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ABSTRACT

The functional relation among the growth period ¢, the initial concentration of Chlorella

ellipsoidea and the initial amounts of nitrogen, phosphorus, potassium, and magnesium for
the tube growth in 20 m! Chlorella medium in 100 ml test tube at 26°C under 5000 lux is

o . ot . ot . ot
di=gydn-+—godpt—pdh+ g dmg-+—~de = 2.5dn—1.04dp ~0. 14k—0. 2dmg ——-de.

Integration of this equation gives

t=—2.52—1.04p—0.1%4—0. 2mg — 30log.C -+
© =—2.52~1.04p—0.1k—0. 2mg— 69 logiC+u

(u: integration constant).

In this experiment, p==50, n=35,
%#=248.7 and the above equation becomes

k=165,

mg=40, and C=0.9 give £=132, therefore

t= ~2.5n—1.04p—0.1%—0.2mg—69log1,C+248.7

. ]

Chiorella o] B3 BToee of & B k)
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1963, Lee 1966, Yanagida et al. 1961)4H
#y(Morimura & Jamiya 1964, Shibada, 1964,
Aocki & Hase 1964, a,b Ishikawa et al.
1964) 2 AftBy(Lee 1964, Lee e al.
1967, Lee & Kim 1964, Chin & Lee 1965)
S 2 178¢] 321} population dynamics o]
AT REEHEEERAY DS ob sl
vt 2822 &K Pfge: Chlorella ellipsoidea
T MEZE 349 373 89%F N, P, K, Mg
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ERAERS BEY BESY I4 & KME
Bt o 2 Sirsted Chlorells RS #iE
o vz & EEEEY J3ke mEAsY .

LZES I PAP-S

A EEol #FHE Chlorella o) Hikg= Lee
o} Shim(1963)¢] J5ikdl whel MRS BES
Chlorella ellipsoidea 9] Y5 ¢] o},

1) Chlorella media o) A=

Chiorella 9] Bifol =12 EEFRIP N,
P, K, Mg 9| B¢ Bis}7] 41359 KNO,
0.26g, KH,PO, 0, 25g, MgSO,-7H,0 0.5g,
FeS0,-H,0 0.0028 € 1719 $Ed 44
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A7 NaOHe¢}l HClz pHE 5,302 23
g} Nakamura 3E3EHk-& H#to 2 3o N, P,
K, Mgel9l 9 fib Eimrle] 32 aedt
IR slstsict.

Phosphorus &} nitrogen o] 45 Eod
= K9 HEe KCl 2 w3319 2 potassium
9 3§k B BEifld = NaNO; ¢} Na,HPO,
24 w78k Nakamura iipsl HAHSH
—HEH=5 e+t

2) BE Bk

LRI IR B ] o2 & Chl-
orelle media o] [EEfICZ HEF Yas B
BE 2T F HREREE 26°C2 st
G2 5000lux 9o W& 24HHE ZEA U=
= EXE FAsS g er —EA A RS
BEe {RgEstaHt.

3 E/ERS EEHE

Nitrogen: Nitrophenol disulfuric acid & #|
Hste] e = RESH .

Phosphorus: Dickman & Bray ¢8| ke =
e RSkl v

Potassium: FEEga =& A A A7t
& s #AsY RKBLYEEZY ER
Sirskgi .

Magnesium: Ca & A A £%-S pyroph-
osphate 0. 2 HsEstoltt.

