e s ot o 3 <
N N A R it

P . b o e o

~ 58\

~ -t —ee Wig « . T Laes

)

Thesis for the Degree of M.

BAIARS *ATE UNIVE num\;
1) L\" C:-cq;. L? “\ L f 1",.\..' xltt.. [

] [ s M Sq
Robert L. Sraitthwaite
‘.{n‘ “‘fﬁ‘

120



THESIS

NI |

This is to certify that the

thesis entitled

A Study of Gerbage Composting in Controlled,
Insulated Larrels |

presented by

Rorert 1., Rraithwaite

has been accepted towards fulfillment - .
of the requirements for

oS, degree in Civil Ingi neering

T e ————






A STUDY OF GARBAGE COMPOSTING IN

CONTRCLLED, INSULATED BARRELS

By
‘Robert L. Bralthwaite

A THESIS

Submitted to the School of Graduate Studies of Michigan
State University of Agriculture and Applied Science
in partial fulfillment of the requirements
for the degree of

MASTER OF SCIENCE

Department of Civil and Sanitary Engineering
Year 1956









ACKNOWLEDGEMENTS

This thesis was only possible with the sincerely ap-
preclated guidance of Dr. John R. Snell, former Head of
the Civil Engineering Department, Professor Frank Theroux,
and Dr. Robert McCauley.

The tireless and concienfious laboratory assistence
of Mr., S.W, Kao, supported by an N. I. H. grant, is salso
deeply appreciated.

The author is indeed grateful to Dr, W, L, Mallmann
for his valuable assistance in the field of bacteriology,
end to Dr. Harold Hart for his valuable suggestions per-

taining to organie chemistry.

-ii=-






ABSTRACT

Composting is a sanitary and potentially, an economic
method of municipal refuse disposal. The end-product may
provide a valuable fertilizer and soil conditioner, Ale
though the process has been used for a number of years in
other countries, scientific knowledge concerning the pro-

. cesses of decomposition is stlll limited. Before adequate
design criteria for commercial plants can be established,
many fundemental problems must be solved. It was the pur-
pose of this thesls to aid in the unraveling of a few of
these enigmas.,

In order to simulate field conditions in such way as
to provide sufficient controls and measurements, a small in-
sulated fiber barrel was used as a contalner for ground gar-
bage. Compresséd air was circulated through the barrel.

The contents were subjected to various physical and chemical
measurements; such as air flow, volume, weight, temperature,
pH, moisture, ash, volatile acids, and nitrogen. The per=
centages of carbon dioxide and oxygen at the outlet and in
the material were also determined.

To demonstréte the relationships that were found to
exist, some of these results have been plotted directly.

In other cases further calculations were made to determine

-i11i-



the weights of the dry material, gsasses utilized and evolved,
and the water evaporated.

One of the major findings was that the temperatures
sometimes reached in the composting process can be detri-
mental to rapid composting. Also, the anaerobic fermentation
of sugars during the initially wet period seemed to account
for the decrease in pH; and lastly, by utilizing the moisture
content, the approximate weight of a certain volume of homo-
geneous, finely ground compost ecould be determined, regardless
of the stage of decomposition. Moisture imparted very little

swelling to the material,
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I. INTRODUCTION

Composting refers to the decomposition of solid or-
ganic material, by microorganisms, to a relatively stable
humus.

A, Advantages of Composting

The advantages of composting garbage are twofold. It
provides a method of disposal of refuse and a means of ob-
taining a suitable fertilizer.

As a method of disposal, it must be compared to ex-
isting methods in the United States. Inecineration is a cost-
1y process resulting in a complete loss of all the valuable
organic solids. Landfill is an unsightly method, requiring
the acquisition of land remote from the municipality.

Composted garbage may in some cases be regarded as a
suitable fertilizer, and in certain respects may be superior
to commercial fertilizer, While the commercial fertilizers
may have much larger amounts of the principle nutrients,
composted garbage has a greater variety of nutrients that
may be more readily availasble to plants. In contrast to
the commercial fertilizers, nutrients contained in the or-
ganic material will not readily leach out of the topsoil.
Composted garbage, because of its organic nature, will im-
prove the soil by promoting better aeration and moisture re-

tention.



The possibility of disease resulting from the use of
the composting end-product is extremely remote. It is
doubtful thet any pathogens would be found in a municipal
garbage., If so, the organisms would undoubtedly be destroy-
ed during the composting process, because of the very high
temperatures encountered. The maximum growth temperature
for most pathogenic bacteria lies between 40 and 50 C.
Temperatures of 60 and 70 C. are not uncommon during gar-

bage composting.

B. Composting Methods

There are two general processes employed in the com-
posting of municipal refuse. One of these, the anaerobic
process, is slow with objectionable odors. The second, aer-
oblc composting 1s presently being investigated in this
country. It 1s a rapid process and can be conducted under
controlled conditions in a manner free from stench problems,

Systemized anaerobic composting began about thirty
years ago. However, the recent trend in this country has
been toward aerobic decomposition. The two principle meth-
ods of the aerobic composting process advocated in the
United States are the windrowing method, and the silo or
digester method. The high-rate composting plant at Mich-
igan State University was of the digester type, with pro-

cessing perliods ranging from four to six days.



