Activated Sludge Bulking : A Review of Causes and Control Strategies
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Buling of activated stndge can lead to a loss of bro-oxsilation, firther deterioration of effliwent qtfm‘;wﬁrmr
ainses, « camplete Imeakdown of the entive treatment process. Because bul, g ifa very comnon operational problens in
most activated sludge treaement plants, derailed knowledge of it canses and remediation ave im portant, A review of
cuitses and control straregies as reported in litevature is therefore presented in this study. To date, research bas vesulted in
the publication of much conflicting informarion and advice on bulking control. This veview has vevealed that
successful bulking contyol measires in cveryday practice are still very much empirical in natire,
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INTRODUCTION

Smce ity development, the activared sludge process has
undesgene continual evolution in an effort to maximise
provess efficiency. This Lns lead ro the nature of causes and
control ol activared sludge bulking becomes diverse. The term
bulking' has been used for wany years ro describe prablems
associated with the separation of acrivated sludge. A precise
defistivion of the term 15 difficult since in the past is has been
used 1o deseribe o vanety of prablems (Tomlinson! ). Broadly
spraking, activated sludge bulking is defined as the phenomenon
which occurs 1 aetivated sludge plants when the sludge
aceupies excess volune and does not readily settle so that in
extreme cases the effluent canrains excessive suspended salids
155). According to Jenking®, e af, the phenomenon is very
sportant as i undermines the [unction of the secondary
sedunentation tanks, which is to provide ‘clarified, low
suspended salids (S8, low turbidity overflow',

There 15 uo indication in the literature 1o suggest thar prob-
lemis of poor settleability occurred when the first experiments
with activated sludge were performed in the early par of the
List century, However, by the 19205 4 number of problems hatl
been reported” and from thar fime anwards is become known
that these problenss could be serious and were widespread.
Tombhinson! associated the appearance of bulking problems
with ‘the departure from the conditions provided by the eardy
filland deaw plants and by continueus flow plants’, The fll-
and-draw plaoes of the early duys were essential the sequencing
barch reactars (SBRs) of today, which has been made popular
with the development of modern technology. Tomlinson and
Chambers* esrimared that bulking was a problem prevalent in
hult of the activated sludge plants world-wide. In surveys
conducted by Tomlinson® in 1976, 27 of the 65 activated
sludge plants in UK had an average yearly sludge volume index
(SVI} of greater than 200 ml/g. Wagner* reported that abour
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half of the Germany’s activated sludge plants sulfered fram
sludge bulking problems. Sumilarly, surveys conducted by
Blackbeard”, et a/, in South Africa and by Pujol and Bourinin®
in France revealed about 32% aud 25% of the activated sludge
plants suffered from bulking problems, respectively,

Becuuse of such widespread uature of the bulking problem, it
1s unporrant for the activated sludge plant matager to be dware
of the possible causes and control serategies. In this study, we
therefore feltit important to review the causes and remedies of
activared sludge bulking as reported in literature. The study is
divided into rwo mujor sections — Section 2 describes the
causes while Section 3 dwells on the control SEraTeFies
reported in literature, The salient points have been
summanzed in 2 manner that is expected to be parentially
useful for a manager searching for clues on bulking. Finally,
Section 4 presents the overall conclusions of this review.

CAUSES OF ACTIVATED SLUDGE BULKING

There are at present two distinet schools of thought that
areribute the causes of bulking to the type of microbial
population in the activared sludge. These are:

(1} according e Eikelboom?, bulking is caused bt evver
abundunce of Blamentous micro-orguisms knawn as
hlamentous bulking, and;

(1) according to Heukelekian and Weisberg'?, bulking is
caused by certuin nonfilamentous microbes: that
produce an excess of bio-polymers on their surface to
effect poor compaction of the sludpe known as nos-
filamentous or Zoogleal bulking.

A closer examination of the literature however revealed
bulking ro be relared to the following growth specific
environments in the activated sludge plant

)  low dissolved oxygen (DO) concentration in
activated  sludge  (Heukelekian  and © Ingols!, -
Adamse", Sezgin®, &t al, Palm™, et af )

(1) high DO concentration in activated sludge (Bharea ",
Beuefield™, et al );




(i} low orpanic loading {(Low Feod to Microorganism
(F/M) ratios) (Logan amd Budd'', Ford and

Eckeafelder'®, Pipes'™);

high argame loading (Fhigh F/M) mties) (Logan and
Budd”, Genetelly amd Heukelegian®, Ford and
Eckenlelder', Chudoba®, e al );

