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I. INTRODUCTION

Grease ié'a»naturai;component’of_éeWage ahd Sbme‘iﬁ4
dustrial‘qutes ahdﬂhasibeen the source’ofrbérﬁain opera-
‘tional difficulties in‘waste water freatment syStemS sinéer
»theiriihception;' Grease hasvbeen responéible‘fdr the clog-—
ging of sewer lineé; finé‘screéhs; dosing siphoné, and
'triékling filtef nozzleé és weli as adding to the'biochemi—
cal oxygen demand (BOD)_of fhe.waste and disrupting_anaero—_
bic digestion units. |

'Grease, which includes fats, oils, waxes,ianﬁ high |
moiecular—weighﬁ fatty éoids,_iSSUSually inAthefeolloidél
fbim in»sewége sincesfew of these coﬁpounds are‘wéter sclu-
bie and-aré uSually introduced through a washing p?oeess.
Historically,_gréase treatment has conéisted of rgmovai'v
of the naturally destabilized gfease from the waste water,‘
éither at its sburce by meanslof a grease frap,'or at the
treétmeht plant by varibus skimming mechanisms. Whefé.“
grease constitutes ésﬁecially'difficult operating problems, 
rembval is attempted by Various‘mechanical and/of éhemicall
means which are“designed'to destabilize the emulsion andi_
cause the grease‘té fidat on the water's Surface where it
can be removed by skimming. | |

| The gfease'thué removed is disposed éf'by.Various‘

methods which include burial, incineration, and anaerobic



»digestion., Anaerobic digestidn is the least desirab1e
_methédvsince grease acts as a matrixvfor the forméfion

of scum layers and aiso>0aUSesva depressi6n,of the pH in
the unit resulting in digestor failure.

| 'vSéwagé gréase is ﬁade up;predomihantiy of anim51 aﬁd
vegetable fats and oils, and therefore should be readily
metabolized by thg‘drganisms ufilized in biological waste
treatmenf systems.. Many bacteria dissimilate fats by the
process of lipolysis, employing enzymeé knowh as lipases.
Such a scheme is illustfated ﬁelow.

FAT (LIPID) + H,

_"‘"‘-'_"—"»“ 3 ¥ . o -
TTPASE~ GLYCEROL + FATTY ACID(S)

It has been almost universally éceepted that sewage
grease is detrimental to aerobic treétment Systems and
cannot be treated effectively in these_systems. The ob-—
ject of fhis investigation was to explore aerobic degrada-
tion of a natural sewage grease by the orgahiémsbof acfi-
vated sludge. Manometric techniques were utilized to
measure the oXygen oonsumed and the rate of consumption
with various concentratiohé'of grease. a

If experimental data indicate that gréase is readily
oxidized by the organisms of aotivafed sludge, the costly
COnstruction of flotation and coagulation units may be
avoided by utilizing activated sludge units, with some
possible modification,:with a considerable’savings in

economy of design and operation.



II. REVIEW OF LITERATURE

The term{greasé éppliés to-avWide Varietytof ofganic
Substaneeé that are ethacfédlfrom aqueoﬁs soiutioﬁ.or‘ |
 _ suspension by heXahe. ‘Hydrocarﬁﬁns;“eStéfs, oiis; fats;u
Waxes;.and.high molécular—weight»fatty acids'are tﬁe major
materials included in ﬁhis category (l, 9). 'All‘these“
materials have a "greas& feel" énd_aré assoéiated with the
multifaceted difficulties»in waste treatment related to.
'grease.

Grease isba‘natural component of séwage having several
origins ofiinfroduction: ba) fecai material, Which con-

- tains approximafely 225 mg/1 grease péf gram of fecal

. material; b) kitchen slops, garbage, and househbid waste.
waters; c)'manufacturing wastes, such as meat and poultry
processing plants, package»food‘prbcessing plants; and
refinery wastes; and d) garage and automobile washing
plants (2;’3, 7). With the increased use of home garbage
disposals; the total greasé content of sewage has increased
considerably. Watson et al (17) indicate there is an
average per capifa increase of 35 per cent in the grease
Vcontént of sewége invhomes after the installatidn of
garbage disposals.

Grease presents many problems in the‘field of SGWQge

and industrial waste treatment. Thé‘major problems’are:



*clogging of fine Soreens; formation of unsightly scum on
.;the surface and walls of sedlmentatlon basins; 1noreased
-blochemloal oxygen demand (BOD),fologglng of trlokllng
: fllter nozzles, dlsruptlonvof anaeroblc dlgestlon byrn‘
'cansingva'depreSSion of the pHdand by’serving as a matrix
‘for the formation of scum blankets; and inhibiting oxygen
Vtrgnsfer‘to bioiogical cells in aerobic treatment (7; lO);
| frdreésejusuallyrreaches the treatment’plant indparti—‘
‘douléte form. ‘Heukelekian and Balmat (6)Vreported'that‘the
magor portlon of grease is partloulate and oon51sts of _ |
f19.13 per cent settleable, 23. 85 per cent super001101da1
‘and 51.48 per cent colloidal partlcles. Since the maJorv
portion of the grease is fonnd in the colloidal form, it
may be acted npon readily byvmioroorganisms.‘

d It is generally assumed that the saponlflable or
fatty matter portlon of the grease is most readlly meta—,.
:bollzed by mloroorganlsms. Bowerman and Dryden (2).1n a
Study at Los Angeles reported that'90 toq95 per oent“of:
‘theigreasefwas‘in‘the form of saponified'fattynacids ori':'
insoluble'soaps._ Heukelekian (6) reported thateglyoeride
.fattydéoids comprise the major portion of the‘total,greasef
Mahlie (7) indicated that the major constituents of grease
vare soaps and glycerldes |

