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Abstract: Since swine wastewater contains high concentrations of nutrients and
heavy metals, it deteriorates water quality when discharged. Compared to conventional
methods, bioremediation can be a promising method for its treatment. Specifically,
microalgae have the potential to remove these pollutants. In this study, the removal
of nutrients (nitrogen (N) and phosphorus (P)) and heavy metals (copper (Cu) and zinc
(Zn)) from swine wastewater by Ankistrodesmus bibraianus was evaluated and the
organism’s optimal growth conditions were investigated. The optimal growth conditions
were established at 28°C, pH 7, and light and dark cycles of 14:10 h. The removal
efficiencies of N and P by a single treatment (500, 1,000, 5,000, and 10,000 mg L™
ranged from 22.9 to 80.6% and from 11.9 to 50.0%, respectively. The removal efficiencies
of N and P in the binary treatments ranged from 16.4 to 58.3% and from 7.80 to 49.8%,
respectively. The removal efficiencies of Cu and Zn by a single treatment (10, 30, and 50
mg L™") ranged from 15.5 to 81.5% and from 6.28 to 34.3%, respectively. Similarly, the
removal efficiencies of Cu and Zn in the binary treatments ranged from 16.7 to 74.5%
and from 5.58 to 27.5%, respectively. In addition, the study showed the optimal growth
conditions for microalgae and the removal efficiency of nutrients (N and P) and heavy
metals (Cu and Zn), which could be applied to swine wastewater. Based on the results in
this study, it appears that Ankistrodesmus bibraianus could be used for the removal of
nutrients and heavy metals present in swine wastewater.

Keywords: Ankistrodesmus bibraianus, best optimal growth condition, nutrient, heavy
metal, swine wastewater

©2020. Korean Society of Environmental Biology.



Evaluation of nutrients and heavy eetals removal by Ankistrodesmus bibraianus

MNoB

19909 T 0|3 HE] ZATA|RFS] Afuta}l 2|42 0] AYAL
719k 24 dgo] FAt 57te] It §45] STkl
AUtk ole] whet 7S }ﬂiaoit’”ﬂo}o% ?*J
o Aol B2 o]H:-& A1 Ut (Kim et al. 2008). &
FevEtol A= 4t H4 ‘ﬂOJ FAAS ﬂﬂr@ii
H25E7] 9fste] HES Aot ey HA A o
gol H2] = GAITFR ] FAt Ftol A WEE= H
+ A EA] g2 dHi= AetrEor FAEL ek E
2t @AZRR] FAF w5l el AAA o] B&A]] A2

|t
o

_4

==

o] AIAIEA] AL et 87 w2, S4t Hi= &
Al St Aok e go] Fdlo=z At 1'4'

7 el R A 18 S
ol 7] ol P HeA2]E %5‘}04 ]
gote A2 ddH R o 5ol At Eﬁ‘_}, AtELt oFE
S QIR FES o, o F B e e Ant o

N
L
A
!
pa/

il = o}, 2 dute 7=} Bl s
AdiAor thg7] ol HrER A QlaL, A9kt
Aoz Q&1 It (Jung et al. 1998).
HHAOZ AMEEE FA4F H4 Aee diE RS
o|-gstA|T, a-gAdo] lal ket {2 H|7F = ES,
du] F2jo] ojgl&o] Q17| wiwol ﬁgx—i‘ﬂ
22 7|Hi517] o H T (Lee 1999). ©] 2] ZA4T ﬁ%l#
o 2= =H]s} o] glth ﬂ‘ﬂlS’} e <
Ao EF 7HS B AP 7]solth 137 miZol,
o

715 2ot EeE o] HiEE e SAT Hlaol tisiA Ee
of A7) W¥iie] @ asitt

T ARl #7lE, TRt eSS IRT =
A HE A2 gt e AEehy A2t g
TS T Aok et A2l Ha Wl EAsE
F71& FolA Al st 2af 7t 7l =7,
dreE]ol A5 52 nBER Al7Iske Yol A
=oH4] A7 2 A =4 AepleR, 4ol