()

(v)  completely-mixed reactor configuration {Chudoba™,
er af; Rensink®*, Houtemeyers™, White™, & af,

Tomlinsonl' );

{vi) conventional plug-flow reactor configurauon
(Imhoff and Fair), Committee of Water Polluuon

agement=" §;

(vii) inadequate micro nutrient concentrations i the

activited sludge (Carter and MeKinney™, Wood and
Tehobanogolous™);

ity relevated metal concentrations (Ingols and Felner™);
{viii) relevated metal concentrations (Ingols and Felner™)
(k) low pH of the activated sludge leading to excessive
growth of fung (Jones™); and

(x)

lowe relative influent macronutrient content (N, P)
(Greenberg!, et al ),

Sinee, many of the causes listed above are primanly extreme
cuses of 4 growth envaronment, (i too low or too high), the
lireracure appeared ifl defined and possibly contradicrory on
bulking control, For example, according to Bhatra'* and Bene-
field, eraf ', an acrivared sludge affecred with low DO bulking
could not always be cured by an increase in DO as that nught
possibly enhance bulking again through the flounshing
growtl of filamenrous organisms. Sumilarly, from Ford and
Eckenfelder', a plant operating at a high loading (high F/M
ratio} is likely to experience bulking, which cannet always be
concrolled by lowering the loading (lowering F/M ratio).

Richiards®, et al, in 1985 reported that bulking caused by a
certain Type 1701 {ilameatous organisims could be strongly
controlled by the DO in the mixed liquor. However, the
question of the crrical value of DO concentration in the
muxed liquor for Type 1701 bulking remanied unanswered.
Wanner? argued that the question could not be answered
without an exact knowledge of the ratio between substrate and
oxygen ux into the [loes of the acuvated sludge. In another
lvestigation by Palm', et al, a striking paradox was observed
— that low DO bulking nuy apparently occur under high DO
concentration. As the acrual DO uptake rate governed by the
floc loading was the decisive parameter, Grau and Dobanyos™
reported low DO bulking even in activated sludge systems
aeraved with pure oxygen at DO concentrations of about 10 mg/l.
Therefore, from these reports'**+* one can conument on the
narure of activated sludge system being ‘a complicated living
system’ where ‘srrange things happen for no apparent reason’.

T a comparative swvey of lab-scale bulking-affected systems
where Sphaeratilus natins was the danunant filamentous
arganism, Gabl™, et al, n:pm'm{i the causative factors 1o be
very diverse and often dependent on the wastewater and
operating regime. In their literature survey, the DO

Table 1 Some alient epvironmental conditions for sphacrortilug natans

allzcied kabaratory-seale activated sludge systems (Gabb ™, eral )

i Author (3}

D, MCRT, HRT, fal Batio,
l migd] Day li EBOD VA
Chodoba®, ol - - f L1
Hhrutneyen®, o al i r 1 0.4
Palin®, ot Q155 LAk - 008072
Lee™, wtad 4510 15 o ,.M1-1.00
Van Mickerl!" LR R 2.3 - 0,20.0,M
MNote 1 Splaerotilus natus growth occurred ok high DU ity sélien a
high F/M (Jlow MOCRT) prevailed

concentration ranged from .1 mg/l to 16 mg/l, the F/M auiv
{in terms of COD per VSS) ranged from 0.2 to 1.72 wlile tle
critical MCRT was as diverse as 1.9 days ro 30 days. Table 1
shows some of the salient findings of their own literature
review an activated sludge bulking eelaced to Sphaerorilus
tatans.

Jenkins™, et af, attnbuted that the *early’ references on auses
ol filunentous bulking were ‘confusing’ as most of the waely
rescarchers assumed that only one type of {iliunentous
orgusms was responsible, mainly the Sphuerotilus nacans:
They carned out the lunent identilication work i1 US w el
recent decade revealed thar 90%-95% of the bulking episades
could be awributed to approximately 10 filuuent types.
Though this work has nude the control of bulking focused,
the complex narure of its control has not been overcome yet s
the causes for growth of filamentous bulking organisms sull
appear ‘complex, vanable' and ‘specific’ for a given set of
growth conditions™, As an example, Sphaerotilus narans and
Type 17C1, two bacteria found in low DO bulking sludge,
have very differenc half-saturarion coefficient for DO (0.033 mg/1
and 0.014 mg/l, respecrively). This suggests thac the former's
growth would be caused by o madest DO limitation in che
activared sludge while the latter would flounsh under severe
DO limirations. Similarly, whien i is disgnosed thie nutnene
deficiency is one of the causes for sludge bulking, Llumem
identificarion alone cannot offer suisbucrory solutions for

conirol, as nurrient deficient bulking is not caused by any-

specific type of flunentous micro-organism.

