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Isolation of Microcystis

Osami YAGI ! and Ryuichi SUDO!

Abstract

Three strains of Microcystis, K-3, K-4 and K-5 were isolated from the algal bloom
in Lake Kasumigaura. These strains formed gelatinus sheath. From the form of colo-
nies, K-3 and K-4 strains were identified as Microcystis aeruginosa and K-5 strain was
identified as Microcystis flos-aquuae.
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R LA BSEEHIZ 10mIZRN L, CHikoZEDRE L T 3B MoK GImIEmi, X% -

BBL THEEREETT 1. KB 10 Ak, Mierocystis DRFEDED SN ibDIE> W THE
HARTHRUERSEHEcEE N 2 ~ 10 BEEO/MSAHEE, F+E7 Y - %A THK
BTTHEL, BELT-/, BRZAMCECEEOBFEE IO DEL, HEREE 500
~2,0001x &L, BER20~30CTIT»#o

#0001 E o oHl &
Table 1 Composition of Media

Media

Components

BS M-11
NaNO, 500 mg 100 mg
K, HPO, 40 10
Mgso,-7H,0 80 75
CaCl, -2H, 0 40 40,
Na, Si0, 60
Na,; CO, 20 20
Fe-citrate 6 6
Citrate 6
Na, -EDTA-2H, 0 1 1
Deionized water 1L 1L

2.2 % Bk
2. | THEILL f2 Microcystis aeruginosa K — 3 %R\ ¢, eipik, A GMEHEE, fEmER
ki & B E#LE RS 1,

2.2.1 B&iE

M. geruginosa K— 345 E 1 ICRLAM-1UEET, 30°C, 20001 T 1| BREKEL #I5ER
0mEBEHERETAVCTS0W, 29 L, BE2 18 1 EOMRKT 5, ZOREE
BARTELCHFREL, £0005mEZRELAERIAFASALED BEET T4 702y
FAEEOT | HREERT 5, 2hE0. 2ol ERKICHAB LR, <4708~y FERL
CHUERT 2. CORFESEDE LK, M- [1HEICHEBL, 30°C, 1,0001x E-S
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L, MEoFECB TR~

2.2.2  #AWEEH:

B &1 - fo M. geruginosa K- 3 #M—1135T, 30°C, 2,0001x 1 BESEE L 58
%, 50W, 2OMBERMMLIE, Yv—LEBT, OV - LEIOWD EARS V7T
WemOEIREE 1 2 &IREOOIml 2L, ChsM-— 11 EBHEEL, 30°C,1.000
1Xx OHEFTERET- I, —EPMERLLE, BB L 2ME0FEOEBRER .

2.2.3 MEwmEdEng

M- 11 8Eiliic, ==+ 1) ¥ G % 0005~ 002U/ mlitBE I, £/ AL T b o gD
i1~ 100 pg/l BERIEAZESEML, CHICM ceruginosa K—3 28&EL, 307, 1,000
Ix OFEHTEBZITO, LEMCE KMicrocystiDIEOF B EMBOFEDH B EH </

3. BRBSIUER

BE L4 2 38D Microcystis, K—3, K—4, K- 5 DBE&EbicsE L, K~3,K-4,
K-sekBisE s K1, &2, H3KmRl i, '

F1RLicd ST K—38kid, SIROBEEM6 ~ 7 pm, #AK (gas vacuole J2FH LEX
RS (gelatinous sheath ) BSBIMIIC & 0 5, B 50 OHFICESVT M. aeruginosa
ERIELI. BrifcHBANLGTA 23T OE DO Microcystis SBELTHAET EHE N,

K- 4 BRER 2107 L 1os, COBGBISDBERE ~ 7 pm, #AMES L, EREHIEIY]
BTHALERK-3HLARTH Y, ELHENSDLREZETIHRBELEL . LOVLORS
B A omitET 2 LB S hte LLEOERS O K- 4tk M aeruginosa iCB4 55D
EHELZ LN L. L LENSI oKD, ByrETHINBHFEOBVETH » 1.

K-5 83 ICR LIk SICHEN 4 pm& 20D E ¢, A RBEA L T 2 H5ZER BN p
S DHPETHENWT LD, M flosequae L EBZ SN 5, ZORIIEIHICBV TS0 $LED
BERZRTCEHLELEBED NS,

GLbAraE L 3HREBHAREAE L, IR b AR IR » T a0, Ml TIiLE
LT 4 D BT 8 o TS e £ 2 TRIC K= 3 B W T B ILE RS 1o

2.2 1 TARLARAHECHRELTEBRL, B TEESHERL O SRMEHE LR,
HEEAEL (RO LABESEONAY, BE(LCRES - oo B, SFECL DEE
L% HEEL TV B,

2.2 2T L RABREEIC L 2 ERLOBRER 2R SAMOBAT, MEEE




*= 2 - Microcystis QMR RIFTHEARBIN ORE
Table 2  Effect of UV Irradiation on the Growth of Microcystis

UV itradiation time (min}

Microorganisms
1 2 3 4 5 6 7 8 9 10
Microcystis H+ #+ - # + + + + — -
Bacteria #+ IS + + + + + _ ~ —
+# 1 well growth, + ; growth, — ; no growth

FLRLLLnRAE L TEFL T, 8 OB CIMEITIEL ALK L fohs Micro-
cystis OHFIMHTHLHORO LN, L LS T OREFTHRBL Bk
TR/ LU Ln, MREESELCETLTED, MBOTRESE LA LETE UM, HRE
Microcystis DY HhARIL BIIRIEETH D, EARBRLEO A TEELT 5 C & 3HBELE
Hhto,

223 TRLEIAEMENEICL 2BFLOFRER IR L. K-3 REFFICERED
SNV vGIEDEMAEE SN e —HRA P LT A v &R, S0pg/ |0 TH
B & OF Microcystis DHREH & HIAE & 0Lt FUEMHEIICHE 258388 & Microcystis &
TRPEOEEL TR, LT, MIEOFELARD LABEKREIT LlTELN, H
HOBK LB ERITEID 2,

33 Microcystis ONHEICRIFTIREME O EE _
Table 3 Effect of Antibiotics on the Growth of Microcystis

Antibiotics Concentration Microcystis Bacteria

0.0005 U/ml +
0.001 +
0.01 -
0.02

Penicillin G

1 gl
10
50
100

ok |+ FFF

+

Streptomycin

I well érowth, + ; growth, — ; no growth

4, F&H : T .
BrMOMAN S, BEERRT S 3D Miocystis 238 L. CO3BDHL, BLH
BT HBSEED S O M aeruginosa K— 3 A R W T e ih, RGBT, FUEYERNETE




-_..._”___ %
W

B | BrfimncsBL 7 Microcystis
Fig. 1| Microcystis aeruginosa K-3 isolated from Lake Kasumigaura, x 300

B 2 ErEsronBEL Microcystis
Fig. 2 Microcystis aeruginosa K-4 isolated from Lake Kasumigaura. x 300




B 3 FEyHid»on8EL iz Microcystis
Fig. 3 Microcystis flos-aquae K-5 isolated from Lake Kasumigaura. x 300
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2. B4 RICR4ET S Microcystis & RIS E U
Microcystis aeruginosa ORHEE & U BB &
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The Morphorogical and Fine Structure of Microcystis in Lake Kasumigaura
as Compared with Microcystis aeruginosa in the Pure Culture.

Nobuo CHONAN!, Toshiaki MATSUDA, Osami YAGI? and Yoshichika TAKAMURA!

Abstract

The blue-green algae, Microcystis aeruginosa, which are so-called the “Aoko”, in
Lake Kasumigaura were observed by light and electron microscopes. The floating
colonies were small in size, irregular in shape and show an indistinct margin of the
colonial mucilage. The cells of floating colonies measured 2.8um in average diameter
and possess the gas vacuoles occupying 40 per cent of the cell volume. The sub-
merged colonies were large in size and show a distinct margin of the colonial muci-
lage. The cells of submerged colonies measured 4.2um in average diameter and were
lacking in gas vacuole, but contained the filamentous bodies in the nucleoplasmic
regions. The cells of both floating and submerged colonies had the photosynthetic
thylakoids, polyheadral bodies, polyphosphate bodies and lipid globules,

The size and shape of colonies, and the fine structure of gas vacuoles of M. qerugi-
nosa in the pure culture were similar to the floating “Aoko” in Lake Kasumigaura.
However, the cells of M. geruginose were larger in diameter and had more photo-
synthetic thylakoids than the cells of floating “Aoko” in Lake Kasumigaura.

1 FLsIc

Er#TRERR I AN T A ISKRREREEL, AEMEHO~WEPKERDREKDR
HEWL-TWB, TAIRERO—FET, Microcystis aeruginosa g & LRSS 2B TH D
5, BHOT A 2 >0 TH, 2OEBNOHERNPFRSLE V., BE, ®AS 3%
IO T AT ESBIEREL T2 KO M geruginosak | BRD M. flosaquae %3R4 5 & i

1 RMAFEHRER T300-03 HBARIEIRE RET
Faculty of Agriculture, Ibaraki University, Ami, Ibaraki, 300-03, Japan.

2. EIAEWIER OKFALSENE  T305 HRSKEMABED NG 16 &2
Water and Soil Environment Division, The National lnstitute for Environmental Studies, Yatabe-
machi, Tsukuba, [baraki 305, Japan.




R Lte —F, WES 374 2 OREMBLNT 57 M. aeruginosak BFRER LT,
T DORBERR & BT L EART 3,

EFEOCRBrMICET KEE T A IREOBGREHGMICT 210, #iks & EBEOLS
520 & ERESNBBROET h o IR EED T 55V, KHRIErilicRE Ll T4 355
PEAMSE L BT AMGE THEL, ZOHBERE M seruginoss BREKERBLEZLDTH S,

2. MEELUFE

O TA 2% 1977 £ & 1978 E0 2EMIChH Iz » TIHE L1z 1977 4512 0 HihA)ic 1 B
PGB 2248, 1978 Ficiz 6 ATE0 0 11 A FahY TAE Kb 72 - THRIL, 74 3%
EORBMCHB9H 26 DI04 (=9 X, 48, AT, BH) TR L, T4
IREROFCHINCE TS 2 b v ry P EROTERUAY, REMRCH-E6830 8
WKEINES SICHEPEN 2 THEBLER Lo R LA T4 3% 0B UREERELTHS
7.500rpm, 15 B THEHLAME TG, FEEEELRBRBICOT 1. COFFLH>WTENE
NP BAMET & BT RS Ik 2B IT I 5 1.

BIIRMBICTHET 2100, TA3%4 9050y —ATATFE FO2BlEELAOL, %
RCHALUTHEIL, $5I1C15 %04 239 L BT 2 M 30 HEFE L. BERT ®RiIZME %
0IMDA 2 JBd b)Y LBERTED, TAT—-Av) - XTRKLTR - g am
U, IR E LA, URE9 5 20 4 L CRELTJEM-TT THEL -,

M. geruginosa DIEFRIIFE S HH S L 42 M geruginoss K~3Thb, chaxrM-—11 1
HiEMWT, 30°C, 2000 1x OFEATT2AEMISEL, WEEMEANO SOEFBERACE
ETHREL .,

3. HBRARSLUEER

3.1 EAEO T A D ORME L B

(1} Bk FEHE

B 74 M7 A SRENTREKSO I EhD, BryricaE T 4 2005k
EELTOAbDEALN D, Fh, TAIFRENMEERIT, BSE LotsSRloT4 10
R BRI & SN0, BT 4 7 Sk 7 4 2 OMic ISR R AED LN
Fro HFUEMEEIC L > CHBOHETHELAERICLZE, RIRALELI B HET 42
RO TLEREEEL, AMOAEMABAKEMKL, BEERORKEREIIHRTY
Vv, Linl, @B 74 2 3BRET/NNINEENE (, BEEEE b TIHBIERE
BEHL, BEOHIKED DM LAHE bOMBETObDOLEERTHS,

(2) #BaOA X X LS




BrH74 2 BT A 2 OEEROERSEEZRI 3 B L UMb IRENTHA, Mo
WMEEHBERETHEH, MRPBOERIF M7 1L b0BR T 0 HpKRE 0, R
DR EEAHHTHEEZRELLER (R Y ekd s, BEET 4 TDEEE 28umT
BROLDTEH 4pmE I A 6DR A0, WRET 4 2 TEE 42 n TERS5BpnD HDET
Aottt

& 1 BEHYWOTA I EM geruginosa OMAOKXE & FHMEE

Table 1  The size and fine structure of the cells of M. geruginosa in Lake Kasumiga-
ura and M. geruginosa in pure culture.

Cell diameter*  Gas vacuoles  Numbert of Filamentous
{(um) (volume %) thylakoids**  bodics
Floating Microcystis in Lake Kasumigaura 28 + {40) 5
Submerged Microcystis in Lake Kasumigaura 4.2 - 5
M. aeruginosa in the pure culture 4.3 + (45) 10

* Measured by the electron micrographs of cell sections.
** Maximum number of thylakoids arranged in parallel.

REMET A 0 2 ST A4 2 ORIT R M ERSA LN DA B (0)D TH B B
LT A 2 ORI TIIERED 40 F 8T AT L - ThHEH o TV A, KEET 4 o oM
HAABMRE LN, BFEET A 2O AR MNERO 2 = v b AEERS 100458 ES
HeELrx#agsdbs, HERT =y r ORZER 75~90nm, X4 250 ~750nm T, MoK
WIMERIC L > TV 4, COREEENR Bowen ¥ pEHEOEFER CAT L - ERE
E—EL, Jost &) H M. ceruginosa THIE LIV D TH B, 2K HEO T
MBI BAARICMET B EHBHL, KNS FTEERHFABRFIAAF(t ) ick-THY
BN L IR 2T B,

H5iwRlikdi, 7 4 o oAl IR EREOH W Batisn, #odic
R E AT 120 nm OB THWAERBEE () PH oG, TAESEEISUBAILS,
OEBINESSHRBE LTI LMoY N 74 o Ml o@HERB SRS 7 2 oS
EMTHIAHEM b EA 505, LL, 7+ o iiaic 3gifs W ici- o A A ass
CRBOSNRLO T, BEREERI AROWHEN TR, HEBIODNARTHSET
LbELHNEY Y,

F a4 FidFLte7 4o Lkbalr 4 o Om#iCHFE L, MEPGEL D bEIFED
tEE A4 DN D, MIGIADH/ELAICIIMAEAD F 7 24 FHARPLTHNBL EWH DL, LD

) B2 ( pseudovacuole ) LA L DT H 5, BILTIid gas vacuole DEAEHBEHN T 2 DT (Walshy,
1972y, EsTR"HAR™ ERTLiLT b,



BRTIRFII4 FREBEHEMAESLTHWELDEALNE, F7 34 FORT|FEILERA
pehid i, BEMICETIRER T SBETESALIAT, BT+ LBtk T4 2
OEEAEicF s 24 FORRERAERIIA S OLL,

(3) HERuAEERL

PEEYET A 7 Ll T 4 0 OEMEMICIE KRS S PES LUBTER ORI ANEROEN
HEEEN B, HE200~500nmDARENICAEFEEOSOEHE BOERO 2 BEILS
5. BFEECSVER ISHFME ( polyheadral body,pb ) tHES N, BWTHEDK
IR L LTS R SR PR T ORI N TEFEANET RIS, K HRX Tz~
% ( polyphosphate body, p) SHEESN L. CORAICETELEOSWIKEO/NERN LSS
Nnah, THREEADN ( lipid globule, |) TESHMOBRKCHFET LT 7A /oL
~ A (plastoglobule ) AU L S ICHEPH 0 F /4 FEBLEELONTHS Y,
INoFRNOSREIBERESAKE C, BEETA 2 LBt 7 4 7 OmiAERE O 22T HR TR
Vo ME, ERMAC I —BeBRONBEEEb oy T 7 PYRRLHGFET AL ENT
VAR, By TA METHIOL Y RFERE ZH TR UL, YT 70 Y VH
BONFBEIEERHOEELR T IOTILRBET ZLENHA I,

(4) 48 R 5

HawwmlicdHig, TATEBEARABPFI o4 FEELRE- LT s OIRETHAT S,
SEFN R CRIE Y, F ORGP REHHL TR (cw) BIRAL, CUPRBLIIZLT
REZLBEORZEIZFLVL 2 o0BRIENRT S, T L THRDOAMEFSRERE O
MR O BHE S I AR 2R AA S RIV, BT 4 0 B ENE CEE THRAREN S
LNRDT, DRELESHETREEFAHEKL, SELIMARNEROELERF LIER
SRR ENFIRE DO EFMIC 02 pm LIRS bR & d, BRERCRIT S
BoEINSVEDELLNS,

A5) 7 A 3 FE PO Mk

TAIREFHO 6 H 30 QIR L R E PR s L it L S EHEanBEs N, 0
M3 RE45~50pm, MEA S pmOFEEGET, FL{BEVEFENHITMETEEO TN 5,
RN EEICEATL - F 524 FEBREMIBSOND. £LT, #7324 FiLHEN
LESHERRO T v 7 R L BEETT L, —BoRERKIIEEAL SRS,
C OMELIIKIEMTO—B L ESNED, CnhT4A0LDTHRH2NE bitiDHAER
BEO ORI S TN,

3.2 BrioT AT EM eeruginosa EEHEOHE
M. aeruginose EEERENFEFEHBI LOBELLBRICE S L, BMOBRATRT, EE0




1 E DR T4 2BHE x 130

Fig. 1 The floating colonies of Microcystis in Lake Kasumigaura. X 130

Fig.

