiencies of Cu and Zn by Chlorella vulgaris in the single and binary mixed treatments, respectively

Chlorella vulgaris

Treat. iti i
Im?r?llg/i(;nc. After (k;]l](ét/r{:)atment *RE (%)

single Cu treatment (mg/L)

10 10 + 1.05 4 + 0.08 62.7
30 30 + 0.20 23 + 0.63 233
50 51 + 0.58 43 £ 0.70 15.7
single Zn treatment (mg/L)

10 10 + 1.50 5+ 049 50.0
30 30 + 1.34 24 + 0.17 20.0
50 50 + 1.35 42 £ 092 16.0
Cu (10 mg/L) + Zn (10 mg/L)

Cu 10 + 0.58 2 £0.14 80.0
Zn 10 + 0.40 3 £ 0.03 70.0
Cu (30 mg/L) + Zn (30 mg/L)

Cu 30 £ 1.00 23 £ 0.15 233
Zn 30 + 0.93 24 + 0.25 20.0
Cu (50 mg/L) + Zn (50 mg/L)

Cu 50 + 0.58 41 £ 0.15 18.0
Zn 50 + 0.07 42 + 0.55 16.0

*RE means the removal efficiency.
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Fig. 6. Growth curves of Chlorella vulgaris in (A) swine wastewater A, (B) swine wastewater B and (C) swine

wastewater C during the 14 days of incubation.
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Table 6. Removal efficiencies of the nutrients (T-N and T-P) and heavy metals (Cu and Zn) from swine wastewater by

Chlorella vulgaris
Chlorella vulgaris
Treat. o :
hnzﬁlllg/io)no After (tr)rll(ét/rf;itment *RE (%)

Waste water A

T-N 6,952 + 1.80 5,562 + 1.53 20.0
T-P 868 + 1.05 798 + 2.52 8.1
Cu 15 £ 0.26 6 + 0.58 60.0
Zn 59 + 0.68 50 + 0.80 15.3
Waste water B

T-N 5,418 + 1.06 4,334 + 1.53 20.0
T-P 991 + 0.87 911 + 0.58 8.1
Cu 35 £ 2.05 27 £ 1.15 22.9
Zn 75 £ 147 65 + 0.67 13.3
Waste water C

TN 6,617 £ 1.95 5,294 + 0.97 20.0
T-P 492 + 3.53 453 + 0.81 7.9
Cu 25 + 1.50 18 + 0.65 28.0
Zn 41 + 145 35 + 0.76 14.6

*RE means the removal efficiency.
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