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ABSTRACT

THE EFFECT OF A COMMERCIAL ENZYME PRODUCT
ON THE
OPERATION OF GREASE TRAPS

by
Jeremiah Robert Lynch

Submitted in partial fulfillment for the
degree of Master of Sciléence

The object of this thesis was to evaluate the effect
of the commercial enzyme product Sea Chem (Saxon Enterprises
Inc.) on the operation of grease traps. It is claimed that
this product is capable of removing the scum layers in the
treps, thus cleaning the traps.

A preliminery investigation was made to determline the
best method of attack of the problem. From this investige-
tion it was found that Sea Chem, in large concentrations, is
capable of decreasing certain types of ascum layers with a
corresponding increase in sediments.

This early work iled. to a pilot plent study, using
model grease traps and a model sink. These traps were oper-
ated in a manner anaslogous to actuasl restaurant operation,
using several types so that almost all common fats would be
represented. Three of six traps were treated wlth Sea Chem
while the other three served as controls. Among the measure-
merits made were pH and acidity of the trap effluents, scum
thickness in the traps and welght of scum and sediment remain-
ing at the end of the runs.

The conclusions drawn from this work are as follows:

1. Sea Chem is capable of hydrolysing some of the
fats present in a grease treap.

2. It is not possible for much breakdown of the fat,
other than hydrolysis, to occur under the conditlons present
in a grease trap.
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3. Hydrolysis of fats causes relatively little change in
their characteristics. The hydrolysed fats are still
capable of clogging sewer plpes.

j., The fatty acids are removed from the trap only slightly
more rapidly then the original fats.

5. In sufficient concentrations Sea-Chem is capable of
welghting the scum in a grease trap so that 1t will sink

and be carried out of the trap. This action, however, defeats
the purpose of the trap.

6. The use of Sea-Chem does not appear to be an effective
method of cleaning greese traps.

Thesls SUpPerviBOreiccccecsesccescssassscssenscsssROLL Ellassen

TitlOceesecscsescaseeseessProfessor of Sanitery Englneering
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CHAPTER I

INTRODUCTION

One of the difficult maintenance problems in res-

taurants 1is that of keeping grease traps clean and free

‘from odors, Kitchen personnel are frequently loath to

clean the traps, Still the traps must be cleaned to
protect the sewers following the traps,

Sea chem has been developed by Saxon Enterprises
as a substance to be added to grease traps for the
reported purpose of breaking down the scum layers in traps.
The problem of this thesis 1s to determine the effect of
Sea Chem on this scum, |

The method of attack has been to duplicate as
nearly as possible the situation existing in a grease trap
by using model grease traps and a model sink. Scum layers
were produced in these traps in thé same manner as they
would be in prototype traps. Several different types of
fats were used in the production of the scum layers so that
all common classes of fats would be represented., These
scum layers were treated with Sea Chem and the effects
measured in a varlety of ways,

This investigation concerned itself primarily with

. the effect of Sea Chem on the scum layers iIn the traps.



However, certaln effects which would occur in the sewer
pipes following the traps were also discussed.

The conclus?ons drawn from this thesis are largely
negative. See Chem did appear capable of causing the hy-
drolysis of some of the fats present in the traps. How-
. ever, since hydrolysis causes little change in the proper-
ties of the fats, no significant decrease in the quantity
of scum occurred, Some scum was removed by the Sez Chem
due to a weighting effect, however, this action defeats
the purpose of the trap. In general, it was concluded
that the use of Sea Chem does not appear to be an effec-

tive method of clesning grease traps,
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CHAPTER II

THFORY

A grease or oil interceptor is a form of catch
basin placed in the drain line of a plumbing fixture for
ﬁhe purpose of collecting and retaining greases and oils
so that they may be periodically removed and thus prevented
from entering the sewer system, The operatlon of an
interceptor depends on the fact that at low velocities of
flow grease and oil tend to separate from the water
because of their lower specific gravities., The designers
takeinto account the horizontal velocity of liquid and
the vertical velocity of fats in accordance with well es-
tablished sedimentation theories, The fats rise to the
surface and are retained in the interceptor, while the
water 1s drawn off from a lower elevation, Since 1t is
claimed that the product under investigation is able to

remove this grease by enzyme activity, a discussion of the

chemlstry and blochemistry of fats i1s relevant,

A. CLASSES OF FATS

The fats are members of the larger group of com-
pounds called 1ipids. This group has been defined by
Bloor ( 18).



"The lipids are a group of naturally occurring suh=

stances consisting of the higher fatty acids, *their

naturally occurring compounds and substances found

naturally in chemical association with them."

The lipids are characterized in general by insolu-

TSR SN N

! pility in water end solubility in "fats solvents" such
as ether, chloroform or benzene, They are divided into

the following classes of compounds:

I. Simple lipids - esters of the fatty aclds with
various alcohols,
| . AL Fats - esters of the fatty acids with
glycerol, |
B, Waxes - esters of the fatty acids with

alcohols other than glycerol. (0ils are

fats which are liquid at room temperature,)

II. Compound lipids - compounds of the fatty acids
with alcohols, but contéining groups 1in addition
to the alcohols,

ITY, Derived lipids - substances derived from the
preceding groups which have the general prop-

ertles of the lipilds,

B. FORIMATION OF FATS

Esters are formed from the reaction of monocar-



A e T

N T e

R P O M N A Ny

1

boxylic aclds and alcohols, This reaction may be rcpre-

sented as follows:

1 H20 + RCOOR1

Acid Alcohol Water Ester

In the case of the fats the alcohol is the trihy-
droxy alcohol glycerol., The fatty acids involved are
relatively long-chaln organic acids and may be either
saturated or unsaturated. The smallest member of this

group 1s the saturated four-carbon butyriec:

CHBCH2CHZCOOH

An example of a longer chailn unsaturated acid is
gadolelc =2cid:

The reaction of glycerol and a fatty acid such as

butyric will give the following ester:
0

n

h2 C-0-C =~ 03h7

5
H-C~-0-°¢C - 03H7

0

2C -C-C-~-C,H

i 3ty
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The compound formed 1s the fat glyceryl tributy-
rate or simply butyrin, In many cases however the acld .
; groups are not ldentical, Thus a large number of combin-
b ations are possible from a few fatty acids.

C. DHYSICAL PROPERTINS OF FATS, FATTY ACIDS AND
SALTS OF A

1. Solubility

The fats of the longer chain saturated fatty acids

N L

are totally Insoluble in water while those of the shorter

o 2 I e

? chalin saturated fatty acids are very slightly soluble,

i Unsaturated bonds in the fatty acid groups increases the
solubllitles slightly, Due to their very low solubilities
fats can in general be classed as insoluble in water,

All fats are soluble in fat solvents such as ether,

4 chloroform, benzene, methyl and ethyl alecohol, and acetone,

especlally when the solvent is hot,

The solubility of the fatty acids in water is given
in Table I, As can be seen the solubility decreases with
increasing chain length and increasses with the number of
double bonds for constant chain length acids. In general
the acids above lauric are considered almost insoluble,
Like the tri-glycerides, the fatty aclds are soluble in

all fat solvents,
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The true solubilities of the calcium and sodium
salts of some of the fatty aclids are entered in Table 1,
However, the sodium salts, and to a much lesser extent
the calcium salts are emulsifying agents, They will dis-

perse in water to a state very near to solution, 1In

~additlon, they will emulsify any fats and free fatty

aclds present, provided the pH is in the basic range and

the mixture is agitated.

2. Melting and Freezing Points

The meltinc points of the fats vary as the chain
length of thelr fatty acids, Unsaturation in the fatty
acids lowers the melting point., The fats are one of the
few classes of compounds which often exhibit solidifica-
tion points markedly lower than their melting points., In
most cases the melting point of the fat is not far from
that of the fatty acld of which it is made., For example,
stearic acid melts at 69,6°C while glycerol tri-stearnin
melts at 70.8°C, 1In only two cases, butyrin and caproin,
do the melting points of the tri-fats differ greatly from
those of the fatty acids.