Con51derab1e effort has been expended 1n‘study1ng

anaerohic‘degradation of grease (7) while very 11tt1e»



mention is given to aerdbie-degradation.‘ There is very
~11tt1e 1nformat10n in the 11terature concernlng the aeroblc
degradatlon of grease, and ‘this appears to be contradlctory.
‘vMahlle (7) 1ndlcated that grease w111 dlsrupt act1vated>
"sludge»and trlckllng f11ters. Fullen and Hill (3) doubted
Tthe degradablllty of grease under normal circumstances
'*s1nce it is not soluble to any great extent. Vrswanathan
et al (14, 15, 16)'reported ‘that the fatty matter portion
of grease is readlly degradable by act]vated sludge. Com—
paring three treatment systems, blologlcal fllters, septic’
tanks, and actlvated sludge, Viswanathan et al (14) reported
'that actlvated sludge removed grease w1th great rapldlty
and that the effluent ‘was free-from”grease after 18 days,
while the biologicallfilters and anaerobic Systems stilli
'contained‘considerable grease. Inva later report'using,a.
vbatcn activated sludge'process andknatural sewage, Vise
Wanathantetialy(lé) noted an absence of grease in_thev
effiuent.from the activated sludge system after three daYs,
bFurther experimentation is/neceSSary‘toydefine the oxida; -
stive‘behavior of .organisms of activated‘sludgedin the
presencedof grease before it can be concluded‘that'acti;
Vated sludge .can orlcannotbbe considered an effective

treatment method for grease.



III. MATERIALS AND METHODS

A. Specialized Materials

1'

Extraction Apparatus, Pyrex, Micro Soxhlet.

Used in grease extraction.

Extraction Thimbles, Whatman, Micro. Used in

grease extraction.

Filtef G1ass Fiber, Reeve Angel. Used in

suspended and volatile solids determination.

Filter Paper, Whatman, No. 40. Used in grease

determination. .

Warburg Apparatus, Precision Scientific Company.

Used to measure the oxygen uptake of the waste.

Alkyl Benzene Sul fonate, Soap and Detergent

Association, Used in substrate.

Alumina Activated, Matheson Coleman and Bell,
Chromatographic Grade, 80-200 Mesh. Used to
determine hydrocarbon and fatty matter content

of grease.

Ammonium Chloride, (NH,C1), Allied Chemical,

A.S.C., Used in buffer for substrate.

Bacto-Dextrose, Difoo Laboratories. Used in

“substrate.



10. Bacto Peptone, leco Laboratorles.d Used in

substrate.__

11. 'Bacto—Yeast Extract leco Laboratorles, De— .

hydrated. Used in substrate.

12, Dlpptass1um Hydrogen Phosphate, (K, HPO4), Fisher} f

A.S.C. Used in buffer for substrate.

13. Potassium Dihydrogen'Phosphate, (KH,PO,), Fisher

A.S.C;, Used. in buffer for substrate.

14. Sodium Phosphate, (Na2HP04-7H20),'Baker, Reagent

Grade. Used in buffer for substrate.

15. Chemicals and other materials for tests according .

to Standard Methods (1).

B. Methods

1. Procedure for Obtaining Grease Source.
The grease used in this 1nvest1gat10n was.

~ obtained from the grease flotatlon unlt at
Strouble's Creek Sewage Treatment Plant which
is owned by the Blacksburg—V.P;I,tSanitation
Authority. Ih order to utilize the grease in
its pure form, the grease_was‘extracted with_
hexane.' This was done by acidifying the grease:

to pPH 1 in an‘aqueeus,suspension with eohcentrated

nydrochloric acid (HC1). Hexane was added to the



aqueous suspension and mixed for two hours on an
automatic shaker. The mixture was then allbwed

to bécome quiescent. The hexane was decanted and
filtered thfough Whatman-NQ. 40 filtei paﬁer.
Filtering was facilitated by a Buchner funnel and

a vacuum pump. The residue'remaining after filter;v
ing,was returned to the container with the original
grease., The hexane was distilled at 85°C over a
water bath. Hexane was rec0Vefed'f0r reuse while
the grease was collected and refrigerated at 10°C.
The-aboVe'prdcess was repeated'on the original .
grease sample until no more greasevcould be

recovered from the hexane.

Laboratory Bench Activated Sludge Unit.

The activated sludge unit, Figure 1, consisted

vof‘an aeration tank, settling tank, sludge return

pump, and substrate feed pumps. Suﬁstrate (A) was
fed af the rate of 167 ml per hour. Grease emulsion
(substrate B) was fed at the rate df 10 ﬁl per hour.
The aeration tank had a working volume of 4 liters
and a detention time of 2& hours at the nofmal
substrate feed rates. Diffused air released near

the bottom provided aeration and some mixing. A

magnetic mixer was used to insure thorough mixing

of the aeration tank contents. Mixed liquor
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passed by gravity to a 1000 ml SeparatOry funnéi
which acted as a settling tank. The settling

tank has a Workinglvblume of 750 wl which provided
4.5 hours detehtion at normal flow rates. Super-
natant was conﬁinuously removed from the settling
tank by a siphon to a constant head tank. Ef-
fluent was discharged to waste. Settled sludge
was returned to the aefation tank by means of,a
pump rated at 416 ml per héur, Whiéh provided a
recirculation ratib of 2.5 to 1. The‘unit was -

originally seeded with sludge obtained from .the

‘aeration tank at the Roanoke, Virginia municipal

sewage treatment plant.

Substrates.

Substrate A was prepared every third day in

a 12 liter pyrex bubble, and autoclaved to pre-—

vent decomposition prior to being pumped to the

aeration tank. Table I shows fhe composition of
subsfraté A, |
Substrate B (a grease emulsion) was prepared
by dilution of a stock grease emulsion with dis-
tilled water to a concentration of 167 mg/15 ‘This
provided a feed concentration of 10 mg/1 per day

in the aeration tank.
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TABLE I

COMPOSITION OF SUBSTRATE A

~Constituent , Quantity
Peptone 200 mg/1
Dextrose 50 ﬁg/l
Yeast Extract : 40 mg/1
ABS - ‘ 2 mg/1
Phosphate Buffer 25 m1/1
Tap Water 200 ml/1

Distilled Water To Volume
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12
Substrate A and substrate B combined had a
biochemical oxygen demand of approximately 250
mg/1.
The grease used in substrate B had a fatty

matter content of 93.4 per cent and a chemical

oxygen'demand df 10.6‘mg/1 per mg of grease.

