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I. INTRODUCTION

‘”Grease has long been a nuiéance and dgtetrent to‘the.éffective
cpefatien of many wastewater treatment systems. Tod%yfs‘concern with
the“&egradation'of the environment, practically demands tﬁat.more
efficient wastewater treatment methods be developed. The development
of an efficient, economical method to treat wastes high in grease con-
tent would be a step towards pfeventing further degradation of the
ﬁations' receiving Watérs._'Grease causes problems not only at the
treatment.plants,.but in the collection systems_and receiving waters
as well. Problems'that are associatéd with greaée at the treatment
plaunt inclﬁde: a) clogging‘of S§£egns; b) formation of unsightly

scums on sedimentation basins and receiving waters; c) formaéion of

grease balls thatvprevent:other materials from being broken down and

‘protect pathogenic organisms; and d) severely affects anaerobic di-
gesters in that it helps form scum blankets that reduce the digester

capacity requiring frequent manual cleaning of the digesters.

In the past, grease has generally been removed either by grease

[4)]

traps at the source, or at the treatment plant by mggﬁs of variou

-

aeration and skimming mechanisms with final disposai consisting of
burial, incineration, or anaerobic digestidno The latter results in
the formation of the scum blankets mentioned above. In generai,v
greaseain high concentrations (greater than 100 mg/l) has a detrimen=
tal effect on aerobic treatment units such as tiickling filters and

activated sludge tamks. Since veports indicate that most grease

enters a sewage treatment plant in particulate form and is primarily



composed eof animal and vegetable fats and oils, it should in theory be

availabie for metsbolism by tﬁé éfgaﬂisms of sctivated sludge and not
express inhibitory consequences, |

The ?urPOSe of this research ié‘to‘sfhdy the grease rémoval effi=
ciency of a completely mixed, laboratory scale, actiVated slﬁdge plant
and methods for emhancing removal efficiencies at high concentration§.
Bartsch (2) indicéted’that‘grease was readily metabolized by the
organisms of activéted»sludge and high velocity blending of waste=~
waters prior to biologiﬁal treatment should imp%bVe tﬁe rempval effi=
‘ciency,v Blending should insure that the ma jor pdrtion'of grease is in
éhe colioidal, partigulafe form and thus provids more surface area for

~attack by the microorgaﬁisms. Emulsions of natural sewage grease were
fed toithe planf'iﬁ varying concentrations and the effigieﬁcy of re~
_movalvdeterﬁined,v The.difference in grease fempvél of blended vefsus
non=blended grease emﬁlsidhs and bleﬁ&ed vérsus ﬁénmbiended raw
‘sewage, and the effect of a surfactgnt (ABS}* which also should pro=
ﬁide more surface area for attack by the mitrborganism35 werevalso‘
investigated.

Should blending, as is theorized, improve tﬁe removal efficiency,
present day plants suffering under adverse grease 1oadings coukd modi-
iy fheir treatment units by the installation‘df blenéing units to obe
tain better‘grease'removal, Thus, at proposed new treatment plants
where grease is projected to be a problem, considerable savings could

~be realized by the constructioﬁ of combination biamdinguactivated

sludge plants rather than other types that may require flotation and



1T, LITERATURE REVI

Grease is a term that is defined‘by the solVeﬁf‘éystem used to

extract it. Standard Methods for the Examination of Water and Waste=

water (1) defines grease |as the sum of all substances that are soluble

in hexane. The Soxhlet extraction procedure for grease analysis as

outlined in Standard Methods (1} was not used in this research because

of the lengthy time féquﬂred and difficulty in obtainihg reproducible

results. Instead, a-mbd%fﬁcation of Loehr and Rohlich's wet analysis

. R . . .
method (8) using chlorofdrm as the grease extraction solvent was used.

The term grease can be considered almost universal since an absoclute

|

quantity of a specific substance is not measured. Rather, depending
. | _ _

upon the solvent used fo% extraction, groups of organic substances

with similar characteristics are determined quantitatively. Included

‘as grease are fats, waxes, oils, hydrocarbons, esters, high-molecular-

weight fatty acids, and other non=volatile material extracted by the

solvent used (1, 11). 1In the paéta chloroform and similar solvents

have been neglected because extraction of grease was accompanied by

)

the dissolving of resin, waxes, dried paints, rubber, napfhalene',
vhydrocarbon85 and.other msterials ﬁithout the realigation that»thesé
compounds contain materials that can be classified as lipids, or
grease. The term lipid can be used synonymously with‘the term grease
since they are’definéd inl a similar mannér (8.

