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INTRODGCTION

Te anyone whe has chserved ithe sewer outlet of the
average creziery the laportance of this subject will be
apparent,

There are feor odors auits as clffensive as thoeso

are other

» Ceath by suffacaticn hy a

orclucing Jﬁ%%:bx” conditinng in
a streaa,*

Trhen 1“}FQUA conlitions o2 urJtty self purifying

tendency ti is relacel end a

=nl wore

1hlic

especially Ly creancry vasteo sfore a azarious

nuigance,

»11ut lon also has an cconomic ciznific=nee

+ve recreutior foroilities of the 3tats,

Ji8- thelr sacnle effect and the

recrezticy ey aflford consilitute a groat

ratural reszour~e by Ir ng5 ho Miehlpan vast nuabers of
borhastl of

tourists whe cvery year ¢ on? la the

tvienty-three ..illtlen ¢l

& Cernell Jniversit Bulilstin, Dispogal of
Balry Wistes,

#*  jiich. State

vablon Dept. Tstimate,






LEGISLATION

The :rowing pollut’cn of streaas in i

has presente

which *m Hlve

o

® rrobleom sinece the

w

n1 has, hecome more seriouc g

has resulted

in some lupccetant

quité an lsuas wit:

difficult i<

of certain wastss were realized., This in 1765 we f£ind in,

Aet 250, 12C3,

of the State."
"The Feorls of the State of Mlchlgan Enact:

"It ghall bLe

rid Wrine, or {11tk of any description

%]

and any uarson co offending shall he in any sum not

exceedln, 3300 ur imprisonaent nobt exceeding 30 days or
both &t tke 1iscretlon of the court."

"Provided,Mwever, that this act shall not be
construed t~ anply to discharglng the waste matter of

any paper :.i11 into an

<
o
23

the streams or their tributarles
on sections 13, 27, and 24 of Schoolcraft Township,
¥alamazoo County."

Although this act prevented gross pollutlon, in
many 1nstances, still its ineffectiveness 1s seen In the
deplorable condition of many of oub streams today.

The paper mills around Kalamazoo were exempt






\absolutely no m

from thés a~t, oprobably, for the very gool reason that

trod was avallabge for the dlsposal of

@

) .
these nlents are st111 discharging

- 2

[N

thelir wacte, an

(

their raw‘wastes into the Kalamazoo Rlver for exactly the
game reason., )

The act that created the Conservation Department in
1921 also placed the responcsibility of pollution preventiod
in théir hehds, thus,

Act No. 17, 1921,Sect. 3.

%t 1s to be male the duty of the Denartment of
éoqservétion to protect anl conserve the natural
regources of the State of ‘lichligan,- -------=--- to guard
2Zainet the pollutlion of laxes and stkreams witfhin the
State anl to foster and encourage the nrotectlon and
nropazation of same and flsh,"

Some TeneTiclal results fcllowedl the creation

of the Concervs*’'.n Department., However “hay faolt the
limitation of *“I~iv authority. lany croameries and -ether—
factcoriss contin=1 to dlscharge thelr wastes into the
streams In %ts-Tsge of restralning orders from the
Gonservatlcn “~partment. Hence the Act of 1925,

Act Mo, 201, 1925

"Sectlon 7 of Act No. 17 of the Public Acts of
1921 1c hnereby amended to read as follows."

"It 1s hereby .ale the duty of the Departmeat of
Conservation to nrotect and conserve the natural resourcas
of the State of lichlgan ANA®=- ------~=--=- to guard

against the pollution of lakes and streams within the






reduce wastes %

State an? *to enforce all laws provided.for that rnurpose
with all ~lthority mranted by law anl to Toster an?
encourage the nrotectlon and provosation of csme and
fish".

By this act the matter 1s placed squarely before
the @Gonservation Department which 1is now vested with full

power to enforce thelr orders.

PRESENT STATUS OF PROBLEM

Cn March 30, 1925 a hearing was held at the

State Office Bullding by renrecsehtatlves of the Attcrney

Srate Dep? . .
ce , Beapécof fealth, and Conservation

pe

General'c coff

Depart.zent. Renrcsantatives ¢f all the luaportant

"3

creazmeries In the 3tate were present,

The future »nollcy of the 3tate was outlined in
a genera?! way and it was announced that the creamerles
would re givren thirty days 1n which to formulate a nlan
or a prograu l~aling to the zaticfactory disposal of the
wastes at thelr regnective plant:s,

The 3tate Departments, very propnerly, steadfastly

refused to set any standaris for treatment or to recommend

any nrocess, Thae provlem of finding - process whish will

s}

o a stable effluent is left entirely to

the creameries,

3

The creancries are pnow Tacing the dilemma of

*+

{a

o

tmuediately »lanaine some lleposal syctem Tor was

yhen the Board o0 a1l ey <dnite that no reliable






procesz 18 known.
What little research has field

Fal
a

o 3

has been mo

H
O
]
e
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o

tanks} wastes vary ~reatl; in

A ~-r
ALy o

cencentration from day to

lend

baants 111 not

and
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A0 0N

factors ente
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neY

never aniTest tranc~luso In lsloratory operations. -un
LU wng Telt thot onr Furtter f¢l) cuanerlients should be
precsgded Ty & crosean on a laborabtory soxle in whhrieh
scime funid@osntsl Jats Aan? comoaricons coull o abtalned,
Thig th=. 1. 2 “regente] Jibth thig den in oind,
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I . . I LS ~ .- - I O D . .. = | . ~ ~ -~
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12,

The tank was cleaned out at an excessive cosp and again us?d
but the clogged condition of the soll soon made 1t necessary
to bull@ a new tank in a new location.

The new tank,Fig. 2 was rapidly filling up at the
date of inspection and it seems probable that it will be
necessary to clean out and relocate the tank once a year or

oftener,

International Milk Products Co., Bad Axe, Michlgan

This plant was visited later in the fall, October
21 - 24, It 1s lecated in the outskirts of Bad Axe and its
business extends throughout the thumb district. The plant
uses 50,000 to 65,000 gallons of milk per day and
mamifactures varying quantities of butter, condensed milk,
milk oowder, etc.

Mr. Fibson, the superintendent of the plant, stated
that the quantity of their wastes varied somewhat but
amounted to approximately 325 1lbs. of s0lids per day.

Untll lagt year all of the whey and other by-producks
of the creamery were dumped into the disposal plant which
was designed only for municipal use and Bad Axe was widely
known for its dlsposal problem. Unless the wind wéa blowing
in the opposite direction the entire city was pervaded with
odors from the overtaxed dlsposal plant. At present the
creamelry separates the whey and more concentrated milk-
wastes and hauls them to a distant orchard where they are
dumped on the surface of the ground, and used for what
fertilizing value they have. The wastes now consist of

the 325 pbunds of so0l1d matter, enormously dilluted wiit
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with cooling and coniensery water.

These wastes When combined with the municipal
sewage amount to about 120,000 gallons per day and are
discharged into the disposal plant fob treatment. Fig. 3.

The first step in their treatment is a process
developed by Mr. Travis of the Ohid Conservation Dept.
This 1is essentlally a chemical precipitation process,
carried out by adding 825 pounds of a precipitating
mixture to a days run of sewage. The mixture consists of
600 pounds of dried pulverized marl, 200 pounds of
hydrated lime and 25 pounds of ferrous sulphate.