Bach fat listed in Table 1 is composed of only one
type offatty acid. The melting point of a mixed fat can
be estimated, since it will probably lie between the melt-



ing points of the tri=-fats of the fatty acids of which

the mixed fat is composed,
As mentioned above, the melting points of the fatty
acids are very close to those of the corresponding fats,
i | Although the melting points of the saturated fatty aclds
| follow a regular progression, the unsaturated fatty

acids may vary considerably, Not only the number of

double bonds present, but also their position of the bond
affects the melting point, For example, an ;B-Carbon

acld with a double bond between the 2nd and 3rd carbon atoms
(from the carboxyl group) will melt at 59°C, whereas the
same chain wilth a double bond between the 12th and 13th
carbons will melt at about 10°C,

3. Color, Odor and Taste

The pure triglycerides are colorless, odorless
and tasteless, The presence of these properties 1s due
entirely to foreign substances mixed with or dissolved
in the glycerides. The colors of fats are varilously due
to carotenes and xanthophyls, Odor when present may be
due to short-chaln, free fatty aclds such as butyric, or

rancidity products such as ketones or peroxides.

D, CHEMICAL PROPERTIES

1. Hydrolysls, The most vulnerable spot for a
chemical change in the triglyceride molecule is the ester
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linkage., Until this linkage 1s broken no major change
can occur in a saturated fat. In hydrolysis, water is
added at the ester linkage to separate the fat into

its component fatty acids and glycerol, This reaction

can be accomplished elther chemically, at high tempera-

R T T I F B S i s s S et e

; ‘ tures and in the presence of aclds added as catalyists,
or biochemically thru the action of enzymes known as
lipases and esterases, As thls study is concerned
primarily with the second mechanism, it will be dis-

cussed more fully later,

2. Rancidity. Rancld fats are noted for their disagree-

able taste and smell, The most common form of this

reaction 1s an oxidation phenomenon occurring in the
presence of atmospherle oxygen, moisture, light and heat.

Metal salts appear to hasten the process (7). Unsatur-

ated fats, particularly oleln, become rancid much more
rapidly than saturated fats,

The reactions inw lved 1n oxldative rancidity are

not clear, but the process probably proceeds in the fol-

lowing sequence:
a, Hydrolysis,
b. Addition of oxygen at an unsaturated bond tc

produce a peroxide, thusg

G

¥
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2 CH,(CH,), CH : CH(CH2)7 COOH + 3 0,

(OLEIC ACID)

H H
2 CH3 (CHZ)7 Cc -0-¢C (CH2)7 COOH
o - 0

(OLEIC ACID OXONIDE)

6., Further breakdown of the oxygen=-carrying peroxilde
to form aldehydes, semialdehyde acids and fatty acids.

A second type of rancldity, known as hydrolytic
rancldity, is common to butter, In this reaction hydrol-
y3is releases certain short-chain fatty acids such as
butyric and caproic, thus causing considerable stench,
This phenomenon cannot account for rancidity in most
other fats, however, since only long chaln fatty acids
which are odorless would be released,

A third type, Eknown as ketonic rancidity, 1s
little understood and seems to be distinguished only by
the necessity for large numbers of bacteria and nitrogen
and by the production of various ketones,

It 1s seldom that any one of these sets of reac-
tions acts alone, but rather rancidity is a combination

of all three,

3. Hydrogenation. In the hydrogenation of a fat, hydro-
gen 1s added to the double bond in the unsaturated fatty



acid chains by substituting nascent hydrogen into the
acld in the presence of nickel as a catalyst. The hard-
ness and melting point of the fat are increased by this
é process, and the tendency of the fat to become rancid

E is lessened. Consequently, hydrogenation 1s used to

convert such oils as cotton seed to fats of the consis-

tency of lard for use in shortenings, In the case of
shortenings, however, the hydrogenation 1s not carried

to completion.

: E. BIOCHEMISTRY OF FATS AND FATTY ACIDS

1. Lipid-Splitting Enzymes
Certain enzymes are capable of splittlng fat

molecules at the ester linkage, thus hydrolyzing the fat
and yielding the component fatty acids and glycerol.
These enzymes seem to be of two types.

a, Lipases - Enzymes which rapidly split the
true fats, that is, the neutral triglycerides
of the higher fatty acids, but act slowly
on the triglycerides of the short-chain fatty
aclds and the fatty acld esters of primary

and secondary alcohols,

b, Esterases - Enzymes which split the glycerol

esters of the lower fatty aclds and the esters
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of simple alcohols rapidly but which act on
the true fats slowly.

1
‘,. H
g
137
A
By
';%
e

Lipases can be found in the pancreas of mammals
and fish and in certain seeds, notably the castor bean

(Ricinus). The characteristics of these enzymes are

essentially the same regardless of their source., They
i are soluble in water and in glycerol, although they are
unstable in water, Maximuﬁ activity seems to occur at

a temperature of about 37°C and decreases to nearly zero

ENERIETEIENEL W A

at 0°C. When heated for 10 minutes at }5°C the activity

AL ey

1s greatly lessened, and when heated to 55°C it 1s des-

troyed.

Calcium chloride 1s generally necessary to activ-

ate lipase and this activation occurs at a pH of from
i 5.0 to 6,0, After activation is complete, hydrolysis
may proceed within wider pH ranges,

Esterase 1s most commonly found in the liver of
manmmals and is quite abundant in the liver of such fish
as carp, Its properties are very similar to those of

lipase with the exception that some types are not soluble

SR T DO A g .
M B A b O e S K

RO

in water.

2, Factors 1n Fat Splitting

The amount of hydrolysis which takes place when
a fat 1s brought into contact with a fat-splitting enzyme
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depends on a number of factors,

a,

Ce

3.

Acldity and pH, High aeldity destroys and
low acidity inhlblts the action of lipase,
the optimum pH seems to be between 5.0 and
6.0 and buffering material such as protein
should be present 1f much fat is to be split,
State of division of the fat, Since lipase
and fat have no commom solvent, the enzyme
can only act at the surface of the fat par-

ticles.. Consequently, unless the particles

are small and the surface area 1s great, as

in an emulsion, not much splitting 1s likely,
Length of time, Since enzyme reactions are
characteristically slow, the enzyme must
remaln active and in contact with the fat for
a relatively long period, in order for a sig-
nificant amount of hydrolysis to occur.
Temperature. The optimum temperature for
lipase’is about 37°C and much variation from
this point will considerably lessen the activ-

ity or even cause irriversible inactivation,

Oxidation

Another set of enzyme reactions involving fats is.
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the oxldatlon of the fatty acids yilelded by hydrolysis,
Although enzymes are known to accomplish this, 1little
1s known as to thelr types, sources and propertles.

The mechanisms of oxldation of the fatty acids
Into smaller end products 1s known as Knoop!s A
oxidatlion, In thls process the long-chain fatty acids
are shortened by two carbon atoms at a time and with
the aid of organic peroxides yielding acetic acid. The
reactlon is stopped when only four carbons are left, thus
leaving acetoacetic acid (not butyric since oxidation was
begun on the last four carbons). Thus one mole of stearic
acid, 018,‘wou1d Yleld seven moles of acetic acid and one
mole of acetoacetic acid at completion,

Further oxidative reactions will convert the short-
chain fats to 002 and water in the presence of oxygen,
either atmospheric or dissolved, or as hitrates, nitrites
or sulfates. If no form of oxygen 1s avallable the fatty
acids release by hydrolysis can only be reduced to ultim-

ately form methane,

F, Composition of Grease Trap Scum

The composition of the fats found in a grease trap
will reflect the type of establishment using the trap.
If, as 1s usually the case, the trap 1s located in a
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hotel or restaurant kitchen, or on the drain of a food-

preparing plant, the fats willl be those released in the

cooking of common meats, as beef, mutton, pork, and

chicken, plus certain hydrogenated vegetable olls used

as shortenings,

The fatty acld concentrations released

by hydrolysis of these fats are glven in the following

table:

FATTY ACID CONCENTRATIONS OF COMMON FATS

Fatty Acid

M&riétic
Palmitic
Palmitolelc
Stearic
Oleic
Linolelc
Total

From the

TABLE 2

¥:{§33 ngigw (E;%k Chicken Soy~ Cotton
: Fat) Fat Bean Seed
(1) (2) (3) (11) (4) (5)
L.6 3.3 1.7 0.1 0 3.3
2.6 2h.9 25.5 25.6 6.8 19,9

o 2. 0 7.0 0 0
30.5 2.1 13.7 7.0 L.y 1.3
36.0 41.8 50.2 38.L 33.7 29.6
4.3 1.8 8.9 21.4, 52,0 5.3
1007 98.3%  100% 99.4%

96.9%4 99.4,%

above table it can be seen that these

common fats are essentially the esters of only six fatty

aclds, The number of theoretical combinations possible

from nfatty acids, considering that each glycerol molecule



v':
;
3
d

e T s o e

i L et At it

17

takes three acid molecules, and that the two end positions
on the glycerol molecule are equivalent, 1s given by

the formula N = 3(n’-n°). Thus the total number of chem-
ically distingulshable tri-glycerides from six fatty
acids is 126, However, the number of fatty acids, rather
than the number of pure fats, is more indicative of the
range of properties exhibited by the crude fats,

Shortenings, such as Spry, Crisco, Covo, etc.,
are generally composed of 50% soybean oil and 50% cotton-
seed 0il, the exact proportions depending on relative
market prices. These fats are hydrogenated to increase
their hardﬁess and to prevent rancidity. Consequently,
the linolelc and olelc acilds have been largely converted
to stearic acid. Thus, although the stearic acid reported
for the raw oil is less than 5%, the stearlc acld in the
finished product will be in the order of 70%.

