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S (Isochrysis galbana) 2 A DHA » 1 Byl - s 450 B e LR O RIDRY -
HE AR AR K5 » TTRERTHTIG CO, UM I (ORI - ARFJREIZERERT DUINA R (05 L 5 1.01L)
BRI RORARE (100 L) $T50MEE » 9 pH ESRALIE CO, BRGNS -

NG R BB R EABR - FEVRAT CO, SURING (HCI) FASSHIAE pH {H2 3T » LI
111 CO 3 pH Fy 6.5 M1 RIRET » FHER 5.5 41% » MERZVRIN CO, 3 HOL > HERFisRIY
RV SRR 2% - 45 FI VAN CO, 8% HCI Y6 pH {EA8%ER, 6.5 22 tBar » 1L CO, S asins
Tt BRI 221%  HFOR HCL AR > TLLERHEESR - FRINBIRGESN (NaHCOs) 238 -
LUVRIN | g/L SHAOSIIRAIR AR » HRFAL (0.01 /L~ 0.05 g/L ~ 0.1 g/L ~ 0.5 /L )
HIFEBRA « A1 0.5 /L NaHCO, » RS pH 34y 6.5 1 » HCAFRIFTRLEEVRIN NaHCO, %
Rk o BRI 212% -

RARETRSEE » FIF pH HEHIBEIEE COL 80 HCI » (f pH (EHERFNEELE + S5 CO,
FEE pH {E7E 7.5 ~ 7.0 A1 6.5 22 RIS E 7 > 100, HOL H6y 7.5 AEATE
WAATRE: ; T HCL bR SO IR LU AT - CO, PERISIAESS 7 TAMMBUREETTiE 1350 x 10°
cells/ml » K7 R EHIAEN 199% « ABFSERUR: - SEUIGNAE VA AT FLES 200 » FIVRITIIEE s 0.5¢/L
) NaHCOs » % pH 34K, 6.5 3 A% LTS B » HIFTRIF CO, HEISEARY pH By 7.5 > B9TTH2

T SCHERRF (T BERTIN R -

RAREEE - FHWE - IR  JBIE - pH 12

HI &

ZEiE4S 3 (Isochrysis galbana) & — & EEEE
MR /K SRR AR - AR/ ~ BEIETR - A
wEYE B9 DHA SEENEIENE - 55
/R A BPISHRSTH LR (Helm and Laing, 1987,
Wi, 1996) - (K[t - HEGHE ~ HHiES HEEE - B
HIREZER AT (Helm and Laing, 1987 ; Bf&E,
1998) - B EelFIR gy MlEaas (#F5%, 1995) -
B2~ W7KIB SO B EE (BEFIRR, 1985 5 &R,
1993 ; Suetal., 1997) #yRAFEERL » i HASH FIH

SEFES / REBEBEEZRE 67 5% TEL: (08)
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L (Chaetoceros) SEHAMBEIR S » BEZHIAIR
IBESEUES S (Phatarpekar et al., 2000) « S34p
TSR S 5 <8 ) i 5 S A WA SR Y BEDRY
K> BRI FAREFEREUE (Scott and
Middleton, 1979 ; Suetal., 1997) -

BRRLAS 5 & P ﬁ?”’JE@EI fol i S3HT
2R BB A W EIUEF;!FA'[ BV AZE Y 50%
(Becker, 1994) » ¥ SRS VT BT b 42 B
&fﬁ?\[iﬁ" PV SRS (DIC) JEIVHATR - I
K ﬁﬂmlﬁﬁngE'J ° 3?7’5?\4?['3/ f%ﬁﬁéﬁﬁﬁ CO; ~
HCOy * CO;” SHJfiE » Fﬁfﬂﬁ’?l’ﬂ?ﬂ/ P2 i
pH [l - CO, fi' il i3 1 #1™] - HCO5™ [Pk
FEFIRUBLIRIF > =40 COs™ Il i Wl i 3 )
Ml e iﬁﬁf”ﬁﬂlﬁ‘?'ﬁgj =k 2] pH Y2 > 7 pH
[ 8.2 % 20'C VA1 1] HCO; it
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[ (399 %) 5% 2 mM; CO, P %05 1 uM
(Round, 1981) - pH @é@[’ﬁ;‘iﬁ\ﬂj‘ » CO, f““[”\ﬂ,%fi}ﬁgj ;>
Y+ COPL I - e * = AP - [k
AR ﬁ[@ D FIRE T pjjlu (B | E;lj‘
<l pH A e %ﬁﬂf‘*cmw#%
TR A5 7£'F = Fu[ﬂiﬁf”ﬂa EN YR
Bafwpu E S ESH (Merrett, 1990) « Efﬁ’]ﬁ”‘ ﬁrg:fﬁ@
WIS PR IR T PRV (Kain
and Fogg , 1958; Swift and Taylor, 1974; Kaplan et
al., 1986; B@E’?i%’z, 1987; Boussiba et al., 1988;
Burgess et al.,1993; Zhu et al., 1997; Sevilla et al.,
1998; #x, 1999; Clark et al., 1999) > ?]ﬁﬁnj}%’rélj‘y[ll’ﬁ
%ﬁﬁ%%ﬁ%ﬁ’a»w%ﬁwﬂwﬁW@T
o Burns and Beardall (1987) }J’,” > ZHEA AL
Ell H*‘J?ﬁ% HCOy™ [iuff? ; Bhatn etal. (2002) &
- W EHIE Jp = BAFR] CO, B HCOS [
KO (0D B - PR o
R AERE S 1) 05 B LOL T AR
B 100 L HEHT R S pH i1 CO,
SO SSUE MM - DL
7 SRR M OB B BB T
ST S RO -