Hydrocarbon and Fatty Matter Content of Grease.

The methods and procedure for testing grease
for hydrocarbon and fatty matter content were
those contained in the twelfth edition of Stan-

dard Methods (1).

Total Suspended Matter (Nonfiltrable Residue).

The methods and procedure for determining
suépended solids were those contained in the

twelfth edition of Standard Methods (1) with the

exception of the asbestos mat filter for the
Gooch crucible. A glass fiber filter was used

in its place.

"Volatile Suspended Matter.

The methcds and procedure for determining
volatile suspended solids were those contained

in the twelfth edition of Standard Methods (1).

Oxygen'Demand (Chemical).‘

The methods and procedure for determining
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~the chemical oxygen demand of grease were thosé

contained in the twelfth edition of Standard
Methods (1). “An emulsion of 100 mg/l grease was

tested for C.0.D.

Sludge Volume Index.

The method and procedure for determining’
the sludge volume index of activated sludge was
that contained in the twelfth edition of Standard

Methods (1).

Preparatidn gi Stock Grease Emulsion.

Naﬁural sewage grease previously extracted
and stored at 10°C was liquified by placing the_
container in a hot water bath. One ml of the

shaken liquified grease was added to a Waring

.blender containing 250 ml of distilled water ahd

blended for one minute. The emulsion was then

analyzed for grease content.

pH.

A glass—calomel electrode (Leeds and Northrop)
pH méter was used to measure the pH'Value of the

samplés directly,,

Grease Extraction.

Grease was extracted by a modified Soxhlet 

technique. For detailed procedure see Appendix A.
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‘Cleanlng of Warburg Reaeflon Flaskb.

- The method used for cleanlng the reactlon.af

’flasks was that suggested Dy McKlnney (8) ee

'Appendlx B for detalled procedure.

Calibraticn of Warburg Reaction Flasks.‘

The reaction flasks were calibrated by the

water method as suggested by McKinney (8).

Formulation for calculating flask constante
were those of Umbriet (13). Avsample'calcuia— '
tion is shown. in Appehdix C.

Preparation’gi Warburg Reactioh,Flask for Use.

Prior to the reaction flasks reuse, the

center wells were greased with a petroleum

baéed 1ubricant such as stopcock grease, to

'prevent the creep of potassium hydroxide into

the microbial solution under study,‘ Greasihg“
the center well was facilitated by the use of
a long handled swab. The 20 per cent potassium

hydroxide solution used was injected into the

center well with a 1 ml s7r1nge.

Preparatlon and Addition of ACTlV&ted aludge
and Substrates to Warburg Flasks.

A thoroughly mixed 1000 ml sample was with-
drawn from the aeratlon tank of the 1ab01atory

bench-activated sludge unit. A sample‘of the



15
sludge to be ﬁsed in the'respirometér was.
analyzed for total susﬁended'solids, volatile
suspénded solids, ahd’31udge volume index.
Samplés of the sludge were also observed under
the microscope to determine gross floc.charac—
- teristiecs and pfotozan aétivity. Since the acti-
?ated sludge uséd in the éXperiment was subjected
to a 50 ﬁer cent dilution in the Warburg flask,
it was first concentréted to 4000 mg/1 suspended
solids by decanting‘thé supernatant after sludge
settling. Standard grease emulsions were pre-
pared as previously described in this chapter.
The activated sludge was ‘blended for 10'seconds
in a Waring blender to insure homogeneity before
being added to the Warburg flasks via a 10 ml
tilting'dispenser. \Substrates ahd distilled
water were adaed via pipette to estéblish a

final flask volume of 20 ml.



- IV. EXPERIMENTAL RESULTS

Experiment I. Effect of Various Concentrations of
Grease on the Organisms of Activated Sludge.

The object of this experiment was to study the effects

of varied grease concentrations on the oxygen demand exerted

by activated sludge. Measurements of the sludge oXidative
activities were performed using the Warburg respirometer
technique. A run of four days was émployed in this test.
The respirometer wasioperated at 20°C with a shaker rate
of 60 cycles per minute. All samples were run in tripli-

cate including the control.

Activated Sludge

The activated sludge used in this experiment had the
following characteristics: total suspended solids, 1600
mg/1; volatile suspended solids, 1550 mg/1; per cent vola-
tile solids in suspended solids, 97; sludge Vélume index,
200; color, golden brown; and large numbers of stalked
ciliates and rotifers. This sludge had been acclimated
to substrates A and B for approximately three and one-half

months and had reached a steady state condition.

Substrate

A standard grease emulsion of éOO ng/1 grease was
prepared as Ouflined in the chapter ”Materials and Methods.
Table II shows the flask additions of activated sludge,-

grease emulsion, and distilled water, and the resulting

16
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- flask concentration.' Coneentratlons of 100 200 300 nd

400 mg/l grease were used 1n thls experlment

BOD Values

Gross cuuulaflue BOD Values are shoun graphleally 1n
‘Figure 2 and net cumulatlve BOD values are shown graphleal—‘j
vly in Flgures 3 through 6 Data p01nts~for both'gross and
net BOD are an average of the trlpllcate Values for each |
concentratlon.' Gross BOD valueS'are:those‘obtalned dlrect— ;
ly by multlplyrng the mllllmeters cnange in pressure 1n
the reactlon flask by the flask constant ’ Net BOD- values
are those obtalned by subtractlng the gross values of BOD
for a given sample from the BOD of the control. | Vet BOD

represents the BOD of»the substrate tested.

