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ABSTRACT

In order to contro! the growth of water-bloom of Microcystis in aquatic environment, the
growth and decomposition of Microcystis were investigated.

A bacteria associated Microcystis aeruginosa isolated from Lake Kasumigaura was treated
with the UV radiation, antibiotic treatments and capillary-pipette washing methods. An
axenic clone of flock forming M. aeruginose K-3A was obtained by the capillary-pipette
method.

Growth characteristics of M. aeruginosa K-3A were studied under various physical and
chemical conditions. The maximum specific growth rate {umsx) was observed at 35°C and the
value ofumex was 1.5 d-*. Light intensities for maximum growth and gmax were 1,000 lx and
3,000 !x, respectively. The nitrogen, phosphorus and iron concentrations for umsx were 1.0
mg+ !, 0.05 mg+ /' and 0.03 mg- I}, respectively. It was concluded that physical and
chemical environmental conditions of Lake Kasumigaura in summer season were suited for
the well growth of Microcystis.

The limiting nutrients of Microcystis in the filirate samples of Lake Kasumigaura and
Marsh Ushiku were investigated. The limiting nutrients in summer season in the Lake
Kasumigaura water were nitrogen and phosphorus, while a limiting nutrient was iron or
EDTA from fall to spring. The limiting nutrients in the Marsh Ushiku and influent river
water were phosphorus and EDTA in summer season. Microcystis grows well in Lake
Kasumigaura more than in Marsh Ushiku in summer season,

A decomposition of Microcystis in a microcosm under the aerobic condition was
investigated. Decomposition rate constants were 0.021 d~' at 20°C.and 0.034 d™' at 30°C. An
anaerobic decomposition of Microcystis in a methane fermentor was also studied under
verious conditions. The 390 m! of digestion gas was produced from 1 g of Microcystis in 4%
of Microcystis solution at 30°C. Sixty 9% of the digestion gas was methane and the residual was
carbon dioxide. The digestion gas vield to the theoretical yield was 44%. It was considered

that Microcystis was a good material for the methane fermentation.
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@ 1.1 Microcystis OSABBIEH

Fig. 1.1 Microscopical observation of Microcystis aeruginosa
(a) bacteria-associated M. aeruginosa K-3
(b) bacteria-associated M. aqeruginosa K-3 stained with fuchsine

(¢) bacteria-free M. aeruginosa K-3A

(d) bacteria-free M. aeruginosa K-3A stained with fuchsine

#z 1.1 M-11o 4R

Table 1.1 Compositioni of M-11 medium

NaNOQ,

K,HPO.,

MgSO0, « TH;0

CaCl, - 2H,0

NayCOs

Fe-citrate

Na.EDTA - 2H,0

Deionized water
pH

100mg
10
&
40
20
6
1
1!
8.0
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DTHY ZDHBERL. 1 0R Utz EBE b I BOEREIE D Microcystis % Wiz, 3% b 5500
MIO=H7 2 A 212200mIOM- 11 SN2, Microcystis B L, 30°C, 20001xT 1 B 1 @F
TR TA2BEEE TS~ TAMNBE L2 O DL TEEEETo 1, REE LTRAEY
FAT 2 W,

1.2.2 #WEiE

(1JEAREHE (MBI eUVEERT)

BEBRBEL7Z07b 029 BEOKES 1 193um) Lok D ZHREEFA (RERA A
YAR) THIP LR, BEERACAy FCIOMIOEEALSORBECE L, ZOBOEE
REIZ100mg/ 1B & Uiz, KW T I A E50W, 0MMBESE TR R s 1o Lz, 0L >
2 LT85 Microcystis D REBIRI0mI % HE8.5emd ¥ v+ — VX AR, 15WODSEHAEIT %15
em® BERE 5 — BRI L 7z, I 2 D0.5mi% 10miOM-11EHD A - 7 BV o 8 L,
1,000 Ix, 30°CT30~50H MBS HE L 7o, EREORED 6Nl b DD WT, B & D HET 2 1E
DEHEET .

Suspended into sterile water

___
<7

Sonication {50W,30sec.)

Microcystis culture Washed by sterile water

One algal cell was replaced
by capﬂ]ary p1pette

— 3¥EV 7

Sterile water

incubate for 30 days at 30°C Slide glass

1.2 #+E7U—VUy MEIZLBM. aeruginosaD¥lifes 8

Fig. 1.2 Purification procedure of M. aeruginosa by capillary-pipette
washing method



(2)n&mE

UVE: L [RtkA F ik T8 & 172 100mg/ HEEE D Microcystis DIERBE0.5mi %, HAEME SN
M-I #10mIO A - - BBRECEEL - N0 EMER L8, BEoFD sz b Diz2nT
REPTOEEOGTESHIEL Fo. % BIEMT 2 AR EEAIERL 724, 0.22¢ mD £ Y
RT 24N —THRABEET o7, IhEHHUHI2C, 5HHEERTHE L TVl
WICFTEDBE % % L5 WilL 72,

(3)F v EF Y~y b EEE

Fr2sy —EANy PRBEOFIHERL 2R LY, $TUVEEREBL THEL L
Microcystis DB D 0UEHFBE—FHmEATA FHF 7 AR D, BEEEFT (1508 T+t
7Ny b EACTE-IlE23 e EF0. mIOBE AP BT 25k, chAE2HFF +
ZU—EAy bTHRL L, o EEA. ImIH BT, COBREE LR L 5ELEED R
Uiz, B—fIF%10m/OM-1IO A - 2 RBRE B L, 30°C, 1,000 Ix THI30H RBHEE L
7oo FIEBEIRTR 2 HERE T, MicrocystisDRESNFIRTEO S NEEEORE I L - TiF
FLT< 3, EBEEOBERT ATV — v Ry FHTERL 2,

1.2,3 H|ELOHEEE

EHLOBRE, BB IIOAEOEELAN, MEOED Shkh>skiconT, KL 2
WIR L SO #ME AR Microcystis DS ERD . Sm %L, 30°C, 2 BMEEE2{TW#EO
WHEOBEDOZWLDREHTH S L L,

# 1.2 EERABRAE
Table 1.2 Media for bacterial test

Media

Components

M-1 M-2 M-3 M-4 M-5 M-6
Peptone (g) 0.5 1 1
Yeast extract (g) 1 1
Beef extract (g) 0.3
Glucose (g) 1 0.25 0.5
Water ({) 1* 1 1* 1 1** 1"

Agar 18g, pH was adjusted at 7.0
*Deionized water
**Antoclaved and filtrated Kasumigaura lake water
“s+ M aeruginosa was incubated in M-11 medium for 1¢ days. Then the culture
broth containing 50mg M. aeruginosa was autoclaved at 121°C for 15 min. and

filirated.




1.3 ERBRER

1.3.1 UVE : .

UViEic & W Microcystis DIEE L2 R4 7, ZOREERL 3 WRLE, UVERZ 1 4HT-
7388, MicrocystisitERBT DIBA £ IZIZEMR S EIEE 2R Lo, BREORRBEMREL TH
ENSHHEL TR, BEE 51T &, Microoystis OREMHEERELLETL, RBEZ I -
TREHHEOEDL SR VWL DLFEL L, MEETo22, HEXLFLrTRHIHNEEL
Twstr, T HBE T Microcystis R UHIE & b KRR D S IFRBLAL b D EBbhl, ¥
W B MicrooystisDTEHIE L AEETH D, UVECLIAFE2ERBETEI LT
Elxhol,

# 1.3 M. aeruginosa K-3R CHFME OFE/HRIC T 5ttt
Table 1.3 Effect of UV radiation on the growth of bacteria-associated
M. aeruaeruginosa K-3

UV radiation time (min.}
Microorganisms

0.5 1 5 7 10 20
M. aeruginosa K-3 ++ ++ + — _ _
Associated bacteria + + + _ _ _

++; good growth, +; growth, —; no growth
The magnitudes of algae and bacteria growth were determined by microscopic observation on 30
day incubation.