The animal fats are largely accounted for by 16
and 18 carbon saturated acids and by oleic acid. Chicken
fat, however, contains considerable linoleic acid., Ex~-
cepting butter, which due to its high price is not likely
to be allowed to reach the grease trap, no common fat
contalns a significant concentration of any acids below

mynistic, Clh‘
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In addition to the fats, some solid matters, such
as food particles, are apt to be caught by the trap.
These particles are carried to the surface by grease ad-
hering to them. The amount caught will be greater 1f
the trap is cold since fats collect on surfaces much

more rapldly at low temperatures,
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CHAPTER III

PRELIMINARY INVESTIGATIONS

In order to determine which methods of attack
would give the most significant data, a prelimlnary study
was made, The selection of the methods and procedures
used in this first phase was largely a matter of trial
and error, with each unsuccessful attempt gilving a clue
which led to the next attempt, In general, several
samples of scum as collected from actual operating traps
were collected and treated by varying methods, using
readily avéilable laboratory equipment, A short theoret-
ical investigation was also made, The results of these
rather rudimentary tests were used to plan a larger scale

study to be made with especlally constructed equipment.
A. SOURCE OF GREASE

The initlial sample of the scum used in these ex~-
periments was obtalned from the main kitchen of the
Waldorf Cafeteria System, located at 60 Purchase Street,
Boston, Thls scum was rembved from a grease trap measur-
ing 8 feet deep, 6 feet wide and 10 feet long, located
In the basement. The wastes from the sink drains and
dishwashers throughout the bullding emptied at the top
of the head end of this tank and passed down and under
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the three baffles which separated the tank into compart-
ments, As the sewage passed through, the grease and |
other floating matter rose and was trapped, This tank
required cleaning every 3 to 6 months, However, since
the labor to perform thils job was difficult to obtain,
the tank had not been cleaned for over 6 months, Sea-
Chem had been used 1n this tank about two weeks prior to
the beginning of thls investigation, Violent foaming
occurred, causing the scum to push out of the tank, and
the dosage was not repeated.

Later in the Investigation 1t was considered de-
sirable to have a sample of scum from a trap that had
never been treated. To meet this need several pounds
of grease were removed from the trar on the dishwasher
in the basement of the M.I.T. Graduate House, No diffi-

culty had been experienced with this trap,

B. EFFECT ON RENDERED GREASE

Since the manufacturer claims that this product
1s capable of "liquefying" grease, the first tests were
made on the supernatant fat removed from the scum after
rendering on a steam bath, During the rendering process
a very strong odor cof butyric acid was produced.

Three runs were set up using this fat, each dif-
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fering by the method of mixing the Sea-Chem with the
fat, In the first, 50 ml of the rendered grease was
placed in the bottom of a 100-ml graduate and allowed to
harden., After hafdening, 50 ml of water contailning the
Sea-Chem dosage was added. In the second the Sea-Chem-
wate: mixture was added first and the rendered grease
poured on top. Some mixing occurred since the grease
was added hot. In the third run the hot grease and the
water-Sea-Chem mixture were mixed with a stirring rod
in the graduate., Flve concentrations of Sea-Chem were
used in each run: 1/2, 1, 3, 5 and 107 by weight.

In a few cases at the higher concentrations soms
gas productlion was observed, but no 11quefaét10n or re-
duction in fat was epparent, However, slince enzyme ac-
tivity is a surface phenomenon, and since the surface
area of the grease might have been reduced by rendering,
these results are probably not significant.

C. EFFECT ON SEPARATION AS DETERMINED BY
CENTRIFUGING

It was evident from the rendering process that
the grease trap scum was less than half grease, the re-
mainder being solid material that was entrapped by the
grease aﬂd buoyed to the surface. Since these solids

might sink if they could be separated from the grease,




it was decided to investigate the separation and classi-
tication of the scum after Sea-Chem treatment.

The scum as it came from the trap was mixed with
dry Sea-Chem in concentrations of 1/2, 1, 3, 5, 10 and
15 gms per 100 ml of scum, This mixture was allowed
to stand for up to 12 hours and then centrifuged in
duplicate for 5 minutes, The depth of the scum layer
was measured with a ruler and recorded. The data for
this run appeared in Table 3.

The results of shis method were very erratic and
would not give a smooth plot. However, some decrease
in the thickness of the scum layer was noted in almost
every case, The change appeared to be as great in the
S-minute contact time samples as in the 12-hour samples.
In general, the reduction in the scum layer was between
10 - 30 percent in the higher concentrations (10-15
gm/100 ml) with almost no effect in the lower concentra-
tions. In the higher concentrations the gas production
was so great as to push the mixture out of the l-ounce
bottle in which it was contained.

The results of this test were considered incon-
clusive due to the enormous difference in the magnitude
of the forces exerted by centrifuging as compared with )

classification by gravity alone, as in actual conditlons,
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It is possible that solid matter with a density greater
than one was pulled down by centrifuging where it would
have remained entrapped by the grease under normal condi-

tions.

D. EFFECT ON SEPARATION AS DETERMINED BY SETTLING

In order to approximate fleld conditlons as nearly
as possible with the equipment at hand, it was decided to
dilute the treated mlxture and allow 1t to classify by
gravity., Thils was accomplished by first diluting the scum
with water in the ratlo of 1:l1,: then mixing for a brief
perlod to obtain a uniform dispersion, and finally dosing
with Sea-Chem in concentrations of 0, 1, 3, 5, 10 and
15 gms/100 ml of diluted scum in a 250-ml Erlenmeyer
flask. These flasks were allowed to stand for various
contact times, ranging from 15 min, to 18 hrs, The mix-
ture was then dumped into 500-ml graduates and diluted
with cold water to make 500 ml. After settling for from
15 to 20 min, the volume of scum and the volume of sedi-
ment were read and recorded (see Table L), In the earlier
runs an attempt was made to obtain a settling curve, How-
ever, the separation was much too rapid to obtain signif-
icant date.

For the runs made on tﬁe Waldorf grease the results

are shown in the following tables:
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TABLE |}

Seum Volume in ml (15 to 20 min. settling)

Sea=-Chem Dosage Contact Time - Hours
Grams .25 1.5 N — & 18
0] 140 115 125 120 125
3 90 80 85 85 80
5 75 70 75 75 70
10 60 55 60 60 55
15 60 50 L5 50 L5
TABLE 5

Sediment Volume in ml (15 to 20 min. settling)

Sea-Chem Dosage Contact Time - Hours

Grams .25 1.5 L 6 18
0 60 55 50 60 50

3 95 75 85 90 75
105 85 90 100 85

.10 110 110 115 115 110

15 115 115 115 125 120
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TABLE 6

Per Cent Reduction in Scum
(15 to 20 min, settling)

Sea-Chem Dosage Contact Time - Hours
Grams .25 1.5 | 6 .18
0 0 0 0 0 0
3 35.7 30.4 32.0 29.1 36.0
5 hé.Y 39.1 40.0 37.5 L44.0
10 57.2 52.2 52.0 50.0 56.0
15 57.2 56.5 64,0 58,3 6L.0

Since the total volume of scum plus sediment for
each run is approximately a constant, it is more illustra-
tive of the effect ® report the scum and sedliment as a
percentage of this total, In vlew of the fact that con-
tact time had no effect, the percentages for all contact

times were averaged.

