ISSN (Print) 1225-7672
ISSN (Online) 2287-822X

Journal of Korean Society of Water and Wastewater Vol. 28, No. 6, pp. 691-698, December, 2014
http://dx. doi, org/10,11001/jksww, 2014, 28, 6,691

Effect of a co—culture of scenedesmus dimorphus and
nitrifiers on advanced wastewater treatment capacity
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Abstract : This study investigated the effect of a co-culture of Scenedesmus dimorphus and nitrifiers using artificial wastewa-
ter on the removal of ammonium, nitrate and phosphate in the advanced treatment, To test the synergistic effect of the co-culture,
we compared the co-culture treatment with the cultures using S, dimorphus-only and nitrifiers-only treatment as controls, After
6 days of incubation, nitrate was removed only in the co-culture treatment and total amount of N removal was 1.3 times and 1.6
times higher in the co-culture treatment compared to those in the S. dimorphus- and nitrifiers-only treatments, respectively. In
case of total amount of P, co-culture treatment removed 1.2 times and 12 times more P than the S, dimorphus -and nitrifiers-only
conditions, respectively. This indicates that the co-culture improved removal rates for ammonium, nitrate, and phosphate, This
further implies that there was no need for denitrification of nitrate and luxury uptake of P processes because nitrate and phosphate
can be removed from the uptake by S. dimorphus. In addition, co-culture condition maintained high DO above 7 mg/L without
artificial aeration, which is enough for nitrification, implying that co-culture has a potential to decrease or remove aeration cost in
the wastewater treatment plants,
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1. Introduction gh, A 9 Q7R FAl] AA 75t (Xiang
D S A o] g ga  Obal 2014, AEEA 9l A7= Phosphorus
- = e} -

o} olo] WpEa A Z2e uzA7|7] o8 3 Accumulating Organismse] ¥7]4d Aol A
! L e = =] ol HF=3FlT B 2] AF X o]g 7ol A=
g2 At gy ] NESA 7] U= EO]‘—]— 37148 il A o) A
F= 7120 & o] R0 21 (Xu et al. 2013), =
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Mo ALEE| T itk hEAel BNR el o o A7l A SpEEofe] 5 am-
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7] WjZol(Ebeling et al, 2006), AAsI7F &
oif= TRl = AEFH R 4 s
of 5}, o|= glsf FH7|o| £QE=
2 QA stH|aA 2 +Gu| e 40% o1 &b
Agtehal H 131 Itk (Tchobanoglous et al.
2003; Stenstrom and Rosso. 2008), Z1&d|
ol2lgt & u|of Hls H=sHA AeE et A
429} ¢l AA BEL 60 ~ 70% AERE Fe H
olm, Wi AV EE WEHAI7]A] ettt A
E3H8 A2l o]%of FA Folet T2 3}
A Aeie A8AA A AA BES Eol7]
= ShA|RE, 3}5hA] A 7o) A9 oFEH|, &84
APHlE 5 W FAEEI aqtEEE A
A/do] Holzlth= ©Hlo] Sk, webA gEet
A A=A 2 (BNR) 3 Hoh A9} 91o] A|A

AR o WRS $71ES WEAY 5 9
L 37bQ Ve B Y2 el el I
aspt,

g, mARRE W AYAE ol&st=
= ol sk, o] W oliksbgha
ofue} A4t Qe Fe g r) wWE ¢+
A wlAzRe] A2 R 219 A7 SEol e
3 HE9l o (Mallick, 2002; Arbib et al.
2012), EA OS2 Chirella sp., Scenedes—
mus sp., Spirulinal sp. 5°] &4#A Ut
(Lee and Lee, 2001; Martinez et al, 2000;
Olgu’1n et al. 2003, Li et al. 2010). v]A|