2 BrEOHBEMETA IBE x 180

2 The submerged colonies of Microcystis in Lake Kasumigaura. x 180




B 3 ErEOEFELMETA oMK x 26000
gV IAZiE, 1 ISENE, t IS aqF

Fig. 3 A cell of the floating Microcystis in Lake Kasumigaura, x 26,000
gv: gas vacuole, 1:1lipid globule, t: thyilakoid.

B 4 Br#ogitHry+so05%ME < 28000
cw I fERABE, p i K UF AT - Mk

Fig. 4 A dividing cell of the floating Microcystis in Lake Kasumigaura. x 28,000
cw: cell wall, p: polyphosphate body.




4

Fig. 6 A cell sampled at the early growth stage of water bloom in Lake Kasumigaura,

BrROEET A J#a x 17,000
[, pb @ FEEME

A cell of the submerged Microcystis in Lake Kasumigaura. x 17,000
f: filamentous body, pb: polyheadrai body.

Fig. 5

iy _

6 Bri#oT4IREMPICAOHEE x 230000

x 23,000




7 M geruginosa OFF % 17,000
.7 A cell of M. aeruginosa in the pure culture. x 17,000
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#CRLAZ X HICHEERoMMIEHE T, EIRNEOBRRICK DRIE LICIRE#1$3.5~49
pm OB 5D, FHERE 43 pmTH 5. L OREERERA S HIMERRCOVTE
EPEMESRCEDAIE L AMBEERE ~ Tamd & NS IEICIE - T 20, CWERIES TR
WL ABDEEL oD, $5hE, ARG LS CEAEEICL - TRIET 2881, ik
chit £ A HT I CRIE LA EAHIRE R & T s, ERARrhi b o Wi cil e
ENDTEMBFOOTEENNS { THHEIBH 3. TORHBEIHEBE DL OBKE L UKHE
AEOBECT, AP SANET 400, BEGIRE VRlE LB RIS E ThlE L
PAEED &AXTBELN 60 EEA 0N, MIERC YV TEEREIByHOTA 2 2 HE
FhE, FEETA TOMEEBIIEERL D15 pmApE o T 50, TR T 4 2 &1
BHRIBERLEEZFRLTVES,

HEROHIIERD 5 s AL THED OO, TOHMBELTErHOF LY
THOBRREI(CEBRLTYWS, LL, 724 FOREEER SV THEES O HSY
BERSOH, EITREFLLESOF 5 24 FHICk - TRV AL ST, BHEGEES I
R TA LD FI A FHERELTHD, EROD—FE  Chloregloea fritshii HEO
B OEMTHESLARERACLDE, BOXER(TI0-C) LD LENKE(20~60{t—-C)
TF5I4FHLOREL TV, AR THELEERIET « — A F LD EV LR TR
BANSLIDEFI oA FBEZELLIEEEL ON S,

BERROMNCER T K RIN A LS CETEEOSOHE ML E BEFEED HARO F#
JFA7c— PIERETATO S, L, BEET 4 3 T3 oh S mEMKIEENKTE
EHSNIEL, HRMOFZEERICOVTHBMESTOMDERRECLOERTT LT L8
EZnhs,

4., £&B

Mo 742 DRE & RS MG & ST L - THIE L, BEET A
RABTAEROBGEETERL, BEAHORIRBREAITHRTS S, B 74 10N
TEEE 28 pm T, MEERHD 40 $RH AR L - TED O QT 5, BT+ 7RO
BHEL2BER L, BREEEATRTH 3. LRETA 2O PHER 42 pmTH Afa% b1
oS, MRACKEESIICBERBEENAONE, B LT A4 2 LHFEET 4 0 OmiEaA
RIEFFa4 FORMPRERRMIELREY AR 7 2 - MES I UEHDMRSEIh T 5,
M. aeruginosa SLEbEOERE L M By MO T A 3 L KB L. 2ORR, BHKEFL
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3. EEICR4ET DT A D& Microcystis
aeruginosa D{LEMERIC ST

SHEHE SROM - ZES TR
GAE G FER -1

Chemical Compositions of Aoko (Microcystis) in Lake Kasumigaura
and Microcystis aeruginosa in the Pure Culture

Yoshichika TAKAMURA!, Kazuteru NOMURA!, Tomiji HAGIWARA',
Akira HIRAMATSU?, Osami YAGI? and Ryuichi SUDO?

Abstract

This study was conducted to accumulate fundamental knowledges on the chemi-
cal compositions of blue-green algae, Microcystis, “Aoko”, in Lake Kasumigaura and
Microcystis aeruginose K-3 in the pure culture. Cell contents of nitrogen, phosphorus
and total organic carbon in both sells were 8 to 10 mg, 0.6 to 0.8 mg and 36 to 42
mg per 100 mg dry algal cells, respectively. The contents of nitrogen, phosphorus and
total organic carbon in “Aoko” were similar to pure cultured Microcystis aeruginosa
K-3. Furthermore, contents and compositions of chiorophyll-a, pigments, fatty acids
and amino acids in both cells were analyzed.

. BLIC

Ero gl TEBICEE T2 " 742 " i Microcystis BER A B EA E T A kD%
EENTHYD, 743N THEFE SN 2FRIARN S L CEKEES AT 5T ERNEL -
T 5% 743 OREFHAOABTE L, BEEKIOBFRZLETSE2MEFLIKE
giba gz, BHEORRER, KBEKORRILNIh 74 7 ORECFERS o O T
VE, ELLOREICLBE TA IORERIE A ( HE 44.8knd, KR 152.6 % 10°m)
FRThRIRERICLTH 1000 r vicoE 2V 74 o oRERVHICEET 2 LV S BEIR
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ERE L kR IR A S EBSREIC I - T Be L L, Microcystis B & %3 OHE
BEIPLEBITOVIEMPOTH B Microcystis BERO N, S8, ERE, WEIEES, L
FHMRE VT NETIREDE , FBASED, BhTH, MHHES X LFsfiiconT
BHHMICRE LSRR EAE UV, BEL B BTIRI LT 42 ERALY e kb Biic
FALS NEREES L M, aeruginosa DEEEIT D0 TR ATV, ALFENHBEH] 5 I L1z
£4, BRoY HEE S & F—0atEic oW ORI s o Ol THBBBR 1TV 2 8
5 OFRE & BN % H siREt L oo

AT, T4 I &M geruginosa EEEBE DL IC O L TEICGHR L, #HEE Lo
FBIOWTHEES S,

2. WEEBHK

2.1 74 3adEmRE S UL

waoiiicREd 27421978 T A28, 8A1TH, 9H258, 11 A9HEETU1979
FEOA 2R Lz TATR TS V2 b vio b (183 4 9 va ) RV THRILEREIC
BB - CHL R T -t TAIRZOR LT 2HEERE L TR EHREEIRL, REKIC
BT 5 " RS T RR0 BT, IRIC, BB E 7500 rpmlb SHELHE EITIEG, BLE
LB b aME S B THUERKICEET 5. CTHhFEIR 15000 rpm 153E0BERTT
HOF L ABEEERTTONRE. BHRHEL TS, BRERTTEL, BoNER
EEEE S Ui,

2.2  Microcystis aeruginosa K- 3 O 153§

BT R S A BT O 2,0001x, I 30 CTRIIGR 54778 o120 74 IDBAE
RIBIC R EER 2E D E L, 15000rpm 15 SELLAM TR LY 2 MHE B mes ERE T
ntre BEAHIAEVEFZMEE 193 umDF A o VA (BEH, NXXT ) TEBLTEDL,

2.3 aFhRE

i) 7oo e W 0mg AED, 7y b GF/C(ATmm) @EHCEH S - TA,
Q0RBT b Y EELTEIEICNA TR TEY ERT 5, 2 0BT b »2MAT,
10ml DARY UV & — ICEEAL, BEEZHEL THs 7 7 & B OERE L, 15000
rpm 16 SHELAEE AT Do £@ LEEMT20T 630,645, 663 8L 750nm DK
FHEABET . £BECHID, TEALRRGERL, 74 2Ky 7 RERHOTRETER
LI 2 fe HER 750 nmOEE N TH SIREIC L - 72




Chla ( pg/10mg ) ={ 11.64 Egg3 — 2.16Ees5 + 010Es30 ) x K& (ml)

i) ®FEHR .y - VETTR 21

i) &0 v 7LD BRIRILE, VY EY T F VBT - TS kT,

V) 2HEBERE Ny 22 vHTOCTF 74 ¥ —2HVCTHIEL 7.

V) RARIEEEF - EB 10mg 87k 30 m] ICBREE, 201 ml 2EOKGLEHET ¥R
O EBEEEml AMATE R, Hlkdic 7 HEIEE L TmEd 5. 15 8BS %620
nmDENEFAFEL 2o MBI/ VD — A SO TIER LRERTEH L9,

Vil v rBmE B omg ALY, 2N NaOHSmI EMAT—RMB L, FWELHEMES
5, FIZARTIEREI 50 ml IZEBL, #O—ME L > Tlowry BT L. REH K i
Bovine seirum albumin #HVRERSET 4 & LTHEL 2.

Vil Z#, U v 0 Schneider ik 55@Y EFHANCETET 2 BENCRETASED
BREY v EmiER T 590 Schneider JEIC L BB $1T7E - 120 BB E L THSOmg
DHFEERT 4 220, SERABHEKS, BEXS f@tteEbat ), EBKS, ¥
Vi R Sk OB ST L,

Vil E%: a) gt az'” PEREEHC T 2 b (100%) 2 MA CIEAMEE S L.
Tt AENERERTARRDCRBL Y VA LVEB o7 S5 7 0 — 1T 2
BRHEIE LT -5 ~NEFV TR TS /- (18:9: 1) EM LI TLCH
SERDR Ay FELEND, AUCHEBTHRIMBL, wWF/ ¥ -2 ~<7 b7y
bt =g - CRHERIERE L b) AEEERY 3BT 00IMY vEy 7 5 —
(pH6.5 ) icHE L, 10KC, 10 DHEFMMEEIT -7 RIT, 15000rpm 15438
ST > TiBS N EEE 100000g 60 3 ORELDEIICHT . Boi LR AIC
ST 560nm, 620nm, 650nm OBSER FHIEL fo € 15 DfiM o lm V50 Khikic
D7) b)Y, 7433 7P=vEBLUTO 7 4 30T VvOBERED

ix) HENEEAR @ SR 20 mg BN R E A4 /—l ml BINA T2 ~ 3 Rl L fshe
SEMLAMRIEHSE A F e 2R FME LT JEMABEA FINT AFAONRE AR 7 O
b/ 57 163B (FID) 2RO THOEHTIT B o10 75 24mmx 2mHF AH T Lo
H5LFEM; 15 BDEGS, F+ V7 —H A EENR, B 160 CHS 195°CET
3C/ noREBHE. WA FLrL 257 0ORED, BEEENC C19~Cs® BIFnEE M 5 &
UC~Cuy OIEMZITFEMER retention time 55 James 2 OHFETRD 12,

X} T3 /AR B 22~25 mg i Ly 2 ARBRECHE L, HREH 0SS MA,
HZEBER, 106° L I°CT24HMka@ L. DHEREEFAAZREDFL0CTE
Blio IE 7z vBENY 72— (pH 2.2 ) 5m! KEREL, #1727+ vy - TFR%,
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Spackman SO LN - THIL HE 7 {7 BORFKLA-3B2ETHIFL 120
Xi) THEAT  HE 90 mg £100ml DE—H—icd by, BibEES5 ml, BEMLAZE15ml (5ml
Fo3E ) ZNA, ERMEHSIE Ty 70—+ {150°C) LT 2 RSN L TRILL
Foo BRALE:, BEKSOmM]I ZMATESTE Lice MR T I T REDEMFEE (Model
975 Plasma Atom. Comp.) TiTH 2,

3 HERLUZE

31 THaDEF, Vv, 2ORERELLT /o7 Le DERER

THEADAENW (S1.1) T4 2ORESBEELED SN 198ETADS 11 A TEA
—7A T ERMU 720 6 AR ST 12 BiChilkdhie 74 2 DEERZH She s, HBER
SO IR NS VRSB T I v 7 b Aoy Pk BIEREUIINR S o e BADTA DY
ma7 e (Chl.e), Y8 —nEH#K(K-N), £V v (T-P) BLULHEBERHE(TOC) D
EHEERIET L. HROESEI ST 0@H Ok -t T4, 1978 F£9 Hie B@n
(St.1}, MFM(St.2), HEP (SL.I)BLIUFZy X (St.4)DAMETT 4 2 2 8EL
FRIC AT 2T > fol, R2WWRL L LD CHIBMOEB I & A ETD SN -tee 7 4
~NWFTREEOR 7 - VORLHBHERSEELTOAETH 20, ERZICH Y 2FH5ER,
BOSEEOMILDBEINREOHMA T - VBELHEI Lo hdb LAy, RIORLEL
FLC/NMBEBAGHRENAZIL, COLLRFERTELAIRTAIZOTOCDH 6085 Z A5

# 1 TAaOrswueTve, BE, )V, 2HEREOSHERETOANEL
Table 1 Monthly Variation of Cell Contents of Chiorophyll g, Nitrogen, Phosphorus
and Total Organic Carbon in Microcystis (Aoko) proliferated in Lake

Kasumigaura
Items Jul. Aug. Sep. Nov. Average
Chl.a 0.59 0.54 0.59 0.50 0.56%
K-N 10.18 8.63 9,98 8.90 9.42
T-P 0.71 0.74 0.76 .59 0.70
TOC 37.3 39.6 36.8 37.0 37.7
C/N 3.66 4.59 3.68 4.15 4.00%*
N/Chl. g 17.25 15.98 16.92 17.80 16.89
P/Chl. g 1.20 1.37 1.29 1.18 1.25
C/Chl. a 63.2 73.3 62.4 74.0 67.3

* mg/100 mg dry algae.
** Arbitary units



* 2 TAIDIvwT4ve, BE VY, 2EREBREOETRE T OMSSIEL
Table 2 Situational Variation of Cell Contents of Chlorophylle, Nitrogen, Phos-
photus and Total Organic Carbon in the Microcystis (Aoko)

Items st. 1 St. 2 St.3 St. 4 Average
Chl. 2 0.59 0.50 0.55 0.66 0.59*
K-N 9.98 8.08 9.93 9.98 9.49
T-P 0.76 0.61 0.72 0.69 0.70
TOC 36.8 37.3 38.2 41.5 38.5
C/N 3.69 461 31.84 420 4.90%*
N/Cht. 2 16.29 ’ 16.16 " 18.05 14.97 16.53
P/Chl. a 1.29 1.22 1.31 1.05 1.22
C/Chl. a 62.3 74.6 69.5 62:9 67.3

