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Effect of MLSS and Micro-algae on Nitrification based Photosynthetic Oxygen
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Abstract

Water—bloom and red tide due to eutrophication have been overgrown and have caused various environmental problems.
Recently, however, research on bid—diesel that can utilize algae as an energy source has been actively carried out. In particular,
many studies variously have been conducted to utilize algal photosynthesis oxygen as a supply method for reducing the energy
by an air blower in MWTP. In this study, a lab scale algae—nitrification reactor was operated to replace the oxygen required
for nitrogen removal and the operation period was largely divided into three sections. In the first section, ammonia nitrogen
removal efficiency was 24 ~ 38% according to the MLSS (Mixed Liquer Suspended Solid) concentration. In the second section,
ammonia nitrogen removal efficiency was 38 ~ 50% according to the micro—algae concentration and in the last section
ammonia nitrogen removal efficiency was 61 ~ 80% according to HRT (Hydraulic Retention Time). As a result, as the MLSS
decreased and algae biomass increased, the ammonia nitrogen removal efficiency tended to increase, but the effect of Algae
biomass was greater than that of MLSS.

Key words : eutrophication, micro algae, nitrogen, nitrification, photosynthesis

ISSN' 1229-6031 (Print) / ISSN' 2384-0056 (Online)
DOI https://doi.org/10.17663/]WR.2017.19.4.508

1. ;] & AP 9lon, E9] staie] Zofol Mk FFdAE

AN 4t T Uete g E8shy] 9fRt B A9t

Salat 54t shdojA] Bgokata olgh =z} Az =3 lck(Lee et al 2015; Posadas et al 2014a, 2014b;
27} 3}o] WAsle] ghe B 3do] o} Ao, o] Wang et al,, 2010). ol Z2F2] FHdS olgol= A0ZE(A] 1),
Hodokalo] o)gt 2BMALS AAA5l7] 98 ofa] 71| kit 25 S o AR AARE sirAlRle] Egske Aol

A E o] 713 5]o1gth(Cho et al,, 2016). 2L} & Zojl=
o] 5% oUAYoR B8 4 Y= Hlole Tl A7Kim

et al, 2013) 5 thgHolA 2R} BE AF7F st
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AgH] 47-Z B9 kA 294 dofo] 7Fs Aol
SEARE MM RS A R St el H-85t7]oll= oFF
29 b o] EARitt. Bl EAHCR V&9 BEE
242] FRiol| Hlal 422 Alte] Ark= FAIE glom, Yxet
7)ol 270] A} Fetdol AA FFS T=the Aol
th.(Ras et al, 2013) o]gF 2AHS si2st7] Qo 75
Aol mA 7L} g 2otE vigste] £ 7] AlE &<
A7t RuE Y Qlom(Kang, 2016), &Y &kof o2
AT (Kwon et al., 2011), ZF2] A% LEDS] o] w2
H3} (Keiko et al., 2006; Kim and Choi., 2014; Wishkerman
and Wishkerman, 2017) 5 t}eFet A Q] njM|zF A%F
o T AT FPE AT

2 A7 FF2 Adideldd 275 skeA el
&
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AAZARE "ol FTEAS T 4mE A3 MLSS
(Mixed Liquer Suspended Solid)e} bJA|272] oFo] A4S
of B2 FFE A= Ao=w HEteH, & ¥ =
g shrA g QA i M2t s e 282 5
b

2, A8

2.1 W23 YA

A= Ao AA TRlele 7180 Al gyl 4t
S-gag B AaAANA 97t Angte] wt ok
ot 574, Hdolle BV ditw Ak 7HA] o2
=9l AAs-gd v fR Yoty Wavt A A4
= 4kl | § 2vheS F8l avbam skl Ay
Aag A4EE7] A obda A4 gAE Ade Aast
Nhe2 NP OR 2eAR EfA glow, IdAlE efiyor
4 ATt ob A Aaw Hstele B, 2941 of i
Aart AR Ahw AstEe Aol

Nitrification: NH4" + 2 O, — NO3; + H,O + 2 H'
Denitrification: 6 NO3~ + 5 CH;OH — 3 N, +
5 CO; +7H,0O + 6 OH 2

2 Aol Slot e Apeh-wa wae] AAAA W
B2 ARG, 91 QeI 2 4 glo] Aaks} Bl
1749 grmjoty WAzt Aske uf 2749 AAst AHg ol
Lo, o] o WA Aao] ARE 25 YT gl
gate Az skt

iz N

2.2 A7 O AR
B ATE 9ot AP Bert A 25H-A4E

88 fab] 915l AT ol §ste] LAlTk Table 12
whg o] AE FATA0] S Lrerlow, G
2R AT I 5 YEF AR @G,

