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Literature review finds little consensus, contradictory Fanming at

an activated

information for treatment plant operators facing foam sludge plant
problems caused by filamentous microorganisms
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FILAMENTOUS MICRODRGANISMS

Microbiodogy. The filamentous microorgmiisms thal cavse
loaming essentially are bacteria in the oxle organatrophic
class, or “obligie aerobes.” Moy are dassilled b actino-
mycetes, which exhibit some metabollc amd growtl fealures
similar to hngh (mbcrmyeetes) (Wanoes 190095, They are
abbe toruse slowly degradable complex organie substrabies,
anil their filaments form mycelia

Ammoiny the actinomycetes = Noomdia Spp.. gram-posk
thve, partially acid-dast and branched filamentous organksiis
The Blaments fragment into bacillary and coccobd elements,
giving & plenmdorphic appesrnce (Slack and Gerencser 19755
Jenking ef al, {192} describe Nocamdfo spp. as irregularly
bent, short flaments, 1.0 pmin diameter and 5 o 30 um
g, Neirser negative, and Nelsser positive granules, with
branched myeelium olten observed, Ther optimal tempers-
ture range for growth i W0C to 50°C, with 37°C being idoal.
Lemmmser {1986) clussifies Morendio spp, a5 “lormer soll in-
habitants” that are adapled better than their competitons
to the condithon o dryness and ultraviolét radiation presail-
ing in the foating foam fraction of sctivated shadjge

The other major foaming [lamentous organism, M, parr-
evdity, heas been described by Jenkins ef al {T992) &8 rregularky
cubled filnments, (06 to 08 pm o diameter aond 50000 280 um
ini length, found in tangles in the Ao or &8 loose “patches” in
a-tlvnted shidge.

Conesies. Literature on the causes of foaming, paricularly
Mocardin foaming, ks quite confusing (Pt and Jenkins 19905
and often contradictary. To dite, few detailed investign-
thng irdo loaming have beon performed (Pujol et al 19461
Minndkin {1982} was the first 1o attribate the hydmphobic
property of loaming-causing filamentous organizms to the
presence of mryeolic acid in their ool walls. Many authiors as-
sumie thist the presence of ol and greass in primary efflsent
i5 thie main cause o foaming. Although the growth rate of
Nocardia spp. is much laster on hydrophobic substrates,
such as ol and Tween B0, than on hydrophilic substrates,
such as glucose, this assumption has not vet been con-
firmed for all activated sludge plants, becanse foaming ocours
ewen wWhen primery effluent s totally bree of ol and grease
{Jenkins of al, 1952,

Ho and Jenkins (1991} demonstrated that poorly
bindegradable surfactants increase the amount and stability
o foarn produced by Mocendio and thst Socerdio foaming i
creases when fopm-Srappleg devices pre used in the aeration
bsing and secondary clarifliers, Blackall ef s, {1990a) failed to
obtain conclusive results correlating surince tension with
lennemabruyf ] say the theory that surlsctants enlunice sctin
ormyeele loaming may be incorrect. The loaming problem is
even agravated when trapped (oam ks recyeled to e aera-
timn basin through the rebum activated sludge (RAS) line
(Richarnds e al. 19850}, Cha et al. {1992) reported that the
Mocarchio population in a trapping configuration can be five
Ui gl than that in & nontrapping configuration and it
the oiptinmum pH lor Mocoredia growth is 6.5, However, Hirnoka
and Taumira (1984} report thad the growth rmte for Mocaroie
at pH 6.5 & % al the growth rie at pH 7.0,

Kham ef al. {1591 obstaine] resubts lnking activated sfudge
foaming to the hydrophobicity of the sludge solids and con-

cluded that the nature of surface chemistry (surface enengy,
surface charge, presence of biopolymers, e} is significant in
determining thi: stubiity of the resulting foam. A study by
Foaot et al. (18EE3) indo the structure of stable activated shudge
lsams using cryogenie electron microscopy. and rheology
revealed that activated shedge foams are air bubbles held in
i dense matriy ol filamentous mberobes, Rheodogy measune-
ments showed that foams hinve an appreciable viscosity that
varies with the concentration of solids they contain, A sig-
nificant differencs was noted between Lhe viscosities of foum
and monfoarming activated sludge that bad been thickened 1o
slmilir solids concentrations (Foot ef al. 193],