1.3.2 #H4EWEE

MEWEEREC L VEELE2RALBERERL. 4105 Uiz, Microcystis 3T e e EYME O
BABER, 7394270y, REYIYG, 7R A7 2= VEUVAMV IRV
TENFEND. Img {7, 1 x103*U-mi™Y 1mg+ !, 0.0Ilmg i 'Thotz, LOLINED
WA TRIB L 7 Microcystis 3T, 7% 0 OBOMENRS s hi. Microcystis R URET %
MEROREDECHT 2fMER, SRAREL»LPHBEOAAE L, RECL D EEOHEES
BarIrdTEldol,

1.3.3 F4EFY—Ey MEdE

FrESY—Ey EREIC LD EELARALBRERL SR LL, B1EHOERT
V2 Microcystis O BB—flF % 5 BB E AR THS LB VIEL - EM- 112 S0 ERE CEEL
Foo GAOBE—MREHBELLE IS, 2FORBE TRESBELGED Shiz, RNTID?2
BERELLER, 2B b CHERLTLRBSEREL TV, 22 TIO 2RO b, M
BoLioutkeHWCHE2RABOERET> 72, F2EEIR, IEFERERNEL T 100z
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#* 1.4 M aeruginosa R UEEMAEOMEMHEICH T 5 6t
Table 1.4 Effect of antibiotics on the growth of bacteria-associated M. aeruginosa K-3

Expriment No.

Antibiotics Concentration

1. 2 3 4 5

. o $.1( mg/!) AB AB AB AB AB
Tetracycline 1 ‘ - - - - -
5 ) - - - - -

0.14x10-2U/mf}) AB AB AB —B -~ B

Penicillin G 1 -B -B -B -B -B

2 -B -B -B -B —-B

1 ( mg/l) AB AB AB AB AB
Chloramphenicol .5 . — - - - -
10 - - - - -

£.00L{mg/{) AB AB AB AB AB

Streptomycin 0.01 AB AB AB AB AB
0.1 - - - - —

A; Algal growth, B; Bacterial growth, —; no growth
The growth of the algae and bacteria was observed microscopically on 30 days culture of
M, geruginose K-3

7 1.5 F+ETY—HRBHEIC L 5 M aeruginosa OEEL
Table 1.5 Purification of M. aeeruginosa by capillary pipette
washing method

Experiment No. of capillary No. of isolated No. of well
No. pipette wash Microcystis grown Microcystis
1 3 (times) ] 16 (tubes) 2 {strains)
3 100 10 '
3 : 323 6

The less bacteria-associated Microcystis obtained by experiment 1 was
used at experiment 2, Microcystis obtained by experiment 2 was used at
experiment 3.

BoTHEBLLEIS, RBRFRZEEY R L. RBECERE, 10kod Mgy
UL BoNBEFIIRES T, FITRLHEROLEVWEEAEWT, B3ERT0H
ExiTot. SEIEI, 3EENEZ@VELT, 23R IERU-GE, 65 BIFcE
BRI, FITIOEBREDOTRELLLZA, 2HRCIAENE SR, o 4 il

HERE{BDL L o7, ZORFINCEED 4ROV T, HEBREE L RAMEE LR
~fz, FERERL 6ITRLIH, No.78, No. 123k BHARREERRREL Tk, No.278,



# 1.6 EELOREERER
Table 1.6 Cultivation test for purified 6 strains

Strain No. Presence Flock Maximum
of bacteria formation growth
78 - o+ 70 (mg/!)
123 - + 70
124 + NT NT
272 + NT NT
278 - * 150
287 - + 150

Presence of bacteria was observed by microscope.
NT; not tested,
Flock formation, +;strong, +; weak

No. 2878k M T 258 R CHED —E BT L £ - 70, 2 - BB B WD R A RS
i, BEAATSEREE R REFL 72 No.78, No 123802 (B WETH 212,

1.3.4 EE{LomER

BENICREO 4 5RO Microcystis B 5 12 h3, Z O TEOGBERKEEEH T % No. T8tk
COWTERCHRERB 2T ok BEEZRL IR L, SEHAEHEN AV 5 ETIT 1 L
2%, No. T8 ThOBHET LHFOMMERES dh ks >7, BLEL D No 78fRIZME 3
HEFELZWLEEHGRE W2, DEN. 7T8E% M. aeruginosa K- 3 Axenic Strain (K-3 A% &
s, 1.1 ()R K- 3AKROHEMEERTHY, HL. 1 (A, K-3A%RET 7 ¥ » THEER
BLE-LDTHE, K-IAKIEAP L2 RAUEBECHELERL, Bl AR, E1.1
TR EERE{ @D o o7,

1.4 % 2=

FEEOSESRE B L LTI, QEMEEHY 2B, ORENEPEEDESTOEHA
KE2HE, QUERDLIIIYBENCHBLEE L 22T HESFHIET o1 S,
Microcystis RIS ER O N BHE R BE L, & OWCHESHE L T 5k R AZE
BTHL, 1950ECGerloff 570UV L 5 Microcystis@ﬁ@%ﬁ:iﬂ) B L b E#E L
#, #izHughess®i3, B - L EFREORURESRGARALL L &, UVETERLLI L
fo & Bl Microcystis DMRIZIZHE { OHIFEMSEEL T T L 28 L Twd, UVABL
HEEREL, BUUVARET 2 22V EFESEon2 gty s 5, UVAEIREE
DNAFOE Y 2 SVBRED 2B I 2 RRERST[/L TS 2 tmmenfwa%b“)ﬁéﬂ
HPLEE SN ZBBEHYARCRBES2WAEEVL D,

— 13 —




# 1.7 M. ageruginosa No. TB(#EN) OERE{LRESTHE
Table 1.7 Bacterial test of the purified strain of M. aeruginosa No. 78

Media
Strain Sample No.

