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CONTINUOUS CULTIVATION AND NUTRIENT UPTAKE RATES OF BLUE-GREEN ALGA

ek, BB *, BE| gLt
Sadaaki MURAKAMI®*, Masayuki FUKAGAWA®, Hiroshi NAKANISHT**

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 30T,
and applied light with 8 white spotlights of 200W. The culture medium contained
NaHCO,; , NaNO; , KH:PO, , MgSOs , 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/dm3. 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 10™*
g/g-dry biomass/day and the uptake rate for oxygen in the dark was 2.7 x 107 %and the
excreting rate for phosphate ion was 8.2 x 107°. 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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EFEORERBIL L Ao EWENEIL Y 2T 2B T AR EZT - TF D, FHETRNOAZLEEBCEN
T7I NV EREEMLTE % DDy 27 s GO MEE AL TV 525, 410 EWEE %\
HBLEBRIMCRE L ABRFOBRECBO TEMN T2 LT LB bh ok LhL, BAER CREMHMIC X
STHMERZT, 2B R T 22Xt 0EBOMABRESLCOVWTWAIARBEA» LR T 24D,
BRAOATELERBRBE TN nEA2ERE2TOLERDL., COABDICE, EFMEBLTRELAEBED
BEBLEE R D FCTHOE, LEEHOERTHBRE L THEETW, COMBTELS» L HSKCH
0 TE R HLE T S Chroococcus sp. THIH LT, BRECEBE*#E T 5B EE*R 2 4. ¢
TRELRBORMCEBLLEZ I RRBERORBIFESLC OWTHRIT L ke 2%, COEBRBROB
BERR LEATCE W THLBREE R REnAY, ERLIBERBROD/EIES TH Y, BABO L 524
BaBEWNctAVWZ T BREEMRISEEI TR TD 5 ko
BHODRBIKHETI2HREEIVTHLITED, WA 2256 TR T 2BE 0 MESEE L X EEE
ORBAESICHET 2FREHFRICE . > > 1) LaL, Chroococcus sp. LT BMMAEDE <,
ALICHEEE R T 2 AN TORMERERICE T 2HRE, 75 L 5 2BV TR E V.
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FHHOBRXMABOMN /Bt " OER % Fig. 1 KFRT

ok, 727 ) 2 HEBER (HE 20, 2 50m ) OE

KES 10k 5L 5B L, BB+ Y v 4 (0.5 g/dms) " B B
PILIU) CBKEFFY T A (0.5 gdm® ) S EekKEK Light = -T- * Light
10dm* 2 FWLE LT, ERSBE ERL2WE S CMing - . 1k

2~ 7ERVWTEVL. COBEHRE30CKHE,H 52 |
R (40XT5X45m) CRL, ERABE Labr L Pond sedimens

S 1rpm OERFETHERBRH LA2RS I00WORB S>> 7 2
EERVWTERBH L. 2~ 3BT 2 LEBOMEEMNER &
% D BRBWEAFAABL TS 10ECHWT, BBERS L 230ng/dn’ 2 , k2O FHEKERAK .

Fig. 1. Pre-—<ultivation

B EEBICH Lo
2.2 EEEEE

R EOBEE Frg. 21077

R R, BEE S L 0SS M ! Motor for stirring P! Tube pump

LhEHIh D, BEBRCERAUL pH control ler ® Pilferage @
EOBEEZE, TRXTC=4 2705, — Acid solutlonl_ _:9_@"_
FETEANTHRY, EREE R Return —;2;@
3~4 AEBICHISE L THIE Off I £

oo BEME LUAEELT 2 ) ) -

A BAEEE (EE20m B350 Lughe= "lLusnt

) T, HEMEI0CICE ko H ) - ugﬁé

5 A BUEEM (40X 75X 45m) IC Cottare - Cutre [ et ing vese

B L. HEBOEBHAEHT L, bath

200Wo RGBS » 7 4~8FKAHNWT, Fig. 2 Continuous cultivator of blue—green alga

BEEoNAN 4L T2 bRE L

(7000~15000Lx). BREOCHEWL, ZoXEM+ERECRL, EEHoRNEET L0 24 HAT (ME
OMEAFREBBEFXEESF A LT TIEF)OBE*HTEL €, BREBOFHRET R L. BEEARO
HEEAKE 13.8dn® THRETERIZ23000dTd ko FHBOTHEHRBIEEMLES L ¢ 13.8ddd
EL, AEEEEELL &

