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B THEBRUE « §527% « 1991 (Proc. of Environ. & Sani. Eng. Research, Vol.27, 1991)

(8) Nocardia amarae o)&FENGHfRANGCFICRALAKFAIFICRIT 5 BF%E

STUDIES ON THE UTILIZATION OF VARIOUS FATTY ACIDS AND HYDROCARBONS
OF NOCARDIA AMARAE FROM FOAMING ACTIVATED SLUDGE

B H E B - & #H & #* - & H X #H™
Masanori FUJITA* , Keisuke IWAHORI* , Fuminori TANIGAKI**
P=2 - B N | ST - B <

Daisuke IWASAKI* , Susumu HASHIMQTQ***

ABSTRACT ; Batch-cultivation experiments were carried out in order to investigate the
utilization of various fatty acids and hydrocarbons for Nocardia amarae from foaming activated
sludge. The optimum ultrasonic wave time was determined to be 2 minutes for the measurement of
vial cell count and OD¢go. It was shown that both low-class fatty acids (C2~C5) and pharaffinic
hydrocarbons (C12~C20) were utilized by N. amarae , and that the highest specific growth rate
was obtained in case of octadecane (C18), which was 5.20 (1/day). It was observed that the
different flocs of N. amarae were formated in accordance with the medium compositions, in
particular that the floc in case of hexadecane was the disk type and about 5 mm in diameter,
which was formated at the hexadecane-solution interface. As the above-mentioned results, the
capability of applying the octadecane and/or hexadecane medium to the colony counting method was
suggested.

KEYWORDS ; Foaming activated sludge, Nocardia amrae, Fatty acid, Hydrocarbon

1. % S

I BXHEIC BT 2 RERA L BB TOEHHBIREL - 2 H LEBIC & 2 BETKEOEWL, 27
LIS & 2 BRIEAER EOF = R EEG RAHEREEICHE B L. £0F =5 RRMAEY TH HNocardia
amarae & Rhodococcus rhodochrus DFEREFHIAFE ., LB FHMHE | MIFEEE O BRIEIIBR AR, . BIRE &
F BRMED SO TKOUBEGICB 20/ EICHTIB20OHE - FREEASEBEELTHDY
10 UAL EEICHT 2IEMERMAES L OBAERR L | BRENIC ST SRR E ORI L HH
BREFHESTHCRHINA TV LEE WL . LENS T, BEOMIEFLES SHRERENICR L s 2 &
B,

N. amarae OHFEICIE, XT b2 - TOEA VY — FEEXKOM SEHA —BIIC L OB TN EH,
Lechevalier' &, A4 LEBIEHEHBIRDY O ORE OB L U TY C Z (Yeast extract-Czapeks),
PDA (Potato-Dextrose Agar) DEIFHAEHNTH o= L #4E L. Dhaliwall? 137 R oI lESENLRE
HDHVITET KO E LB A FIML 25 TEN. anarae OHEZERALTWS, $E . HEH IV E, A
Thy BRIFAEMHE Y, COCHRE, TOEd YRR O BN, anarae dAEAR 0
SoRERZLEWEL, X510, N anarae BEUKED & S RBUKEEE S & UHERET L HHT =

* KRERKFET BT T ¥R (Dep. of Environ. Eng., Osaka Univ.) , ** APRAF (Osaka Prefectural
Government) , x*x AT ERZEFT ¥R (Dep. of Const. Eng., Fukui Inst. of Technol.)



5 LnhbNTVD, ZOLDICN. anarae (3o TARHLETEREEFOBENOED . TDHIE
LHEERMAE SRR E S TRFL | BHFBREXE T COREMALBEOEE 2> M TEnE . KH
& ANLRBEIEO—Bit 22 eEABND,

ARRETE, A A LERBEDTH SN, amarae O T/KERRAN TOMEREROREAZITH=H, TnZE
TOHETHRABELSEVE VDN TV BB L RILKFRICEE L, RBH1 LS 1 6 ETORERIRL
REBHEAD 2 0 £TOREEFRRILKR (ENXT 74 V) 2#EEL UKo L AR AEE . 2
ALE ) MRSBESNEN. amrae OEISGEFRERL VRFLE,

