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

Journal of Korean Society of Water and Wastewater Vol. 26, No. 6, pp. 833-840, December, 2012
http://dx.doi, org/10,11001/jksww. 2012, 26, 6,833

Growth and N, P removal efficiency of Chlorella vulgaris
according to the nitrogen sources and pH condition
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Abstract : This study aimed to investigate growth rate and nutrient removal efficiency of Chlorella vulgaris according to nitro-
gen sources and frequency of pH adjustment. Nitrogen and phosphorus removal efficiencies were evaluated in the three different
conditions using NO,", NH,* as a sole nitrogen source and mixed condition, Initial nutrient concentrations in artificial wastewater
were 30 mg-N/L and 3 mg-P/L similar to secondary wastewater effluent, When nitrogen source was NO,, there was no inhibition
on the growth of C. vulgaris with adjusting pH every 24 hr while growth inhibition occurred with NH,* caused by pH drop. N, P
removal efficiencies were no significant depending on the nitrogen sources, As pH was adjusted to 7 by pH-stat, growth rate and
nutrient removal efficiencies were increased compared to adjusting pH every 24 hr, however, growth rate and nutrient removal

efficiencies were no significant depending on the nitrogen sources,
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P wizoll Az
Z=Zo|thH(Lee and Lee

2001 : Voltolina et al., 2005).

AEFY AY L JFAT AL B
2700] whet 2 BepLe, 1 % T A=
A4 FHE 5 5 Ut SR goR

Y= = A4U9 Fei= Org—N, NH,* NO 5 s
NO,” 5o & tefst, f-st9] ‘%-“(E%OM

el H W 2Aehs vAREe 3
oz NH, 2 QR 3= v, n|hRFE
NH,* 9}¢] NO,” 1} NO, & omﬂ# A
o] glo], H Yol EAjehs chekat 3
49 olgol 7Mssit, @w—u 5
of wet 47 % Al o] gk, ofo] uf
2 %2 pH W7} A dojub: Aow
I A st

A RRE B dage] Hs) NH,'S A5
st Aoz AEA gt ol mHzF
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NH, 2 A7)0 a7
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Dortch, 1990).
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o] mAzRE B4 pHE AEshs
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pH (e.g. Spirulina platen—
sis at pH 9) &-& X2 pH (e.g. chlorococ—
cum littorale at pH 4)°A%= WAL 71A] 1L
ATk LA Slet,

ojof & HAFoA= Sl A B E HA O R
A-7F ol AL = F Foll shtdl C
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2 oo AMESE Chlorella vullgar—
is  (AG10194) KCTC(Korean collec—
tion for type culture)2F-E] EOFHIGFO o
bluegreen(BG)11 medium(NaNO, 1.5 g/L,
MgSO, - 7TH,0 0.075 g/L, K,HPO, 0,04 g/L,
CaCl, - 2H,0 0,036 g/L, Na,CO, 0,02 g/L,
citric acid 0,006 g/L, ferric ammonium
citrate 0,006 g/L, EDTA 0.001 g/L, trace 1
mL/L)& o]83}o], 250 mL cell culture flask

of A 200 mL9] working volume .2 27| pH
7, &% 25+1 CTE FAAZIH vigFstlet.
2 FF5= A}'Q—O]’%ij—, FxAF 7] Light :
Dark = 24 : 0, 32 100 umol/m?/s= A3
sto 2577 i ? Aol ARSI

rlr

2.2 Mg
221 pHE 19 ZHO 2 ZHE AP

H AFHoA= BG1l medium® N, P =&
Z+7F 30 mg/LY 3 mg/LeE A5l Q1
AR o, Ao & N, P A
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&R FAlo] EASHE A 7HH AL A5
St

1 LY AZ-ZgkA3o] working volumes
600 mLZE 3}¥om 27| uA|2F =2 220
mg/L7} HE=S sk, Frieade] 392
18l air pumpE ©]-&5to] 1 vvme = FH7|A]
Fomw, wHkEE= 100 rpm o2 AA9 £
ok 7] pHe 701%lem, st g sam—
pling A| IM HCI1¥} 1M NaOHE ©]-8-3}o pH
S 72 248 T 2R AR 2511 T
2 fAAZAS B HET gA B
oA4S ZH= White LEDS AMR 3, FFe
PPFD(photosynthetic photon flux density)
& 100 mwol/m?/s7} EE2 A3t L/D
cycle2 A F7|15 7|02 12 1 12 2 314 6