St. 1: Tsuchiura, St. 2: Funako, St. 3: Ushiwata, S1. 4: Mitsumata
* mg/ 100 mg dry algae. '
** Arbitary units.
DY I EORETHHT & EMRL TV 30 ABEOC /NIt 357 TT 4 21CE 0%
FLTWEY, 74 10BMROK 102 HEHR, M1 88 v THHT LEARETILENS 5,
Tbhh, TATREERHICN, PAEMBET AREES LTES, SMEREIN, P oRdiRE
H0S B LERL T Bo BE, MAKPOEEEE L1 NOBEE LED C & 2 KB LT 5%

3.2 Mkmwﬂﬁwm@wM%ﬁﬁwmﬁi,09,%ﬁ%%ﬁiﬁivqnn7iwa®ﬁ
kit

% 3 I Microcystis geruginosa K — 3 D EMEODK -N, T-P,TOCH LFChl.c EFEE
74 3 OEFRE WAL TR Lo K-N,T-P, TOC OEHRICH LTI E DM & < HTL
%, LHL, Chl o BIZTA3450,55mg /100 mg —$ERBIFCHL, M. aeruginose i3 095mg/
100 mg—MMAL S, COC LR, RE5Y OETHMENC S 5 HMIE OB R &<
—HL T B $bG, ARMFTEROEERTEST 721 FRSTA DK 2 b &<
ST Do HEIBORIEN 2000 1x 0574 — M FIC GRTELCIRETHHT L85
B%EL T 3o Chl.aDSERNMAE 5 Chl.e B O DN, P, CORIT A 2 DMVOIEI
1oT B, '

3.3 7A@ Shneider ik 2MASE LER, ) VO . . .
RAT&EN A NP SEREANO & Ok 5 UEEEE b - B IO LT DRRETL 2ok
%ﬁi4?&6oTﬁﬂm%MMMﬁmxU@@ﬂ@%gﬁhﬁﬁgﬁ.ﬁ@gﬁ,57N7




7= 3 TAILM geruginosa IEFRRDO r v 0T 40, BT|E, Y v, DHEEEE
REOCEHROLE

Table 3 Comparison of Cell Contents of Chlorophyll 2, Nitrogen, Phosphorus and
Total Organic Carbon in Microcystis (Aoko) with M. geruginosa

“Pure” cultured

Aok

© M. aeruginosa
Chl. 2 0.55% 0.95%
Nitrogen 9.93 8.61
Phoshorus 0.72 0.65
TOC 38.20 38.70
C/N 3.84 %+ 4.49%*
N/Chl. a 18.10 9.10
P/Chl. a 1.30 0.68
C/Chl a 69.4 38.7

* mg/ 100 mg dry algae,
** Arbitory units.
Aoko: Microcystis proliferated in Lake Kasumigaura.

*= 4 THAIDEABRLITONEEEEZLIV) vORT

Table 4  Cellular Distribution of Nitrogen and Phosphorus in Various Cell Fractions
of Microcystis (Aoko)

Fractions Nitrogen Phospharus

Cold-PCA soluble 0.50%( 5.9%) 0.250%(40.3%)
Lipids 0.64 ( 7.5 ) 0.046 { 74 )
Nucleic acids 0.80 ( 9.4 ) 0.299 (48.1 )
Protein . 5.57 (65.3 ) 0.017 ( 2.7 )
Residues 1.02 (119 ) 0.009 ( 1.5 )

* mgfl00 mg dry algac.

BEGBLEREREARSICAE L. NIZ6539M 7 VXV EX S ERHELTH AT &8
mEN. —H, U Vil 48% 0EERX 7Y, 403 % BEBEEIEHE S AL TV A T L0585
Nitoo BEOIEEXSICR REESS TORM LB ORIFTE OB TR sl & h T 3K
DTHD. BRAEERICEENIPOBELRIERBES THD. MBUARKMCESE



NAPOAE A Y ) YEETH- 1o ATPRG-6-PLE ALy VBRI LS OERY
YEAASE TSP, 158P ) WP BBO31GR3KEL TR EDTA ey ) vk ORIE
2TV THote CHODOERIITA 29T luxurious "¢ ¥ % up take L, MR
BEfE LTER Lo S AREETL T 3. BELY 07 4 2102 Y ) ¥ BIER OFE 3
L EAEB TN AL 2o, BAL™ OF) vERICEK 5 M. eruginoss DRRMREROER & —
BLTHDH. Linl, BEEaEiE) v A Yy U VEHC-OWTIE, HIRNEFFESR T A0
TR, OIS AR5 A LABREEL THHaHEHEGELTH B,

3.4 THAIO—KERS

TAID—RESHHTORBRERC IR L My vy 7 BK-NICERFZI6.25 258 U TF
Wiz M) E K3 Foleh OF#:'Y TIREEML L ERETRS 2B TH 505, BT 5 £ 518
HEOlSAHBERBE I N T 5, AEEFRKEERERORMESE 7 v 2 o Y ECRIE L /i
ThHd, THOOHEIHFEL S ORAEHOBEIR LI BTN E, T30 6H Ry vy

& b TAIOBMAEHRXSDY O

Table 5 Chemical Forms of Phosphorus in the Cold PCA Soluble Fraction of
Microcystis (Aoko)

Fractions Contents %
Orthaphosphate G.122% 48.8%
7* phosphorus 0.014 5.6
15" phosphorus 0.038 14.4
Other phosphorus 0.250 31.2

* mg/100 mg dry algae.

F 6 TAIOHFEBUREEO—BRD
Table 6 Chemical Composition of Microecystis {Aoko)

Items Per cent
Crude Protein 56.3%
Crude Lipids* 13.5
Soluble Carbohydrates 10.0
Crude Fiber 3.2
Ash 5.0
Water 43
Others 7.7

* Contained pigments.




THHZ Eid, Briofky sy vy BREEOSVWIELIEBLTLALEBLN A, T4 2005
BSERIANEOE, RESE TA I 0HMBERNIIEE/NSS FEL TN AT E2EH T
L, LD EERRELES D, BTIRTA 20BN FERREDUES TR L.

£ T TAIOLEREREORE
Table 7 Chemical Forms of Organic Carbon in Microcystis (Aoko)

Fractions Contents
Protein-C** 22.2* 60.3%
Carbohydrate-C*** 4.0 10.9
Lipid & Othet-C 10.6 28.8
total 36.8 100.0

T * mg/100 mg dry algae.
** Lowry methad.
*** Anthron method,
3.6 TAIOEBH
TAIDEEUEEOEFH I/ o~v V742 1IKR LIz, 2T EoaERTEI N,
Spot 1~ B8 DIRIX R =7 PAER 2B LORIIWRL. BEDSpotl B - 103 v KER
DSpot3id 747 4F Ve, REO—FAZ W Spotidr oo 7 400, Spot8idi s v+
7 s nERIESHI . Spot2, Spot5,Spotb;SpotT DWW TIAREIETH 2 o F
1 FROBEIEEEN S, o
KBUREROBNA < bV ERAWR LI, kEERENSEHCEEE 7 20 VR
BERTHIELBEDONS. 7439 Torv4 10 &L EDOBNEREHET 2L 7o
Yr=v05h, 742N RY V003 THoI 742 YR VHEFEAESTINTO AN,

3.6 TAITEM ageruginose DN HERRK

T 31 SUICM. deruginosa & K DISYBAA % L EME L 1BER £ 105 & £ O BIOR
Ltco WERE, 5 FIEKIIAKTA 5/ — W THEISHRE X F 412 7 14 L Thi . DBCS
EREMELEAS RN I LTRIBHAI OC b 75 7 4 - {110 ERTH Do TA 2 &K
BT Crg ;0 03 RRMERASIAR DM R E L6 ST &, WS Creu » Cisiz, Cimia, Cisig
REDTHM TG F 2L LET 52 = VB ( SR8 OO AFIGEL TV 2,
Stanjer i Microcystis BERRICH ) T v BOB W & 2 HHFHHRODESE LT 39,
Tﬁ:dﬁﬁﬁ%@ﬁﬁ%%(.@?ﬁﬁﬁMﬁébf%Kﬁﬁﬁﬁ#Ub%hC&uﬁﬁbf
B BESEH B, —HICTIAEN R BBEHE > DT, REDHE KOS 2WH % Hil
FTELEDBENPLTH 5o
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Fig. 1  TLC of Solvent Extractable Pigments of Microeystis {(Aoko)
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Fig. 3 Absorption Spectograms of Solvent Extractable Pigments of Microcystis
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) Blue—green algae
M.aeruginosa {aoko)
o

Cis:o
Cran

Cie:z Cia:2
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RETENTION TIME RETENTION TIME

[ 5 747 &M aeruginosa HEEMEOHERIEH A FALATFLOH A uZ b
75 A

Fig. 5 Gas Chromatogram of the Fatty Acid Methyl Esters of Microcystis (Aoko)
and M., aeruginosa

% 8 T4 LM aeruginosa EEREKA DT 3/ B
Table 8 Fatty Acid Composition of Microcystis (Aoko) and M. geruginosa

“Pure” cultured

Fatty acids Aoko* M, aeruginosa
8:0 3.33% 4.84%
10:0 0.30 1.52
10: tr. 0.64
12:0 tr. 0.23
14:0 1.35 0.46
) 14 1.00 1.48
16: 0 56.20 48.99
16:1 1.23 tr.
16:2 tr. tr.
16 : 3 tr. ' tr.
16 :(4) 3.01 0.22
18:0 4.07 317
18:1 8.27 12.60
18:2 11.17 12.85
18:3 548 9.26
18 :(4) 3.94 1.58

* Aoko: Microcystis harvested from
Lake Kasumigaura (September, 1979}



3.7 TH43EM aeruginosad 7 3 / Bkl

T A4 3 &M ceruginosa D £FEEIMKABLTT 3 s BOGIETAHH LAHBEREZLITH %o
TA D ERERET Y BEROSTEEALAL TS B, ERAT I /MBS NS L o8, T
ANZHUE, AVa vy, TAE2VETHD, V9V, AF4=viiEoy 1/ BROGHE
BB, 7 BB OSSR HABE T 3B LM aeruginosa ® 8 o3 B IZREE
WA KD, Spiruling maxima OF 3/ [ﬁ%ﬂﬁ')’cm ELHEBLTV D,

3.8 TA 3 LM aeruginosa DL

75 XL AT BT T A 2 &M ceruginosa BEER RO TRV EITE - 10HRT
FIGIETR Ll TA2D) YW TIREIRLAEIOBREL—HL T 5H, TER
AT POTODEER Lize Fe,Al,Znid T4 210 b THBEMAD A1 10 ~50 45 %<
SINTV A, ZOBBIE2GTRFPTHES. Co,Ni,Cu,Cr BRIMHALIT (001 x 1073
mg /kg ) TH- 1z, HE, Cd DO TR b o oo

£ 9 TA3 LM aeruginoseInERED = 10 F 43 +M geruginosa FEF &

T3 s Bk : DTG
Table 9  Amino Acid Compositions of Table 10 Cell Contents of Some Elements

Microcystis (Aoko) and M. aerugi in Microcystis {Aoko) and M. ae
nosa reginosag

. . “Pure’ cultured

Amino acids Aoko* M i
| aeruginosa “pure™ cultured
Elements Aoko* .

Lys 5.76% 5.75% : Microcystis aerug

His 1.53 1.50 Phosphorus 7.33 mg/jg 9.56 mg/g

Arg 7.77 . 7.28 Potassium 6.75 5.73

Asp 11.20 11.56 Calcium 5.27 17.5

Thr 5.3 5.45 Magnesium - 2.83 248

Ser 5.17 5.69 Sodium 0.63 1.21

Gul 15.07 14.37 Tron 0.36 16.2

Gly 4.40 4.12 Alminium 0.14 1.28

Ala 6.76 6.19 Zinc 0.02 0.50

Cys 123 4.4 . " Cobalt N.D N.D

Val [RT I 745 . Nickl °~ ° ND N.D

Met 1.62 : 2.63 Copper N.D N.D

lie 5.67 . 5.44 Chromium N.D N.D

Leu 9.99 . 9.65

Tyr 4.89 o 439 - * Aoko: ﬂ/_ﬁf‘rocystis collected from Lake

Phe 5.57 4.28 . Kasumigaura {September, 1979)

* Acko: Microcystis collected from Lake
Kasumigaura (September, 1979)
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lake water.
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. Fig. 8 Contribution of Microcystis (Aoko) to the Concentration of Total Organic
Carbon in the Lake Water

# 11 @ROTACHKTEIER, UV, 2EREREOES

Table 11 Per cent of Nitrogen, Phosphorus and Total Organic Carbon Qriginated
from Microcystis (Aoko) in the Lake Water during the Period of the
Bioom

Per cent of contribution of
Microcystis (Aoko)

Periods to water qualities
T-N T-P TOC
1975 65% 9% -
1976 56 a1 30
1977 64 64 -

Average 62 75 30
FrbDTH B, TAIRELELUZEMLNCHI TOREHETLHE - @2 O MAL

Tvd, LiztioT, HBRE L E~FoBBEEHNTH I 7TA aDKE~OESE, 22T
BoNf il EETREEZ4DELTERBLATNRER OHWEE S,
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4. Microcystis D 1EFEFFIE

wmAES - EHELE - AEE— HEZA
&

Growth Characteristics of Microcystis

Osami YAGI', Mitsumasa OKADA', Ryuichi SUDO!, Tomiji HAGIWARA?,
' and Yoshichika TAKAMURA?

Abstract

Growth characteristics of M. aeruginosa K-3 and M. flos-aquae which form colo-
nies were studied in a batchwise culture. Specific growth rate of both strains were
much influenced by temperature, light intensity, phosphorus, nitrogen and iron
concentrations. The maximum temperature for specific growth rate was 25% t0 35°C
in both strains but M. flos-equae grew more rapidly than M, aeruginose. The maxi-
mum specific growth rate was observed at the phosphorus concentration of 0.02
mg/l and at the nitrogen concentration of 1 mg/l. These concentrations were
lower than those of Lake Kasumigaura,

1. RLSHIS

LESHOEERL LABIBTR " T4 3 " EWEN S Microcystis {2 & BIKDIE 48 KFEEL
BerOBELSEERISTIEMOASLBHEN-TE, ThWwi, KOEORELTHIETS
CERARPOEEN T B0, COBRNEERT Shbicis, Microcystis R %R
LT HNERD 5,

Microcystis ORI T T ERE LT, BE, BE, pH, BEOKEZOYECEHNER
L0y, BE, %, CO, BESORBNEEGEL SN Microcystis DHIMFECELT
IE, Gerloff Bt), Zehnder 62). Mclachlan 1’93), Lange 5 i x nE L DIFED ILaAh T A5,

L L1883 6 Microcystis (3 AR TIIBERE LT 2 03, 7 7 R N THBER DB LMl ¥
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Hodo LN BABERINUCUAT &, BHESIE S 2 Microcystis O REFIHH: £1
S RBE LI, BESBBEERRT S Microcystisd 3R ICEII L THY , COHEH
VT, BFOMBHET SV TR TIME L1 ARER, Bl L Bk TR
9§ % Microcystis aeruginosa K — 3, Microcystis flos-squae % FWT, |, BE, &ke S,
)y, BR, $OMMIIRIETESCOVTEMICRH EMA L bDTH %,

2. EBRAE

21 [hmEE

AV 7o M. aeruginosa K- 3 &5 L U5 M. flosaquae i3, 19774 8 AR MIKFE LK DHEL Y
LIS DTH S0 M aeruginosa K— 3 i, HENE6 ~T7 am, FAMEHLRELEEES
Feai L, BHEAONE XEBHCE 500mBEE i b ET A0 M. flosaquae 3EER4 am, AR
EHL, GOBEEEETTHELB®RT 508, M aeruginoss K — 3 ELET 5 & BHARE R
FE OG0, R E L T, KEERET 1 — ) R RHEPIER L 0 0L 2 /- M. aeruginosa
K-1 o0 TEBEFEMA e K- 13, EEM4pm, FREEET 3 SBETEKEE QML
LTLE »tkTH B,