2. EBMHMBIM T ICHE Table 1  Composition of MS medium
1) #BEH: TSP 2AHLLYSEEL ., N, amarae Peptone 5.0 g
ERELEFEKREZRIEA S 5 Eh, M SESHL (Table 1) Yeast extract 2.5 g
THREELE DRFEHLE, G lucose 1.0 ¢
(2) $ H#1: N amarae OFEFFEIIMSEH% | 1= Sodium propionate 4.5 g
EERMBEICDO W TidTable 2 OEIZ ZhFNHWE, Deionized water 1.0 ¢
feli®e % RFF L U55H (F ASEH) TiE. BfA» SN .
WIFUBETEAY, ZOREBICIGCT. FAL»S TOC 5400 mg,/ 2
FAB) LML=, BREC ., RILKERRFIREL Ui p H® 7.5
b (PHCHEH) TR, KRBEICISL T, PHC(O)AD
PHCQ0)EREL =, a) Adjustment was carried out by 5N NaOH.
22 £8 F &

(1) N. amarae OFEEHE : 300 nBO=HATS522ICM SEHI%100 mQ#¥A L N, amarae % 1 (&80

REEE L 728 | 28°C.120 romCRIERIRE L 7=, ZORFEKS0 mQ %2100 n QAL — A —ICHA L, 0.54% 1. 04,
2.05. 3. 03B L UL 0O BT WALE (275 1A) 217o1=. TONEBK % 10EFRE BODFHFKER) T
FHNENFRU. ZD0.1 mQ & BEHREMZ L IC SHOM S EREFHIC R L, 28~30CTHERELRD
51H1IERBTIO=— 2380 T, ARENECRIFTBEROHEBM OB R LE . R,
HEBAE L = ABOBHE (ODeso) 2RET B L LbIC, TOREE EFFEMBTBELE, BIc, N
amarae H5EH50 m 2 % EARE OREICH L. BY 2 BB S HFM OB L E%, ZD0Deoo ZRIEL,
A %E KDL,

(2) EERMAE: 300 nAO=A7I 22 CHAKZH %100 nQFA L, MSEHTHiE®EL ZN.
amarac % PIRBENK3~5 mg/ QR D LI ICHEL TH S, 28°C. 120 ronTHEERE L 7=, F—55H
DOEBRTE., ZAT7I2T3%8~10KAEL. lHLIAD=AT7SAINERKEOp H, BRHETOCHEE .,
ODegoo 2FNFRIELE, £, 2KO=ZHATS5 AN, anarae 2HEEES . EREBS LI TRT
RRCE— %A CHEEBAEZIT>TH B 0Deoe ZHEL T, BERHEDODeoo 2FELE, &3, FA
(10), FA(UB)BLUEPHCREARBHMTH DD T, ODeoo 2RERT , BEEAMEICL 2 HRER S K
O, BRETOCRBERIELRA 2 E, ZOBAICH, RLERD2KOD=ZATS A2 HEL . £5H
BE LR THRICEBROGRERZ RO T, HABREZHELE.

2.3 W H &

ODgoo OREEMIT ., KICHRE L EREEFRLHENMEZFAL . E5IC0Dso & EEEBEOBED
5, ODsoo 2HEBEBICHBRELTRIALE, 22 TC.HEBEODRIEZAHEE (1 undIURF7 74 ILA
—) T2k, £, pHIZp HFT. TOCIIH®EA M| (GEO LB ; 10000 rpn, 204) # TOCEHT%
NERRELE .




Table 2 Compositions of medium for various carbon sources

Carbon source A bbreviation

Fatty acid

S odium formate
Sodium acetate

S odium propionate
Butyric acid
Valeric acid

S odium hexanoate
Sodium caprylate
Sodium caprate
Sodium palmitate

Paraffinic hydrocarbon

Hexane
Octane
Decane

D odecane

T etradecane
Hexadecane
O ctadecane
E icosane
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a) AdJustment of pH was carried out by phosphate buffer,
i.e. Na,HPO, (M/15) : K,HPO, (M/15) = 4:1.
Numeral in parenthe51s was expressed as oarbon number in each medium.