K ahd L Values

210

The Thomas Graphlcal Method (12) was used to deter-

~ mine the've1001ty oonstant‘(K ) and ultlmate BOD (L) for
eachvstage ofvnet BObueXertion, as well as determ1n1ng~the,
'beginnihgiand end of each stage,r These.reSults‘are Shown: 
in Table IiI.zvSee Appendik D for'a'samplebfor applieation

of the Thomas Graphical Method.

Results
The camulatlve net BOD curves (Flgures 3, 4, 5, 6)

ﬂlndleate that the grease was readlly metabollzed by the
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organisms of act1Vated-s1udge, ‘Siight ”lag"‘périods‘Were |
bbservéd in the 200, 300 and 400 mg/l grease samples.

This could have Iesulted from an 1n1t1a1 hlgh food to mlcro—
v,vorganlsm (F/M) ratio, and is oharacterlzed by a concave up-'
Ward curve. All‘four concentratlons.of grease exhlblued a
platedu when evaluated as nét»BOD exertion. These plateaus
vafied in magnitude‘in'é sequential manhér, the.most pro-
ﬁounced found in the 100 mg/lvgfease concentrafion curve,
and the least obvioﬁs in the 400 mg/i grease concentration

curve.
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TABLE II

FLASK‘ADDITIONS AND RESULTING CONCENTRATIONS
EXPERIMENT I

: Activated Sludge v Grease Distilled
Flask- ml Concentration ml Concentration Water
Added meg /1 Added mg/1 ml
1 10 2000 0 0 10.0
2 10 2000 0 0 ' 10.0
3 10 2000 0 0 10.0
4 10 2000 2.5 100 7.5
5 . 10 2000 2.5 100 7.5
6 10 2000 2.5 100 7.5
8 10 2000 5.0 200 5.0
9 10 2000 5.0 200 5.0
11 10 2000 5.0 200 5.0
12 10 2000 7.5 300 2.5
13 10 2000 7.5 300 2.5
14 10 ' 2000 7.5 300 2.5
15 10 2000 10.0 400 0
16 10 2000 10.0 400 0
10.0 400 0

7 10 2000
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. TABLE III

Control

Grease

1'mg/1

Stage

K

10

Yes

Yés

Yes

of BOD’

1

oW N

S 0.122
0.063
0.200

0.485

0.165

0.443»
 0;133
- 0.487

0.109

C0.n0h4

0.258

274
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Experiment II. Comparison of BOD Curves Generated By

Varied Concentrations of Glucose and Varied

Concentrations of Grease.

The objective of_this experiment'was to determine
whether the diphasic nature of the BOD curVe generated by
activated siﬁdge when,éubjeoted to varied concentrations
of gfease would oécur when a sample of the same activated
sludge was éubjeoted to Vafied coneentrations‘of glucose,
a substrate of fundamental composition. Measurements of
the sludge oxidative activities were performed using the
Warburg respirometér technique. A run>period of four days
was employed in this test since a significant portioﬁ_of
second stage BOD was exerted in this time period. The'
respirometer waS'operated at 20°C with é shaker rate of
60 cycles per minute. All samples were run in duplicate
including the control. At the termination of the test
period, each sample was analyzed for pH tO'defefmine'if
- a chanée in this environmental parameﬁer cduld be corre-
lated with oxygen uptake characteristics.

As a result of a labofatory accident involving the
blaborato}y bench activated sludge unit;_the activated
‘ slﬁdge used inbEXperiment I was destroyed. Néw activatéd
sludge was collected from the aeration tank of the Roahoke,
Virginia, municipél sewage treatment plant'and transferred

to the 1aboratory bench unit. The new sludge was acclimated
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to substratés A and B for‘seveh days prior to‘its use in
this experiment. At this time, the sludge had not reached

a steady state condition.

Activated Sludge

‘The activated sludge used in this experiment had the
following characteristics? ‘total suspended solids,v1760v
mg/1; volatile suspended solids, 1130 mg/l; per cent vola-—
tile solids in shspended solids,’64; sludge volume index,
63; color, ver& dark brown; and largé numbers of free swiﬁ—

ming ciliates and colorless euglenids.

Substrate

Two standard grease emulsions were prepared as out-
lined in the chapter "Materials and Methods" having con-
centrations of 200 and 1200 mg/l grease. A 2000 mg/1
stock_soiution of ‘glucose Was also prepared. Table IV
shows the flask additions of activated sludgé; grease
emulsion, glucose, and distilled water, and the resulting
flask concentration. Concentrations of 25, 50, 100 and
600 mg/1 grease and 100, 500, and 1000 mg/l glucose were

used in this experiment.

BOD Values

Gross and net cumulative BOD values for glucose are

shown graphically in Figure 7 and Figures 8 through 10



28
réSpeotiVely. Gross and net>eumu1ative BOD values for
grease are showh graphically in Figure 11, and Figures'12
through 15 respectively. Data points for both gross and
net cumulative BOD curves are an average of the duplicate

values for each concentration.

K, and L

The values for K., . and L are shown in Table V.

10

pH
Each sample was analyzed for‘pH at the termination
of the test period. The results of the pH tests are listed

in Table VI.

Results

The pH change in any sample (maximum -1 pH unit) was
not deemed sufficient to suppreés biologicallaotivity.'
The net cumulativé BOD curves for glucose clearly show a
plafeau in the curve for 100 mg/l1 glucose. Plateaus are
also present in the SOO‘and’IOOO mg/1 glucose net:cumula—
tive BOD curves ﬁut are less pronounced. The net cumula-
tive BOD curves for grease also exhibit plateaus. These
plateaus increased in magnitude with increasing concentra-
tion of grease to a maximum at 100 meg/ 1 grease. As the
concentration of grease was increased beyond IOO mg/l

greaseithe magnitude of the plateau diminished until only
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/ .
slightly discernible'atv600 mg/1 grease._ With the exception
of the 25 mg/1 grease curve, all other net cumulative BOD
curves for greése énd all net Cumulatiﬁe BOP curves for
glucose exhibited'slight "lag" periods. This éould have
resulted from an initial high food to microorganism,(F/M)