EREREEEECADY, BERAURAMBELL 2. SBE TR, ABMEKC L VEBLEEEREY H
LT, BRLAEBROSEE~EXL, BEREAEBRL RS L TR L £ HBEBES L0 B8 oK
KonwTik, Fig. 2R T L OWEBEBEREL LAZEBRHF . — 70X B TIcoMBRAZS L 5 CHEB L.,
KM EFTEOBELCR -2 (TR ZhOEARKATIRE LD ARPPEVWHBHECRE LA F .~ T K7
FEHUHS LA ). F, HMEELLORRF . —7H, AHBCRIFTZER15m 0L =—r 8
O A7 (EMEKEE3m, THIEABEOELL3mDEI )CELAAL. CNERABKOEE 21K
Tagprcdl, ALUKNBHOADERFN > T HEXVOBICESKERXTOLOLTH b 2 1, HE
(30C) LAEE(ZR)OBEEZECERL T, BHRILAELSEERP LA L THEMEZ 202
Crd, ZBF . — 7 5KEKBETEA L. HBEEHLAERL, EEFF .—7OhMEER: TS
LLTHEIIL, EEEMA27.6dm® /day (=2V./day = 4.6Q; V! HHEBAUE, Q . HEROBRANME)
E L%



HEBCIKROBHIBREB VMY, EREULBLEZVWIHIK, 2 ABROBREXBEEI L Z WEERKE
W% 60rpm T LA AEBCHEBEO7 v v #5320 74 X ~%BEBELATLABOBEFTLIR LR
DA, WL ABBEXSBELENLEZWE 9K, lrpm THE L ko BBEA 100 ~ 200 mg/ dn? LT T2,
DHEECHEL AEBEPADNCEEINZ VWO T, ERBREXBC( 252 C, SHMECOEICLE L 2 EE
REXEAT . ~7O%RBEREL LD, BEBCEX LA,

HEENCOEBREXEBAE L. IEORBE +ROky, DEO L SR L THES *BHAK N, .
BERE MW (EREEBRE) BE2h 2L 0CTIERBOBEREBR (Vx=AW/X ; Vx 1 KE, X  HEBE)
EFa—T A T THEEM S HEMDER 05~1dm® OBWER TS - %o

REROBEAE, KEBLLTRBKEF PV Y 2, BRBELLTHEBFI NI Y2, VYBELTY VB
ZKENV Y aEBk. TOMOED L LT, BRB~7F v v o, ko ry va, BE _&Ke LUR
BB & L TEDTARINS ko HREEFROMK % Table 1R To. ThOLOEBEFHERE b, KBEK
FRAVTARLTHEERE Lo Table 2 Table 1  Stock solutions for culture media
KEBROBEBBROMN E/RT. BEEE 2D

- % classification component concentration (g/dm?)
KHdreod, RIGLTHEBEELH50%
NaHCO powder
CrwTHB. BEWIFLV2ETALR :
Solution A NaNOQO, 50.0
3 dm® /day OMBTE 2% BBEOWE 0 50.0
Solut B KH 5
B (M LOABBEE D) 1460 s 2t
. . . MgSOs - TH,0 15.0
Thofe pHE= b= &R T, Solution C CaCl, 5.0
0.5 NGiEE® L TF 0.5 NKBRILF b Vv 2% FeCl, - 6H, 0 ;0
EDTA .0
BFLTIRTBOKKZEL ko
2.3 HEORZE
AEEL S, ITEE R oM Table 2 Composition of culture media
-1 )
MBIk OB K% % 3§ Chroococcus sp. classification component concentration (g/dm3)
T, B2 THEETE AL oke THICERL » NaHCO, 4.0 ~ 6.0
T, WA CARO B E % T Lyngbya medtum 1 o gf); ~ (1)-885
2 4 . ~ 0.
martensiana BV L 4. MilHo L& T,
S NETE 1 BT TH o 7o Mg204.7HZO 0075
04 HELEmEE mediam 2 CaCl, 0025
. a < FeCl, . 6H,0 0005