M1 M-2 M-3 M-4 M-5 M-6

1 u— — a—n —_— — —

Purified strain 2 - — - — _ —
M. aeruginosa No. 78 3 - — - — _ -
4 _ _ _ _ _ _

5 - — — — . —_

Bacteria-associated strain 1 + + + + + +
M. aeruginosa K-3 2 + + + + + +

EEMESLHERE AV 2 EHLER, ThiTBroRFBTNL SR TV 5, Zehnder
593, MEOHMERIEE L 2v, » EPREOEMEAE T 27 77 V4 v EHOTHEELLE
AAHTND, T7FVFVREBOBEOMBEHE T 28, 7 BHBHBERZT VLD,
FoFIFyERGE I EILL Y Microcystis DBk E:, BBIB3 8 TERY, IO0HE
TEEHRESBI LEBEFETH - LT3, 7, Carmichael'™id, Microcystisiz0.3%i2
REEDI 72/ —NERIL, BATT4~ 6 RHEAET 2 2 L ic & DERO Microcystis 2135 2
ERTELERELTVE, 2512, Vance"32EOMEWE £FH\>, Microcystis, Anabaena
EoMOBEOMECHT 2BELRANTVS, TOHR, YeFazbrvFrvf vy, 27
YV, BEIDLHEBIMLEWELERT I, $LWNREDE LRI Img. HBE
W73 2 2wk b MicrocystisDIREHEAB5 2 LERIIL TV, UhLass, EEki2
DRABIEFATL EOEFHOEZEOEL 2 2HE L T3, Goto'®h Microcystis & Z1ic
oMl 2N ENEORERTAR . 70747 22— 10mg DAL T L RA T
0.3mg+ "' ENFNORE THIE, BOMBZINE T 255, £OHEEHARM TV LT
BREEREFBALICEETERh o ki T w3, FEBTRRLAKTT LI, BLOoHE
B & BV TR L1288, MAEWE D Microcystis i3t 2 EREAEEE 120.1~1.0mg « 7' TH
B, TTCHESATWEEEIZFEBETCH -, £-MAPENAC T hHER I DB
MLl e, IEMEEUVERE#HAEOY TERKRERB2 L bl EL oz,

EpP5 Y —Ety P EBWVT, MicrogystisDE—HIl+AEKHET 22 i &y, BER
REE 2 {RFE Utz Microcystis D EE 4152 Z L BT E 72, —MR I Microcystis D S HEIL, B
FREEE&E->TLED ZEMHSNT L2, ARBICBWTYH, BohBEk4 B0 I 5 2
wit, BN ELCBTLTLE of, fIf, MEHRCL2 ERERRESET T 200
RFEATHS, FEBRTHESNLEHON. TBER 1A 1EOEMEE 2 3EL LFT T3

— 14 —



o, EREL TEBELHEAERL ThwAZEhs, BEOERCHEOFEERLTLLLE:
Lihnbkniid,

HEHK-3CH{OEFESEREL TWa D, R1. 2 TRLEM- 1ig#EHu CHEREO
SBERAT, TOREM- 1 TV YV, B, FERZAMSET 5 10KOME 2
BEx 7o, BEMEFTIEM TR 6N EBEELL, ZO6HKE, LTFRLKAEE0.5~1.8
pmOERETCENELEL, 7 LBET, BEEZ LIV ELoRBPRL, £HR
BT Thot, FOERSEL BT LM, THoD 64kt Flavobacterium
BtaborEzohs,

# 1.8 M. aeruginosa I£{FHEOHE
Table 1.8 Characteristics of the associated
bacteria with M. aeruginosa K-3

Shape of celi Short rod
Gram stain +
Mortility +
Pigment Yeliow
Catalase +
Oxidase +
O-F test -

WA Flavobacterium B HWEET S L 3BALSHICE A TE DY, Tanakads Wit EEM
O ThOo S BT 8, Flavebacterium BB SBTH 2 L H|EL T L, 271z
Flavobacterium , Pseudomanas, XanthomonasZEDBREEMMES, KoBEORECHEL -
HEETRT00, M - Microcystis OIEEERICHRS & LT3, BEDOK-3AKRC
heOE2ERT s ET, REERAZLOELEDLN S,

1.5 %e&#

BHATARREE %75 T 5 BB Microcystis i D TRIMMESHE, MAEMHEE, REECLVES
{be2HAUTOBREE,

1) ¥+ ¥35Y -2y b 2HOT Microcystis D E—HIRRI DL THBEEZRVEL LER,
BEATZRRRE 2% T B Microcystis DIEF (LIZ I L 72,

2) WHNBRBEEC L 0 EBEL R RA KR, Microcystisid 5 D 2 THEET 58, T4
EHTREEsED s e, 5 ARSI VHEEREEL (B L Lo EICRES
notr, .

3) Microcwstis SESTETIRER LA WEHORKIEER, AV I rewf ¥y, Tr7H 4270
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Yy PBRTAT 22 —R, RV GTERERD) 0Imee !, 0.lmg+I~', 1mg-i-', 1X
10°0 s m ' Ch otz LrLisis Ihs @B s TE, MERTEECIRE T, HEm
BORBEMIC L 2 EBHLERIIL o7,

4) Microcystisic £ F + 282, £ & L T Flavobacterivm B BT 25D Th -1z,
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2 Microcystis DB # & BB IBRERE

2.1 @Braic

Microcystis DSEREEHE BT L T ik, 19504ER1C Gerloff & 1212 & 0 S4FERHME 12 D W T DB GRS
fhah, BOpHHMMEHICHEL Twa 2k, £7:Ca, Mg, KEESHMBCEETHL 2L 2161
L7re R4 TGorham & i Microcystis DRSS 12 TR O BB o TER AT S
BOMg, KEEENICEBTA L, SRR LTTyE2=7E, HBREEFERVRER L F
ATELlLEHELTWwa, &5 Langeld HERWOFEESHEHEOCO. £l 2{EEL, £DCO,
PREOWEERIMT 5 2 L 29, ¥ L M PER MicrocystisORFARRET 2 2 L 2R
L7,

HOE BT, Microcystis ORI, 1 U IERBMO “KIED” L LTHELML AT
Vo, 2O, BEEROMEEL LT L5 2 5 11973F 2 0kino® i3 EFHC B 47 2 Microcystis
WL BAROEORERZREC 2L THEHLEBHEELTY, REBLOER L L THRE LpHOERE
M E IR TV B, & T A & 03 Microcystis DIETHR T 120w T, B & '3 Microcystis DIEE L
WERINL T a s, bk D BETRESHEAELTLED 2%, 3 5i0kadab idAB~
4203 R LEET D Microcystis DB PR Y Y OWRDAAERE D OLTHREEINA TW
5,

— AT O Microcystisi3, REBTEHLNLLEBEEERL, Ao zbhwid® (O
BB LTwE, 2hEToRER, SRR T 2 Microcystis DRV RKENETH S
el BEOEEAEBSEEOREL T3S Microcystis?s, H5WIIEERINL THE
BEREAEELTLE2 DRV TTHY, BEKEBRT 2 EHO Microcystis DIFRFHE
WDWTIIG L A PG {, £ Microcystis E B & DBRIC DWW THIZ E A EHFFRN 2 S
HTwipns ey @BefiL 0, BMERBRL, » DEED Microcystis DREFITAINL
72 O T Microcystis DIETEREME, B HHOREEFETL2RELZVWRTORRICOVWTR R
(A

2.2 WEBHE

2.2.1 #ERE

FERZIIK-3, K-3A, K-50 35O Microcystise AWz, K-3BE M. aeruginosaTH
v, Hi.1(a), (DIERTEIR, BrBCBELLADEINF+ET ) —EXy ML
WEDHBELELOT, BHEEO b N CEHOBESATEL T 5. K-3ARMIK-3 K%




EHREMERy MRBEFERORT LI VEFLLLEZLOTHED, Bl 1(c), (d)icT
FTIINHMERE{HFL TR, BPERK-3HFEL2{ELUTH2, K-5HIrAREHL,
BEOBEESHNA s mEPRINI W e, M. flos-oquae®® - Bbh o,