3. EBRBEEL T ICEE

3.1 HEARBENEC T TETHAERNoPE

PEREHICEREL L 72N, amarae 35E#E (AU ; 352 mg/ 2) 120.54r, 104, 2.04r, 3.098 L U5. 04
OHBEWANTEE ZNEF T THD , MSEREHM TAEEREMELEZL 25, N. anarae IO = — (38
HIHHEAOHIBRTEHECTE, 6 HHURL ., BFFLERHICOADS T —ENEERERLE . EHES
RBEE T CON. amarae OEFHBERED 7 ¥ T3, BHFHRNE U ZESHE 4~ 7 HS# L . EIKEK
FTIO——RBEFRLTWAY, MBEL2AVWEARATIE, IO —2HET, RIRTH HHICHET
EEOT, UBOEHEKRER, BE6ATHBICL 2BEERALE, HL , BEROLABEEMICEY ., O
Deoo LAEBICENTED B, HEBFHUERHOBENRBREINE, 22T, EECOHEBOEERL
ODego KRIFTHSHRUBBMOPELFANELZ A, Fig. LloLdiIckok, KRE Y | BEHLEE
A2 03 DBEITEEE YL ODsoo HMREBL LB ZENbh ok, &5, BERNEBOERK Y ¥
FMSE CEE UL L Z A, BFHERML. 04 L L& Tl BN IFIER IR L, BRSO
LTWBZEABBEENE ., N, anarae (EREREREZHBRLUEPOHET 20T, ZOEREHER: - 28
LT\ EFEPODsoo BUERITY LENH DA, BEHLHERFHIANRL 52 L HEKREZBREL . £OWER
EMETFTTZ., LEA ST, KAERONUIE LA T, @SB AAERM2. 05 THEERE ODsoo DEINRLE
%BY, P2Z0MHELBOTELN DT, UBEOERBENETE., Co&taRHALE, 22T\ H
(RYRE L 2. 0 B S IALE U =35I O Do OBIRS L CAERE ODeoo DBIRIE. ODgoo %X,



EKBREEZY (ng/2) EEHEZ W/nQ)
LFaE, Y=420.7- X, Z= (6.25X107)
- XTREhE, 2h&Y , FARBHTIEO
Dsoo OfEDS Z DREFR % O THEHEKRE
EHEELE
3.2 RMEEHIC BT BN, amarae DIEHE
RIS & CRIK RS HZ FuvizE
DERERICBUIEKBE . BRHETOC
BESLUpHOZEHE(L % Fig. 2~Fig. 5
ICFNFNRLE, £, Table 2 DR
BLURILAEORDYIC,ATF R 1.0 g,
RTINS g BMAEZERTKEMS 853
oW TH, 3EDESD, Fig 6, Fig. 7IC

O Dsoo

Fig. 1
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® Vial cell count
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Ultrasonic wave time  (min)

Effects of ultrasonic wave time affecting
both vial cell count and O Dggo
(cell concentration ; 352 mg,/ )

FREFNRLE, B, FEWERFRL LESE, 8B LE=ZAT 5 A ahOZREREAERBM HIC
LD 2EDT, RREBEOERRILM>EZLHMLE,

FA(B)BLUPHCB)DREMHTIE ., BEHEIL<ABHONT, TOCHSLIRESN R DE, L
MU . BEBREORED SH ST, ERME 2 ~3 HEB £ TN, anarae AWHECEE THATWS I L
Bbohd, 22T, ZOHMOHLHREEE « 2 EH U CTable 3IC—FEHERLE, KENDH, FAQ)~FA
G)ETOREEH, MSE#HBLUTPHC(6), PHC8)D&EEHTIZ, N. amarae DERMFHEELNE .,
¥£2PHC(12), PHC4)BLUPHCQO)DEHEHD 1T, EHTKOENELIZIZFCHEEZRL T

5ZLhbhd,
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Fig. 2 Time-serial variations of N. amarae
cell concentration in case of FA
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3 Time-serial variations of soluble
TOC concentration and pH in case
of FA medium