4) Chlorella BiEE2]l BUESE

Chlorella &) HEE A filter 5 3 3 clinical
electrophotometer & {#1 fi5}ed logalism scale
o). @z PEEREI Chlorella cell 9
count == Thoma Zeiss #E3RE HHstY &
szakel o,

X B & R

1) Chlorelle & Bk
a) fRR WEE
Chlorella ellipsoidea Y5 BitkE Nakamura
ek Ay 2 26°C o BEE Hekst
o ¥ 5000lux & Fo] REHEEE WET
ERe Fig. 13 2.
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Fig. 1. Growth under the initial amounts
(0.54x10%/mi) of Chlorella ellip-

soidea in the media.

uiste] A A9 @A 4
of FgstA ot

o] [RRMWEE -3 BRSO, EHE
Lol FAudE 714 BEEG AL 2F
e ok whebA] KBRSt BEEST —ER &=
A Tol A Nakamura £#8 #H Chlorella
B BRBET & BEY 2 11203
% 108/ml 9 v} (Fig. 1).

oA & Chlorella JFEo] MBEES RE
o wel = [RFEEZT #Ede FRSHA

PRSI EE

F1& Aold.
b) 7R Chlorella | WifEe] @2 RELE
o

Chlorella ellipsoidea Y55 &) HHE-& HEBEL
del &EIS] BEE 0.5X10°, 7.5X107%
2.5x10% 7.5X10°, 2.5X10%/ml 2 52
o @EC 6.5x105/ml 2 @instesl 28
= EERge 193, 180, 154, 96, 44 el
A2058F BRE 9o #BLde ke
2 fpEde) ol HARGel Higshs Chlorella
o s —sEdlA 2o FHS) Chlorella 2



Sept., 1569]
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etA Chlorella o WEEEE W= &
BHE  BES v BRERS A
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B IRFRE Dl ko] =W BIEpRAEST —iE
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Fig. 2. Effect of the initial amounts of
Chlorella ellipsoidea in the
media on the growth per ml of
inoculated Chlorella suspension:
® 2.5x10%/ml @ 7.5%10%/ml
® 2.5x10%/ml @ 7.5x10*/ml

® 0.5%10*/ml

Chang: Mathematical analysis on growth rate of Chlorella

109

2). Chlorella [R5 SEEEIREY MEHT
a) MPFERS BEE WY BA
MAERY WEE 5, 20, 35, 55mg/l %
Bl e W ABHER 50.043.3 4
Chlorella 9] Jf57} =% W 7h=] 4 952
MG Table 1 o] iRapolch.
Table 1] {3t} 22589 FPMEE na}

s ohg A e 9% 4§ Qo)
d
}7; =2 h e (1)

Sot==2.52+0 (0 BEAEED

n=35 Y t=132¢]= 2 0=025.5 u}&}4

t=—2.5n-+225.5

EREES BLoA o=} ERRS 2ol B
o] #@ghg o 4 9ot

b) I Y Be WLyl e mE

100 ml-E-o] 9] test tubeo] Mol R}
13.6, 25.0, 50.0, 75.0mg/l2] Nakamura
B 20mlE ¥z orld 1x10%/ml9
Chlorella ¥ 1 ml B HAZlS Begstw —i2
3 BEfde] = clinical electrophotometer =
BEEE WEs .

NI ERe] 50.013.3 9 Ei&EY = 71A]
o BFE FHEE A4as EFE Table2 9}
2t

Table 2 o] {k3}e] TDHABES] BEES Pmg/l,
Chiorella o] #FEs71 5.003.3 o FsEste
HES B ¢ br.og Rl

Table 1. Relation between the initial concentraticn of nitrogen

and increase period

Nitrogen concentration mg/l J 5 ’ 20 ! 35 1 55
Concentration of Chlorella |  50.0+1.3 |  51.042.7 | 50327 | s0.7t2.4
Increase period (hours) l 144 ; 138 [ 132 ‘ 127

* tap water basis

dt t=—1.04p+

R — @ 1.04p-+182

t=—1.04p+! & FHOESD
p=25.04" t=156 w}e}A] =182} =2

EESEe] p o} BELel =Heb st R

& HehiE ol

O TBAMMES MEE Wil 558
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Table 2. Relation between the initial concentration of phosphorus

and increase period

Phosphorus concentration mg/! ;

75.0

136 | 20 . 500 |
Concentration of Chlorelle |  50.0%1.2 ] 50.142.7 |  50.5+1.8 [ 51.5--2.3
Increase period(hours) I ‘ 156 } I 108

168

* tap water basis.