()]

gt 22 @9 ¢HE AT 4 Tt (Ehrlich and Brierley
1990). TE AR FAA ] SR et e FA, M
4 D AAGE 7THE 5= UTH(Bailey et al. 1999).
A=t AE Y T nAlR R A EEE L 7
AL}t Q& Ao o]l g2z §-&& o]t} (Richmond
and Grobbelaar 1986; Lau et al. 1995). TN X H/= &, 4, 0]
WSiEeE FRAE S ABEYaECE B4 By

op7tA] o]§ W97t S E AL It (Kang et al. 2012; Kim
et al. 2013). FAF ¥l OiFE §714 249 40l =
SERPEEE qya

o} %53 BOD &<

A ZR/E o8t A u}mo]
T (Lee 1999). 71 o],

UL, WS 2L Q7] "

Zyeket, e, AT Fo] 53

o] B7] m=el E‘i’il—iol aBnz W7ot T ol

s *@%%3} A= A2 A Sth(Liang 2016).

Zeu, slelAe aARRE o837 FAT Hlao] B
A7 27 SA R AAAJ A7t ol vl Esh B

A7} = Q9 A o|th(Lee and Park 2011; Kim 2013).
&St nA R/ F Ankistrodesmus F-2 A S0l A
370l 7Fsstal Hio] @mj Ao 2 gteFo] Erhal 4
A 0™ (Lee et al. 2011), YRFAH O 2 sho] EZF 27
Hoe o L5t AAstet. T3S Ankistrodesmus S
q_a HoAdo £

rok

% T ro

Botryococcus, Chlorella, Scenedesmus s
of vl A7} F=37F A7 oleh
whebA], 2 Aol A= wA 2 F
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Table 1. Component of BG-11 (BlueGreen)

Component Amount in distilled water (1L)

NaNO3 159

K2HPO4 0.049g
MgSOs-7H20 0.075¢g
CaClz-2H20 0.0369

Citric acid 0.0069

Ferric ammonium citrate 0.006¢g

EDTA 0.001g

Na2COs 0.029g

Trace metal mix A5 1.0mL

A2 2 28°C, pH 7, 8571 (light : dark cycle) 14:10h

Holeick oltsfekat otz gEek) eiskos,
& AE Al 24 PFH I (FL20SGP)E ©]-85t
50 umol m* sec ' &2 A1 5FSTE

S|
=
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£ o RN

2. 215 Bz

A. bibraianus®] 22 WFZAS A5 Y9 2=
= MOE (2014)2} MOE (2016)E 7|22 15, 25, 28,
35°CE AR, pHE AH, 43, 8714 27191 pH
3,5,7, 1022, F57] (light : dark cycle)+= 10:14, 12:12,
14:10h= A5t 7k 2AE=E A4S v)ustoloh vieF
2 250mL AZFE 2T o] BG-11 BA] 200mLE ¥, A.
bibraianus 0.5% (w/v) & 55t 1447 v oFstaict.

SHA w5 U 9FEF (N, P) et 524 (Cuy, Zn) SE0
W2 A bibraianus2] AA T} Al AG8S Ikt Q.

Shin MRS A3 oﬂ AFEE ZAF {4221 Table 29} =4
73 THoHele] 715 Baol ole BHY AT A 24

7 ME}(NIERZOB).

FIEF @Y 2 53 @A HSE Az 6k
BG-1181#] W ZgH A4 (NaNO;) T Q1 (K,HPO, -
3H,0)2 Al<fstalet. & Fdd7 &4 #l42] 3%, 5i
T AT sLT I Axoile D% 2] 244
ol/K-] _uﬂ_'_oﬂ A—] Z]
£¥92 2= NaNO0;°F NH,CIS, ‘?l%&i%:— K;HPO, &
ol-g5titt ¢ 9 Eg g4 H49] 5+ 500, 1,000,
5,000,10,000mg L™ & A5},
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Table 2. Chemical properties of swine wastewater used for the
experiment

T-N T-P Cu Zn
Samples pH
mg L™’
Wastewater A 5.8 6,952 867 15.1 59.7

Wastewater B 6.3 5,418 990 34.8 747
Wastewater C 5.6 6,617 491 25.4 40.8

a5 & 9 59 g4 #H5= A U EDTAE Al
Aste] Fa& A FFe A LE= sHH &
%= Cu standard solution (1,000 mg L") ¥} Zn standard
solution (1,000mg L™')& ©]-§5t% 10, 30, SOmg L' 2 4
Hatsich