C. Purpose of this Thesis

Until recently, very little scilentific data could be
found concerning the composting process., A great deal of
the literature was highly opinionated with very little
supporting scientific facts. However, certain industries,
governmental groups, and universities are currently carrying
out constructive research programs,

The decomposition phenomena and the various conditions
encountered in the garbage throughout the process are not
yet fully understood. It i1s the purpose of this thesis to
contribute information within the limitations of the methods

employed.



ITI. APPARATUS AND PROCEDURE

A. Experimental Apparatus

In a study of these problems, on a scientific basis,
e volume of material large enough to be representative of
actual composting conditions, yet small enough to facilli-
tate dally shredding was required. Since loss of heat was
a critical factor in simulating the central portion of a
large mass of material, insulation was needed. An insulat-
ed barrel seemed satisfactory in meeting those requirements.

The barrel used was composed of fiber, of the type
used to ship dried milk. The container measured sbout 21.5
inches in diameter and 26 inches high. Small pipes were
fitted along the side of the barrel, at the extreme top and
bottom, to permit the circulation of air. To allow uniform
circulation of this air through the material, a screen was
installed four inches from the bottom. The availlable space
for the material was 3.8 cubic feet.

To record the temperatures of the material, and the
percentages of oxygen and carbon dioxide at different levels,
three additional short pipes were installed 3, 8%, and 1l
inches above the screen., Several coats of shellac were
applied to the lnner and outer surfaces of the barrel. One
inch spun glass insulation was glued to the outside surface

and to the top of the tight fitting metal cover. Aluminum

Ly



foil was applied to the inner surface of the barrel to re-
sist the attack of moisture and acids. This foil also
served as an added insulating material. Air leakage around
the cover was prevented by incorporating a snap-ring sealed
with roofing compound.

The barrels were placed on a low rack in a heated
building. The source of air was a compressed air reservoir
tank. Alir passed through a pressure reducer and regulator,
through rubber tubing to an air flow proportioning device,
and into the inlet of the barrel (either at the top or bot-
tom)., Usually the apparatus for measuring air volume was
attached to the outlet pipe. This air metering apparatus
consisted of a wet flow meter together with a commercial
gas meter, The insulated barrels and air meters are shown
in Plate 1.

To reduce particle size of the garbage, two types of
grinders were used. The screw type Ray-Mo grinder, util-
izing a crushing-squeezing action similiar to a household
grinder, was used for the initial grinding of the fresh gar-
bage. The resulting material possessed a very small parti-
cle size. A Kemp so0ll shredder was principally used to
break up wet chunks that formed during the composting pro-
cess., This shredder was a semli-portable machine possessing
a shredding-throwing action, developed by heavy blades ro-
tating at a high speed. The particle size resulting from

this operation was quite large, with a certain percentage
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PLATE 1

EXPERIMENTAL APPARATUS

Top view of barrel Top view of barrel
with screen support with screen

Insulated barrels and gas A preliminary air supply
meters (without the con- arrangement
necting air tubing)



of garbage passing through unmodified. However, the part-
icles were progressively reduced in size through success-

ive shreddings.

B. Material Used

In each experiment, fresh garbage was the source of
organic material for composting. Garbage wss either shred-
ded in the Kemp soll shredder, or ground in the Ray=Mo
grinder. If the latter method was employed, the result-
ing dense-wet mass was subsequently shredded to provide ad=-
equate aseration. Seeding was accomplished with partially
"or nearly composted end-product of former windrow end bar-

rel experiments.

C. Experimentsl Procedure

During the periods of observation of berrel experi-
ments, measurements were made and observations noted esch
day prior to disturbing the contents. Gas was sampled at
the three levels of the barrels by inserting a glass tube,
sealed with a rubber stopper, about eight inches into the
materisl. While compressed alr was entering the barrel,
the gss was allowed to displace salt water in a filled sam-
ple bottle. Precautions were taken to blow the tube free
of air prior to sempling.

Temperatures were recorded at the three levels at an
eight-inch penetration. The temperature of the inlet air

was usually around 18 C. Esch gas meter reading and the
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time were recorded. The volume and weight of the compost
material were elso noted.

The material was then removed and shredded to disen-
tegrate the wet clumps that tended to form. Toward the
latter part of each experiment, the material was dry enough
to omit grinding end was raked and turned., Water was some-
times added at this point of the experiment in an attempt
to reesteblish the optimum moisture content., After a thor-
ough mixing, a small sample was removed for laboratory

analysis, and the remaining material returned to the barrel.

D. Laboratory Procedure

The gas sample was analyzed to determine the percent-
ege carbon dloxide and oxygen present., This analysis was
accomplished in the usual manner; that 1s, passing the sam-
ple through potassium hydroxide, then through pyrogeallol,
measuring the geas absorbed in each case.

The compost samples were subjected to varied analyses.
Percentage molsture was computed on the basis of the moist
weight of the material., Moisture was first determined by
employing a Cenco Moisture Balance, using a five-gram same-
ple. The determination was later carried out by drying a
sauple for 2l hours at 102 to 104 C., and obtaining the
loss in weight on an asnalytical baslance. Percentage of ash,

on a dry-weight basis, was ascertained by burning the dried



sample in an electric muffle furnace at a temperature of
650 to 700 C. for at least three hours.