FiRid, SEURHEATAREERFL TOAMBEETRREAYHEARLTLE->TEY, #HE
PEELTWE,

22,2 % #%

BEOR#EIIZ, M-11EEFv, M-115#13Gotham?) 7 » BAEM 2R E L2 0T
HY, HERERL 1icRsnTnd, BHEERBRYOEREW Y, 72 BERUVY vBE
PENFRBICHEEALY, BERTE, BEOCESLL. BEOHEGCIEL/107 4 3w ERE
iRz, 2OMHEE, ATF+20.3g, <7 b r0.5g, BRI8gHE KR 1LIKBFELLLbOTH
%,

2.2.3 FEERDUNER

Microcystis DR F AL, M-11EH 2 FH W T30°C, 1,0001xT 1:BMBEHR L &I,
20C, S0XOEATEELEREL:, 20HI L CHEEE 2T 72,
FTEERSMIGCZEA7 5 A2 R200mIOM-1B8E 202, ZhicBEREER0.Smi%HEE
L, 30°C, 2,000xEifEA T T LRMBEEEET ol HFL LTI~ THEHXIT 2L
72 v

2.2.4 KiEE
EHBRZ00mID=A7 9 A 2200mIOM-118# % M2, < HICHiEEE%0.1~0.5m/iE
ML 7ze HEEESMEE, BB S WRD, 30°C, 2.000cESRET tHEBENE (10 1BF TR
£3) 2L, Dy, BERCHOBECEY 2B TR, IEEE, CORBEDBLALE
TELEFIRT2ROI HBELE TLREEOA 2 M-I O/ 10BE ) L THiER 217>
P, R EE R BAREERTAK-3A, K-3HEEBE L 7S 7 b Ay b ORISRER S 5T
BEL, SEKTHRSELLEETHAE X 0BERd o5 RL, F00mIBEREL 2, K-5
B ow TREEEREON. ImFEE L. SOBECET2ER T, 7 T VBEREE0.45
umD ATV 7 4V F—T5AME L TEEN ML 2,

2.2.5 WMiSRE, HBEBEE () RUBEROMTE ‘ _
CEABEORAEICE, FUHRARHER (Mean Cell Volume Computer) fif &0 1~ % —

2 E1zM




A7 > % — {(Coulter Counter Electronics Inc., Healeath) # fiv>7:, Hifa%k & ProiiFaA T
EEHL, 550 UnFRL TBOLREBRL D BROERER 2RI, K BK-3ARTK-3
PRISTEME 2 BHE R TR 5 7 50w, 20MMEBF RN L, BEsdsEow Lk, 215 —
oy —THEL:,

HERHE (¢) B(1)R&0RD,

u=p X (1)

X EABEE (mg-1")
u o LEHREEE (4
HBERCATE T 2HE IR, BREE0w, 200EETHAEL TH T Lk, Zhsl/107
45 CEREM ETIC, H1AMSEL, XL oo=o—KEHELL,

2.3 B R

2.3.1 Microcystis? g hR

BI2. 1w SRR K- 3 A, BEAK-3 M K- 3 BRI 7T 2 M OMWMiR 2 R L 7. K- 3
ABRRERIHE  TREANCEIEL, K-35kt EI2R UM (Ligy 2T) 2TL

107

t>—

- Associated bacteria

A

M. aeruginosa K-3

M. aeruginosa K-3A

NUMBER OF CELLS (CELLS.ML_l)

10°

0 2 4 & 8 10 12 14
CuLTivaTiON TIME (DAYS)

2.1 M. aeruginosa K-3A, K-3 K CHEHIE O BMTE

Fig. 2.1 Growth curves of M .aeruginosa K-3A, K-3 and associated bacteria



T, 20y BETT2HKNUFD oviz, ~HK- 385, B8 6 HH 2 TN M
Ly 8 HE 0 cells/mi L BATE L 1o CORERY & DD OIEIZEEFES 3 Ao
BELIORDAHILELL, $RK-3BRCEFETIHRABEZR2BEETRR L 27T, £
DOBIFZEEKY - D L HERL, BBEUBAE IR 6 X10°%cells/mikc £ TEL 72,

M. aeruginosa K-3A M. aeruginosa K-3

50 50
agl  Incubation 2.7 days | aof —] 3.8 days
Growth 2.7 mg/1 6.5 mg/1
30k 30}
20f 20F
10.H l_l l—| 10-H
opl ; ] o
i 4.2 days L 5.0 days
40 7.6 mg/1 |20 14.5 mg/1
30} 304 "‘
re 20} 20|-
= 10 10 '
i HIS1R 1R a B (A R IR T =T a T
(3]
: 40} 5.0 days | 40r 7.0 days
13.0 mg/1 40.6 mg/1
2 30t i 30} e/
e
. 200 B 20
> b 10} H
o |_‘ H
E 0 '-'-l 0 i A
o0 a0t 9.0 days a0k 9.0 days
= 37.1 mg/1 76.7 mg/1
t 30 30}
= ok 200
oo OO0 ]
L= 7 0 Mli.
86
12,0 days | 40l 12.0 days
40 76.6 mg/1 1 185.1 mg/1
0p kY
20k 20
ool
| [—l ﬂ 0 P o B e ST N T 1

0-58~106-193~276-386-680-926 0 - 58-106-193- 276~ 386~ 680-926
FLock s1ze (um) FLock s1ze (pm)
9.9 HEB@WEES M. aeruginosa K-3A, K- 3HROBEKEOEL

Fig. 2.2 Distribution of flock size of M. aeruginosa K-3A and K-3
_during cultivation
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2.3.2 BBEBCHIBERTEOE

23. 10RBICE LT, K-3AREKEBERIIC 22 LK- SRR E B R BET 5 2
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Fig. 2.3 Growth curves of M. geruginose K-3 at various temperature
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Fig. 2.5 Effect of light intensity on the specific growth rate and the maximum
growth of Microcystis
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Fig. 2.6 Effect of nitrogen concentration on the specific growth rate and the
' maximum growth of Microcystis
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Fig. 2.7 Effect of phosphorus concentration on the specific growth rate and
the maximum growth of Microcystis
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Fig. 2.8 Effect of iron concentration on the specific growth rate and the
maximum growth of Microcystis
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= 3.1 BrHokKEINER
Table 3.1 Water quality of Lake Kasumigaura
1980 1981