Z5F7F 0|83k nitrogen source®Z+ am-—

MHE ot

monium, nitrate, nitrite@} -2 F7]24 9
urea, glutamine¥} T2 {7]2447F =4,
o] 2 ammonium} nitrateE A& gtclar sk
tHStumm and Morgan. 1996). Phosphorus
source®+= inorganic orthophosphateg ©]
€3}, inorganic orthophosphate?] &39|
HE5% Afole nAlzF Al Ho| A5t
+ organic phosphateE orthophosphate®=
ASAIA o]&gttar ek, AR Aol A
B vl ZF7} nitrogen source® 1 mol2]

ammonium-< ©]-83slo] L3HASH= A 6.63

mol®] 4t4~(15.14 g—0,/g NH,—N)7} A=
™, 1 mol®] nitrates ©|-85t% Fe/dsh= 74
9ol 8.63 molQ] A4:(19.71 g-0,/g NH,—
N)7} A=l th(Ebeling et al, 2006).

olgt uA| 7ot AASL vhe 2jotE Ful
HAl =, o]24 o2 & Atolof FAIAI7E
g 5 ol Qs eheeiopt Waz o)
= AR FPAAE ol SEE,
3= 53 AAAE nitrate= UA|RFO] A
a3t dado=w FaE 5 7] Wiol
. B3, mN 2o A4ts) vt elort A st
HA F&L2=E o]&dt= 7|2 ammoniumd}t
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AN 7HsiE o 7] wZell, 71&9 BNR
THED O U2 da 9 2 AARES &
% 912 o,

oheba] 2 AFtellAs BiE(control) &=
Ul | Z5F S dimorphus ©AZA(0)3} S, di—
morphus—only) 2} A4St Bhe|e]op ool z71(
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TA|A o & mpofskaia) skl Rk oy et &
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2. Materials and methods
2.1 0|M=F ¥ Z4ts) dhe|2|ote] vt

2 AFtoll AREE UAMRF Scenedesmus
dimorphus= KCTC(Korean Collection for
Type Culture)2H8 #eF wokch FFs}7]
7 BB medium= ©|&3}9] total volume 1
Ll AZ+=ZetA 3o working volumes 600
mLE 3}, pH 7, vjY2%= 25 + 1 €, 3F5Fo]
100 pumol/m?/sQl B¥5= 24AXF ZAFH =
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o o FU7E vkt
= Aol ARERE A4t bhE| 2ol SE
Ao ZHE AL activated sludges 2 L
=]

=
X Lo A= modified BB medium< ¢l

™, Z7]ammonium &%+ 50 mg NH,—N/L,
nitrate %=+ 50 mg NO,—N/L, Phosphate
BEE 15 mg PO,~P/LE A4a) #9ich. ¥
7] e (inorganic carbon source) & so—
dium bicarbonate(NaHCO,)& 7 g/L F%3l
Fem, Qlgstao] A A Q1 4442 Table 1

3 e,

Table 1, Artificial medium composition

Component Concentration
NH,CI 50 mg/L
NaNO, 50 mg/L
K,HPO, 15 mg/L
MgSO, - 7TH,0 75 mg/L
CaCl, - 2H,0 25 mg/L
NacCl 25 mg/L
H,BO, 114 mg/L
FeSO, - 7TH,O 4,98 mg/L
Solifiorl HiSO,‘, Z 1 mL/gL e
ZnSO, - 7THO 8.82 mg/L
MnCl, - 4H,0 1.44 mg/L
Trace MoO, 0.71 mg/L 1 mL/L
CuSO, - 5H,0 1.57 mg/L
Co(NO,), - 6H,0 0.49 mg/L
EDTANa, 5 mg/L
EDTA 1 mL/L
KOH 3.1 mg/L

23 ME W

S, dimorphus®} A4S} dhe|2lole] Tk
o Qg avts wots] 98, Hzt(con—

trol) 22 S, dimorphus—only, Nitrifiers—
only 270& A5t A& TSS =5 7]
F0 72 3519 S dimorphus®}t nitrifiers7} 1 .
20 (w/w) B]&o°] EE 2 (TSS =% 2200 mg/
Lol S dimorphus 12 ml, TSS &%= 1060 mg/
L2l nitrifiers 500 ml) 3l &} S dimor—
phus®| HE&S 24k} vhg|ejore) 208U W
A AR A 2 A9 co—culture g o]
719 skpA e Fr|xo| nARRE YF
FYsh= Zol7] wfZolt,