This compound is continouusly added in quantities
proportional to the daily flow, by an:ingenious device

invented by a member of the Bad Axe Cougell, Fig. 4.

Fig. & ST
This device 1s used for adding the precipltating
compéund to the influent stream at the Bad Axe Disposal plant
The mixture 1s placed in the hopper and 1is slowly

added to the é&fifluent by a worm feed. driven by a small
water turblne.
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This chemical treatment was found to be apparently
ipeffective and the plant seems to work Jjust as well

if 1t 1s omitted entirely. It is thought that the compound
merely settles to the bottom and adds 1ltself to the sludge.
It was intended at the time of the inspection to discontinue
1ts use altogether. Mr. Gibson stated that the operating
cost of the process amounted to approximately ten dollars
per day.

After this chemical treatment the flow 1g divided am
pasgse® through an Imhoff tank, Here the solids are supposed
to precipltate into the lower chamber. The inefficiency of
the tank, however, 1s shown in the analysis of the influent
and effluent.

From the Imhoff tank the sewage passes over wiers

into the dosing chamber, Fig. 5. where 1t 1is dosed alternatdly

onto two of the sand filters having a ecombined area of 0.8 Acre.

The effluent from these filters 1ls comparatively
good having a relative stability of 50 - 70%.
The other two filters which are only about 18 inches
deep are often subject to a continuous flow and give a
somewhat inferior effluent.
Some trouble 1s experienced with the sand filters

which clog often and require frequent cleaning.






Fig.. 5.

This shows the twelve thousand gallon dosing
chamber of the Bad Axe Disposal plant. In the
background are the sand filters; four in number,
totalling 1.30Acres.

Note the flooded condition of the one on the
left., This was due to several repeated doses.

The effluent 14 discharged into a county
drainage ditch which flows through the clump of trees
in the background and into the Pinnebog River.

Note the recording device in the corner of
the dosing chamber, also the wiers and baffle boards,
and also the gas vent of the imhoff tank in the

foreground.

16.
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College Dairy

A few samples were taken from the college
Dairy waste in order to compare 1t with others of 1its
class. The results are shown at the end of the following

table.

Report of Tests of Sewage an? I/illt Wastes at Zast

Y - “ L I ] - N -, s .
Saugatuslz, Bad Ave, Cero, el I, 8. C. Dalry.

Discharge from sewer at East Saugatuck Creamery

Oetober 13, 1925.

Oxygen Consumed 901 parts/Million

Aerobic organisms on:

Plain agar 160,000 per cc.
Milk powder agar 26,035,000
Casein Liquifiers 20,000

Anaerobic organisms

Plain Agar 120,000
Milk agar 6,600,000
Gelatine liquifiers (Aerobic)80,000

Influent of Plant at Bad Axe October 22, 1925

Oxygen consumed 130 p,p.m.

Organisms growing on

Milk Agar:

Total aerobic 420,000
%

Casein liquiflers 20,000

Anaeroblc 370,000






Influent at Bad Axe. Cont'd
Gelatine liquifiers

Effluent from Imhoff tank
Oxygen consumed

Aerobic organisms
Anaprobic "

Caseln 11qﬁ?fiers
Gelatine 1liquifilers

Sand Filter Effluent
Oxygen consumed
Aerobic organisms
anaerobic "
Casein 11qu1f1ers

Gelatine liquifiers

Condenser water
Oxygen consumed
Aeroblc organisms
anaerobic "

Casein liquifiers
Gelatine liquifiers

Wash Water
Oxygen Consumed
Total solids

ash,

18.

20,000

200 p.p.m.
420,000 / cc
600,000
30,000
100,000

150 p.p.m.
100,000
70,000

0

50,000

70 p.p.m.

20,000

4390 p.p.m.
3000 p.p.m.
1300






Disposal plant at Caro,Michigan

Septic tank effluent.
Oxygen condumed
Aerobic organisms
Anaerobic organisms
casein liquifiers
Gelatine liquifiers
Total solids

M. S. C. Dairy Waste.

Can Washings  April 20, 1926

290 p. p. m.
990,000 /cc
610,000
100,000
~50,000
1500 p.p.m

Oxygen Consumed 120 p.p.m.
Total Solids 810
Inorganic solids 160
Organic solids 650
Cool&ng Water and small

amount of Sewage. April 21, 1926
Oxygen consumed 60
Total Solids 530
Inorganic solids 150
Organic solids3 380
Organic Nitrogen 16

19,

Floor washings, Small quantities of sewage, whey, milk,

and large quantities of cleaning powder. April22, 1926

Oxygen consumed
Total solids

Inorganic solids

Organic solids

47

3640
2700

940
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M. S. C. Dalpy, Contd

Large quantities of whey and wash water,

Oxygen Consumed 824 p.p.m.
Total solids 2730
Inorganic matter 320
Organic 2410
Organic Nitrogen 12

------- Dilution------------ccc---
Bacteria 1/100 1/1000 1/10,000
Total | ---Too thick---- 5,240,000 / ce.
Neutkal colonies 4,500,000
Acld 600,000
Alkalil 140,000

QUEST IONNAIRES

In addition to the personal inspections, ré&r-
hundred questionnaires similat to the one on the following
page were distributed through the State Bureau of Dairying
with the understanding that they would be filled out
and returned by the inspectors. However very few of them
returned and the results are not sufféclently significant

for presentation here.
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QUEBT IONNAIRE

Kindly indicate below the products and average amodnts

of each produced at your plant, weekly.

Butter

Chesse

Kinds

Market Milk

Average amodnt of milk recelved weekly

About how much water 1s used per week?

Estimate the amount of waste materilal per week.

Buttermilk

Whey

Skimmilk

Method of disposing of this waste

Septic tank

Seeping cesspool

Discharge, directly into river or stream

Discharge into municipal sewage sysatem
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Is the waste of the dairy combined with any other sewage?

Please state any trouble experienced in the disposal of waste

Have any objections been raised to your method of disposal?

e & e e ema ca . s A i e i e s A—

Do you anticipate any trouble in the future?

Have you any plans or suggestions fér improving your system?

Have you experienced any trouble in disposing of grease in

the sewage?

Do you uge a grease trap for 1ts removal?
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QUANTITY OF WASTES |
Col. E. D. Rich, State Sanitary Englneer, contributed
the following results from a redcent questionnailre issued

Jointly by the Bonservation and Health Departments.

Concern. Production Quantity of Waste
Creamery Co. 500,000 #Butter/ Yr, 4500 gal/ Wk/
850,000 #Butter/ Yr, x

Go.-Op. Creamery 60,000 # Whole Milk/day 350 gal./ day

Condensery 65,000 " 120,000 Gal/day

Butter +Powder milk.80,000 " 5000 gal/day
1,240,000 # Butter/ Yr. ?