Items May.19 Jun.23 Jul23  Aug.?26 Sep.24 Oct.23 Nov.25 Dec.22 Feb.10 Apr.24
Wat. Temp. CC) 19.3 23.7 27.0 23.2 22.5 i8.8 12.5 5.8 4.0 15.9
Transparency (m) 0.8 1.00 .95 0.45 0.90 1.30 0.85 0.60 1.2 1.0
pH 8.0 - 9.0 8.7 8.4 8.2 8.2 8.1 7.5 7.9
S5 (mg.{7") 10.3 11.5 16.7 32.6 20.3 13.5 12.2 11.7 4.9 8.6
Chlorophyll-2 (pg.l~h) 44.7 40.7 72.4 118.2 H.1 50.2 100.1 89.8 12.6 20.0
COD {mg.{™Y) 7.1 7.8 8.9 11.9 10.8 8.1 8.9 8.6 5.4 6.7
Dissolved COD {mg. ™"} 5.3 5.4 4.3 4.9 6.5 5.4 4.5 4.8 4.2 4.6
DO {mg.l{™"} 10.1 7.0 13.6 7.5 8.3 9.2 10.6 12.3 10.9 10.9
T-P (mg. ™Y 0.084 0.141 0.055 0.110 0.094 0.063 0.093 0.067 0.055 0.044
Dissolved T-P (mg. ™) 0.022 0.031 0.015 0.023 0.017 0.011 0.002 0.012 0.017 0.022
PO,-P (mg.1™) 0.003 0.000 }.006 0.000 0.003 0.007 0.001 (.000 0.004 0.004
Dissolved T-P (Auto.*) (mg.I™ %) 0.056 0.120 0.033 0.068 . 0.060 0.050 0.062 0.029 (.046 0.032
PO,-P (Auto.*) (mg.i™") 0.014 0.026 0.016 0.024 0.022 0.022 0.019 0.021 0.005 0.007
T-N (mg. ") 0.50 0.71 0.90 1.31 1.27 0.84 0.94 - 1.23 0.30
Dissolved T-N (mg.{™") 0.18 0.36 0.49 0.15 0.17 0.34 0.41 - 0.96 0.22
NH,—-N (mg. ") 0.01 0.04 0.08 0.00 0.03 0.08 0.12 0.00 0.16 0.02
NO,+:-N {mg.{™") ¢.00 0.00 0.05 0.00 0.01 0.00 0.01 0.02 0.37 0.15
Dissolved T- N {Auto.*) (mg. ! ") C0.27 0.54 0.64 0.55 0.49 0.50 0.62 - 1.35 0.28
NH,—- N{Auto.") {mg.I™") .04 0.16 0.11 0.04 0.06 0.14 0.10 0.04 0.43 0.05
NO:+:—N (Auto. %) (mg. ™) 0.00 0.00 0.02 0.02 0.01 0.00 0.05 0.04 0.40 0.15
T-Fe {mg. ") 0.048 0.095 0.056 0.154 0.096 0.950 0.054 0.054 0.021 0.018
Dissolved T-Fe {mg. ™Y 0.014 0.052 0.043 0.022 0.009 0.006 0.004 0.010 0.004 0.004
Dissolved T —Fe (Autc.*) {mg. /") 0.012 0.040 0.049 0.005 0.010 0.010 0.005 0.012 0.006 0.007

Auto*; Analysed aftry autoclaving the lake water
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Fig. 3.1 Seasonal change of AGP in Lake Kasumigaura
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Fig. 3.2 Effect of nutrient addition on the growth of M. flos-aquae
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Fig. 3.3 Effect of nutrient addition on the growth of M. flos-aquae .

U,

S PNFREPPPNN
N FeE FeE E NN FeFen N FeE FeE
FeE E E Fo
7 E
Filtrated Autoctaved

PPPNP
N N FeFeN
FeE E EFe

E




ERRrASEMU s, UV BECRBEINC L D 26me- I L BESREL SMINLE,
Lidio ) v e 2RO - RASAKCHBEPEE L > Twa LD EEL 5N, BOREDR
BHEFRMCIVBHESELIHEMNLTEY, BFNERETE T LE2 505,

TH23H(H3.4) : 2:RE0HE, RMEMTIEFe: ZBEDTAZFENT 2 - s iw & h Bk
DRSBTS Sty LbL Y ¥ L EREFERICHEIT 5 L P EDTASTEE L & < T b kst
E16mg- N ELCHNT LI Ly s, BREY VAR HBEYECE>Twa b EI SN
5, BOBEOBER, EREFEMT 2LV BREOBISTED o ht:, 808 EL L
SRYYRBMTA2I i, EROMIERML 0 BERSHIIL 72, Lis->T2oEkid
EHRPFIRYB LR -TEY, ROTY U8Bt -TwatELLND,

—4Or Jul, 23, 1980 M. flos-aquae
& _
£
£ 301 _
g FH T B ]
20+
T
5]
§10-
[iimninl
o
§ Lo_allllnnollalll0n il il 0
SPNFEPPPNNFRPPPNP SPNFEPPPNNFePPPN P
N FeE FeE E N N FeFfeN N FeE FeE E N N FeFeN
FeEEE Fe FeEE E Fe
E E
Filtrated Autoclaved

B 3.4 EEMECRETEBERINNE
Fig. 3.4 Effect of nutrient addition on the growth of M. flos-aquae
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Fig. 3.5 Effect of nutrient addition on the growth of M. flos-agquae
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Fig. 3.6 Effect of nutrient addition on the growth of M. flos—aquae
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Fig. 3.7 Effect of nutrient addition on the growth of M. flos-aquae
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Fig. 3.8 Effect of nutrient addition on the growth of M. flos-agquae
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Fig. 3.9 Effect of nutrient addition on the growth of M. flos-aquae
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Fig. 3.10 Effect of nutrient addition on the growth of M. flos-aquae
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Fig. 3.11 Effect of nutrient addition on the growth of M . flos-aquae
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¥ (BEMOBE) LHELCERRE LIl €2METHo, BEELT 2mg - U EDOEE
BOBEAKEDONLBEEHIBHEENE L Uiz, $-BMTHENL TLREECEINED &
NRWEEE, ZHSPARCENL, BEBcinED ez L &, 0RO HIENE
Elt, COEIBEZDH LTS 2~H3.NERLERBREE» 5 ER04EMES 2 0
BERI.2DE30k3B, MicrocystisEFlWi- 2 BH0B456H, TH, s A0EHE, Y&
EXREARCENT S b0 EBLLHESE N, Vo EEESEREG>TWR, #
DHDOK~FEHTIAESD 5 WFEDTASHIRME L e o Twle, 2RNMEOBEE, 2A%
Bz w I OFEMICBELTHERSHBYHE k> T,

—RICHEC S TEEEMOER - 2 D LTWERNE ) v EEHTHLI LLbRTVS
D, M. flos-aquaeDIFE, Brfio A /ATRLTLEY) v EBRLZITREFTE L
o LOU6A2S8H 2 TOMMIL Y v L EBHDO RSB IND A T16~26mg- [ L +5rE W
MEABLATED, ColMRECF - M DEBBAKPRELEL, ChAEsBARELT
MicrocystistS Il $ 2 2 L2 BB LHTWR L EZ 6N D, - BOEE L L EPEDTA
OFMSERINZO, BERPCRO A IR ECEDTAYESBRL b, Howidkdo
BEMHIEIC X > TEM - FEE B EDTACELAYENER L &1 002,

M. flos-aquaeld CHEE » v o 0B - HBLT28B BT, BAERBRERTILACHE
LTLE-2TWAYN L LByl POMBCARREEL TKOEETET 5 Microcystisid, 12

# 3.2 M. fors-aquaeis 4+ 5% » HOMEEIRY

Table 3.2 Growth limiting factors in Lake Kasumigaura for M. flos-aquae

Limiting nutrient

Algae Sampling date
Filtrated Autoclaved
M. flos-aguae May. 19, 1980 Feor E N
Jun. 23, 1980 Pand N N
Jui. 23, 1980 Pand N,or FeorE N
Aug. 26, 1980 Pand N N and Fe, or N and E
Sep, 24, 1980 Feor E N
Oct. 23, 1980 Feor E N
Nov. 25, 1980 FeorE N
Dec. 22, 1980 E N
Feb. 10, 1981 Pand E P
Apr. 24, 1551 E N
M. geruginosa Feb. 10, 1981 Pand E -
Apr. 24,1981 E -
S, capricornutum Feb. 10. 1981 P P
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Fig. 3.12 Effect of nutrient addition on the growth of M. Aeruginosa
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Fig. 3.13 Effect of nutrient addition on the growth of 5. capricornutum
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BERUBER2LTnAEEL NS, 12H, 2B 4 AREDTAGS L 0@, T4bs
SEROERE2HO2 LI RBEEEL TR EEL R, INENLT, S. capricornutum* B
Wiz 2 HOABEKTIE, Selenastum OWHIZEDTAOHMMRR LS E b o ofz, Th
i MicrocystisdiSelenastum bR THROBRELF A, H2 LEEHACEET2ESRB ot
AREHSENI LA LD EHEESNS,