_'_'l

‘\“ »F‘

FORHEL S 4
— ~ B ERHIEEE

e R SYMESRNTEFEAVSEIES | St LS
Hh Rk (Isochrysis aff. galbana Tahitian clone
TISO ) - FFEefE R 1L OB =AM > fE=R
23 ~27 °CBEEE 25 ~ 32 ppt> EAEEIEEE 280 ~ 400
WE/m’/s (YERIETS - BFELESTE -

Bk EYCaE SR )7 (Laing,1991;
Walne, 1974) » Fo#L 5140 Table 1 s o B8
E’J?7 B oA 1.0 ~ 045~ 0.2 pm ?r%/n\i@ir%&

V ARBEREIE © 1 L f120 L HFEREE RS RIS
(121 °‘C » 30 min) ; 100 L &40 A 10 ppm EH7K
FEE - BREREEIR - B 10 ppm YRS (BRAHT
SR PR A -

= HERGER

HERRIE D Ry N RF BRI R 2T

RETER o NAEFFEREL 0SLE 1 L=MA)K
REEEE - A A RAAPHETT - BRI EE Ryl
J& 25+0.5 °C ~ B 28 ppt ~ RIHDEIE 380 ~ 400
nE/m’/s > SHAEIEDE « KEFTRKEELL 100 L (WE
TEESE SR (B8 41 cm) 5528 HEL 20 L AY[E]
W (B8R 32 cm) ZKASHRRERS R - BN =%
RIEHEAT » IR 23 ~27 °C » B ) 28 ppt » BE

FUIGHER HOERERT 15 om - SRIEDEIRE Ry 280 ~
400 pE/m*/s » DL

Table 1 Culture medium (modified from Walne, 1974
and Laing, 1991)

Constituents Quantities

Solution |

NaNO, 100 g
NaH,PO,.2H,0 20g
Na,EDTA 45¢
H,BO, 336¢g
MnCl,.4H,0O 0.4¢g
FeCl,.6H,0 1.30g
Solution Il 1.0 ml

Make up to 1L with deionized water (heat to dissolve)

Solution 11

ZnSO,.7H,0O 448
CoCl,.6H,0 20g
(NH,)¢Mo,0,,.4H,0 09¢g
CuSO,.5H,0 20g

Concentrated HCI 10.0 ml

Make up to 100 ml with deionized water (heat to dissolve)

Solution 1l

Vitamin B, 10 mg

Vitamin B, 200 mg
Make up to 200 ml with deionized water

Solution IV

Na,SiO, 6.589 g
Make up to 1L with deionized water (heat to dissolve)

Usage

Seawater 1L

Solution | 1 ml

Solution IlI 0.1 ml

Solution IV (only for diatom) 1 ml
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1. ¥/ CO, 8¢ HC » 1% pH {EFA% ks 5.5 6.5
7.5