660,000 Butter/Yr, 700-900 Gal./day
Condensery 20,000 # Milk/day 200 Gal/day
100,000 " 3% Solids
Butter, Cheese,
Ice cream 30,000 " 100-500 Gal/day
Ice Cream Co. 10,000 Gal Ice cream/Yr, 500 Bbl/day

It 1s apparent from the fomegoing data, that
creamery wastes from various plants differ widely, both

in quantity and in quality. S ovima cod kit

bﬁjﬂLDMN/ﬂn average creamery waste from a plandt making a

varliety of products might be expected to contain, 0,05 -
0.12 % fat; 0,05 - 0.10% Casein; 0.01 - 0.02% Albumin;
0.10 - 0.20 Lactose; and 0,01 - 0.05 % Inorganic matter,
Often the waste contains quantities of sawdust,
bits of glass and usually eleaning powder., These latter

constituents present no serious problem. Heavy solids






Cartms as

- fixed-proportion .of alkali .and 1
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can be removed in a grit chamber,and experiments
conducted at Cornell University show that moderate -
gquantities of cleanipng powder are nod objectionable.*

The dispesal of the other constituents, however,
presents one of the most difficult and complex problems
that 1s ever met in the Sanitary Engineering field.

Butter fat,if present, 1s very difficult to
dispose of. It 1s very slowly attacked by bacteria,
it forms unsightly and offensive scums wherever the waste
is‘ggggzgg; im rapidly elogs filters and stops up
drainage systems, 1t interferes with the settling of
sludge, and finally, upon decoﬁpoaing it glves rise to
disagreeable odors.

Casein 1m a protein with an aedid reaection.--As
1t.exists in milk it is. soluable but—1t combines with-a (Jii:z

biefﬁénﬁij

present in milk in a suspended or colloidal condition.

and may e removed by filtration.** If milk wastes are

allowed to acidify a point is reached between pH 4 and

pHS5 at which the casein is precipitated. It rises to _

the surface and 1s slowly acted upon by protein 11qu¢fy1ng -L_

bacteria.with more disagreeable odors,x« R

A
* Cornell Exp. Station Bulletin No. 62, p 62,

** Taylor, Chemistry of Collolds,
Barthel, Milk and Dairy Products,
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Albumin 1s present in smaller quantities in
a form known as lacto-albumin. This is similar to other albumins
and upon decomposition it also contributes to the odors
charaeteristic of creamery waste.
Lactose, known also as milk sugar, is the common
and most troublesome constituent of all creamery wastes.
It 18 a disaccharide and 1is immediately attacked by all
members of the GolonAgraapgef bacteria ‘which converg 1it,
for the most part,into lactic acid,

Cio Hop 077 + H 0 ----9% 4 Cz Hg- 03 ~- 7y = =
Ly ¢, ~ e H G He 1l e H
The charavterietic rapid rise in acidity is shown

clearly 1in later experiments.

A hydrogen Ion Concentration of pH 5.5 has been
found by Max Levine to markedly inhibit bacterial action
and it can be readily seen that the rapid rise in acidity
will soon destroy the bacterial flora, after which it may
require weeks for a bacterial flora to develop which will

- ~ o s,

eontinue the reduction under the highly acidified eondition..

\

DISPOSAL
Disposal by dilution which 1s recognized as a
standard method for most sewage is dangerous in the case
of milk wastes., If they could be discharged into a rapidly
flowing stream which was neber completely covered with
ice end which had plenty of dissolved oxygen this method
might be safely employed.
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" A dilution of less than fifty times the volume or

with a previously polluted stream has always been found

objectionable. The already grossly polluted streams of
this 8tate which are invariably covered with ice during the
winter preclude any feasibility of this plan.in Michigan.
Typlcal ' examples. of this condition exist in
Bay City and Saginaw. The Saginaw River is grossly polluted
by various concentrated trade wastes which rapidly absorb
the dissolved oxygen in the stream. During the winter
months the river is completety covered with ice which
prevents the readsorption of oxygen from the air. Most
aquatic 1life dies from suffdcation if not from the toxic
effect of the waste, It is reported that during the late
winter months the banks have been literally lined with
dead fish, The dahger of such a condition is obvious.
Disposal of creamery wastes by such means 1is very B o
seldom satisfactory, and in the future will mot be permitted

in this State.
DISPOSAL BY STORAGE

In order to observe the effect of storage on ‘the
acldity wand character of milk wastes a five liter
glass cylinder, Fig. 7 was filled wilth 2% milk solution
and stored for several monthe in the laboratory.

During this time several tests were made, the
averaged results of which are glven in the followlng

table.
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Fig. ¥

One of the two septic cylinders used for studying the effect

of storage on 2% milk solution.

Table.

January 12, “? 1100 p.p.m. Oxy. Cons.

13 998

14 900

15 950 Odor first noticable

17 831 Strong odor, slight sludge forming.
March 5 433

23 380 Odor dispgspeared
June 15 220

Nov. 23 100
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Acidiby
Janmuarg 12, 5 p,p:m,
14 33
15 47
17 93
March 5 910
June 15 1300
Nov, -~ 23 1500

November 23, 1926

Total s8olids 360 p.p.m.
Inorganic " © 140
Organic " 220
Suspended " 7

z:
These results are shown graphically in Fig, KJp 28"

. The decreasing rate of fall of the oxygen consumed
curve ag the acidity mounts higher can be readily seen.
This 18 because of the decreased activity of the bacterila

under the highly acidified eonditions.

SEPTIC TANKS
If the preceeding experiment represented the most
effective storage conditions a retention of sewveral months
would be required in order to produce even a fairly

satisfactory effluent.

; It would be expected that in a septic tank the
gradual introductlon of fresh effluent would not only
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keep down the ecidity but would also result in a continuots
seeding action which would result in a quicker reduction.
\This proved to be true.
A small model plant consisting of a septic tank and

a contact bed was constructed as shown in Fig. 8, _

l

Model septlc tank and contact bed. The ten gallon
Jar at the left served as a septlc tank and discharged
through a siphon into the metal drum which was filled
with crushed rock, passing a 1-1/2" and retained oft

a 1/2" screen. |

The capacity of this tank was 8.50 gallons=
32,2 1liters. The capacity of the céntact bed used in
connection with thie process was 4.5 gallons = 17.0 liters.

In order to fill the contact bed this amount was withdrawn
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at every dosing period and an equivalent amount was

replaced in the tank.!

( During”the opération of the tank no decrease
in the capacity of the contact bed was observed thus
proving thet the voids in the crushed rock were not
being fillled gpt&
1_Operatlon of the tank was started October
19, 1925. Tests of the effluent were made at intervails

with the following results.

One Day Retention

Date_ Oxy, Cons Acldity .

Oet. 29 410 p.p.m. 410 p.p.m,
30 410 400

Nov. 2 360 400
3 380 410

Total Solids 1900 p.p.m.

inorganic " 220

Organic matter 1680

A bacterial analysis was made October 29, #¥ith

the following results,

—————— Dilution ----=-===---
1/100 1/10,000
Mmaniirued
Total Aerobic Too Hirick 9,000,000
Casein liquifiers 110,000
Total Anaerébic 2,300,000
Anaeroblc casein liquifiers 0

Gelatine liquifiers 11,220,000
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Because the results of tests made on sucessive
days failed to show any material change in the
effluent, it was apparent that the tank had reached
1ts maximum efficlency. A few doses were then made
using a retention period of three days, with the

following results,

Theee Day Retention Period

Date Oxy Cons, Acidity
Nov. 10 260 650

13 270

16 250 600
Total solids 1400
Inorganic " 180
Organic " 1220

Notwithstanding the fact that the tank was -
operated under a closed hood the odors were so offensive
that it was necessary to draw off the effluent and dose the

tank at night when the laboratory was vacant.