 The concentration of%grease‘in sewage variesbwidely depending

«

specific lccal conditions.  Mahlie (9) reports values ranging

P

o~

Ayeters

o

from 16 to 200 wg/l in raw sewage, with Loehr and Rohlich (8) reporting




average cdﬁcentrations for municipalities rénging from 46 to 98 ﬁg/l
when there is ﬁo industrial inpﬁt. Grease in sewage originates from:
-a) fecal material, which cbntains about 225 mg of grease per gramj

b) garbage, in which grease content ranges from 13.5 to ,35.5 pér cent
(5), and household wastewaters; c)-manufacturing wastes (refinery
wastes, packinghouse wastes,.and wool treating wastes contain Heavy
concentrations); and d) garages and automobile-washing facilities
(3, 4, 9). One factor that has increased the grease content of sewage
t al

tremendously is the increased .use of’gafbage disposals. Watson
(16 ) report a 35 per cent per capita increase in grease content in
homes with garbagé_disposéls'Whilé‘39wermaﬁ and Dryden (3) indicate
that in areas with grinders’tﬁére‘is 50 pef cent more grease than in
areas without them.

Removal of the gfea;e component in wastewaters is vital since its
presence poses esthetic, economic;-and’treétment p1ant performance
pfoblems. Esthetically, grease-resuits\in the formatioﬁ of unsightly
scums on waterwéys; These SCumsyalso_increase,ﬁhe BiOChemical oxygen
demand and prevent the ﬁatural reaeéation of waterways by acting as a
barrier between the:water»surface and air fimiting oxygen transfer.
Such scums violate streaﬁ standardé»set forth by Federal and State
agendies. These standards generally state that all waters shall at
all times be free from all substances attributable to sewage, indus-
trial wastes, or other wastes iﬁ concentrations which contravene
established standards or interfere with beneficial uses of such waters.
Its economic imbact upon treatment plant performance is reflected iﬁ

lower efficiency of grease removal per dollar and increased maintenance



requiréments, The economic‘aspeetf‘ rtains to some.indus*?:'1:7.5‘,6':.s.9
such as:the meat packing industry whéfa tremendous savings could
resuit.from the recovery of grease. Fullen and Hill (4) report that
not only is theré a great savings iun the recovery of grease but that
there is céﬂsiderably less treatment plant difficulties when it is
recovergd. Thus, there are saviﬁgs effected in two ways, vield of z
marketable product and less treétment plant operation”difficuiﬁies,
The major incenti&e‘fof the reméval of greaée is the detrimental
effect it has:on the treétment plant, especiallyvthe sludge digesters;
In the conVentional'sewage t;eatmeﬁtvplant,_greasevis removed in the
primary clarifier(s) via a scum baffle and trough, and fhence pumped
to the digesters; Mann (10) indicateS‘that‘the:grease>mixes with
screening and fibrous material to form a scum mat, which in sbme cases
reaches a thicknesé of up to eight feet. This‘re&uces the digester
capacity, increaées the cost of operatibns'and createsba situation
where possible damage mayVQCCUr to the digester if the scum %ayer pres
vents the normal overflow of supernatant or sludge. A thick scum
layer necessitates opening the digester to manuéliy break up the
layer. Laborétory experiments havé shown that grease readily‘digests
at a2 temperature of 95 degreeé Fahrenheit, if mixed to allow intiméte
contact between the grease and the microorganisms, but this is not
fhe case in actual digestér operafion (10). Studies have shown that
the digestion of sludge, grease, and screenings takes twice‘as long
as sludge alone (10). This éccumulation iﬁ the aigester also de=
creaSesbthe pH, iimitiﬁg the gas production. Other problems caused

by grease throughout a sewage system are: a) accumulation of grease
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along the sides and crowns of sewers and inveérted siphons resulting in

a:maintenance problem; b) acéumulatiOn cf gLéasé in force mains
causing a reduétion,iﬁ capacity by inctéésiﬁg friction;vc}»clogging'éf
fine screens; d)'forméfion‘of'uﬁSightlylécums on the walls of clari-
fiers; e) formation of grease bails tﬁat pass throggh the plént unw:
treated, prevent other matter from breaking down, and protect_pathdw
genic organisms; f) incréaséd bioéhémical oxygen demand‘(BOD)glalmH
though Fullen and"Hiil'(A)‘doubt that gfease.coﬁtributeébmuch to the
S-déy BOD because the‘first”breakaoﬁn>yields highly insoluble fatty
acids. Solublé‘glycerol represents jusi 9 to 10 pef ceﬁt of the
6rigina1 fat; g)’élogging-oﬁ trickling filtér porfs§ h) coatsvzoogleai“”
growth on trickiing fiitervmediairésulting in a larger volugﬁ of media
required; i) inhibits oxygen transfer to biologicai célls‘during aer=
~obic treatmeﬁt; i) prevents natural reaeratioﬁj k) damages fish spawn-
ing areas; and 1) imﬁérts taste and odor to waters (the odors result=
ing from rancid fats fhaf Sreak down to thé so=-called ﬁgoat acids" of
volatile nature éuch as.écrylie, Butyfié, valeric, capfoip and |
caprylic acids) (9, 12). |