.

ratio.
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TABLE V

VELOCITY CONSTANT (Kio) AND ULTIMATE BOD (L)
EXPERIMENT II

Control Greaée

Glucose Stagé - K

10 L
Yes None None 1 0.075 1080
Yes None None 2 0.151 45%
25 None 1 0.670 31
25 None 2 0.088 82
50 None 1 1.789 45
50 None 2 U.D.. U.D.
100 None 1 0.766 91
100 “None 2 . U.D. Uu.D
600 None 1 0.862 420
600 ‘None 2 U.D. U.D.
None 100 1 U.D. U.D.
None 100 2 U.D. U.D.
None 500 1 0.572 195
None 500 2 U.D. U.D.
None 1000 1 0.268 579
None -1000 2 U.D. U.D.
Note: TU.D. signifies reaction was not first order.
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" TABLE VI

pH VALUES
EXPERIMENT II

Fiask‘Composition. . pH

Initial Final

Control
Control
100 mg/1 glucose
100 mg/1 glucose
500 mg/1 glucose
500 mg/1 glucose
1000 mg/1 glucose
1000 mg/1 glucose
25 mg/l grease
25 mg/1 grease
50 mg/1 grease
50 mg/l grease
100 mg/1 grease
100 mg/1 grease
600 mg/1 grease
600 mg/1 grease

L) . .
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Experiment III.  Effect of Oxidative Activity of

Activated Sludge on Total Grease Content and pH.

The objectives bf‘thiS'experiment“werevtevmeaSure the
change in total grease content and pH at given time inter-:
vals resulting from the oxidative activities ofbaetivated
sludge, and to»eorrelate the plateau ocourring in the cu-
mulatiVe.net BOD curve with the depletion of Substrate,
and/or sudden change in pH. Measurements of‘the sludge
oxidative activities were_made'using the Warburg respiro-
meter technique. Grease extraction and pH measurements
are outlined in the chapter "Materials and Methods."

The test period was established as five days but later
prolonged due te a failure of the unit's thermostat. The
respirometer was operated at 20°C with a shaker rate of
60 cycles per minute. Analysis for total grease and pH.

were performed on triplicate samples.

Activated Sludge

The activated sludge used in this eXperiment had the
following characteristios:‘ total suspended solids, 1475
mg/1; volatile suspended solids, 875 mg/1l; per cent vola-
tile solids in suspended solids, 59; sludge volume index,
88; color, light chocolate brown; and numerous stalked
ciliates. This sludge was five days older than the
sludge used in Experiment II and was rapidly approaching

a steady state condition.
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Substrate

A standard grease emulsion was prepared as outlined
in the chapter "Materials and Methods" having a concentration
of 200 mg/1 grease. Table VII shows the ilask additions of
activated sludge, grease emulsion and distilled‘water and
the resulting’flask concentrations. A concentration of 100
‘mg/lfgrease was used in allvflasks with the exceptionbof |

the controls.

BOD Values

\

Gross and net cumulative BOD curves are shown graphi-

cally in Figure 16 and Figure 17 respectively.

Kip 2nd L
The velocity constant (Klo) and ultimate BOD (L) for

first stage BOD were 0.402 and 132 mg/l1 respectively.

pH
Analysis for pH was made at 24 hour intervals. The

results are shown graphically in Figure 18.

Total Grease

Analysis for total gréase was made at 24 hour inter-

vals. The results are shown graphically in Figure 19.

Results
The thermostat on the water bath malfﬁnctioned_short—

ly after an elapsed time of 90 hours causing the temperature



to rise to 35°C. The sludge was subjected to that tempera-
ture for at least one hour before the malfunction was
noticed, at whiéh time adjustments were made to slowly re-
turn the Wafer bath témperature to 20°C. At that time the
net cumulative BOD curve had reached a plateau. The experi-
ment.wasvcontinued~to an elapsed time of 144 hours to de-
termine whether the activated sludge would exhibit the
diphasic properties pre?iously observed. The second stage
of net BOD exertion did not occur. vIt was concluded that
the sudden subjection of the activated sludge to a high
temperature disrupted its ecological system, resulting in
atypiealfoxidative responses.

Grease analysis indicated that the substrate, grease,
was depleted after o4 hours. No direct correlation could
be observed between reaching the plateau of BOD exertion
and depletion of substrate. Changes in pH during the test
period were insignificant, and thus deemed'to have no ad-

verse effect on the biological system.
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TABLE VIT

FLASK ADDITIONS AND RESULTING CONCENTRATIONS
~ EXPERIMENT III

Activated Sludge — Grease . Distilled

"Flask ml Concentration ml Concentration  Water
Added = mg/1 Added = mg/1 . ml
1 10 2000 None ’ 0 106.0
2 10 - 2000 None 0 . 10.0
3 10 , 2000 None 0 10.0
4 10 2000 10.0 100 ~ None o
5 10 2000 10.0 . 100 ' Nonej[ 
6 10 2000 10.0 100 None
9 10 2000 10.0 100 " Nonie
11 10 2000 10.0 100 None
12 10 - 2000 10.0 - 100 None
13 10 2000 , 10.0 100 - None
14 10 2000 10.0 100 . None
16 10 2000 10.0 100 None
17 /10 2000 ~10.0 100 None

18 KlO 2000 10.0 100 None.

{
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V. DISCUSSION OF RESULTS

The net‘cumuiative BOD curves eleafly show that the
grease was readily metébolized by the organisms of acti-
vated sludge, Several of the net BOD curves exhibited a
sligﬁf "lag" period whieh;ie characterized by a concave
: upWard»curVe. Sinoe‘the BOD reaction is generally accepted
as a first order deereasing.rate reaction in which substrate
concentration 1is the rate iimiting factor, and is character-
iied_by,a concave downward ourve; the portion of the our%e
exhibiiingvan increasing reaction rate must be considered
as a “1ag”. The "lag" could have resulted’from a high
initial food to microorganism (F/M) ratio which would in-
dicate that a lack of microorganismsvwas the rate limiting
factor. The occurrence of short "lag" periods in them'v
selves is not important to this study'sihce they do net
signify an inhibitation in the oxidatiﬁe éctivities of
the activated sludge, rather they indicateva-deficienf
enzyme supply.