The commaonky agreed upon cause of Mocenfa growth
atiil fowming is a low food-to-microorganizm (FM) ratio, or
bong mean cell residence time (MOET), asd higher temper-
tures, Plpsess (1978) reports that an MCET of 9 days or more at
a lempserature of af least 18°C s necesaary for Nocandio (o
domdiate the activated shudge. This has been supported by
the fndings of Fitl and Jenkins (1990), although Dhaliwal
(19T feined o relation bebween Mocardio growth ond MORT

Hirnoka and Tsumura (1584 report that fine bubbles are
necessnry o cause severs arming problems. | About 044 ml.
of alr or nitrogen B required (o allow fotation of 1 mg of
dry sludge (Lemmer 1986), | Howinver, Sexgin and Karr {1986)
report that some plants with coarse bubbles and mechanical
aerators also experience loaming probilems,

QUANTIFYING FOAMING INTENSITY
Vega-Rodrigues {1983) and Pt &nd denkins (1991 have re-
e methods for rapid assessment of Moo populations
by fikament counting. This technbgse hadieally imebves coumt-
ing the imber of branched Gram-positive [lamnenis onger
Ui | i inoa diluted sample of mived Bimor Suspesded
sodiils (MILES), with the commnt being expressed as the number
ol btersections per gram of volatile suspended solids,

Fujita el al, (1994} devised a method for snumerating
Nocardio amarde in foaming sctivated sludge using naoc
tadecans as o carbon source. Mori et al. (192 proposed
i Ineles, “fomm production pobential,™ b guantify fosming b
tensity. Foam production potential is defined as the amoun
of sevem {by wisight, expressed in milligrams) produced from
| Loof mimed liuor after 30 minubes, Foob et al (19594) pro-
posed three fonming coelficients — “stability,” “foamihili-
v and “production” — bo describe the phosical nature of se-
tivated shidge fonms

Fretorius and Lanbaches | 1887 propaosed a Foam Index
(F1} b quamitify the intensity of foaming, Determining FI re-
fquires extensive diffused seration of the mised Bouos until all
potential seum foats. The F1 is then expressed as the ratio (in
pervent] of the muss of purilied scim recovered through
sezlecinee flotation to the original suspended sodids content of
e miwesl liguor,

Hiackall o4 al. {199 a) proposed & qualitalive method of ral-
ing lspindig infensity based on selective llotation. This
st 15 easier andd Gster and gives & qualitative msasure of
by intensity i terms of 8 foam rating bepaesn O and 7
The rating is calibeated acconding to the stability of the loam
with O isclivating insignificant or no foam, and 7 representing
denge, giahle nam
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FOAM-CONTROL STRATEGIES
e of the most common foem contrnl practiees 15 o reduee
MCHT — typlcally to less than 5 davs — toowashout Seocmmiie
1 This .-_||||.'| il ||||_-\. ||| 1 TG SR & l_:||||I| |I-'|:r|--' il sINTeEs
[Richords et al 1990 and Pitt and Jenking 199000, A sturesy con
ducted by Piit and Jenkins foand that actvated slodge plmts in
the Linited States beree aboot o 75% soceess rale in conlrodling
fimeem by reducing MUET, Whien the locum s recwcle] in the AN
ligre. thie beenefciad eHects of redocmg MORT odten are ofservesd
misch later and at an MCRET much shorter than Yt of which
fosarmiryg mEtialby oorurreso] {Gasser 19578 Theselore, wien MOET
iz mangpulnted to controd foaming, e washot YCRT muost be
archirered for all activated shatlge microonganisms