Hunter and Heukelekian (6) report thét the main constituents of
grease ére‘the glyceride‘fatty acids, followed by the uhséponifiab1e
matﬁer‘aﬁd”the free fatty aéids,‘ The saturéted fatty acids repreéeﬁt
about 85 per cent of the total glyceride and free fatty acids and con=

sist mainly of sL;gric'acidf(SO per cent) with lesser amounts of pal-

Y. .

mitic and myristic acids. The unsaturated acids are about 95 per cent.
oleic acid, with only trace amounts of other unsaturated fatty acids.

The unsaponifiable matter proved to be primarily aliphatic hydrocarbons




with lesser amounts of aremé and oxygenated material present;
Heukelekian and Balmat {5) indicated that grease arrives at the
treatmentqyianﬁtwithfthé‘ﬁajox portion in the particulate form. Of
this igiiB”pérbcent.Was settleable, 23085‘per éent supracolloidal
and 51.43 per cent colloidal particles. According to Bowerman and
Dryden (3) 90 to 95 per cent of grease is in the form of saponified
fatty écids or ingoluble soaps. Therefore, it would seem logical to
conclude that since mqst'grease'is in the colloidal form in which it
can most feadily be metabolized by micfoorganisms, and that since it
is generally assumed that the sapéﬁifiable.or fatty matter portion of
grease is easily metabblizedvby microofganisms, the activated sluége
process should be an efficient method fdr the removal of gregse. How=
ever, the 1i§erature is somewhat contradictory on the successful ser=
~obic treatment of grease° There has been considerable work on anéeru
obic degradation of grease (9) but little work done on aerobic degra-~
dation. Mahlie (9} reported that grease is a deterrent to the ef-
fective operation of an activated sludge treatment plaﬁt. Fullen and
Hill (4) indicate that sincé grease is not very soluble, if would not_v
be readily degraded; Viswanathan et al (13, 14, 15) indiéated that fhe»

fatty matter portion of grease is degraded easily by the activated

sludge process. Viswanathan et al (15) in studies of three treatment
systems, septic tanks, biological filters, and activated sludge, re-
ported an absence of grease in the effluent of the activated sludge

system after 18 days while the other two systems contained consider=

1)

able grease, Using natural domestic sewage and a batch activated

¢
o

sludge process, they reported an absence of grease in the effluent



after 3 days. Bartsch (2) indicated that grease was readily metabo~

iized by the organisms of activéééd sludge, but recommended that there
be modifications eliminating primary sedimentation. Bartsch also indi-
cated that high velocity blending.of w&stewagers prior to biological
treatment should improve the removal efficiency. Loehr and déﬁavarra

> piant re=

I

(7) in studies on a contact stabilization activated sludg
ported an overall plant removal efficiency of 84 per cent with an

influent of 147 mg/l grease.



IATERTALS AND MET

A. Matevials

10.

11.

12,

Bio Cert Peptone, Fisher Scientific Co. Used in primary

substrate.
Dextzose, Fisher Scientific Co., Anhydrous, A.S.C. Used in

primary substrate.

Bio Cert Yeast Extract, Fisher Scientifié Go; Used in
primary subétfate.

Alkvyl Benzene Sulfonate, (ABS), Soap and Detergent Associw

ation. Used in primary substrate..

Ferric Chloride, (FeCl3-6Hy0), Fisher Scientific Co. Used
in primary substrate. : Lo

Potassium Dihydrogen Phosphate, (KHyPO, ), Fisher Scientific

Co. Used in buffer for primary substrate.

Dipotassium Hydrogen Phosphate, (KoHPOy), Fisher Secientific

Co. Used in buffer for primary substrate.

Disodium Hydrogen Phosphate Heptahydrate, (NaoHPQy - 7TH90 ),

Fisher Scientific Co. Used in buffer for primary substrate.

Ammonium Chloride, (NH4C1), Allied Chemical. Used in buffer
for primary substrate.

Filter Paper, Whatman, No. 40. Used in determination of

grease.

