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- Fig. 1. Aeration system of activated sludge.
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Temperature change of activated sludges during acclimation.
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Fig. 3. COD removal by activated sludge.
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Table 2

-Gram negative rods.

—Motile by means of polar flagella.
Nitrite produced from nitrate.

Colonies almost colorless or yvellow.

—~Colonies almost colorless.
’—thmus milk alkalin.

-Colonies yellow. Proteolytic.

Litmus milk acidified and curdled.

—Gram positive rods.

—Non-motile. Endospores not formed.
Colonies almost colorless.

Colonies almost colorless or pale yellow.

May produce water soluble green or brown pigment.

Starch not hydrolyzed.

............. Genus Pseudomonas
-Motile by means of peritrichous flagella or non motile.

~-Glucose fermented feebly or not at all.

T OFERL, BB CHEE HEL, HHEYH
Atk Trichosporon cutanewm (DE BEURMANN,
GOUGEROT et VAUCHER) OTA TH % = & 23 1| ¥

Lf:o
B. #M4&H05E
Blisgni (1) 38 X 0%, 12 U ZERD B&Y%L@iﬂu& LT

£ 90 [ BE K BlZE U System A OFMEHIR(II)
OB & FHRERIGHS, COBLUHBREOFRY
BALTRE =z v = — %M Ui, FOHRE L CB-BER
% Table1 ZiR Lz,

EWRREEOTRE»LEHE T2 &, WS EE
PREE 1 g ORIBERIT 100, BERNI 1T RE LD,
T OfEE, ERTERE TS 74 ALTHE LT PRA-
KASAM 519 5 L 18 COOKE 51D DfFE R HRT#

Table 1. Number of microorganisms isolated

from activated sludges.

Microorganisms isolated

Activated sludge Bacteria | Yeasts Fungi
Not acclimated (I) 45 41
Acclimated (IT) 72 48

Key to the genera of bacteria isolated from activated sludges.

No acid from glucose. . . . . . . . Genus Alcaligenes

~Litmus milk almost unchanged. May ferment glucose feebly.
............ Genus Achromobacter
............ Genus Flavebacterium

~-Glucose and lactose fermented with acid and gas.

Acetylmethylcarbinol produced. Methyl red test negative.
....... Genus Enterobacter (Aerobacter)

Cells are coccoid to filamentous form, lose gram stain easily in old culture.

Acetylmethylcarbinol not produced.

~Motile by means of peritrichous flagella.

............. Genus Arthrobacter
Endospores formed.

Colonies white. Litmus milk peptonized. Aerobic. Catalase positive.