Chlorinakbims) WMLSS or BAS alsao was [ownd To Fee cpuibe edfec-
e by PiH ol ek § 1SER) adsd Pujod e nd. | ESRE] ), sl o
clucted an exfeustive survey of sy conieal methoads ased af
activated shadgie plants in France. Resulls of orstoery-soahe bo-

ity fests oomducten] Gy Wong and Chong [ 1R inclicate that

chlorination can suceessiully controd N lonming in act-
vinberd shodge Thedr results show that treating RAS with 10
ng/L ol hivpochlorite lor o shorter period (5 days ) can control
fovum ellectively withowt significantly affecting chemical oogegien
demnnd removad or the sfudee volume mdex (3T

Hicharnds af al. | 190 ) repart that sebectiye ioamm wisstimg
SFW s effective In eliminating Macardia In this approach
WOCHT = first Increased plong with the arration rabe and tem
peraiune to enhance Nocordio drowth, As Nocordio over{lows
[rom the aeration basins, it & collected n separate clmmissrs
and then wasted (nol recycled through the RAS line) The
Vocordia population can be completely aliminated af in
MCRT ol 20 daws, The SPW apprmch @s particulirly uselil
where nitrification = necessary, alllough it contradicts past
ikins

e al, (1997 sigaesd thal, in this case, wastewnier contalned

experience that high MORT favours Nocordu growih, Je

an industrial waste with o slowly hindegradable surfactamnl
theat eomildl omly be degraded st s longer MCR

Mretorius and Laubseher (1987 suopest the use of selec-
tive flotation to contral foeming. Chi et al {15992} report that
vising ol 2elesciors nhead of the seration hasin is effective
i eontrodling Socorelio i an MCRT of 5 days. bat not at an
BACKET of 10 RIS O IO hrinohe selectors uve been fowmd
tes e ellective in controlling Nocorfin at an MOET ol mone
tays In nitrifying activated sludges (Cha et af, 11

However, the use of any kind ol selector to control NVecardicr
Inaming in a fullscale plant with foam trapping and recych
s nod vet been assessed fullv (lenkins o al, 19%25

A contact roase techndgque has been ound promising in
same cases [Pool et al 1991 ), Creating persostic anoxic or low
dissnlved oxyeen (DU conditions in the seration basin for a

ertiln period every day also has Been found (o e eflective
in comtrodlimg Necardia lonming [Gasser 1)

Memwnk ot al, [ 1986G) shorsed That the growth ol [osm-caising
amsentons bacteria, sachas Dygse LS, Novams aematire, and
W periceita, can be controlled by regulatieg the D0 comeen-
tratinn asd fees] pattern The grosih eate for Type 1863 ts stim-
ulnbes] af D8 comorirabions of less then 00 oL whille Soordio
maed M. Prancedls predominnte at bow F5M mitios (Nowak ot al
9, Frosee aind Wlatsedse {1994 ) repert that 8 bacterisenzyme

aedtlitive also prevents ouming at sctlviled shudge plants

Reguomsitivonid aerndors Ko miasdmoin anllorm urbence can
substantially reduce the extent of lcaming on the surtace
{ Blackall i al 193] k). A recent report by Shao of al. (1997 sug-
st Dhad e use ol catbonic pobymers (s I|I'_:I||||.’|'p' s 1o cork
trol hulking) can be effective in controlling Mocoeoie iouming
proffema. Two hypotheses have been proposed to oxgplain
s peissilie reasons loe the antdoaming charactenstics of the
polymer (Shao et al. 19897E The cationlc polymer serves to
elirmtiate the am-stabdizing eflect of any cationic suriactant by
neutralization and the cationlc polymer enhances coagulation
ol Socdardie aments by incorporating them into the suspemd
ed activated sludge floc and reducing thetr tendency (o Hoat

Tabde 2 shows the various cantrol stratesdies in use aoad

thelr suecess in combatting foaming

TABLE 1

The Severity of Foaming Problems

in Some Countries

5 Biraraka
Africa

The Success Rate of Commaon Control
Strategies in Some Countries

Cointrod by Umited Startes

Lowesr mmesan cell

' hime

2 agerTis
pEration

FOAM INDEX: A VERSATILE WAY TOD QUANTIFY
FOAMING
e F1, originally proposed by Pretorius and Lavhscher
{1987 a5 thie Scum Index, 18 based on the prin ipes of s
lective [lotathon — the natural tendency of foaming activated
shimige [Humenlous microorganisms to flost rather than setth
Aier coimplete selective flotation of the foaming cements
as loam, the Fl s expressed as