Filter Glass Fiber, Reeve Angel. Used in the determination

of total suspended solids and volatile suspended solids.

Hydrochloric Acid, (HC1l), Fisher Scientific Co. Used for the



i

acidification of grease samples.

13. Hexane, {CgH12 ), Fisﬁer Scieﬁtific'COk Used for the initial
extraction of grease.

14. c¢hloroform, (CHCI3), Fisher Scientific Co. Used for the
determination of grease.

15. Methanol, (CH30H), Fisher Scientific Co. Use& to separate
the grease and chloroform from the water of the ssmples when
extracting the grease.

16. Blender, Waring. Used for blending the_samples during grease
analysis,

E. Methods
1. Source and Procedure for Obtainingqure Grease 5

Grease in the‘crude form was cobtained from the grease
flotation unit from.the Stroubles Creek Sewage Treatment
Plant; This grease was acidified to pH 1 with concentrated
hydrochloric acid, hexane was added and then mixed for two
hours on an;automatic shaker. The hexane was decénted,
filtered fhrough Whatman No. 40 filter paper and evaporated
over a water bath at 856 C. Since chloroform is the solvent
in this research, the grease was again extracted using the
method described in Appendix A. After extraction the pure

, grease was stored ét 10° ¢c. |

2. Completely Mixed Aétivated Sludge Unit

This unit (refer to Figure 1) conmsisted of an aeration
tank, settling tank, sludge return pump, and substrate feed _

pump. The primary substrate was fed at the rate of 176 ml
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Figure 1. Completely Mixed Activated Sludge Bench Unit
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per hour. Grease emulsion feed rates varied from 12¥Eo
24 ml per hour. With an aeration tank working volﬁme of
4 liters the combined substrates gave detention times
ranging from 20.0 td 21.3 hours. When raw sewage alomne
was fed to the unit, the detention time was 22.7 hours.
Mixing and aeration were accomplished by use of diffused
air. The settling tank volume was 750 ml which provided
a detention'time ranging from 3.75 to 4.26 hours depending
upon the substrate feed rates. Sludge return was at the
rafe of 330 ml per hour which gave a recirculation ratio
rénging from‘1.65 to 1.88 again depending upon the spb«
strate feed rates. All volumes were kept constant by
méans of siphons. ‘The uhifvwas seeded with sludge obtained
from the aeration tank of a package activated sludge plant
owned.and operated by the Corning Glass Works plant located
betweén‘Christiansburg.and Blackéburg, Virginia.
Substrates

The primary substrate was prepared every three days
in a 12 liter byrex bubble. The substfate was autoclaved
immediately after preparation to prevent degradation.by
microbial action. Table I gives the composition of the
primary substrate,

Grease emulsions were prepared when needed by the addi-
tion of the required amount of pure grease to distilled
water to obtain the desired concentration. This mixture was

then blended for two minutes to obtain the emulsion form.
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Total Suspended Matter

Suspended solids were determined by the procedures

outlined in the twelfth edition of Sﬁandafd Metﬁods for

the Examination of Water and Wastewater (1) with two

exceptions: A glass fiber filter was used in place of

an asbestos mat filter and 10 ml samples were used instead

of 30 ml samples.

Total Volatile Suspended Matter =
Volatile suspended solids were determined by the
pfocedﬁres outlined in the twelfth,edition of Standard

Methods for the Ekémiﬁétidn'gi Water and Wastewater (1)

with two exceptions: A glass fiber filter was used in

place of an asbestos mat filter and 10 ml samples were
used instead of 30 ml samples.

Sludge?Volume Index‘v 

The sludge volume index was determined by the pro-

cedurés outlined in the twelfth edition of Standard

Methods fdr the Examination of Water and Wastewater (1).

Grease Extraction

Grease was extracted by a modification of Loehr and
Rohlich's wet extraction method. A correlation was obtained
between the two. See Appendix A for a detailed procedure,

All test values are corrected for background grease content.
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- TABLE I

COMPOSITION OF PRIMARY SUBSTRATE

Constituent | Quantity
Peptone 200 mg/1
Dextrose ' ' 50 mg/1
Yeast Extract v 4.0 mg/l
ABS | | 2 mg/1*
Phosphate Bﬁffér | ' » 25 ml/1
Ferric Chloride o ‘ | ‘ 1 mi/1
Tap Water 200 wl/1
Distilled Water v o To Volume

*Increased to 10 mg/l when checking for the effect of a
surfactant,



IV. EXPERIMENTAL RESULTS

Experiment I. The Removal Efficiengy,gi‘the Plant When Fed

Varied Concentrations of Blended Grease Emulsions.