Fig. 2 CWRFTEREREBOER Y 7% EDTA 0.010

ik TEHREE R Lo A0 L, COEED

EEELAALC BEbCS y 7EZBRETV, BERNZEA - OEELEERT L A. FEoWHERE O
BEBRCHLT, FRABA T JUBEHT TOBREOWERSC X 2 EEROENORREE/LL E L
oo BEBROMBFE L EMEERRI D, MEHRNOREEFOBEAKRBRNLCAH 0, ThAD T, -~
vy FTERCFT 2RBHEOVPBEIRDO LOXLTHE L. £580 1 AT EEO MK 2T EOfE
B LT LT, FREABBT TEBE R L 2. EROMBCHEEBROMT LT, XEEH2E
WOBKZELTWALZEHBRLA. COXLOXLTYHNEHFZRE LEREEEBLELALR, Xy 7ER
R L. BEGTCTOXRE, EMEK4FLT 5 - MBCABH L EIEL T LAR, BEE(E
BlELA. BEBERFL*3000~3,600mg/dn® OHECED L 2. FIEOoRR T LK, ABEWO LD
F - THEEHE AN CEERARTER L 2. R LAEABE, 284 LEARBCB L. —Frto
33T, MHEEBL THRCEHL T3 CRFNTANT 2T TRELL. A LAHBE, BHERR, KR
BKEAAY, tAF—1EFE, 7rE=7, BHEIF Y, HRAF>, VYBRAAY , BV THE>

BHERECBEEEBRDO 4 - 2—2AWTHE L. RBRAEA A BREEIC L o ko BINER A + > &




LUMRA & Y RBARBEEF LD FI v ABTEC I VAN LA oBBRBERBER L ko

3. MR IUEBR

3.1 FlRER

FEw e Lc, QBRI Y va, B YBRIAEP YA, OWBILY Y23 IV) vyBIK
EH)V VLR FRFRBMLAIOC OV LAk ARKOWTRERNFEEL AN, BRLCOW TR
RELZDoke Thid, V YELOWTRERIDVBH/INE S, BRECOWTRERTOREREO £
AL VEBEIBEINT, BEXREOBRER L VADEBDN L. ARE CRELBT 5L, CHROIHE
BOMBAERTH o ke 24, MOEBERCOW TR, BMLABE L LEZWESA LoMCEBRERR
Bobhhdhoke LARL, T, FHEERELTCHEETANWEA.

3.2 EREKEE

EEEEAABCATEZ I 2 L0 2 THho0, BRBEECOKEBREM T F1g. 3C/RL, BEBE% 3,000
~4,000mg/dm® C#FET 220K  REB AEROE (SHBord, BRMLAEIE L) & Fig. 4
xR %, KBTI 100V, 20WoHE S ~

5000~
7% 8FBnk, EHBORBRFT A2 PERER
15000Lx Th o ko Fig. 3CRLNBL O, 4000 °
L ° ©
IR 720 Omg/am* 4 L% LTH— 2 AMREM o B SsBY o
o
BVCHIE L T30 0 0me/dn ICET B 5, TORER T ol 8 &6 g'i.‘?%?d"” o &
BdLBA LT b, BEBRERBELT, pIt Sl 8 O, oo
~ @ o
2HRABDLOLIREBM D ERBE Lo IREM D ZRABL 8 2000F 8 2
THLBURBESHML o M, 3,000~ = &
4,000mg/dm3 (CHEFFIN B & 5 CEEOHBEAL 1000é60
B ko MEoZ &, M CHEESFZHRERS i
BN L ERNENLL CHBEABEILTECLERT IO % { 2 3 ; — 6
LBbhb. BE, 12002 7Aoo, HERE Month
Ro—MoEHEs B L. 27, 3 » AU B s Fig. 3. Alga concentration 1n the
T 2000mg/dm® 3 TERBEXET L TWw b0 HE 4 cuiture vessel
Rohads, thid <y 7ERXBET -k DdTH 5o
Ny FEBEFT L, TEW, 1 7 Ao BREEE
DF— 2% EHE LA LD% Table 33T BEED Ak
FHMER 3,65 2meg dm’ , BEMNO EROKER
50.4 g—dry biomass/day ,  RE2HR Y BEOVHIEG 3 >
2.54 g—dry biomass/day Td , %o EEOFHAS ~
N [o T ] an
X198 TH, %k
. 2F QD o O AP O
Table 3 Data of continuos culivation of alga E}’ amp @
<1 o
Net volume of culture 138 dm?
Alga concentration 3,652 mg/dm?
Net biomass of alga 50.4 g—dry biomass 0 1 i 1 ! | )
Pilferage of alga 254 g—dry biomassday 0 1 2 8 4 5 6
Growth of alga 11.4 g—dry biomass/m' /day Month
Average alga age 19.8 day Fig. 4. Pilferage of algae from the
Light intensity : 15000Lx culture vessel