Conclusiones from Storage Experlments,

(1)High acidity inhibits the reduction of wastes,

(2) Under ordinary storage conditions a reduction
in oxygen consumed 1s accompanied by an increase 1n

acldity.
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(3) The acidity in a septic tank using a one day
retention pericd will range around 400 parts per million
and with a three day retention period will be in the
neighborhood of 600 parts per million. The oxygen
.consumed will be about 400 and 250 parts pef million

respectively.

(4) Sludge does not form readily but a heavy

offensive scum forms on the surface of the waste.

(5) Large quantities of many:types of bacteria
are present including gelatine and casein liquifiers
Casein liquifiers are in the minority, however, which
may account for the persistence of the scum in the

highly acidified wastes.

(6) The effluent from this process 1s extremedy
offensive and even with a three day retention period

contains large quantities of organic matter.

(7) The septic tank is not well adapted to the

disposal of creamery wastes.

Contact Bed.

A model contact bed was used in conjunction with

the septic tank Jjust described. It was eonstructed as

shown in Fig. 8 from an 8.5 gallon tank. This was

filled with crushed trap rock ranging from 1/2" to 1-1/2"
The capacity of the voids was found to be 4.5 Gallons

The time required for filling the tank through the siphon
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was twenty minutes, it was allowed to stand full for
thirty minutes and was then emptied in about ten
midutes. It was dosed once a day for about a month

4s no improvement in its performance gpuld be observed
during this time 1ibts use was discontinued. Its lack of

efficiency 1s shown in the following data

Oxygen Consumed (Parts per million)

Influent Effluent Reduction,E/I
October 29,
410 : 380 7.2%
30 410 350 14.6
Nov. 2 360 330 8.3
3 380 350 7.9
10 260 e R B0 o s T ettt
13 270 250 7.4
16 250 250 0.()é
Average Reduction = 7.4
Acidity (Parts per million)
ate Influent Effluent Increase.
October 29 410 480 17.1%
30 400 430 7.5
Nov. 2 400 420 5.0
3 410 490 195
1o BB i B00 5 - L D (PP CC TR :
16 600 680 133

1%
Average increase in acidity = g
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Change in Bacterial Flors.

October 29, Milk powder agar and gelatine 1/10,000 Dilution
Influent Egfluent Increase

Total 9,000,000 13,200,000 46.7%

Casein liquifiers 110,000 180,000 63.5
Total anaerobic 2,300,000 2,280,000 =« 0.9 =f
Casein Liquifiers O 0o 0 @
Gelatine liquifiers 11,220,000 9,000,000\19.8
Y@Ix/mp,veﬁée_ ;. R = Reduction-

Relative stability of effluent

oct., 29 20%
Oct 30 4%
Nov.10 8%

The relative stability seemed to bear more
relation to the turbidity of the sample than to the
amount of arganic matter or the period of storage. |

('The inconsistent and abnormally low results
were probably due to the absorption of the methyl@ne

blue dye by the colloidal and suspended matter.*
e

Conclusions from Operation of Contact bed.

(1) Using a retention period of thirty minutes
vt

a reduction in the oxygen consumed of 7% may~be
weor”

* Taylor's Chemletry of Colloids.
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expected. Thls will be accompanied by a rise of about
7 % in acidity. :

(2) The relative stabllity tesg isinet applicable to

effluents of this kind.

(3) The operation of a contact bed for this purpose

result’ in very offensive odors.,

(4) It would seem, therefore, that contact beds are

not satisfactory for creamery waste disposal.

FIXED HYDROGEN ION CONCENTRATION

Since septic action had falled because of the
rapidly rising acidity and treatment in a contact bed had
failed to produce any further material reduction, it was
thought that by preventing the rapid rise in acidity
the bacterial actlon might be continued.

(VA;cofdingly a serlies of five four-liter glass
Jars were filled with 2% milk solutlion and by the addition
of calcium hydroxide were brought to Bydrogen lon
concentrations of pH 7.6, 7.2, 6.8, 6,4, and 6.0
Once a day enough calcium hydroxide was added to bring the
pH value back to the previously determined amount.

Some interesting observations on the rate of
acid formation were made, Fig. ; 7. The ordinated
are the pH value A¢ which the waste had qiﬁjﬁag each
day before being neutralized with the calclum hydroxide.

(It will be seen that most of the acid production

took place during the first two or three days. The great
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lmprovement of thls method over ordinary storage can be 2
seen by comparing this dlagram with Fig.ip'where acid
formation continued for several months. Since the rate
of acid formation indicates the rate at which lactose is
fermented the great advantage of keeping the waste alkaline
is obvious.

The data that was obtained from this eXperimeﬁt
is contained in the following table.

Freesh 2% milk solution

# pH Oxy.Cons. pH after 24 Hrs. iggigléi:;;;-;;Q-Org.
1 7.6 1065 6.8 3480 750 350 3130
2 7.2 1065 6.6

3 6.8 1065 6.8

4 6.4 1065 6.4

5 6.0 1065 6.0

Firet gy S0l 4d8n o mm o mm .

# pH pH after 24 Hrs, Total. Grease Ash Organic

1 7.6 5.4 2710 430 350 2360

2 7.2 5.8 2640 270 2370

3 6.8 6.0+

4 6.4 6.1

5 6.0 6.0






Second day

# ©pH pH after 24 Hrs.
1 7.6 6.4

2 1.2 6.4

3 6.8 6.2

4 6.4 6.0

5" €6,10: 650

Feurth Day

# ©pH pH after 24 Hrs.
1 T.6 T2

2 72 6.9

3 6.8 6.4

4 6.4 6.0

5 6.0 5.9

Fifth Day

# pH pH after 24 Hrs
T 3 T

2 7.2 7.0

3 6.8 6.4

4 6.4 6.3

5. 650" 5.9

Oxy. Cons.
660, 659
605

650

650

710

Oxy. Cons.

510

Oxy. Consa.
430

455

468

429, 434
4ok
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Seventh Day

# -pH pH after 24 Hrs, ESQQE--;;zztédz;ﬂ_—;;;;;1;'°

1 7.6 T.4 3820 140 2430 1390

2 7.2 7.1 4200 1030 2170

3 6.8 6.4

4 6.4 6.2

5 6.0 6.1

# Suspended Solids Suspended  Oxy. Cons.
inorganic Filtrate

1 1872 296 21

2 948 136 12

3 828 116 79

4

5 800 38 105

Eighth day

# ©pH pH after 24 Hrs,

1 7.8 7.5, 7.4

2 7.2 T.1

3 6.8 6.8

4 6.4

5 6.0 6.0
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Flg.ﬁ shows the decrease in oxygen consumed that

occurs when 2% milk solution 1s stored at a constant
hydrogen lon concentration of pH 7.6. If compared with
Fig. 3’ 1t will be seen that the process of reduction
igs shortened up to about one-tenth the time required
with ordinary storage.