Total volume 2.5 Lo €53 w79
working volume2 2 L& 3} batch FE|Z
SHF o, L= 25+1C, pH= pH con—
troller (pH 910, iSTEK) & ©]83} 7.5+0.5
2 FASFolor, FdS g 22 eqtat

& Zb= White LEDE ARSI, 3332 UV
@F7 (LI-1400, LI-COR, USA)E A3}
22435t & PPFD(Photosynthetic Photon
Flux Density)7} 70 imol/m?/s¢] =% 24
3l i), o] o Nitrifiers—only 2749 ¥+%-
7l Yol o3 2/ 29& WAISH| {8 &
A= 7 & Apeksl] =tk Z7]+= Nitrifi—
ers—only 2707k 0.1 vvm o 2 oF5}7 3 3
%o, Co—culture 273} S, dimorphus—
only 270l %715 o771 Qtch AAL

H2)517] Q8 Al 24 2% 150 rpm 2 wEk

ON

2 ot

Alg2= 12417 mioh 25 mLA A3 sko] B4
stttk A F ek Al 7= OD(Optical Density)=
660 nmoll4] UV/Visible spectrophotometer
(Optizen POP, Mecasys)S ©]-&3}o] =43}
Atk 1Al (BEq. DE ol&ste] nAl2F 4%
E(Growth Rate ; GR)= AAFsFAT,

GR = (InOD, ~ InOD,)/t (Eq. 1)
ojuf, OD,= 27| OD%t& T3, OD =t
o] At Al oAl OD gkoltt,
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T3t 0,47 wm GF/C (Whatman, NO.
1822-047, UK) ofA|o] AT A RE ©o]&
sto] DO, NH,~N, NO,~N, PO,~PS £45}
&t DO= DO meter(DO—350L, Istek, Ko—
rea)2 olgsto] 24819, NH,~N, NO,~
N, PO,—P+= #=4dEA kitH& 0|83l Water
Analyzer(HUMAS, Korea)2 EA31ow IC
+ TOC analyzer(TOC—V _ , Shimadzu, Ja—
pan)& 43t

3. Results and discussion

3.1 38i2k0| S. dimorphusS| 4

g0 o|xl= S

S, dimorphus—only % Co—culture &7
oA 2] S, dimorphus ‘3%& OD &2 B713l
o Fig, 19| YeAt}t. S dimorphus—on—
y 243} Co—culture 279 A @& o9
S, dimorphusE AZP2o|= B3 Co—
culture 27049 27] OD,,, #kol B =4 =
AE =T, ol AES =

aks} uhe ol
ofg #foleta g 4 glet,

et 71d AL sHA Hol S dimorphus?t
%ol tha Aol E W] Wit o= ek

3.2 ZHl2k0| nutrient removald]] O|X| = L&k

S, dimorphus—only, Nitrifiers—only %
Z A0 A9 ammonium, nitrate,
nitrite, phosphate 5x= ¥H3}= Fig. 2, Fig. 4
9 Fig 49 YEWt}t. S dimorphus—only %
A(Fig. 2)ollA =7 29 A|H7FA] NI} Pe] &
HI7F A9 gledl, ol dEsi: S, dimor—
phus®] 7] OD,,, kel 0.03(Fig, 1 a)e
2wl 2] ol 29 ol FEE am-
monium®] 10.5 mg—N/L/d £E=2 AH|E 3]
O, nitratexw AHE FA%EE Bl HE

Co—culture

ol mARF7} AAYORE nitrateS Ol%
A

ok Agoll= datsteaa 9 oAbt a4
|3t 2hA T HhEA] AR oF sEARE, am—
monium< A4 o7 0]g3 o= 27}

Aol IAQ glo] ouUx|E Aokst 4= 7] W&
of &= £29] A4 & ammoniumS 4174

° 2 4H|5}7| wjiEo|th(Henda et al. 2012).

