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Abstract

Fatty acid methyl ester (FAME) technology was evaluated as a monitoring tool for quantification of
Nocardia amarae causing a nuisance foaming problem in activated sludge process. The identified signature
peak was 19:1 alcohol as a reliable unique peak to N. amarae. Chemostat study revealed that the
distribution and quantity of fatty acid peaks were dependent on the growth stage of Nocardia. The FAME
results were similar for two relatively high dilution rates; however, the amounts of signature peaks extracted
from the 4 and 6 day cultures were significantly higher. This dependence of signature peaks on the
physiological state of the organism may be a useful information to assess the health of microbial
populations in activated sludge. A laboratory scale batch foaming potential experiment provided a critical
foaming level depending on Nocardia population. This critical Nocardia level determined in this study was in
terms of either the threshold filament intersections number or the threshold signature FAME amount. The
threshold peak area of signature FAME (19:1 alcohol) and corresponding filament counts were 430PA/mg
VSS and 1.45 x 10° intersections/g VSS, respectively. The threshold signature FAME level could be
effectively applied as a criterion for diagnosing foam occurrence in activated sludge system.
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gdedA 2344 3% RadHn Y AF
(foam) B4 # ABFE Nowrdia 39 233 24
§ Bdo) Ydokm LA Aok Y FHEHAAA
Nocardia 747} QAl4F (critical level) & d AF
Aol Yehds Algsid, AZRYL 628 2
#slof uj$ kg Fo|n FEE AF Fo] T7IZ ¥
o ojel HEPHAz] FHOE YA $4Ed
(Pitt and Jenkins, 1990: de los ReysIII and Raskin,
2002). o] A, Nocardia 3} 37 B2 & VB E
= AE 202 ol Hol Tz Wl €34 ¥
=7} 343 a8 €. 853, 21z €A 3
A2E #E45 4 338 godn, @LskE &
Aoz Az FAE LAAMI7I= Fo}(Pitt and
Jenkins, 1990). AF & o] Az dAl AP i
29| Noardia Fo) AE o EAY A%, €AA
FAZHSRT) T 2 AR Aojdte Aol &
sl Ak, wekM AFREE oIl Nowrdia
AAe AAEZE AR, 18 7E2R F1F
02 A I 2M ARl Nordia AF 3
8 & oslhe 2ol v st

A Z7A| Nocardia A R AFRR Ao71€€ %
FA oz Y] AT WY 2 AT B
(flament counting methods)°] @&l 4FHLE AHE
%1 (Cha et al., 1992: Pagilla et al., 1996. Pitt and
Jenkins, 1990). H]& AL A F &3P 71e0] HnA 3
gatn ovgle AFHE ATPE EFEn, BE
A7t} gl e FHE BHE AR e, EF
g 44E A o oM Nordia 0] 918} A}
Aol 2AE A% AP §dxd wat 27}
A3 4ge e JE IR F Qo 53,
Nocardia7} A&jete 27X Noardia AR 19 2
2 94 & &40 slnjaAY ARE A7t 33
wyste FAAE EAE

3, BAYESE o] 48 UIUE E4VIe ¢
A} 8ol 165 rRNA HHEE o] 48 EN7|go]
Nocardia spp. 573 B7tl 4322 HEH1 AT
(Davenport et al., 2000: de los Reys Il and Raskin,
2002), 3y AR EE o] 48 VgL ERTEF
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8 JH A4 A7 RE5stn, JUA o 14
£ BA7)god BAH 2] &7H RYHF
1% o2 AgE7dE o3 &g Aol

olof uldle], WAE A X EFE AHAM F
29 fatty acid methyl esters(FAMEs) & vl 223 @713t
of BAo] 7pseln], @& e EFTEF
e RT3 B ugelel FHHeE H8E
& gl 71Eolth. & PSS YREe] 944
(phopholipids) 2 FA® MEZE 7Hx 1 slew, ¢
AR e] EAst FFe vl Enitt FolFe]7] Wl
EUd £FuY v it £33 FEo] 7Hesi
(Lechevalier, 1977; Sasser, 1990). vl Evjr} Bo]A
€ Ze AXNEEREH e &3 BYde
FAME 7|&¢ E%olu 34 HA 83 e 53¢
A0 EAske ERTF BH ¢ AAHos
Arg5l0] 9t} (Ihekwe and Kennedy, 1999 Ellis et al.
2001).