TABLE 7
Per Cent Scum (15 to 20 min settling)

Sea-Chem Dosage

Grams .25 1.5 | N 6 18 Avg.
0 78 68 72 68 71 71

3 49 52 50 49 52 50

5 42 45 45 L3 us i
10 35 33 34 3L 33 3h

15 34 30 28 29 271
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TABLE 8
Per Cent Sediment (15 to 20 min contact time)

Sea-Chem Dosage Contact Time - Hours
Gram .25 1.5 Ly 6 18  Avg.
0 30 - 32 26 33 29 30
3 52 48 50 L9 48 L9
5 - 58 55 55 57 55 56
10 66 70 72 71 73 66
15 66 70 72 71 73 13

These results have been plotted in Fig, 1,
During the runs made on this grease several observa-

tions were made as follows:

a. The viscosity of the grease and the size of
the particles seemed to be reduced when treated
with 10 or 15 gms of Sea-Chem since the grease
poured easily and flowed smoothly with fine
lumps,

b. As the concentration of Sea-Chem rose the color
of the scum became darker and the scum became
less flocculent and more uniform,

¢. An analysis of the Waldorf grease yielded the

following results:
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Moisture - 35.5%
Volatile Matter = 98,1% (of solids)

Grease (Soxhlet Extraction) = 34.1%

A secand set of tests was made using the grease
from the cafeteria at the M,I.T., Graduate House, The
procedure 1in these runs was the same as that used wilth
the Waldorf grease.

The results of these runs are shown in Table 9,

The contact time is 15 min, and the settling time 15 to

20 min, 1n both cases. The values represent the amount

of scum and sediment in ml in the 500-ml graduate.

TABLE 9

Scum, Sediment and pH

ﬁ Sea=-Chem Scum ! Sediment ' pH .
Grams Run 1 Run 2 Runl Run 2 Run 1 Run 2
| 0 75 ° 2% © 10 62 5.7

3 55 70 30 15 6.0 5.7
5 60 60 35 30 6.0 5.8
10 50 L5 L0 35 5.9 5.9
15 70 55 50 So 5.8 5.9

Some ovbservations are as follows:
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a, Little change In viscosity occurred with in-
creased dosage, Lumps of grease dild not appear

to be broken down,
|

b. When the graduates were heated, considerable
gas was evolved causing the scum to foam and

making accurate volume readings impossible.

c. The grease dild not disperse easily and showed
little affinity for water,

d. An analysis of the Graduate House grease gave
the following results:
Moisture - 57.0%
‘Volatile Matter = 96.6% (of solids)
Grease (Soxhlet Extraction) = 37.6%

E. BALLS MATLACK TEST

A theoretical test has been devised (12) for mea-
suring the hydrolytic activity of a crude lipase prepara-
tion. The procedure for this test 1s as follows:

Method for Lipase: 0,00565 mole of substrate is
welghed into a glass stoppered bottle of about 125 ce
capacity., To this are added 5 cc of a solution of dried
ox bile 1in glycerol (10 cc of glycerol to 1 gm of bile)
kept at 60-70° for convenlence in measuring. A quantity

of glass beads 1s introduced and the bottle 1s placed in
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boiling water and shaken until the substrate 1s completely
dissolved, The bottle 1s then shaken under the cold

water tap untll the contents are cooled down to room tem-
perature,

To the emulsion of glycerol and fat are then added
10 cec of 0.05M ammonium chloride-buffer at pH 8,0, 100 mg
of calcium chloride (in water solution), and 0.25 cc of
3 per cent phenolphthaleln solution, Enough water 1s
next added so that the total volume of the system wlll be
30.0 cc after the enzyme has been introduced. The enzyme
is put in last of all and the contents of the bottle are
well mixed, but not shaken to a froth, A 5-cc sample of
the emulsion 1is pipetted into 75 cc of a mixture of 9
volumes of alcohol and 1 volume of ether and titrated with
alcoholic KOH, with phenolphthalein as an indicator.

The "Food, Chemical and Research Laboratories, Inc."
have applied thils test to Sea=-Chem, The substrate used
was the simple ester, benzyl n-butyrate, and the feaction
took place at a temperature of [,0°C, It has been reported
that 100 per cent hydrolysis of 0.25 gms of the substrate
occurred in 90 min,

To corroborate these findings, the same test was
conducted by the author., However, 0,00565 moles (1.00 gms)
of benzyl n-butyrate were used as substrate instead of 0,25

gms, The results of thls test are shown in Table 10,
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- TABLE 10

Hydrolysis of Benzyl- N-Bityrate

Elap;:: Time 0.1 glKOH gi:iEE%gg* Hydrg#gsis
3 2.3 0.6 .06l
33 3.4 1.7 aa
63 .1 2.1 - .257
90 5.1 3.4 364
750 11.0 9.3 1.00

* 1.7 ml substracted from titration for
acidity of the system without hydrolysis.

Since it has been found (13) that the total amount
of substrate present does not affect the amount of hy-
drolysis these results are comparable to those obtained
by Food, Chemical and Research Laboratories Inc., In
general, the agreement 1s falr; 0.25 gms being hydro-
lysed in 60 min in these tests instead of 90 minutes.

The error could be due to varlation in the product or
to certain varlables in the test 1tself,

This test however is not of value in determining
the effect of Sea-Chem on a grease trép; since the re-

sults are at best relatlve due to the very unnatural
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conditions under which the test 1s conducted. Further,
the substirate used, benéyl n-butyrate, was selected (13)
because it is hydrolysed very rapidly in a zero order
(1inear) reaction, not because it is typical of any

fat. As discussed 1n Chapter II simple esters, such as
benzyl n-butyrate, are hydrolysed rapidly by esterase
But slowly by lipase while true fats act the reverse,.
Thus all that has been determined is the relative ester-
ase content of Sea-Chem and not the concentration of

lipase, which 1s of importance in this study.

F, DISCUSSION OF RESULTS

The reduction in scum which was seen to occur may
have been attributable to the separation of solids heavier
than water from the grease, thus allowing these solids

to settle, This is baéed on the following observations:

a. The percentage of grease in the scum 1s not
great enough to account for the reduction in
the quantity of scum since the reduction was
in the order of 50% while the grease content
of the untreated material only amounted to
34.1% of the original scum solids. Therefore,
some of the nongreasy substances must have

dropped out of the scum,
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b. A change in the viscosity of the Waldorf
grease was noted. Large 1umpé appeared to
have been broken down so that the remaining

scum flowed more readily.

A single treatment does not seem to accomplish
much effect, The grease from the Waldorf had been
treated once, before 1t was brought to the laboratory
while the grease from the Graduate House had never becn
treated, Thls possibly accounts for the fact that almost
no effect was noted in the laboratory treatment of the
Graduate House grease,

It 1s likely that more occurs than mere hydrolyslis
silnce considerable gas 1s produced by the mixing of Sea-
Chem and grease, The results of the Balls-Matlack test
are not a valld measurement of the ability of Sea-Chem
to hydrolyse common fats.

These studies tend to indicate that several physi-
cal condltions are of considerable importance in evalua-
ting the action of Sea Chem. Surface area, degree of
agitation, concentration and compaction of the scum layer
are all varlables which must be taken into account if

this producthis to be treated in a realistic manner.
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CHAPTER IV

PILOT PLANT STUDIES

A, OBJECTIVES

It became evident during the preliminarj svudies
that the effects of the several important factors upon
which the action of Sea-Chem on the fat in a grease trap
depends would make 1t imperative that the conditions in
a grease trap be very closely reproduced, and further
that the results of alltests be correlated with adequate
controls, The surface area of the grease for example
is more 1mportént than the actual quantity of grease
since an enzyme which is not soluble in both fat and
water must act at the fat-water interface only, This
area 1s dependent upon how the fat and water are mixed,
and upon thelr respective temperatures; consequently in
any test the two-phase system of fat.and water must closely
resemble the situation found in a typical trap., Other
factors, such as temperature and degree of agitation must
also be considered and be made to simulate their counter-
parts 1n grease-trap operation.

For these reasons, it was decided to set up a

number of model grease traps on the drain of a model
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sink., To further simulate prototypes, the water used
was a synthetic sewage containing the salts and bacter-
1al populations that might be expected in a restaurant
sink drainage. Each test setup was in duplicate so that
one unit could be treated and compared to an identical

but untreated unit.