TART— H ¥4 28 8 0.5 L B9=F5i » AW
7K 400 ml % - H#[F] 100 ml FEE ~ BIREN S L
A AR 2 TR - (S ARBEA - 5 10
1 L = Aiffrh 58 2 smmny b aakils - fIAE
WA 5 L2528 » IRGERLIEFHL 100 ml Y
R 0 AT AMELA b 28 R A TEEERY 500 ml =54
A o BB A » —FBRLGIRFIIA CO, >
we/KHY pH {EHFWEE Ry 5.5~ 6.5 A1 7.5 B9 CO, #H
(C0,-5.51~ CO,-6.5i ~ CO,-7.51) = Fryfsfngy CO;
NFESELL 2.4 N YRR > PRSI 0.22um FLIK
AUEERY - A BATHERIIRE /KT - BIERTE
PREFRZ DRI ZE - S3—RR A HCL» Fi%E
Bl CO, fHFHFEIM pH {H (HCI-5.5i ~ HCI-6.5i
HCI-7.51) - pH {HIYZFFER7E F5+0.05 » il ¥R
fH o M- CRR R o R UEE - RN
E[ °

2. HHEM CO, B HCL - jf% pH {HER[H] 6.5

HEEE R RIS CO, 8¢ HCL 1 pH {EFH
| 6.5 40 = EHEHEHM (CO,-6.5¢ ~ HCI-6.5¢
FEHERE) » RPUEE » g =H -

3. %S0 NaHCO; #tb#

PERIREBRFEIRGR 1 35 > 223 HER L NaHCO;
HUA CO, AR » DU ER A #E 1 L 2
B 800 ml ¥ 7K Bz 200 ml FE35ERE - BEpamiiat
2 NaHCO; 551 150 “CHZEMRES 40 43881% > il
AT K T #2 RIS R B2 A T8 - NaHCO;
HIR IRy 001 g~ 0.05g~0.1g~05gF11g &
HNFEER (SB-0.01 ~ SB-0.05 ~ SB-0.1 ~ SB-0.5 ~
SB-1 FIEHIEAH) - FHPIERE » 578 AH -

4. ¥si0.5 g/L fy NaHCO; ifi L HCL % pH {H
lE] 6.5

KR REE 217N NaHCOs & il pH BT - Fir
DA IIA HC ZAEEH%E pH {H - {56 ke s e it
ik CO, - M3 = HpaEHAH - 73 R AR 0.5 g/L

[t) NaHCO; (SB) ~ f& NaHCO; 4} » FiZfi HCL %
pH {EFHE Sy 6.5 (SBH) AITEHRH - AFHPYETE -
HighH -

(Z) RESETREBE

HRIKEHBINA > oI TH S
BTSRRI R E R o DR AT
it pH PEHIGURE By R B RN P
IR—PFIILLSAST -

1 TSR

RIS 20 L BAmHE Y B A H R 4K 129
CERE - H97K) ALEBIINART B RZK T > 225G
43R 5 LPM (L/min) ~ 15 LPM Fl1 25 LPM =4 >
o EHAE 0 HERAH -

2. B AR

B ATERAETTRE - B AR AR 53 Fy
10 x 10* ~ 30 x 10* ~ 50 x 10” cells/ml & =#H > FI|FH
I BRE BRGSO IR - DL SE SRRy A
e A A KPR AHH -

3. MIH pH #EHIERERIN CO. Bk HCL - fiigerk
pH {HMERFERGEH

B FEF TSR R AR s R > FIH] pH 22
HIEEASIN CO, > fif pH AERFAE 6.5~ 7.0 F1 7.5 > CO,
IR B EAE AR T i/ N R - S35h—
HLUR AU pH ZEHIEEESIN HCL (2.4 N) » i pH. {ELE
FrAE 75 « 00 T 1o g B (FBCO»-6.5 »
FBCO,-7.0 ~ FBCO,-7.5 ~ FBHCI-7.5 FO1¥fHasH) »
A SCEBEHAI R A I IR 1 5
]BoOR-XEBREEIH > B ESH -

(=) 1IBIERRIRREEH S0 LaIst

=

FrE RS HllE pH ~ G ESEMIEIEE
(cells/ml) BEIAFESR (n) LUK AHB B RGHATHE
HOR R 03 - SRR YA G E

p = (Inxo-Inxy) / (t-t1)

X = BAIGRE BN PR © xo = BEEK
TR Z AR > 6= @4EH > b= #&TH -
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TR A B o EE DU R Ry o ) > B
ANV

FHEFE 23 L =Dn/ Un x 100%

Dn = BB n HAYHIIIRE > Un = $R
FHES n HARRRES -

(0) ERE\OM

pH FEHIEAEEER SKIGHINREE ~ pH ~ u RIAEE
HoaRAN > BHHERRRAEEEE - tomg i
B~ B WRPREE S EAAEERE o AHR ~ SRR -
8- ZANBE IR E J7 15 B MR35 Parsons et al.
(1984) > T #& g B 09 0 E 77 L RE k8 APHA
(1995)

