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Effects of pH on the growth, total nitrogen, total phosphorus
and organic compound removal in heterotrophic culture of
Chlorella sorokiniana applied wastewater treatment

pHSt EHARIO| Chlorella sorokiniana®l heterotrophic B & Stol4 1 =250 0|xl= HE

Jeong-Eun Park - Yong-Beom Cho - Shan Zhang - Sun-Jin Hwang’
HI™ O

IR . R . KPAF - SHMEI

Department of Environmental Science and Engineering, Center for Environmental Studies, Kyung Hee University

Abstract : Among many microalgae cultivation types, heterotrophic culture with low cost carbon sources and energy saving
culture method is crucial, A result of estimating the effects of pH on wastewater treatment using heterotrophic growing microal-
gae Chilorella sorokiniana shows that there was no difference in microalgae growth amount and nitrogen, phosphorus removal
rate by wide range of pH(5 ~ 9). From pH 5 to 9, total nitrogen, phosphorous and glucose removal rates were 10.5 mg-N/L/d,
2 mg-P/L/d, 800 ~ 1000 mg/L respectively, This study reveals that C. sorokiniana cannot metabolite glycerol heterotrophically,
however, glucose and acetate were proper carbon sources for growth and T-N, T-P and TOC removal, This research highlights
the potential of heterotrophic microalgal growth with wastewater treatment plant with wide range of pH and carbon sources,
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A g2 o] (Tuchman, 1996), 1 % Chlorella
sorokiniana+v 27 2 ~ 10 un 27|28} F3 0|
AAgEF 19 ~ 22 % (dry weight)2 sta|<=4]
2o} vfol e Axm AYAte] Tt A7} v A of
FstA Y= Ak (Mata et al., 2010),
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L, AA| st g Al AF oA QJF B o
2 F714 Q1 glucoseE FYslorer 4 AAA
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B2 Thg AYAHE7) ujEo) o] 5 o] 8-3k ¢ vl
447 o)A FAH o]t (Perez—Garcia et

al., 2011). %3}, acetate A Q5 TP
2 o] 7hestal AEA 2dE N 2RI A
Fst7] golgh FHjolw, AFAA 5§ 1ol A]
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H Aol ARME-St Chlorella sorokiniana
© SHAAEALAE (KCTC) ol A =2 weke
™, NaNO, 48.6 mg/L, K,HPO, 11.3 mg/L,
MgSO, - TH,O0 75 mg/L, CaCl, - 2H,0 36
mg/L, NaCl 25 mg/L, Citric acid 6 mg/L,

Ferric ammonium citrate 6 mg/L, EDTANa,
1 mg/L, NaCO, 20 mg/L, Trace elements
solution (H,BO, 2860 mg/L, MnCl, - 4H,0
1810 mg/L, 7nSO,-TH,O 222 mg/L,
NaMoO, - 2H,0 390 mg/L, CuSO, - 5H,0 79
mg/L, Co(NO,), - 6H,0 49.4 mg/L) 1 mL=
Al Z% BG11 vl A2} 250 mL cell culture flask
£ o] &3l 2= 25 C+1, F= 100 umol/m?
/sec’]l 7oA Auferet &, A Ao of
27004 4 A7 SAAHER HufeF shich,

22 deldy
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pH7} vlM|2=F A 4 °§° F AlAA |
A= TS "j7}’5‘} | $13l BG11 vjA] (Wa—
tanabe, 2005)W9] 2A%E —‘% 40 mg—N/L,

9l 355 10 mg—P/LE ZA3IE o, 1 L 4F
ZyEekA Ao BG11 iR eF Hulj k3t Chlorella
sorokiniana & %7] OD7} 0.057} H=& 4
Z3fl&= F working volume 600 mLZ 4-&
AARY, 27] pHe 24424 3, 5, 7, 97F HEs
zAstgom, 271 2.5 ArkA 6 A7kt 1M
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Table 1, Summary of experimental conditions for evaluating pH
on the growth of C, sorokiniana