B, DESCRIPTION OF APPARATUS

The apparatus deslgned to meet the conditions
mentioned consisted of an elevated storage tank (model
sink) containing hot water with salts and bacteria, an
arrangement for mlxing melted grease with thls water as
1t flowed to ﬁhe traps and a set of six model traps and
contalners for the trap effluents,

Model Sink, Mounted above the level of the traps

was a stalnless steel water storage tank 35.1 em in diam-
eter and 56,5 cm deep having a total volume of 52 liters.
The cover of this tank held a motor stirrer, two immer-
slon heaters regulated by a thermostat, a float mechanism
for measuring the level in the tank, a thermometer, and
an Inlet hose connected to the cold water tap.

Drainage Feed System. A plpe, connected to the

bottom of the storage tank so that the tank would drain

dry, led through a valve to a rubber hose to the traps
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below. Above the top of the tank was a one-liter level-
ing bulb connected by a glass tube to a tee on the pilpe
between the tank and valve. This bulb was used to hold
the melted érease so that it would feed into the flow
from the tank when a clamp on the grease line was opened.
A leveling bulb was used for this purpose since 1t is
constructed with an outlet on the bottom and will not
retaln any grease,

The rubber hose leading from the storage tank
pipe to the traps terminated in a lj=-in, glass tube held
in the proper position at the trap by a ring stand and
clamp. The hose can thus be moved from trap to trap
without changing the orientation of the outlet tube,

Model Grease Traps. McLeod (1ll) investigated the

factors affecting the operation of a grease trap. It

was found that a trap utilizing a louvered inlet dam with
simple underflow inlet and outlet baffles operated at

the highest efficiency. The effect of this dam was to
produce an upward current and thus prevent the grease
from short-circulting across the bottom of the trap.
However, this louver also prevents settled solids from
being removed until they reach the level of the first

openling in the louver,



FIGURE 3

MODEL SINK AND GREASE FEED SYSTEM
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A grease trap may be considered an inverted settling

tank and certalr of the same design criteria apply.
Babbitt (15) has stated that in practice the magnitude

of V the minimum rising velocity of grease in water,

R?
is in order of 10 in./min., Further it has been recom-
mended that the horlzontal veloclty through the trap
should be approximately 1 ft./min. and that the detention
time should be either 1 min. or the drainage period of
the sink 1f longer than 1 minute., Since the water stor-
age tank contalned 52 liters and 1t was desired to oper-
ate six traps, the maximum flow per flushing was set at
8.5 liters. Assuming a drainage perlod of 1 minute, a
typical value for a well designed restaﬁrant sink, the
flow rate would be 8,5 liters/min, or 2.2l gal./min.

Thus the surface area of the tank for an overflow rate

of 10 in./min. would be:

— 2,24 x 12 - 2 _ 2
A= 153 0. = ,358 f£t° = 51,6 in

With a detentfon period of one minute the volume
of the trap would be:
V=22 x1=2.2 gal = 517 in>

From the surface area and the volumne the depth

may be calculated:
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D = g%%g = 10 in

The horizontal velocity will then determine the

width:

w=l2x2.2 x .00223 x 60 _ 34 pf = }.32 in
10 x 1

From the volume, width and depth the length may
be calculated:

L= o 1x = 12 in

The dimensions of the trap thus designed were 12 in..
long by 10 in, deep by L.32 in, wide. It was found how-
ever, that a number of Plexiglas tanks measuring 15 in.
long by 7 in. deep by 5.75 in, wide were available and
since they were near to the designed dimensions, 1t was
decided to modify these tanks to make use of them, By
placing the inlet and outlet baffles 1 1/2 in. from
each end the length was reduced to 12 in, Plastic strips
1 1/2 in, high were at the top on the sides and the in-
fluent end to prevent splashing so that the full 7 in,
depth could be utilizsd, Using the same method as wilth
the preceding design the following were determined for
these modifled tanks: .

Surface Area = 0.480 £t2
' Cross-Sectional Area = 0,28} rt
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Volume = 0,280 rt3

Flow = 7.9 liters/min

0/F = 1.36 gal/ft%/min
= 7 in/min

Horizontal Velocity = 1,0 ft/min

Detention Time = 1 min,

This design therefore mests the criteria exactly
in all respects except that the overflow rate is 7 in/min
instead of the recommended 10 in/min. The lower overflow
rate will increase the efficlency slightly; however, it
in no way detracts from the operation of the trap.

A photograph of a trap as designed is shown in
Fig. lj. A chute was added to carry off the effluent,

The flow would pass over the welr through the chute, into
a funnel and down a 1 1/2-in. glass tube to a five-gallon
glass jug on the floor, This ‘jug was marked at 8 liters

and a jug was provided for each trap.,
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C. EXPERIMENTAL PROCEDURE

l. Arrangement

The six traps were divided into three groups of
two each, In general the procedure consisted of loading
each group of traps wlth a different type of scum and
treating one of the two traps in each group wlth Sea-Chem,
The other trap was held as a constrol., The analyses made
were grease, acldity and pH of the dally effluent, depth
of scum in the traps and weight of grease, acidity and
solidification polnt of the scum remaining at the end of

the run,

2. Loadlng and Flushing

In the traps which were loaded with a homogeneous
fat the procedure was as focllows:

a., The water storage tank was filled with cold

s I Gemamy ome

tap water and heated overnight by two immer-

sion heaters to 60°C, The temperature was

Y IR

0 e 1

held at this point by a thermostat, Sixty

degrees centligrade was selected because it

j
?‘-

is approximately the normal temperature of

typlical restaurant sink drainage,

b, Immediately before flushing, the grease to
be added, if any, was heated to 100°C and

poured into the leveling bulb above the water
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storage tank,

Next the tube on the end of the hose from

the water storage tank effluent plpe was
placed in positlon at the head end of the

trap to be flushed by moving the rins stand
and clamp. The effluent funnel, tube and con-
tainer were then placed in position under the

effluent chute,

The valve had been previously callbrated so
that the system would deliver 8 liters/min.
when the valve was opened to a marked point,
After the flow had begun the clamp on the hose
connection from the leveling bulb was opened.
The grease was then ﬁulled into the flowilng
water by venturl action and mixed by the tur-
bulence in the pipe., If no grease was to be
added this clamp would remain closed, thus

preventing air from entering the trap.

When the 8-liter mark was reached in the efflu-
ent jug the valve was closed, The ring stand,
hose effluent tube and funnel were then moved
to the next trap and the procedure repeated,
After all traps had been flushed and loaded,

the remainder of the water in the storage tank
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was emptied and the tank flushed and refilled.

L.ast the motor stirrer immersion heaters were

turned on.

The quantity of grease added in each group of traps
was designed to load the traps to capacity in a time typ-
ical of restaurant trap operation, This rate of addition
however is not critical since 1n most cases the Sea-Chem

treatments would start when the trap was fully loaded,
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Tt was found that the pH in the treated traps dropped
to a very low value after a number of days. Since a sink
waste will contaln proteins and other buffering materials,
this situation might be unnatural. Further 1t was possible
that some biological activity might occur in grease traps
even if Sea-Chem were not added if nutrlents and seed mater-
{al were present, Therefore 1t was declded to add nutrients,
buffer salts and sewage seed to the feed water,

Weinberger (16) developed a synthetic sewage whose
strength and composition are similar to those of a domestic
sewage., This sewage contained organlc matter such as pro-
teins, sugars and fats, nutrlent salts and buffers and some
colloidal material. In these experiments the organic matter
was supplied by the fat, any additional organic matter would
probably only increase the load. Consequently, only the
two principal inorganic nutrient salts from the Welnberger
sewage, dipotassium hydrogen phosphate for phosphorus, and
ammonium sulfate for nitrogen, were added, together with
sodium bicarbonate to provide alkalinity for buffering
capacity. The concentrations of the added salts in the

flushing water were as follows:

Dipotassium Hydrogen Phosphate 27.5 ppm
Sodium Bicarbonate : 168,0 ppm
Armonium Sulfate 90.0 ppm



149

These salts were made up 1n a single solutlon suéh
that 2 ml/11iter gave the above concentrations,

Since the waste from a sink has been quite hot it
would not be likely to contaln many viable organisms, thus
only 2 ml of Boston sewage were added as seed to each liter,