0

............... Genus Bacillus



Table 3. Characters of yeasts isolated from activated sludges.
I *E *E % & Sia gl g Growth
Cells Growth S8 B L2 wgigl 2 temperature**
Species —, 828 & g8 Assimilation E"{% S "é g °C
shape size Malt ex. Malt agar ‘E EC% E 2 LE "m&qs ég %’é‘ 5 15 27 37 45
Debaryomyces | . B Grayish white- GGaSMCbTR
hansenii (Zopf) 1. | Globose | (00 | Drys dull P vliow, dull |~ | — | + | — |TnStXRb Bt Gy |+ |- — W+ -
et K. van Rjj # P shining Mn Gl Mg LA CA .
Torulopsis aeria . Yellowish GGaSMCbhbTL | o
(Saito) Lodder | Globose  (3-75)p | Ring gray| ~ | " || ~ |ARhGIMgsa |T|T - o
I
Candida rugosa . ‘White-grayish
Anderson Did- | Ovallong (z(fs‘fﬂ;)(; Islet, o1 yellow, dull | — |+ | —| — |G GaXABGy | _ | _ -
dens et Lodder D001 petlic shining Mn SA
C. intermedia (Cif. White-cream G Ga So S M Cb
et Ashf) Lange- » (ZB(ESS)ES) " Pellicle color, dull -+ = gl(\}/[a TLRInXEtGy | 4| - - 4+ # 4+ -
ron et Guerra ; ! shining Rb Gal Mn GI Mg
SA CA
C. glaebosa ! . ; GGaSoSMTL
Komagata et : ” (2.5(2552i<7)/1 Islet W:ﬁ{sgndun - |+ | = — |RInSt X ARREt| + | — - + # 4+ —
Nakase ’ g Gy Rb Gal Mn Gl
Grayish Mg SA CA
C. krusei . (2-4)x (2.3~ | Creeping i _ . o _ _
(Castel.) Berkhout 8) 1 pellicle gﬁ}lﬁ:{; dull | — | + G |GEtLASA o
C. parapsilosis . G GaSoSMTX
(Ashf.) Langeron ” (2_5)X(%)5_ Creamy I — |+ | —|GGa| Et Gy Rb Mn Gl + | — - 4 o - —
et Talice “ yellow Mg LA SA CA
Rhlz;)\dotorqua glutinis Oﬁ{ll- dal (2.3—5);(0 Ring Salmon-red, I I R glGEXSOASRl\iAR%bI;E B — W o+ —
(Fres.) Harrison ellipsoida (4-10) mucous Gy Rb Mn SA CA
. . GGaSoSTRIn
Mﬁ;’fﬁ;ﬁf (Saito) ” (-?<§-5{g>5>)<# » Pink mucous | — | — | — | — >C< A Ri Et Gy SA” | + | - S
e A
Rh. rubra (Demme) (2-5.5)% Dark pink, & Ga So S M Cb T _
Lodd » 2565 ” _ = = — RInXARIEtGy |4 | - — w4+
odder (2.5-6.5) ¢ mucous Rb Mn Gl SA CA
" Trichosporon GGaSoSMCbHT
cutaneum (De Be- g\iglb(ésl‘lei’ _ | (6-8)x chfoarm Yellow-cream, 4] = | L1In St X ARiRh 4 S oW - -
urman, Gougerot | /v FUIP (7-15) 1t | {Pick mat | leathery Et Gy Rb Gal Gl
et Vaucher) Ota Mg SA Ino
* 4 : Positive, —: Negative G: Glucose, Ga: Galactose, S: Sucrose, M: Maltose, So: Sorbose, Cbh: Cellobiose, T: Trehalose, R:
Raffinose, L: Lactose, In: Inulin, St: Starch, X: Xylose, A: 1-Arabinose, Ri: Ribose, Rh: Rhamnose, Et: Ethanol, Gy: Glycerol, Rb:

Ribitol, Gal: Galactitol, Mn: Mannito), Gl: Glucitol, Mg: a-Methyl glucoside,

Inositol

| Jp—

: not clear

** —: No growth, +: Growth, +# : Better growth,

LA : Lactic acid, "SA : Succinic acid, CA: Citric acid, Ino:
# : Excellent growth

992

FERPICOE T R Y RABOE

0T #

o5
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SEV. ER BIRNTRIC 1T 2 AER, M, B,
PHODWTRIEBWThRZER <, BELMC Lyt
WNERTC B DL LS - CLERREEREL
TWHLEDERBT ENTES,

C. WEHOSE

L. #® #H .

FEF T X o TR L 0 B RS ITRB Lo
2ROV THEESY Lb~, HEFOMELZRE L
R, b Pseudomonas, Alcaligenes, Achromo-
bacter, Flavobacterium, Enterobacter (Bergey's Ma-
nual 8 7 fRD Aerobacter X)), Arthrobacter ¥ I
O Bacillus 0 TRCESS < &AW B Lic, ©hic
WTEEE OB AN T 52, £EE TOSERER
% Table 2 w7z Uz,

ThHABMER, IR BRRIALSHMT D
DT, HLFEBIORCBRL, FHHEHRE?S O HE
UENEZNN

Table 4.

—-One ascospore is formed in an ascus.

KNOj; is not assimilated.
—-Ascospore is not formed.

Cells are round. No fermentation.

Inositol is not assimilated.

~Glucose is fermented.
~No fermentation of glucose.

Starch-like compounds are not formed.