(R) #R5tDHT

DL -EESIRSELL SPSS EAHRig T T EIX
THEIT (one-way ANOVA) » SERFAE 22 HLK
etk - FFLL Turkey %% FpATHE1T 1R LI
(posteriori comparisons) F1 % FE [t # (multiple
posteriori comparisons) * L p < 0.05 EEEKHE -

R
— ~NEFREERNR

(—) 700 CO,ZH HCl - & pH BEFRER
5.56.5%7.5

KGR TLR 21538 LL ANOVA 43475 SR -
LA A Sk, pH G BEE N7 E (Table
2) o FiJF Turkey MIERELIRSAHAEE - LA CO,
¥ pH {HRHER 6.5 # (CO-6.51) MYEMHA RN
TRl > ANEIEE 237.5 x 10* cells/ml - s
B A Ll RS T 355 148 % TS 18
AFABAE - 5 pH FE R 5.5 1% SERETRIN
CO, 8%, HCl » EJERTRINZ BRI - AL
HCI-5.51 fe 7= » fHIEEE R 132.5 x 10* cells/ml »
AT R B A A e o AT T 3 SR M85 82 % » A
T F 5 DL CO,-6.51 B HCI-7.5i & 3hi
Rl > #E 04 HERFHTR 03 -

(Z) #BARN CO, 3 HCl- #§ pH {EE8E
6.5

e = RAyks 8 - =HERE pH (EE
HEE 725 (Table 2)- Turkey HIEKELESRTIR - HI CO,
T H i pH {HF#E s 6.5 (CO,-6.5¢) HHAYHAANTE
B > 5 3 HIoMEEER 2411 x 10°
cells/ml » FHE EH 3R E 221 % - HX BRI HCI
FEEE (HCI-6.5¢) - i DL GH A A » 268 3 HAYHE
JE R A 109.9 x 10* cells/ml « 7= H RS EHA
] > DL COx-6.5¢ i FEMIHER » HCI-6.5¢ RZ >
B EA - SPIIITERIKF R 0.8 2 0.7 j2 0.5

(=) D0 NaHCO, 55

@A RAYREE - NHIRE AR =R
(Table 2) » {6 F {Eiffsi/]» - Turkey JHIER LLER - AHAAS
Fo LA U g/L (SB-1) FH SR EIE i
75 55 5 HAYHIIEELEE 130.0 x 107 cells/ml » {455
HHIEAH (156.8 x 107 cells/ml) F4 83 % : HERFHA
Z BRI 22 5L - 2409 pH {EFEZE NaHCO;
UNINEAIEE I BT 3258 5 HiE 9.3 ~9.6 ZfH
FHREREE 225 (Table 2) - 7u HEFEBIRIAI Y
BasER - DL SB-1 fH Fyie - 8 0.3 HERTiHH
A3k 0.4

(F9) %00 0.5 g/L 89 NaHCO, it JA HCI
#% pH {E58E 6.5

ARG = HEA SR
F7z5t (Table 2) © Turkey HEKELESHER - LARID
0.5 g/L #Y NaHCO; izL HCI ¥ pH {EFH[E] 6.5
(SBH) #HAYIGIEAAE » 55 5 HAUHIIEIREEE 354.9
x 10* cells/ml > FHEFE 433 212 % I NaHCO,
(SB) Xz » T E AR IS I s - AR
JEE 167.4 x 10 cells/ml - AR pH E/VEEE
FFEH (Table 2) » =fHAVH H IR - {KfF
B SBH 0.5 ~ SB 19 0.4 K 5IEFHY 0.3 »

= RARTSRN
SEEC

FHHAIHTRSIE TP A Fig. 1 FR - ANOVA
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Table 2 Growth of Isochrysis aff. galbana and pH levels in small-volume algal cultures with the initial pH adjusted
with CO, or HCl in experiment (Exp.) I-1; daily adjustment in experiment |-2; addition of 0~1 g/L NaHCO; in
experiment |-3; and the addition of 0.5 g/l NaHCO, or/and adjustment of the pH to 6.5 by HCI in experiment I-4.