HEEEOEBHERICH T 5MIERI 11.4 g—dry biomass/m./ day T, %o

KL, RROPERX BT T 22 ofB 0B TORBR P+ I URERRTOXBER O FE L
Table 4 Y USIKEREFNFRT. HERICONWTIL, Table 2ERT L OCBERIF LV 2%FLHE
(Zh#h 3 dn®*/day, BFtE 6dm® /day ) THRELAO T, BRI LU 22FEHE LLIORD
WTAI L. EROBRIK X2EHBE O

Table 4 Nutrient concentration of

WA E % Table 5 CHEIN () RoBE TR T cultiure medium
BEORIVBCEEROBRER*RL kD N HCO. —cC NO; -N PO! —P
EREY* CORH L TRT. —FH, EH 1 206 265 335
OWBENPTREBEYROADOREBMIEK 2 224 28.0 3.55
% L\ro Table 3 (G 38I%E I 0Pk 3 238 29.6 407

4 272 289 3.25

EM YV ECERTOTHEERL TROLE

ZF I U) OBEE % Table 508N ) Analytical data for an equivalent amount mixture
_ N of culture midia 1 and 2.

RERT (REOEFFEXSHERZEL % 2 5

7)o BE, Vr&dK, BEREOEI H I

Table 5 Nutrient concentration 1n waste

BR»LOBLE L VD RKEWE (BRE=P, medium and nutrtent uptake by alga
+16%;N, +26%) Tdb. BELONT
BEBRPRBIRAARBEIROBE & No. HCO; —C NOS— —-N POi -
2 bh B8, U‘/VCOTA’CH%R@%%;?ﬁTé 1 536 175 1.25
o BEBOSNABEBREARL TT - e, (152) (24.8) (210)
e . < T 2 43.2 244 111
AFEL < v xnRohk. BEROAR (181) (256) (244)
OB, BEXELAIOERE DR 3. 51, 3 927 290 1.20
— 5. A . (145) (26.7) (287)
BEBONEMINMEMRH T HLEND S . 129 224 103
3.3 YER#HOAE (150) (26.7) (2.22)
HEH L UBEG T CoZTEEBERO Av. (149) (26.0) (241)
BYAr& L UBHEETRTE Lk HEM Ratio 62 11 1
WO PHE 8.0 BER30CTINT—REE  yprake 894 156 145
Lko XREHEE, 200WO BB > 7% 8 (mg/day) — (1783 (183)

AR o/ (RE15000Lx). Figure 1n ( ) indicates the decrease by uptake.

3.4 FEHER Figure tn () indicates the uptake calculated from
N R T s Ll Y T alga growth and 1ts content (N, 702% ; P, 0.72%).

- i Unit . mg/dm3

OFi% Fig. 5 XL U Fig. 61T RT>

Fig. 503, BRE, BRFIUFY) >OVPEE (mg/dm® ) 2 Fh 2h, 132, 34.2, 3.81+ LABEST,

ZOMRMYALHEEZBEBEFITELE oTWbe ZOZEDL L, ZEUHTTORERPOKRE, B LU
YV OMEWRERKIZ, 2L240:10:1 t3hiF L VT EnSdn s,

Tig. 6 IRFE, BFPF LU > OWIHEE (mg/dm3 )% 139, 1.13, 0095 & LAt ZOEETH2,
BREBELR TN THEINTHMIRALIRBLETHL, Vo EORIALIELELTHE. COBEXHERT 2
OO, EENFig. T Thh, RERFUBEREKBFELEZVWBACE, )V ¥ 13+4BFELTY, V>~
OB VAR BT EHLRZNVWZ LEERL TV HIC, 1 YREELZWHEOEBEOWM VAR DOWTOEE
FRBED, VoBTRETHLEEAY A RET 240K, c0L 52 EBRFH L A oke —H, K
RELC DT, Fig.- 6 KRLh DI SCEBRFELZS TIR VAR ITTbR, SHFT » 2 EBEHMANT
AXEBRCALELRIRBO N i v, 2%, BRELFELAZVWEHETOEREIRD X518 L T - %o
BEVRTPOBRA A OB+ IF1EAMNL VRS L TEREELXTV, BAKEENORROSNESR
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Fig. 5. Changes of principal nutrient
concentrations as a function of 0 0 0

time in light, Alga ;3570 mg/dm’