InEe BEFE 65, 115, 165, 215 mg/l =
ik 3-8 358 Chlorlla o) #1%7) 50.0+3.3

Table 3. Relation between the initial

and increase period

132

o o] zu LERE B Table 35} 2.
MBS BEE ketebd Tabe 3 o}k

concentration of potassium

115

Potassium concentration mg/l ) 65 165 ‘ 215
Concentration of Chlorella 50.042.0 | 50.4+2.1 50.020.9 | 51.041.1
Increase period (hours) 143 ! 137 ’ 132 } A

127

* tap water basis

ol st gol BAAL AAT + A
—Ztk-: ), Jemrerensrereriieeiineiiies 3

L t=0.1k+q (¢ HOEED
2 t=132 9= k=165 uety
g=148.5 oI}, '
LEEe ol A& fAAE
t=—0.1k+148.5

ol Aol nES Bl w9 BLE
il = el

d) WA HLS) BES LT K8

Chlorella media o] FUEH Mg 9 HEEFE 10,
25, 40, 45, mg/l = L35S = 7HA 9] By
Rt 9 st Table 4] e} E ubs}
o},

Table 4. Relation between the initial concentration of magnesium

and increase period

= :
Magnesium concentration mg/! ‘ 10 i 25 | 40 ‘ 45
Concentration of Chorella |  49.5+1.8 | 50.042.3 |  slat2d | 515415
Increase period (hours) ] 138 ‘ 135 l 132 l 129 -
* tap water basis.
7088 Mg o) BEFE mgestd Table 4 ¢ t=0.2mg+140

e} sk ol WA BUT & Ao

da
dmg = 0.2 W

sot=—0.2mg+r (r: BOEEO
whepa] $=132 A mg=40°] B2 r=140
o] o},
8=z kEAL

olol Mgol H3t Bl ¢ o A A o],
e) Z0H Chlorella | WS B{b3 =

B
Nakamura it#pel] 088 Chlorella &) B E
YEHEEOS 0.3, 1.0, 3.0, 9.0 2 &
AR L w9 Chlorella ¢ #E 7} 50.013.3
oz @n g AR Lest RKESS 2
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H & Table 5 9} 2o}, @ w“
Table 5 o Rl k3ol BUS Chlorella de =T & )

BEE Co} #Rshd g3t 2e e i
FL & g

t=—30 log. C+S (S: FoEE)
LR WA~y M B

Table 5. Relation between the initial amounts of the Chlorella

and increase period

" Chlorella initial amount ’ 0.3

| 1.0 | 3.0 ] 9.0
Concentration of Chlorella | 50.0+1.5 | SLOEL2 | 50.0%21 | 50.02.3
Increase period (hours) j 220 164 J 104 ‘ 44
R fC At
ange of Chlorella At Ac Ac C
o R — e
0.3~1.0 —56 | 0.7 24
1.0~3.0 —6.0 f 2.0 ‘ 30
3.0~9.0 —6.0 | 6.0 30

* tap water basxs

st ZHI Chlorella RIS K] 2 B
#e P1AA gedt AL e g,

D, @, @ @, GRAA ek 1,
n, b, m, CFa'ﬂﬂ amv—}%

dt = d +~ dp-i- d/e+~ dmg

+ -g;dc: ~2.5dn —1.04dp —0.1dk

—0.2 dmg— '320‘ de

t=-—2.5n—1.04p—0.1%£—0. 2mg —30
log:C+ u =-—2.5n—1.04p—0. 14
—0.2mg—69 logyo c+u (u;TEHHHD
& BEIER K3 p=50, n=35, k=165
mg=40, ¢=0.9 t=132 8 3} FEHEHE
T3 #=248.7 o| o},
wehA
t=—2.5n—-1.04p~0.14—0.2 mg
—30 log.C+248.7 =—2.5n —1.04p
—0.1%k—0.2mg—69log,(C+248.7 (6)
o]zle] 26°ColA 100ml 9] test tube &)
Nakamura £28p 20ml o] Chlorella ellipsoidea
Yos BEES #ESI S =9 Chlorella 8
BB 50.03.30) Bigsln KES B

