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The Statement of the Problem
To determine:
(I) The feasibility of annerobic digestion as a
means of disvos-.1l for milx plant by-products.
(2) The effect of seeding the by-products with
sewage sludge on the rate of direstion,
(3) The quantity and quality of ges vroduced and

its possible use in the milk plant for power or heat,

Introduction

The effective disvosal of dairy by-products is one
of tie most important and troublesore nro>lems to be solved
by sanitarinns at the present time, Dairy ty-products are
important due to their common occurance and to the facs
that they are of such composition as to cause disruption
of tie orldinary processes of waste disposal unless in
very dilute form,

Before modern trends toward treatment of all indust-
rial wastes, it was common nractice to disnose of dairy
by-proiucts by merely discharzing the waste into the
nearest body of water, There were nmuny complainté about
the polluticn in lakes and streams, but due to the fact
that no other efiective met' od of disvosal was known
little wes done about this condition,

Dairy by-products are esvecially troiblesome due
mostly to their hi~h organie solids content., In the east-
ern part of the United States there is not much trouble

T

from dairy by-nroducts because most of the dairy products






are used by the dense local population, In the middle west

he situation is quite difrerent. So great a volumn of

dairy ppoducts are produced that all are not used by the

local population, and as a result there are many milk plants
that produce checse, butter, caczein, ete,, for other cections
of the country, In the mwnufacture of tliese products there
are by-oroducts o pure milk, skim mi‘k, whey, washinzs, etc.,

. .

wnieh are hirh in or~anic content and regquire treatment.

o)

lany of thece vlants are located on small streams in
wi.ich the flow of wacte from the plast at certain times of
the year is egual to, or sreater than the stream flow. The
resultinz depletion of coxycen in the stream causes definite
volluted conditions which must be corrected if present san-
itary demands are to e satisfied, These plants, muny of
wihich are located in sma'll towns, also tax the sewage dis-
posal facilities of the town. Often the sowaze disposal
plant must be desined for a population several times greater
than the actual ponulation.

The composition of milk is shown in trne followin: table:

Goffortf Cosemd Mk sogar, Colervmr Lactate
Crearr A/lburmin ‘//?fﬂ(ot796' Acid

Faft  Pretuin Lactose Ash Wa /e

L)

38% (752 |#87 |+.652 E725%

Whey

Skirrr Milk




(I) Butter an! cream are made from the fat,

(2) Casein and albumin are m:ée from t:.e protein,

(3) I1ilx su~ar, calcium lactate a d lactic acid are
made from the lactose.

(4) .hey contains all ach and lactose, and a small
amount (<bout.5>) of nrotein,

(5) Skim milx eontui:s all the ash, proetein, and
lactese,

Tne first real develooment in sewa-e dis—osal was tihe
development of se-tiec anil Imhofy tanks, wnich operate as
anaerobic digestion chambers., XHowever wnen milk by-produds
are put in these tanks, the whole s;stem of digestion is
unset. 418 can be ceen from tiie above table, all milk by-
nroducts contain lactose, and this sugar causes the troubeg,
This is because lactose is readily oxidize.i. to lactic acid,
w..ich quiekly inhibits the srowt~ of mcst of t e anaerobic
species so helnful in reducing tl:e volumn of nrecipitated
solids, hen tie oxidation of lactose has been allowed to
vroceed to a point wiere the pH value of 4 or 5 is indicated,
the aetion of most microor~anisms is almost completely
inhibited, Some attemnts have been made to raise the pi
into tre alkaline rance by the addition of lime or caustiec
soda, whiech are the only chemicals crean enous-.: to be of
practical use, b:t the calecium or solium r<acts with the
lactic acid to form a caleium or socium lactate, which is
2 henvy precipitate, and almost as toxie to the growth of
anaerobic bacterin as t e free neid. These lactates have
some commercial value w ich may be canitalized upon to
pay for he treatment of the dairy by-products, but has not

been done to any extent as yet., These deposits of lactate

¥_



e e . P | —— —— . . —— — . e

—_—— ——— ——— —



in tihie d1i estion ¢ ambers of Imhof:i tanis have been imown
to stay from 6 t o 9 months wit  no avpp.rent decomdosition,
Anotner uncesirable acid, butyric acid , is also formed in
the <Imhoff and septic tanits handlinz dairy by-products,
Butyric acid is objcetionable c: iefly because of it's
disagreeable cdor, which icnoticeable wnen only small quan-
tities of the acid are present.