RBAAY, BBBRAA LY B4+ 0OR

. N Fig. 6. Changes of principal nutrient
PRH>REFXREL 2HR% Fig. 8, Fig. 9, concentrations as a function of
Fig. 10 KFFo Fig. 8 ZEBH pH%E 8.0 [T time in light. Alga ! 3049 mg/dm®
HEITDADIEMAARBORORRELE AT

Time (h)

RABHET T, RBA A OB IAINGTR: bh
BRICE VRO & 5K KBRILWA + > 28T 5 % 1op 108 -~
WIGEWD pHB LR T Do e PO,
WHCOS + nH,0 —=> (CH,0)n+ nO; +00H™ % N S A
LADR LT, pHEFIEOHECRDZHCMA & X E
OB, KAROLDICH YA h kAR, T = [
* Y ORIHIGF 5. ke, REOR YRR % s |
HCO, DRAICBERIZOG, KO L > HEH = " Mo~
CXbho HyCO, OBBETHUL 0K, = 6.37, oL o :
pK, =10.33 Tdb, ZoExHVstES 2 &, 0 5 10
PH 8.0 KT 5 KMIZ100%HCO, & LTHFE Time (h)
ThHe Tk, COXORAAYFER, CO, & LTE Fig. 7. Changes of principal nutrient
AP HBLZWEZL DN D CRERRT D1 e  fanetien
W, pH8 0 KHMLANa, CO; TR LKEBEM%E Alga : 2785 mg/dn’

BEAXATHEHMBRILABRINEIT LT D,
RBAA Y OBRAPAEBOON 2 oke Fig. 80RE LD, EBORME L ZDVOREOER I ADK
BEExROKk. COXONLT, BEBRHOLBONABMPAIEE ST L TTable 6 IC/HRL, FHMEL LT
34x107° g—C/g—dry biomass,/ day ZE LI %o

Fig. YSBEROMBRAFY OMYALFEOBRERGU L H IO TH5- MM + >~ BE (ZE#H
B3 mg/dm® 2 CEBREEREEL R T, COBEMETEERYAIRENBICE L TW 5. BEKRF
HERIZWEHRBERE TR, Fig. 5 KRN 2L 5K, HERABTOMBA 4 > ORER ., BEoM
BEEICEFHICBIT 5. COBELIBMIAIEFE Y RO COLINLTAERI VKD AER
Table 6CR L, F#HEEL LT, 53%X10°° g—N,/ g—dry biomass/day B LN %o

Fig. 10 @) vORMIALEEFTRELAKRTDL. B2 L IR VALEE LT RD, Table 6 KT



XI5 ¥HEEL LTS 8X 10~4 g—P/g—dry biomass /day 28 bhk. ¥, REF L) YLDOWT,
YA EENRBEEAUH+ R I EREHEB COEREISBIT s T a2 e 5BFTIFETD 50

nHCO; +nH,0—(CH,0) +n0,+nOH

~~
B
A ~~
3 i
5]
3 =
o
g -«
oy (o)
-
2 X
s Sy
. <ls
A ~<
:5‘ 1 1 1 1 1 1 |
0
Z od : . 0 1 2 3 4 5 6 7
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Fi1g. 9. Concentration dependence of NO; —N
uptake rate in light.

Alga ;3414 mg/dn’

Fig. 8 Acid required to adjust
at.-pH 8.0 by CO, uptake
tn light. Alga:3575mg/dn’

Table 6 Uptaking rates of nutrient by
alga in light

5_
ol HCO; —C NO; —N PO —p
T d 38x10"2 3.4%x107°
E sl 3.4%x107% 86x107°
~ 3.4x10"2 1.2x1073 7.2x107*
n 31X107% 34x107° 4.3x107*
) 2t 3.4%10°2 3.1x107° 5.8x10°*
) 8.2x10"°
B 1k
Av. 3.4%x107° 53%X107° 58x107*
0 1 / Rat1io 59 9.1 1
0 5 10 (62) (11) (1)
Time (h)
Ratio of alga content 9.7 1

Fig. 10. POY —P decrease by
uptake as a function of Ltght intensity [ 15000Lx for net area 023m of
time 1n light. cul ture vessel containing 3,00 0~3,600mg/dm?,
Alga : 3575 mg/dm’ Unit . g/ g—dry biomass/day,

Figure 1n [ ) indictes the uptake ratio calculated
from mass balance in continuous cultivation.