It was found, as shown in the preceeding tablef
ﬁ’%’,’?}?/ ‘_tO that at the end of seven days most of
the solid matter 1s in suspension and that after this
suspended matter is removed by filtration the oxygen
consumed is very low, 21 p.p.m. when stored at 7.6 pH
and 12 when stored at pH 7.2

If it had not been necessary to mix the waste

daily in order to neutrallze the acld and if the
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operation had been caried on in a larger tank a
much better effluent would probabpy have been secured
because of the better opportunity for sedimentation.

(One important feature of this process is that

offensive odors are greatly reduced.

Septic Tank Action with Constant

Hydrogen Ion Concentration

Although the bacterial action was rather slow in
(”lf.' 21 in the preceeding experiment it was
expected that when the fixed hydrogen lon concentration
principle was applied to a septie tank and a portion
of the 9;;.:;;ients was retained to seed the lncomming
1nf1ueﬁt, qulcker action would be secured. Thils proved
to be true.

Referring to the table an 4 Fig,. 9’1t will
be seen that pH 7.6 waé the most favorable hydrogen
lon concentration for rapid reduction of the waste.
and it was,therefore, selected as thé one to be used
in further experimentd .

A four liter jar was filled with 2% milk
solution and inoculated with bacteria from the
preceeding experiment. Once a day, two-thlrds of the
liquid was siphoned off and replaced with fresh
2% milk solution. The resulting mixture was then brought t
to a pH value of 7.6

This process wasgs continued for about a week
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in order to stabilize the action, then the following

analysis was made.

Total solids 2510
Inorganic solids 370
Organic solids 2140
‘suspended matter 92
Acidity 17
Organic nitrogen 67
Oxygen consumed 362

Oxy. Cons. after suspended

solids were removed 226

Bacteria  -m<mmmccomeo--- Dilutlon------e-vc--mceeue
x 1/100 1/1000#1/100,000 1/1,000,000

Avarsaryus Spreaders

Total ---Too &hdek- 46,000,000 47,000,000
Acid 7,000,000
Neutral 20,000,000
Alkaline 20,000,000
Casein liquifiers 3,000,000

In order to determine what would happen if the
process was neglected for a day as might occur in an
actual plant over a week end or a hol%iday,~the change of
waste and restoration to pH 7.6 was omitted :one day and

on the next an analysis was made with the following result.
Total sollds 1930

Grease o]

Inorganic matter 650






Organlic matter 1280
Suspended solids 460
Organic Nitrogen T2

Oxygen consumed 211

Oxy. Cons. after removal

of Suspended matter 155
Bacteria -----g--~---- ilution-----
1/100 1/10000 1/100,000
Total Too théck ?—l 49,600,000
Acld 8,000,000
Neutral 23,000,000
Alkaline 18,600,000
Casein Liquifiers 200,000

44,

1/1000,000
52,000,000
11,000,000
31,000,000
10,000,000
1,000,000

The advantages of malntaining a fixed hydrogen iom

concentration are evident, It was possible to accomplish

far more with a retention period of one day than with

three days in the ordinary septic tank. It 1s probable that

with a large tank aonsiderably better results could be

secured becauge of the more perfect sedimentation .

The effluent from thés process, moreover, 1s less

cloudy, and has a much better appearance than that from

an ordinary septic tank., The odors while somewhat offensive

are not nearly as bad, The scum and sludge accumulation

1s not nearly as great and the scum is less offensive.
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Here agaln the relative stability test falled
because of the cloudy condition of the effluent but the
fairly low percentage of suspended solids indicated that the
effluent might be safely discharged on a sand filter
without danger of rapid clogging and the low acidity would
facilitate rapid oxidation. It 1is also certain that
with a longer retention period better results would be
obtained.

Conclusions from Fixed Hy@rogen Ion Concentration

Process,

(1) The decomposition of milk wastes 1is greatly
facilitated by the addition of proper amounts of lime

or other baslc material.

(2) Best resulta are obtained when enough lime 1is
added every day, to bring the hydrogen ion concentration

to pH 7.6

(3) The effluent, being low in acidity and suspended

solids 1s suitable for treatment on a sand filter.

&4) The sludge and scum accumulation resulting
from this process is less in quantity and less offensive

than that from a septic tank.

(5) This method of treatment can be applied to any
septic tank, thus increasing its efficlency many fold.






CHEMICAL PRECIPITATION

Many serious akjec?ians were common to the results
+of practically all of the laboratory experimentqkmri—a%—eil
J
of—the—plante—visited,

(These seemingly inherent features of creamery waste
disposal include, the heavy offensive accumulation of scum.
the objJectionable odors of the effluent due to the
decomposition of the large quantity of protein, the large
amounts of grease, and the cloudy nature of the efflueht‘
These problems were all met in a series of
experiments using chemical precipitation.
Chemical p recipitayion as applied to creamery
wastes consists of adding the salt of some heavy metal
such as ferrous sulphate and precipitating it with a base

such as hydrated lime.

Fe 5 04 + Ca (OH)2 -----®= Ca S 04 + Fe(OH)p

The ferrous hydroxide forms as a heavyg gelatinous
precipitate which on settling drags down all of the

suspended matter.
@A AN

This method has been tried with Iittle success "

in the dlsposal of creamery wastes. The opinion is
popularly held that this process does not materlally
reduce the oxygen consumed, that an enormous quantity of
sludge 1is produced, that the process is difficult to carry

on, requiring considerable technical knowledge, that its
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use 1lnhibits bacterial development, and that a poor quality
of effluent 1is prodgcgdf

[Ehégvmost of these ideas are fallacious when the
process 1s properly carried on 1is demonstrated in the

following experiments.

The Travis Process.

K8 )nas-heen mentloned.before The disposal plant at
Bad aAxe 1s one of'the few plants in the country where
chemical precipitation 1s attempted.}

{The wastes which are rather highly diluted and in
combination with municipal sewage amount to about
120,000 gallons per day. The precipitating compound used
dally consists of 600 pounds of dried marl, 200 pounds of
hydrated lime, and 25 pounds of ferrous sulphate. This
is equivalent to 0.025 g. of feeeous sulphate per liter,
The process, ag/cArried out at Bad Axe is obvlously
ineffective but since the plant was somewhat over loaded
it was thought advisable to try a few experiments
using small quantities of ferrous sulphate at varlous
degrees of alkalinity. The results are shown in the
following table.,gfkﬂf/ahe 1% skimmilk solution was
arbitratprly chosen because the wastes at Bad Axe are

somewhat more dilute than the average.
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The‘original Travis process, as used at Bad Axe.
faileqféo give redults and, using concentrations as
higpf;s 0.17 g. per liter of ferrous sulphate. no
a&ﬁ;eciablg results were obtained. Unfortunately Mr.
?ravls failed to answer the correspondence of tle writer
fénd nothi%g could be learned of the principles of the

i ;
{ process ox -how it came to be developed,
i

General Experiments.

In order to deterﬁine roughly what might be
expected by using widely varying amounts of ferrous
sulphate and degrees of alkalénity several general
experiments were tried. The results 1in the following

table are typical.

2% skimmilk solution

Mil. Eq./ L Ferrous Acidity  Oxy. Turbidity  odor
sulphate Cons. after

Ca (OH), g/L p.p.m. p.p.m. 3 days.