EHEBTRP OXREAMIE & ST\ 5% Zoogloea 132
DEBOREIN ST EE N ol Zoogloea BRI
BRI TH i LIt WwE S hTk b, RiFRH
TR AR TOREPBEELShTVH0T, A
LR BT B IE TS BRCREYS Th o e b h s
Vo L L, HEHERENC X o Ch Zoogloea 1IFRB BN
353, BENEDICT % X0' CARLSONS® 4 iEM:IEIR
B Zoogloea BEITHE L Tl oo @B LTE
D, BHTLLBROEFAERTLDERE LRV,

2. B =3
BT O 41 Brds L OB IT o 48 BRixah i H & BT
Uick&R, Table 3 wird 5B BeoEIh . %
tr, T B DOEERRC VT O EER SRS Table 4 IL7R
Lo

ThHOERICTRY BRCES /ML TED,
Candida [B&#Evx Rhodotorula & & {1 EEHIRMS
LI N T B30, Trichosporon cutaneum I3,

Key to the species of yeasts isolated from activated sludges.

-Orange to pinkish carotenoid pigments are not produced.

Glucose is not fermented.
Glucose, sucrose, maltose are assimilated.

Debaryomyces hansenii

—True mycelium and pseudomycelium is not formed.

.............. Torulopsis aeria
-Pseudomycelium is formed. True mycelium not formed.

~Glucose, galactose, sucrose, and maltose are fermented.
............ Candida intermedia
-Glucose and galactose are fermented.

.............. Candida krusei

Candida parapsilosis

-Glucose, galactose, sucrose and maltose are assimilated.
............. Candida glaebosa

............... Candida rugosa
~True mycelium, pseudomycelium and arthrospores are formed.
No fermentation of glucose.

........... Trichosporon cutaneum

—-Orange to pinkish carotenoid pigments are produced.
True mycelium, pseudomycelium and blastospores are not formed.

Rhodotorula glutinis

t—KNog is assimilated. Arbutin is not hydrolyzed.

-KNO; is not assimilated. Arbutin is hydrolyzed.

) Rhodotorula rubra
~Maltose, cellobiose, ribitol, mannitol and glucitol are not assimilated.
............. Rhodotorula minuta

‘—Maltose, cellobiose, ribitol, mannitol and glucitol are assimilated.
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THECTAGCHET S 00D, KA 7R,
BRI G LOMIN, FEKUIEE OEETSRD
5 DG S BB, FEKDEILICH S 2 OH R ER
b o EHEN ST B I E o100,

8, SESHE LR BT, THERTE2(5
T, HENR, BERLBRET, BREHEL RSy, Mk
PNRIFEIYD Torulopsis \JB3% b DHidk H LODDER
& (1952) » T. aeria w—K T2 EXbrotk, &0
i3 LODDER @ 1970 4ERRClL, 1 / v F — /L OF| K
Wip B E LT Cryptococcus albidus i A, BEE
B biwie EOBR T Cr. albidus var. aerius
EExhTw5, Lvl, ool LR, Eob
NI TEREY S 2 binnidnhp T, HE
T THBA 7 v b= DFIBEME L o &b,

Table 5.

-Colonies white, spreading.

—Penicilli biverticillate and symmetrical.
Colonies appearing funiculose. ..

—-Colonies white, felty. Reverse in red color.
Conidia sickle-shaped, one to three celled.

—-Colonies orange-yellow or yellowish green.
Conidiophores broading at the apices into globose fertile vesicle with
radiating phialides in two series. Conidia globose or oval, delicately
roughened, borne in loosely radiating chains.

Reverse in dark red.

-Colonies green. Penicillus formed on the conidiophores.

Cryptococcus ER¥ B HATHT, 1952 4EMIC X -
C Torulopsis acria (SAITO) LODDER 2 [@E L1

3. M 63

SEERERR O E ORI AT 52, R Iod
o 5B, 3L Geotrichum candidum vJR5E, 18k
i3 Fusarium CJBTHL0E Lz, %7, BB 11038
HD 5 b4y G. candidum vz, 2 ¥ Aspergillus
versicolor {Z, o 2 8k Penicilliun funicwlosum 3
L O P citrinum N EFNRRE Lz, Zhb Ok
F#A Table 5 R Uiz, Wihbhfiquc i <
BT, EEBRRFCERET S5 2 L WE IhTw5,
. G. candidum 3 BRI SN E TR T A5 M
Ay FORRE R HEES LBV TV 518,

Key to the species of fungi isolated from activated sludges.