H dry mazs of purified foam recovered "
—— ] ‘Il

irntEnl mass ol saspeemsded solids n the
activated sludae sample

The F1 technigue lor measaring [oam inlensiy ks lairky Sim
||||- commpared fo other techmigques. It also is reprodiocilsks al a
plant site and allows Tor quick assessament of o isiming probdemn
I acddition, the diffusers ab the baotbom ol the apparsius siomsale
Ioaming comditions in the aeration tanks ol activited shidge
plamts (see Figure X p, 8]



CONTROL STRATEGIES
BASED ON THE FI
Mo universal guantitative -
dex exists to measure foam-
[ Ing intensity, so developing
and lmplementing practical
approaches based on statis-
tical and mumerical analyses
is difficult. Foam intensity in
- dexes that have been used by
researchers, inchacling total
o T [ extended filament length
(TFEL), Nocardia lilament
count, and loam procduction

q;-x\
mwmay
i
i

podtential, are of enly theoret-
ical interest because they are
gither timeconsuming or of-
fer plant managers fittle practical information i assessing
foam prohlems

The Fand s messuremesnt, on the othier haned, ailfer a kst
simpie, and cheap technigue for characterising fouming in-
tensity at activated shedge plants, The process of selactive
fotation is what actually takes place in a full-scale aeration
tank, 50 the Fis a more rational parameter that eEpresses e
fuantRative nature of sebective Aotation {Tosaaming],

O the pporameter for quantifying the Ioaming s decid-
txl, analysing treatment data to assess o problem is simpdified,

b an attemnpd to better understand the fuantitative e
haviour of foaming, data from a wastewater treatrent il
can be analysed statistically and correlated against the Fl
Majear treatment parameters that affect the natire of foaming
can be identlfied via the statistical techmiopuee for o nonkl-
netie masdel formulation,

The four essential phases of the statistical analvsis are
#* sampling analysis to measurne 7 (dependent variable):
* statistical scresning to broadby identily potential foam-
Causin parameters:
* statistical modelling to form expression{s) that adequate-
by depict the quantitative naturs of foaming (known as the
fevanrming function); wsd
# taking the statistical model as relerence, peerforming feasible
optimization analyses (o control (minimige) the foaming
lunction.

The plant-specific statistically significant model obtatnsd
in Step 3 woubd be of the form

Fl = function | DO, pH, F:M, MCRT, _|.

This mesticd is knowr as the Ioaming fusietivn. Ones
the fonming function has been identified for & apecific acti-
vited) shudge plant, the problem of controlling fosining can be
stated as & programming problem:

Minkmize ; tomiing hunction

Subject to:  parameter eonstraints {rnge inequidities )

el ecjualities

Depending on iy nature of the foaming lunction. the pro-
prammirg can be solved by some sultable algorthm {simnplex
adgorithim if the foaming hection is linear o restricted seanch
methods for nonlinear functions)

ANIA WATER ENVIHLNMEST

CONCLUSIONS
The literature review revealed the genisral inconsistencies tha
prevail regarding the control of activated sludge [oaming
el the need for & commoly agreed s paramieter that ad-
erpualely defines the quantitstive nature of Fosaming. The F has
been described as a versatile parameter that cpuantifies foam-
ng infensitw

The: F1is not being suggested as a universal solution to the
fosarming problem, bt as a diagnastic tonl to help plant man-
agers derive a suitable controd strategy to deal with loaming
problems in thelr plants, A commonly agresd upos ndes
ilso can make it easier for researchers throughoust the wiorkd
I comipare the vast amount of treatment data availshie o
Inaming and for plant managers 1o conduet system-specific
mndeiling analysis al the foaming phenomenon

Foisal Hossoin is o ek sclodar W N b o s
frdessor, and L Ong i an associale professar i e
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