5 0.1 +190 570 Cloudy +H+4

5 0.4 +580 640 Cloudy ++

5 1.0  =---ee-- ---- Broken------==--=c-=---

15 0.1 +260 680 Cloudy e

15 0.4 +310 570 sl. Cl. -

15 150 #490 650 Brown -

30 051 +40 850 cloudy +

30 0.4 +50 840 1. Cloudy -

30 1.0 +70 810 Clear. =

0 Fresh 27% [¢] 670 Cloudy FHErb 4

Skimmilk
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Fig. A1

Chemical precipitation experiment

This shows the appearance of the effluent and the
sludge that formed when one liter portions were treated
as indicated in the preceeding table. No. 3 is

missing, having been broken earlier in the experiment.

It will be seen in the preceeding experiment that
best results were obtained when the acidity of the supernatent
1iquid was lowest and about 0.4 5/1 of ferrous sulphate
were used. This was further verified in the following
dadla S Pags’ Sl.

[ Here again 1t wae apparent that the clearest
effluent with the lowest oxygen consumed capacity was
obtained when the effluent was about neutral. In this

experiment 1t was between samples 5 and 6.
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= Fig. ¥.7]

This picture shows the one liter samples of 2% milk solution
treated as indicated in the previous table. This was taken
ten minutes after treatment. Note that the sludge has settled
very quickly, also that Nos. 5, 6, 7, and 8,which are not

excessively alkaline,are clearest.

CFig. Wy

Same as Fig. 1@ after standing 14 hours. The excess Ca(OH)2

in No. 4 has been neutralized by the formation of lactic
acid@ and it has cleared up. Note the dark color of Nos., 6,
7 and 8 due to ox;dlzation of excess ferrous compounds,
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Fig. 7@.0\

Same as Figf. %5 after standing 32 hours. The
acidity of numbers 5, 6, 7, and 8 have risen

to such a polnt that the casein has precipitated
It can be seen as a thin white layer on top of the
sludge. If the basic material had not been

added first the casein would have probably been

removed by the precipitation.
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Tole/ Solies — Parts /ati/lfiar

0.2 0.4 2.4 2.5 r.0 7.2 1y 76
Ferrous Sulphate Froms /Z//z-'.
Fig. 15.

Fig. 15 is a chart showing the effectiveness
of the various quantiyies of ferrous sulphate
in reducing the amount of total solids in

2% milk solution in the preceeding experiment.
It will be seen that 0.6 g. /liter of ferrous

sulphate 1= the least quantity which glves good

results.



s
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Proper Order of Adding Basic material and Ferrous Sulphate

Casein 1is present in mi2k in the form of a suspension
but it behaves like a fairly strong acid and dissolves on the
addition of smail amounts of alkalil.

It is obvious that if the basic material is added first
the casein will dissolve and escape preeipitation as 1t did
in the preceeding experiment. If the ferrous sulphate 1is
added first this will be avoided and two other advantages
will also be gained.
Ferrous sulphate is the more expensive compound
and 1f added first can be used in the most economical
quantities, and the basic material 1f added last produces
a color change which will aid in sedéuring the proper
degree of alkalinity.

(%%r best results she ferrous sulphate should
first be dissolved in water, a 10% solution being convenient.
The proper amount of this solution should be added to
the waste, first. Absolutely uniform distribution
18 not necessary but some mixing 1is desirable.

The lime or other baslc material should also
be made into a solution. It should be added slowly with
constant mixing in order to avoid a local excess of
alkali which 1s shown in a later experiment to be detrimental.

,,.The color chart, Fig., 16 will aid in determining
tég;p?gper amount of basic material. v ,

As far as could be determined equivalent amounts
of calcium hydroxide and sodium hydroxide gave ldentical
results and the latter was used in subsgquent experiments

because of the greater convenience in handling and storage.
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RELATION BETWEEN ACIDITY,HYDROGEN ION CONCENTRATION,
RATE OF SETTLING, AND COLOR.

An excess of baslic materlal should not be added.
It 1s not only wasteful but it inhibits bacterial growth
and prevents the precipitate from settling readily. }

[ffmggggipitation'ié complete the amount of ferrous
hydroxide dissolved in the wupernatent ldquid 1is more than
enough to give sufficlent alkalinity to insure good
bacﬁerial action. The solubllity of ferrous hydroxide

in cold water is .0067 g/1 *

0.0067 x 2 _
Ns 278 = ,0000482

- -14
conc. (H)Y X Come. (OH)” =1 X 10
Assuming complete dissociation at these

high dilutions pH= 9.7

In order to study, further, the effect of
different degrees of alkalinity on precipitation
sucessivg_gggua%s’amounts of NaOH were added to portions
of 2% milk waste and the resulting acidity, hydrogen ion
concentration, and behavior of precipitate were noted.

¥
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TABLE SHOWING>THE RELATION BETWEEN ALKALINITY, HYDROGEN ION

CONCENTRATION, AND BEHAVIOR AND APPEARANCE OF PRECIPITATE.

3 liter portions of 2% milk. 0.5 g/liter of ferrous sulphate.

ce. 50% Alkalinity

Supernatent
liquid after

Color immedie::
.ately after
treatment,

NaOH Normal pH Precipitate precipitation before settléng
0.00 -0.0170 6.4 None Light yellow
0.50 -0084 6.9 Very light green Very 1little 1light bluish
settled out
slightly in change green,
10 Min, =
0.75 ~0078 7.3 Light blue ppt. Cloudy Very light
forms readily greenish blue.
settles slowly
1.00 -.0070 7.6 Large 1light Clear with a Medium Blue.
blue flakes of few flakes of
Ppt. form almost Ppt. suspended
immediately and
settle falrly
well in 10 Min,
1525 -.7030 7.8 Med. Blue ppt.
Settles out very
quickly, leaving Clear Medium Blue
a clear Supernatent
1liquid at end of 10
oo Min,
1.50. 2.0 Medium Blue ppt.
Settles out quicX:
Y. Clear Medium Blue
2,00 +.0015 .0+ Med. Blue ppt.
Settles out
qulckly. Clear Rather dark
blue
2,50 +.0049 Darker ppt.
Settles out
quickly Clear Rather dark
blue.
3;00 +.0052 PPt. rather dark Slightly
blue. Does not settle cloudy
out so readily. Quite dark

blue
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Table Continued. Supernatent Color immedi-
liquid after ately after
cc. 50% Alkalinity precipitation  treatment
NaOH Normal pH Precipitate begore settli
4,00 +.0091 Rather dark blue
ppt. Does not Cloudy Quite dark ¥
settle out blue
€.20 +,0237% readily
6.00 +.-225 Settles out
Slowly Cloudy Quite dark
10.00 +.0385 Settles very
slowly Very
cloudy Dark bluish
slate color
14,00 +.058% "No ppt. No settle-
ment Dark

It will be noticed from the preceeding table that good precip-
itation took place at a H ion concentration range of PH 7.6 to well
above. PH. 8.0. This PH range 1s also the most satisfactory for
bacterial action as ls shown in Fig.5dR, In fact it closely aporox-,
imates the al&alinity of domestic sewage which ranges around PH. 7.

(The change in color and appearance at this noint 1s quite %grik-
bt 2T

ing. A medium blue color and the formation of a heavy feathery)pat.

indicates that the nroper amount of alkali has been added. If the
mixture is too acid it will have a light buff color and 1ig too
alkaline the color will be dar* blue and the precinitate will not

form.