Often in sewagre plonts an Imhoff tank is followed by
a trickling filter., If dairy br--roducts are nllowved in
the tank, the resulting renctions <ive an acid efiluent and
the tank acts merel;y ac a settling basin, The hizghly acid
effluent is relatively stable due to the toxie effect of
the acid and is in a poor ctate for efficient treatment on
trieklin: filters, Treatment of dairy wastes by oxidation
on a tricklin: filter to remove the acid producins material
has rnd scme success, ‘ork on this phase has been done by
Levine, Burle, Linton, Soppeland, Watkins, Galli:an and
Goresline at Iova State Collese; Lldrid e at llichiigan State
College; and Ruf and Warrick in /iscensin. At the preeent
time this method is accented as the becst developed although
it has definite limitations, These are chiefly that the
waste must not be over 2 to 3 hours old before treatment,
and tiat trouble is found with tre filters clog "inc,

The present trend toward waste disposnl by the nctivated
£ludrse method offers a possibility of oxidizins the acid
formins ecompounds., The activated sluige nrocess has been
found efrective in destroyins trnece cownouwads, but very

larse quantitics of air were required, it was extremely




difficult to maintain the sludge in suitable conditions and
the effluents were not stable.

It therefore c¢-.n be said that the comuon methods of
waste disposal by anaerobiec processes are not anplicable to
dairy by-products because: ==

(I) The milk sugar is rapidly decocmposed with the
production of acids that may curdle the waste.

(2) If the dairy by-products are sufficiently concen-
trated, the resulting ccidity will inhibit or kill many of
the protein diresting aneserobiec bacteria,

(3) The effluents from such anaerobic tanks are in
an undesirable state for most efficiency on filters,

(4) The high acidity and consequent relative sterility
of the contents of the annerochbic tanlks receiving milk by-
products results in a relatively high stability of the eff-
luents,

Anaerobic treatment has the most success in milk by-
product disposal, but meets with the following difiiculties:

(I) Triclling filters need very fresh influent and are
bothered with clog-ing,

(2) The activated slud~-e method is expensive; uses a

arce amount of air; is hard to control the sludge formation;

and gives an unstable eflluent,



Tie object of this exseriment is to determine:

(I) The feasibility of anaerobic digestion as a means
of disvosal for milk plant by-prcducts which consist of whey,
s¥im miik, washings, etc,

(2) The effect of seeding the by-produects with sewag
sludge, on the rate of digestion,

(3) The quantity and guality of g2s produced and its
possible use in the milk plant for power or heat.

To determine the above objects:

(I) TFlasks were set u» containing a known volumn of
whey and skim milk, and the digzestion of each was measured,

(2) The bry-vroducts were seeied with sludce so that
mixtures contained @, 50, and 75% of sludge,

(3) The gas produced by each mixture was analysed in
a gas analysis apparatus,

The methods used in determining the above objects will
be discussed later,

The mixtures to be digested were first mixed in the'de-
sired proportions so that a volumn of I500 ml, of ernch mix-
ture was available., This volumn was then transfered to two
liter flasks having a tight ribber stopper with a glass tube
connecting the flask to the gas collection avnaratus., The
gas was collected in an inverted two liter sraduate filled
with water and standin- in a reservoir of water., The app-
aratus is shown in Figure I,

The milk by-products were zathered at the Illichi~an State
College Dairy in Last Lansing, llichigan, The skim milk was

24 hours old but had been kent in a refriserator to hold back



any bacterial growth, The whey was fresh and was the by-
product from the casein removing process, The sludge was
gathered at the Lansing sewa -e treatment plant, Lansing,
llichi-an. At this plant there are no srit chambers due to
the comparative absence of large inorzanic solids. In place
of the grit chambers are two small sedimentation chiambers
which remove the large particles of solids in the sewage.
These solids are then removed from the chambers and disposed
on 2 dump, Irom the firet chambers, the sewage ~oes to a
lar-e sedimentation basin wiere the finer settleabvle solids
are removed, This is the slud-e used in the experiment, and
i$s analysis 1s siven in Table I,

Durins; the processing of milk for casein removal, the
casein is precipitated by the adiition of hydroci:loric acid
and hea®t, and the resultinz by-product is distinély acid,
usually having a pH of 4.2 to 5.3. In the case of the whey
used in this experiment, it was found necessary to add I,05
grams of Ca(OH)2 per ml, of the whey to raise the pi to about
7.4, This caused a precivitate of calcium lactate, but %t
was necessary to have this rather than have the pil around 5
because as has been vreviously discussed, the anaerovic bac-
teria are almost totally innhibited when the medium in whiech
they are living has a pii in this range.,

The gas was removed from the gas collectinzg apvaratus
by means of leveling tubes so tihat the gas was at atmospheric
pressure, The carbon dioxide ian the gzas was dissolved in
potassium hydroxide contained in the gas analysis apparatus.