2.2 B M
M- TR R fo o SEMMARR &% 1 WORL 7c%%, Gorham OBEBRRMSMA REL
ftbOTHY, BE, VCEERREL, 7T B, 7ABE Galfron O MERITHE T AR
bOTH5B, HHOBREL, LWHEOC LD, KHPOy, 7 £ VE#S ORI £ hE
NENC1Z20°C, 105ERE L, BERTRERTHRAL, EENCRS L.,

* 1 M- 11fHi$A 6k
Table 1 Composition of M-11 Medium

NaNOQ, 100 mg
K, HPO, 10
MgSO, -7H, 0 75
CaCl, -2H, 0 40
Na, CO, 20
Fe-citrate 6
Na, EDTA-2H,C
Decionized water 1L
pH 8.0




2.3 HiREES L UORERE

Al 50ml D3Mm7 I AT 20mIOM- 11 HERML, 30°C, 1.0001x , #HEDEL
TCEFERT- o FIEEPM RN LANT, WO E LSRRV, RESER
10mIOM—11 A SHRBREE T, 30°C, 1,000 1x OFEMF T THSEE £77 - foo REE
BH1I7rACECERL L

2.4 B®/IE

500ml ©3/A7 521z 200 m] DIEMEINA, AT 28V TERBHOES T THEEET
ote EXREIONWRDIBEIZI0C, BER20001x, #ESRSE( 1A IOFTHE) 2L
Tro 2 LEEBSLPRESOVBRCBE L TR 1,000 1xTiTo7 o IRESOEBTL T, [
ERREHBERAY, 1AM TOREOZREE U v, B, BOEROEBICBVTHE,
Hite @i o ORBEEDEASETE 350/ BH:-0IC, M aeruginosa K— 3 It20Tid
RS ER kTR L%, 200miaisitic ImBEL, /- M flosaquae 20T
200ml DEEHZ 0.5ml &0 Fhe BERE VS 05mg /1 &TEALIIIEE L1 OB IET
BEBTE, 7T /EBERE 045am®D 3 )V R T 7 4y — TEREE L T RN BT IR
Mitze

2.5 ERARE

REBEOREI G, EEMARARHTEE (Mean Cell Volume Computer )& O3 — %
~#v&—~, ZFEI (Coulter Counter, Coulter Electronics [nc., Healeah Flo -
rida) &R Ui, @l E EERMRAERESL D, 500 S0 oo 2/MEHEL, T
R L T W ARBBE LD BEOERERSEH L, NEREOERERT, BiEPHiR%
0A5pmDRTHAXEHET L)V RT 74405 - THRHEL, 105°C, 4whiERito TREIL
LRI 1M, aeruginosa K — 3 3EREEEIAEHERT 578, HFHOM (50W, 30
R L, argodokliica -y -y - TillELK.

3. REHEEELIUEER

31 & &

M. geruginosa K— 3, M. flos-aquae OHHETERE () KMETEEOEE T 1 KR L,
M. aeruginosa K — 3 OW&. 15°CTHp=0.025day™, 20°CT007day™" & JEsic B
b5, 25~35°CTp=026day”! EEVEER L. —Hh, M flosaquae DBEEGE, M. aeru-
ginosa K—3 BEE O HEa kL, 256~35 CTHRAD # =035day™! 2R L1. 40°CTIE
Witk & & ICHMEED S HEm o005, 35 CLUF T M. flos-aquae DF7 08, geruginosa K— 3

{ e

-




B 1
Fig. 1
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Temperature | °C )
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Effect of Temperature on Specific Growth Rate
o M. aeruginos K-3
o M. flos-aguae, 1,000 1x

LB pERL, 26 CTHREDRAMIC e HE L HARRE Br@BicsvT, #ko
kiR 6825 "CLARIZ IS 2 & Microcystis I L A KOFEWRFET AT L2 RCERNI TV 260
Bbhd, £/ 30 CEMOERSHMRBETREETOE VBN 2E T 52 20, Bilks
B Microcystis DREFRETBFE UL LHBTHELD EBbh 3,

3.2 &3

M. geruginose K — 3 OEMEFIC T HRE 2OURSR 2R L1, BEREECESE

shaking
H=023 d-‘

static
p=013 4!

Growth (mg/l )
~
o

1000 1Ix

L e n 1 1 I

0 2 4 6 8 10 12 14 6 18
Cultivation time {day)

K 2 HMEcRETERES ORESE
Fig. 2 Effect of Shaking on Growth




=018day ' TH 5, 1 5MT0ERORE HEHRTE p=023day THotoiREDT
B LI LD HEHEE I PPE ot L LG HCEBEIREERNKE (g, Kol
Bl cfF L HAHE RSO0, BRER BERTMET 2 L BRBE Lo, Lot
ST BEOER TR N THERFTTERETOILEE LG

33 B &

M, geruginosa K—3, M. flosaquae OYHEHEEICKIFTHREOEE LRI TR L. M-
geruginosa K— 3 DIBE, 500, 1,000 1x T gz heEh0.20day™ , 0.30day ' & L8,
2,000 1X D\ G5 & 4D g =050day ! LHBIEEROEERR L. —H, M flos—aqu-
ae DIBAIE, 500 1ux Tid p=028day™ ! & I13IF M. aeruginosaK— 3 X330 CE% R4 9, B
EHEd i o T M, aeruginosa K—3 @ ~mE B e 2R L, 5000 1k TiRIFCERTICE
L, #=130day™! 23R EH 5 o, M geruginosa K—3, M. flos-aquae OSBRI £
NEHMH13H, 050TH- e M aeruginosa K—3 OF i p SENIER & LTk, M ceru-
ginosa K—3 AR E {BEAREEERT 2720, BEd 20 ERNEOMSEEELS & T
LTLESTEREABDTREVHEELON S, —HaBETEE LES, M. ceruginosa K
—3FRASATELLD, BIBCEREEIE B0V 0Hh Y HHEMAEOBRHERD & 1
Foo TTLTREZOREHSHIT B0, BEAEICOOTRETZMA 1.

44X OES5 3, M. aeruginosa K— 33 £ U M. flosaquae @, {ERBRE( 3,000 1x )T

REBRE {5,000 1x) ik 3 BB s & ORI SRB SN T TORMMEER L &0THD,

1.5 |' M. flos-aquae
e A
/—1

M.aeruginosa K-3

—— 0—0
o5k /o—"c’

<

Light Sntemsity { x ‘13311 }

3 MR e M E S R D
Fig. 3  Effect of Light Intensity on Specific Growth Rate.



WA LA i3, 14EBERE LEVO 10MER LTEELZLDTH 5,

R4 mltck Hic, M aeruginosa K—3 DI 6, BRBETREREHET ¢ = 055day™! Wik
BT #=045day™! TH Y EEBHOLBELRE 1R LI, —AGREDSS T, B
T g= 069day™ |, WitBE T g =047 day ! &EEIBHO D0 B g hHhED SHfce
UL LA RRE, SREHTIERLAERS, BHERENNI00mg/ | E55 EBENOLE
DT SHRHSRHONIe & CHHBERE, MEBHTE 2 RIENDS, 200mg/ | BEET
BABEASHML, BHFUMEAES O, COT EhG, M aeruginosa K—3 OLSEEE
FEEBEICEDNELSRD 20, TOHERERTOESTAHTZOTRRONEELZ OGN

Lo

30r

M aerugincsa K-3 ,
100+ ‘/
.

50

3000 1x cont.
u = 0.55 day

Growth{mg/1)

@ 3000 1x discont.
§o= 0.45 -

A 5oo0 1% cent.
p = 0.69

A 5000 1x discont.
y o= 0.47

1 . . .
0 5 10 15
Cultivation Time { day)

B 4 SREDL&CIERED RIS
Fig. 4  Effect of High and Low Light Intensity on Growth

—ﬂK@£®ﬁETTﬁ}%Ki%?D074w@ﬁﬁﬁﬂgnfﬁbﬂqcnﬁﬁﬁmié
HREAEOBHO—2EELON TV S, ACET 2BETORER 107 1x &8 575,
7Ok NN T T & Microcystis DREHHMAERRDH LN B L Lk, Microcystis 8% LB L
U AEEEET S EAMICB LT E NS BT EHSMFEARELO LB TV EHOLELLN
B




M. flosaquae DIFEERS TR L 28, SHBE, EBRE L CEEBHOAMS g KL,
M. geruginosa K-3 R LN LHREAHFEAED SN o oo C N, M. flos-aquae H3
IR L7 L H I 8,000 lux DEEBHEHT CHHEMHEIED LU LD THD, M flos
aquaeld M. aeruginosa K—3 £ D bR EE LA X 9. /2, BXHECBHSNLL B
BEAT T, ERBHOGFEOCBERE L RTLOENA LS,

3001

ray
100 ‘ /////
80y B flos-agume

Growth (mg/t)
>

[#2]

© 3000 1x cont.
p o= 104 day”

& 3000 1x discont.
PR

A 5000 1x cont.

po= .82
A 500D 1x  discont.
057 Y= 1,36
03 L ;
Q 9 10

Cultivation Time {day)

M 5 RBRESLICEBEOEI MITTESE
Fig. 5 Effect of High and Low Light Intensity on Growth
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BHEODRYT REEOD D, ) vEHERABRFIOZENSO LT OERM SRS
NT2. M6 YREDILHMEE ICRITTERERLAIODOTH S, ) ¥ E L TEKHP
Q4 DIETHEIL 2o M. aeruginosa K—3 DIFSE, PO4~PLLT00Img/ | OBEBETy =
0.17day ! 2R L, BREEHEEED 4% EHREDEVEE R L1, $/4002mg/ | OBET




HEBEKN &N ~ta —H M. flos-aquae DIESE, POs—P#3001mg/l Tg=055day™ &¢&
KHMEHED 89% & EHiIcHE VTR L. PEOBRUS FRBrfiodkhos) v iBE
7004mg/ LU ETHETEEEA LY R L, ) vicBAL TREr#o#KiE, Microcystis %
BN BT THBEE A0S VERERRLTWAEVWAL S,

0.8
0.6 hd ~
— H.flos-aquae
"5y
L]
= D.4
=
oz * .
M.aerugingsa k-3
nl 1 —1
o 1 2

PO,-P (mg/1)

B 6 HMERFICRETY) YRECES
Fig. 6 Effect of Phosphorus Concentration on Specific Growth Rate

WEY YERMOETIES LABETS, i bV ERdd, Chid@Esoy v
DERAAI L 6O TH S, —RIEHERY Y 2RBIGENRT 5T EHROCRATEYD, Micro-
cystis HERD) VEBRE B LA ENTV D, LichiaT, FlERY vHRTT
ITHBBhH B0, )V VBEE2HEHESTIEEEMSBELLL, 8L TL IV EHBEORE
MRS NIVES LS B —8IZ, ) v E2ET L LM TR, BiksHERO 5 ~ 10 5k
LB TREOMEsRIEL, DS IHEET 2RRE6ED LN,

(17 &, M. aeruginosa K—1, K—3, £ L5 M. flos-aquae [C3 3 ) v B & Bk B o
FBETRLIEDTHB. OTNDHE PO —POBENE 1L B >N GARMEREEML /2o
M. aeruginosa K— 1 , M. aeruginosa K—3 , M. flossaquae (3 ZHn#H Y » (.1 mghs 95, 94,
82mg OFMAHEKS . LI EDRED, S, Microcystis @) vicid 28IFNE ( R L 7-5
FRmg /MBS ) YBmg) 3900 LEELBHCETE S AL ME - T,
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Fig. 7  Effect of Phosphorus Concentration on Maximum Cell Growth

35 E %
M. geruginosa K—3 B XU M. flossaquae % B THMBEE I TERBEOEEIT > 1
TR ATMA B E @8 R Lo 2% NaNOs DR THEM L 720 M. geruginosa K—3 D1

0.8~
O o
G'BF M.flos-aquae
T, 0.4
o
=
=9
—
®
0.2
M.aeruginosa k-3
0 ' J
0 10 20
N03-N { mg/1 )

Bl 8 MmEEicRETERBEOLE
Fig. 8 Effect of Nitrogen Concentration on Specific Growth Rate.
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&, NO3—N#lmg/ | ORETe=024day ! LIZFEROpICECEER L, /201 mg
/1 EEEEOBSTHEERES, O HAFE G £ =009day™! E&EKRD DK 305DIHE
TLimBESE SRS OMIEIEL L E XA E L L. —F, M. flosaquae O
S&k, 1mg/ 1 PLEOBET r=073day ! ERA%ERL, 05mg/ | DEBETHp = 044
day ™' AN BEVEERLF.

tids, M flosaquae OIE, WHEEFSTHCEMDTS, SHME 2=044day™ LB ¢
LR LEBSOK ST TRESED O, TOREBBEOMENEDL LN, TOBERE,
BRI L TEEMEREBERAShACEKEAEDEELI OGN,

Az, M. aeruginosa K—1,K—3, 3 XU M flosaquae 1BHd 5, BRBEELGAIHBORM
BEH QIR LI, Bl O 8 Lz M. aeruginosa K—3 , M. flosaquae OWEE, NO3—N&
LT2mg/ 1 T TREEOEMCEV AR EEBRAEML  EXZS D OBRANER 3L T
Hotre £1NO3-NH2mg/ | LLEOERE LA LHEHEE S IINEDOETHED Sl—F
K- 1D EPABRII NO ~NAidmg/ | & &0 BE £ THEARM K FIEEROBNED St
FHEONBESS LETHOLORBLIBLY L 2EBIEVVERR LA, COMhELTH,
M. aeruginosa K—3 , M. flos-aquae JEHEATIR L, BEREMEEEBICENRT 2100, BER
BIOmS & LT 55 RIEOBEARN E LT, SEMERBERLUMCEPAK L b %<
HBShAZOTHEVHEEL OGNS,

300 M.aeruginosa X-1 a

M. fles-aquae

{ mg/1)

M.aeruginosa K-3

Maximum cell growth

0 ' 1 J
0 10 20
BO5-N { mg/1 )

M 9 BXEERCKEITEREEORE

Fig. 9 Effect of Nitrogen Concentration on Maximum Cell Growth_
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Microcystis, AnabaenaZE OEBDEMBICHMRE (G LTV AT EHBHMONTE D, Gerloff
5% Lange " Murphy 5'? 3EREIE LBV EF L — MIBEOEECK D RO FIRE ST
n, EEOMMEEME AL EEMEL TWD, T THEED LMERICRITTHBIC
DULTHREHENA, TORRELRIOKT L, L TR T VBHERAWV 2, B& L TO01L
mg/l #ET #=055day™" LBERAOLBEEAESESN, EBRETLED pG N1,
BERCETHOEPGTS, BERO I0EORARE TE=046day ' LBV o TORRHED &
iz TDOT LD, BTV v ERRIEH LD BEENICERSNEIMETHAZ Lo5HEESh
12a

1130 BEEEAHBROBESTLELOTH S, HELT01mg/l DBEOES,
13.5mg/l OBEDSEREI NI, ZOBELTTIE, ST 2HEOINER 125 ThH 1o —
F0.1mg/l SLECERREHSH 50 EFLCETF Lz, COBHIRATH 3,

M. aeruginesa K-3

M. aeruginosa K-3

25

m ( day')
& 1
Maximum Cell Growth(mag/l)

0 L 1 0
0 ‘ 0.5 1.0 0 05 1.0
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B 10 L emREEI RIS HRBEO R 11 GARBEEICRIE T SEEDBE

Fig. 10 Effect of Iron Concentration on Fig. 11  Effect of Iron Concentration on
Spesific Growth Rate Maximum Cell Growth
4, F&HH
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UL Tto THHLTEESI25~35 CLHVBETREAD ILMMEFSTL, 242U v}
0.02mg/l , BEHRH 1mg/ | LERETRIZEAOHBMELER Lo 2O LEHS, B HO
BIkis, Microcystis %#EWICHEVEETHEIE A0+ EBED ) v L EREFATNDT
EBYSENE T —HRICHL Tid, MtkE SIBEIR LD IMRERE AT L LS
5h%, M flos-aquae OJ5H3 M. aeruginosa it~ D@ HIBEEE AT 52 S8 HohE
fot, BIFUEYTTE, M aeruginosa K— 3 DEMBEMEH 1B, M flossaquae 114
05 BHTH -1, BEEOEVSZRETFTTH M qeruginoss K- 3 2@ OHIEEEESRL, U ¥
EERRICS L BAENICRBBRIN TS0 LEL 0N,
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ERE Microcystis aeruginosa @ Y 2 HR Y A3 & 1858
RIEEE - Al — ag
Phosphorus Uptake and Growth of Blue-Green Alga, Microcystis aeruginosa

Mttsumasa OKADA', Ryuichi SUDO! and Shuichi AIBA?