Items Conditions

Chlorella sorokiniana
0.05 OD
40 mg/L (NO,-N), 10 mg/L (PO_-P)

Microalgae

Initial microalgae conc,

Initial N, P conc,

Initial glucose conc, 5g/L
pH 3,5,7,9
Light condition Dark
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222 EbA2lof| w2 Ask

"] A Z552] heterotrophic BFA] 7F3F 2%
oF BFAYS ol 7] 93) glucose, acetate,
glycerol 212} 5 g/L, 6.8 g/L, 5.1 g/L =
L2 FYoto] BF 2 g-C/L7t HEF 0}9'1—9
H, OE 2 AS Ay 2.2.17 5L3 =4
© 2 A3} batch testE 4 L7+ ?ﬁéﬁﬁﬁ}
(Table 2).

Table 2, Summary of experimental conditions for evaluating car-
bon sources on the growth of C. sorokiniana

Ttems Conditions

Chlorella sorokiniana
0.05 OD
40 mg/L (NO,N), 10 mg/L (PO_-P)

Microalgae

Initial microalgae conc,

Initial N, P conc,

Organic carbon sources Glucose, Acetate, Glycerol

pH 7

Light condition Dark

23 2

.

oM 2Fe] AR Standard method
(2005)°ll BAIE SS S4WH} ODE S4st
o Hrlsld e, OD (Optical Density) =74
2 Spectrophotometer (X—ma 2000, Human
Co., Korea)ZE 0]€3}9] 660 nmojA TF==
=439 T-N, T-P B4 28245 247]
2l Auto Analyzer (AA3, BLTEK Co., KO—
REA)E o] &3} =43}t Glucosex= DNS
Ho = UV spectrometer (HS 3300, Humas
Co.)% ol-§3te] 575 nmol A Z3skg.om, 1
RES T

aE A (e
al., 2012).

£ (Specific growth rate,
ol g3t AARTHKwon et

w=1In(X-X) / (t—t,) A1)
2] (1)94 XE t (day) AIZH mlAl ==

=
ol i, Xt t, (day) A7 MAEF A
%M@EWM§aéELm¢@%ﬂQM%

& 3 3 7P 2 g o83tk TOC (To—
tal Orgamc Carbon) #4& TOC Analyzer
(TOC—VCSN, Shimadzu, Japan)Z ©]-&3}o]

=49},

3.1 st X2l E e 2T QUX} mhet

3.1.1 pH =20l W C sorokiniana®| 4% A
ofotod = x| A

?ﬂ 754, UWI &2 pH 394
°F 200 mg/L, pH 5,17, 9ow °F 950 ~ 1000
mg/LEZ, pH 3 & A|&|gt YA pH 7 ofA
A Ahol= fllem, vAdAER pHS ~ 9
Z70lA oF 2.3 d'2 {903t Zo]S LrE A
e ekeh(Fig. 1).
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Fig. 1. Effects of pH on final dry weight and specific growth rate
of C. sorokiniana in heterotrophic cultivation
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Fig. 2. Effects of the pH on T-N and T-P removal

pH 3 7ol A A9} Qo] Ao AAEX] &
0} AAEC] 0 mg/L/dE YEFE ST o= A
9] pH7L wi W& A5, Aluto] mha
EJ_Q} o} 222 Thul ] o] EHdo] oA E o] A
7h &4 E 7] wiEoletal HekET wiAlx
HjokA] @] pH7F FAF] Wold Ao ook
4 712l olest Al eb & EEA
Astohal del A itk (Prescott et al.,
2002). Glucose A|AE&E pH 3, 5, 7, 9 =%
Ao A 242 127 mg/L/d, 810 mg/L/d, 940
mg/L/d, 996 mg/L/d2 YElY pH 3 21&
ALl YA pH 5 ~ 9 2704 H5F= [AFRE
A|AES e e (Table 3).