—(—S. dimorphus only
—&— Co-culture

0.8 1

0 L Timg (day) 4 : o

Fig. 1. Growth pattern S, dimorphus under the S, dimorphus-
only and Co-culture treatments,

6 AJF7FA 9] S, dimorphus growth rate
£ Eq. 1o 9J3)| A&t 23}, S, dimorphus—
only 74949 growth ratex= 0.603 d,
Co—culture ZZAoJA= 0,273 d'&2 S, di—
morphus—only 7oA oF 21} o]i}e] w2
AFES UEHH ©]= Co—culture 27104
S. dimorphus®}t ZAFs} Bhe|2|olr} &3t

Phosphate= 1.5 mg—P/L/d £E & AH|E|o]
LA717F B0t & 6 mg—P/L7} AlA =t
= NH-Ne

—8— NO3-N¢ —&— POs-Pe

8

3

NH,-N, NO;-N (mng/L)
3 5

3
Time (day)

Fig. 2. Removal of NH,, NO,, PO, in the S dimorphus-only
treatment,

Nitrifiers—only ZZ(Fig. 3)°ll4+= AOB
(Ammonia Oxidizing Bacteria)ol 23] am—
monium®] 5.6 mg—N/L/d%] &2 A4 E
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o1, Phosphatex= +%47]7F 64 &< vj¢- &=
2 &% 0.1 mg—P/L/d= AL AAE A &3k
t}. Phosphate7} = wlA8&2] 47 9S4k
DNA 34 5ol 222 4o &+
5}al, Nitrifiers—only 27949 phosphate
A A&o] S, dimorphus—only Z71of v|3] &
A 3] AL o] 8- v ZF2} nitrifiers?] bio—
mass Al 2|7 917] wiiZolth, Ebel—
ing et al, (2006)9| 4= 0]A| 272} nitrifiers
b Eo] 1 g NH,-N& olg3tel thAleh 7
L A Z2FE 15.85 g VSS, nitrifiers+= 0.2
g VSSE ettt HAuskqlty, &, vlA|lx2F
7} nitrifiersol] H|3l 2F 808 =2 biomass A}
S 2=t

whekA N ZF7} nitrifiersoll B|S| bio—
mass Y4 X FAS ¢85 2R Sh= phos—
phate &Fo] ®X wom o|& Q3] S dimor—
phus—only ZZ°|A412] phosphate A|AH&0°]
Nitrifiers—only &zl B8] =A Hepd A
ot}

Co—culture 24 (Fig. 4)°|A+= S, dimor—
phus@} nitrifiers’} EA]o] ammonium< 4
H|sto] 5o 4= S=d|, 48]%E ammo—
nium mass balanceE gt 2i 4 2Y A
HAE 71508 553 2t Hooh

44| ammonium mass balances= ¥-%17]
7t B¢t AAE ammonium®] ¥ (a), Al
StZ "3 nitrite Y nitrate?] 42 (b), S
dimorphus®l] 93l uptake ¥ ammonium=
T, a=b+c2EHHAY 07|14 &
H|E ammonium mass balanceE 5= 42
Karya et al.(2013)& #a1slg o), ammo-—
nium uptake by nitrifierse= mass balance
Alof| ¥kgstA] skt FEA o w2 AAks] v
glob= 1 g9 NH,—-NE ©]8&3te 0,98 g-N
nitrate® AARFsIH, Y™z 0,02 g—Ng7F
AR Foetnz s seelobrt A

2 goste] AIAR WA G AT 4 S

tlo o

—a NHi-Ne  —e— NO3-N¢  —¢— NO-N¢  —p— POs-Pv

d 2 3 4 5 6
Time (day)

Fig. 3. Removal of NH,, NO,, NO,, PO, in the Nitrifiers-only treat-
ment,

—=&— NHs-N¢ —8— NO3-Nv  —e— NO>-Nv  —a— POs-Pe

Q8
E
7 & 3
$ ]
7 7
g )
. 20
%
Z

Time (day)

Fig. 4. Removal of NH,, NO,, NO,, PO, in the Co-culture treat-
ment,

5

@ (a) removed NHs-N«

8

0O (b) nitrification

2 (c) taken up by S. dimorphus

0 .