Abstract

The specific uptake rate, Qp, of orthophosphate (expressed throughout as phos-
phorus) and the specific growth rate, g, of Microcystis aeruginosa were measured
using batch-precultured cells, whose growth phase, and intracellular and extracellular
phosphorus concentrations, f, and P had been changed, respectively, When the cells
frem phosphorus-rich precultures were used, smaller values of Zp (0.1 ~0.3 ugP-mg
dwlh'!} were observed, However, if phosphorus-starved cells were used, the initial
value of {;, was enhanced more than 10 times of those smaller values referred to
above, but declined rapidly with time after the transfer, Oy levelled off at around
t =4 h when fj, approached the maximum value, even if phosphorus was still avail-
able in the medium. A new correlation was presented here with respect to Op as
function of £ and [ as follows:

P (fp,max_fp)
Qp=QP;max.Kp+P ' Kq"'(fp,max—fp)

The above equation could account not only for phosphorus uptake during which
changes in phosphorus content in the cells were observed, but also for initial rates
of uptake presented previously by other workers. g values were confirmed to be a
hyperbelic function of [fp as has been suggested by previous workers.

1. EHxofprais KEZHREE T305 KEERRNSHBA/NSFI 16%&2

Water and Soil Environment Division, The National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

2. KRAPTFEE MEETHH $565 w@mbLmE

Department of Fermentation Technology, Faculty of Engineering, Osaka University, Yamada-kami, Suita-
shi, Osaka 563, Japan.



1 LIS

) VHIET TR S ABREME, ) YO BESERICEShEES, 2y vV Ve LT
EROY VEBBTICLBHOOATN S, Bc 0T h, BEE EagRFoFEIck
N, AREESKHSELETACEBBEShTOE Y, EXBMIcET 3 Kk0E” DERRT
ERHTAIEE, cOLHN) vOERI LTI YHIR TS AMEREAEET AL L b
FETHHLEEL LN D,

EFE o — & Microcystis aeruginosa {3, ERBHC B TRERC LIFLIIELBELABZ
LIS NTO B, BCl, BEREL TKEEREG 7 v F EHET 27 BROCEEHS,
DY BERFECHELTHRA A ¥, HIEOERMSL, KOFOREERENLY S 5,
LinLESS, ARECEVTR, 99 0O M seruginosaicitd SHMIcHETHT & & LAY
EHREMICBEVTS, BRb ) VBEGEEHS 0 ED (0,01 ~0lmgP- 171, Nyholm'®
HESEHIcL ) v oI DAZER LA ) 2lE L R, Michaelis -Menten BIDEA
HHBATEDC LEWOHIC LI BFIEE K O3 002~008mgP 17" Th-io L
Petio TEREHIZBO TS, BHRY YHETREL NS ThEMN S 2 LRI NS,
i, BROBRAE LI YEEOSVWKSHBBCHRAT S L, SREISEC) Y ERDALT
FAH9, ThLBAicy, M aeruginosa OXHEKGTREEBE T IMEIR, B VEF
BEVEELOGNAEBLY, ZhPGVERBICESVLES, 2EL Y v O AL AT
HEEHLEL oL,

) DY IALEE, KoURREOHNEREL TRECE 0fiEsdd. ChoERISE
599 sezs, bpmEDP s oz, bgEED, v 025y b B
#DP LR L TEL OEBEHKEORS AL ERL, thooy YRDALE
BEIC oV THRET L 720 Rhee” REQHBRERICH &5 0 THMAS £ CHERAOHED Y v
FIRER LABOEREREL, LELIRSORRTE, MRCEENESECRTVER
DEOERE, THHBEYPD Y vIRDASBEEOFRITOS £17- . AR TE, Y vHD AL
e B SED AL EEOHMESED T, M aeruginosa ® ) ¥ D AA T 5B71%M
BEETI,

2. EBFE

2.1 (HEIERG S UM

(EH L -k, RERET D -3 ARSI L D 5852 /- Microcystis aeruginosa
K—1Thd, EHiZ Zehnder — Gorham® dNo, L HEERH ( M Z GHiH ) EH V20 &
tiphh, V) UEEY YBEERRCT, OTRTORRE S EDOBEMO BREEL . ) HRE
YR () v e LT) @KHPO, BB EELT0.05mg 17 $520mg - 17 OREEHTE L




e B UV LBEE—FICT B0 KHCO; 35N L, BHOKBES35mg- 17! ok - #:17)
MZGHRB BRI - 2 L—F(120°C 104 ) THE L. MZGEO pHiz 8.0 & 75
A&, #iikic IN- HCl THEL .

2.2 REEH

BBICEILVY v 74 —L28ORBRELA5000lD3B7 7 A3 5L 2. BROFER 100
m &L, HORET(GE cool -white ) TLERAHSBALLREARE S BTHEERELL, BEA
24+ 2CIKR - 1o REVAJIERTLIDREEL THEBE N 20 TREL EALE0, BE
175 2 aAMOERETMOMOECATEL, 0okl $EALSCHE L, SBIOBER,
FlERIcE 2 &, ERRTHEAL 28T, HIEEEE, phrlEct L THEfid2BET
H Do Lichi- THOWEEHIBL LV,

2.3 Hiks# .

Vv OHED AL BE Qp, 5 LU HIBTEER ¢ ORIEICEL L, RULMRAY YRES, @
BLUVEEAE T HREEL-HDAEEET- fo BEROERERIMZGIEM 100 ml K
stLlml &Lt, MZGHMIABD ) VIR 12mg 17" & L, cottfln, BRIz 25
BiCHIBR & ERER L 7o { XS8RI, HEW], #bA1), BES A7k sy ERe ( 6000 X
g, 107) KL AMMOTEBBEELRAWC, 20 (3HEld, NaHCO; A #, 15mg-
17" ) Ufeo ##0t8, BRiif~7:500ml 38752 3chDiEt( 100ml ) icEL 7,

2.4 HEHRONE

BHBEOHE Y, EHMREREGTEE (Mear Cell Volume Computer ) ff& D2 - %
~ho v —, ZFE (Coulter Counter, Model ZF,Coulter Electronics Inc.,Hea~
leah, Florida ) %8R Lic. MM &M ER E o, FOMARL TS » Y T v -
YavFe- PRLIDBHOERERCHBE L., ISENOGRERG, HAESET V£
T7 408 — {Type HA, BT # 4 X =045um) THE@L, 90T, 4 B4fEleethin O ERA{EK
VR,

2.5 VDo

MZG b ) VEEE ) v iBEERBEE I Y RT 7 05— (AL YL DFRIL LK, #
KERESHABEES LD M LCREL 20 22 TlimgP 17! DBITHEDT. —HHEIAD
Y VBB, fymg Prmg dw” (%)if, NaHCO, e 15mg -1 )T 2 mIgkHE L /- Bk % NaHCO,
HRICEE (M50 o) SefcalkliconT, &) vBEETMT T4 &I, BlITRDI-ER



BOBEBEOBELVHRCL > TR/ 2V YO LHOSBEEEHCER (11N, 1ml)
BEUBHE?7 v =4 {04g) TEE 0mlLEMNE, 120°C, 30 S -t oL -
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2.7 LHIBREERE, o

AiESTE L7 MBH ( 3~24mg 17 ) %, E40) vBEOMZGEMICEREL 2, HEEK, X
Biickhizh, BHBHOBBBENE L. pEBREEOBOOMING &, T OMOEEH
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BOTOPRDT ABELH - 1008, BEEIE FOMET L. BT ABE, BA03pg P
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Fig. 1 Specific rate of phosphorus uptake, Q, intra- and extra-cellular concentra-
tions of phosphorus, fp and P, respectively as dependent on time, ¢ (Micro-
cystis aeruginosa).

A 1 E (E2) celis, algal cell concentration = 13,5 mg dwsl™! , harvested from the exponen-
tial growth phase. B : D cells, atgal cell concentration = 8.1 mg dw-l'l, harvested from
the declining phase. Symbols: W, P; [, fp: @, Op.

P-mg dw' -h™', SHMTIH46~52#gP - mgdw -h ' Th-t, ChODER, EMRfSC
BIATNEHEELTIO FLETH 2. DL USHlIDES, t =0iCkd 5 Q, EAKSE
Witth, 77 A INEAD) YOREIRRLI 55D EFAT

B 1 BRd LI, Q@B d 21T Lichi- TREITED LTV EE b, MZG
Echo ) VB GRED L, M F, GEL fos o ESEKE ( Fo max  Das L TF SHHfRIT
HDWT095% ) iICEDL Ioh T, Hitirhicy vHBRFLTHTH, QHIREMNR LRV~
KET L. DRSS, QplildSlica—rliIcElblL, EllkiFv il
P REBRHTE, Q7 2N (Bitd ) ) VRECEBRIELALEDLINL
ot (R2BH, #l),

[024t, Db SHRICHT 2 Qp & fp & OBIFEE T B0 EMBICHT 5Q, HHE
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FREDE L FSHIBIESIC S, nax=095% ELTR (T L OHELA, CD&E
Qp,max LY Kq i3 Linewerver—Burk 72 b { 1/8p W1/ (), max —Fp))
CEDRE LI TDMEE, DHEME Q) nax =53 4gP mgdw ! h™!, Kg =
0.36 %, SHBE® @y max =71 2gP-mgdw ! -h'! Kk,=026%,

iHEIO MY Y BE 03 mg P it OMZGHRIMICHLASHR; @, PIEY
BEOI10mgP- 1" OMZGEMICE LA SARE: A, P81y VB 0.22mgP- 17!
DOMZGC OEMICEL /DM ; A, P vEBF 0.09mg P 17! OMZG B
L-Dffa M, E1 BXUE2 &M L, VAR (EE) YBE6mg P17
b)) & T ToigEs DM

@y as affected by fp. Solid lines were secured from Eq. (1), using fp max =
0.95 % for both D and S cells, and taking Qp may and K values that were
assessed separately by the Lineweave-Burk plot of 1/Qp against 1/(fp max
- fp ).

D cells: Qp max = 5.3 #g Pemg dw™ +h™, K q= 0.36 %. S cells : Qp max = 7.1ug Prmg
dw™ ", Ky = 0.26 %. Symbols: O, § cells transferred to MZG medium where inital
phosphorus concentration = 0.23 mg P-] -l; @, S cells transferred to MZG medium where
initial-phosphorus concentration = 0.10 mg P A, D cells transferred to MZG medi-
um where initial phosphorus concentration = 0.22 mg P.] 'l; A, D cells transferred to
MZG medium wherg initial phosphorus concentration = 0.09 mg P-l'l;[l, El and E2
cells; &, D cells precultured under phosphorus-rich condition (residual phosphorus:
more than 0.06 mg P+17").
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Solid line was obtained from Eq. (2), wherein pmay = 0.7 d", K = 0.2 %, and fp min
= 0.1 % were used,

(o= fp,min)
H = nax fp P (2}
K+ fp—fp,mia)

Huax =SAKHIERLER, 47!
£ o min = BUNF o 8 ( ORGS0 50150 £ ) mg Prmg dw™, %
K, =% ¥ %

R 3DOEHL, o =07d7L E, =02%, WO fp mip =0.1% & LAR2NI K 258
HCH B, COERDH D, fp,min KOV TRIEHEPED SRS LE f, OFFEEFAL 120
fonfiiid, Lineweaver -Burk 7’0y b ik » TH#F L7zo Nyhom DO &I KNI, 2 pay,
Ky, BV min & LTRD &S BEIREN TV B,

Chlorella pyrenoidosa
HBoax =24d70, Ko =04%, fomin=013%
Selenastrum capricornutum
Prax =2347", K, =03%, f min = 0.15%
D LU SHIICOWTOF— 7 RR 3 IRRE i otce LbL, R3OEREFA—D/ <3

A—FHDBLFSHBICERTE ., Lichia T, M2 BEFOFLMAERG T v miksE
SV ELA B ‘ '



1}
2
»
4)
5)
6)
7
8)
9
10}
11}
12}
13)
14)
15)
16}
17)
18)
19)
2m
21)
22)
23)
24)
25)

26)

27)
28)
29)
30)
i

sl B x

Harold, F. M. (1963): J. Bacteriol., 86, 216,

Harold, F. M. (1964): J. Gen. Microbiol., 35, 81.

Harold, F, M. (1966): Bacteriol, Rev., 30, 772.

Weimberg, R. (1976): Can. J. Microbiol., 22, 867.

Droop, M. R. {1976): J. Mar. Biol. Ass. U. K, 55, 541.

Fuhs, G, W. (1969): J, Phycol., 5, 312.

Rhee, G. (1973): 1. Phycol., 9, 495.

Sicko-Goad, L. and Jensen, T. E. (1976): Amer. J. Bot., 63, 183,

Reynolds, C. 8. (1973): Proc. Roy. Soc. Lond. B, 184, 29,

Gerloff, G. C. and Skoog, F. (1954): Ecology, 35, 348.

Reynolds, C. 8. (1972): Freshwater Biol., 2, 87,

Schnoor, 1. L. and O'Connor, D, . (1980): Water Research, 14, 1651.

Nyholm, N. (1977): Biotechnol. Bioeng., 19, 467.

Batterton, . C. and Van Baalen, C. (1968): Can. J. Microbiol., 14, 341.

Healey, F. P. (1973): J. Phycol,, 9, 383.

Lehman, J. T. (1976): J. Phycol., 12, [90.

Mohleji, 8. C. and Verhoff, F. H. (1980): Jour. Water Poll. Control Fed., §2, 110.
Stewart, W. D. P. and Alexander, G. {1971}: Freshwater Biol., 1, 389.

Tilman, D. and Kitham, S. 8. (1976): J. Phycol., 12, 375.

Healey, F. P. and Hendzel, L. L. (1975): J. Phycol., 11, 303.

Azad, H. 8. and Borchardt, J. A, (1970): Environ. Sci. Technol., 4, 737.
Chisholm, S. W. and Stross, R. G. (1976): J. Phycol,, 12, 210.

Chisholm, 8. W. and Stross, R. G. (1976): J. Phycol., 12, 217.

Zehnder, A. and Gorham, P. R. (1960): Can. J. Microbiol., 6, 645.

U.S. Environmental Protection Agency “Phosphorus, all forms {Automated Colorimetric Ascorbic
Reduction Method)”, in Manual of methods for chemical analysis of water and wastes, USEPA, Ed.
(EPA-625/6-74-003a, USEPA Technology Transfer, 1976), P. 256.

.8, Aiba, “Growth Kinetics of Photosynthetic Microorganism™, in Advances in Biochemical Engineering,

(Springer-Verlag, New Yourk) (in press).

Nyholm, N. (1976): Biotechnol. Bioeng., 18, 1043,

Aiba, §. Ohtake, H. and Inoue, T, (1979}: Biotechnol, Letters, 1, 235.

Lowendorf, H. S., Bazinet, G.F. Jr. and Slayman, C. W. (1975): Biochim. Biophys. Acta, 389, 541.
Lowendeorf, H. 8. and Slayman, C. W. (1975): Biochim. Biophys. Acta, 413, 95.

Goldman, J. C. and McCarthy, J. J. (1978): Limnol. Oceanogr., 23, 695.