One hundred ml each of both nutrient-buffer solution
and the sewage seed were added to the water storage tank

immediately after the tank was filled,

3. Dosing Procedure

Two methods were used to add the Sea-Chem to the
treated traps., At the beginning of each run and at each
change in dosage the quantlty to be added was spread on
the surface of the trap and both the treated and untreated
traps mlxed thoroughly, The dally doses between changes
in concentration were added at the head end of the trap
where the influent enters, and this area stirred thoroughly
without disturbing the scum, These methods follow from the
manufacturerts recommendation, It 1s stated in the instruc-
tions for the use of the product that the first dose should
be mixed with the scum and that succeeding doses should be
dumped down the drain with a small quantity of cold water,
With respect to the latter 1t 1s likely that the procedure
used in these experiments caused the Sea-Chem to be more

thoroughly distributed through the traps,
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In all cases the traps were treated with Sea-Chem
from li to 8 hours after flushing., Thils delay was neces-
sary so that the trap could coolj otherwise the enzymes
might be deactivated immedlately upon entering the trap
by the heat, When dlatomaceous earth was added 1t was
done at the same time and in the same manner as with the
Sea-Chen,

The size of the Sea-Chem dose at the beginning of
the run was based on the manufacturer?'s recommendatlons.
These recommendations state that for a 200-gallon grease

trap the followlng procedure should be used:

First Treatment 1 1b (mixed)
First Week l; oz/day
Second Week ' 2 oz/day
Third Week 1 oz/day

Thus for the size traps used in these experiments
the dose should be 4 gms in the initial treatment and pro-

portlonally decreasing doses 1in succeeding treatments.

The first traps to be loaded, numbers 1 and 2, con-

talned relatively pure bleachable tallow. In actual traps

the fat concentration is usually equal to about one half

the total concentration of solid matter. Consequently

the Sea-Chem dosage was raised to 10 gms for the first day

and 2,5 gms for the next 19 days,
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After the magnitude of the effect of the Sea-Chem
became evident, the dosage was increased far above the
recommended dosage, Thus traps 1 and 2 were continued
at 2.5 gms/day after the flrst week and traps 3 and L} and
5 and 6 were started at much higher dosages, As each run
progressed the dosage was increased further in an attempt
tb stimulate the effect. However the ratio of the 1lnitlal

dose to the daily dose in each period remained L to 1,

4. es of Scum Layers

The greases to be added to the traps were
selected so that any common type of fat or mixture of
fats and solids would be represented, The fats which
would be expected in a grease trap are those released by
the cooking of common meatsj beef, mutton and pork, plus
certain hydrogenated vegetable olls and as shortenings,
Consequently traps 1 and 2 were loaded with the typical
shortening Spry (Lever Bros,), Traps 5 and 6 were loaded
with bleachable tallow, a mixture of cormon neat fats
obtained by rendering., The bleachable tallow was pro-
cured from the Hinkle Rendering Company, Somerville.
Both these fats were homogeneous and were therefore

added by the procedure described under loading and flush-
ing,
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Since the scum in an operating grease trap con-
tains non-fat solid matter in addition to the fats, it
was decided to load one set of traps with an actual grease
trap scum, Traps 3 and Lj were therefore loaded with a
scum obtained from the Waldorf Cafeterla System grease
trap (See Chapter III)., This trap had been thoroughly
cleaned since the previous sample of scum was taken, and
no further Sea-Chem treatments had been made., As this
scum was not homogeneous and contalned large lumps of
solid matter it was impossible to load the traps 1ln the
usual msnner., Therefore the scum was deposited in the
trap at the beginning of the run and no further additions
made aster flushing had begun, Thus, at the start of the
run, the traps represented fully loaded restaurant traps
which had not been treated., The procedure for flushing
was the same as outllined above, except that no grease

was added.
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D, ANALYSES

1, Effluent Grease

The determlnatlion of grease ln the effluent was
made in a rather unique manner, Silnce the volume of the
effluent was so great and since, due to the scum on the
surface of the effluent, a homogeneous sample could not
be obtalned, the usual methods of grease analysis, such
as Soxhlet extraction, could not be made., Further, since
even the shortest of these sanalyses requires 7 hours
elapsed time and 2 hours working time 1t would not be
posslble to make dally determlnations on -as many as six
effluents, A less accurate, but still satisfactory
method was devised,

The only so0lild matter in the effluent other than
the grease and 1ts decomposition products were the solids
in the tap water, plus a certain amount of Sea=Chem in
the cases of the treated traps. It was therefore possible
to determine the total solids of a quantity of an emul-
sion formed by mixing the effluent with 10 gms of a de-
tergent (Lakeseal glass cleaner), To correct this value,
the solids concentrations caused by the tap water, Sea-
Chem and detergent were substracted,

As the run progressed 1t was seen that relatisely

little grease was leaving the trap. Consequently the
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grease determlnation was discontinued and rellance was
placed on the acidity of the effluent, the thickness

of the scum layer and ultimately upon the amount and
conditlion of the scum and sediment remalnling In the trap

at the end of the run,

2., Acidity and pH

From the theory it can be seen that any form of
decomposition of a fat is going to result in the produc-
tion of acids., Therefore the acidity of the effluent
could be used as an index of enzyme activity.

Early in the experiment, before the nutrient
solution was added, the acidlty was determined by titrat-
ing 50 ml of the effluent with N/50 sodium hydroxide to
the phenolphthalein end point., The use of sodium hydrox-
lde would cause the free fatty acids to be converted into
sodlum soaps. Thus, the acids would be brought into
solutlon and theilr complete neutralization would be
assured, However, the pH was not raised high enough to
cause the fat to saponify. Measurements were made of the
pH of the liquid in the traps and not of the effluent at
thls time,

Later, after nutrients were added, titration curves

were made of the effluent with nutrients and of the nutri-
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ent alone. From these curves it was evident that all the
acldity of the effluent was neutralized when the pH of
the nutrient solution in tap water was reached, Conse-
quently, fhe acldity determinations from this time on
were made with a pH meter, by titrating to the pH of a
sample of the feed water taken during flushing. The pH

of the effluent was taken before the titration was begun,

3. Scum Thickness

The thickness of the scum 1in each trap was measured
with a scale after the trap had time to cool, In some
cases the scum layer was irregular and several measurements

had to be made and arranged,

k. Quantity of Grease in the Traps

At the end of each run the scum and sediment were
removed from each trap and placed in battery jars, The
jars containing the scum were then plgced on a steam table
and heated for several days, Perlodically the grease on
the surface was decanted and collected in a tared battery
Jar. When all the grease had been removed, it was weighted
and stored for further determinations.

Since the sediment contained a great deal of matter
other than grease, mere heating would not cause the grease

to separate. An ether extrection was therefore necessary,
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First as much water as possible was removed by evapora-
tion., The residue was then mixed wlith petroleum ether
(B.P., 35-60°C) and filtered, After repeated extraction
the filltrate was placed on a steam table to drive off

the ether, and the volume of the extracted fat was
measured, It 1s unlikely that all the grease was removed
bj this rather crude piocess, consequently the volume of
grease 1s only approximate, However, this grease was

needed for other determinations,

5. Solidification Polnt of the Scum

The temperature at which the grease congealed was
determined on all samples of scums, sediment extracts and
orfginal fats, About 125 ml of each grease was melted
and placed in a 500-ml graduate, A melting point thermom-
eter was lowered into the grease to the immersion line
(75 mm from the bulb), At intervals the temperature
was recorded and when evidence of hafdening, together
wifh a leveling off of the temperature decrease was noted,

the solidification point had been reached.
6. Acldity of the Scum

The acidity of the grease was determined by the
method described in the Balls-Matlack test for titrating
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the acldity of the hydrolysis reaction mixture. Since
this titratlon is carried out in an ether-alcohol dilu-
tion, 1t 1s not necessary to rely on the solution of the

fatty acids in water.