Correct identification of filamentous arganisms 15 sull
extremely difficult and expensive. Wanner” argued thac a
comproniise was necessary berween the practical needs aod
the microbiological identification. The conventenal metheds
of identification require laborious preparwtipn of pure
inocolum  from  mixed cultures. Some  hlamentous
microorganisms exhibit low growth rates which cause
dentification to rake weeks or even months. Thus results do
not correspond with actual state of biocenosis in the sludge.
Wanner? further highlighted thar the method described by
Eikelboom” could be used temporanly i place of
conventional methods for reasons of simplicity and the lack ot
need for a trained microbiologist.
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i) low orpatue loading (Low Food o Microorganism
(F/M) ratios) (Logan and Budd", TFord and
Erkeafelder'®, Tipes™ )

() lugh argine loading (High F/M) raties) (Logan and

Budd', Genetelli and Heukelegian®, Ford and
Eckenfelder'®, Chudoba™, eral );

(v} eomplerciy-nuzed reacror configuration (Chudoba™,
et oy Rensink?', Houtemeyers™, White™, et af,
Teomlinsenl! );

(vi) conventional plugflow reactor  configuration
(Imholl and Fair', Committee of Water Pollution
management™ );

(vii) inadequate micro nutrient concentrations in the

activated sludge (Carter and McKinney™ , Wood and
Tehiobanogolous™);

{viit) - elevared meral concentrations (Tngols and Felner™);

{ix)

low pH of the activated sludge leading to excessive
growth of fungi (Jones™); and

(x) low relative mlluent macronutnent content (N, F)
(Greenberg®, et al ).

S, iy of the causes listed above are pnmarily extreme
cases of 4 growth environment, (i, 100 low or too high), the
literature appeared all defined and possibly contradictory on
bulking control, For example, according to Blatta™ and Bene-
field, et al ', anactivared sludge alfected with low DO bulking
eould not always be cured by an inerease in DO as thar might
possibly enhance bulking again through the flounslung
growth of filamentous organisms. Similarly, from Ford and
Eckenfelder'®, 4 plant operating at a high loading (high F/M
ratio) is likely to experience bulking, which cannot always be
controlled by lowsning the loading (lowering F/M ratic).

Ricliards™, e l, in 1985 reported thar bulking caused by a
certan Type 1701 filamentous organismis could be strongly
contrelled by the DO in the mixed liquor, However, the
question of the critical value of DO concentration in the
muxed liquor for Type 1701 bulking remained unanswered.
Wanner™ argued that the question could not be jnswered
without an exact knowledge of the ratio berween substmte wud
oxygen flux into the flocs of the activared sludge. In another
lvestigation by Palm', er al, a srriking paradox was observed
— that low DO bulkine may apparenty occur under ugh DO
concentration. As the actual DO uptake rate governed by the
{loc loading was the decisive parameter, Grau and Dohanyos™
reported low DO bulking even in activated sludge systems
serited with pure oxvgen st DO concentrations of about 10 mg/L.
Therefore, from these reports™ one can comment on the
riature of activated sludge system being *a complicated living
system’ where *strange things happen for no apparent reason’.

In a compararive survey of lab-scale bulking-affected sysrems
whére Sphierotilus notans was the donunant filamentous
arganisnt, Gabb", er 4/, reported the causative factors to be
very diverse and often dependent on the wastewater and
pperating  reguue. I their literature survey, the DO

Table 1

Same slient epvironmental conditions for sphacratilus natans

allecied r:lhn'rrllnr}-'-mh: ackivated '=|ul]gr syslems lr_'.-nLlh'“. eberl

Author {3) 0o, MCRKT, HRT, EiM Ralis,

g/ Day I e Y Ss
Clwdobat; eral - - H I
Houtneyen™, o al s by | .4
Palin®™, eral 0153 1 - 0.08-1.72
Lew™, et ul 4514 |5 W 0.80-1.60
Van Mickerk' X545 20-3¢ - 010000
Mote 1 Splaerotilus matans groweh oocuresd at high GO anly when a