Ex aEwxemuegs N25% (R-25-"31)
Res. Rep. Natl. Inst. Environ. Stud., No. 25, 1981

6. 7420 AX LY RAFTLHICED Microcystis DRKEER
MOk OE - ke
Mass Cultivation of Microcystis in a Microcosm System

Mitsumasa OKADA! and Ryuichi SUDO*

Abstract

A highly controllable microcosm system which is able to simulate therma)l stratifi-
cation and diurnal variation of light intensity and is capable of microbial culture
under sterilized conditions has been constructed. Two unijalgal strains of Microcystis
were cultivated in this system and M. geruginosa accumulated at the surface of water
as is observed in lakes. The specific rates of population growth in the microcosm
were 0.1 day ' for M. geruginosa and from 0.3 day™! 10 0.5 day™ for M. flos-aguae
and these values were significantly smaller than those observed in flask culture ex-
periments in spite of high light intensity at the surface of the microcosm. The dis-
solved oxygen concentration in the microcosm showed vertical distribution and was
only 2 mg/1 at 2 m depth.

1. BL®HIS

TRLEER KO MMHEROERICE L, LhWAHBRIICL 2HBEF L L LEY,
INLOMBRIEFRELTY) ¥ ORFCHNEHTEY, COLHHBOEXRBLEIMALEDL ST
HFTL T A, & Qlihil, Byl loERBEsE L ETLABRILEL TRESRHO
Microcystis , Anabaena Bk L ROFESKRLEL, BEORYE, EHOETOALGT,
BREANOERE, AkLEBRELLSSOHMMELFEBI LTS,
LOXHNEMBREXBLoSETLOMBIE BREETLLETHEM, L4 KTH A,
FBEFEN2BEOARRLEEIRL OFFBCHBENIKEL L OTHY, BRRONENEE
nTwa,

BRI L A KOEOHE T 2HAE - HEABLEDHE{TbR TV, ThHRO
Reynolds”? Sirenko V0 & 5 niligic 53 2 kO RORATER LT HHE, bLUOER

1. EuaEsinm AHLHEBRE T3056 KB RERSAKANEN 16 - 2
Water and Soil Environment Division, The National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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3 &4 BREDFSTEYD Lt aman,
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Vo 17 -4 OBEN, B ORIESS L. BEEEIRTEMLLTE TV RLDHES
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BB aKOEOREXHRT I EEHETHE L, EIC74 0, FETLEOL I TR
EHBRONLAER, BEARCEHTAZ EAHOATH L, BEOENERICL ->TIDLS
A IERT 5O EBTH S5 O,

PlEQ2EORERAELLTTA 0 03X Laihld b FHTICE O TEROEED S ik
LRI AHICEELAFEEAOS w4 7 0 3 X LOBERICD W T 5 & E BT, Micro~
cystis DBBIERICI SEBENTO AR KOED LRI RIZo0TIHR~NS,

2. =4 03X LDWE
IR LIEEI, v 470 23X AdHERE7 7 AT L OERZR LORBBROH
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—> 0 . m————
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B 1 HROGHEEERBILBITE77 22 LXvOERR LoDERIEcSH5 <
4703 Xa0BESHE

Fig. 1  Schematic diagram of a natural system of lakes, a small-scale laboratory sys-
tem, and the intermediate “microcosm™ system
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Fig. 2 Schematic diagram of the NIES microcosm system
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W7 aqnwsy~, BERG7 « V5 - 20BL, 7 EBROBLY 7 2BED 5 v 2 N4 RE
ThH. BEHRGZ « 49 — 0324y vaORUEBSPERVE, Thidd e/ v v TREHNE
KN EDEEEEIVB/LNZ L 3, 7405 - ER4IRTES T, 71409 - L
B WEHIEH, 7408 - ROFERICLDREL Ay va2BRL, BEXELEGE L5
Lfze BN BEAMER, 7 7OERHBEIEL - TRN A, KEMTH 30~35klx T
#Hde

v 478 3X6- AGRAE L THERNOKEREET, BERBLERT 2 L5 BE&GTHEE
T 5o Lo THRMEAREEIRI S Aot Lal, SHECIHU TERL D MEEE ERE

K 3 <A44maxs—ADHE

Fig. 3 Exterior view of microcosm-A
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Fig. 4  Filter disk and sensor-box at the top of microcosm-A
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Simulation on Emergence and/or Disappearance of Waterbloom
in a Eutrophic Lake

Mitsumasa OKADA! Ryuichi SUDO" and Shuichi AIBA?

Abstract

A mathematical model, unsteady and five dimensional, was constructed to predict
the vertical migrantion, emergence andjor disappearance of the waterbloom of
Microcystis geruginosa, ‘

To establish the basis of this simulation, the following rate functions were formu-
lated: i) the algal photosynthetic activity as functions of irradiation light intensity,
chlorophyll @ content, and temperature, ii) the rate of change in chlorophyll a con-
tent (light adaptation), iii) the rate of vertical migration of vacuoles, and v) the rate
of change in turgor pressure as a function of the algal photosynthetic activity.

The simulation showed that the vertical migration, emergence andfor disappear-
ance of single colonies exhibited a cycle of three days and did not necessarily repre-
sentthat in the natural environment, because the group of algal colonies in practice
should have distribution in size and showed apparently the cycle of a day.

A sort of sensitivity analysis on various state- and control-variables used in the
model revealed that “increase’ of the following variables tend to favor the emergence
of the waterbloom at the surface: i) concentration of suspended materials in water,
ii) algal colony-size, and iii) regeneration rate of gas vacuoles. On the other hand,
variables, whose “decrease” being likely to be accompanied by the waterbloom
appearance, werve: 1) temperature (provided: a range between 24 and 32 °0), ii)
chlorophyll a synthesis rate, and iii} rate of change in turgor pressure.
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Table 1  System equations (Equns. (1) to (5) and adjust ones used in simulation)

Five state variables used:
X = algal cell mass concentration, g dry cell/m?
Z = algal location underwater, m
Vs = volume fraction of gas vacuoles in cells, %
P = turgor pressure of cells, kN/m?
C = chlorophyll a content in cells, % (w/w)
The system of differential equations:

W ko, x ey
@z 2g'(p°_;:w—a"Vf)x3eoo 0SZ <2z - @
-d_:tf: T ey ;rVreq) for Ve > Vi, 3)
or
= A for Vg = erq
=« Pmax =P+ Qo, — B+ (P = Pryin) @
e ' (Cpax - O 8- C (5)
Qo= k' 1 for I < (Do) max /K’ ®
or
= (o, max 12 (Qo)max/X
N K'=m-C ()]
(QoImax = (-0 +5)+C (8)
o = wey &3]
g =1 (10)
w=1ip'+q' -8 (11}
Py = 998.2 + 0.256 X (20 - 8) (12)
tw = 10(—1.65 +262/(0 + 139))X 10-2 13
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Table ! (Continued)

P
Vg = Vemax * (1 —J;)fn,t,,,(P)aP) (14)
I=f°'ee.z (15)
€ =m-+5+n’ (16)
me{tg — tgr)
= 3
Iy = 1°max + sint (#) for te St S 15 an
8 st
or
=0 for 2y < tg
or
for s < tg
ta = - [ 24
d [ﬁ Gauss X .0 (18)
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Fig. 3 QO: values affected by irradiation light intensity, 1 and temperature, ¢ in
M. aeruginosa cells harvested from a turbidostat culture (2.6 klx and 33°C,
Run No.3 in Table 2). Solid lines are secured by the method of least squares.
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Table 2 Algal characteristics in turbidostat cultures and the parameters estimated
from Q,, measurements (M. aeruginosa)

Turbidostat cultures Parameters assessed
Run | @ I X D c 6 (Qo)max K (Qo,) max/C |Symbol*
a o ° ml 0, ml 0,
O kIx) (geellfl) (hr') (%) o (W) (ﬂg “hia hr )

1] 3 18 0048 0024 19 | 33 233 197 i3*1®f )
2 337 2.5 0.052 0032 1.5 33 258 19.7 172 O
3 33 2.6 0.045 - 15 20 133 21.6 89 O]
24 161 21.6 107 ©
29 198 2t.6 132 &
33 258 21.6 172 o
36 270 21.6 180 ©
4 33 2.7 0053 0037 15 13 268 18.8 179 ©
5 33 3.9 0.046 0051 1.7 33 241 20.6 142 =]
6 33 60 0046  0.059 1.3 33 234 14.4 180 A
7 33 80 0.046 0.044 1.2 33 142 9.7 118 ®
8 33 108 0.045 0028 1.2 33 129 9.8 108 A
9 27 26 0053 0.034 L1 27 164 16.6 149 0
33 235 16.6 214 ©
10 27 39 0050 0046 10 27 148 11.9 148 @
33 178 119 178 (=
11| 27 6.0 0053 0052 071 | 27 88 6.8 124 P
33 17 6.8 165 (]

* These symbols are used throughout, but in Fig. 6 and 7, symbols in addition to those summarized here
are employed,

R46Qo, LEELOMBETRT LI/ 7 va EHRENF A —5ELTA,
HA$33°C, ME 18405108 klx (Run 1,2,4~8, £28M ) Kk 2 8EE%EHI0H
tro HHBRTTE, Qo, DXICHT EEBR /v a7+ Ve EEBRBEBIhELEELILND,
0L, BEETOS - NRS y MEFLIV@ELI o7 e ERBDEVHHE R,
OFEHEL, oo 7 e EHEROF VRO, 3&Vv. LiL, tiafnfstic s
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=
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=
= ® 919 @
= Doy
£
S 100}
Symbol |1, klux| €, %
1.8 | 1.9
25 | 1.5
2.7 | L5
3.9 | 1.1
6.0 | 1.3
8.0 | 1.2
108 | 12
1 1
0 10 20 30

I [klux)

B 4 M aeruginose DQo, T ABEL7 v 7 4 v a BHB(C, % )0%
e

33°C, 18~106 klx TBHB¥ —EFRF » bAEEER (Run Na 1, 2, 4~
8, B2 )PoBIEEADIoOT v aBER(1.2~19%) 2R OBERKLS
MEMR, ERERD2IRECL - TRD,

Fig. 4 Q02 values (measured at 33°C) of M. geruginosa cells harvested from a turbi-
dostat culture (light intensities ranged from 1.8 to 10.8 klx, 33°C) vs. light
intensity, / Chlorophyll ¢ content, € being parameter (Runs Nos. 1 ~ 2,4 ~
8 in Table 2). Solid lines are secured by the method of least squares.

% Qo, DIERSFLEr a0 7 s ve BH RO MIEL THML TV, $4b 5 Ba-
der ¥ s kU Nielsen® it & » THRES iz L S 1iC, ARBRME TR0, DERM T L2 U
o7 ne SERORELFUS, BAICL - THEET 2BBERBICE > TREENZ L
SEIEEME R LTV S, PO ERIE-H>LTEREDRT 5.

K3 LOURKA LB MEE ST, RERICL ZHBRAEEY ( CTEARFE]E
COETRETS ) 2L snice, BE, BF, 8L/ o074 v o BEFEEER
LBEFHREN SV, IPOJ/EO 7 my i D, SYICEETL 20 Monod B gk %
ftTH oo L, Lineweaver -Burk® 7oy Mk D 7 4 - ¢ (FANFH, (Qoy)max)
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Qo, (I 1K) DiEEEHE 2 LMDBEENFMS 2.
BEDHMTHRHTH- 120
 £T 4 Blackman ®R*? ick 9 Qo, LA, [ LOMFEEEDL, 7007 40 6 BEF,
CBIUVRE, 6§ 0RiE 7 2 - YO THBE LI

Qoz =k’ 1T for I < (QOz)max/x'

or (6)
(QOZ)maX for I g (Qoz)max/r’

iz,

& o RHIEER O cOoBag )
ml Os/g cell hr kix
(Qop Jmax @ Qo, DEAIH (C & 0 & DBEK )
ml Oz/g cell hr
BRD &', (Qo,)max DL, K3, K4, BLUMORELSF -7 2HOCTHEEL L.
EICE BB O RN 2 T 2R, HERETAETIRO HITAC- 8450 KB FHER
( LI HITAC-8450 &FES: ) TiT-7:0 HEEMIIE 2 10R L
COHIFNRE KRTE I R COBOMBTSA BN,

£ =m-C . (7)

zeic,
m | HBER

KLICR LT (Qoylmax /C O, T1abL 1 gD o 7 (0 BRE L) OHAKIKL IR
FREEEE, BEINLTT oy FLEDHER 6 TH B, I3CDF - KON TRPEOOI
SoxMH LN, BEHMFBETREREL D5, CORERLOER, THUHEEBETCHIL L
Qo, PEEKFLE /oo 7 4 ve SHERIKL LY, LVWHIEELFET LD TRE.
Qo, KT B CcOExRE, HES OREETHOAICTIHNT (Qo,) . /CHELLHI Ty
FEROEEG TS D, BE, 33CEBP2F-sORSDEE s 0o 740 aBBER
ALTRNC L, WETIE (Qoy)pn,, DEEHTLE COMTHBLENT LEHE LTV,
H6DF~TORLD, KhDBERER/N2FHEICL » TRD o
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Fig. 5 Correlation between k" and C
Solid line came from the method of least squares (for symbols see Table 2}
m=11.7 in Eq. (7} in the text.
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BRI 2 B L » T, BIRhDa, » DHETHME, =51, 6=—-71 T
H5,
Fig. 6 (o, )max/C vs. temperature, 8 (for symbols, see Table 2)
Solid line was obtained by the method of least squares for all the data points. For 4 and
b in Eq. (8) in the text,a=5.1 and b = —7.1. '
(Qoz)max/C=ﬂ-'0+b (8)
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3.2 Zun 740 EEROEEE

3.2.1 EBAHH:

R L M. aeruginosail, 3.1 ERICK-28kTH Do 500 nldD =B 7 5 22 (84 : 100nl)
Zeavyxr-s (ERE)OREL, § 72577 ( 100W, 52 0BT TRl
AREHDER(I00EE /23 ) 21T fo BER 7 5 200AMTES 15kIx (HOERE =
lem), BB 25+ 2 CTRNEEET -7

ODsso #:0.15 (=50 mgcell/] ) IEFRHLAFITHBELLE, BRIZOTLRIEIBESR
HF (0~ 12kix ) IS s, RS 0o 20 5B ERdDD son 7 L a BFE, C %
DRER T >0 UBIOEHERESXTH B0, BEBESIMT 2, LpL, LEGHR
R OHEERDBE ( I=30klx T40hr KINOES, &X210mg/l, K788 )THERLD
250 L {RELA ( BEBBROMELE, AGHGiCHL, CORBEGTTENISERETH
-t}

3.2.2 FEEREESNS UICERIL

R7id, AIEED I5kix L ORMUCGRLUICBEERBLAZEBNE t =0 &L, TODHRDCDHE
BAETRLAEbDTHE, COBR 15kix L ERIERBLLES, #NT2E8RITHD,
WCEBETCRED L, COMEHHE L ORBEITK L TREIE, Ceq 07 5iTid4 40 87 fH
Bz, Moz o0 Tidkhild 5,

R7icnL-BRi, XBIE ( light adaptation) &FRHINTE Y, Bt 5hOBENH
BINELB) | g KB A FRALDRARBEST TR ASATVEL, Lizhis
T, L TtHEEMNIROR L 2R LERA .

ac
= (O C) - prc (5)
cTic
Cmax . 200740 a DRARKESEE, ¢
a L pom g a DERGRE KRGS 2B (BEOME), hr |
B L rou7 e ONREBEEICHICETIENER BEOMKETS ), br !