222 pH7E X|gtH

pHE 72 AASHA FAAAT= 244
Ao W vA2F 485 4 N
5= B7I5I3At. pH controller?t AFHIE
A28k, 1M NaOHe} 1M HCIE o83}
pH7} T2 fAH =S stk 2.2.19 1 L &
Fo| A= pH Aloj7} §-olskA] ¢rot pH
Ao} 7} 7hs3HeS working volume 2 Lo] gF
5715 A&sto AgS xdgstglon, 2 A9
oA EZ7|Wto 2 E wtEIT} 911 7] wie
R = AR HA] st 71EF 21
d

M| 25 A oekE 918l dry weight<
=743 o, standard method W ol uhaf =
o] o]FoftH(Andrew, 2005).

T 27O N, P AASE D AAG 5= o

oFs7] $1al, Q1 sk4 W NO, —N % NH, "N,
PO, P& A oH, Water analyzer(HS—
3300, HUMAS) & EAJ3}3it},

pH =42 pH meter(pH—-200L, iSTEK)
£ AME3S}9 AL, chlorophyll-a+= Standard

methodo] w2} E45FA tHAndrew, 2005).
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o A¥k(Fig. 1, a), daHo] NO, < o 4
o] 7P $gem, NH 'Y B¢ 7

St 62A o4 €] dry weight 4t NO,”
75 360 mg/L, NO, ¢t NH & &g3}e] &
A2t ¢ 280 mg/L, NH, "¢l % 240 mg/
Le] -0 & =40, NH, " H]3] NO, & +

N
N 1o PN ooX K

st AL C. vulgaris® AAo] oF 70 % =
Al Vet
pH+= 3t 5 Azl AlZte] 13] pH 72 %

ol 90, o] o] AAYe| w2 pH W3t
£ Fig. 1(b)oll Yt lct. NO, 9 4%, =5
o] pH7} 8.8712] F718twdl ol nARF
7} NO, & NH,*& A 7]= THg ol A =52
H* 0] &8 4HW3la OH o] &8 W&J 7] &
olth, ¥, NH,'& gt F$-= vA=F71
AW doll NH,*& o|83tHA Hf o] W
=5t 59 pH7} fHashs 23E 2o
Martinez, M. E. (2000)°] &5t o]} #HgE
7122 obEf 9] A1), (2)¢F .

106 CO, + 138 H,0 + 16 NO,- (1)
— (CH,0),,(NH,),, + 16 OH" + 138 O,

106 CO, + 106 H,0 + 16 NH,* ©)
— (CH,0),,,(NH,),, + 16 H* + 106 O,
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Fig. 1. Growth curves of C. vulgaris (a) and pH curves (b) ac-
cording to nitrogen sources

AREA Q1 w272 &4 pH ¥ $l= pH 6
~ 102 d8A l=dl, NH, 9 3olA=
pH7} 4712 ZFaste] Fig, 19] (a)9F 2ol C.
vulgaris®] /7ol 2H A A5 k7| A
© 2 JehETH

Nianjun Xu(2001)+= NH,*7} £23}= =
WollA ] pHE| Hae AT 44Es da
A7 RBHE, NO, 7 AaHd W] pH 7=
nAzF AAES 771 & 9% 1
Z|A] 9F=t}a1 B 135} 3, Yongmanitchai et
al.(1991)= NO, = NH,*o| H]3] wjz] W pH
Hol7h A7) il MRS ST deda
Yoz de] ARgEThal Huskar gl

NO, ¢ NH,*& &¢gsto] =43t 4+, 34
7HA= NH, " o] Aot npxb7hA| & pH7} 74425}
of 2g7gol AzstLht 4dAE pHAE 7}

AN

3ol whet dry weighto] 71817 A2kt 2

S

312FL A NHE

4o & N, P AIAR &S F7ier 23,
C. vulgaris®l &gt 2 AA| 7 W chlorophyll—a
S Fig, 3 (b)) o] Yttt

A7) %o wgt chlorophyll-a%] S+
gol Hast= Aako] Yets=tl, ol= dart
chlorophyll—a®] $4H4¢Q1 Mg 1} 23 <14
wlo] 9= 8 FAAdE0]7] ol th(Fig. 2).

o]
A4l chlorophylle] A3z Ao o]-&-F

(Yanqun Li et al., 2008).