The amount of methane was then assumed to be the remaining
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gas, This is not an accurate ascunption due to the fact that
the gas is apt to contain a few nercent of oxycen or nitroszen.
Eowever, these otier gnsses oceur in such small volumns that

they may be considered as nezli~able.
o >

3]

ne gas collection anvnaratus caused some error in the
results, ‘ater was used to fill the inverted sgracduated cy-
linders that collected the ras, Carbon dicxice in the gas
evolved from the flasks will discolve in the weter and will
therefore give high results for the percentage of methane in
the evolved gas, ILowever, the temrerature of the room in
winien the exrveriment was run, remained fairly constant, so
after a few days tihe water siiould be sufficiently s=aturated
and very little more should be dissolved.

On the first cday of the experiment, the various mixtures
were made up and the pH of the mixtures were obtained, During
the runniny of the exveriment the pH of the mixture in each
flask was determined at intervals as shown in Table 2, Also,
on the first dary, the by-products and the sludge were analysed
for total and volitile solids; and the pII of the whey was
raised by the addition of Ca(Cli) , hen sufficient gas had
been collected in the gas collec%or, it was analysed., Tnis
data is shown in Table 3, The experiment was allowed to run
for 40 days and at the end of this time fhe mixture in eadh
flask wes analysed for total and volitile solids. The exp-
eriment was run at room temverature of anoroximately 22 C,

The use of anserobiec digestion to dispose of milk plant
by-oroducts has been tried many times and, except under unusual

circumstances, is not practical, TIlasks #I =2nd #2, containing



the whey or skim milk exactly as they would come from a milk
plant excent that t:e pE of #I has been raised by tiie addition
of Ca(C) , and were allovcl to direst for 40 days. The reé-
uction ofzsolids in bot: flaslis was very small and therefore
proves acain that simple anaerobic disgestvion is not a pract-
ical method of disvosal for milk by-products., As ccmpared to
i3, containing only sludge, 'I produced only 205% as much gas
and had a reduction of total sclids of 33% that of /3, while
#2 produced about 3375 as much gas and had a reduction of total
solids of about 25% that of 3., It should be noticed that both
#I and 2 had almost comnletely stopped producing gas which is
a good measure of ithe bact:rial activity zoing on, From Table
3 it may be seen that the gas evolved from #I and #2 was low
in metrane gas comprred to the ras from #3, This gas from 71
and /2 had a B,T,U, value of about 450 which is considerably
lowver than is commonly used for heatiny or pover,

Flasks #'s 4, 6, and 8, contained 25, 50, and 757 sludze
recpectively, and the remainder of wiey., A ter a few days of
rurming it was discovered that 74 was disesting aerobicly due
to an error in laboratory procedure and the results were useless.
The data taken on this flaslz was discarded. Flask ;6 snowed a
definite increase in volitile solids reduction from ;I, the
ratio beinz about 3 to I, 6 showed an increace of 465 in gas
production from /I, but the ras evolved was even lower in
methane content, £ produced a larse ¥olumn of gas between
the first and f£ifth days, but the gas production stoppel
almost completely after this initial spurt., The ras evolved

was at first of high methane content, which may be explained



by the absorption of CO by the water, The total gas evolved
rom #8 was creater thai that from /I, per szram of volitile
solids, by I665%, This leads to the conclusion that the seed-
ing of wney with sludze sives greater B3,.7.U. value, The in-
itial spurt of #8 cannot be explained and the some mixture of
wney and slulre siiould not be exvnected to act thie same again
unier similar conditions.

#'s 5, 7, and 9 contaia 25, 59, and 755% sludge respectively
and the remainder of skim milk, There is no relation between
the amount of sceding and tire rate of dicestion in these flasks,
The zas production remains about the same as for pure skim milk
and also the B.T.U. value of the ~ras evolved is little change:
from the "as produced in .2,