The object of this experiment was to determine the removal effi-

ciency of the laboratory completely mixed activated sludge plant when

fed varied concentrations of blended natural sewage. grease emulsions.

Concentrations of 100 mg/1 and 200 mg/1l total grease influent were

fed to fhe unit for 7 days each'énd thé removal efficiency determined

in each case. Samples in tfiplicaﬁe ﬁere taken every 24 hours. Test~-
ing was according to‘the procedure outlined in Appendix A.

Activated Sludge

The activated slu&gelwas acclimated to the primary substrate
and a backg}ound grease concentration of 1O.t0115 mg/1 for a period -
of fQur weeks; Tofal suspended solids were maintained ét approxi=-
mately 2000 mg/1l by wasting sludge at\periodic intervals. Ninety
per cent of the sﬁspended solids were volatile suspended solids.
Other sludge characteristics were: sludge volume index, 80; color,
goldeﬁ brown; population, large number of sludge worms, rotifers and
stalked ciliates.

Grease Emulsion Substrates

Grease emulsions were prepared in the desired concentrations by
adding the proper amount of pure sewage grease to the required amount
of distilled water and blending for two minutes in a Wéring blender.
This emulsion was then tested for grease content as outlined in

Appendix A, Additions of grease or dilution with distilled water were

15

.
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emploved to obtain the des;red’concentxation% Tné’ﬁrimary subétrate
contained a background grease éonéentration_afééE'mg/lo Allowance for
this background was made when calculating the gtéase emulsion con#enn
tration required to obﬁain the desired total iﬁfltent concantration.
Figures 2, 3, 4 and 5 indicate good uptake of'grease‘by the
organisms of activated sludge with removal efficiencies ranging-from
68 per cent for an influent greése conteﬁt—of 200 mg/1 t0 76 per cent
for an influent greasé content of 100 mg/l. An accliﬁation périod of
three days was required at:each concentration as evidenced by the
peaks in Figures’é énd 4. Also, boﬁh-éondentrations required 5 to 6

days before maximum removal efficiency was reached.
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Exgerlment II. The Effec o”'a Surfaétant (ABS)

on the Removal Efficiency.

Addition of surface-active agents or surfacténts should increase
the amount of surface area a?ailable for attack by miéroorganisms and;
consequently, better removal efficiencies should be obtained, The
alkyl benzene sulfonate (ABS) content was increésed from 2 mg/1 to
10 mg/1 in the primary subStfatefand_ité effect noted. Sampling was
-in triplicate eﬁery 24 hdufé;for‘four days; Testing was in accordancev

with the progedure‘outlined”in Appendix A,

Activated Sludge i5
The activated sludge,had the;samegcharactéristics as in Ekperim
ment I.

Grease Emulsion Substrate =

The greaSe emuision waé prepareﬂi%g infExﬁéfiment I. Since the
unit was alfeady acglimated to‘éﬁﬂiﬁfiuént'gfeasé concentration of
200 mg/1l, this COncéntrétion waS employed‘to eva]uatevthe effect of
increased surfactant. The ABS 1ncreased the grease content of the
primary substrate sllghtly (approx1mate1y 5 mg/l) and the overall
grease concentration of the influent'even less. Dilution was under=
taken to obtain an influenfiof 200»mg/1 grease,

Results |

Figure 6 inﬁicates that there was an increase in the quantity of

grease in the efflueht, from 66 mgkl to 91 mg/l or a decrease of some

12.5 per cent in removal efficiency with the increased ABS concentra=
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tion indicating that increases in surfactant (ABS) concentration
has no net beneficial influence upon grease degradation in an

activated sludge system.
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*F,gi the Plant When

Fed an Ungiéﬁded Greé;é”ééiﬁﬁion.

The objeqtiﬁe of this experimeni waé to determine the effie
ciency of grease removal whén unblended'gréése solutions wererfed
to the unit. The ABS‘cdncentration was reduced to the original
‘experimental condition of 2 mg/l. Samples were taken in triplicate
every 24 hours for four days. Testing was in aééordance with the
. procedure outlined in Appendix A. | |

Activated Sludge

The ‘activated sludge had the same characteristics as in Experie
‘ment I.