AHEA Q1 mlA| 270 viFE 913t 24 pH=
7 ~ 92 LdHA 9J o1} (Barsanti and Gualt—
ieri, 2006), A 7 4 4 A|Z7IA 9] A4,
o] A| A<= Table 39 42} Zro] pH 3& Xﬂﬂ
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7Fet A3l pH 3 24

el A A sl

F

i) rLHU :lm H~l lil l-M
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Table 3, Removal rates of glucose, nitrogen and phosphorus
according to pH

pH
3 5 7 9
“mavday | 0| 105 | 108 | 106
iy | 0| 2| 21| s

Qo] 4t JFAT AAZL AT Aoz B
S, kA 2o {9l pH 6.5 ~ 7.5

22 C sorokiniana® s}y
| 7hsa Aow meE

312 EtA2lo|| WE C sorokinianall MZE p
GUAFTHA

n 279 771& AF+= membraned &
3t sugar trans—locatione £33l dojijy o]
o w2HE= proton®] ofF el whet HiH
W pH W37t 24 E th(Komor and Tanner,
1974, 1976; Komor et al., 1985). d¥tz o=z
heterotrophic HAFA] AFA4AE AHSIHA o]AE
St viEstE R A (2)9F 2ol uiA] W pH
7} 24314 EltH(Chojnacka, 2004).

(1+a)CH,0 + O, —
C(Biomass) + aCO, + (1+a)H,0 4] (2)

Chlorella vulgaris~= 9% ®HAYo=z 3
=3t glucose sZoA AT 9 glucose
uptake® =HFE proton?] o]Fo 23 al—
kalinity7} Wolxm o|= <Qlsto] ujeka o)
alkalinization= &F4A17]17] $38ll hexose/H*
symport system©] SEEtH Perez—Garcia
et al., 2011), ot S7}== pHe} Mo ==
wo] FRu 0] nje gekA Ao e
Z Y tHKomor and Tanner, 1974).

Acetate+ isocitrate lyase E4E ©]|-83|
glyoxylate cycle2 AA E3+=w(Neilson
and Lewin, 1974, Ahmad and Hellebust,
1990) & A3 oA acetate@ o2 AFEH so—
dium acetate®] ¢, iz W afz]E Na*7k
OH ¢} 2%}4l alkalis B /d5}7] wfZoll v FH
W pH7}F A1 Eth(Perez—Garcia et al.,
2011). ©]= heterotrophic tHALZ <18 pH7}
TASH Hashs A4S S 4 glom,

Hgt

pH control& §3t F712]Ql ofEEQ]e
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Fig. 3. Influence of carbon sources on the pH of Chiorella so-
rokiniana

C. sorokiniana®| 7% ©aYo| glu—
cosed AF 7HF =4 UEsten, acetate
o] A% 2F S glucosed] ol H
3 oF 20 % WL HIAAEL glucose, ac—
etate Z2AA Z+zF 3.2 d7Y, 2.2 d7'& YENG
th Glucosed Q& gAY o 2 o] 83t 279
A ARl 7P =4 et olf= o 7]
Aol Bs) mold oA ol woF =2 A
FE TFES U] gl Ao ad
Eth(Boyle and morgan, 2009). Acetate=
glucoseol| H|8l| AF&AEE R thAE =71 vl
2 ISR RE uptake 317170419 lag phase
7t 24 AZF © AA vebhd v ES WA 3
7FE itk GlycerolZ B¢ o= Q4|+ 7
- A FEAPZMA vNz2FY dxFE 2
o]= 9lo] C sorokinianas= glycerolS het—
erotrophic 7oA oHA|He=z o]ga 4
N Ao = AdEcH(Fig. 4).
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Fig. 4. Effects of carbon sources on final dry weight and specific
growth rate of C, sorokiniana in heterotrophic cultivation
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Table 4, Removal rates of glucose, nitrogen and phosphorus
according to carbon sources

Carbon sources
Glucose Acetate Glycerol
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