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Effect of Inorganic Carbon Supplement on the Growth and Lipid Accumulation

Properties of Scenedesmus sp. LX1

LI Xin' HU Hong~ying' > ZHANG Yu-ping'

(1. State Key Joint Laboratory of Environmental Simulation and Pollution Control School of Environment Tsinghua University Beijing
100084 China; 2. Graduate School at Shenzhen Tsinghua University Shenzhen 518055 China)

Abstract: With secondary effluent as growth medium the growth and lipid accumulation properties of Scenedesmus sp. LX1 in the
control and carbon supplement ( Na,CO, NaHCO, and CO,) groups were compared. After 14 days of cultivation there was no
significant difference in growth and lipid accumulation of Scenedesmus sp. LX1 among the 4 groups. The algal biomass lipid and
triacylglycerols production were 0. 70-0. 77 g*L.™' 0.27-0.34 g*L ™" and 0.029-0. 033 g*L. ™' respectively and the lipid content per
algal biomass was 35% —45% . The microalgal photosynthesis would increase the water’s pH to about 9.2 which could induce CO,
transferring into secondary effluent. In control group the amount of CO, transferring from atmosphere into secondary effluent was 1.0
g*L™" occupying 97% of total fixed CO, by microalga. Calculation shows that the CO, transferring from atmosphere into secondary
effluent is enough to support microalgal growth and lipid accumulation. Therefore to cultivate Scenedesmus sp. LX1 in secondary
effluent there is no need of carbon supplement.
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1 (TP) ;
( COD) ; (Ss)
1.1 105°C ; pH ;
1.1.1 AQ4500 ;
( “ ) ( DOC) TOC-V ., ( SHIMADZU)
0.45 pm
1 ; ( DIC)
1 0.45 pm
Table 1  Characteristics of secondary effluent in a domestic
wastewater treatment plant in Beijing 1CS—2000

TN /mege L~ 150202 || pH 76 RFICTM Ion Pac® RAS II-HC 4 x250 mm Analytical
NH; N/mg+L ™' /NTU 1.08 RFICTM Ion Pac® RAG II-HC 4 x250 mm
TP /mge1.~" 1.5£0.1 /mgeL ! 13.6 Cuard.
COD/mgeL."'  15.6£3.2 /mgeL ! 37.0

/mgeL™"  6.2%0.8 1.2. 4

( CE-440) LX1
1.1.2 C.H.O.N ;
LX1 ( Scenedesmus sp. LX1) ( ICP-OES) ( PThermo XI)
2 50% LX1 P
BG11 1.2.5
1.2 40 mL 0.8 mL
1.2.1 2 mL 1 mL 2 min.
500 mL 200 mL 1 mL 30 s; 1 mL 30 s.
(121°C 30 min) 5 mL (4000 remin™" x 10 min) (
) 60°C
1 800 Ix 14 h:10 h 25C.
4 ; ( triacylglycerols TAG)
Na, CO, Na, CO, 100 mgeL "' B
; NaHCO, NaHCO, ; CO, 0.4 mL
CO, CO, TAG °.
5% I Lemin ",
1.2.2 2
650 nm 2.1 LX1
Dq,,- N( - LX1

mL ") DW(g'L™") Dy 1 4

0 3.0x10°  emL™".

N =9.52 x 10°D,,, + 70 957 (1)
(R =0.997) ; co,
DW = 0.493D, + 0.017 (2) 14 d( )
(R = 0.989) ( Independent Samples t—
1.2.3 test n =3 p<0.01) 1.3 x10" ~1.5 x 10’
22 . ( TN) emL"".
; LX1