éiii/Sﬂiﬁr changes that accomhany varying degreesxof alkaliﬂity‘
e Btown in t}g 16 & . %

A few expneriments were tried to see if the process could be

reversed after too much alkall had been added.

The samn1e in the }receeding exneriment which had been brought
e fouiale
to an alkallnity of ,0584N, at which noint no np% formed, was

treated with succesgive amoynts of sulthurie acid.. The mixture....
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/\\went tough approximately the same color changes but a precipitite
e ir=a]

ke p \ X s
aid not\EBmmquezgg/form until an alkalinty of .0018 or ?ﬁf'

8.0 was reached;

(Bejond this point a precipitate formed but did not settle

readily. Some of it rose to the surface and the remaining
1iquid was cloudy. (samnle #1 Fig. %gﬁaji)

" Another portion was made 0.010 N acid with H3S804 then made
slightly alkaline, PH. 8.0 with NaOH. The settlement in this

Zol. X
case wag alsA_§g§ as shown in sample 2 Fig 1%.

Showing the effect of variations in the precipitation
procadure on the slud.e form~tion.

(1) Waste made strongly acld and then brought back to PH
7.8. Note that pnart of the sludge rose to the surface leaving

a cloudy effluent.
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(2) Waste made strongly acid and then braught to
pH 8.0. Note the poor sedimentation.

7elr,
(3) Waste properly treated. Note that all W'

sett@es directly to the bottom.

(4) Untreated milk waste.

The character of the effluent resulting from these
variations from the regular proceedure can be judged from
the following partial analyses.

(1) Total solids = 6100 p.p.m.

Organic nitrogen 27 p.p.m.

(2)
(3) Total solids 1730
Inorganic " 580
Oorganic " 1150 :
Organic Nitrogen 36 ;
(&) Total solids 2460
Inorganic " 260
Organic " 2200

Organic Nitrogen 159







Same as ng. %1 after standing three days I
Note the increased thickness of the scum in

No. 1 and 2 also the scum that is starting to

form on No. 4 . Note, however that the appearance

of No. 3 has not changed. The lowering of the

level in some of the jars 1is due to the use of some

of the effluent for analysis.

)
Fig ¥9.

(1) Fresh 2% milk solution,

(2) Milk solutlon after standing 12 hours.

(3) 2% milk waste after chemical treatment.
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Effect of Chemical Precipitation on Bacterial Flora.

It was expected that the precipitate in dragging down
the suspended matter would also remove many of the bacteria
that were in the waste. The following experiment proved
this to be true.

A 2% milk solution was prepared in a three liter jar
and seeded with bacteria from various septic tanks, sewage,
other milk wastes, etc. and allowed to stend two days, after
which a bacterial count was made. The waste was then treated
)ﬂ?}hﬁLﬂéﬁaj7hgz by chemical precipitation and another

analysis made. The decrease in bacteria 1s shown below.

Dilution 1/100,000 1/100
Before after % remaining
Totale 22,200,000 11,400 0.05%
Acld 600,000 400 0.07
Alkaline 100,000 100 0.10
Neutral 21,500,000 10,900 0.05
Casein liquifiers 600,000 400 0.07

Thie decrease in the bacterlal flora indicates that 1f the
waste 1s to be further reduced after precipitation that
it should be stored in a separate tank where bacteria
will be free to develop, as otherwise the subséquent
precipitations would continually reduce the bacterial

flora.
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Septic Tank Principle and Chemical Precipitation

While it 1s obvious from the preceeding experiment
that precipitaticg should not be conducted in a tank
used for subséquent storage of the effluent, a slightly
different condition was tried in the following experiment.
Three liters of a 2% milk solution were placed
in a four liter glass Jjar shown in Fig. , Once a day
two liters were siphoned off leaving one liter in the jar.
Two liters of fresk 2% milk solution were prepared in a
separate vessel and treated with ferrous sulphate and
sodium hydroxide, in the usual way. This mixture was
added, carefully through the funnel to the one liter

remaining in Jar (A).

Nl

()
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When this process was first started, 100 cc. of tle
waste from the fixed pH. septic tank process was added
after the precipitation in order to seed the supernatent
liquid with bacteria.

It will be seen,that in thls experiment the
precipitate had formed in the fresh 2% milk solution before
it was added.to the qne liter of waste remaining in jar (A)
(a) An analysis after several days of operation indicated
that a gbo%Abacterial flora was belng malhtained. However
the highly acldified nature of the one remaining liter of old

waste was sufficient to prevent good sedimentatioq.)

)xﬂ;g {The effluent was somewhat c¢loudy, scum formed on
the surface and the effluent and scum had offensive odors.

A typleel analysis of the effluent is given below.

Total Solids 2580 p.p.m.

Grease 0

Inorganic solids 475

Organic solids 2105

Suspended matter 356

Oxygen consum;d. 150

Organic nitrogen T2.4

Bacteriafecg :
Dilution 1/100 1/1000 1/10,000 1/100,000

e prd

Total ~---Too tirick»- 1,310,000 1,900,000
Acid /,/// 0 0
Alkaline 220,900 600,000

Neutral 1,100,000 1,300,000

Casein liquifiers 110,000 300,000
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Results obtained when Chemical Precipitation is Properly
Conducted. ] !

When 2% milk solutién is treated with 0.5 grams per liter
of ferrous sulphate and brought to a Hydrogen ion concentration
of pH. 7.8 a heavy gelatinous precipitate of ferrous hydroxide
forms which settles out in about ten minutes leaving a perfeétly

clear supernatqntliquid.}

( Aiiﬂéuspended matter including all the butter .4

and most of the protein and bacteria are carried down

with the precipitate leaving a slightly alkaline liquid

containing about S00 v.p.m. of lactose, about 200 p.p.m.

of dissolved protein, and about 600 p.p m. of inorga nic

matter consisting of dissolved ferroucsc. hydroxide, excess

calcium or sodium hydroxide and various salts. The effluent
has a relative stability of about 60%, wiichlis-es good-as the

derd £11t6T efPTlcnt at Bad Axe. —

A characteristic analysis of this effluent is shown
below.
Total solids 1730 p.p.m.

Inorganic Sol. 580

Organic Sol - }2559 D.p.m.
Grease i O p».p.m.
Suspended sol - 0 p.p.m.
Oxy cons = ? p.p.m.
Organic N = 36 p.p.m.

Relative Stabllity -60%
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Upon standing two days considerable bacterial action

<

Lekes place. The hydrogen lon concentration rises to 5.8

and a reduction in the organic stélids occurs.

Total Sollds = 1020
Inorganic " = 460
Organic " = 560

No odors develop during this period of storage nor
at any later perioad.
It will be seen that thls process produces directly
a clear, fairly stable, nonoffensive efftuent which in
many cases would be considered entirely satisfactory.
However if further reduction is desired the effluent 1is
ideal for secondary treatment in a sand filter, Because of
the Basily oxidizable nature of lactose a high rate of
application might be used.
The Cornell University Experiment Station found
that septic tank effluent could be treated at the rate
of 100,000 gallonse per acre per day. Theg@ffluent from
the chemical precipltation process being more satlsfactory
for sand filter treatment could probably exceed this amount.
One troublesome feature of the secondary treatment
of creamery waste with samd filters which 1s universally

neeess ity 9%
experienced 1s the constant clogglng and the/frequent removal
\

of the scun Li@t-s mevesstrys | o

The absence of suspended matter in creamery waste
treated by chemical precipitation would obviate this condition

entirely, and a sand filter could auﬁ%hsfully treat large
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quantities of such effluent with praetically no maintenance.