AEEAFEITE, o0 70t o SHAEER, (Chax—C) KT 3—KRIGELTY
Dy sve GHEEEEEL, B2HE—KUGIC LS MREREL T Do '

(SRDAEDE 0 EF B & Coq B SR B0

C., = Crmax (19
eq 5

1+ —
al




C 1%}

T L 1

t (hr)

7 M aeruginosah/ oo 40 o SHEEBOEBEIL, 27°C, 15klx i€
BOTHMERLEBEE 0~ 120kIx KB LB
Ehoigiz v = 00053 & LT(22) N X HEL

Fig. 7 Synthesis and/or degradation of chlorophyll ¢ content, C of M. aeruginosa
(batch culture, 27°C, 1.5 kix), when the algal cells were transferred into
another batch (27°C), where the light intensity was changed from 0 to 12.0
klx
Solid lines are secured from Eq. (22) by taking the value of 7' as 0.0053.
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#)E2C kBT AbDELT, TRHLTT oy bET-LOHBRBTH Do Cpax BLY
1/ dkEskn B (200 XRBRB ) kevic, RhOBEREER/2 RETREL . HROMEK
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I (ktux)

8 1/CeqbIdT oyt 277, 33CRKEBYIERLD,

27°C, 33CRBIBHRLIY, v/’ HENFH 016, 005, Coi124%&
St BEDF— 7 OfMIick D, TEOERE§ KL TROBEEREBT,

Y v/at i Eh

(061 ~005) I

/= 0.05 +( 33 -6 ). = —
(33-27) @

o - 1 p' =066
pitaq’-0 a’=—0018

Fig. 8  1/Ceq plotted against [
Solid lines for 27°C and 33°C gave the values of ¥fa’ = 0.38 and v'/a" = 0.11, respec-
tively and Crpypy = 2.4 %, The value of ¥'fa’as vauied by § was assumed by a linear inter-

polation between 6 = 27 and ¢ = 33°C, when needed, i.e.

o= gy, (016 -0.05) 1
Yla=011+33-8) @3- w

Cmax ’éﬁ'ﬁ'%}c sick D ' (’Xit@ w@ﬁﬂi)ﬁk&f) Hil5.
(9}

a'=qyw - 1’

zTi,
w i SEH (0 OBIBERET B )

ZZE9), (0 REHSEIERAT AL, AHBLNE,
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Clt)=

w+ I 0 w+ I
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Coi(t=0)BWEInO 7 4 Ve GER, %
R 7k sehiiE, BRhOEAE s 22) Rick 2 HEMEO EOEHARNEL B L ST,
rEREL, R ARL-THHELLLOTH S (HREFAEOHITAC-84501 L 3 ), 1)
Ak, WIAEM & L TR C oL (SEEIE) 2 H2CHBIL TV S,

3.3 B

K93, Qo, &1 LDBFRR (R ), BLUTR2IWRLILS —EFR5 » b lEHERO RN
Rl=D=p )DF-FEHOT, Qo, MER—RET (KIF, BERHLT) THSNILE
BEIE, pLOBEET O LD TH S,
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0 1 ! I
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Qo, {mlL 0/q cell hr)

Bl 9 p&Qo, toMEt HbOBHKIED2FTECL > TR X @) I
| OB RITR 2 RRIC L - TRDAR, R (23) 1B e=46x10""
Fig. 9 pvs. Q02 (M. aeruginosa)
Solid line in the figure was secured by the method of least squares. K = 4.6 x 107* in
Eq. (23) in the text.
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OHEFH AL D H AAET2ICHBL 2 RIKHBE L 2o MXPTR, FHa o= -¥E, Ay,
HRBPOEML, Vid, BLUEE, PN/ dZofEMLE L b, TORBELI BTSN
T3,
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Fig. 10  Sinking rate of algal colony in water (17 £ 3°C) vs. colony radius®)
Solid line was taken by the method of least squares.
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BRI Ehh 5,

Lil, ZhooF—-9 kb, #AADMM I o=— { V=0 Z5ELSL 5 ) OkEE
BE(—dz/det : EOIEB ) &, 3u=—DERF, B d, KEUBREFALTEHIOES
WhaedTss, MIOKFETEHMN—di/dt & REDMENEONZ. 2L, viOMIZAE
(ThT~BBTHBID, HAMOBHIn=—&, KT8 DYRELLSELSDE
RELT. EPMOEHREGEN2 FTHCL - THEEL 2o CORBROEAEIMAT2THELED,
ThEE P (f Stokes OIS EFALTE L,

- §§==Ei£f%iiil R? X 3,600 (24)
ceie,
—dz/dt @ HAEAOEOHE,SSHS 2 0= - OWLMEE, m/hr ( COERBTEHE
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Z o0 -OFFETAREX (AERAEZ=0mi TR LLOADEELE B,

t CBER, br
CEAIEE, m/sed
R o= —0¥R, n
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FL

£y =9982+ 0256 -(20—-8) (12)

uw=10[1'65+262/(ﬂ+139)]>< 102 13

12), 13) KRBT O = 17°CE LTHRDO 1, Dlli% (20 RITRAL TP, ERDB &,
p. =1003.7 kg/nl& 1570

20 RicB O THS UL I, FAD p 2 HRAEETL20=--0OFBFE, P, kg/ad T
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B 11 P, EV EOBEER (M aeruginosa)’ EehDEEIE Vs —0Te, =P,

RhDEMRE Ve =0T L, =p. (=10037 kg/m') &4 3LD KRN 2REL L
DREL T RELD, DBLP(B) Rk 5 o FHRELL (a'= 236,

Fig. 11 py vs. Vy (M. aeruginosa) )
Solid line was secured by the method of least squares. The intercept of this line with
the ordinate corresponds to p, (=1003.7). a" = 2.36 in Equns. (2) and (25) in the text.

FHRICEDREL o 1L, Vi =0DBE, o, =P, =10037kg/of £ AT E%HitREL
te Thdb,

Pv:PC—a"'Vf (25}

T
e’ SEEL
(2 K, @ RED, 2o=-DEAHROBENEE, Vi, B, BIT0 (EEMITEED
NIV, g oy (3 OOBIE ) OB E L TRRD & S iTRbE N D,
dZ  2¢ (P e’V P,)

o R? x 3600 (2)
d¢ Gty
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3.6 AlAofes X UHBEE

3.5.1 #AROKHE

EBED Anbaena flos - aquaek Bl f: Walsby 'Y OFFEIE 2 &, MLy Bt
AM ( gas vesicles ) dES &, MERELICRSFOMMAMLEWTE, shvzxaDRab &
DB ZBREDIERSHEHT LI TS, FARKE { gas vacuole ) REEB (D
gas vesicle DIRSETH A0, M aeruginosa O A WIHT ABALEII A6 & IE#H 9%
ERTHDEEEL .

HKTCH AR 3ENE, BAEDAREDATEAEEATEVY, LiiaT, #
ZRROWE AT ANERDBICHE S LRETHE, BEOEMKLZFIAROEREBOE(LEBZFD
ERAHEHTEZI Sh 3,

B112 @ C D EZICHD T Reynoids > ORISR ( 1971 BT 19724 ) kb, BEPEY
AHVBRBEV EOMEE T 0y b LESDTH B, 7= I ADUDE L2V TV B, PH LR
TR TV; LT M EGEALOohE, Edodhie, Aot fmicBld s E i
OHRICH ETVTHL N ’

Vioq =Vima (1- fop fa £, alP))dP) (14)

ZZiT,
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Vi
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0 I !
300 400 500 600 760
P(kN/m?)

S 12 Vi &P EDMEIM aeruginosa )’ Koghiic v, =804, &=

max
560 kN/uf, ¢ =60 kN/ofd& LT (14 XL EHB L%,

Fig. 12 Vg vs. P{ M. aeruginosa).’ Solid line in the figure was from Eq. (14} in the
text, wherein V., = 8.0 %, £ = 560 kN/m?, and @ = 60 kN/m?,
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PEPBICNBZRTEH A,

Fbm RS, M2 B80TV OESEES FHEIKE > TN &%, 43 L &4-5Hcd
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fLEEAMBoN 2,

AV (Ve-V )

—_— = & for Vi>V
dt de f feq

or (26)
=0 for Vy éerq

feiZl, 6 IR L ok S i A R BB ET 2 b0 ( ERHEO LD ) LT 5,

3.5.2 HRBEDER
Lehmann &'V (F BFEMFICL D, BEHNAEE ( # 2KEHET 5 ) OF 220 H L dE
RHEL . oMM, AN oH 28 (gas vesicle } D, B LR E T EHNITHIE
LTRDHTV B, (AFROHF AROERRIAE( =70nmm) LT3 ). M13 @z 0ER
EH LU TH AR Lice REEHRAD OF RAROBFROBRENTRL TH 5, Ed
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LtchinT, HAREEREEIRATEROEIND LREL L,
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Fig. 13  Regeneration of gas vacuoles (M. aemginom)“)
The value of A in Eq. {27) in the text was (1.1 x 10® nm?/cell hr) /(1.0 x 10" nm?/
cell) x 100 = 0.11 %/hr, taking the cell volume as 1.0 x 10! nm>/cell.5 1* The cell
volume came from that ¥y = 8 %'* corresponds to 8.0 x 10° nm? for gas vacuoles per
cell. The original data of 5.8 x 10° nm*" was enhanced by nearly 40 % without pat-
ticular reason.
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= 4 for Vi< erq
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— kD aBlUPBOHEEHEEL Y 2, LbL, BAroa, SOEEHRITLIN, EfllF-2 &
HEMEEDMERLTLSBEDNL bDTUM Tz, (FHEHEET 5 )
2T, EREEEQo, L PO LAMER (THOEBED POME Prax EDE, ( Pray
~P))EOETEDENDLIEDERFELL . 127 L, Prax B POEXEiEZRT . CDOELEPD

ZEhREIRATHA S50 %,
dF
§=a'{Pmax_P)QOQﬁ}s'(P—Pmin) {4)
Qo, DREHI—TL S IRIRICH T 2MFMEEL o0 5,
Pmin"'%'QOz'Pmax Pmin"'%'QOz'Pn‘m
P= - { —Py)
24 14
1+—.B—‘Q()2 1+E‘ Q02
xexp{—(a-Qo,+8) -t} (29)
i,

Py %% ¢t =0 kb BEE, kN/of

14 e 2 29 REDFHBE Lo 2L, Qo, =0, Po =400 kN/of &L, BiC
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Fig. 14 Estimation of § in Eq. (4). taking the value of Py, as 250 kN/m?
W : observed value of P vs. ¢ for Anabaena ﬂos—aquae")
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LAaLEHS, Y1ab-va vRT5BODEO LD ALRESEETAC LISARTEH
%o

15 (EEIU < A. flosaquae DRED EREIEHME LR ERT . < OBARFHRT
{500x, ORI ) IeH » 1BEE 2~ 10kIx OB ONEHTERBL, 20RO POELE
AEL TV Se MIEMO 7T oy FASHOHAKE ST, POMIEGEICHENT 505, & 5MHTH
T2, $1220 bFE, BRTECRATH AL LD, HaREHCHRTEHOTH ST
EFFROIATH B,

PoERIEHLT, 29 XORJELBHT sicik, SYOBE( 2~ 10kIx) kKB 5Q0,
DIELH 5 LESB B, LHLHEKED, X zo@sigfeh iy, 2Tk
i M. aeruginosa® Qo, & [ DHEFEMER L TQo, OEEMEL 2o HHITRL 72Qo, DI
HEMTH A, MbotEila=0004 gcell/ol Oy, HLTFB=010hr! LT 2RI
£ DEQo, I L THELIMRTH S, (HITAC- 8450 R )

@HSKﬁ@%%ﬂ@&%ﬁ@&®ﬁ%&ﬁohf%ﬁﬂm&ﬁ?6®d@ﬁT55oUL%.
BEOE(LFEICTHL 0 —FORTEFOSLESH L. LbL, BIEKENRELTE 29K,
FhEOBAELLTD(4)REYIab—va VIEERT A2 EE3PUEBITV,
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450

0;
10 Kiux., (80, = 200752 )

P (kN/m2)

15 BEEOEHEL

FHE) 12, O: 10kix, (@4, =200 ml Oz geell hr ) ; A% 5klx, (@,
=100m] Oz/gcell hr ) ;O0: 2klx, (@4, gcell hr ). fRiF e =0.004
F=010, BV P =425KN./ m & LT (2D RICXDIBLIz,

Fig. 15 Pvs. t (cont’d)

Observed data,” O: 10 kix, (Q02 = 200 ml Q, /g cell hr); &: 5 klx, (Q02 = 100 ml
0, /g cell hr); O: 2 kix, (Q02 =40 ml O, /g cell hr). Solid lines correspond to Eq. (21),
wherein &= 0.004, § = 0.10, Py, = 425 kN/m?, and Py, = 250 kN/m? were taken.

3.7 FkAfEE
ES Zmic i akbBE, TkixZATELSRS,

I=fgexp(—¢ - -2)

ccic,

I RELmicE T HBE, kix
e TREEH, 7!

Brichd 3£ ( REAEOREOME ) LD e TEHEL, BEMHRKE S (Z2TH

BHSZOREALEEDSLDI a0 7 v B mg/nd TRELL) EOBFERDLE
DOHFE16 THB. RDOBERE RN 2 FTRICE > TIRELIZ. Thi b,

E=m' + 0+ n’ (16]
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e imt)

L
0 30 100 150 200

§ (mg/m3)

B 16 &k DB (B, 1977).% MboEKR G2 Rk L > TR E

Kb oE BB/ 2 T|HEILL - THREL, (16)Row', » @de+hzh »' = 0.028,
=061 LHEEINL,

Fig. 16 € vs. 5 (Lake Kasumigaura, 1977%%)
Solid line in the figure was obtained by the method of least squares. For m’ and '
in Eq. (16) in the text, m’ = 0.028 and »' = 0.61.

KEGZEG BEE, [, DB, BHOBORE, onx, BHEEFHROBEL, ¢,
. %54 -8 & LTRORTRbEN B

- (e, —t_ )
IO =Iomax‘Sin3{ d LI } for tsrétdétss
tss— tar
or ) an
=0 for tg < tg or

tss < ty
e,
tg 1B 1E0 18 XN THRHIN B

3.8 M. geruginosa D700 = —%

M. aeruginosa D2 m =%, REMET B0, Er ML DM, aeruginosa DHEERIL
F2o M. geruginose W X ZDOEDRERHMIC, B (Z2=0~05m) BXUFTH(Z5—4m)
kD 30z 2RRL, BT TEOEEEME L. —DORAIL DL THEI00 L Lo
0= - EMIL 2, 302 - ARETANES, 702 - 0o EERT 3 BAE, BLTRAN
ROBETHEEL - TEDIo0=-DREFE Lo X3 10FERMET EE, TRELS
Wi 20 REHCH T 2 FHD I 0 2 - BAHER LD TH B0
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£ 3 BrECEY SM geruginosa® I = -EFESW (6 H24E3~88178,

1979 )
Table 3 Colony-size distributic 1 of Microcystis aeruginose (Lake Kasumigaura}
(24th June ~ 17th Aug., 1979)

R(x10*m) 0~ 10 10 ~ 20 20~ 30 30 ~ 40 40 ~ 50 50 ~ 60 60 ~
% 0.7 8.4 22.5 20.9 17.9 16.4 13.2

Average colony radius =41.9x 10* m

3.9 HEEH

LDV izab—vaYTCHERALEYS X -9 BLUEBHELRAICRT . BITL AR,
RBEOEZEEICMT 5 e LB ( Anbaena flosaquae D5 — & LY HESE VRV T, 4T
M. aeruginosa iICBAY S EAER LI UMBERAAL OB ONLLDTH 5, «, BiRBT50F
BBt LS P rEHENEDTH B,

# 4 REBLUETEHE—EX

Table 4 List of empirical coefficients and/or parameters used

Nomenclature Implication* Values adopted Source

a temperature effect on 5.1 Fig. 8-6
photosynthetic activity

a’ etfect of gas-vacuolation 2.36 Fig. 8-11
on colony density

b empirical constant appearing -1.1 Fig. 8-6
in correlation between
photasynthetic activity and
temperature