Hyphae septate. Conidiophores short and septate, producing conidia
in chains at their apices. Conidia short, cylindrical, truncate at both

ends, or slightly rounded. . . .. . ... Geotrichum candidum

Fusarium sp.

Aspergillus versicolor

........... Penicillium funiculosum

—Penicilli once- or twice-branched below the level of the sterigmata, asymmetrical.
Colonies velvety, in olive color. Reverse in yellow.

D. B &3MEmBORE
L &8 #

BT ORGSR 31T A B D) #i% Table 6
R LR, BIERiH O MERCIZ L 2 B g
bho, Tihb, BIFEI X - T Enterobacter BEEH
Wk Uiciahs, Pseudomonas BEMPHIRL, f-T
Alcaligenes, Achromobacter, Flavobacterium iz X
Achromobacteraceae B DK Bk X O Arthrobacter &,
MIBE 2SR g L,

Pseudomonas B35  OPgEELS .2 T Ly, 1§
HHEMEOBLEEE STk, TOERCHE
EINEEFRTH, MERROM45% 2 HD T fens,
BB ERII 4% B ET, Enterobacter & & H 1B
XoTHKENRKLLDEELS,

............ Penicillium citrinum

Table 6. Number of bacteria isolated from
activated sludges.

Activated sludge
Genus I I
Pseudomonas 20 3
Alcaligenes 2 5
Achromobacter 8 39
Flavobacterium 3 10
Enterobacter 6 0
(Aerobacter)

Arthrobacter 3 11
Bacillus 3 4
45 72

I: Not acclimated II: Acclimated
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Achromobacteraceae BrOMENT. Arthrobacter [BE
£ & BB Ko TR 3 B g R LR, AR
Achromobacter |[BEO MMM EEE T, = OB EE
T oo BB L BE s B LB DK
bbb,

A £}

Bl R R OWEH IR 351 5 B3 057 % Table 7
iR Lo BIZEDORIE T2 LW i3 bh, BT
DERTFIRARCHEL Lk Torulopsis, Candida, Rhodo-
torula % JBRERS, BB L > Uiz L A EXHK S H,
bne C. krusei, Rh. rubra 23D H & 15 -T2,

Debaryomyces hansenii %3 Y. O Trichosporon cuta-

Table 7. Number of yeasts isolated from
activated sludges.

Activated sludge
Species I I
Debaryomyces hansenti 1 5
Torulopsts aeria 1 0
Candida rugosa 1 0
C. intermedia 4 0
C. glaebosa 5 0
C. krusei 8 2
C. parapsilosis 2 0
Rhodotorula glutinis 2 0
Rh. minuta 1 0
Rh. rubra 4 5
Trichosporon cutaneum 12 36
41 48

I: Not acclimated II: Acclimated

Table 8. Number of fungi isolated from
activated sludges.

Activated sludge

Species I I
Geotrichum candidum 3 4
Aspergillus versicolor 0 2
Penicillium funiculosum 0 1
P. citrinum 0 1
Fusarium sp. 1 0
4 8

I1: Not acclimated II: Acclimated

newm VIR L - CHIRL, £ Tr cutaneum O
P L %L, DEEEKOW 0% ©hd, SEEIE
FBOFPREERET, TOREAENZDBERTh T2 &
Exdhn, BRI EEDS XL, FEEER S0
BHLEL BRI REEL, 2o, HitkrdTsc
L ERFELGHETC, KRR BT 288K
i AL HEAC LR ERELREC R LES
LRBbh3,

Lozl IEFCERGROBHBER S,
COFERR T Ry 7 DFRNLE LTHEOERLEEVE
HELRHRAEHMIZHETHLOL A5, Rk,
Tr. cutaneum 7o\ C, D X5z #E3h
TW7Eu, .