NO, ¢} NH,*& &dste] =g 3+, 44
7HAli= NH,7F Al A= AL 0] % NO, 7} Al A ==
A7t vepst+=tl(Fig. 3, a), °l+= pH7F 4
sttt S7kst= Aukel Uit
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2 2 Cromar et al., 1996). o|&{3 o] wfol of
@ o3 R0 W ERS NH/ 7 1298 490
] S W NO, & Fdty] ARt HauEa gl
H g (Flores et al, 1980).
5 T U NO, 9 NH'E 27 gEom 79
g s A%l 2 24| U & Ak AA2
ol ol 2ol 7k LerA] grslet. o) 2 E
HH == NO, o H|sj NH,"& Al&sh= vt
Time (da;
o W, Aao NO, 24 Ao N,
R % (b) Nitrogen Chlorophyll-a | :1: 91- H] ﬂ‘(:)‘]-O?] %A]—i{]‘- iﬂ]é}ii NOS % iﬂ] 6.]—
E 30 -e-NO3 -8-NO3 2 = Ao g gotEh
i —-NH4 —-NH4 F12 =
Sa. “vosw| aehosne |0 B A2900] TE 9 AASE @ Aol &
Z > 20 - @ B B
2% o3 ' Aok gl Zlo® yehdthFig. 4). 3
A 0 F WA we el Qo] AiEglen], 3%
Z s L, O e AL EE "ade] NO, Y A4S 0.84
0T : ‘o mg/L/d, NH,*¥ % 0.79 mg/L/d NO, ¢}
0 1 2 .3 4 5 6 2 5 ahE =6 ]'(_ﬂ— Ao
Time (day) I\H_I4 = WU 01’021 FU3F A5 0.91 mg/L/di
Fig. 3. NO, and NH,* removal with mixed nitrogen sources (a) Bt 2F 0.85 mg/L /Ao ﬁ]*l'ﬂ Ohj‘

and nitrogen removal and Chlorophyll-a content of C. vulgaris
according to nitrogen sources (b)

3.5
3.0 —-NO3
nAzRE Aol NO, ¢l 2, NO,- %”' e

AW Eiet F BABAEAitite - £ . TNos s
ductase)ol &) NO, = BYAZL, o] g, |
NO, & ot&4itetdd A (nitrate reductase)oﬂ 05 |
o3l NH,"2 HAIX] ¥, glutamine syn— 00 . . : .
thetase®} glutamate synthetases ©]-&35}4 ° ! 2 Time (day)4 ° °
HZEZ 0 2 amino acids®2 & A 7ItH Perez— Fig. 4. PO,-P removal of C. vulgaris according to nitrogen sources,

Garcia et al., 2011), webA NH, "¢+ NO,-,
NO,” &9 thafdt Ao o8 - AR,
B} Aol vls| NH,*E Assh= zlo= 3t
A=A A,

ol o] 20T NO, & NH,'2 2HA| 7|
o 875 AUAE Zefd 4 7] wiZo] Fig, 5°| AAIgt pH 7 fA27AE] C.
o (Syrett 1981), B2 A= v 7O ME vulgaris AR BE ZHA Bt 926
W Aik slaart R ol s mg/LE, pHE 19 4o

32 pH 72 SX|&t A

321 0lM=Ro| d¥&

=
o] A4ty Htt wAlzRFol o FvF vk wlaste] NH, P9 A9 oF 4ujrt 57 }“0‘34
3 B 35k3l Qth(Hyenstrand et al., 2000; NO, 9] Z$-%= of 2,58 F7lel= AaE e
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Wth(Table 1), = pH7F A4 RILI=2 FA1H el
et vA 277 FHEeE FAsH] S8l 2
2 3= AU & Aol AR tlEe®
e T

gy AaYe] FRol WA= pH TR &
AE A JAGlo] Al - 5 FARE A
HE HYow, 6 529 growth rated 7
AR Aab A BE Ao A Folgk 2ol ¢l
o] ¢F 0.17 day & YEFHTH