Cell density Relative cell density Growth rate
(x 10° cells/ml) (%) (1) PH

Exp. I-1 (5 days)

CO,-5.5i 158.0 + 5.2¢* 98 0.3 9.1 +0.0°

CO,-6.5i 237.5 £ 4.4% 148 0.4 9.3 £ 0.0

CO,-7.5i 176.9 + 2.48 110 0.3 9.3 £0.0"

HCI-5.5i 132.5 + 5.5° 82 0.3 8.7 £0.0¢

HCI-6.5i 164.9 + 4.2¢ 102 0.3 9.1 £ 0.0°

HCI-7.5i 185.0 + 4.1° 115 0.4 9.3 £0.1%

Control 161.0 + 2.4¢ 100 0.3 9.3 £0.0"
Exp. I-2 (3 days)

CO,-6.5e 241.1 £ 4.9% 221 0.8 8.7 +0.0°

HCle-6.5e 139.1 + 2.28 128 0.7 8.5+0.1¢

Control 109.9 + 7.4¢ 100 0.5 9.2 £0.14
Exp. I-3 (5 days)

SB-1 130.0 + 5.4¢ 83 0.3 9.5+ 0.0

SB-0.5 154.2 + 6.65¢ 98 0.4 9.6 £ 0.0

SB-0.1 166.1 + 13.6"® 106 0.4 9.4 +0.0°

SB-0.05 188.7 £ 16.7% 120 0.4 9.4 +0.0°

SB-0.01 172.0 £ 16.17® 110 0.4 9.4 £ 0.0°

Control 156.8 + 5.85%¢ 100 0.4 9.3 £0.0¢
Exp. I-4 (5 days)

SB-0.5 193.1 + 4.6° 115 0.4 9.6 £ 0.0"

SBH-6.5i 354.9 £ 2.5% 212 0.5 9.5 £ 0.0*

Control 167.4 +1.6¢ 100 0.3 9.3 +0.0°

*The mean = SD with different superscript letters in a given column indicates a significant difference, p < 0.05.

SIRTHIRESRER R 58 1 ~ 3 HAARHAGHIER B A 2=
K56 4~ 5 HEAIRHIBEERE 2252 - Turkey JHIEK
PemhsS - 25 5 HAMIMRE B TR E R

DL 25 LPM fHBIE S et » By 343.3 x 10°
cells/ml > 15 LPM #1119 320.3 x 107 cells/ml Z¢;Z »
5 LPM fH 7% » & 225.8 x 10 cells/ml « A HEY
Bra A - =AHIMERINTEARRE - (I TE AR
HEOENR - 71 H B2 RSPy g3iE=R L 5 LPM
FHIY 0.4 A% » 15 F1125 LPM #HE )k 0.5 < &4
pH{H - 25 | HIFMIMEARE - 25 2 ~ 5 H IS
728% (Fig. 1) - Turkey JFAHEAS R - 552 ~5H »
5 LPM #HA® = pH> 15 LPM f1 25 LPM REfHRH
HIfedazg 252 (Fig. 1) ©

(D) EEREER

o ARG 5 240 Fig. 1 friRe ANOVA
SINTRGSRER » A MR EE § Turkey JHIEK
LelHE SR - AR T H ARSI - BRfa s Bt
= BTSN 5 10x 10130 x 10%~ 50 x 10°
cells/ml £ =HH:Z 55 5 HAGHIIEIRE 5371 Fy 326.8 x
10* ~ 374.6 x 10* 1 418.7 x 10* cells/ml ; {HEAHHE
FAT B 3 g T o 3 B e D FEE P g T PG > A 10 x
10* cells/ml #H,2 0.6 fe » Hfk —#H5RIEy 0.5 1
0.4 - 76 pH{H J71H] > HHRITESE | ~ 2 HAE R A
5 PHERE RS pH EALS  HEE 3 HDM% -
HIFBIA—5 > 1F 8.6 ~ 8.8 Z[H%4#) (Fig. 1) -
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Fig. 1 Growth curve of Isochrysis aff. galbana and changes in the pH in 100-L cultures with air flow rates of 5, 15, and
25 L/min (A&B), and initial cell density at (10, 30, and 50) x 10* cells/ml (C&D). A 5 LPM; [[] 15 LPM; O 25 LPM.