4, ZAEHS

Z 33 (A, B, C) 9 SAMAAENA S4t HE Eol
bibraianus®] B H-84-& HrtotAh 4t H A=
TR AR SR 2R FFHer, Bﬂ Ci &R SAMA
AoflA ZF Sk 3557t B vlE 5= SEEHEH 10m
ol fIR]eA A F o, 4°Coll A Hstich AFH e =
At Hlg= FiE AlA & JHAX o DE"ste] At
of| A-g-oFATE ZF 4t H|4=2] Ad A2 Table 29+ 2Tt

A HF PR 712 Chlorophyll-a (ES 04312.1a)
A B 0|85t A. bibraianus®] A473S S5t
(MOE 2011). 5847992 A] (GF/C, 45 mm)E ARE
ofshet o oIS YL 22 ahaglo] o HlET £ 5
T (9+1)E Y11 upstct upAigt AR E 4°Cc & =1
oA oFF FF WrAsto] A2 (500 x g, 204) SHATE
EH A5 BFgT A UVVIS spectrophotometer
(Model UV Mini 1240 Shimadzu, Kyoto, Japan) & ©]-8-5}%]
663 nm, 645 nm, 630 nm, 750 nm&| TP A A5
7y 3pgoll A 54 S8 = g2 vt 22 Aol ti st
o Chlorophyll-a= £ At

Chlorophyll-a (mg m™)

(11.64X; - 2.16X, - 0.10X3) x F54 2] % (mL)
- o] 75k Al =] (L)
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Fig. 1. Growth curves of Ankistrodesmus bibraianus in optimum

conditions for 14 days: (A) temperature (15, 25, 28, and 35°C), (B)
pH (3, 5, 7 and 10) and (C) light: dark cycle (10:14, 12:12 and 14:10 h).

O} 2 =279 Scenedesmus acuminatuss ©]-8-3F Park et
al. (2011)014 AA42} 212 AATES
A 2 2732 28~30°CHTh
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Ankistrodesmus sp.”} pH 77} pH 10914 7HY =2 2=
A AA=E 3’4’ Hpol @ uj A S8 7HIthE o A
Aitof] Ee-51th(Lananan et al. 2016).
7] (hght : dark cycle) 270l WHE A. bibraianus2] 73

F EAL BF717F AoAESSE A bibraianus®] 47 E]
Z7telR AL, light intensity” b3St 14:10hE o} 71 =&
AdES BTt (Fig. 1C). o|§ Aat= F5717F Ao
A5 Chlorella vulgaris®] /3701 S71olrh= o) A+
Atet A2|5HTH(Oh et al. 2018).

258 FF7] = nAERo AR A A4 AR]

F= AH, LF=EY AAGE = A= 7t
& 5% 594 9T IA=E &HA 3TH(Choi and Lee
2011). =3}, pH+= Hio] Qui A 24, FHd, <19] 71874,
Yot E/gof wofstr] wiZof mAlRFe] Aol
S 1|t} (Azov and Goldman 1982; Lee 2001). Tt
A &5, pH, BF71E Bp2Re) A1 WP S B
she v Zag fosolt,

2 AToNA A. bibraianus®] 24 BFE-S 28°C, pH
7, B57) 14:10h2 HASHLT, olot 2L HjOEEAE 4
$5to] o] 7.0 AFE WAL

2. @YAR(N, P)9 ed H4-0llM Ankistrodesmus
bibraianus®] ‘3% 9l H|HHE

A. bibraianus®] FFEFo At A L AAEES &
15t7] $Jsl A4t 91 500, 1,000, 5,000, 10,000 mg L™
Tz A4 v 9 Eet oA HgollA] dele 29
Sholch 2 A2y} Aot Q1] vl 2 E9t 4 1
9] Tt STVFESE A. bibraianus®] /7o) A5lE]
o} (Fig. 2). & AT A= A. bibraianus?t B2 53257
Scenedesmus obliquus7t A 2] gF A A} 919] iEﬂ' =ohd
5 Ao o= Gith= o] AtATet A5l
(Park et al. 2019). A9} Q1S TU =2 He|et 4 H
of| Al Zt 5= (500, 1,000, 5,000, 10,000 mg L) 2 A4
= 80.6%, 72.3%, 22.9%, 24.9%, 12 50.0%, 23.1%, 16.7%,
11.9%2] AIAGES B (p<0.05). Park et al. (2019)
2 2 Aot FYs dA Q1 s00mg L] @Y A=A
oA S. obliquuss ©1-85FAS o, A 70%, 1 34%°] A
A8E&S BT B A7 A A, bibraianus= A4 80.6%,
%1 50.0%= S. obliquusHTH E2 FYET AAGES B