0f significant intefest is the mode 0f BOD exertion
exhibited by the activated sludge becauee‘it deviates ffom
the classicél‘eencept of a single first orderbdecreasing
rate reaction governing the metabolism of a substrate(s).
(FPigure 20) All cumulative net BOD curves for grease ex-

hibit a plateau in BOD exertion with the eXception of

50
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Figure 17, which represents the>activated sludge that was
‘subjected to high temperaturé (3506):due to a malfunction
of the water bath thermostat. This phasic or stage pODv
exertion has been observed by many investigators and ap—"
pears -to be indepéndent of type or conéentrafion of seed

or sﬁbstréte (5). This'is i11ustrated by the fact that
giucose eXhibitéd a plateau in>BOD exertion in Experiment
iI. Gaudy et al (4), using glucose and related organic
compoundé; reported that increasing éubstréfe cohéentfa4
tions exhibited a cdmpressing effect on the plateau. This‘
phenomenon was also observed in these experiments. Gaudy |
et al (5) also reported that the occurrence of the platéau
did not necessarily coincide with the depletion of initial
substrate. This was also observed in Experiment III where
the grease substrate‘was depieted within an elapsed time
"of 24 hoﬁrs, thle,the plateau was not reached until an
elapsed timevof 70 hours. It was first belié&ed by Gaudy
and other researchers that the plateau is caused by a
ehanée from metabolism of the originalvexogenous'oarbon»
source(s) to the metabolism of a new carbon source(s) pro-
duced in the first stage of oxygen uptake. Thus, the
platéau originates due to the time iépse associated with

a period of enzymé induction before the new carbon sdurcé(s) }
can be metabolized, or because of the time required for

establishment of a secondary population of microorganisms



fo a density capablé of;exhibiting an oxygen uptake (4).
“This theory may hold true for heterogenou51Cu1tures but-
does not fuily explain the existencéfbf plateaus in the;‘
BOD studies of Wilson and Harrison (18) using pure
cultures. }

The data resulting from this stﬁdy indicates that the

'first’Stage of BOD exertion results fromimétabolism of the
initial exqgenousIEarbon sources since the plateau follows"
the depletion of the‘grease subsﬁrateg(see Figure 21).
The plateau is the result of an enzymé,inductioh period
prerequisite to metabolism of cellular storage products.
- Thus, the second stage of BOD exerfionvresults from en-
dogenous metabolism of storage products.

For diphasic BOD exertion it is not possible to de-
fine the entire'curvevgenerated by the carbonaceoﬁs demandu

with the classical equation

y =L (1 - 107Kt

BOD at any time t

wheré y =

| L = ultimate BOD in mg/1
K = vélocity'éonstant
t = time in days

since this equation describes a single first order decreas-
"ing rate reaction. Each stage of BOD exertion exhibits

its own unique'KlO and L; therefore each stage must be
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described by a separate equation. The entire curve can be
describéd by a summation of individual equations as sug-

gested by Streeter (11). A modification of this equation
is illuétrated below.

-K, t -K

t
A) + L1 - 10 PP

y = L,(1 - 10 L,

whefe y = BOD at any time t
KA = velocity constant for the first stage of
BOD exertion
t, = time in days from tl to t2 =t |
Kp = velocity constant for the second stage of
BOD exertion

t, = time in days from t, to =t - t

B 2 2

L, = ultimate first stage BOD in mg/1

Ly - ultimate second stage BOD in mg/1

tl = time zero for first stage BOD exertion

t, = time zero for second stage BOD exertion.

" Several of the curves generated by the activated sludge
did not follow a first order decreasing rate reaction and
“therefore could not be evaluated for velocity constant (Klo)
and ultimate BOD(L). Theoretically, the velocity constant
KlO for a given substrate should be independent of concen—.

tration of that substrate. This was substantiated by the

- results of Experiments I and II1 where the -velocity constant
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(KiO) varied from a low of 0.402 to a high of 0{487.
First stage ultimate BOD plotted against grease concen-
ﬁration in mg/1 results in a4straight line as shown in
Figure 22. This indicates that the magnitude of first
stage BOD is a diréct_function of iﬁitial grease'concen—
tration. Unfortunately, the relationship does not exist
- for first stage BOD in Experiment IT. }This could result
from the unsteady state condition of the sludge used in
‘that experiment. Slﬁdge stability appears to be ah im-
portant factor in any investigation of this nature since
unstable sludge does not give reproducible results.
Velocity consfants (Klo).for,second stage BOD exertion
were not of the same magnitude and ultimate BOD's were"
not proportional to concentration of substrate. Most
second stage curves exhibited long "lag'" periods, thus
limiting the number of usable data points for calculating
K10 and L. Thus, the calculated values are not truly
representative. Long term Warburg tests utilizing sﬁp—
pression of niﬁrification are needed to accurately deter-
mine the second stage parameters K10 and L for the sub-
-strate tested.