E., METHODS OF COMPUTATION

l. Cumulative Aciditz Curve

The acidity data as taken are in the form of parts
per million as CaC03. This method of expression had
little significance in these experiments, The object of
these determinations was to find the quantity of hydrolyzed
fat being carried over into the effluent, From the anal-
¥sis of fats presented in Chapter II it can be seen that
the fatty acids released by hydrolysis of the fat would
be predominantly 18-carbon acids, Consequently, it was
decided to convert the acidity into terms of the saturated
18-carbon stearic acld, Further, since the volume of the
effluent on which the acidity was determined was known, it
was possible to determine the number of grams of stearic
acld leavirg the trap per day,

Since the acidity values varied somewhat errat-
ically 1t was decided to present the cumulative weight or
stearlc acid rather than the'daily welght, This method of
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expression 1s of particular value since it indicates the
total amount of hydrolyzed fat which has left the trap

up to any given day,

2. Per Cent gzgrolzsis

At the end of each run the scum was titrated to
determine 1ts acidity. The acidity of a fat is usually
expressed as 1ts acid value,

Acld value = number of MG of KOH required to

neutralize the free fatty acids in one gm of fat,

It was desired, however, to convert this vaiue into
per cent hydrolysis of the fat, Thils was possible since
the acid values of the insoluble fatty aclds released by
100 per cent hydrolysis of the common fats were essenti-

ally constant, These values are presented below:

Fat Acid Value of Insoluble Fatty
- Aclds at 1007 Hydrolysis (17)
Beef Tallow 197.2
Mutton Tallow 198,0
Cotton Seed 011 198.]

The acid value of the fats calculated from the
assumption that the fatty acids released were predomin~

antly stearic acid is given below:

Acid value = zggéig x 1000 = 197.,1
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Since the agreement was so close 1t was assumed
that at complete hydrolysis the acid value would be about
200, Consequently, the per cent hydrolysis can be cal-
culated from the following formula:

— Acld Value of Fat x 100
200

4 Hydrolysis

_ Acid Value of Fat
2

This method was used to obtaln the data presented
in Table 15,

F. SOURCES OF ERRORS

l, General Accuracy

Since the objective of these experiments involved
qualitative observations, each determination was carried
to the reasonable 1limit of its accuracy, and when possible,
erratic results were checked, The nature of the material
on which determinations were made was such as to cause
consliderable interference in some analyses,

Some mentlon of the accuracy of the tests i1s given
under analysess however, more complete discussion will be
added here, Those tests not mentioned in this section

were as accurate as would be expected for the type of test.
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2. Effluent Grease

No great accuracy can be claimed for this proce-
dure due to variations 1n tap water solids and Sea-Chem
concentrations, For example, 1t was necessary to estimate
the amount of Sea=-Chem carrled over into the effluent.

However, it 1s evident that 1f any significant
quantity of grease was carried out with the effluent,
the grease would greatly exceed the other solid matter

and any inaccuracy in the correction would be unimportant.

3. Acidity and pH

It was noted early in the run that the pH meter
electrodes became clogged with fat, and therefore were
not always rellable, The effect of this clogging was
to make the meter read lows consequently, if the acidity
values were 1n error, they were too high,

Since the pH of the feed water was always read
before the electrodes came into contéct with the effluent,
this pH may be relied upon, In most cases this pH was
very close to 8,2, As this is the end point of phenol-
phthalein, this indicator was used as a check on the pH
meter, When the meter and the indicator disagreed, the
Indicator was relied upon,

The pH of the effluent was usually determined
before the electrodes had an opportunlity to clog., These

values, therefore, are very nearly correct.
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CHAPTER V

RESULTS

On the sixteenth day titration curves were deter-
mined for the effluent of trap 1 and the feed water with
nutrients and buffer added. The data for these curves
ere shown in Teble ll. The curves are plotted in Figure 6.

The data for the runs made with the three groups
of treps are presented in Tébles 12 through 1. Signifi-
cent curves from these date are shown in Figures 6, 8, 10,
11 and 12. The results of the determinations made on the
scums and sediments at the end of the runs are recorded
in Teble 15. In addition to the quentitative data, a

number of photogrerhs and observations are also presented.



Table 11

TITRATION OF FEED WATER AND ~FFLUENT
(500-ML. SAMPLES)

Feed Water
ML 1/N NaOH pH ML 1/N N&OH pH
0.00 8.25 1.45 10.30
0.10 8.50 1.55 10.40
0.20 8.75 1.70 10.50
0.30 8.95 1.80 10.60
0.40 9.15 1.90 10.65
0.50 9.30 2.00 10.75
0.60 9.40 2.30 10.90
0.70 9.55 2.45 11.00
0.80 9.70 2.70 11.05
0.90 9.80 3.00 11.20
1.05 9.90 .00 11.40
1.10 10.00 5.60 11.60
1.20 10.10 8.50 11.80
1.30 10.20
Effluent
ML 1/N NaOH pH ML 1/N NaOH pH

0.0 6.50 1.9 10.20
0.1 7.05 2.0 10. 30
0.2 7.10 2.1 10.45
0.3 7.20 2.2 10.50
00’.‘. 7.55 2.3 10060
0.5 7.95 2.4 10. 65
0.6 8.50 2.5 10.75
0.7 8.70 2.6 10.80
0.8 8.90 2.7 10.85
009 9005 2.8 10090
1.0 9.25 2.9 10.95
1.1 9.35 3.1 11.05
1.2 9.50 3.3 11.15
1.3 9.65 3.5 11.20
1.4 9.75 3.7 11.25
1.5 9.85 3.9 11.30
1.6 9.95 4.5 11.40
1.7 10.05 5.1 11.45
1.8 10.15 7.7 11.70
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Table 12

DATA FOR TRAPs NO, 1 AND 2
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Isble 15
ANALYSES OF SCUMS AND SEDIMENTS
Solidiri-
Welght Acid Per Cent
Gras . No. Hydrolyzed catiochoint

Scum Trap 1 2525 74.8 37.4 31.1
Scum Trap 2 2895 7.1 3.55 33.1
Sediment Trap 1 123 28.2 1h4.1 28.0
Sediment Trap 2 None
Spry 0.645 0.32 33.1
Scum Trap 3 _

(Fat only) 252 152 76.0 33.7
Scum Trap |

(Fat only 416 133 69.1 32.8
Sediment Trap 3 (1150 ml)
Sediment Trap L4 (150 ml)
Grease Trap Fat

(Waldorf) 152 e
Scum Trap 5 34,00 43.9  22.0 26.1
Scum Trap 6 3824 11.6 5.8 33.7
Sediment Trap 5

(Fat only) 300 1k 12 36.6

Sediment Trap 6

(Fat only) €00

Bleachable Tellow 1,200 5.67 2.8 31.0
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Table 16

MATERIAL BALANCE

ngps Loaded with Spry

Trap 1
Gms .
Fat in Scum 2525
Fat in Sediment 123
Fat in Effluent 228
Total 2876
Fat Added 3100
Unaccounted for 224

Traps Loaded with Bleachable Tallow

Trap 5
_Gms .
Fat in Scum 3400
Fat in Sediment 300
Fat in Effluent 233
Total 3933
Fat Added 4200

Unaccounted for 267

70

Trap 2

_Gms.

2895

35
2930
3100

170

Trap 6

Gms .

382
200
43
L4067
1,200
133
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OBSERVATIONS

Traps 1 _and 2 ‘SEPI!

Day

L

Traps

Day
1l

Observggion

Considerable odor from trap 1. None from
trep 2.

Black sediment in bottom of trap 1.
Distinct odor of st from trsp 1.
Scum in trasp 1 appears to be much less dense
and to contain some gas.

Bottom surfece of scum in trap 2 appears
irreguler from diatomeceous earth added on
day 31. |

Quite offensive stench and increased foaming
in trap 1.

surface of scum in trasp humped due to gas

formation.

Waldorf scum
Observation
Light brown scum in both traps. Considerable
stench.
Gray grenular sediment in both traps, about
7/16 inch thick. Scum layers compacted when
traps uerg'flushed with hot water. Less

stench.
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Traps and waldorf scum) (Conttd)
Dey Observation .
14 Scum lagers in both traps divided into three

distinct zones. Bottom layer very dark, next

layer 1light brown, top layer melted fat.

20 Grease leaking through outlet baffle in
trap 3.
22 Large quantity of solld matter carried over in

effluent from trap 3. Some cerried out of
trap L.

2l Fat forming separate layer on surface of trap
4 but not of trap 3.

31 Large quantity of solid matter carried over in
effluent of both -traps. Considerable sediment
(ong'in) in trap 3. Fat leaking through efflu-

ent of trap 4.

Traps and 6 (Bleachable Tallow

Day Observation
n Scum in trep 5 is a brownish red color whlle

scum in trap 6 is a cream color.

(0]

Strong smell of H,S from trap 5.