From a study of the daily as production, Table I, and
the pH values of the mixtures during tie experiment, Table 2,
trnere is noted that the gus produced always occured when Lhe
pH was above 5.5, In these mixtures this value seems to be
the limiting pH of anaerobic activity., It caan also be obser-
vedl that the closer tie nF is to a neutral or sliratly allkaline
golution, the faster the evolution of gas and t:erefore the
faster the rate of dicestion., In '8 and .'® the 255 of milk
by-product acidifies the wiole mixture so quickly that mest of
the ras evolution occurs before the seventh day, This emph-
asizes tiie faect trat only relatively small quantities of lactose
under nrovner bactericlozsical conditions, are necessary to so
acidify it's surroundinzy media in order to xill off or inhibit
all anaerobie bacteria, Control of tiie pil value is tiie most

important factor to be overcome in the anaerobie digestion of



milk by-products,

Wnen considering the followins conclusions, take into
account that the scope of this experiment is very limited
because of the following faetors:

(I) I=ny errors enter into these results because of

the difficulty in retting renresentative s~mples of these

mixtures,

(2) Tre gas analysis is not strietly nccurate,
(3) The temmerature was no%t constant throush out the

xperiment,

(4) Lo corrections were made in the results for the
removal of small gquantities (IO ml,) for pi determinations,

(5) The number andi volumn of experiments run is so
small, due to limited anparatus and time, that too much
wel~rht should not be »ut on anr of the followin~ conclusions
excent #I,

Conclusions

(I) The an~erobic digestion of milk »lant by-sroducts
is not feasible due to the acid conditions which arise,

(2) Removal of lactose from milk plant by-products is
necessary before anaerobic disestion will successfully dispose
of them,

(3) ©Seedins the by-products with fresh sludge will
increase the rate of digestion and gns evolution but not in
direct provnortion to the amount of seedin: adled.

(4) The cas evolved is of some vi:lue for heat or power
but it is doubtful that enoush zsas is nroduced to warrant the

expense of utilizin~z it.



Table 1,
The Volumn of Gas from Zach Flask in 171,

(Totals corrected for vocume of collectin~ apvyrnratus,)

Day- ] ek
1 2 3 - ) ¢ . g
C-1 T 5.. 6V 3,0 ol 302
:]-,) 4l e, S 2D «, ) 2oy 25
D=4 > o< CJ 2J 12 2499 22>
4-5 25 37.120 1,0 10 1530 2350 2Lu
5=0 1590 65> 219 cJ 1uu 1490
6-3d 40 60J 275 1460 2% 2
8=% 50 o5 259 1200 540
g=11 5 445 100 25 200
11=12 350 o) 5 280 29
12-14 45 579 200 10 600 10
14-15 40 110 559 <0 23 540 20 55
15=-17 410 529 ou0 55 43 5490 15 25
17=10 250 5190 440 179 13 550 $5
10=20 2ud 1120 240 225 10 ©59 4290
20=21 103 440 230 200 20 10 10
21=22 30 452 49 105 3 49
22=24 210 1430 1830 51 50 50 50
24=25 120 550 2040 755 5 10
20-27 3462 70 1500 ;50 15 12
27=2 . 720 552 291D 5 0
2.=29 270 1200 252 10
2%=31 340 1712 450
51=352 99 159 PR )
52=23% 140 010 a;a ¢35
55=54 150 612 560 4) 20 10
54-54 70 449 20 10 5
35=38 520 1152 vdd 150 50 24
30=4d 3D 419 110 2,0 10

(=]
o]
ct
)
H
N
C
+
(@%)
-
i

490 21854 7263 4552 5016 73103 2852
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Table

4,

The Composition and Reduction of liixtures

Compo- pll

at
sition start
whey
# Te4
Ca(OH)2
Skim )
0.9
ilk
Slud_e 70}
2 5%
Sludge 7.2
107
Sk‘ I-lk.
505
Slu@»’_’;e 7 03
501’
Whey
50,0
Sludse 7.2
501“

Sk. ilk,

157
Sludze

25,

‘4“‘"1’: e y

7.2

757
Sludge

25,
Sk, 11k,

Te2

-=Start--
Total Volumn
colids Solids

% dry wt.

6.52

8.87

4.41

5036

4,.8¢

% dry wt,

5.68

6.45

4,21

5.64

==inish--
Total Voluun
solids Solids
5.01 5.12
Te95 6.97
2.553 1.96
7.00 .92
4.;.1 5.23.
5.2% 4,217
391 J.32
4.2 549
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Table 4 Continued

The Composition and Reduction of Ilixtures

Leduction of
Total Solids

% dry wt,
<71
4

7/

1.48

Reduction of
Volital Solids
5 dry wt.

« 49

o 7

Gas in ml, per gm.
Volitile Solids

at start.



Apporatus

N

A« mixture
Be flask

Ce glass tube
De support
E- ma

Fe watey

Ge ressrvolr
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