Sludge characteristics such as total suspended solids,
volatile suspended solids, per cent volatile solids in
suspended solids, and sludge volume index are commonly

used parameters for comparison of the active masses of
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miorborganisms of one sludge to another. The test_data
indicate that these parametérs éré not,feliéble; The per
cent Gf’volatilebsuspeﬁded soiids in the total‘éuspend
solidsvwere 95 and 59 for Experiments.lvand IIivrespective— N
'1y. This would indicate that the sludge uséd-inuEngri—>
ment I had a greatervaptive mass of'mibroofganiSms than
‘the sludge used in Experiment IiI, and tﬁerefore;’the
sludge used. in Expériment I would have‘é greatér'capacity

for metabolizing the grease substrate. The K and L

10
Yalues for the first stage of carbonaceous BOD deménd
using a 100 mg/1 grease substrate for Experiment I are
0.485 and 132 mg/1 respectively and for Experiment III
0.402 and 132 mg/1 respectively. As evidenced by a com-
parison of K10 and L values, the two sludges reacted aﬁ—
proximately the same to the 100 mg/1 grease substrate.
The onlyiobserved difference wés a two hour "lag" period
in the BOD exertion by the sludge usédvin Expériment IIT.
The Velocify éonstant KlO is the rate at WHich the

ultimate BOD is reached. The magnitude of K is'depen—'

10
dent,ﬁpon two major factors: 1) the nature of the or-
ganic matter énd'Q) the ability of the organisms present
to utilize thé_organic matter. Soiuble organic matter
isbreadily available to the microorganisms while colloidal

and suspended matter must await hydfolitic action before

it can diffuse’into'the microbial cells where oxidation
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can occur. Domestic waste, which is madé up of simple as
well as complex soluble, colloidal and suspended organics,
has an average K of Of17. (9) The low K,, value of.do—.
mestic-waSté is attributed to the complex colloidal and:
suspended matter. (9) Of further significance in this
study is the magnitudevof the K values for the first stage
of cérbonaéeous BOD. The sewage greasekused in this Study
was édded in thé form of a colloid, and grease by its very
nature is made up of many complex sﬁbstances, yet the
average K10 was 0.452 which is over two .and one--half times

the average X for domestic sewage.

10
The chemical composition of a bacterial cell is
classically represented as a carbohydrate having the for--
mula C5H70 N. (8) It is interesting to note that the acti-
vated sludge used in Experiment IIT initially contained

98 mg/1l grease (See Figure 22), which is 4.9 per cent by

weight based oh a suspended solids concentration of 2000

‘mg/1. It should also be noted that the grease content of

the control decreased from 98 mg/1 at time zero io 80 mg/1
at time 144 hours. This would indicate that grease-like
materials (1%pids) are stored within the bacterial cells
for use during endogenous respiration.

Heukelekian et al (6) reported that the major portion
of grease found in sewage is particulate and in the coi— .

loidal form. This investigation indicates that the organisms



of activated sludge willrreadily metabolize gfeaée‘inﬁrb—’
duced in the COiloiqai'form.' Thereforé, itlcan be conf' |
cludedbthat‘fhe éonventional activated sludgé prbcesé
could prove to be an effective method for treatiﬁg‘wastes
containing high -grease concentrations in the.cdlloidal'
form. |

| The méjor portibn'of the BOD of the grease would be
exerted within the treatment plant since the experimental.
results indidate that the grease is retained within the
cells of the microorganisms of activated sludge to be used

during endogenous respiration.
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‘Figure 22. First Stage BOD versus Applled Grease

Concentration.



‘The velocity constant (K

VI. CONCLUSIONS

The sewage grease under study was readily metabolized

by the organisms of activated sludge. The initial
greaSe substrate was depleted within 24 hours.

s

There were no substantial pH changes resultingvfrom

the oxidative activities of microorganisms.

Diphasic BOD exertion is typical for the activated

sludge used in these experiments‘but it cannpt be con-
cluded that a grease substrate will causevthis

phenomenon.

The velocity conétant (Kio)'and ultimate BOD (L) are
not Strictly a function of substrate composition or
concentration butvare also a fﬁﬁction of the hetero-
genoﬁs microbialvpopulation‘by which it is metabolized.
The longer a ﬁetérogenousbmicrobial population is

"acclimated" to a giveh substrate(s) the more readily

~is the substrate(s) metabolized.

10
BOD exertion ranged from 0.402 to 0.487 with an

) for the first stage of

arithmetic mean of O0.448.

The first stage ultimate BOD (L) is proportional to

the concentration of grease.

61



62
Long term Warburg studies are needed to further define

the oxidative activities of activated sludge when ex-—

posed to varied concentrations of grease.

On the basis of this study activated sludge shows

promise as an effective method for the treatment of

wastes high in grease content.



VII. SUMMARY

Experimental data bbtained.in‘the Study of the oxida-
: tive activitiés 6f activated sludge on a naturalvsewage
grease indicated that the greasegWas readily metabolized
by the microorganisms.

The effeét of varied éoneehtrétiohé of grease on the'
oxygen demand_eXerted by‘actiVated sludge Was measured
using the‘Warburg respirpmeter technique, All_tests were
performed at 20°C with a shaker rate'of 60 cycles pef
minute. N |

Diphasic BOD exertion was noted early in the investi-
gatioﬁ.  Glucoée was used as a positive control fo deter-
mine whether the diphasic nature of the BCD .curve was
caused by the substrate (grease) or by. the nature of the
microorganisms of the activated sludge. vThé oxygen de-—
mand curves generated by the activated sludge exposedito
glucose also éhoWed diphasic BOD exertion. It was con-
cluded that ;he diphasic nature of the BOﬁ curves was
characteristic of the microbial population of the aétivatéd
- sludge. |

Tests were also performed to determine the fapidity
by which the grease was metabolized by the activated sludge.
Test results indicated the grease‘was assimulated withiﬁ

24 hours. Samples were analyzed for pH throughout the
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test period to determine if a sudden change in pH was a
‘factor affecting the plateau in BOD exertion. There were
no adverse pH changes.