Percentage of volatile acids (as acetic acid) was
determined by employing a modified procedure of the tenth

edition of Standard Methods for the Examination of Water

and Sewage. Approximately 10 grams of wet sample was

used; 5 milliliters of concentrated sulfuric acid and 200
milliliters of water were then added, &nd 100 milliliters
of distillate was collected. Percentage volatile acids
were based on the dry-weight sample., Results were report-
ed as total volatile acids (as sascetic acid), including the
volatile acids and thelr salts.

A further determination was made to differentiate
the salts of volatile acids from volatile acids as such.

A ssmple was first dried, then subjected to the same pro-
cedure described just above. Results from this analysis
were reported as sslts of volatile acids (as acetic acid),
upon the assumption that the volatile acids would evapor-
ate during drying, leaving the salts.,

The pH of the fresh sample was determined by using a
Beckman pH meter. A sample was placed in a closed. test
tube, moistened, then incubated for 2l end 48 hours. The
pH and odor were then noted. Foul odors after incubation
eand excessive droo in pH were considered to be indicators

of incomplete composting.
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Ammonia and total nitrogen (see appendix), expressed
as nitrogen, were determined by the Kjeldahl method. Three

1 to lj-gram ssmples were used in each determination.

E. Cealculations

Since only the volatile solids (organic matter) was
oxidized during decomposition, all weights and volumes plot-
ted were based on the welght of the initial dry volatile
solids in the particular barrel. The weight of the dry vol-
atile solids was the difference between the dry weight of
the garbage and the weight of the ash in the barrel. The
dry weight was computed from the moisture content and the
weight of the moist material. The bulk density was deter-
mined by dividing the dry weight by the volume occupied by
the moist compost. The weight of the water evaporated
daily was calculated by the difference of the messured moist
welght and the calculated dry weight.

Percentage nitrogen, expressed as percentage of initial
dry volatile solids, was obtained by multiplying the percent-
age nitrogen of the samnle by the factor: the percentage of
initial dry weight of the sample divided by the percentage
of initial dry volatile solids of the barrel contents.

The volume of air was the difference in gas readings
each day. Since the average barometric pressure was 761 mm.
and the average temperature of the air was 18.) C., the cor-

rection for standard conditions wes negligible (1.01). The
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percentage of oxygen utilized by the material was deter=

mined from the assumption that the atmosphere contsined

21 per cent oxygen (although a blank was collected each

day to determine the reliability of the chemicals)., On the

premise that one mole of the gas was contained in 22.l4

liters, the weights of the respective gases were calculated

from the percentage carbon dioxide evolved, percentage oxygen

utilized, and the volume of air passing through the barrel.
The respiratory quotient was calcula ted by dividing

the percentage carbon dioxide evolved by the percentage

oxygen utilized.



III. THE CONDITIONS OF DECOMPOSITION

As a preliminary test, two barrels, Barrels 1 and 3,
were filled with fresh garbage and composted, Typical tests
were run throughout, but due to inexperience with the method,
serious questions were raised regarding velidity of datsa,
This data is therefore omitted from this discussion.

The second experiments were with three new barrels,
designated as Barrels l, 5, and 6., Barrel 4 contained fresh
gerbage, finely ground in a Ray-Mo grinder. It was seeded
with approximately 10 per cent end-product from the previous
barrel. The seeding material contained a molsture content
of 35.3 per cent and a pH of 7.8; and was alkaline for about
two weeks before being used as a seeding material,

End-product from the highewrate composting plant (com-
posted fresh garbage) was utilized in Barrel 5. Finely
ground fresh garbsasge in Barrel 6 was composted after Barrel
} was completed. This material was seeded with approximately

10 per cent of the Barrel )i end-product.

A, The pH
The pH, in general, denoted the progress of aserobiec
decomposition. Strictly fresh garbege had a pH of around
6 or 7, depending upon its contents. Upon being ground, bro=-

ken vegetatle cells released a large amount of free water.
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The molsture contents of the material were plotted in
Figs. 1 through 3. High molsture levels, which inhibited
aerobic activity and favored anaerobic decomposition, were
noted during the first few days in Figs. 1 and 3. Among the
by-products of this type of decomposition were organic acids.
These acids were apparently utilized (the pH c¢limbing to an
alkaline range) by the aerobic bacteria when the moisture
content dropped enough to permit oxygen to permeate between
the particles. The condition of higher pH was reached on
the seventh day in Barrel L (Fig. 1) and on the fifth day
in Barrel 6 (Fig, 3)e This initial stage had slready taken
place within the material of Barrel 5 (Fig. 2) while still
in the pilot plant.

-

Be A Comparison of Alr Rate, Moisture, Temperature
The prevalling temperatures of the compost were plot-

ted versus time in Figs. 1, 2, and 3. In Figs. 1 through
3, & recurring temperature cycle was evident, The first
cycle in Fig. 1 occurred between Days O and 17 (with the
exception of Days L, 11, and 1} -= low air supply); the
second cycle, between Days 17 and 22; and the beginning of
a third cycle, after the twenty-second day. Four or five
cycles are shown in Fig. 2, The pesaks of these temperature
cycles occurred on the second, eighth, fourteenth, and pos-
sibly the twenty-third day, respectively. One cycle is ev-

1dent in Fig. 3; the lower temperature on the fourth day
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being caused by a decreased air rate. In each case, when

en extreme temperature was reached (70 to 75 C.), the curves
showed a sudden drop. After a short recovery period, a sim-
ilar cycle of increase and temperature drop was noted. It
has been presumed that the enzymes of the microorganisms
were destroyed at temperatures of 70 to 75 C., necessitating
the growth of a new culture.