E AFdNE ERANBAN N amaracd AHH S
2 AFRMstn JEYH A FHANA T3 A
E¥Ae AEtr] $8 FAME 7149 A 8714 S
Yrietaa @k, FAALR EFNFTFY
chemostat A& E3l 3 A & (dilution rate) o]
Nocardia®) 5% AW 34 2 Fol vlAe 9%
Z V8t o™, foaming potential H7HIHS ST
24 AE oA $89 Nowrdis 5% FAMES <
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2. M7 3 AEUd

2.1, ojME

A8 A" N amarae E5TF €327 F
F5E 4L9] R wrgzelA Lo MFh L AR
gt 71802 wdstch BAUOR o HEAE
A on, ¥y 2,300mglol it AHEE I%
g8 9 nyg fAe 242 1,000mg/ NH),S0,,
2,840mg/! Na,HPO,, 2,720mg/l KH,PO,, 290mg/]
MgSO4, and 67mg/! CaClel T}, v FE&8dL o
FAF &9 16 sl 2mig Hrlsgen, 2
A& 1,250mg EDTA, 5,000mg/! ZnSO,, 1,000mg//
FeSO,, 3,500mg/! Ca(NO;),, 750mg// MnSO,,
200mg/iNH)Mo70,,, 20mg// CuSO,, and 10mg/!
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2.2. Chemostat 913
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2.3. Foaming potential &%

duldg S B3 M€
A N amarae 5T FZ5 7 Hspike) 5t
Fysldnt. A3d & IR F By
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ol gAY, FYEA = AT T XUNE
AAE 2 f7]18AE AANYe, FEHAAES
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i AFLAELE FEAA THE AF Ho 7
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W AAe FAMEC 2 A8 o] 7fAaRuE
2RI (GOZ A AT

*2¥ FAMEL E %23 27 (flame
tonization detector) 7} AZE HP5890 GC(Hewlett
Packard, Rolling Meadows, IL)o|A HP Ultra 2
capillary B # (25m x 0.2mm x 0.33 pm)-& AM&-8}] &
Halgrh. GC ¥4 A3tsh 54 A P4 Microbil
ID MIDI) Inc.o| A A| Zéhe BF AZnEIDY AF
Edol & Atg3le M= EHAUAT.
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Fig. 1. Gas chromatograms of fatty acids released from (a) pure
Nocardia cells and (b) an activated sludge sample.
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FAME peak?l o2 Bt 18y SBe ¥ %%
o] R WFA(15:0 iso 20HS} 16:1 wée)o] §# A o] &
o] 7 peakoln] TRl ThE peako] Bo| &) )

£, 19:1 alcoholo] Nocardia THE ol AL8-3}7] 0]
o AR 84 A peakoletn ¥ & slek,

g xoA Noardia %€ LUEH&e o
9le1A], 19:1 alcohole] 2840 & H7}alr] Hel chef
g el N oamarace®s LHete EFA A A8
FAME 84& A E35t9Y. 52 539 N amarac®
Tehs AgdME & AR BF A9
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Te APEAF PP WS dAse 2 Y

483

No. of intersections (x10%g VSS)

Fig. 2. Comparison of FAME method and the conventional
filamentous counting technique for quantification of
Nocardia levels in activated sludge.
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Fig. 3. Effect of steady-state growth rate on the amounts of
signature fafty acid extracted from Nocardia.

ElUl%l o} (Fig. 2).

3.2 Chemostat ¢+

gyd&oiAe] FHAR FoA FAv|YERAFA
HMCRTY = Nogardia®) 473 2 Aeld Jeo] &
odekg vt AdwbA o 8 Nurdial= MCRT7} 571
goll wel Agol whaA Y= 7] wfFol, Noardia
E Aoy 4% ez MCRTE 5¢ o8& &
ol Wyol AEE stdrH Chaetal., 1992).
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Fig. 4. Threshold level of foaming potential and foam stability of
Nocardia-spiked to activated sludge sample in terms of
filament counts.
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Fig. 5. Threshold level of foaming potential and foam stability of
Nocardia-spiked to activated sludge sample in terms of
signature FAME (19:1 alcohol).
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