Sk, BB 5 Microcystis DISTERIRME £ L TO% LEDTADMBE 2 RE F 2811
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DRI RIET EROFE L WAPOSBRE L~V LEDTA (v — M E) 0FEL w5 A
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3.5 3w

1) By HEAROAGPRASRETHIEL 72BE3.9~11.2mg !, BB THEL 7-BL
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T b EERETABABL LTHEEL, FIRTELREYESERCOEu L EL
S5z,

2) By EKICE G B Microcystis DIMHIRBME 2, 2BEO\BS, 6, 7, 8 AR
VY e BRSFRME L2 > Twieds, TnAOFEHTiskd 2 WIIEDTARER L 2T
Too ETBBHHETRELAYOSTHTEENGRE L - Tz,

3) 2R 4 AR DT 2ED Microcvstis (BMAEREERME L M. flos-aquae, B



AR LRI L T2 M . aeruginosa) * W TARER LV HFBSBEMELRIULER, BE0
BRIEE<{HECTHY, 2RV LEDTAH, 4 AREDTASEIRMETH -7,

4) 2 ADEAKICDWTIX, MicrocystisD iz Serenastrum capricornutum % F\v> THERE
TR, 288, BAHECTRLL) U aFRPETSHY, EDTARHIBYHE T 2o
feo TOTLRFAILBATLHAVIBEECI-TEBONIERNERIFENHIILETRLT
BY, ¥REGIPEOBEESDZVEHSHBEE So T IEEHAT 2 C LOEEEST
Bati,

5)  Microcystis D BLEHH W REDTARMEOFEESAESBEL TV 30TV E
Zohiz.
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Fig. 4.1 Sampling stations in Marsh Ushiku and infiuent rivers
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4.3 RERRR

43.1 $ABRERAMMOKE

A ABECHAFNOAEMEER B4 LIT L7 19800 £ 2B O T-Pid0.050~0.072
mg- [N EEy LTS ERRENETH o, 19824130.05me - IATERTH 0 1980ME
RPDENWETH 2%, —F, 19820 3MIDT-Pid, 0.033~0.080mg: "' TH H §ifa)I| 235
LEWEETRLUL, PO,-PIRFAE, 3ENGTRL0.0Img - DT ThR N EVWBETH-
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* 4.1 FRBEVRAFRNIIOKE
Table 4.1 Water quality of Marsh Ushiku and influent rivers

River River River
Marsh Ushiku Inari Higashivata Nishiyata

(5t.1) (5t.2) (5t.3} (St.4)
Item 1980 1982 1982 1982 1982
Jun, 11 Aug. 1 May 12 Jul. 2 Jul. 2 Jul. 2 Jul, 2
pH — — 3.0 8.6 8.3 3.0 7.5
CoD (mg.i"") 5.1 3.8 5.2 4.7 4.0 4.5 3.3
DO {mg.{™%) — — — 9.7 12.7 10.6 8.8

T-P (mg.i™") 0.050 0.072 0.051 0.046 0.080 0.045 0.033

PO,-P (mg.i ™) 0.003 0.010 0.002 0. 004 0.002 0.004 0.003
T-N (mg.i™Y) 1.51 1.41 1.31 1.00 0.94 1.29 1.60
NH,-N (mg. "\ 0.04 0.04 0.11 0.12 0.05 0.17 0.15
NO,..s-N (mg.I™1) 0.97 (.89 0.56 0.50 0.57 0.98 1.23




T0.50~0.97Tmg * ™', 3T 30.57~1.23mg * [T TH o758, NH-N»4AE, 3@ahlc
0.04~0.17Tmg « I"'OBHTH 22 L 3#E 215 EFABOBREOERIZ £ DIE LA NG~ N
BThsEn2d, BHOEr#Tik, NH,-N, NO, -NBELFh 0. 1lmg e IDLUTFTHY,
SABOEBEOEREERB rFl a2 BnErni 3,
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4.4 H %

P ABRUEABIRAT 2WE), ®ad/, ESHEND 3@)IAOAGP£##&4.210R LT
#, B@EDOAGPIZS. capricornutum, M. flos-aquaeitizi{E L, FAHTD1982E 5 Bic BT 3
M. flos-aquae % W1 BED1.6mg - N BERTH -7z, BOERI 2 BHECE~REATO
FEEBRENBIER2L00 —HIZABELIVDEVAGPERRTH, 198247 A0FABD
M. flos-aquaeIFELAG - DEAMNES S iz, 485, capricovnutum = M . flos-aquac®
HOLHHEQOAGPHIIRL - EETL .

A S FEABET=MIIKROEIEREBYES 2 18, S. capricornutum DIBE 5 Wk, B
SRELE L) SHBREME TH o 12, — 7, M. flos-aquaeDIF/E H@ETIR Y 23T
WD oY YICEDTAS 2 Wid ka2 THlo THERINER L 2, ) » LEDTAME
LAYOBERBELRoTw, &, ZhERSBETHAND LURYEE, XX
EDTA, $20wit) v hFOBE XX THEo T, Mo OBEREKEAFTOBRE ZHEEL T
bk, BBEOGBGOHAKTOPO-PEBEXFI. LI RT LIREL EL, ) rHEHEREDR
Bz 2 TWBIEHHRETE S, S. capricomutum DEBRE B TLRBOKENEB ST,
LinLineM. flos-aguaeDFEE, Y v OiEMCEDTASBEICHETH S 2 L) BFEE
BB LoTHO LS, CTORCEHLTRAESNLSEETZ I LETAETH
B34,

# 4.2 FABEUCEAAIOAGP
Table 4.2 AGP of Marsh Ushiku and influent rivers.

Algae (mg.I™")
S;‘E}glf“g Date S. capricornutum M. flos-aquae
Fil, Auto, Fil, Auto.
%sa}fisﬁlu (St. 1) Aug. 1, 1980 — - 0.5 26.5
Marsh St. 1) Mayl2, 1982 09 61 1.6 16.8
- Marsh (St. 1) July 2, 1982 0.6 2.4 1.2 0.2
River (St.2)  July 2, 1982 0.6 235 01 198
}Rlii‘gshiy an B3 July 21982 0.5 4.3 0.1 8.2
River (St.4)  July 2, 1982 0.8 5.4 0.0 0.2

Nishivata

Fil. ; Filtrated, Auto. ; Autoclaved
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£ 43 SABORENEOHRERYE
Table 4.3 Limiting nutrients of algal growth in Marsh Ushiku.