In general, no direct relationship between the air
supply and temperature could be demonstrated. In spite of
this fact, a certain minimum quantity of air was required
to maeintain the maximum rate of bacterial oxidation. This
requirement was 1llustrated on the fourth, eleventh, and
fourteenth deys in Fig. 1, when the air supply dropped to
approximately 10 liters daily per kilogram of initial dry
volatile solids. A laegging temperature drop, following a
lowered air supnly, may have been the condition responsible
for the temperature behavior on the seventeenth and twenty-
first days of Fig. 2. No relatlonship between the air sup=-
ply and temperature was found in Fig. 3, providing the air
supply was adequate.

011, from the air compressor, found its way into Bar-
rel 6 (Fig. 3) after the sixth day. The resulting oil coate=
ting diminished bacterial ectivity, as indicated by the low-

ered temperature.,
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With a moisture content lower than /0 per cent, de-
composition was difficult to maintain, as shown in the lat-
ter 12 days of Fig., 1 and parts of Figs, 2 and 3., Fig. 2,
after the fifteenth day, i1llustratesthat a moderate air
rate considerably lowered the temperature when accompanied
by such a low moisture content. By lowering the air rate,
a very slow recovery of the temperature was noticed. Figs.
1 end 2, on the seventeenth and twelfth day respectively,
also 1llustrated that the temperature declined when the
moisture content fell below /0 per cent.

A moisture content of around 50 per cent, maintained
in the initial period of Barrel L and at various days in
Barrel 5 (Figs. 1 and 2), seemed to have the most benefi-
cial effect upon the composting process. More heat, &an
indication of bacterial activity, was produced at this lev-
el of moisture. In the latter stages of Barrel L (Fig, 1)
and during the entire period of composting of Barrel 5
(Fig.2), an effort was made to maintain a moisture content
of 50 per cent, by adding a computed amount of water; and
later, by sosking the material until the molsture appeared
to be excessive., Unfortunately, an insufficient amount of
water wes added during these periods, resulting in molstures
of less than O per cent.

The temperature differential et varylng depths was
also analyzed. The corresponding data were not included in

this renort. The analysis illustrated that the rate
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of temperature climb decreased as the distance from the

alr source increased. Furthermore, the rate of increase
generally appeared greater gt a higher initlal temperature
(near the source). An exception (little or no increase in
temperature with increased depth) seemed to have occurred
when the material had a comparatively high moisture content.
However, two other factors which might have been responsible
for this exc;ption were: (1) a low viable bacterial popula~
tion, and/or (2) a high volatile solids content. The in=-
crease in temperature per unit depth of material varied from

0.18 to 5.20 C., per inch.

C. Oxygen Utilization and Carbon Dioxide Evolution

The amount of oxygen utilized (and carbon dioxide
evolved) was a direct measurement of the progress of bac-
terial oxidation. Values for oxygen uptake and cerbon di-
oxide evolved, expressed in liters dailly per kilogram of
initial dry volatile solids were plotted in Figs. 1 through
3.

Since heat is a by-product of bacterial oxidation, a
direct relationship between the oxygen utilized and the
temperature would be expected. Such & relationship was dem-
onstrated in Fig. 1, Days 3 through 11 and 16 through 18;
in Fig; 2, Days L through 16; and throughout all of Fig. 3.

Alr and moisture affected oxygen utilization generally

in the same manner as the temperature. There was no direct






relationship between the air supply and oxygen utilization,
except that a certain minimum amount of air was required.
Varying moisture conditions generally produced similar ox=
ygen utilization and temperature variations.

At certain times, however, a direct relationship did
not exist, A lag of the temperature to the oxygen consumed
was apparent during previous periods of high moisture con-
tent. This was illustrated in Fig. 1 on the fourth through
eleventh dey. On the seventh day in Barrel 5 (Fig. 2), the
oxygen consumption was lowered by the very low moisture con-
tent, whereas the temperature, because of the inherent in-
sulating characteristics of the garbage, was not always a
precise measurement of the progress of decomposition.

More oxygen was utilized in Barrel L, (fresh garbage
-- Fig. 1) than in Barrel 5 (pilot plant end-product -- Fig.
2)e This could have been due to the low air rate introduced
in Barrel 5, which was approximately 12 liters per kilogram
of initlal dry volatile solids per day. However, a lower
moisture content was also prevalent. The low oxygen con-
sumption in Barrel 6 (Fig. 3) during the last half of the
composting period was undoubtedly due to an oil coating on

the compost particles, discussed previously.

D. The Effect of Heat on Biological Activity
Since a great deal of hest was generally evolved dur-
ing the aerobic decomposition of organic matter, the effect

of temperature on biological activity was one of the most
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important questions concerning the composting of garbage.
Very high temperatures (75 C.) were produced in the process.,
Most authors agree that the speed of an enzymic reaction is
increased by an increase in temperature, to an optimum point;
and that enzymes are rapidly deactivated above 50 C., and
destroyed between 70 to 80 C. The effect of temperature on
enzymic activity and thus on composting, is therefore im-
portant,

The effect of tempefature on the number of viable
bacteria was determined by counting the total number after
plating out a dilution of the barrel sample in tryptose-
glucose-eosin agar. The sample was incubated at both meso-
philic and thermophilic temperatures for 2l hours. The
cultures from Barrel l; were incubated at 25 and 55 C,., while
those from Barrel 6 were incubated at 37 and 55 C. The
counts at 55 C, in Barrel 6 were incomplete because of lab=-
oratory difficulties. Counts were based on 1 gram of dry
material,

Since the barrel sample was obtained after a thorough
mixing of the contents, the approximate temperatures of the
largest portion of the material was noted.