3. M, 143 L

BIA5 OIEHE B IRIC 3513 5 20 0% Table 8 12
iR LTz,

Geotrichum candidum PBIENETIR &AL LT LT
CHEEShics, ZorURERRCOSHMBEL, *
KR TORENER T, LSS L20 &k
L, i, EBRO v v 7OFRAED IR THB,

ZD3hs Fusarium BT 5 1 ENEB X - TH
k&, Aspergillus versicolor, Penicillium funiculo-
sum, P. citrinum O 3 FEERED BB RN 5D
WDbRTH, ChBRBIEFOZKERC L5 b0 L
Brbhbe U THUNRIEEHRF OB S T
TN T EDD, BHBEABLC IR Y 0 & 12Bb
it

D EDfER G, KR s\ OB EEK i BIzE Li-ig
PSR, RABEBEERS KD b0, B Trichospo-
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Summary

Ecological studies were made to develop an acti-
vated sludge which would be adapted to the treat-
ment of waste waters from potato starch plants.

Starch waste, as a. model, was prepared by grin-
ding white potato with water and removing solids
by decantation.

Raw activated sludge from a domestic sewage-
treatment plant was adapted to the starch waste
at low temperature in two ways. In system A, the
raw activated sludge was adapted to the starch
waste by feeding it daily in an aeration bath at
room temperature (23°C) first, and then gradually
acclimated to low temperature (13°C). In system
B, this adaptation was done at low temperature
(13°C) during the whole time.

Lowering of chemical oxygen demand (COD) of
the raw activated sludge was about 70% (2 hrs after
loading) and 90% (4 hrs) at 23°C, and 45% and 65%
respectively at these intervals at 13°C.

The adaptation to the starch waste, in both sys-
tems, was nearly completed during first 10 days,
when the systems showed high rates of COD re-
movals (more than 90% after 4 hrs).

These activities were maintained for 3 months
when their acclimations to the low temperature
had been completed.

After completion, better purified efluent and
more faborable sedimentation of floc were ohser-
ved in system A than in system B.

During adaptation the microorganisms in the
flocs changed from bacteria, yeasts, molds and
protozoa characteristic of the raw activated slu-
dges to mostly yeast consisting primarily of Tvi-
chosporon cutaneum.

Isolates from raw activated sludge (sample I)and
acclimated sludge from the system A (sample II),
were compared.

In sample I, 7 genera of bacteria, 5 genera and

11 species of yeasts, and 2 genera and 2 species
of fungi were recognized as follows:
Pseudomonas
Alcaligenes
Achromobacter
Flavobacterium
Enterobacter (Aerobacter)
Arthrobacter

Bacillus

Debaryomyces hansenii
Torulopsis aeria
Candida rugosa
Candida intermedia
Candida glaebosa
Candida krusei
Candida parapsilosis
Rhodotorula glutinis
Rhodotorula minuta
Rhodotorula rubra
Trichosporon cutaneumn
Geotrichum candidum

Bacteria

Yeasts

Fungi
Fusarium sp.

In sample 1I, 6 genera of bacteria, 4 genera and
4 species of yeasts, and 3 genera and 4 species of
fungi were recognized as follows:
Pseudomonas
Alcaligenes
Achromobacter
Flavobacterium
Arthrobacter
Bacillus
Debaryomyces hansenit
Candida krusei
Rhodotorula rubra
Trichosporon cutaneum
Geotrichum candidum
Aspergillus versicolor
Penicillium funiculosunt
Penicillium citrinum

Bacteria

Yeasts

Fungi

The comparison of microflora revealed that thr-
ough acclimation the bacteria belonging to the
genus Enterobacter (Aerobacter) and the yeasts of
Torulopsis, Candida, and Rhodotorula, had mostly
disappeared, and the bacteria of the family Achro-
mobacteraceae (especially, of the genus Achromo-
bacter) and the yeast of Trichosporon cutaneum
increased their numbers markedly. This supports
the microscopic predominance of 1'r. cutaneum in
acclimated sludge.

Therefore, it appears that this species of yeast
may play an important role in the treatment of
starch waste at low temperature, either alone or

used species of Achromobacteraceac.