Experimental evidence indicates that the actiyafed
sludge‘tfeatment“process could be used to éffectively

treat grease in a conventional aeration tank.
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APPENDIX A

Grease Extraction

Wash Soxhlet extractor and flask thdroughly and rinse
with hexane. Dry extraction flask in a 103°C hot air‘oven
for 30 minutes. Cool in a dessicator for 30 minuteé and
obtain a fare weight. Add sample to a clean dry beaker
with a volumetric pipette being céreful to rinse the‘pipette
thoroughly. Fold the Whatman No. 40 filter paper in the
shape of a cone and place into a long stemmed funnel which
has been fifted to a filtering flask with a rubber stopper.
Apply five inches of mercury suetion to the filter, at the
same time wetting the filter paper with distilled water to
seat the filter'paper. Acidify the sample with 1 + 1
hydrochloric acid to pH 1. Usually 1 ml is sufficient.
Gently mix the sample by swirling for one minute. Filter
sample, being careful to rinse the beaker with distilled
water. Do not allow the sample to overflow the filter
paper. Remove the filter paper being careful not to tduch
the inside surface of the paper and fold carefully'and
insert in an extraction thimble. Place extraction thimble
containing the filter paper into a hot air oven and dry
for 30 minutes at 103°C. Place 20 ml hexane in tared ex-
traction flask, and extract grease at the rate of 60 cycles

per hour for four hours. Time from first-cycle. Boil off
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excess hexane and place in 103°C oven for 30 minutes. Cool
in a dessicator for 30 minutes and weigh. The mg/l grease
was calculated using the following formula:

_ mg GREASE x 1000
- mg/1 GREASE = m1 SAMPLE .




APPENDIX B

Cleaning of Warburg Reaction Flasks

The reaction flasks were rinsed thoroughly in tap
“water and dried for 30 minutes in a hot air oven at 103°C.
The dried flasks were then soaked in chloroform for five
minutes to remove the greaseﬂfrom the center well and
joints. The flasks were again dried in a hot air oven
for 30 minutes at 103°C. After cooling, each reaction
flask was soaked in concentrated chrome rinse for 15
minutes to oxidize any organic méterial that might be in
the flasks. Each flask was rinsed in tap water 10 times
- and distilled water three times. The flasks were again
dried in a hot air oven for 30 minutes at 103°C. After
drying, the flasks were allowed to cool in the inverted

position. The flasks were then ready for reuse.
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APPENDIX C

Calculation gi‘Warburg FiaSk_Constant»

A flask constant (K) was calculated from the following

as shown below:

V1

<
=N

=

1 -

10 ml - volume of distilled water added to flask

150 - index for closed leg of mandmeter

131.5 - feading of open leg of maﬁometer when
right index set at 150 and flask contain-

ing 10 ml distilled water

100 ml - volume of distilled water added to flask

68.5 ml - reading of open leg of manometer when
right index set at 150 and flask con-

taining a total of 110 ml. distilled

water.
Vo (I - R,) . v, . 100(150 - 68.5)_ 159 ml
R, - R, 1 151.5 - 68.5 .~
4
139,000,&1 - total volume of flask and manometer

21,000)u1 - total working fluid volume in flask
VT - Vf = 118,000 ml - total volume of gas in
flask manometer system when containing
21 ml working fluid

293°A - absolute temperature at which measurements

‘are to be taken
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0.031.— solubility of oxygen under test conditions

P = 19,000 - ratio of specific gravity of mercury to

‘specific gravity of Brodie's solution

0.00143 mg/ml - dénsity of oxygen

VW = 0.02 1 - volume of waste in flaskv
Then :
] o |
mg 0, v, (3£2) + v, () )
K= v—m = P ) O ) &
w
273 01
_ (118,000 ( ) + 21,000 (0.031) 0.00143
= ( 293 ) (o)
0.02
10,000 .
= 0.791 "8%
1 - mm

"K" values were calculated for other flasks in a similar

manner.



APPENDIX D

Thomas Graphical Method

The following is an example of the calculations needed
for determining the velocity constant (Klo) and ultimate

BOD (L) by the Thomas Graphical Method.

1/3

Hr. Days BOD 5 (L)

¢ y v Yy
10 0.417 42 0.00992  0.2145
20  0.833 70 0.01190 = 0.2280
30 1.250 89 0.01404% 0.2410
0 1.667 102 0.01634  0.2540
50  2.083 109 0.01911  0.2670

The values for y were taken from the net cumulative
BOD curve. The values (t/y)1/3 are plotted against t in
days in Figure 23. The intercept A = 0.2015 and slope B

.= 0,031 are used in the following formulation to solve . for

K,, and L.
_2.61 B _2.61 (0.031) _
Ko = —ax — = —"0.2015 ~ = 0-402
L = 5 L ' = 132 mg/1

2.3 K A3 © 2.3(0.402)(0.0082)

Calculations of all Klo's and L's were made using the

Thomas Graphical Method.
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When stage BOD exertion occurs and the beginning and
ending_df the.various stages are not readily apparent,frOﬁ.‘
observation of a plot of BOD versus time they caﬁ be de-
lineated by plotting=(t/y)1/3-versﬁs-time. The points will
result in two or more straight lines. The intersection of
lines denotes a change in reaction rate énd therefore.the

beginning of another stage of BOD exertion.



(t/y)1/3

.26

.25

.24

.22

.21
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.20

/
//)3,

A = 0.2015 ‘
| | |
0.417' 0.8353 1.250 1,667 2.083
T (days)
Figure 23. (t/y)l/3 versus

Time.



WARBURG STUDIES OF THE OXIDATIVE ACTIVITIES
OF ACTIVATED SLUDGE SUBJECTED TO - '
VARIED CONCENTRATIONS OF GREASE

by

Eric Herman Bartsch

Abstract

-The effects of variédbconcenirations'of a naturgl
sewage grease on the oxidative activities of éCtivated
Hsludge were inv?étigated in an effort.to determine the
~feasibility of using activated sludge as a treatment
method for wastes highvin grease‘content.

The method employed to measure the oxidative acti;
vities of the activéted sludge was the.standard Warburg.
respirometer technique. Cumulative hef BOD curves were
piotted to determine the magnitude of the oxidation.
Totai grease analySes‘werebperformed throughout the test
period to establish a definitive pattern of depletion by
oxidation.

The expériméntal results indicateﬁ that the grease
wasvcompletely aSSimulated within 24 hours and that
there were no adverse pH changes durihg the course of
oxidation.

| On.fhe basis of the experimental evidence activated
sludge'shows great promise as é treatment method for

wastes high in grease content.
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