Sampling Date S. capricornutum M. flos-aquae
Station Fil.  Auto. Fil. Auto.
Marsh St.1)  Aug 11080  — _ P and E N
Vs, (St.1)  Mayl2, 1982 P P P and Fe g
Marsh (St.1)  July 2, 1982 p P P and E -
River St.2)  July 2, 1982 p P P and E N
%‘;,;;ghiyata (St.3)  July 2, 1982 P P PandE  PorFeorE
Nata St.4)  July 2, 1982 P P P and E E

Fil. ; Filtrated, Auto. ; Autoclaved

S. capricornutum T SIRHER ) o hEES AL L TERELLBHEE WAL, BOELR
BE M. flos-aquaeDEHBHERLTL LY »TRES RS TLEWEROBFELTTL HH,
HBBEI L D BRAKFORANEN LD H 50 HBREC I 2RBEREC IS HOL
Exohbdh, ZORECOVTRSEORNEETH2,

4.5 3¢&®

HSAErBrBEREBL T2, FABOEHO 28k OHEREEME & Microcystis i<
LoTiREAYDBEESY Y LEDTATH >z, —7, BrBAOBER, Ve B2RSFARKCHIR
Lo T D Microcystis OFICEDTANEE T 20813 2L, HehXWBCESRDON
oo TRDB, FAROWKIREE, U250 SEMLT b Microostis T E 2R TS
D8 » O b Microcystis iFRE LIC Rk EW A L S,

500 A X M

1) RBEEBRER (1975) | MEBRE L EERUAERSH,

2) EEE—BHEE SRS S EEHE - EER ARET (1981) | OB HEREIC L 5AGP
GRGE, EVOEPERTRRS, H26%, 53p.

3) MBI RE T (19M) BFHCETIEDT I 7 b OEEXERTF L L TOHROFAR
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€, BRLTREHETEYEHE, 27-29,
4} Gardiner, J. (1976) : Complexation of trace metals by cthylene diamine tetra acetic acid
(EDTA) in natural waters. Water Res., 10, 507-514.
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5.1 @Lwic

Brifl, TEEZSESHTERICARETLE 74213, IAXR~ACLIRBROBET I
WREEHNAKCBL TS, TA 0SB ow T, Jewell & McCarty?, BfT5%, Stewart
BID|MENSY, PAIOMRZEME, 2, YT/ T =Y, TA—NEOE OHESD,
BELTWAEILSHSMCENTVS, 74 IDMERCIERYTER, V- FoXEnE
DG TEBOERHERL I Eh0, ThoDiPHLIETREHAD ST a%
BAL, WIADRA 722X A0RTO7 4 I RURENE OSREFOEEIC D TR 2

Ztz,

5,2 EBREX

5.2.1 HMERURRER

SEEBCAWETA 2, 19830474 a8 KBERELTWAB r HOT kL
DERLAbDT, 777 b2ay b THERL, 7H3205BCBBLLLOTH S,
ERICENESecmP0 I BOF A4 7 uaXaeFy, IORETZIBWE 155
L, HR&EEEABCENS €S2, 1 E I 1H, 1598, =7 K A TR ET, 3,000
IxOWBE TI2HEE 2 L O R THEL T, DEEEII20°C, 0°CORMETITo> .

5.2.2 SHEE

74203 X LSBT EEAR L, Microcystis e P OEH#, DOC, T-N, NH,-N, NO,,,
-N, PO,-PRBIE L1, MicrocystisiTigiiw L0, @EREALENS, —ERMES RN
BRI TAIOREEIES I s ¥RE, KEATHRE, F108H (R *A0.5g -
71>, 1.0g, NaCl 0.5g, #K15g% 1 IDEA 4 > ARKCELT) 2RAWTEEREHEUL,

5.3 EBRERRERUEE

5.3.1 MEOHHEH
FAIERZORKPTOEBEEHE T 2158, THIOBRBBIE{ OMBSHBEL TR LHIE
BelFE T2 LA TH L, 2 I CTHRAKPORELHET 5158, MF L2
B O WEHEERAETA0NEL THEDNE DL TZTRITENL 2, W00MIDI /7>
A 2 Z50mIDRAK F N2 —ERMESELE L BB RE, SRR OEEL TR
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Fig. 5.1 Effect of the sonication time on the viable bacterial count
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5.3.2 Microcystis & HEHOEL

[2]5.3&:20”& 30°CiC B 1F % Microcystis DD EAL R U oo Microcystisid, EEREIEIEICS.8 X
10°cellssm{""FIEL 7243, 200CTRUBETH20% L oMEL 24005 2 2LUR Bl 12 4 M L 358
BICBOR VR 7o —HICCOHEE, EERFFEEE D o SBSHE L 5B HIT1395%H1 508
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Fig. 5.2 Effect of incubation time on the viable bacterial count
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Fig. 5.5 Change of DOC during the Aoko decomposition
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Fig. 6.1 Methane fermentor
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729, FREBRERE12IELT.

@ HERE
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RTWL2EEEE LD L EENECERE, ThbdTSEE (RER) 1 %288 LT, 2%
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HERRII BT, O LI 7 A 20Mic TAERAEE L TERCHEL 72, TSIEE
g, 7AICEE, 2%, 3%KRUAN, —FH, TREROBEESTH, 2%RUF3I%E LI,
O EHH#

LERERCHY IRGARORER, EONEEROKR2ERL, FEREBEC SV TN
H, BREBCBVTRBA L U, LT, BEENOEERERLIIELTWAI D,

#;* 6.1 PEEA AT P REORESRY

Table 6.1 Conditions of methane production in semi-continuous culture

Temp,  Ditention Feed and Substrate TS loading
°C) time (d) withdraw conc. (%) {g.d™")
(mi.d Y
2 1
Aoko 3 1.5
35 30 50 4 2
‘1
Sludge
uce 1.5
2
Acko 3 3
55 15 100 : 4 4
Sludge 2
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EIAKETBHTR, | BESCEEE»S0MITOF 7Y 7L, SEOSICHL 7,
—H, ¥EEEECBOTR, BEEHAL TS, FRENFTEDT S HEBAREIEL,
1S DO ARERPREL RO SR EHBEACHL L, FEBRTCRUTOES
KoOWTHiRiT-7:,

1) ARk e 7 AFER

REHAERIZ, REEI VAT LDV ) VP TH A HERERC2IRTRETASY v,
REETADRFEN A0 T I 7HRICEDT o7, FADRKERE, ¥R 27 B
THEHED X DA ARERER,

# 6.2 A¥v, REBFARUVE#HMON R 7 o< b HMrEH

Table 6.2 Conditions of gas chromatography for CH,, CO, and
fatty acid analysis

Item. CH, CQO, Fatty acid
Columm Molecular Silica-gel Chlomosorb 101
sieve 5A -
3mm X 3m 3mm X 1.5m Jmm X 3m
Detector TCD TCD FID
- Temp. (°C) .
Column 80 80 170
Injection 120 120 220
Carrier gas He He N,
(mi+min™?) 30 30 30
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6.3 & B
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% 6.3 TAIETKREROC, NERUPSE
Table 6.3 C, N and P contents of Acko and

sludge
Substrate C% N% P% C/N
Aoko 47.8 8.4 0.79 5.7
Studge 36.6 4.5 1.68 8.1

6.3.2 EHER
EMHERCBI 574 abb0f ARER - HBRBOERR ZK6.2~R6. TR LT,
6.2 35°CTT 4 2 1 %ORMETH> HBEDORBRTH 5, FEER (LFA) OERIEER4 R
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Fig. 6.2 Gas and fatty acid production from Acko (batch culture}
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Fig. 6.3 Gas and fatty acid production from Aoko (batch culture)
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Fig. 6.7 Gas and fatty acid production from Acko (batch culture)

