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Effect of N/P Ratio on the Biomass Productivity and Nutrient Removal
in the Wastewater using Bofryococcus braunii
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Abstract : The aim of this study was effect of N/P ratio on the nutrient removal in the wastewater using microalgae. For this
experiment, 1 to 70 various N/P ratio was prepared and used microalgae as Botryococcus braunii in the wastewater. The results
of this study were that 1 to 30 of N/P ratio was need for biomass productivity in the wastewater. TN removal was measured 82%
for 1 to 30 N/P ratio and 73-78% for 31 to 70 N/P ratio. TP removal in 1 to 20 N/P ratio was determined up to 80%, but over
21 N/P ratio was decreased significantly and was not changed around 22% of TP removal in the 50 to 70 N/P ratio. Therefore,
the optimum N/P ratio in the wastewater was 1 to 30 for biomass productivity, TN and TP removal. The correlation (RZ) of TP
removal and biomass productivity was 0.9126. However, the relationship between TN removal and biomass productivity was not
found. The P content in the wastewater was influenced more than that of TN content.

Key Words : Microalgae, Biomass Productivity, N/P Ratio, Nutrient Removal, Wastewater Treatment

tlo fo

of B QA UlNEF ARl FRT YT NP ratiorh slHEFE] AR slol FAR Al vl A
ol 1z} SHE T A 9]3le] 1-70714] 9] thoFst N/P ratioS #H|5FH W, nM|Z 7= Botryococcus brauniis A&
Stoich. AP AT} vho] Qo2 AARS $15ko] WA FE N/P ratio= 530011tk TNO| A|7&-2 N/P ratio 1-307H4]%= 82%, 31-70
A= 73-78%2] A|A&S Uel o] TN AAE £J3t N/P ratiox= 1-307tA] 7} 714 2tk TP A4 N/P ratio 1-207}4] =
80% o] =& AAEE YetWARAIRE 20 ol HEl= 4 35HA feste] 50 ool A= 22% FEo AAERE W37t ¢
o AL, WAl violon|2 AAET Sol el TN, TPS] A7 I3 NP ratiols 1-300] 714 & M &= Lehg
k. TN, TP A7 &3} vpo] Quf A 0] Yatey AuyA= TP A7 &3} vho] S.uf A AJAbeFe] AdAS=7HRY) 0912602 AW
AZL i =etou, TN AAED} Hpo] Quf A PAFTo] AuttA = 2H& 71 Stk o= dhgrolA] TP 3=Fo] TN
St Blo] Quf A AgARFo] WS WAV S & 5 Stk

FHO| © vl g xR, vpoloul s WA, NP U, GEAT AA, B - A=A

A2 ot e
HJAIZFE N, P W ojatstekaol W o U o3t
N, P 2 oMSlEAS WS ALE A

CNPO| Bl&& U 2T fFFAE

M E

uA 2= A =(prokaryote) ol SliEoh= w2 F(blue-

ox,
ot
o
o2 ©

green algae, cyanobacteria)@} %3 A E(eukaryote)of 3fF5} A3 8 &F
= X2 (green algae), 1+=F(diatoms), 2}H X Z(dinofla- Qlztoltt ofT] At Ay dutA oz nAXF AAA
gellate) 302 L2 4= Qo AA x+9] FEA 9 30- HEEUAD A= A N, Polw 245 Fdsh=tl 3
50%% 277} ggshs Aoz A QUrh” ol vl4 ojA P2 F2 oy T, N thild 4 5= 7]
2RE A9UE ofF vlolor Mg AAE S i AR BohY Redfield”s 9 slA2Re] 74 ARk st o

AR A2 2T Qen Eat Ak : 21 CN/P ratio

9 A& & EA412 Hat CiosHigiO4sNi6P =, 713 o]AHE Q
Ao o] &8 5 9= {83 AEo|th 106/16/10]2}1 " 8t%om, Woertz”S w]A|2H9|

:lm}z

Aol Ladt 220 C/N/P ratio= 50/8/1 o]a} Ki1s}%]

T o
Z2 o| 83t 1A Akt AH L vlo] e e UL AA)
A AgEAZE &2 A4 AREE 7 9
i, g o] AR A FTRe A AdEol AA o
o} Hejetd o2 ¢oLAsH ufo]omjAo] MAT) HSA e
TAC & 4 o) wEe] dAYEh Y A
o] fRaiAbt e A B4 Bl 2 24
& 7 mAIRRE TS e o= Avd 3

O

=
T
&

. 28U Klausmeier’2 A 2529 27 AL 284
+= N/P, N/Si9] H]E& o]Q]o| % sulfur, potassium 2! w]u2ta}
22 u|gY4(Co, Mo, Mn)@} vitamins (Cyanocobalamine,
thiamine) T} 22 Jofazre] Mgk vgo] vz
TS 9%t Fa3t adlolzt spalrh ol#gt Al 2RF

o Z42 ol RS SBFEATE Tl A FHo| AL

oo fr

TCorr(—;sponding author E-mail: hjchoi@cku.ac.kr Tel: 033-649-7297 Fax: 033-647-7535



610 ,

J. Kor. Soc. Environ. Eng.
Z3y - ol5=

W72} B0l wet el ol ueh 34 gdRel 2
Aol gea ] HEe] A B AL A
. Geider'k= ol e 27 QAT 27980 Fol7}
B BN F2EAE AR sl , Klausmeier”