Bkl F/M fow MCRT) prevailed

concentration ranged from 0.1 mg/l ta 16 mig/L, the /M racia
(in terms of COD per VSS) ranged from 0.2 to 1.72 while the
critical MCRT was as diverse as 1.9 days to 30 days. Table 1
shows some of the wlient findings of their own lireratu
review on aesivated sludge bulking eelated o Spluerarilug
natans,

Jenkins™, et al, attributed thic thie ‘early’ references on causes
of filimentous bulking were ‘confusing’ ws most of the early
researchers assumed that only one type of filumentous
orgimsims was responsible, nuinly the Sphaerotilus natans.
They carned out the hlament identification work in US i the
recent decade revealed that 90%-95% of the bulking episodes
could be attributed to approximately 10 filament types.
Though this work has made the control of bulking focused,
the complex nature of its control lus not been overcome yec s
the causes for growth of filunentous bulking organisms suill
appear ‘complex, variable' and ‘specific’ for u given set of
growth conditions®™. As an example, Sphaerotlus natans and
Type 1701, two bacteria found in low DO bulkiug sludge,
have very different halfsaturarion coefficient for DO (0,033 g/l
and 0,014 mg/1, respecrively). This suggests that the former’s
growth would be caused by 2 modest DO linuitation in che
activated sludge while che latter would {lourish under severe
DO limutarions. Simbirly, when it is diagnosed that nutrient
deficiency is one of the causes for sludge bulking, filument
identification alone cannot offer sansfuctory solwrions for
control, as nuerient deficient bulking is not caused hy any
specific type of filamentous nucro-organism.

Cortect identificarion of filamentous organisms is still
extremely difficult and expensive. Wanner™ argued that o
compromise was necessary berween the practical needs and
the microbiological identificarion. The conventional methods
of identificarion require liborious preparation of pure
mocolum  from  mixed colrures.  Some  filamentous
microorganisms exhibit low growth rates which cause
identification to take weeks or even months. Thus results do
not correspond with actual state of biocenosis in the sludge.
Wanner” further highlighted that the method described by
Eikelboom® could be used temporanly in plice of
conventional methods for reasons of simplicity and the lick of
need for a trained microbiclogist.
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CONTROL STRATEGIES FOR ACTIVATED
SLUDGE BULKING

System:-Specific Methods

Specilic merhods for bulking control e those that are devised
based on the specifications of the activated sludge plant, the
type ol wastewater being rreated and orher treatment
charactenstics. Specific methods aim to create environmenral
conditions in the aeration basin that could *avoid the growth
of micro-organisms responsible for sludge bulking. Based on
the premise thar 909%.95% of bulking episodes in activated
sludge plants can Le explained by approximately 10
filwuentous ormanisins, Jenking™, o af, recommended the
following srep-by-step approach for specific control of
Ll bsiaap:

() Examine the activated sludge microbiologically —
slewtify the causative filamentous organisms.

(Wl From (i), plant design and operational data deduce the
probuble causes of bulking. For example, operational
data indicaving as pH of less thun 6.5 in the mixed
hquor could signify fungal growth in the biomass.
Similarly, low DO coupled with a high F/M ratio
could indicate the presence of Sphaerotilus natans 15
the bulking micro-organisi in the sludge

(1) I the probable causes suzpest 4 nutrient deficiency (N,
P, make provisions for nutrient supplement in the
influent,

(iv}* For other probable cause of bulking like low DO, low
F/M etc, implement major changes, (e, additional
aerarion capacity, rompartmentalising the aeration
basin configuration erc). Allows at least 3 rines the
averige MCRT for rhe activated sludge o retum to
non-filumentous conditions (for continuous flow s¥s-
tems).,

Unfostunately, this specific method of Jenkins®, a af, doss
not offer 4 clearcur solution for bulking caused by fuggal
growth (low pH), or nonfilamentous organisms. The
modificition of this process often requires a lugh capiral
investment and is often very slow to implement. Even afrer
implementauon, the beneficial effects are slow to occur. It s
been observed by Wheeler®, ¢ al, thar in one instance, 2
periad of 6 monrhs-7 months was required following the
instullation  of a4 selecter for achieving zood settling
characteristics. Novak", et al, reported thar Zoogfeal bulking
nmight surprisingly occur when system is modified to umprove
setting by incorporating plug-flow characteristics. In such
cases, Jenking, et al, reported that non-filamentous bulking
cauld not be controlled well with the addition of polymers or
hydrogen peroxide. Proper economic evaluation of this
specific method by Jenkins™, e al, appears to be absents in
liverature, It seeins the rrade-off between the high costs for this
specific wmethor and the prospects of timely benefits has no
Leenn fully addressed.