Grease Substrate

- The grease substrate was prepared by diluting pure grease with
heatedvdistiliéd water to enhaﬁce,the solutioning of the'greasé. The
resulting solutioﬁ was placed -upon é'shaker opefating at 130 cycles
per minute to simulate conditioné present ét fhe influent point of a
‘seWagektréatment.plant, Since the unit was already acclimated to an
influent greaée content‘ovaOO mg/1l, this qoncénffation was employed.
,Resultéj | ‘ | -

 Figure,7 indicates an effluent concentration of.92 ﬁg/l'which

corresponds to a reme@lmefficiency of 54 per cent. Difficﬁltiewaéré
exﬁerignced in working;With unblended_gréaée Substratééc Fast oper=-
‘ation of thevshakér resulted in formation of an emulsion. Slow
shaking produce& grease balls when the substrate cooled. Greaée also

adhered to the side of the feed lines duplicating a problem common in

‘sewage Iines, A noticeable decrease in grease removal efficiency was
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observed with the introduction of unblended grease to the uait. The
effluént concentration and the removal efficiency at zero days were
identical to the concentration and removal efficiency present at the

completion of Experiment I.

o
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Figure 7, Effluent Concentration vs. Time -
200 mg/1 Grease - Unblended
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Experiment IV. The Removal Efficiency of the Plant

When Fed Unblended Réw Sewage.,

Raw Séwagé )

Raw sewage was used to more cldsely appfoximate the influent
conditions at éeWage treatment plants and to study removal effi=
ciencies by microorganisms not acclimated to a synthetic substrate.
‘fhe objective of this experiment was to determine the grease remoﬁal

efficiency when unblended raw sewage wasnfed to the plant. Raw sewége

was obtained from the Stroubles Creek Sewage Treatment Plant at a

g

oint prior to ﬁhe grease chamber. The laboratory unit was accliméted
to this new substrate for two days before testing was renewed.

Samples were taken in triplicate every 24 hours:for fcur déysc Teste=
ing of these samples was in accordance'with,the‘procedure outlined in

Appendix A, ‘ ’ . -

Activated Sludge

With the exception of a color change to a dirty bfown, the acti-
vated sludgé had the same éharacteristics as in the previous
eX§ériments; |
Substrate

The raw sewage was refrigerated to prevent decomposition'prior to
being fed.to thgflahoratory unit, and was taken from the'refrigeratOr
inm smgll amouﬁtg several times a day to replenish the container‘fdr the
¥aboratory unit. A magﬁetic stirrer was used to insure a uniform sub?
strate, Heavy.rains-resulted in a 1owerwthanenorﬁa1 gréase concen=

tration (60 mg/l) in the raw sewage.



Results
Figures 8 and 9 indicate an eventual effluent concentration of
20 mg/1 résulting in a removal efficiency of 67 per cent. The

effluent concentration at zero days is taken as the influent value.
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Experiment V. The Removal Efficiency of the Plant

ihen Fed Blended Raw Sewage

Raw Sewage

The objective of this experiment was to determine ﬁhe effi-
ciency of grease removal when blended raw sewage was- the substrate,
Raw sewage was obtainéd from the same source as in Experiment IV.
Feeding was begun immediately upon completion of Expérimént Iv.
Sambles were taken in triplicate every 24 hours for four days. Test=-
ing of these samples was in accordance with the procedure outlined

in Appendix A.

Activétéd éiﬁaéé

~ The activated sludge héd the same chafaéteristics as in

Experiment IV.
Substrate

The raw sewage had‘é grease concentration of 236 mg71 and was
handled in the éame ménner as Experiment IV, Blending was undertakep
immediately prior to placing in the influent contéiner.
Results

Figures 10 and 11 indicate an eventual effluenf concentration of
;13 mg/l grease with a removal efficiency of 94.5 per cent. The peaks
in the graphs indicate that,'due to the very large increase in grease
concentration (60 to 236 mg/l), an acclimation period of two days was

required.
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V. DISCUSSION OF RESULTS

The effluent grease concentration versus time graphs clearly
indicate that greaée Was readily metabolized by the'orgéﬁiéms of
activated slﬁdge. The amount metabolized varied dependenf on such
factors as influent grease concentration, conceritration of surfactant,
and feed blending; A chéfacteristic "lag" period ranging up to tﬁree
days was exhibited in each experiment before removal to any great

extent. Associated with these ""lag!'" periods was either an increased.

concentration of grease feed or a change in the type of substrate fed

to the laboratory units; i.e. blended or unblended substrates. Tﬁe
occurrence of the ”lag"~periods indicates that a period of acclimation
ig’requiréd by the ﬁicfoorganisms present. At sewaga‘treatmént plants
ﬁndergoing’large changes in influent grease concentration, an acéomu
panying decrease in.removal efficienéy éhould correspond to the observed
lag timea