Fig.
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Fig. 4 Time-serial variations of N. amarae
cell concentration in case of PHC

medium
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Fig. 5 Time-serial variations of pH in case
of PHC medium
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Fig. 6 Time-serial variations of N. amarae
cell concentration in case of MS
medium and Artificial wastewater
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Fig. 7 Time-serial variations of soluble
TOC concentration and pH in case
of MS medium and Artificial
wastewater



Table 3 Calculation results of specific growth rate during
logarithmic growth phase and kinetic parameters

S pecific growth rate Kinetic parameters
Medium ¢ during logarithmic
growth phase Yield Coeff. Y Decay Coeff. Db
(1/day) (mg SS/mg TOC) (1/day)

FA(1 0. 37 — —
FA(2 1. 63 1. 09 0. 045
FA( 1. 96 1. 12 0. 040
FA(4 1. 82 1. 00 0. 045
FA(5 1. 69 0. 986 0. 045
FA(6 0. 77 0. 98 0. 040
FA(8 0. 36 — —

F A(10) 0. 04 — —

F A (16) 0.0 - -
PHC 6; 0.0 — —
PHC(8 0. 20 — —

P HC (10) 0. 41 — —
PHC(12 0. 92 — —
PHC(14 0. 95 — —
PHC(16 2. 07 — —
PHC(18 5. 20 — —

P HC (20 0. 83 — —
{ Reference)

l\il/\IS.f__1 .76 1. 90 0. 069

t
wagtéwégég 0. 97 1. 61 0. 0789

RIS, FABBUCICP HCEIC BT 2 IREBEB & nBEOBREFig. 8ITRLE, KLY | &RV
ERFRE U2 F AT, N amarae (3B O EEME TORBEIRENRE R L . RERLE (77
D) UEOEHSE%ELALRATERNZ LA DMS, Gordond 15 iF, N. amarae DAEFERERD S |
BMT NU YL, JOEd VBT MU T LA WO EERBIMOELEEREL TEY . KFRTIE, 20
2EOENRUMCE MR, SEMEPE(LTEL I L ARRATEL, Zhid, BRI EER ., Hx-
HIAFIVE LTIES BRRICHTLTWB DT, TR, TREFMENTH BN, anarae =7 OELEN

6 -
S | O F A nedium
e 5
© ® PHC nedium
= 4
- —_
= >
o ]
2 3
2 =
= 2
<
<
=%
©n 1
0 a1
25
Carbon  number
Fig. 8 Relationship between carbon number in medium and specific

growth rate g during logarithmic growth phase



b TWBEDLHETES, £, KMIENT T 1 Y ERKEEL LEPHCEHTE ., REHE OAF
# %N, amarae EELFIHLLBASEDN ., REROMIMCHEY , oEEBNL ., A7 8274205
BEO L EAESKE, FAROBEICIE, N, anarae 1 C,~CsE TORMRAMRRICH U THERRENE
BERUED, PHCEH#TIR., CioALOFENRT 74 v E2ETE, LAHC1sOF T AT HVICHL TH
BRETEELADD LWAD, ZOED REBEMHRCET o ETERMEG, BT 71 v LFEUEHE
BEEHEOLASTHAELASNTH Y N, anarae OXEHENMBEINLFELEIOREDTH D LBON
5, COHMEMILERXDL, KEHLVWETRO XA FILENEEIIL%E 7T (nonoterminal $» 5 Wi
diterminal oxidation) . PZJVI—Jb, PILTE REZRTERBRRICBILENBHWENRT T4 VAC LD
LEOT, BICA I AT AVICIHBRNTH L HETE LD, ZOMUEEEBRITLICEE-S TR,
$E AVETHY . T4 YV OREFEFNLEN2.0C, 36.6CTHBDT, ERIMF . sidmK,
BEIEAOZREE ELTWE, KERTESNEN anarae O 7 2T H VE{LEEIE . 20 & D BHHE
M L EREEVECESELELOLEALN, SEORFARETH D . —RICEERE Y B BED /AT,
EMOBEEEXTH , BLEIAPT VT TH I, T IV 0RO BN RTHAY . TRITAY
OB L IEERCERRLEZEAD N, amarae 0 C ol 2HEHMED | BRHCEI DD T,
B EAHETE, BOTHKENC L THD, 2b . RERAUEOPHCEMTO nflid . EHREIT
STWRWH, EBIKTH 22 LXFig. SDHEAND , bR VEL R LTFHEEND,