To promote 4 specific technique for bulking control bused on
A more costeffective and pracrical approach; Tomlinsen and

Vil &3, Seprensber 2004

Chambers™ suggested the following step-by-step procedures:

() Determine the SVI (at 4 given concentrarion of the
ML3S (Mixed Liquor §5)).,

(1) I SVT is greater than the permissible value (design
SVI) beyond which the plamt cannor opeEate
satisfacrorily, then compare the applied salids loding
and the maximum permissible solids loading,

(i) 1f cthe applied solids loading is greater than tlie

maximum permissible leading then the system is

unstable and requires unmediare incresse in the
recycle ratio of the sludge, if possible.

() If the recycle ratio cannot be manipulated than the
MLSS should be reduced.

(v) LEMLSS cannot be manipulated or the solids loading is
stable then rthe DO of che mixed Liquor shauld lie
checked,

(vi)  Alter DO if it is insullicient.
(vii) Check if sewage is septic and reduce sepricity.

{viii) Otherwise check for nutrient deficsency in the sludge
and  make provisions for nutrient supplewent
(Biochemical Oxygen Demand, BOD: N: P ratio as
100: 5:1).

(ix) 1 steps (v) ro (vii) are found to be irrelevant or ineffec.
uve then find out if the system configurarion is
flexible or net.

(x)  Ifthe system has provisions for modifyin g the existing
structure, then engage in pilot plane experiments for
determinating the optinium system modification, (e,
the type of selector best suited for the given
w.lstew.lr.cr}.

(xi) Orcherwise investigate the uge of toxicants {chenueals).

(x11) Asalast resorr, refer o available lirerarure and X

help for remediarion if (1) to (x) da nor offer a feasible

solution.

The abave specific approach offers 3 more viable control
strategy in a step by step manner of increasing cost aud
difficulry in implementacion. Although the use of toxicants
can be cheaper than modifying 2 plant’s conligurarion, its. use
has been recommended with caurion because of the potential
danger of an overdose that can disrupt the entire sysrem*:.
This specific method is also ar adds with the earlier method of
Jenkins™, er al, as it disregards filament ideacificarion of the
activated sludge. Research by Tomlinson and Chambers® {n
UK had revealed little consistent relationship between the
presence of specific filimentous organisms and idenrifiable
causes of bulking, country tothe experiences of Jenkine®, or af,
in US. However, the method proposes® appears more
practicable as it employs a holistic approach to bulking
control. It emphasises cost-effective conrrol srategies rather
thin costly extensive microbiological idencification. Filament
identification could resule in considerable wastage af cririel




time during severe cases of bulking where a plant is likely 1o
fail soon, This specific method is, however, restricted to
continuous flow acrivared sludge plants and was devised with
specific references to sewage treatment plants in mind.

As part of suggesting the use of selectors for bulking contral,
Salameh and Malina* reported thar for a given selector, selec-
tion pressure on the microbes was more effective and
occurred rapidly at lower sludge ages (below 4 days). They
recommended that the substrate condition should be high in
the selector to aclueve effective bulking control. For an
effective curve of activated sludge bulking, it was necessary to
modify or change the wastewater characteristics and plant
operation. ‘They argued that a change in plant operation by
modifying the aeration basin to a comparrmenralised basin
was the more realistic control strategy. However, their
specific method for bulking conteol have led them the
conclude that the use of selectors o alter the bulking sludge to
a completely non-bulking one through selection in the
microbial construction wias 2 ‘timedependent process’. The
exact nature of ‘time-dependent process’ had not been
quantified by them*.

Wagner® reported that a raising of the P content in sludge
compounds through precipitation or direct addition resulted
in a more favourable floc structure of the sludge. This could be
aclieved by

(i} Addition of Ferrous or Aluminium sales;

(i} Addiion of lune to the influem of the sedimentanon
aarbes: andd

(i) Addition of low solubility phosphate fertiliser in to
the seration tanks.

The use of long (Length: width > 20) plug-flow reactors or
folded basing ro minimise backmixing as described by
Tomlingon and Chambers® and Albertson® are now
recopnised a5 1 specific control method (system modificarion)
for bulking contral. The necessity of comparemenralisation of
oxic zones in aerarion tanks was reported by Wanner and
Grau® for BNR (Biological Nutrient Removal) plants.
Growth of most filamentous microbes was suppressed under
anaerobic and anoxic conditions. Upon investigaring the effect
of aerarion basin configurarion on acrivared sludge bulking at
low F/M ratios, Lee®, er al, concluded that the initial mixing
zones should be aerated. They further noted thar increasing
the F/M ratio, especially for plants thar are practicing
nitrification could not always control low F/M bulking. Their
study was conducted on a bench-scale system spanning 160 days.