On examination of Table 1, it may be seen that the
vast majority of organisms were mesophiles, favoring & mod-
erate temperature, While a few thermophiles (incubated at

55 C.) actually increased after being subjected to a temp-
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erature of 7, C. for one day, most of the bacteria (meso-
philes) were almost entirely attenuated. (Note the high
mesophilic count in the end-product of the pilot plant; O
deays -- Barrel 5).

In Barrel 6, almost all of the bacteria occurring im-
1tially were mesophiles, (favoring temperatures in the vi-
cinity of 37 C.). Even after seven days of composting in
Barrel 6 with temperatures of around hO and 50 C., the
thermophiles present were only of token number. The meso-
philic count rose sharply on the sixth day in Barrel 6,
when the temperature was lowered from 67 to 5S4 C.; and the
population increased still further when the temperature drop-
ped to 45 C.

Undoubtedly, the drop in temperature after the mater-
ial had reached 75 C., was due to the attenuation of the or-
ganisms through the destruction of their enzymes.

Therefore, though higher temperatures momentarily in-
creased oxidstion in garbage compositng, more rapid overall
decomposition would probably have resulted if lower temp-

eratures were maintained.

E, Amount of Water Evaporated
The water evaporated daily (per kilogram of initieal
dry volatile solids) 1s shown if Figs. 1 through 3. No
direct relationship between water evaporated and tempera-
ture, nor between the water evaporated and air flow, was

evident.






-23=

- oot LE 6°L 1° 6% g8
oLt 000°¢61 st €°9 e LE L
001 00T°g fs Ll 1°sh 9
- 02t L9 el L°15 S
- 0z1 LE g 6°LS ! 9
- offe st 0°S 9°6s 3
- 0£9 ot 0°S €°29 2
- ohs 02 8N S°€9 1
98°0 ee it 6°s 5°99 0
(*0 S9) (°0 LE)
0T 961 Ui 2°8 fie2¢€ 0 S
0T 10°0 €L 0°Q g LY 0t
S°€ oot fiL 6°L L°2s 6 i
,mmmwmmmmmmmn:mmwmmmmmmmun ‘
(T8Ta038N 4Lag mewowwmawo Hd uwmmdwmu.o AMMMmV ﬁo..nmmm
Jo wexp Jed UWOTTTIN) eangsaedweJ, eIn18 TON
quno) [8o]}JoTOoTIe398g Buiireaead 03BIOAY

ISOdW0D ADHVEUVYH 40 HVHV NTSOdH
-dS00NTH-TSOLdAYL NO INNOO TIVOIDOTOIMALOVE IVIOL HHI

T T1dVL




=2l -

A combination of air flow and temperature would be ex-
pected to influence the amount of water lost., Figs, 1
through 3 demonstrate that generally, such direct relation=
ship did exist.

The results of a furéher analysis, however, pointed
to a third influencing factor -- the ash content. Solid
organic material apparently possessed the ability to retain
moisture. The amount of water evaporated was directly re-
lated to a combination of temperature, alr flow, and ash
content of the composting garbeage.

An effort was made to control water loss by reversing
the flow of air through the barrel (downwards) in order to
block rising water vapor. The desired effect was partially
accomplished, as illustrated at the twelfth day in Fig. 2,
end at the fourth day in Fig. 3, though a great deal of evap-
oration still occurred.

Air saturated with water (at room temperature) entered
Barrel | after the fourth day (Fig. 2). This saturation was
accomplished by allowing the incoming air to pass through an
outside container of water, However, a large amount of moist-
ure was subsequently ebsorbed from the compost material as
the alr passed through 1t, because of the considerable dif-
ference in saturation points of the fresh air (at room
temperature) and the exhausted air (at high temperatures),
Therefore, little benefit was derived from the nresatura-

tion of &air at room temperatures.
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Saturated fresh alr, coupled with & relatively low
temperature of the material, could have been responsible
for the gradual increase in moisture content noticed in
Barrel L} (Fig. 1) on Days 11, 15, and 17.

Very little water was noticed at the very bottom of

the barrel below the screen; indicating that eveporation,

and not the draining of water downwards through the mater-

1al, was responsible for the largest share of the water loss.

F. Change in pH

In an effort to find a suitable method for demonstra-
ting the degree of decomposition, a single incubation test
;as used in connection with the composting material. 1In
this test, a small amount of the composting garbage was
placed in a vial daily, soaked to about 80 per cent moist-
ure, and incubated at 35 to LO C. A putrid odor was noted
in every case, except for some material that had composted
for one year.

The change in pH seemed to be of 1little significance

as an indication to the degree of decomposition.



IV. PARAMETERS OF DECOMPOSITION

A. Volatile Acids

Volatile acids were determined in order to investi-
gate the processes of acid production and utilization dur-
ing the composting process. In general, organic acids that
contain ten or less carbon atoms are wgter soluble. The or-
ganlc acids containing up to, and including, six carbon a=
toms are the only acids that may be distilled under atmos-
pheric pressure. The salts of the weak acids can be con-
verted to fatty acids by adding a strong mineral acid.