WIS, BEERH S & CHERSHEICH T BN, anarae OBFERHEICEIS 2 BEA SR % BB L TTable 40—
EERUE ., BEFEIELZTHY | TEEARROL D REALS | BEOKFEFICH S DN, amarae DO
RS2 R L TWAR VO THELICS WA, L7 b= - RTFVEEROERTFKTOrEAA Y ME
B SESNE 2 flid2.09 (I/H) T, BEFRTCORAETH o=, LAL, ZhEYBHPHCU)D 1

Table 4 Past studies on growth characteristics of N. amarae

Cultivation

Medium Specific growth
Condition rate u Remark Ref.
Method (1/day)
Nanme Main components Temp. (°C) Initial pH
- - 7.2 0.72 7
S tatic 20 7.2 0.51 1)
S tatic 30 7.2 0.65
MS Peptone & —_
Sodium propionate Continuous shaking 25 7.5 1. 85
Semi-continuous shaking 25 7.5 . 80 10)
S tatic 25 7.5 1.20
a) —_—
S tatic 26~35 6~38 1. 9~3.0 8)

’ Medium except sodium _ ~ ~
MS propionate from M S 25 T8 b~z Y

Gulcose

Artificial & Sodium gultamate Static 20 - 0.65 1)
wastewater
IFructose
& Peptone Chemostat 2.09+0. 18 b) 14)
Actual .
- Continuous 18~26 - 0. 18~0. 31 c) 17)
wastewater

a) Calculating u of logarithmic growth phase in batch culture
b)  Maximum specific growth rate constant of Monod eq. in addition to DO limitation
c) Calculation from viable cell counts of activated sludge and N. amaraec , operating SRTs and mass balance in steady state



DFM2LMEUEE Nz LFER NS,

—7 . N. amarae OBFEIHER S NEMHRBEOp HiIZ, MSEH, FA(Q)~F A ) D&EH#HTAKIC E
ALE, MSEHTOpHERBR' CLHEL TN, ChIZEHBOGLARICLE2E0TH L, T,
PHCH#TIE., pHIMELALZHLED 2EMPHC U DL ICHOEMBILE, Z0OLEDhAx
YT AU ERFBRL UEEBTOp HBA R ZWE THES A THAR WA, AFH T4 Ononoterminal
HBH0iE diterminal oxidation IC & BEMOERICL2bDEEZB NS,

3.3 RKAEEIHIC BV 2N, amarae DOEBRLEEE

Bl O LM F | N. amarae AEEHMRIC & V) B 2 EHEL RT C LABEEhE, ZORE
Bl LT, MSHE#, BT /K. FA@R), PHC(16) & P HC (18) D &EH#IC 5 1 2 EBRILHA I % Photo.
1 ~Photo. 5 ICFNFHRLE,

MK, AR TAKTE, BEEN L mEEOEREMRULRASEELEN, FARM T, ASREH
BB ENTICHBUEEL =, £, PHCUB)EH T . B8 WHIICN. anarae A HEHRE FBOAF YT
A UREICERE O, HREMOBL L ©ICER S mf2E oMK OERAFRETR S b, BEESR T
KREAT7I20ERICHET 20RO NE . ZOERIIEFICKMDTL | N. anarae ¥ AFHF
AVNBELELDLEHEZINDS, LAL, AV ATHYOBEICIE., AFHTHUIFE K= LERIIER
SNy, MSHEH, ST KEFRBEOERTHY . ZOMo P HCE M TIIA0.5 il /NS 2 Edi%
LU LASHEET S 2 L ABES T,

REon&Sic, sic & YN, amarae OEBERESRLY | BICAFHTFH U 2 REBEL LEES
i BRENLERE R T2 LAHOh LR oL, AFYTAHVIE, MiKLEHERD L, ZORMEAK 3
&, TOMBEMENYI[BETH B Z LIICN. anarae JIFRHEMENTH D Z LA D OBEEL
YENFHTH Y FEICERELPT W EHETED, LAL, HHIC K Y ART 2BUKME I o — LB A3
EYMEEDLDILEZLNDE DT, SHOBELBETHHELEELTVS,