(=) AA pH ZHEARD CO, 3% HCl > &
27K pH B ERER

KB HHAE 9 HESEWIE - HAl
YFEIEIZAN Fig. 2 AR © MK EEEHIRTR R
7R =fE CO, ¥4 (FBCO,-6.5 ~ FBCO,-7.0
FBCO,-7.5) [HIfEEAE 252 - HAllia G I 1t
HCl #41# (FBHCI-7.5) FI¥IEHH o FIKEH 5
o =l CO, #EHIRHEERIRAEE 7 HFRRRIS FEhgsHE -
AN EERT 1200 ~ 1350 x 10* cells/ml 5 %fHE
HAAEE 5 H ZREINTERES - o AHEN B R
700 x 10* cells/ml ; FBHCI-7.5 AHISZE {5 Bl 18
fHERRA  RAMIEEREL 700 x 10°
cells/ml (Table 3) - KEFEEHVAHITR - CO, ZEfilHH
FHEF B IR ATHIIIR I H R Ry 176 ~ 199 %
(Table 3) =il CO, #EHIHHER T HBRATIIERYIE
WIS ST R AR Y EAh A - HoF DL
FBCO,-7.5 ixf% > 435k 0.6 k2 0.5 (Table 3) - CO,
PRI PRIy pH HEE - i€/ pH {2 £ 0.2

HCI #51#H0 pH JIE 6.9 ~ 7.5 Z [ > T B RS
1 Hiz &1 pH RIRFFAE 8.5 ~ 8.6 [ (Fig. 2) °

H—RERE/KTPREK-Z (NOs-N) JREE( L
Ul Fig. 2 7R « 25 4HT NOs-N 45 28 N Reay st
CO, #EflRHEL HC #EflRHATE A AR RS R
R - IR EEET > CO, HEFIHAREIE- 2RI
7 HHEE 1 HCL #EHIFHREE 7 HAY NOs-N gk
& HB—R Ky 9.6 ppm ((HHIGIREZ 59 %) » 55—
Rhy 4.4 ppm ((5PHEIREEZ 35 % ) 5 SIS
AIFIER 8.5 ppm Jz 3.5 ppm (flifGiREE 52 % Eil
25 % ) o S AHAHISEE-Z (NO,-N)ZrHAE 200 ppb #i
BEA - #7720 (NHe-NRREEAE 600 ppb HiEIA » £
BRI -

KBS (PO, -P) JEEFS LA Fig.
2 FiR » T kel POS P £ SR A% -
CO, FEHIRHATEREHRSRE Al —HPUE - 25—KE
Bk » CO, #EIHEER 9 FIF POS-P 146 37 ~ 54 %>
=Ry 1.3-1.9 ppm ; FBHCI-7.5 #HATAMIGRH M ER
67 ~72 % > YA By 2.4 ~ 2.6 ppm © 25 " REESHS >
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Fig. 2 Growth curve of Isochrysis aff. galbana and changes in the pH, NO;-N, and PO,-P in 100-L cultures by pH
control in experiment II1-3-1. ll FBCO,-7.5; & FBCO,-7.0; O FBCO,-6.5; [ ] FBHCI-7.5; @ control.

CO, HErHIFHES 8 HEY PO -P ik 53 ~ 56 % » 4
By 2.0 ~2.2 ppm ; FBHCI-7.5 fHRIEHIRMH AR 72 ~
74 % » JREE R 2.8~2.9 ppm °
B —XEEF > FBCO,-6.5 ~ FBCO,-7.0

FBCO,-7.5 Eil #f e #H 55 VY #H & 7K Hh JE B Tk
(DIC) ~ CO, ~ HikFEHET (HCOs) Rl
(COs™) PB4 Fig. 3 FR © 5 8 b3
B —REE - = CO, ZEHIRHATE I < krh
DIC ~ CO, ~ HCOy J COs™ JRF - HffERs# H i
AR BT - BEEEAR > CO, HEFIHATIRE LG
RREIRE - HFE% pH BIRREmESI - H DIC
By 9.1 ~18.1 mM > $HHEH R 7.6-13.6 mM : CO,
0.2 ~ 5.0 mM » $HEHH/NA 0.1 mM ; HCO; By 8.3 ~
5.6 mM > $fIE#HE 7.6 ~ 11.3 mM ; COs™ S
Ry 0 HHHARRIA S &y 0 HERHIN 0.6 ~
2.9 mM [ - 558 9 HIRY - & 8UREmR {5 DIC 5
43 Heiz SEE{EAN Table 4 iR » CO, #EdilfHiz CO,
B3 E 3.3 ~ 193 % - [ pH FRem_ BT HHR

FHANA 1 % » S8R s HCOs Js 81 ~ 97 % » [
pH R TR - BHIEH 85% 5 COs™ % 0 % » ¥
fH & R 15% -