GIRR 2AEE A2 B2 Jasol oo
4 97] WRol 53] sl 4 12 orl
2

ot A2 FE FHeA ol ol &= A
ZoFANE e ] WSt whek Hgo] sk,
o} lab scale®] Ao = T3 AAES YehATL
AR stEA Ao AMESHE A2 FE7F Sl F

= AR T IS AFESte] agAola &
?l 7)eS et WHol EhdstA| o] Fojx|aL gl of
e ﬂ%lx}%ﬂl”“” oJstH mN|2F Ao ot &9
N/P ratio= 10-20/10] @€t 181} Urksl=o)A] w4
250 Aol F 3 N/P ratio= b= =4 Folrt u}
gA 2 A4s uAlRR S AATFo] =11 L U4
o] Holu Botryococcus brauniis ©|-835}o] WEI-E A
28 A4S HA O NP ratioS LolR 1A} stgon, o]
o|-gsto] mA|RFE o83t 5t - HpHEo AEAS =
o|aL, uM| 27 HAMES FHAIZILAL BT

= =
Qe sustol Ageo] aa Hd) ALY
o 715 Fe] T5%0] o] 23, £ AAo| ThE vlA 25
@} v|uste] Fojd Botryococcus brauniis 3=+ 3| k| Al
ZH-L2Y(KMMCC, Busan)of|A] E-ofdlol M Hj X](Jaworskls
Medium, Table 1)& ©]-&3}9] pH (7.2 +3), ¥3} §ro] F7]
(8-16A17h) 1E]aL dAsh 2=(20T £1)9] &F27]o] 12¢
1 FAAF Zofl ARESESA TR

Ao AHEE sk G AlY] A"stapoln AR 27t &
bJ 2 Ystol ABSEL 1R ©AS U] 93]
A5 pm] HEQl = e gsto] ARSIt HES
{15k ¥h37] & 872 k= 35 Lofl 12 uj_t Botryococcus
brauniiE 3.5 L& Y] Botryococcus braunii®} S}4=2] H]
= 10:1= 233lck G Al st/ Table 20] Ue}
W2lem BOD/POs-PO] H[E2 19.49, POs-P/TPE| H|&-2
0.89, BOD/TPS] H]-&-& 17.28 121 COD/TN/TPS] H|&
L 22.72/4.33/10]3th

St9] N/P ratio7} WAl 279] A4 dFdF AAl
X FEFE Yol 1A} N/P ratios 1-707FA] thefaelA &
ulato] Aakoleh. N2t e} g 282 $Ja)AE NaNOs
S NaHoPO:- 08 Abg-3ko] Nk Pe] 80k AAeko] N/P
ratios ZA3}th 27] Botryococcus braunii® % F=+= 1.10

do 2

+0.7 gL¥on, nAzHo L3AS 93t
670 nm Tp-o] WAl TEDE AHE-SISich AE
Z 9 wHE Agste] H dojgE AREsHAth

v 2 u

Table 1. A chemical composition of Jaworski's medium
(unit: mg/L Deionized water)

Components Contents [mg/L]
Ca(NOg)z+ 4H,0 20
KH2PO4 124
MgSQO;,- 7H0 50
NaHCOs 159
NayHPO4-12H,0 36
NaNOs 80
EDTA FeNa 225
EDTANa; 225
HsBOs 248
MnCl, - 4H,0 1.39
(NH4)sM07O24 - 4H,0 1.00
Cyanobalamin 0.04
Thiamine HCI 0.04
Biotin 0.04

Table 2. Characteristics of the influent wastewater

Parameter Average concentration [mg/L] Variation [mg/L]
BODs 159.63 125,32 to 180.56
TCOD 209.92 185,18 to 255 45

TP 924 5,07 to 1558
PO4 8.19 509t0 11,15
N 40,02 33.53t049.24

T—— o
Hpo] QU A 0] F7hES & 5 Gl wAlRRY] Az HvF
2 50 mLo] MES GF/C (Watmann, J)& oJ1}3l & 105
CollAl 24A17F Axgt & 1 AgS FHsH3h
Cs = (Co-Cro) / (t-19) 1)

Colz Mol 2 29] o R Cul= 19} AI7ke] Hpo] 22

o G Lpehdick

3}4=2] BOD, TCOD, TN, TP, PO;-P2] 920 FAA]
S olgstol ZHTGCH, TN TPAASL +32
A G0 (DR kitE olgsto] 24, ulw
st W 4he AHgatart

3.1. Biomass productivity by various N/P ratio
nA|RF Aol Wol 28 %= ¥4+ C H, O, N, P, K

| Joumal of KSEE | Vol.36, No.9 | September, 2014



J. Kor. Soc. Environ, Eng.
Sl5=C| N/P H|7} Botryococcus brauni SA)n} QA4A=ZK|2{0f| O|X|= sk

15 | \

\“‘Q“"M S
0 . , . . ; ,
o 10 20 30 40 50 60 70

v

Biomass productivity [g/L/d]

N/P ratio
Fig. 1. The relationship between biomass productivity and N/P
ratio,
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3.2. N/P ratio and TN removal
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Fig. 2. The correlation of TN removal and N/P ratio.

Table 3. Biomass productivity and nutrient removal by various N/P ratio in the wastewater

N/P ratio 1-10 11-20 21-30 31-40 41-50 51-60 61-70
Biomass productivity [g/L/d] 269+0.22 230+04 1.14+037 045+0.17 0.43+0.09 0.41+0.08 0.40+0.08
TN removal [%] 8233+623 8390+290 8281+281 7808+£308 7490+329 7463+240 73294250
TP removal [%] 85.52+454 8098+ 398 59.00+635 4415+£515 3400+436 2270+£3.10 21504290
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