RE, BEFPLICY Y OR VARFEEOMTHIE59:91:1 THhHo —F, Table 5 KRT L 5, ;&
MEEER TOESEEREOMMHE, 62:11:1 L2 ,Tnb, ALK, EETOBEFIVY Y05
HEOHIZT . 1 Thoke TAPROHEBEORIALAEE , BREL LUSHFEOMN LKL, Bak
BRI A. L, ThLEoMUHRIETRLZ T b, TREREECIZ 302, hoBERK X %
A0, REOEERBOAELHE T, SBROBREFEET b
3.5 B £ B

BEGTTo, EROWERBICHE I BEBENO MR OBRRLNEALEROM%E Fig. 11 KxET.
BEEETBENCE s TWAIBFREBED, <~y 7ERBKE L I CEBKBRL LTeh, PPHEE
2Tmg/dn’ Th 30, 4BHBELEETHEEIL TV L. ChBEBOFRRIGIC L 24D Ths,
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Fig. 12. Base and acid required to
Fig. 11. Changes of principal nutrient adjust pH8 0 1n the dark
concentrations in ghe dark . with and without aeration.-
Alga . 3610 mg/dmn Alga :3609 mg/dm’

Table 7 Rate constants in the dark

5EEMBR 2 bEBRE TR - (REERBBLAL. —F,
(g/g—dry biomass/day )

COERBETTAWRAA YRt 50, BBRAA>, )
EBAAYEDCERIATR TS, LAL, BERTK
BOAPEENBEHOBBELEICEPI LTS, KR

HEBRTE, Fig- 5 KRLA D L 5 ICHERBRESHN 27 x 10°° 82x10"°
BiIch, BENKCES T 2. BRETTE, FERIER
EfF+T20T, RERLEBFACKEHETLrHRET 350 pH% 8 0 KEDABICM AL KBS b
)Y a0BE% Fig. 127"+, ZOBODOOWEREE LD, BREBET TOREOM VASEE 2.7 X
10™ g—0/g—dry biomass/day #4% bhko bEEMENOBA LT -8, COBAMMEMAL T
Who ChIZBBEMLARBY A PBRICE VEEEIhALLEEDNR b

—%, Fi1g. 13 &, B4 A+ n bR T, Sy FERRABR, 3+ BRI A Y2 HEI WAFlZRS
COBBICE, VBRI A EHE LT B COMMHEER 82X 107" g—P/g—dry bromass/day T
botko ChERRBT Z2ADK, WRA A VHFELEZVWEE T, BRETOERET X - A i % Fig
14 €F3o CORBETH, RIDEHERIEME TRY vBA4A Y 28HEBIN, TOo®EY) YW IRAAT
WwWho COMRFINDIERLSL, VoW TH200RFREELTVLL 5B bhs. MEoiER
nh, BEHETOEROY) v BT 2RBOEDHEIBO THERE LI LG ok ThLOEHTHS
PCTHEBRE, SEOEMLRABLBETS S 9o

PO}~ - P

O, consuming rate
releasing rate
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Fig. 13. Changes of principal nutrient Fig- 14. Changes of principal
concentrations in the dark nutrient concentrations
with aeration.

: tn the dark with aeration.
Alga: 3366 mg/dn’ Alga : 3576 mg/dnf
4. % & ®

OBy 2 7 A BT 2ERERACEE*H{ET 220, BHOER2EE LB LA ARROBR
% 7% TE# Chroococcus sp. DB BREBRKEE T oA AL KELBORFCEREC VL E2 T EHY %L
HCOWTOBELER 2R LA, BohAaBRIE, MTFToLto2hTd b,

1 EFEEECSWT, BEREBRLEROSHMONBRETAW, BESIRER , TERBE$ 3,000 ~

4,000 mg/dn’ WCH#FRF LA
20 BE15000Lx TOEMBEBRIC LT 2EROMTENE 11.4 g—dry biomass/nf/ day Th , %o
B <~y FRBIDVKOAALHF (15000Lx) TORKE, BEFLIUV) YORIALEE (g/g—
dry biromass/day Jid, TR ZN 34X 10 °, 53x10°, 5.8x10™ v ko 22, BEHTT
OBFEOBM D APEEE2TX10"°, V>ORMEEE82X10°Toh ., o
4 BEFOWM VAL EE, EREFIUVSEROMAN k3Bt R bhn, HETOER LR LIS
BomrExrET 5,

B BREOWTHIAIFEEOBREKRTFELFHAL LS, 3meg/dn’ 2 CREBERFELRL, 20O

fEY ECEBERBAFL 2. ’

® VroRFBABERGELT L. BRETEBELFELZWEAKE, )V OB bAZBELL
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