AOverall removal efficiencies of 76 per cent and 68 per cent were
obtaine& with blended influent grease concentrations ofleC mg/1 and
200 mg/1, respectively, as seen in Figures 2, 3, 4, and 5. Each concen~
tration required an acclimation period of three days after which the
amoﬁnﬁ of‘gréase in tﬁe efflﬁenﬁ tapefed off tobébsteady value. These
efficiencies do not quite apﬁroach thé 84 per cent removal efficiency
as repbrted byrloehr and de Navarra (7) on a contact stabilization acti-
vated sludwé'yiant’with an influent grease concentration of 147 mg/l.
This is attributed somewhat to the fact that, as seen in a later experis=

ment, better zemoval efficiencies can be obtained with organisms. that

34
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are not acclimated to an artifiéial substrate, and to the faét that
extracted grease is difficult to solutionize and, thus, dbes not really
aéproximate natural conditions.

Surface active agents, or "surfactants", in theory, are supposed
to increase the surface area available for biological action and make
this surface more amenable for use by mircoorganisms. In an attempt
to increase reméval effiéiencies, the alkyl benzene sulfonate (ABS)
content of the primary substrate was increased from 2 mg/l to 10 mg/1.
Blénded’grease emulsions provided a tota1 grease influent concentration
of 200 mg/l. The grease concentration in the effluent increased by
25 mg/1l (the effluent concentfation ét day zero was the effluent value
prior to increasing the ABS ééntent) over that obtained with an ABS |
concentration of Z‘mg/l. The possiﬁility existsqthat ABS concentra=-
tions in thié range resulted in an inhibitory éhvironméht for the
microorganisms of activated sludge. As seen in Figﬁre 6; it is con-
clusive that an increase in surfactanf (ABS ) content has no beneficial
effect upon‘;he removal of grease by the activated-sludge process and
may prove inhibitory. Of interest is the ABS effect of shortening the
acclimation period to 6ne day as opposed to the fhree plus days of
Experiment I. This is, in all probability, dué to the system being
completely acclimated to an influent grease concentration of 200 mg/1l
prior to increasing the surfactant content.

Various difficulties were encountered when trying to work with
unblended synthetic substrates; thus; the removal efficiencies deter-
‘mined when working with unblended grease solutions are not considered

éntirely accurate, although they do give an indication of a much lower
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percentage of removal than does the blending process. The best
results were obtained by heating distilied watef, adding pure grease
in the desired amount, and placing the container on ‘a shaker operat-
ing at approximately 130 cycles per minute to simulafe treatment plant
influent conditions. Problems experienced were the formation of
grease balls if the shaker were operated too slowly, formation of an
emulsion if opefated too fastly, and grease adhering to the walls of
thé influent lines. Figure 7 indicates an eventual effiﬁent grease
concentration of 92 mg/l which gives a removal efficiency of 54 per
cent, as compared to 68 per cent for the same concentration when
blended. The difference in tﬁe removal efficiencies can be accounted
for because of.the ﬁuch greéter surface areé'available for biological
actioﬁ when blending is accomplished.

The study of removal efficiéncies of substrates consisting of
raw sewage only was undertaken to morsz closely simulate actual condi-
tions at sewage treatment plants and to determine if differences exist
in grease removal efficiencies between the organisms acclimated to a
synthétic substrate and organisms naturally present in raw sewage.
The efficiency of removal of grease in unblendedlraw sewage was 67
per ceﬁt with an influent of 60 mg/l as illustrated in Figures 8 and 9.
This efficiency would have been higher with an increased influent con-
centration. With an influent concentration of 60 mg/l, a well-defined
"lag" period was not noted, rather a gradual tapering to maximum
removal was evident. The effluent value at day zero was taken to be

the influent value of 60 mg/1l.
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A vefy high degree of greasé removal was obtained when blended
raw sewage was used as the substrate. Due to a tremendous increase
~in influent grease concentration (60 to 236 mg/l) a two-day ''lag"
period was obsérved before removal efficiencies improved to a final
efficiency of 94,5 per cent and an effluent concentration of 13 mg/1
grease, The effluent concentration at day zero was taken to be 20
mg/1 which was the value upon completion of the unblended raw sewage
tests. This high degree of grease removal can be explained by two
facts: 1) Blending increases the surface area available for biolog-
ical action, and 2) Orgaﬁisms that are natural habitants of sewage
apparently remove much more gréase than do orgénisms that are accli-
mated to a synthetic substrate. |

From the works.of Heukelekian and Balmat (5) and others, and the
above discussion, it can be 1ogiéélly concluded that the activated
slpdge process, with modifications to provide blending prior to bio-
logical treatmenf, is a method that should remove 90 plus per cent

grease consistently.