Ammonium sulfate, 99%)3} QI E(A| D ANAEEF, Potassium
phosphate, monobasic, 99%)2 FHFol 5o NH, -N
50mg/L, TP 5Smg/L= ZA|sto] AR-g-otoict. Egt 4
&9 A pH WelE 7.5~8.5 Ae]2 TREHT §l=t(Im
and Gil, 2011), E4tel= QIet G| AH|9} 279| FAd
o= IRt pH F7I= W& pH #iste] tigh <
T 4 UEE 2H7MESE de e W pHE it
ZaA =4kt

2 AFolA AMSE 2RE M-ATTHG A-M 3R A
= Stigeoclonum sp.2} Chiorolla sorokinianas 23950
8ot oem, H-A FRE+= Chlorella Vulgaris &
mediad] F2A|A AHESHT AYAS flo) FH 4
242 standard methodoll &]A 5t B4 5 THAPHA,
1998).

Table 1. Characteristics of influent in laboratory scale Algae-
Nitrification reactor.

Synthetic wastewater

Parameter concentration Parameter concentration
COD 30 mg/L NH,'-N 50 mg/L
BOD 20 mg/L TP 5 mg/L
N 60 mg/L Alkalinity 360 mg/L

AE otAPS o]8sto] & NE A2t
o, ghgx Q)R g2 25 Fol 20T 228 4
St = otolct 2 AolA] ghgx o] 52 WA Algae-
nitrification Reactor ol 2 AR1 7} AR2 =il ggstoict.
Fig. 12 2443 ¥ 9hgx90] 14 AR =R Yepfigich
AT A A FEoR FEFACR, M-AMLSS-
Algae) 77t A-M(Algae-MLSS)77F 12|11 H-AHRT-Algae)
Fre 2 YRt 5], 247 H-AdA = F 719
X 5 ¢ 7H(AR2)9] ¥hgEoTh F7EAQl AtA FES
AshA Q)R Ata FF
At7]1719F st whgx
T 5 e X2 At
£ ZAtsto| "ash AtAay
o] Wgsly] WEolct EF WX RS
2 FA57] Yot whex o -
Futt.
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Fig. 1. Schematic diagram of laboratory scale reactor in various operating condition.
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Raschke(1993) BE 274 §7189) A28 245
oF 1~2%E A5 ik 7Fgstel, ofh M@) A7 el
Fo] voloml2 SEE Gatst WS Attt

>

Algae Biomass(mg/L) = 100 = 1.5 x Chl-a(mg/L)  (3)

Chlorophyll-a+= Standard methods(2012)o|4] A|A]H
WS olgstginh. W], 34T AmE GF/CE o1} 5, oAl
EO+DES AMEste] Rafistalnt. o] F 4T WAdaolA of
SHF(24A17D) A Haste] 7ol A& 7S AHgstod
(500g 20231 45He AFHAZH. o] & 750nm, 663nm,
645nm, 630nm =A 2 FFEE S5k U2 g2 ot
F21(4)o] A3kl Chlorophyll-a =& A5t}

Chlorophyll-a(mg/ml) = 11.64X;-2.16X,+0.10X; (4)
X1 = OD663 - OD750

X2 = OD645 — OD750

X3 = OD630 — OD750

*OD(Optical Density)
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Table. 2 Characteristics and results of operating conditions

EAET Algae biomass®] 5E=E YERlT A7
TR g 4 glow, 7t FERE HHO 2
Hob) St SAEAL WIAARA SASAL,
M-ATFZHMLSS-Algae) o] kA& @ F7Ho=z
algae T4 MLSS(Algae Biomass &F A 2])5 Lol
FRUoM] da AAES ST 247172 140,
AR12 MLSS 2000mg/L, AR2 & MLSS 1000mg/L=Z 44
Sttt

A-M 712 FdsE MLSS FZoflA Algae 5o &
dmyobyd A AAgo] BIstE Bl spylon, EXo=
= £FE mesh & 9l A% JH= AL skelod,
AR29] 749 AR19] MLSS 5= 1000mg/Le} 5 L5t o1t
Airen| S-S mediao] FEAA 245HTE 20972 &
71759 AR12 Algae Biomass7F 156~160 mg/L.2-
AR2E 200~220 mg/Lo] H9l2 Helch