Bottom of scum in trap 5 very irregular and

O

luspy.
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Traps 5 and 6 (Bleachable Tailow) (Cont?d)

Day

10

11

22

29

Observation
Large lumps of grease seen being carried to
the bottom by the Sea-Chem in trap 5 and the
diatomaceous earth in trep 6.
Increase in odor of st. Effluent from trap
5 changed from brown to dark green when ti-
trated from 5.90 to 8.20. Bottom of scum in
trap 6 very irregular.
Considerable increase in sediment in traps 5
and 6. Sediment now about 1 in.
Some of the sediment in both traps seen belng
carried over welr during flushing.
Surface of scum in trep 6 disturbed by gas

evolution.

JREHIS S T A S
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UNTREATED
TRAPS | AND 2 ON 44th DAY

TREATED

v
|
1

&

UNTREATED TREATED
TRAPS 3 AND 4 ON lith DAY

UNTREATED TREATED
TRAPS 3 AND 4 ON 30th DAY

FIGURE 8
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UNTREATED TREATED
TRAPS 5 AND 6 ON 6th DAY
BEFORE ADDING GREASE

UNTREATED : TREATED
TRAPS S5 AND 6 ON 6th DAY
AFTER ADDING GREASE

UNTREATED TREATED
TRAPS & AND 6 ON 25th DAY

FIGURE 10
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CHAPTER VI

DISCUSSION OF RESULTS

A. BIOCHEMICAL ACTION

1. _Hydrolysis
It was evident that Sea-Chem caused conslderable

hydrolysis of the fat. As shown in Table 15 the scums

in the treated traps 1 and 5 were 37.4% and 22.0% hydro-
lysed at the end of the runs. However, the untreated
traps showed only slight hydrolysis. It should be noted
that in both runs the Sea-Chem dosage was much higher than
that recommended by the manufacturer. In one case 1t was
16 times higher. It is impossible to determine from the
data what fraction of the scum would have been hydrolysed
if the Sea-Chem dosage had been held to the recommended
size. From the preliminary test, however, 1t 1s certain
that less would have been hydnolysed.'

In the case of the traps loaded with scum from an
operating grease trap a somewhat different situation was
evident. As before, the hydrolysis of the fat in the
treated trap was higher than that in the untreated trap.
However, the scum from the untreated trap was almost as
thoroughly hydrolysed as the treated scum. Further, a
sample of the original scum allowad to stand for the length

of the run was hydrolysed to exactly the same degree as
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the fat from the treated trap. In both these traps the
hydrolysis was greater than in elther of the traps loaded
with bleachable tallow or the traps loaded with Spry.

It 1s evident that although Sea-Chem will cause hydrolysis,
it would have occurred without Sea-Chem 1f enough tlme

were allowed.

2. Oxidation

Any further breskdown of the fat would have in-
volved oxidation. That this did not oceur to any sig-
nificant degree is established by the following:

a. Some source of oxygen would be necessary.
Oxygen was available only in the dissolved oxygen in the
feed water and in the nutrient and buffer salts. Although
these sources were thoroughly utilized, as evidenced by
the strong odor of HgS in the effluents, they would not
be enough to allow a large quantity of the fat to be
oxidized.

b. If oxidation had occurred by any of the several
possible mechenisms, the end products would have been evi-
dent. In oxidative rancidity, considersble butyric acid
would be produced and its presence known from the over-
powering stench. There was, however, only a slight odor
of butyric acid. If elther oxidative rancidity or oxida-
tioﬁ had occurred, the soluble acid end products would
have caused the acidity of the effluents to reach a very
high value. However,the maximum acidity obtained could
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not account for any significent gquantity of these acids.
¢. The solidification points of the fats would

have been lowered considerably by the presence of any

oxidative end products. This did not occur as can

be seen from Table 15.

3. Effect of Hydrolysis

Since free fatty acids were known to be present in
large concentrations, the possibility of thelr converslon
to saluble soaps appears. Several conditions are necessary
for this conversion. First, sodium and potessium must be
present in large quantities. Second, the pH must be above
8.60. Third, a certein amount of agitation must occur.

In al1 the treated treps the pH was continually below 7.00
and in some .cases as:low as [}.75. This fact, together with
an insufficiency of sodium end potessium lons and a lack

of aeglitation, precludes the possibility of soap formation.

In figures 11 through 13 the cumulative quantity
of hydrolysed fat expressed as stearié acid conteined in
the effluent is plotted vs. time. The quentlty of hydro-
lysed fat leaving the treated traps 1s greater than that
leaving the untreated traps. This 1s in agreement with
the result that a larger percentege of the fat 1n the
treated traps wes hydrolysed. However, the total quantity
of fat which left the traps in the form of dissolved fatty
aclds in no case exceeded 250 gns by the end of the run.
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Since the traps conteined several thousand gms of fat this
removel is not significant.

The scum thickness curves for traps 1, 2, 5 and 6
are shown in figures 7 and 9. Photographs of the traps are
shown in figures 8 end 10. Neither the pho tographs nor
the curves showed any marked reduction in volume of the
scum in the treated traps. In the case of figure 7, the
scum in the treated trap was consi stently thicker than the
scum in the untreated trap. This does not meen that the
Sea-Chem caused an increase in the grease. Rather, the
gas evolved in the treated traps made the scum much less
dense. The significance of the scum. thickness curves for
traps 5 and 6 will be discussed under physical action.

From ths materiel balance made at the end of the
runs 1t can be seen that the grease Was accounted for
within en error of 8%. The fraction of grease unaccounted
for 1s lergely due to the neutral fats carried over into
the effluents due to the fnefficlency of the traps. It
wes not possible to obtain & material balance for traps
3 and 4 since the quantity of scum added was not known
exactly and the treps both developed leaks. The scum
thickness curves wWere not plotted for these traps for
the ssme reasons. _

It is evident from tﬁese balances that the grease
remaining in the treated traps at the end of the runs was

slightly less than thet in the untrested treps. This cean
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be accounted for in part by the fact that the fatty acids
are slightly more soluble than tm;originalzfats. The
amount of grease removed in this manner is shown by curves
11 through 13. The remainder of the difference is caused
by grease in the sediment due to weighting action.

The net effect of hydrolysis, therefore, has been
to cause & slight remoyal of fat as dissolved fatty acids.
Since soaps were not produced, no further effect should be
expected since free fatty acids differ slightly from their
originel fats. The fatty acids have very nesrly the same

melting points as the fats and an only slightly greater
solubility. Consequently, if they were released from the
traps in eny quentity they would adhere to surfaces and

cause the clogging of plpes to almost the same degree as

fats.

B. PHYSICAL ACTION

From the scum thickness curves far traps 5 and 6
it cen be seen that the scum laeyer in the treated trap was
Slightly less thick up to the 2lst dgy. This difference
can be accounted for by the soluble fatty acids in the
effluents and by the welghting action of the Sea-Chem.
On the 10th day the Sea~Chem solution was made by pouring
it on the surface and mixing;. The same procedure was
applied to the untrested traps, using diatomaceous earth

instead of Sea-Chem, since Sea-Chem conieins diatomaceous
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earth as an inert filler. £s is recorded in theobservations,

large lumps of grease were seen being garried to the bottoms

of the treps. When this procedure was repeated on the 2lst

day, additional grease was seen to fell and the thickness

of sediments in each trep reached one inch. As shown in

figure 9, the scum thicknesses were equal from this point

on;- At the end of the run it was found that the sediments

in traps 5 and 6 contained 300 and 200 gms of grease res-

pectively. Thus it can be seen that Sea-Chem is cepable

of removing scum by weighting the fat and carrying it to
the bottom. Eventuelly this sediment would be removed.

However, it has only slightly different propertles from

the scum above it. It is exactly the materlal the trep

was designed tc remove from the sewﬁge. Consequently

1ts release from the trap 1s defeating the purpose of the
trap, namely to prevent any grease substences from reach-

ing the sewage system.
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CHAPTER VII

CONCLUSICNS

Sea-Chom is cepsble of hydrolysing some of the fats
present 1n a grease trap. |

It 1s not possible for much breakdown of the fat, other
then hydrolysis, to occur under the conditlons present
in a grease trap.A

Hydrolysis of fats ceuses relatively little change in
their characteristics. The hydrolysed fats are still
capable of cloggling sewer pipes.

The fatty acids are removed from the trap only slightly
more rapidly than the original fats.

Ih sufficlent concentrations Sea-Chem is cepable of
weightlng the scum in a grease trap so that it will
sink and be carried out of the trap. Thls zction,
however, defeats the purpose of .the trap.

The use of Sea=Chem does not appéar to be an effective

method of clesning grease traps.
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