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CONTINUOUS CULTIVATION AND NUTRIENT UPTAKE RATES OF BLUE-GREEN ALGA

#oEEm* , BB ¥, Pl LY
Sadaaki MURAKAMI®, Masayuki FUKAGAWA”, Hiroshi NAKANISHI**

ABSTRACT; A blue green alga, Chroococcus sp., was cultivated continuously and the
kinetics of metabolism were determined for major nurients.

Bottom mud from a small agricultural pond in Ube city was taken into a culti-
vation jar and algae were precultivated. Alga, Chroococcus sp., was transfered to a
continuous cultivator which is of the net volume of 13.8 dm®, thermostated at 30°C,
and applied light with 8 white spotlights of 200W. The culture medium contained
NaHCO; , NaNO; , KH,PO, , MgSO4 , CaCl: , FeCl; and EDTA. The pH value was kept
at 8.0. The alga cell concentration was kept at 3,000 to 4,000 mg/dm®. Under these
condition, the alga growth rate was 11.4 g-dry biomass/m?-light applied area/day.

The uptake rates, which were determined with batch method, for hydrogen carbo-
nate, nitrate and phosphate ions in light were 3.4 x 107%, 5.3 x 10*and 5.8 x 107*
g/g-dry biomass/day and the uptake rate for oxygen in the dark was 2.7 x 10 °and the
excreting rate for phosphate ion was 8.2 x 10 °. The relative ratio of nutrient
uptake rate with batch method was reasonably in agreement not only with that calcu-
lated from mass balance in continuous cultivation but with element content ratio of
alga.

KEYWORDS; alga, continuous cultivation, nutrient uptake.
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BEBOBSE, REBELTRBAKEF ) v &, BEEL LTHBRFI MY va, VyBEELTY VB
ZKEHVY kAo TOMOEAE LT, BB~ F v v 4, Ly v, BWILE S #e XU
BBILAIE L TEDTARMA 2o SHEBEWO M % Table LICRTo CALOEREFERLE b, KA
ERWCHRL CHEKE Li- Table 2 Table 1  Stock solutions for culture media
CERBEOEBEBROMB % RT. BEREL 2O

~ classification component concentration (g./dm3)
CHgord, RIGLTHBEEL 50 % B
. NaHCO4 powder
ChoThb, HEWIFPIUV 2% ThFh
Solution A NaNO, 50.0
3 dm® /day OiE TE 2k HMEBROWHE
Solution B KH, PO 50.0
B (HEM e LOABMES D) 460 — et
5 = MgSO, . 7TH,0 15.0
Tdoke PHEI Y b o =5 —FHnT, Solution C CaCl, 5.0
0.5 NGB+ X1 0.5 NAKBRILF b )V v 2% FeCly . 6H; O 1.0
) EDTA 2.0
WTFTLTIRTBOHE Lk
2.3 BEFORZE o .
AE R e S (31% B CHRIE O & Table 2 Composition of culture media
M2 R OBE A% % 3 Chroococcus sp. classification component concentration (g/dms3)
T, I CEETEADG oo CTHICEL 5 NaHCOj3 40 ~ 6.0
T, M ¢ Mo G/ O BER % % 3 Lyngbya medium 1 NaNO, 0.25 ~ 1.0
KH, PO, 002 ~ 0085
martensiana 2 L7 MR¥ O kT,
FVETYL1GUT o 70 MegSO, - 7H, 0 0.075
medium 2 CaCl, 0.025
2.4 HEBAFRER FeCly . 6H,0 0.005
Fig. 2 WRTEMEBEBOKER 7% EDTA 0010
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o
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~ ® o
2HRBLLKEBM D ZBE L. RERD MM L S 2000f g %
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Rohsas, chid <y FEERET O TDH 2.
Sy FEBREEIT L TWAW, 1y AHO SERER
OF — 2% %EH Lk dD% Table 3CARTc BWRED s
FHME R 3,65 2mg/dm® , HEEERO EERORKER
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Table 3 Data of continuos culivation of alga E" aomp @ o
< s °
Net volume of culture 138 dm3
Alga concentration 3,652 mg/dm? .
Net biomass of alga 50.4 g—dry biomass 0 L ! 1 1 L 1
Pilferage of alga 254 g—dry biomass/day 0 1 2 3 4 5 6
Growth of alga 114 g—dry biomass/m’ /day ‘ Month
Average alga age 198 day Fig. 4. Pilferage of algae from the

Light intensity . 15000Lx culture vessel



BEEEBOBRBHERICK T HHEHE 11.4 g—dry biomass/nf/ day Td » %o
RiC, RROPERZ =R T 2700 BOPMTORER DL X CEERERTFOXLBEEEOANEL

Table 4 # L 5K ENENRTo HBRICDOWTI, Table 2IKCRT L ORBHR I $ LU 2%2FA LR
(thEh 3 dn’/day, A& 6dm® /day ) THRELADT, BRI F LU 2%SEBERALLIOKD
WAL 7o E&O?EHEVC LA EBREO Table 4 Nutrient concentration of

B =% Table 5 [CHEI () ROBIE TR T culture medium
REOBAIBECHEROBREE*R L TRY
REREE CORCHETRT. —FH, EBR

No. HCO, —-C NO; —N PO} -—P

1 206 26.5 3.35
OIEFES X BRBE RO OREBM Y EIC 2 224 28.0 3.55
% Lo Table 3R HIE MM &0 FH ik 3 238 29.6 4.07

4 272 28.9 3.25
ERVECERETPOEEX R L TRBHALE
LU »OfBEE % Table 50 FEM( ) Analytical data for an equivalent amount mixture

of culture midia 1 and 2.