Sludge.

The dried sludge from one thousand gallons of
creamery waste would contain about 2.7 pounds of
ferrous hydroxide and varying amounts of butter fat,
caseln, suspended solilds, and other organic matter.

Tht ziéj;;ttles very quickly and may be removed soon after formation

It soon dries, forming a dark brown, éranular, odorless,
inoffensive, substance. It 1s probable that it would have

congiderable fqué;};igg value.

Conclusions from Chemical Precipitation Experiments.

f1) Milk wastes of high concentration may be very

sucessfully treated with ferrous sulphate and lime.

(2) For milk wastes of ordinary concentration the
treatment should consist of adding 0.5 grams per liter
or 4.2 pounds per thousand gallons, of ferrous sulphate,
and then adding the basic materialAas—éencnihengp

PAEER 55~ 0. - -

(3) The process removes the butter fat, suspended

solids, and most of the protein and bacteria,

(4) The sludge will settle in a very short time after

treatment and may then be withdrawn.
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(5) The effluent will be clear and nonoffensive and
or lanes
it may be discharged directly without fear of odors or

offensive conditions arising.

(6) The effluent from this process has a relative
s

stabllity of 60% but 1f further reduction is dedired

it may be secured by storage in secondary tanks or by

oxidization in a sand filter.

RECOMENDATIONS FOR DESIGN OF DISPOSAL PLANT USING
CHEMICAL PRECIPITATION AND SECONDARY TREATMENT.

The wastes from the average lsolated creamery are
small in quantity and highly concentrated. as 1s shown by
the data on M}f.ﬁ ¥ : oy

This condition présents a very difficult prablémn:
wﬁen ordinary disposal methods are used but is ideal for the

economical use of chemical precipltation. From the data on

{A;‘bdaﬂL2§ 1t will be noticed that many plants have less than

one hhousand gallona per day of waste. i
(‘;;r economy the waste should be 1isolated from
cooling and=condensery water and kept as concentrated as
posslble, ccnsistant with convenlence.,
/>Fig. é% suggeste a plant arrangement for an average
creamery having five hundred to five thousand gallons of concentrated

waste per day.
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Throughout the day the wastes should be discharged
into the preclipitation tank which should be large enough to
hold a day's run of waste. The pem..should have a slope
of at least 1 : 1 as it was observed that the precipitate
would not settle well on a smaller slope.

Some means of mixing the compound with the waste
willl be necessary. This might be easily done by means of
compressed alr or steam if avallable or some mechanical
mixer or modification of the"®ouser"., used for sampling
milk might be devised. For smaller tanks of less than a
thousand gallons a large paddle would probably be suffieclent.

A scale may be placed along the sdde of the tank
to gagge the amount of waste and the ferrous sulphate and
lime necessary for treatment,

A sludge plpe or an outlet from the bottom of the tank
should be provided for removing the sludge. It should be
drawn off to a sand dryling bed the size of which depends
upon the time it is desired to store the sludge. For a
thousand gallon tank a 10' X 10' bed should provide sufficient
storage capacity for several months,

The effluent from the precipitating tank 1s in
much better condition for sand filter treatment than the
average tank effluent of domestic sewage. It would be on
the slde of safety to design the fllter 1in the same manner

as for a domestic sewage tank effluent of the same size,
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COST OF OPERATION
Basing the cost calculations on a discharge of
one thousand gallons per day. which 1s ahout the amount to
be expected from the average creamery, and using current prices

the material cost would consist of.

4.2 pounds of ferrous sulphape @ $13.50/ton = 2.82 Cents
1.5 pounds of lime @ $8.50 fton = o5 W
Total material cost 3.47 0

This material cost of three arifour-cenfisccper ver
thousand gallons combined with the labor cost would represent
almost the entire cost of operation.

It is @ifficult to estinate the amount of labor that would
be involved in operating such a plant but since the precipitating
compound could be added at the cldse of the days worky and
the precipitate allowed to settle ober night and the tank
emptied the next morning, it 1s not 1likely that more than
a half hour of a man8 time would be required., It is certain
that very 1little halntenance would be required in a plant
of this kind and fifty cents per day for the entire
operating cost should certainly be adequate. At any rate
this compares favorably with the ten dollars per day spent

by the International Milk Products Co. for this purpose.
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ADVANTARES WHICH ACCRUE FROM THE USE OF THIS SYSTEM.

(1) Small size of equipment.
A tank sufficlent for one days discharge is
sufficlent., Septic tanke which give inferior results must

be designed for three to seventeen days retention.

(2) Low maintenance cost.

The occasicnal removal of sludge from the sludge
bed 1is about all that should be required., The expensive
disagreeable job of frequently cleaning tanke and filters
is aﬁ&gst entirely eliminated.

(3) Moderate Operating cost.
Three or four cents worth of material and a few

minute's work, daily should cover the operating cost.

(4) Absence of offensive odors.
This solves one of the most exasperating problems

encountered 1n‘é}eamery waste disposal.

(5) High grade of effluent.

A relative stabllity of 60% can be secured directly
from the tank and by the use of a sand filter an effluent
of almost any desiped quality might be obtained.

SUGGESTIONS FOR FUTURE RESEARCH IN THIS SUBJECT.

Unfortunately 1t was impossible to carry this c
investigation to the final proof of its feasibility which
should include operation on a falrly large scale.
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Chemical precipitation gives every promise of
being the ideal treatment for creamery wastes amg_
many other concentrated trade wastes(ib wel ;ﬁl

The primary treatment of whole ﬁilk wastes
in 4@ any concentrations that are 1likely to occur,
has constituted the scope of this thesis. It would
be important,however, to know the adaptability of thése
processes to buttermilk, whey, and in fact other trade wastes
The secondary treatment of the effluent should

also receive more attention. It would, quite likely,be

erring on the side of safety to apply the same methods >

of design for the secondary treatment of this effluent
as are useé& for domentic sewage. However the high grade
effluent from the chemical precipitation process

might permit an efen higher capacity. The quality of
effluent which could be obtained from samd filters of
various depths and with various rates of application
should be studied.

It is felt that the laboratory investigations
presented in this thesis have been carried far enough
to warréﬁt their trilal on a fair1§ large scale. and
in order that the work pursued in the laboratory may
become pracé&cal)’valuable it 1s hoped that this will

i

be done.
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SUMMARY OF CONCLUSIONS

(1) Creamery wastes differ widely in concentration
but have some simllar characteriatics, chief of which are
the large quantities of organic matter and the large

quantity of acid forming lactose.

(2) Disposal by ordinary storage is not satisfactory

for creamery wastes.

(3) Contact beds are not suited for creamery waste
disposal.
(4) The usefulness of an existing septic tank

can be increased many fold by lime treatment.

(5) Treatment with ferrous sulphate and lime and
subé\%uent precipitation constitutes an ideal treatment

for concentrated creamery wastes.
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