3.4 N. amarae DT OCBRELBNFEANT ALY | bOWE

TOCHIEMNRIHET &> 7= FEFHUCH 1T B BERIE TREDOBRERIZ, FA(2), FA(3), FA Q) {5 TR
86% . FAG)EHT39.1% . M SHHT36.8% THY . A FAK, FA(L). FA(B). FA(8) n&EHT10
%L FOEWMETHo =,

MSHHTIE  ZRERSICHT 2TOEL Y BY — THRDRERY OHEHRSL%THEDT, FA
B)DBRERANRNZ LMD EX DL MSEHFTRESNETOCHSOS AUt Y BERTH S
LHRIEND . £, B TKOBEICE., BICHRNE & D ICHERBRMEENMEL | BEE THOERBED
100 ng,/ FETHY N amarae (CFRTF RSBMEA LN E WS BE P ASBLBHELAREDIC, HTHx
A RTNVEERTERME, —F, PHCHEHBTOTOCESERETERD oA, RICHAZE
(R0 & EBRHP O RICKEREOBZEN S | N. amaraeh1E/8T 74 % 8H - #EL TV L HEIh D,

ZZT, N amarae OFERE% Sy (ng/ Q) | BRESHEBBETOCEREXZL, (ng/2) LT,
FAQ)~FAB) D& TON. amarae DEISFEERICHIT SEEREHE L TO CREDBEFRAD . KA LY
INRFHERY . BOORRE b 2R,

1 dSu :Y__l.dLr oy W
Sy dt Sy dt

HU. Y : RFE (mg K mg TOC) . b : HOAMEE (1L/H)

BREEHOERBENDS . YELUDbOAEEEHL . uffik L5 ICTable 3IC—HERRLE., HOMR
FE Db, HEBICOMDL T, LALEESREBEDCET 220 L IZER—DEIMEShE, T,
IEFEY &, FAQ)~F A(6) D &HETREBUCHIFRZ L HL0DEIESh, MSE#HB L TTOC
BRERDEDN S EER TKTIEF A I VEEWVERZRLUE, 2O YHEIZEEBREREDOFh L Y E L
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: Photo. 2 Photography in case of
Photo. 1 S{lostoiz;i)‘ﬁz; in case of Artificial wastewater
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Photo. 3 Photography in case of
F A(3) medium
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ERMETHDDT, N anarae T, BN N EEE % MESHRICHET2EED ., BHEBEREBEDNLIVHE
WBEMTH B Z LN TRREE,

REnz ey, N, amarae (&, A7 2T AVICHT 2 HHEERERENMBD TEL . SDICAFHTAVIC
FUTHENLRHBROEME2UET 52 EAHLAE R, BE, EEFBRHRICHIT SN, anarae OFE
BHEE, MSEH#IC &2 ABBRAEN N EHTH S, LAL ., S EICc—BREEL EBL , XE2EH LD
I, FRAEERERHBLTWILEEVE Y, 20k, HEAESEEHLTRILEBEHSREZATH
BN, FEREORBAREIN TS, LEFST, N. amarae PBOTRRALP T WA I ETAY L5
BLEREREEZ RTINS YT H V2 REBFE L LEEHZ Auhild, St —BEH HEET,
N. amarae OWHEHIEL , LHABBFENL IO - 2T 2@ T TH2D T, N, anarae ODEERRED
B UTEHTHD eEAOMD, BE, 2OLDBREENS | BHEBRFICHSIT BN, anarae HI0=
—FBEICOWTELZBE L TWBEZATHD,

4. B H

KFRTIE, AHLERMENTH SN, amarae O L XEHAHICEHT 2 EBMAR 285129,

N. amarae MERME OEAE BEICICHESHTOEIFIRERIC KL 2HEEEICOVWTR LE ., AR5

THONEHRIKROEY TH5,

(1) MS#EH#% FH 2N amrae O&EEBIEICHELREEARE 6 HTHY . B LTODaoo Hl
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