Cmax maximum value of chlorophyll 24 % Fig. 8-8
a content

m chlorophyll a content, affecting 11.7 Fig. 8-5
photosynthetic activity

m’ effect of suspended materials on 0.028 m™'/mg/m? Fig. 8-16
extinction coefficient of water

n’ extinction coefficient of water, 0.61, m™! Fig. 8-16

wherein no suspended
materials exist

* Note in parentheses designates nomenclature
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& 4 (o33)
Table 4 (Continued)
Nomenclature Implication* Values adopted Source
P rnax maximum value of f.urgor) 760 kN/m® Fig. 8-12
(pressure
Pmin minimum value of turgor) 360 kN/m? Fig. 8-12
(prcssure
p’ temperature effect on 1.60 Fig. 8-8
chiorophyll ¢ content
q' temperature effect on —0.045 Fig. 8-8
chlorophyll g content
meax (maximum value of gas 8.0 % Fig. 8-12
vacuoles’ volume fraction
& turgor pressure {increase) 0.004 gcell)m O, Fig. 8-15
8 turgor pressurc {decrease) 0.1 hr! Figs. 8-14, 15
¥ chlorophyll 2 content 0.0053 hr 'kl x™! Fig. 8-7
A gas vacuoles’ volume 0.11 %/hr Fig. 8-13
fraction (regenaration)
£ mean value of turgor 560 kN/m? Fig. 8-12
(pressure that gas vacuolcs)
can withstand
f, density of algal colonies 1003.7 kg/m® Fig. 8-10
with non-vacuolate cells)
o standard deviation of turgor 60 kN/m? Fig. 8-12
(prcssurc P (normal distribution))
that gas vacuoles can withstand
K specific growth rate u and 4.6 x 10 gcell/ml O, Fig. 8-9

photosynthetic activity QO2
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4 Y Ial—y a ERLEER
4.1 FIHA&H
Yial—va v OBEEHTIMRERIRD &S DTH B,

(X,Z2,Vi,P,C)yeg=10001,-40,00,760.0,1.2)

X=001 gecell /&S IS EE, BRI Microcystis ODRERI VBB LE DLLIBETH
5X =10 geell /fCESO T 5, $ADL, JHLDMEDEN 001 g cell /of % HIHHEE
Pl U 78

Z=— 4 miAPEE, ZPICEOTM aeruginose® 2 0 = — HEREFHFLICEEL, B
BORBIC L 61> TF ELTL 809 BIRED L0RMA LI, Vi BLUP®E, Theh
08B X760 KN/MEL, Do= - BEBLEETIREEFBELEOGEI L (K2 28),
CiHT H9EE, C=123BEAEEETH 5. CTBIMPERGE2ELIETH BRICKE
BBV (kAT 5 ([ HISEHE)

4.2 sial—ia v (EHESHE)

B @B BM. aeruginosa D TELIDKE, & LUBROBAREE SowR3OkEL
D, BEEHD Y a b -z Y TS, B 0DHLLT, ThEN60mg rao7nveae/
“of, 40x10°%m, 28CEMALK. LB TTLIRBEREL I, <72 -5, HHHEEF
BOWEFHEE L, SRS L TREICE Y B M. aeruginosa DD BITE NSO & L1RH%EE
Bt b, TORERERITIRERT .

ZOENTTR, M aeruginosa®@ 1 o0= i3, JAOBPETHRH (M2 m) ¢REBEOME
ETFBEHT3(K17B) .

COHERERLE, 2o0=-DEEBYHOEY, bt IATEtokOEOHNEG, #MBK
BOTHBE, BRSHESOBYEHEEsN 0 0= - 0RE~OERE, —BFETLLD
CEBbhs (2180, %8)29, Lisl, BRcEY 3 kOFOBRRR, e KnE, 6
(R,C,P,ZHIDHHHD )OI 0= -BOREKEL TOEHLEHEL TV DT LI B,
COEBTIEFVOBRYFERT260THEHEIW ( 20REEZE2RB ). BET 5L, HBECEE
THHEL—FDRKEIDI - OBBHEEA A LI RAMETHLDICHL, DY Iz tr—
Yav T, RESBOHESE o= -OEBEHERALTVWAZ LICHRT S,

BERED LR ERIOCHEREN T o KW S L5 ic, HBRERE ( Sahid iz 7
—ATH BN, BEHAHETERETS ) IBRELT 5, I TRERNTHESED OO
tro THbL, 702 - BERKGET HESIHEERESEL, FEMOCEELLEE, 2
B RREAERD DT, HEDBE, HERE e, p=22day™! K-k, BIETED
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X 17

Fig. 17

HET B,

CONTREL <A}

v ,P/100,.2xC
c.C 2.0 4.0 6.0 8.0 10.0

1 1 1 L 1 1 1 1 1 1 L L 1 1 1 1 1 1 i Il 1 1 -
0 5.0 10.0 5.0 20.0
TIME. DAY
TIME. DAY
=N 5.0 1n.c 5.0 20.0
3 T T T T Il T T T T T T T T T T T T T T T
SLCGNTR ¢
) ',
ol
-4
Mol
\__\]
&
Ed[
hey | CONTREL (D)
s
-5 )]
(L
e
-
b .
ool gy 1 D N T A N Y OO T O S Y S WO NN NN O
' 5.0 in.e 5.0 u.e
TIME. QAY

Yial—vg v (fETE),

A : A 2AREEREOEA, % (vi ;[0), BEOZE(L, kN /m (P ; <O, 1./100
A=), BRUTO0T 4 e BHEROKL, % (€O, 204y —n)

(Bl :3o=—0EFEHEH, m, () B, g .

Simulation (Control Run)

(A} changes of gas vacuoles’ volume fraction, % (Vg ), turgor pressure, kN/m?:
P: ), (scale = 1/100), and chlorophyll ¢ content, % (C; X ) (scale = 2.0), (B):
vertical migration of colonies, (C): population growth.

T 005day ! BETH -2 (RITBEICOERE ) . FHELTO DI, BADK
1/10TH 54 =023day™! Efiofio CHE, BRACELITA20083AKC I ETHAZ FiTk

RIKIANCEYV ¢, BLUPOEILERL o BMEPHT60kN/md L L 2 ITHED #ict
mEae, FRABIBRHICEESN, 20EEICE3AEEL TV 2, COM2 0=~ 3ERic
BETHRES LAST, BE—EERE TV 8INLTV3, 20072400
SHRAC =24 % I0ERY, REICFELIREM 188 EBKEEFR Lo BLEREBNE
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ZRTC2RCZOSHERSBETITLTO SN, ¢k 50, BUELT 22 THEOEK
BB TN S, 2&E LT, BDAL CHITREI L1 M aeruginosa DEBG, EROHIR E
FET24O0THEELZLNRS,

4.3 AKoOEOLFiCHT LEEROLE _
KROEORECHTSH S, R, 0, 17,0, fELUA0KEHORELMNS -0 it —EDOREERT
WET 1. EH L EHOBEE RO ICGRT, Chigkinh, SR OREBLRBLTO

BREFEI18ICTd. EENNEE (BhTi Z=40 X LTHELT ) LA,

(X)Z;Vfrpfc)t_—_-ﬂ:(001,_2.034095600512)
(X, Z2,vi,P,C)tq=1001,0.0,80,3600,1.2)

DI HPTRENFNZ=20,Z=00) 2FRL, zDERIVE L UBROBEOLK

Rlte ML MEL ST,

10 HEUBER R EALRURL - BEERT.

(7L,

FHIIRES ) Lk TUBD Y L 2 b—va YT, 7 XTEENLIINES2ER LT,
BADY I ab—a viEBWTi, EEHOVWTFR—o 2L 8 TEBR LB
BEiT-lce —FibLTIDBEETANLE, MOFEFHKIFOEITLL T, §OBEFEBDL0

£ b EBEMFo»OEEHBE—-EE
Table 5 Simulation runs
Nomenclature  Values used for Descrete (range of) values used  Objective of subsequent simulation to
control run in subsequent simulation find the effect of
& 60 0, 30, 100, 200 turbidity of water
R 40 10, 20, 70, 100 algal colony s.ize
8 28 24, 26, 30, 32 watet temperature
T 0.0053 0.001, 0.003, 0.01, 0.02 rate of chlorophyll a synthesis of
and degradation
a 0.004 0.001, 0,002, 0.006, 0.01, 0.02  rate of turgor-pressure increase
i} 0.1 0.02,0.05,0.2,0.5 rate of turgor-pressure decrease
A 0.11 0.02,0.05,0.2,0.5 regeneration rate of gas vacuoles
{omax 80.0 - -
tor 5.0 - -
tss 17.0 = -

Initial condition: (X, Z, V¥, P,

Cy =0 =1(0.01,4.0,0.0, 760, 1.2)
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TIME: DAY

o
o
<
I
o
= q
=]
~os L
1l
<
T TIME: DAY
oa 5.0 10.0 15.0 20.0
C; i s 1 T 7T 1 AT T 71 T TAT T 1._1 1
S 378,007
-I-:s-
o
=g
.
™o
&
e
! TIME1DAY
al 5.0 10.0 15.0 20.G
T T L
g :O.D[T:bll T T T T T T T T LIS T 1 T T T
S
=}
x rI\I_
- &
Mol
Ll
=]
=
[

B 18 viat—-vsv(fliEHOSRE)
Z=40:(X, 2, Vg, P, Clemp=C(0.01, —4.0, 0.0, 760.0, 1.2 ), Zz=20
:=1(001, —2.0, 4.0, 560.0, 1.2), 2=0.0:=(0.01, 0.0, 80, 360.0,
1.2 ),

Fig. 18  Simulation runs (Effect of initial condition)
Z=40:(X, 2 V¢, P, C)y=¢ =(0.01,-4.0,0.0,760.0,1.2),2=2.0:=(0.01, -2.0,
4.0,5600,1.2,Z2=0.0:(0.01,00,8.0, 360.0,1.2).

£90,30,100,2000FNFHRREBLTYialb— Vs YEfTok (£ERB). K19,
H20iTiz, £ETI0RDYIzL-YavDms5h, FO—HEFSHFADIv=-DOB & IT
FHFELTHELE. THoDE, AoV ZRENTWE WO EERL D, KOEOREE
LS A ZEEHHEOEBIROEL I LEHNES NS, TERERT ) ~ii) oEHIT >0 TEHT O
MAKDEDFE — 2 a= —DREE~DER — €240, W ~vD 220 TBEDER
EtiB,

) BEMERE, §: Colmkcky, to=-OBHEM, FH( Runhk2, §=0)
XHEB{ RunNo5, §=200)cH5, TLEITERIA TN, domésbic,
REICHET SHMRRL 3,

i) 2e=—0¥E, R:i/hSnaoz—-0Bs, BEALEEBHLAEOLEAES (Run
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X 19

Fig. 19

TIME. DAY
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! TIME. DAY
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N LS T T T T T T T 1T T 1 T T 1 T T 1 T T
8Bleun 70 R=20
s ,
* ol
)
o L
&
-
! TIME. DAY
o e 5.0 10.0 15.0 . 20.0
3 #h a T T T
8 ‘ X
> z
N
- A
N
=
-
1 TIME. DAY
SN 5.0 10.C 15.C 20.¢
) LLEL T T L T T T i T 1 T T 71
S{rln 2. 80 '
-t
o
rm'k
4
Mo |
é /Fﬁﬂyf%\\ b
T

ial—vav ( BERT). m2:d=0, N5: 6§=200, NT
N2 :8=0, Na5 : =200, Na7 : =20, Na8 : R=170,
Na16 @ 7/ =0.01,

Simulation runs

No.2: =0, No. 5: 8§ =200,No, 7; R =20,No.8: R=70,No.16: v' =0.01.
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i TTHE- DAY
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‘ TIME . DAY
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B 20 vialb-vev (BRERT):. Nol10: 0 =240, Ml13 : 8= 320
No10 : 6 =24.0, No13 :8=320, Nol9 : e=10.002, N 28 . 4= 0.05,
Ne30 : 2=105

Fig. 20 Simulation runs
No. 10: 6 = 24.0, No.13: 6 = 32.0, No. 19: &= 0.002, No. 28: »=0.05, and No.
A=05.
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M7, R=20) —Han=—44A4 XPRELLD L, 3HRAPTREDG SBERE TOED
A~ fEEd 5 ( Run. a8, BE=701),

iy HRABOEEEEE, 1 A8 PEOES (Run. Na28, 4=005) BEBEOEHH
B, KEREA~NDERIZEIDIK{V, UL, 18K&E<#HAE( Runf30, 4=
05) 1 BRETESL, ELALRBICTFET S,

V) iBRE, 9 : RunNo10{ 6=24°C), Runl13 { §=327T ), BLUEHELHY (0=28
T, WIT) 2 BT 5 &, 0oL, BEBHO®EMLNE L Gh, REBECEEY
BN bbb B0, SE LSBTV,

V) B, rcr(onaz o e OELEE, vOKEEREInE T L ve DN,
BLEEESICRENE ) MBI AL, 20 =~ 3RBICREAT 2B S 5510
Had (RunNo16, 7/ =001 (E19) L PEEERE, 7/ =000503 (K17) K& ).

vi) 8, a: o (BEOFREETER) 0@ LD, BHNICEEORDEESR(LS
o AR R 5 (X 19, B0 iRREnTON ) @HEicH5 { Runhl9, a
=0002 (58— 20M) 5 LUBEEHE, a=0004 (17TEHE ). HBKROZ ELUH
5P (BEOTHERETEMN ) KOO TRE(HEDC EHNVESE (19, K20icdranT
WL ),

K217 319794 7B 29 QL0 7 A 31 Hicinid TAIE S 172 M. eeruginosa 12 & H7KDFE
ORELEBOKRTH S (Tl ) o @IESETL, MR EEbd, Hdotiil
yoo7 s ve i L BEBERTHS. IZIJTJ)BHEBJFJVJJ:"')FC, M, aeruginosa i€ L AIKDOIE
HRE#E D FRPRIREOCREDON, FRICIPHEL TERBIIFH—LNRELLS,

K2lierantzkdic, HBOBETCIEMEHLIRD ohi0ICHML, Yi1ab—-YaV

Date : 7/28 7/29 7/30 7/30 11979}
800 1600 oo (ChL o mg/mdi
0 500—
-05 400—1
Eo
el
-1.5 300

Chrorological time {hr]

B 21 M aeruginosa DEEB#H (2700740 o meg/odBrEl)

Fig. 21 Diurnal vertical migration of M. geruginose (parameter: chlorophyll «
mg/m?) (Field observation)
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EHEOTREEZOLS KARERETHEALBER- LIV HIAT, Rivav - v YRLT
LLEEDOWVL bOTREL . BHCHA/ED, Y2l - v YEBEERLOBO I OFE
B, 20 =1, BROBESEMNE—TH 5 E LA FrolMBsicRERT A0 LBh
haht, ThEHREFLOBBEORITERTALOTHL, #ic, B—11o=—KHB
LT Ay, OFHETEMS T HE L ORME, KOBREICHLIBERE Y 12
—vavick-THHL, TOEELHL T LBLLEEL B

BEIEHEN, Bvial—vy YORBRLD, KOEORE, $7UHOBM, seruginosa® KK
HADREEBIET 2 FRICER L2,

if.mwﬁﬁ(VWh,ﬁﬁ%®ﬁﬁ%§@ﬂ%«@ﬁk.H;Uﬁ%ﬂf@i&)@ﬁm
EHET AT EAENTHS (1))e £#, BEOZTV-va v Fick skoRSE,
2oz -FENSLTAIANNZRCLE ) HRHSE 288 ( COTAREHROEE T £k
THVEBUFRENESD (D). MOBEER, Tubba, B, 7, ALV TIEHKDOEDER
LEHT HH, TNTHEO EBENSHEROT I A -9 THD, Lichi- CTRENLFE
LERTAORBRBATEARE TS L. LALINSOM, bLL RS (Qo, 5 ) %
YR 2 HEE R T AL EHEERTHEC ERAF a2 VERLIVIABRTS 5.

5 ¥ W
1. Microcystis aeruginosa ®Qo, ¥, Blackman DREAVWTI,C, ¢ DR TEDHE N
Qq, =«" - I for I< (Qoz}max/-'c’
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(Quglwax  Tor I = (Qoy)max/®
1oL,

€ B = C

(Qo,tmax (@ -8+0) -C
m . EEL
a,b IR
Lk, (Qoylmax DR S L HCOMIEAY S, BEHIKE > TR COETEBMET 5
ARSI HIE A3 (Qo, Jnax OIS 5 T EHRE SN
2. RBEGIKLZCOMDEHINTETHE NI
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