Vi. CONCLUSIONS

Grease was veadily metabelized by the organisms of activated
sludge.

The addition of a surfactant (ABS) decreased the removal effi-
ciency, possibly a result of an inhibitory environment caused
by thé increased surfactant conceﬁtration;

Acclimation periods of up to three days were noted with sudden,

 large variations in the concentration of grease in the influent

and with changes in the substrate composition (i.e. blended or
unblended); Decreased efficiencies should be anticipated at
treatment piants that receive large variations in grease content.
Blending of wastes contaiﬁiﬁg grease ﬁiil increase the removal
efficiency cénsiderably.

Mucﬁ ﬁigher femoﬁal éfficiencies were obtained when blended raw
sewage was émpioyed as the substrate indicating that the broad-

spectrum organisms that are naturally present and are not accli-

mated to a particular, unchanging, substrate are more efficient.

Grease removal efficiencies should consistently be greater than
90 per cent at activated sludge treatment plants that are modified

fo_provide blending prior to bidlogical treatment.
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VII. SUMMARY

Experimental data obtafned in the study of the effect of various
concentrations of grease on a cdmpletely mixed activated sludge
laboratory plant indicated that grease is readily metabolized by the
organisms of activated sludge. Methods for enhancing grease removal
were blending prior to biological treatment and the addition of a sur=
face active agent (ABS).‘

Grease removal efficiencies were determined by a modification
of Loehr and Rohlich's wet analysis method using chloroform as the
solvent,

Experimental evidence indicated that the addition of a Suffactant
will decrease the removal efficiency by providing an inhibiting
eﬁvironment and that blending of raw sewage will increase the removal
efficiency to 90 plus per cent, even with very high concentrations

(in the 200 mg/l plus range). Reﬁoval efficiencies remained below

70 per cent when raw sewage was not blended.
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APPENDIX A

Grease Extraction

Procedure:

1.

10.

Obtain sample and acidify to pH 3.0 with concentrated hydro-
chloric acid (ﬁCl).

Blend for 10 seconds and return sample to the original container.
Add 100 ml of sample, 190 ml of chloroform, 180 ml of methanol,
to separate blender (glass, because chloroform dgteriorates
plastic). By using the same gradﬁate and adding in the above
order, little, if any, grease will remain in the graduate.

Blend for two minutes, |

Filter through Whatmen No. 40 filter paper by using Buchmner
funnel and a vacuum pump.

Transfef to separatory funnei.

Rinse prévious containers with 20 ﬁl of methahol filter, and
transfer to separatory funnel;

Agitate for 30 seconds and after two systems phase (2-5 minutes)
draw off the bottom (chloroform) layer into previously tared
flask.

Add 10 ml of chloroform to separatory funnel and agitaté 15
seconds. Again, after the phases break, draw off the bottom
layer into the same flask.

Evaporate the solvent in a water bath at 80 degrees Centigrade.

bl



11.

12.

45

Dry the flask to a constant weight in a 103~degree Centigrade
oven and cool in a dessicator for 30 minutes and weigh. Grease

is then determined as follows:

mg/1l grease = mg grease x 1000
ml sample

Prior to another test, all glassware is rinsed with a quantity
of chloroform followed by rinse with a quantity of methanol.

Only by taking extreme care and by following the above procedure

exactly can reproducible results be obtained.

This method eXtracted‘approximately 30 per cent less grease than

did Loehr and Rohlich's method. Loehr and Rohlich's correlation

between their wet analysis method and the Soxhlet method was approxi-

mately 1.3, or 30 per cent more than the Soxhlet method.



GREASE REMQVAL.BY A COMPLETELY MIXED ACTIVATED SLUDGE PLANT
: AND ‘
METHODS FOR ENHANCING CGREASE REMOVAL
by

Larry Keith Owens
Abstract

Various concentrations of grease were fed to a completely
miﬁed activated sludgevlaboratdry plant and the effects of blending
aﬁd the.additiQn 6f a surféétant on removal efficiencies were detérm
‘mined. Blended'an& unblended raw sewage cqntaiﬁing grease was
stﬁdied to obtain a compafison between the‘removaliefficiencies by
orgénisms acclimated to a synthetic substraté and organisms naturally
‘presentbin raw sewage.

' “Grease determinations were made by a modification of Loehr and

Réhlich's wet analysis method using chlordform as the solvent5

The experimentallresulfs.indicated that grease was readilyb
metabolized by the organisms of activafed sludge, that thé addition
of a surface active agent decreased the removal efficiency, and that .
blending of raw sewage prior to biological treatment should increase

removal efficiencies to greater than 90 per cent.
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