RICRFT (REZEOTHEREAEHE L % 2 5
K)o BFR, VrEd, BREDEF O

Table 5 Nutrient concentration in waste

fi&ﬁ"b@ﬁ&ﬁl h K% V‘{[E ( %&’g: P, medium and nutrient uptake by alga
+16%; N, +26%) TdHro BEILDODNT
ﬁ%%(ﬁ*%@ﬁﬁ&ﬁ%i?z©@ﬁéﬁ : No. HCO; —C NO; —N PO:' —P
zanfmx, ')/Vcofnfo:ta%@wxﬁ_ﬂ%'c@ ) 536 175 Los
b0 BEROMNTEIBEE EHRL TIT- 22, (152) (24.8) (210)
JRYEN < L BRI 2 432 2.44 1.11
AREC <~ Y xHnR bhk. BEKOAR (181) (256) (244)
OB, BENELLIDOERE DR 5. 5, 3 927 290 1.20
- = . T i (145) (26.7) (287)
BROTEAMNERF T 2LEL D 5 . 129 994 o3
3.3 YWHER#HOREE (150) (26.7) (2.22)
HBHF X UBEFET coOXTBEEBEFO Av. (149) (26.0) (241)
BoAre L UBRBEEEZAE L. HEHE Ratio 62 11 1
RO pHE 80 ,BER30CTINT—EL Uptake 894 156 145
Lo RBEIZ, 200WD A5~ 7% 8 (mg/day) — (178) (183)

FRWTfio% (RE15000Lx)o i ) o
Figure in ( ) indicates the decrease by uptake.

3.4 FtRBEEER Figure in ([ ] indicates the uptake calculated from

B H T T O RN O S O 2L alga growth and its content (N, 702%; P, 0.72%).

- Unit ! mg/dm3
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DR YRABBITADNAENT LEERLTVS. HIC, )V Y BBEELANEOREOR VARIC DN TDOEE
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BEBPOMBRAI 4 > 0Be s X7 1AM L VRS L CHEEEL TN, BABEBERNOZBRO T % 1T
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uptake rate in light.

at-pH 8.0 by CO, uptake Alga:3414 mg/dnf

in light. Alga:3575mg/dm’

Table 6 Uptaking rates of nutrient by
alga in light

5
2 4 HCO; —C NO; —N PO —p
< L4 381072  3.4x107°
E 3l 3.4X1072 8.6x10~°
~ 3.4%x1072 1.2x107° 7.2%x107*
o 31X107%2 34%x107° 4.3x107"
L2 34X107% 31x107° 58x107*
5 8.2x107®
Ay
1" -2 -3 -4
Av. 3.4X10 5.3%X10 5.8X10
0 1 J Ratio 59 9.1 1
0 5 10 (62) (11) (1)
Time (h)
Ratio of alga content 9.7 1

Fig. 10. PO —P decrease by
uptake as a function of Light intensity : 15000Lx for net area 0.23 n’ of
time in light. culture vessel containing 3,00 0~3,600mg/dm?,
Alga : 3575 mg/dnf Unit . g/g—dry biomass/day,

Figure in [ ) indictes the uptake ratio calculated
from mass balance in continuous cultivation.
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3.5 W E B

BRETCo, EROMERBCHE SBEBENOMBLOBRBEMERANLERO % Pig. 11 KR
EEIEECBENC 2 s TWA2BEFRIBER, ~y FERFAKE LI REHCEL LTy b, MHBRE
2Tmg/dn’ TH 572db 05, ARMRERCEETHEIN TV 2. ChEEBROHEKIGIC L 23D Thb,



aeration

*‘30
~ without
B aeration S
N Z
E 200 -1 200 &
o »
~ 20F 5 120 « o
e e g :‘
T 1S g = e
g - -
~ :3 aeration e o
z | <~ = 100 4100 ®
I 10} 410 3 a
|on 8‘ « [=%
Z A2 “ 2
5 A
1 4 -
O- O
0\_ 0 1 0 0 5 10
0 5 - 10 Time (h)
Time (h .

Fig. 12. Base and acid required to

Fig. 11. Changes of principal nutrient adjust pH8.0 in the dark

concentrations in ta.he dark. with and without aeration.

Alga . 3610 mg/dm Alga 13609 mg/dn’
5 R 2 b S E % TREEFBE L. —F Table 7 Rate constants in the dark
- Z 1 o ,
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Fig. 13. Changes of principal nutrient Fig. 14. Changes of principal
concentrations in the dark nutrient concentrations
with aeration. in the dark with aeration.
Alga . 3366 mg/dm’

Alga : 3576 mg/dm’
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Moy 7 sl 2ERNERBCEFE LB T 220, BUOBEREMEE L TH Lh 2RO FEHK
% % F B Chroococcus sp. O B BE B #1T » 720 S LICHBEEBORH CHEEIC LB T HEEE
HonwtoBEEHEZRF L Boh BRI, UTod:s5bhTtd 2.

1) EHEEECEWT, BERRLEROSBINBEEL B, BESZHER , TERE® 3000 ~

4,000 mg/dn’ |[CHEFF Lo
20 WE15000Lx TOEMBERICHT > EROHIENML 1 1.4 g—dry biomass/m/ day TH , fo
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