Fig. 5. Distribution of NH,-N between nitrification and utilization
by S. dimorphus in the Co-culture treatment,

8

=
=)

NH,-N mass balance (mg-N)

0-2 daysv 2-5dayse

Arg Z7] gj&olt}t, Karya et al. (2013)9]
ammonium mass balance Z1}oj| A= 2 Aks}
dre| 2ol Al e F5 o] 2H|E ammonium
2 2% Bt 22 3hS yER

°|5 Fig. 5o yetlon, 2 29 AR
THA = AH]E ammonium®] 94%7} A4S}
of 29 29 AlH o|F=E= 25%%te] A
Abstoll, U 2] 75%+= S. dimorphus®l| 2]
uptake H AZ & = AUt olet EE am-—
monium mass balance®] H3}7} LELE= 0]
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= S. dimorphus®| /3§79 €l (Fig. 1 1)}
ol Aok, S, dimorphus®] “d7go] =1 -
ZHlag phase)ollA+= S, dimorphus’} TR =2
8t= ammonium Y= Fow gt A7k
ofA= B8R = ammonium®| o] Wi,
wetA S dimorphus® 7o) =9 29 7HA]
o] Fto A= thHFE9] ammoniumo] HAKsk
of 2931, 43| A4tz 29 o] % Fxbol|A
= 75%2] ammonium®] S, dimorphus®| 2]3f
uptake ¥ Tt ATHETE

Co—culture ZZAo|A] nitratex= 2
sl 5Y Al7HAl F7tstetrt, ol % 2
Aol ekt (Fig, 4) A4k 44 1
mgN/L9] nitrates=
o|% S dimorphus®l 93l ¢ 4 mg—N/L/d¥]
52 AAEA =, o714 Fatt d2 FAb
37h dojub= H1kollA Aatst= AAE ni—
trate® S, dimorphus’} B2 uptake ¥ 7}
Aol gt FEoltt

S. dimorphus?} AAFsL2 WIS nitrates
HFE uptake Rt AAtsleo] WA 7k 4
7] wgolct, i Aasih dojuhd 0 ~
512 A0 ZH ammoniumI}t nitrate’}
5= 2t 7o 2 vA| R F= nitrate B
o} ammoniumE © A&ty AXO R o]
517] wiszoll, of FF7to A FAkete A ni-
trate= S, dimorphus®l| 2J3l uptake HA] &
S o g HE Qi) Co—culture 27 of A
phosphate= S. dimophus®} Z4Fs} vl 2o}
Ol AY T4+E 53 1.8 mg—P/L/d9 £E=2
T3] 28| = e}, (Fig. 4) ©] o phosphate
—4 g HEL S dimophusel 3l Au]H Fo

TehE

of2

AL
i—s}%

-3

ammonium®] 2Z2% 5

!

3.3 BuHol 244

Z Ao A 9] nutrient removal
AMNE S dimorphus—only % Nitrifiers—
only®} B slo] Table 20 g 2|ttt Am—

Co—culture

Table 2, Summary of NH,, NO, and PO, removal in the S, di-
morphus-only, Nitrifiers-only and Co-culture treatment

S. dimorphus | Nitrifiers Coculture
only only
e o e ]
Namoont gy | ® " !
P amount (o ) ° o] 7

monium removal rates= Co—culture £710]
o 7 sl vl =%, Sy Ni-
trifiers—only 710 H|s{jA= 2,28 A=
E2 Ao 2 YJeElgth Ammonium<S S, dimor—
phus®} nitrifiers7} &5 02 0]-838}= nutri—
entol7] wholt}, NS B AAT ni-
trate™= ammonium®]] ©|°o] S. dimorphus®
SR AAE7] 2ol nitrate= Al 27 F
2 2] Co—culture ZZNARE A A= RO, &
A717F &<t AAHE Aol 9, Co—culture
Z70] S, dimorphus—only Z719] H]3|] 1.3
Hl}, Nitrifiers—only 7] H|a}| 1,68 =2 Z
S 2 YEIY, Co—culture 249 A4 AA=
o] 94aieiiz Aplo] SelE o),

FE3SF Co—culture 7oAl Phosphate
removal ratex= S dimorphus—only ZA1}
= 2 Aol giley, Nitrifiers—only 27

of H|gA= 188} =& ZF2 Bttt =3t
SA7|17F B AAE Q1] A9, Co—culture
Z210f Hlsj 1,24,
Nitrifiers—only Z71°f H]sj| 1284} =& 4H&
e o], ol AlA GA] Co—culture £710] %
otk 23 9E 4 Ut