2 25
ad i

ABHFERENT T IR RIRETE - B A
IREERIEETT - BRI > A/ VAR5 5 1L)
EFERFE TR 221% KR (100L) FT5RE5E
AR 199% -

JEEER R Rubisco (BEREZ RN AL A LB
3%, ribulose-1,5- bisphosphate carboxylase-oxygenas)
A FIREUREE CO, » R BB R
AL - BIK CO, I O, HHEFER » FrLAn]RE
R IR - B EDE S TR RIS
o RHAERENA TR  ROEESTE
BN JE By TV R AR - BrEtEYIRR T
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Table 3 Growth of Isochrysis aff. galbana and pH in the large-volume algal culture on day 7 by pH control in

experiment (Exp.) 11-3

Cell density Relative cell density Growth rate
(x 10* cells/ml) (%) (1) P
Exp. 11-3-1
FBCO,-7.5 1357 199 0.6 7.5
FBCO,-7.0 1286 189 0.5 7.2
FBCO,-6.5 1329 195 0.5 6.7
FBHCI-7.5 657 96 0.4 6.9
Control 682 100 0.4 8.5
Exp 32
FBCO,-7.5 1099 176 0.5 7.5
FBCO,-7.0 1220 195 0.5 7.2
FBCO,-6.5 1190 190 0.5 6.5
FBHCI-7.5 725 116 0.4 6.9
Control 625 100 0.4 8.5

Table 4 Average dissolved inorganic carbon (DIC; mM) and its constituents in the large-volume algal culture by pH

control in experiment I1-3-1

FBCO,-7.5 FBCO,-7.0 FBCO,-6.5 Control
DIC (mM) 13.3 13.9 15.4 1.1
co, 3.3 % 6.6 % 19.3 % 0.3 %
HCO," 96.7 % 93.4 % 80.7 % 84.8 %
CO,? 0.0 % 0.0 % 0.0 % 15.0 %

AR CO, MREIEIRERY C3 BDRS/ERAN 8
R HRERIL CO, il HCO HURERY C4 HUFT CO,
It AL (CCM) JEE1ER > LIRS Rubisco fff
Y COL JREE » FEAEEIPIR S - B &
R - CCM BDEETERI & FI] ] carbonic anhydrase
(CA) B2 - K5y HCO, i85 CO, » 2
T EERR IR COL IR 5 T C4 BDEATERIRR T
CO, T CA BER4b - @] LIFIF PEPCase il
HCOs S AHET TR (E > SRR - d0FEH
AHEIRAHE A SERRBE IRl CO, - C4 BUHT CCM
ADEETFRIENAEE P HEASEAEL - 41 COy iR
ERIEAREEER ESE (Sultemeyer, 1997 ; Beardall
et al., 1998 ; Nimer et al., 1998 ; Reinfelder et al.,
2000) © ZEHFEETT CCM BBEATER » 5 CO, i

[ (300 ppm CO, )it EHF » H CA BER& EEIFIH
CO, J HCO5 fEREETEM LI (Bhatii et
al., 2002) - K|tk DIC ~ CO, 5z HCOs I ¢y

B FEER I - ST ERRI TSR

PR eIy - BBk pH BT} > e AR A

I & & - RIEAEAN e N ERFE

rreadlah - g RAHTE CO, K pH {EHFH%EE Ry 6.5 #H
(CO»-6.5¢) » LURKIRHIN 0.5 g/L NaHCO; HEL HCI
S pH By 6.5 4l (SBH) ZZMi4 ity —
sl ; TR L HC 3l pH .2 HC1-6.5e il -
LIR30 0.5 g/L NaHCO; # (SB) » Zetffi & it
BB 1.15-1.28 £% o PRASEET » (R lid b
HATE + WSRO+ RS
HEfIREERARPEEEE -
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HCO3-1 (mM)

20 r

Days

Fig. 3 Daily changes in dissolved inorganic carbon (DIC), CO,, HCO," and CO,? in 100-L cultures by pH control
in experiment [I-3-1. [ ] FBCO,-7.5; A FBCO,-7.0; O FBCO,-6.5; @ control.