Foot*, e al, proposed 4 'systematic rather than sympromaric’
approach to bulking using firm dara and decision pathwuys.
Their approach was similar to that of Tomlinson and
Chambers*. In their approach® the sequence of measures has
taken nto accouni-that  engineered solutions iavolving
process modifications and additional reactors such us selectors
are often the most expensive alternatives. The need for
dynamic modelling to reflect the properties of the bulking
sludpe ‘was emphasised. They also suggested a reversion to

4

more cmpincal method of dara analysis rather chan focusing
on conceptual (deterministic) mechods for bulking cantral,

Chisea and Irvine™ reported that internuttently-fed systems
were capable of operating over a wider range of operation
conditions by accentuatung differences in arganisms
physiology 1o contral bulking. In cheir opinion, it luul o
greater flexability in SBRs than in continuous ow activated
sludge processes, Brenner™, er af, observed that a shor peviod
of mixed fill involving anoxic stage was necessary for contiol
of filamentous bulking in SBR rreating high strength imndusiral
waste water. Hsieh" investigared 1 modified acuvated studge
system for control of bulking. This modified system
incorporated a compartmentalised aerated basin and the
bulking was primznly due to the ougrowrh of filamensous
organisms, which was substrate-gradicns dependent, T chis
Slud}', it 15 noted thit SUVIIEs it GOst, oporation and
maintenance were substantial due to the reduced size of the
secondary clarifiers.

Mon-specific Methods

Thus class of methods mainly refers vo the application ol toxi-
cants like chlorine and peroxides to selectvely destroy the
filamentous microbes and various polymers to unprove oc:
forming characteristics of the acuvated sludge. Jenkins®, et af,
concluded that such non-specilic methods offer themselves as
ondy a shortterm control measure for aechvaeed  sludpe
bulking,

Frenze® reported that different chlorine dosages weie

required to control bulking due to different [lunenious
nucrobes. Esenhaur®, e af, deseribed thie suecasslul use ol
clilonne to control activated sludge bulking 1 4 werbicnion
demitrification process, Jenking™, b al, also demonstrated the
successful application of chlonne at various plants using the
following step-Ly-step approich:

(i) Establish a rarger SVI — below char the plant can
aperare successfully.

(u) Start chlorination when the target SV s consistently

exceeded,

(i) Add chlorine inknown and controlled doses toull the
activated sludge at poines of excellent nixing where
the chlonne demand 15 minimum.

(v} Conduct reliable SVI rtests ro determine when
chlonination shauld be discontinued.

This approach recognised an important control parameter lor
activated sludge chlonnation the *frequency’ of chlorination.
Meethling® reported that the minimum threshold frequency
of chlonnation for a given system must be exceeded il
chlorination is to be effective, In another report, Meethling®,
et al, concluded char chlorinanon of bulking activired sludge
will ‘cure’ bulking only if survival of the flack-formine micro-
organisms exceeded that of the hlamentous ones. In g study
Duugges™, et al, it was observed that chlorination could L used
only sprningly 45 an operational tool lor comral of shulge
bulking biological phosphiorus removal plants.
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To maximise the beneficial effect, chlorination should be
tdded ar the location where the chlorine demuand from the
waste 15 ot mimimomE However, pertinent literature
wevealed the following drawbacks for chlorination:

() Tts only a shorterm remedial strategy. Continued
use of chlonnation escalates the cest for operation of
the activited sludge system®,

() Tr has not been reported 1o be suceessful for nutrient
deficient bulking™

(i} It requires frequent and careful microscopic analysis
uf the sludge ro aveid an overdose — which can

destabilise the svsten,

CONCLUSION

Acvevaewe of the cuuses and control strategies of attivated
sludpe hulking as veported in literature has been presented.
Because bulking is o veéry widespread operational problem in
treutient plants, detailed knowledge of possible causes and
remedies is necessary for uninterrupted functioning of rhe
waste rewnment process. To date, research has resulted in the
publication of mueh conflicting informarion and advice on
bulling conerol. This seview has  revealed that successful
butking control measures in everyday pracrice are still very
much emprical and systemspeeific in narure. It is hoped thar
this review will be useful in the investigation of causes and
control wmetheds of bulling with 4 system-specific approach
andd vosteffeerive i mind,
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