ATk E2L AAo} Q1] B M Hgels 7 FEE

ro, 32
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Fig. 2. Growth curves of Ankistrodesmus bibraianus in synthetic
wastewater containing single/binary mixed nutrients (N and P)
treatment for 14 days: (A) N, (B) P and (C) N+ P

(500, 1,000, 5,000, 10,000 mg L") 2, HA 58.3%, 28.1%,
21.1% 16.4%, 21 49.8%, 16.1%, 9.93%, 7.80%2] A7 &8-S
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Fig. 3. Growth curves of Ankistrodesmus bibraianus in synthetic
wastewater containing single/binary mixed heavy metals (Cu and
Zn) treatment for 10 days: (A) Cu, (B) Zn, and (C) Cu+Zn.
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Fig. 4. Growth curve of Ankistrodesmus bibraianus in swine
wastewater A, B, and C over 14 days.
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Fig. 5. Removal efficiencies of the nutrients [T-N (A) and T-P (B)] by Ankistrodesmus bibraianus in synthetic wastewater containing sin-
gle/binary mixed nutrient treatments at various concentrations for 14 days. Average removal efficiencies indicated with the same letters
without and with symbols are significantly different by t-test at a=0.05 level. Average removal efficiencies indicated with different letters
without and with symbols are significantly different by Tukey’s multiple comparison test at a=0.05 level.
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Fig. 6. Removal efficiencies of the heavy metals [Cu (A) and Zn (B)] by Ankistrodesmus bibraianus in synthetic wastewater containing sin-
gle/binary mixed nutrient treatments at various concentrations during the 14 days. Average removal efficiencies indicated with the same
letters without and with symbols are significantly different by t-test at a=0.05 level. Average removal efficiencies indicated with different
letters without and with symbols are significantly different by Tukey’s multiple comparison test at a=0.05 level.
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9] ZF<& AASEL EAFCR G5t 2jo]E HolF parison test at a=0.05 level.
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Fig. 8. Correlation between the concentration of T-N and the growth of Ankistrodesmus bibraianus in synthetic wastewater containing sin-
gle N at various concentrations: (A) 500mg L™, (B) 1,000mg L™, (C) 5,000mg L™, and (D) 10,000mg L™".
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A] B3t (Fig. 6). Engl and Kunz (1995)2] A2 3to| o} 71o] AAE 51 9J.oH, Zne Cu®} Bl W Ste] SHEA] AF
29 554 522 & o Cu®t zn gHE U 28 7 27 wfgoll 2% FHoll AA Sl spelct

http://www.koseb.org 89



| I
Korean J. Environ. Biol. 38(1) : 82-92 (2020)

Concentration (mg L™")

0 T T T T T T T J
04 035 0.3 025 0.2 0.15 0.1 0.05 0

Chlorophyll-a (mg m™)

31 4 (B)

29
27
25
23 A

21 4
19 1

Concentration (mg L™")

17 A

15 T T T T 1
025 02 0.15 0.1 0.05 0

Chlorophyll-a(mg m™)

Concentration (mg L™")
~
n

0.2 0.15 0.1 0.05 0

Chlorophyll-a (mg m™)

Fig. 10. Correlation between the concentration of Cu and the
growth of Ankistrodesmus bibraianus in synthetic wastewater
containing single Cu at various concentrations: (A) 10mg L™, (B)
30mg L™, and (C) 50mg L.
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Fig. 11. Correlation between the concentration of Zn and the
growth of Ankistrodesmus bibraianus in synthetic wastewater
containing single Zn at various concentrations: (A) 100mg L™", (B)
30mg L™, and (C)50mg L™".
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