BERR ORI IR RS - n] o0 Ry VA e I SRR i
BRI o BB AARMZE AT 5 B nZ= s
CO, ¥ AKHHE > IRINFE CO, =g b
(NaHCOs) ; GHMRIH SRS - BEReEE DL 2R 7
R BEREYIE - HREIREEE A S SRR
f# (Liu and Lin, 2001) » BEEREEFHE R US4
F  (HEUAEME CRER)  BREEENYER]
KIFEE K » BSEERIEE - /NS EFEE
2> AU CO, B¢ HCL BEGER pH» #EHIA 5 »
BRAEARE  BEE RS nTRERE D AR BCRE » B
RE  ERGRCE > RLEB LRATT -
RSB RIS IR RSN - (B ANEAE RS A E
HAEREIIEESE  HIIN NaHCO; » BEFE RN
TMMEREE - FMEREE L EENTHES > B
FE & VS IR T A Bk EEAY8ES - Clark et al.
(1999) M1 0.25 ~ 2.00 mM (0.168 ~ 0.021 g/L)
NaHCO; Bl - 7MSEEELIIRS R - ANUFTTFER
B 0.5 g/L NaHCO; ¥ » [F]IRELL HCL JKf pH {EFH%E

Fo 6.5 » I BEHIMEIRE - KTR RN HCL e
BB A5 > B RERS T T I AU RE R
S ANF SR CNIE - HR AT

FHBHERRIR -
ATABFERR » T RS R L B R AR

EITEETE (Kaplan et al., 1986; [HELRE, 1987)
FIEE S (Brownetal., 1997) ; i AR —
FEETRENA WS BRI - L&
M2 R B 2 RN - 7E 100 L 8552851 > FTRE
5 LPM #HAEE 3 H(HEA RBAE (Fig. 1) e
Ry 15 LPM K » BEREIFIBREANEH BR
& [HHIHRE 5 HeBtiGERERIHES
(Fig. 3) - L3RR T BEE MBI 2% - FIFT A%
SRHY T HSRBG IE  YEEE EAIIRE - AR AE
Fras 8 7= - [[IRFARAN CO, » 15 LPM (ZHTR
=T O T R o R B R R
FBCO,-6.5 fHz DIC J CO, & & iff AR 7K
FBCO,-7.0 ~ FBCO,-7.5 —#H%; (Table 4) » {H=#H
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L] AT g NI SRR 72 5 > UARIR R TR
K BEEEZ CO, BURIR% ; B KSR
FEaE o MM E YT 2 - TR — 2 RY5ERe -
Kaplan et al. (1986) {5 1 % CO, BB His e -
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Knuckey et al. (2000) #5H » FIJH &L
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Nannochloropsis oculata (44 £ HIISE(F{a[ Bl -
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EEH - S AR RSN R TH
ES BRI - B AR o AT HEIREE
BT AR pH #EHREET TSR A B RS
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K] 1H =5 431 e LA o] DA SC O Bl » i i
RGN 5 HL B - Pl NS B E
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PRTTA BRI & » SR PERIR (EMER pH
6.5 ; T SIEA R INLAREDT -
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Effect of the Addition of the Carbon Source on the Growth
of the Microalga, Isochrysis galbana

Huei-Meei Su'", Ting-Yao Chou” and Tzyy-Ing Chen'

'"Tungkang Biotechnology Research Center, Fisheries Research Institute

*Institute of Marine Biology, National Sun Yat-Sen University

ABSTRACT

Being rich in Docosahexaenoic acid (DHA), the microalga Isochrysis aff. galbana (TISO) is regarded as a
good live food for rotifer, copepod and oyster larvae, and as an indirect food for grouper larviculture. In order to
resolve the insufficiency of CO, with high-density algal culture, the effects of pH adjustment or CO, addition for
small volumes (0.5 or 1.0 L) of stagnant culture and large volume (100 L) of aerated culture under continuous
illumination were studied. For the small-volume culture, CO, or HCI was initially added to adjust the pH value
to 5.5, 6.5, and 7.5. The growth was best for the CO,-6.51 group, while it was worst for the CO,-5.51 group. In
the daily pH adjustment experiment, the CO,-6.5¢ group had the best performance with 221% proliferation
compared to the control. The lowest cell density was observed in the culture with 1.0 g/L NaHCO;, and no
significant difference was detected among the other groups. The addition of 0.5 g/ NaHCO; and the adjustment
of the pH to 6.5 with HCl resulted in 212% proliferation in contrast to the control. For the large-volume culture,
CO, gas or an HCI solution was used to maintain the pH at 6.5, 7.0, or 7.5. The addition of CO, was more
effective than HCI. However, there were no significant differences among the groups to which CO, was added.
The cell density reached 1.35 x 10° cells/ml, which was nearly twice that of the control on day 7. This study

revealed that the addition of the carbon source can enhance the growth of I. galbana.
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