PhosphateX nitrifiers®t S, dimorphus?}t
biomass A4 ¥ FAE fl8 3§22 oF
3= substrate©]”7] W&o co—culture Z 70
Aol AALEA A 2 Folth, BhAE 7] 2

o I

ZAo] S dimorphu—only
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0 2 nitrifiers”} biomass A4 ¥ $XE ¢
3] uptakedl+= phosphate®] ¥ S, dimor—
phus Bt} @3] 2t7] wf&o (Fig, 2, Fig. 3),
co—culture 2743 S, dimorphus—only %7
o412} phosphate &H|&E= M2t Jloz
TekE o

S, dimorphus—only, Nitrifiers—only %
Co—culture 2449 DO %= ¥H3}= Fig.
6o YEFWT 0.1 vvmo 2 Z7|5 & Fd
Nitrifiers—only 2742 DO7} 6 mg/L A==
FAE Tt S, dimorphus—only 2712 7]
£ o A4 ol EFskar A Akl
oJ3 DO7} oF 9 meg/L 7HA] At on, A3t
7r45}1o] saturation level(251C)21 8.3 mg/L
2 A E= Aol Uetst S, dimorphuss
329t tf -2 9] mA|=F= autotrophic Fg
A A & o NI PE Z2A = sk, a3t
HRel 2ol 1 mg—Ng& ©|-&3to] °oF 15 mg-0,
£ AT 2 (Ebeling et al, 2006) 334 o
AFES 2 DO7F 5338] 32 4 Aok &
el T

24 —a—Nitrifiers only —0—S. dimorphus only —e— Co-culture

Time (day)

Fig. 6. Changes in DO in the S, dimorphus-only and Nitrifiers-
only and co-culture treatments,

Co—culture 27X = £7] glo] «2] Fg
ol oJsf =& DO7} F-A1 =Sl S, dimor—
phus®| J4-E0] v FUH &4 2utel= A
AFskE QI8 DO7F thas fHastgl oy, S, di—
morphus?} Aol w2t DO7F 9F 9 mg/L7k

A Asstal, o] % M} Aste] oF T mg/LE
A == ko] Uetsth o33 2it= 1 mg
o] NH,—No| #AF}E7] 98 °F 4.2 mg-0,
o] Akax7F A gk whef, FdS SollAl= 15
mg—0,/ mgNe| 42 H&= 4tarF 3557
(Ebeling et al, 2006) &1 Aoz FtE}

4 Conclusion

2 AFtollM= S, dimorphusE W HIA|
Z582 XA S dimorphus—only, Nitri—
fiers—only % Co—culture ZAoA §7]&E0]
iR e QlE8trE ©]85to] ammonium #7F
o}y @} nitrate, phosphate A|AZHo| & F&
stoy S, dimorphus®t AArs} viE|2johe] -l
Foll 2 LT AASE D A Al gt
MY A BikE okofstgirt,

6U7+] batch +443}, Co—culture g %
A9 A AL S dimorphus—only 271
Bt} 1.39)), Nitrifiers—only 27 2t} 1.64)
=2 A0 yeyton Ql AAZS] Fe= S
dimorphus—only Z7Z9] 1.24l], Nitrifiers—
only & BlsjA= & 18yt &2 AL
2 etk 3t Co—culture Z2ANAE 2
7] glol, @2 FdE Fal HAalsto] Hash
AbA7F S538] 335 o], DO7F 7 mg/L olAtS
2 =4 FA= A,

AA o7 Co—cultureE =3l ammoni—
um, phosphate®} @] S dimorphus®?} Ak
3} ghE| o7t 35S ® ©]§5k= nutrient®
AARES =Y 5= o, diksks F8f A4
9 nitrate= 7|9 @857 §lo] phosphate
= 7129 luxury uptake 34 glo] S di—
morphus®| F52 AAE 4 vhs AMS &
o= SliTh, #ak o2}, Co—culture Z710fA]

7] glo] 4] S ol datsto] Hagh

3
x
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