# 6.4 [EIFRERICETLIN 4R

Table 6.4 Gas production under several
conditions in batch culture

Temp. Aoko Gas production

o 0,
o) (%) Total(?) Ig-Aoko™
1 3.3 0.28
35 2 6.4 0.27
3 10.3 0.29
1 3.0 0.25
55 2 7.1 0.30
3 0.2 0.01
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Fig. 6.8 Gas production from Aoko in semi-continuous culture
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Fig. 6.9 Gas production from Acko in semi-continuous culture

® 6.5 FEERERCBIIEBEENESNAER

Table 6.5 Substrate loading and gas production in semi-continuous culture

Loading Gas production ' Gas
Temp. Detention Substrate production

. i TS Vs TOC yie
CC)  time(d) conet$) Py (@dn (gdD  LdT 1TSS LgVST LgTOCT (%)

2 0.96 090 046 034 035 038 0.7 10

Acko 3 1.52 1.43 073 0.58  0.3%8  0.41 - 0.79 12

35 30 4 203 L.90 0.97 079  0.39  0.42  0.8] 4
e I LA 0O 040 046 038 042 105 56

udge . 93 139 0.67 0.8 045 0.60  1.24 %

2 192 1.8 002 0.64 033 036 0.7 %7

Acke 3 3.04 2.8 145 0.83 027  0.29  0.57 31

55 15 4 406 3.80 194 035 009  0.09  0.18 10
e D 2 L8 088 L0304 05 LI 63

uge . a6 277 134 1.66 045  0.60 1.24 66




# 6.6 FEHRAEBCSH AEESESEE

Table 6.6 Concentration of lower fatty acids in semi-continuous culture

Temp. Substrate Acetate Propionate {-Butyrate #n-Butyrate
Q) conc.(%) (mg.i™') {mg.i™") (mg.I~') (mg.I77)
2 70 30 0 0
Aocko 3 260 1,180 50 40
33 4 510 45Q 0 0
2 70 40 0 0
Slud

S 60 7 10 0
2 20 10 0 0
Aoko 3 740 1,220 60 50
55 4 3,200 1,830 60 40
40 20 0 0

Sludge
300 80 20 20

6.4 & B

BEDRTATAAVRERWE AT VEBICDVTIR, ThETKVA2LID0WENEIN
TWuah, TA2E2ALEAY VEBEZOVWTRELAYBESZERTVE L, F ITHFEE
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O, [E47EE L EESETYO L S ZHERET 200 w2 A 22,

Ay ERBIIBERESYE A VAREOSOO 2EEOFENES TS LRRIGTHSL
LB RTV D, B 1ROKIGTEE AR L Filh, FRYSIKIES UESTOR,
Fla—LEnERIhd, F2BORETE, ERahEFTUESSESAASY VHRA L
BEEHABERENS, LELESNS IO 2 BACHOBEIARS (EE->TEY, BENRR
WS TpH 4 ~ 5 OEBRMEHEI R FH, A7 vERBHTHIMEETH 0 EBpHIE6.5~7.5TH
o LESHTZDDORE -LKIGHTA Y v RBS €5 e NBENEELONLS, IhE
T2 RDORKB OV TR T VRENZ IR TR, RFETIR, HE»SD1ENER
WTRE R Tk, BERE: AY VERFHONT Y AREELRA Y ThHo Tz,

FAAEREEC LSS, EASETIRE2~M6.TCFET IS CEREORMENER SN,
FOHBIZHAORENTD SN, e HHICpHOET 23D & vl B# TR pH 2 21E
Lizdd, WENOBE L 3HELEIRpH 7 ~8 TEE LT, A ¥ »BETE -RCHRBSER
T2EA5 v OERAEESH, FOBEFIRS0mg- T BErubRTWS, TAH228EHE
LB &Iz R6.50 7R3 & 9122, 000me- I A L OERBOTFEL T b A ¥ Y ERE N, R
DTFABROBE L L EDIBRL T, H6.TWRT & 51, 55°CT7 42 3%DHBAICTRIA A
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Fig. 6.10 Gas chromatogrum of fatty acid in semi-continuous culture (Aoko)
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Fig. 6.11 Gas chromatogrum of fatty acid in semi-continuous culture {sludge)
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Table 6.7 TOC of feed supply and withdraw in semi-continuous culture

Temp.  Detention Substrate TOC Removal
time conc. Feed supply  Withdraw

C) (d) (%) (g1 (g0 (%)

2 9.2 4.6 50.1

Acko 3 14.5 6.5 55.2

35 30 4 19.4 8.5 56.0

Stugge 2 8.8 3.6 58.5

3 13.4 5.3 60.6

2 9.2 5.2 43.2

Acko 3 14.5 8.6 40.5

55 15 4 19.4 16.9 13.0

Sludge 8.8 4.3 51.1

13.4 5.7 57.4
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LEDZEeme, 7A20RNEL RS Y REEOBEOLEESOERL 2R S
HVHEERBAR TS bO0, TAIRTABRIZZRLEL, A5V REFM: LTHT
HHTE2ZEELhER 2T, ‘

6.5 I
TAIERKELTAY v RBCL IV AQERE 74 20 ERHS 2. BSERETE,
55°C, 2%D 74 2WET1gH - 0 300mID A ADEELTD iz, —H, FEEMBETH,
35°C, 4 %7+ TBET 1 g4 039mMIOA ADEBRLRD oM, ¥ ADNEREREDMXE L
DR DBOESEBSNT, T4 IREROTRERERKCAY A REBCL DAESTTREEZ
sz,
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Studies on the effect organic wastes on the soil ecosystem —Outlines of special resarch
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Comprehensive studies on the eqtrophication control of freshwaters—The function of
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1982, (1984)
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eutrophication of Lake Kasumigaura. — 1980-1982.(1984)

Comprehensive studies on the eutrophication control of freshwaters—Measures for

eutrophication control.— 1980-1982.(1584)

Comprehensive studies on the eutrophication control of freshwaters—Eutrophicattion

in Lake Yunoko. — 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters—Summary of

researches. — 1980-1982. (1984)

—XX—




No.

# No.

No.

No.

. 58*

. 59*

. 60*

61*

. 62*
. 63*

. 64*
. 63
. 66
. 67*

68*

69*

70

%¥No71*

No.72*

#No.73*

¥No.74*

No.75

No.76
No.77*

No.78*

Studies on the method for long term environmental monitoring—Qutlines of special
research project in 1980-1982. {1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfer oxides
system —Photochemical ozone formation studies by the evacuable smog chamber
—Atomospheric  photooxidation mechanisms of selected organic compgqunds
--~Research report in 1980-1982, Part 1. (1984)

Studies on photochemical reactions of hydrocarben-nitrogen oxides-sulfer oxides
system —Formation mechanisms of photochemical aerozol —Research report in 1980-
1982, Part 2. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfer oxides
system —Research on the photochemical secondary pollutants formation mechanism in
the environmental atmosphere {Part 1) —Research report in 1980-1982, Part 3. (1984)
Effects of toxic substances on aquatic ecosystems —Progress report in 1980-1983. (1984)
Eutrophication and red tides in the coastal marine environment —Progress report in
1981. (1984)

Studies on effects of air pollutant mixtures on plants—Final report in 1979-1981, (1984)
Studies on effects of air pollutant mixtures on plants—Part 1. (1984)
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Studies on the environmental effects of the application of sewage sludge to soil
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