& N, P, K, Mg, C%59] mpre] m3 1
BWE 2R A Aol

% %

JEBEZ} 5000 lux o™ JHEFE 26°C 2 i
T EEESEl A #REO) 100mlo]n] A o]
64 mm ¢ test tube of HBESA L =9 T, P,
N, H, Mg %] 39 AL (6 zho
FrREve ¢ & #RpgEs U5H Aot

XD, @, ®, @, Gl B
o #e WK, B, K, Mg 4459 R
Bietel BIRE MR oZ Frpsis graph
< Fig. 35 7o,

7l A & F QE ule} o] g il
MASE LEsE N@2.5), P(.04), K
(0.1), Mg(0.2) = Chlorella ellipsoidea o]
B Sbol w2 pERe) sy N>P>Mg
>K o e g wege 42w T
121} Chlorella ellipsoidea 2 BB %
@ time o] ERBEE 1= —69logC+ 164 o #h
R AL 2 98¢ 55 AL Fig. 394 2
= ¥ke} o] P sl WA wAl s gz
Zr-5o2 N, Mg, K, 9 JEFzZ o gg
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Fig. 2. Graphical analysis for determining
the increase period of Chlorella
ellipsoidea.
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Ao o2 -Nakamura 555He] AR
P Hio z S AW Aiws] A
wae o

e KA HEO b L
=A 479 s wosdel Hckn
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ERIES A B T MRS WA
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Fig. 4. Effect of the initial concentration
of available phosphorus and the
initial amounts of the Cklorella on
the growth.
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Fig. 5. Correspondence between theoretical
and measured growth period(steady
state).

st 2.

Fig. 45 Fig. 5+ HfEs BRiEh —2
e A ATAA Fr ALE Kl
afde] Y& MEHEHREC) 250 mg/l LT
9 B gEs 2 —FEht 2UE
A o) o MERBEMES 2o s HEs



Sept., 1969] Chang: Mathematical analysis on growth rate of Chlorella 118

A o gAvE AL & . o lorella RS #3 HEHE HET <=
Rt RRERS BEE @9 M omE Q4 KBEEDI AR
A E o2 kR FudmEe 5% Ch- Aotz BER .

® 3

WEHAN A TEES Chlorella elilpsoidea Yois kol #3 N, P, K, Mg %9 &t} REzg
HAE REEERMCZ st o o ERe o83 2. '

1) Yas Bke d=9 0.54x10°%ml 2 Nakamura 358%0] #6592 99 26°C, 5000 lux Fol
Al [RFEES FEsted] LEY FRS 144 B LRl .

2) Chlorella o) 3ol glo1x] Ao} wiMElE AAglol —Ed BRBE s

3) Chlorella | W7} 50.0:3.3 0 Fligsl sl MES K 2ol 83 N, P, K, Mg, 52 i
BRI EERIGRT ER 24mm ) 100 cc. 452 test tubeo] 20cc. o C. ellipsoidea & 3 3
26°C, 5000 lux ol 4]

dz=%f;dn+— dp oL dbr s dmg+ O do——2.5dn—1.04dp—0. 1A —0. 2dmg—- %4

ol A& WHsta

t=—-2.52—1.04p—0.1%k—0.2mg—3log C+u=—2.5n—1.041>—0.1k—0.2mg—910gloC+u

(u : AHEBO

& HEO P n=35 p=50, k=195, mg=40, c=0.9, Uw] r=1320] = =

t=—2.5n—1.04p—0.1%—0.2mg —69log1C+248.7

4) Chiorella 9| ¥5%ol 31914 WS £ 9 N, P, K, Mg % 4 {6 sepieriolsl mpsbid s
Fige 2% Hlﬂiﬂ-‘ﬂ N>P>Mg>K o] 4oz

5) Chlorella ] BFAR vlA & SEFR) 989 2715 PONOMe>K o o4 o 2
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