This determination had several weaknesses, Some di-
basic acids lose carbon dioxide upon heating. Any atmos-
pheric carbon dioxide in the distillate alters the results.
Moreover, devending upon the nature of the acids and the dis-
tillation rate, it has been found thet as much as 32 per
cent of the acids will not be distilled off.

In every case, the quantity of acid produced by the
microorganisms increased on the first or second day. This
was probably due to the anaerobic decomposition of the
sugars, ylelding fatty acids. Anaerobic conditions proba-
bly preveailed in the materlal during the first few days be-
cause of the very high moisture content. A certain amount
of anserobiosis slways existed within the particles, even
at the end of the compost period.

-26-
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It is of interest that an unseeded barrel (not pre-
viously mentioned in this report) containing identical ma=-
terial was subjected to the same conditions as Barrel 6.
The experiment was discontinued after the end of the sixth
day because of wet anaerobic conditions. The moisture con=-
tent remained at about 6l per cent during the duration of
the experiment. Volatile acids in this barrel (initially,
the same as Barrel 6, Fig. 6) continued to accumulate, and
on the second day, contained 2 per cent volatile acids (as
compared to less than 1 per cent in Fig. 6). This level
fell to around 1 per cent on the fourth day (as compared to
0.5 per cent in Fig. 6). The "seeding" of Barrels lj and 6
with about 10 per cent of end-product probably had the ef-
fect of reducing the overall initial moisture content, and
of increasing the amount of free air space.

A definite relationship was found to exist in Barrels
4L, 5, and 6 (Fig. L, 5, and 6) between the amount of free
acids and the hydrogen-ion concentration. This would ac-
count for the low pH that always occurred during the first
few days of composting. Free volatile acids were not pre-
sent when the compost was alkaline, probably due in part
to the ammonia production,

The initlal period, characterized by free acids and
a high total acid content, was not noticed in Fig. 5 (pilot

plant end-product). The acid stage of decomposition had
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v RELATIONSHIP OF YVOLATILE ACIDS AND pH
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already occurred in the material while in the pilot plant;
therefore, only the salts of the organic acids were present.

Only the salts remained during the latter period of
composting in each experiment, and a slight decrease in to-
tal volatile ecids with the passage of time was noted, in-
dicating that these salts were being utilized by microor-
ganisms,

Volatile acid graphs of Barrels 1 and 3 were omitted
from this report. These graphs demonstrated the occurrence
of acids in the initial period as described above. In these
barrels (1 and 3), the fresh material apparently contained
a large amount of volatile acids. The hydrogen-ion concen-
tration was also noticeable higher (pH lower). However, the
general pattern remained the same: the hydrogen-ion concen-
tration reaching 7 when the volatile acids disappeared.

An exact agreement between the percentage volatile
acids and the hydrogen-ion concentration was not expected.
Varying proportions of acids with different dissociation
constants would result in a changing pH. Many acids were
not represented by this determinstion. (Oxalic acid hss a

very high dissociation constant).

B. Volatile Solids
Percentages of volatile solids throughout the experi-
ments are plotted in Figs, L, 5, and 6. The volatile solids

content was found to be a fair indication of the extent of
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decomposition, on a comparative basis; with the slope of
the curve generally indicating the rate of decomposition.

Rarrels l} and 6 (Figs. L4 and 6) had a higher initial
volatile solids content than Barrel 5 (Fig, S). This was
to be expected, since the material in Barrel 5 was already
partly composted in the pllot plant. It is interesting to
note that the initisal material in Barrel 5 had reached the
same degree of treatment in the high-rate pilot plant as
that obtained in Barrel L in nine days; and in Barrel 6,

In seven days.,

The highest rate of decomposition occurred during the
first twelve days in Barrel lj, and during the first seven
deys in Barrel 6. The reduction in volatile solids was con-
stant (0.3 per cent per day) following this initiel, high
period in Barrel lj; and diminished at the same constant rate
throughout the experiment.in Barrel 6. This would suggest
that a considerable further reduction in volatile solids

could be expected, if the curing were allowed to continue.

C. Nitrogen
Nitrogen 1s one of the most important factors in es-
tablishing the fertilizer value of compost. Total and am-
monia nitrogen, as nitrogen (the difference being organic
nitrogen) expressed as the percentege of the initial dry
volatile solids, are shown for Barrels l and 6 in Figs. |
and 6.
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The variations in total nitrogen in Fig. L, were prob-
ably the result of excessively small samples analyzed. The
total nitrogen increased from 1.9 to 2.2 per cent of 1nitial
dry volatile solids (a 0.3 per cent increment) during the
first few days. The ammonia nitrogen increased from O to
0.3 per cent of initiel dry volatile solids during the seme
period, and then diminished.

The fresh contents of Barrel 6 (Fig. 6) had a very
high ammonia content (1.0 per cent). The total nitrogen in-
creased slightly from 2.3 per cent to 2.4 per cent during
the first two days (either by nitrogen fixation or by exper-
imental error), and then steadily diminished. The ammonia
content fell sharply during the first two days; remained
constant until the sixth day; and then gradually diminished.
The garbage was acidic for the period proceeding the fifth
day.