( NH, -N) - ; (3)
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n=3 p>0.24).
Logistic
3
2 K
2 T 4
¢ e (4)
s aN
s o= M (5)
= dt K
% 1
N:t ( emL7);z#
(d); K ( -mL7");a:
IUS 1 1 1 L 1 1 1 r:
0 2 4 6 8 10 12 14 ’
et (d™) s dN/dt:
(mLed) ™
1 LX1
: : (4)
Fig.1 Growth curves of Scenedesmus sp. LX1 under different
) -~ ) “g» ( 5)
kinds of inorganic carbon supplement
InN, - InN, (3)
S R, =rK/4 -(mLed) .
u R LX1
(d) N, N, Logistic
tl t, ( -m]_fl) . Logistic KR, T 2
(3) \Na,CO, NaHCO, Na, CO, Co, LX1 R,
Co, LX1  u 0.62.0.73.0.73 11.5% 70.1% r 15%
0.73d7". LX1 55%. €O, R, 7
( Independent Samples i-test ( Independent Samples i~est n =3 p<0.01).
2 LX1 Logistic
Table 2 Logistic parameters of Scenedesmus sp. LX1’s growth under different kinds of inorganic carbon supplement
Na, CO4 NaHCO, co,
K x10%/ emL™' 13.2+0.3 12.8 £0. 1 13.3+0.3 14.6 £1.0
R, %105/ +(mLed) - 1.31 +0. 04 1.46 £0.07 1.37 £0. 04 2.24 +0.16
r/d! 0.40 0. 01 0.46 +0.03 0.41 =0.00 0.62 +0.09
LX1 ( TAG)
( Independent Samples itest n=3 p >0.20).
o, R, r LX1
: 3 LX1
: TAG ( 14 d) /gL'
0 ( Table 3 Algal biomass lipid and TAG production of Scenedesmus sp.
2
) 0 LX1 under different kinds of inorganic carbon supplement
2
2.2 X1 ( 14-day cultivation) /g*L ™"
) Na, CO, NaHCO, Co,
0.70 £0.01 0.70+£0.01 0.76 £0.01 0.77 +0. 06
14 d 0.28£0.00 0.28+0.03 0.34+0.06 0.27 +0.00
LX1 ( glg ) TAG 0.030 £0.003 0.030 £0.002 0. 029 +0.0040.033 +0. 000
TAG (g/g ) 2
N TAG 3 2.3 LX1
LX1 ( TAG) X1 pH 3
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3d Na,CO, NaHCO, pH
9.2 co, pH 7.5 : Na,CO, >NaHCO, > CO,
>
v BAMEMEIIR AR 2 ERIETAGA & a0 p—
50 b :
c\\° 40 - - %g W%: ; 150
s Y N N F
g 20+ \ \ \ \ §
\ R\ \
=H Nazcol;% ﬂﬁwNaHm; CO, 0 i
e B/
2 LX1 4 LX1
TAG 14 d)
Fig. 2 Lipid content per algal biomass and TAG content per lipid Fig. 4 Changes of secondary effluent’s inorganic carbon
of Scenedesmus sp. LX1 under different kinds of inorganic concentration during Scenedesmus sp. 1X1% cultivation
carbon supplement ( 14-day cultivation) under different kinds of inorganic carbon supplement
( 3d )
Na,CO, NaHCO,
CO,
co,
CO,
co, HCO, €O~
oL 10 d
W24 Na,CO, NaHCO,
—O0— % —&— NaHCO;
—@—Na,CO; —9—CO,
40 ‘2 é‘l Iﬁ }I% II(] I‘E 14 COZ
BTNt/ o,
(6)
3 LX1 co, _ N
pH
Fig. 3 Changes of algal culture’s pH during Scenedesmus sp. (6)
LX1% cultivation under different kinds of inorganic ”
carbon supplement LX1
Cuo Hg15 0,0 N, P
LX1 ( (2) . (6)
HCO, CO; Co, 4 o, (
) 4 + Na,CO, 5).
NaHCO, co, . 14 d +Na, CO,
. CO, .NaHCO, co, co,
1.0.1.2.1.1 1.5 gL' Co,
97% 119% 98%  114% .
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6 TAG . Co,
12 CO, HCO, /CO:”
Q
= 0.8
- 3d \Na,CO, NaHCO,
# _ -
S ( 4 3d LX1
0 HCO,
(CO37) HCO,
B T S TR PR ¥ CA HCO, co,
IR/
6 (4 (7)
CA
5 LX1 co, CO; +2H" —=HCO, + H' —=C0, + H,0 (7)
(7) HCO; (€O77)
Fig. 5 Transportation amount of CO, into secondary effluent H ‘
during Scenedesmus sp. LX1’s cultivation under different P
kinds of inorganic carbon supplement 3d pH
( CO, 3).
3d +Na, CO, NaHCO,
3 pH (9.2
) Co,
Co,
Co,
Co,
LX1 N CA HCO; 6 (b
CO2 CO2
| KK | KK
CA _ l -
CO; (aq) +——HCO;” +H' CO, (aq) —» HCO;~ + H*
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BrE e
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Fig. 6 Different utilization mode of inorganic carbon by Scenedesmus sp. LX1 in different cultivation periods
. Na, CO, Co,
NaHCO, pH Co, Co,
Co,
OH _ 25 .
Do, wirCuir, Cair * Ceo
5 Neo, = = 2L In e : (8)
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mol+(m’es) '

Ne, €O,

Duy, . €O,
(mzosfl) c (mol'L’]) o
(moleL™") L

(m).
o, o 0.153 %10 “mes™' e
Co,

107 e, 1.23x10 molem ™ L
(8) co,
Neo, 1.86 x10 “mol+(m’=s) ~".
500 mL 200 mL

7.9 %10 m?

air

Co,

D 40.5
300 x

0.01 m.

-3
mol*m

co,
1.86 x 10 mol - (m” * ) ~' x7.9 x 10~ m® x
(3600 x24) s+ d™" =1.26 x 10 mol * d”'
= 0.55 g~ d"
co,
14 d 7.8 ¢ CO,.
co,
LX1
14 d
X1 CO,  0.24 ¢ CO,.
co,

Co,

LX1

(1) LX1

TAG
~0.033 gL 7"
(2) 14 d
co,
1.0.1.2.1.1 1.5 gL~
97% \119% 98%  114%.
(3) LX1
Co,

0.70 ~0.77.0.27 ~0.34  0.029
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LX1 Co,
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