H-A 772 Algae ¢ 271%%9} fjopgae Sab
519 W] HRT #fo]e} 71 Aeration 5= Qs &

w

2t

) . . Micro algae biomass (mg/L)
Period Operating days Reactor Characteristics -
range median
MLSS: Algae = 2000:200(mg/L) »
AR1 HRT 3days, SRT 20days 186.7~198.5 193.3
M-A H MLSS: Algac = 1000:200(mg/L)
‘Algae = :200(mg _
AR2 HRT 3days, SRT 20days 198.5~205.4 200.3
Algae : mesh
AR1 MLSS : suspended growth(1000mg/L) 156.5~160.4 160.0
HRT 3days, SRT 20days
A-M 20
Algae : mesh
AR2 MLSS @ Media (1000mg/L) 200.3~220.4 212.8
HRT 3days
HRT 3days
AR1 (Algae media, M:A=5:1) 200.3~213.3 206.3
oA 2 HRT 12hr (6hr Aeration)
r (6hr Aeration
AR2 (Algae media, M:A=5:1) 200.3~209.5 205.6
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of whet Aits} mjgFo] Aitskgol n2l= JF, MLSS
Tt Faste] wet vty d4fe] EoleHA 2RAA
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Fig. 2. Ammonium nitrogen concentration in reactors.
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Fig. 3. Ammonium nitrogen removal efficiency in laboratory reactors.
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Table 3. Pearson's correlation coefficients(r) of reactor

ARE -
MLSS: Algae -0.631 -
MLSS -0.655 0.997 -
Algae 0.980 -0.731 -0.615
ALK -0.793 -0.740 -0.786 0.970 -
ARE MLSS: Algae MLSS Algae ALK
3.3 moj& ABE 24 o, wHER-GAE g xe] SPHSl A2AAS AelA
2 Aol pZR- A B Ro] ol B gm = MLSS AT Algae blomasse} Feih H Rad Ao
Yoby A AAS ol 2 QS A5 gfg ol HHAT
NP R4S SAS9. Tl JTEARIR £ s

24221 B A= E Uil ool A (Pearson’s
9 oJu]gitt, mjoj&

oA 2 -15H 17129 HYE AU g #d
78S BAA A, 29 g A 7 AR R E
FER — 1oy 1o 7PheE Ao RIARe] WAZE Akl
Hak 4= Qltk(Baek and Gil, 2015).
2 Aol A 248 $18] ARE(Ammonium Removal
Efficiency), MLSS, Algae, ALK(Alkalinity / ammonium
nitrogen ratio)E W42 AXstct 1 A dryopy A
2 AAEN 712]= FFJAAL 5 Algae o] 739 0.982 wi-¢
E2 g AHEAE AL S-S FRIskItH(Table 3 &
Z). E3F MLSS ¢} AIK o] =2 59 ATaAE Z2ton,
Alkalinity @] 7% AishA oA AR7} HRRE o9} T2
AE Byt gasteich Iy MLSS Izt A9=
durd o s A3t njgEo] FristAA diekek 71t
= %ol 97] wigell & AT g e wdst
For}, 2 A4 MLSS &= ARE o} 2(-0.655)2] At
AR YepT o]of thet dglez MLSSY] S7p7t Aiatekg
of wjxl&= ggFo] uju|gt gt MLSS Aol Jgt Algae
biomass®] F7tet 25 F/d 2Hgo] a2 Hditske
o] F71t Ao=w wWostgrt

Table 32 7243} ¥H-gZolA tRUobd A A|A
off gkl mA= JIAE A5 Sl ol AHEA]
AAG A3E yEd Aol

[e]
=
KN

=

3.4 MLSS2} Algae Biomass 2| A2tz 224 2AM

mo]& AT E 55ko] MLSS €+ Algae Biomass 7} =Y
o HA AAEY w2 Aol Jltte AS I
Al QIAFTE] o dhs A4S AAISHAT Fig 4= thed:
A BAAIE Yepd Zolo, MLSS 7t Z4E4E, Algae
Tt SUVSE dRYotd HA AlAE B FUtehe
7B 2RI 4 Qlrk. ob&] MLSSO) oJgt tmujoby] A
AIAEET micro—algaeol] S|t FaFel o wIet Aoz
ek woje HTEAS B3 Algae biomass o ¢FE U0}
3 AA AAL] TAPT B Aol =3 He AelaS

o
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Fig. 4. 3D correlation of MLSS, micro-algae and ammonium
nitrogen reomoval efficiency in reactor.
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biomass 7} S7FI1AL, ol FEAR] Ryl da A7
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2) A2 2A 37 R o] RS WA
A A JNAES whotshgint. 1 Axt MLSS 71l
Aok 2 IS fllen, 258 MLSS faef oJt
4 Bt F7H2 Algae biomass®] $7F & F9Hd &
gt ol whet Aiteheo] S7HEE Ao ® YETh E3t
2AARMAE T FEYoH A A7gol 9= mlAl= ¢
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