An ammonia odor was noticeable in Barrel li on the sixth
day while the material was still acidlc, though a much strong-
er odor was noticed on the eighth day when the garbage turn-
ed alkaline. The large increase iIn ammonia production that
was evident on the fourth day could have marked the initila-
tion of protein decomposition. The decomposition of nitro=-
genous compounds normally occurs only in the sbsence of ra-
pidly utilizable carbohydrates. The diminishing ammonia
content in Barrel l} efter the fourth day, along with the
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accompanying decrease in total nitrogen, was undoubtedly the
result of ammonla escaping to the atmospherse.

Though some of the initial emmonia in Barrel 6 may
have been converted to organic nitrogen, a considerable por-
tion continually escaped to the atmosphere throughout the
experiment. Apparently, this loss occurred at a greater
rate when the material was alkaline.

Ammonia 1s an end-product of protein decomnosition a=-
long with carbon residue, and is always liberated when pro-
tein 1s decomposed. After ammonia has been liberated it
may be (1) used by the soil organisms to synthesize proteins,
(2) absorbed by colloidal matter and bound as ammonia, (3)
oxidized by autotrophlc bacteria first to nitrites, then to

nitrates, or (l}) lost in the atmosohers.

D. Respiratory Quotient

The retio of the amount of csrbon dloxide produced to
the oxygen utilized by the bacteria 1s known as the respir-
atory quotient.

A respiratory quotient of zero indicated an absence
of bacterlial activity, with an oxygen absorption only by
the substraée. A high resplratory quotient indicated that
there was & larger volume of carbon dioxide evolved than
oxygen utlilized. Normally this would have indicated anero-
bic decomposition. However, on the second day of Fig. l,

the respiratory quotient was 1.5 while a hizh level of
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oxygen was consumed (only 3.5 per cent remained). This
result pointed to an accelerated aerobic decomposition
coupled with decarboxylation of the organic acids.

Respiratory quotients approaching zero were noticed
on several deys, indicating very little or no bacterisl
respiration. Initially in Fig. L, a very low temperature
was encountered, resulting in no bacterial growth. The air
supply was interrupted on the eleventh day in Fig. l pro-
ducing the same results. On the twelfth day in Fig. 5, the
organisms were apparently attenuated by the preceding high
temperatures. On the sixteenth day, Figs. 2 and 5 {llus-
trated that a sudden lowering of the air flow, coupled with
a moisture content of less thsn [0 per cent, produced a
sudden increase in temperature and a sudden reduction in
the respiratory quotient. In spite of the high temperature,
the lowered respiratory quotient denoted decreased bacterisl
activity.

While respiration ceased when the sir supply was in-
terrupted on the eleventh day of Fig. l, anaerobic condi-
tions prevailed on the fourth day, probably because of the
higher moisture content. Aerobic activity continued in
spite of the air cessation on the fourth day of Fig. 6.

Oxygen remained in the material at all times. This
would indicate that a certain pressure was sometimes neces-

sary to force the oxygen into the available free air space.
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While the respiraetory quotient denoted the type or
absence of bacterial activity, the previously discussed
volume of consumed oxygen indicated the relative amount of
activity.

On complete oxidation, a carbohydrate yields the same
volume of carbon dioxide as the oxygen consumed; therefore,
the theoretical resviratory quotient of a carbohydrate 1s
1.00. In like manner, the theoretical respiratory quotient
of a protein is 0.80, and that of a fat is 0.70. Figs. |
through 6 show a respiratory quotient of 1.0 during the first
several days (except as noted above) and a progressively low-
er quotient during the remainder of the composting period.
This suggests that easily utilizable carbohydrates were
first ingested, followed by proteins and fats.

The carbon dioxide and oxygen differential at varying
depths was analyzed in the manner previously discussed in
part III-B, with the results being very 51m11ar. The in-
crease in percentage carbon dioxide per unit depth of ma-
terial varied from 0 to 0.92 per cent per inch. The de-
crease in percentage oxygen per unit depth of materisl var-

ied from O to 1.03 per cent per inch.

- ‘ E. The Decomposition of Cellulose
Methods for obtaining a rapid digestion of cellulose

remains as one of the most perplexing problems in the com=-



posting process. Many microorganisms are capable of cell-
ulose decomposition. These organisms include: bacteris,
actinomyces, and molds.

A white mold growth was frequently noticed during the
composting process. On the assumption that this mold was
a cellulose digestor, conditions under which it existed
were noted., This growth was apparent during a wide range
of temperatures (1l to 70 C.) and at an alkaline pH range.
The fungus seemed to favor moist areas (top, bottom, and
wall), though at times growing under very dry conditions
(30 pér cent moisture)., A certain amount of oxygen seemed
to be required by the mold, since growth ceased when aera=
tion was discontinued.

The important conditions appeared to be (1) an alka=-
line reaction, (2) a sufficient supply of oxygen (even if
obtained through the agency of unfavorably dry conditions);
and (3) a certain stage of decomposition (gfowth was observe

ed the fourth day of Barrel 5 and the eleventh day of Barrel
6).



V. WEIGHT RELATIONSHIPS DURING DECOMPOSITION

A, Analysis of Weight During Decomposition

The lower shaded section of Fig. 7 denotes the total
weight of the garbage remaining at any day during compost-
ing. The upper section represents the accumulated daily
weights that escaved to the atmosphere. Both were express-
ed as a percentage of the initial total weight.,

The accumulated total water evaporated was added to
the total weight of the remaining garbage. To this was add-
ed the accumulated carbon dioxlde evolved. Oxygen consumed
was then subtracted. The difference between the resulting
figure and the initial welight represented the water and am-
monia produced by the oxidation of the carbohydrates, fats,
and protelns.