3tH, Quay Dortch (1990)2] dto] w=
W, Aado] NH, Y 4 A

NO, ¢} H|wste] FAREAY NO, ¢ w7}
5] AL, 21 Qlof thet Al gk
= AA = o] AR okt

A 2F7F NH,*& A3 o|8T 4
H|3l NO, 9] Zf-oll= 2'Al A%l sk
< AAHoF 57| wjZol Q== SHamaTFo
Wolx| 1L AH|E= oA 7} =obA NO,” H
o NH, "5 Aogteal g4 A9 NO, &
NH, 2 A7l =d 28 5= olvA] 9] ol
- Aol Ao 2= FOgt 2o|7}F vrELt
2| ko Aoz HrtEh

ESH H AFoA= 3LATIA] FE RAS
+ &% dry weight¥} N, P9 £4F7]&5 24
AlZke|l A BAIZFC. = T55te] L/D cycleol o
£ C. vulgaris® 4% % N, P A AZAF= Al
w3lsto] wabsklet, 1 Ax wA|2Fe A
A2 A= dFE Fol 2AMEE Fe dof
o, Az Fetll= AFE A A &
AME e o= WEkgol sl A

=4

i

9l
<
£

_

-

H ATP, NADPHS} &2 tjafibzEo] Fx7 9
A 1Z4E $HRE= QAL AYEA] 7] diE
o2 ke
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Fig. 5. Growth curves of C. vulgaris according to nitrogen sourc-
es (pH was maintained 7)

322pH7 AEN FXIA AL H 2l WA

pH 72 §-A|8l= oA Aagde] 2 N
P AARE H7HAE-S 28 2t

garis®| 2Jgt A AA| A 9 chlorophyll—a 3+H&F
H3k= Fig, 69F 2,

o] ol whet g 20 vls NH, "¢
745 et wEA Ak AoR Holu, i
Aoz A9 a7t gle Ao 2 Yyttt

Jdeu pHE 1Y HA o2 2435 792} v
e o, AA3ZF 9 chlorophyll—ad] 74
Aol 39 A= el AL & 4 e, 4
2 AALGEZE oF 2vf S7leke A o= ALbe
ItH(Table. 1).

193 Fig, 6914 & 4= 2159, dry weight

Table 1, Growth rate and N, P removal of C. vulgaris according to nitrogen sources with adjusting pH every 24 hr and maintaining pH 7.

19 o2 pH 782 24 pH7 A&H 02 {4
NO, NH,* NO,+NH,* NO, NH* NO,+NH,*
64 dry weight [mg/L] 300 240 280 920 945 915
Growth rate [day-1] 0.08 0.02 0.04 0.23 0.24 0.23
N removal rate [mg/L/d] 5.0 4.9 4.8 9.4 9.7 9.9
P removal rate [mg/L/d] 0.5 0.4 0.5 1.92 1.92 1.87
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o] Autel up7iA| =, e Aas FE 2
ARl = B¢ AlAE = Aew Yt 3z
A e A AALE= e oY 27
oA H 16.2 mg/L/d & AAMEIQ L, d=xA
o4& 3.1 mg/L/d 7} AAE= A2 AALE
o], gz7o| vls] FEAA WA 77} F 5ul

whe 7o trehte,

35 18
Nitrogen Chlorophyll-a
+=' 30 -8-NO3 --NO3 r1e
Z -8 NH4 S NH4 IS
& ~A-NO3+NH4| —4-NO3+NH4 £
z =z
2 s
= =
z 2
e S
) 5

0 1 2 3 4 5 6
Time (day)

30 --NO3
25 4 -B-NH4

——NO3+NH4

PO P (mg-P/L)
N
o

Time (day)

Fig 6. Nitrogen removal and chlorophyll-a content(a) and PO,*
-P removal(b) of C. vulgaris according to nitrogen sources as pH
was maintained 7

pHE 19 HE o2 248 99 Tk
7
o

$oE Aag)
1

7h = Ao R YEsth(Fig. 6, b).

a8y pHE 19 71402 243S wof H]
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