The weight of the water added to the material to main-
tain a favorable moisture content was subtracted from the to-
ﬁal water evaporated. The difference between this line and
the line produced by subtracting the oxygen consumed, repre-
sented the carbon evolved.

If the carbon evolved portion of the graph were trans-
posed to the upper line of the dry weight portion, a nearly
level 1line would result. The slight decrease would be due

to the miscellaneous geses not measured.

-38-
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Water evaporation accounted for 60 per cent of the
loss in totel weight; carbon escaping (as carbon dioxide),
27 per cent; and miscellaneous gases, 13 per cent.

Escaping carbon accounted for about 80 per cent of

the loss in dry weight.

B. The Relationship of Dry Weight to Volume

In these experiments, the unit volume was based on
the total volume of the material remaining each day. The
material was removed and agitated almost daily (though the
volume was measured after a settlement of at least one day).

Fig. 8 illustrates that the percentage decrease in
dry weight in each barrel was followed by an almost ident-
ical decrease in volume. As the material decomposed, the
volume occupied was proportional to the weight of the dry
material remaining. The dry material consisted principly
of organic solids. Therefore, very little swelling of the
particles occurred due to the presence of water. The de-
cresse in volume was due only to the loss of water, ammon-
1a, and carbon.

The bulk density can be defined as the weight of the
dry material in a unit volume occupied by the moist mater-
1al. Since the volume was proportional to the dry weight,
the bulk specific gravity was nearly constant in each of
these barrel experiments. The bulk specific gravities were
28.5, 35.0, and 34.0 grams per cubic centimeter in Barrels

i, 5, and 6 respectively.



DECREASE IN VOLUME , PER CENT
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VI. CONCLUSICNS

The following conclusions result from the work dese
cribed in this thesis:

1. While the moderately high temperatures may have fee
beneficlal to composting, the extreme temperstures that
sometimes developed (70 to 75 C.) were detrimental to bac=-
terial activity, and thus to the composting process.

2. A certain minimum air supply was required to ac-
complish a favorable rate of oxidation; but a higher rate
seemed to have no effect except to evavorate larger quanti-
ties of water.

3. The combination of temperature, air flow, and
ash content directly influenced the amount of water evapor-
eted. Since a moisture content of less than [j0 per cent
was found to be detrimental, moisture adjustments were
constantly recuired. These adjustments were more frequent
during a high rate of evaporation.

li. The rate of bacterial oxidation could be quickly
estimated by noting the prevailing temperature. However,
the eamount of oxygen consumed was a more precise indicatlon,
since the molist garbege had an inherent heat-retaining char-
acteristic.

S. The respirastory cuotient denoted the presence of

bacterial activity and helped distinguish between anaerobic

-l a-
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and serobic decomposition. The respiretory quotient also
showed that carbohydrates were first utilized, followed by
proteins and fats.

6. A high moisture content (very little free air
spaece) in the fresh garbage was responsible for an anser-
obie condition during the first few days. Anaerobic bac-
teria converted easily utilizable carbohydrates into or-
genic acids, indicated by a low pH during this period.

7. The rate of decomposition was relatively high dur-
ing the first part of the comvosting experiment. After the
material reached a volatile solids content of 80 per cent,
however, the reduction in volatile so0lids leveled off to
epproximately 0.3 per cent per day.

8. The bulk density of the garbage remained nearly
constant throughout each experiment. This suggests that
very little swelling of the garbage occurred, since the

voids contained most of the moisture.



VII. APPENDIX
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A. The Determination of Total Organic
Nitrogen by Kjeldahl

Weigh out 1l-} gms. of sample and place into Kjeldahl
flask.,

Add 1-2 gms, of CuSOu
Add }}-5 gms. of K250,

Add 25-30 ml. of HpS0), and begin to digest using a low
flame until frothing ceases.,

Increase flame after frothing ceases and boil until a
clear solution appesrs (green color).

Digest for 1 1/2 hours et a high flame after solution
clears.

Cool and add 200 ml. of water.

Add 2 or 3 pieces of granulated zinc (to decresse bump-
ing). Add sufficient NaOH to make solution alkaline,
(about L0-60 ml. if solution is alkaline, deep blue
color appears).

Distill off about 150 ml., into a measured quantity of
standard acid (15 ml.).

Titrate with standard NaCH using Methyl Red as an in-
dicator,

Color change from red to yellow.

% N wl.lh x N, Acid x ml. acid used up by NHj3
gms, of sample

ml, acid used up by NH3 = ml, of acid used

- %—E%%% X ml, base
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B. The Procedure for Determination
of Ammonia Nitrogen

Weigh out 1-l gms. of ssmple and place in Kjeldahl
flask.

Add about 200 ml. of distilled water,
Add 2 gms. of MgO, free from carbonates.

Connect flask to condenser and distill off about 100 ml.
into a measured quantity of standard acid (20 ml.).

Titrate with standerd alkall solution, using Methyl Red
as an indicator.

Color change from red to yellow,

% NH3 as N w 1.4 x 01875  yx m1, acid used to

wt. of sample
neutralize NH3

ml, acid used to neutralize NH3 = ml. acid added

- N base
N acid x ml. base
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