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BIO-OXIDATIVE TRZATMENT CF DAIRY WASTES
Dr. Nanaor Porges
Supervisory Chenist, U.3. Dept. of Agriculture,
Pniladelpnia, Pennsylvania

"Deox"“‘atia5 wastes consist of mll wastes which react with
the oxygen dissolived 1n the recelvinz body 01 water and deplete or tend
to deplete the amount ¢I oxvgen evailsble for normal aquatic life." So
stoted Delaporte et the First Ontario Industrial Weste Conference (1).
Suchi 8 weste oricinates in the dalry and milk processing industry.
A€robic treatment 1s generally used for the dispcsal of dairy wastes
bscause these wsstes have a low concentration of solids and a high oxyger
derand. There 1s, however, & record of failure as well as of success
v1th aercbic trestrment, end the underlying reason for the failures has
beer the lack of ts oiC information on the aerobic prccess.

Trls renort to the Conference presents results of cur labora-
tory investigetions, and contains basic information on the conversion of
daeiry weste by aerating sludge and on the oxygen requirement during the
process. Much of the 1“.o"mation rnay be applicable to other waste. De-
?azls grn ﬁuailable in verious oubiicatlon and have been summarized

' 1 ] 15

Milk Wastie

Milk losses are inevitable. Under good housekeeping, 1% 1is a
low operatinrgs loss, although as nuch as 3% or more of the milk cr 1ts
equivalent may be found in the waste. Thus a plant handling 150,C00
ovounds of milk caily will discharge a minimum of 1,50C pounds fluid milk

ontaining 120 pounds milk solids. Wesh and cooling waters dilute thls
loss so that the dairy waste conteins only 0.1% sollds glving a concen-
tration of 1,00C parts per million (ppm). The biochemicel osygen demand
(ECD) would be about &80CC ppm, while the chemical oxygen demand (COD) is
earound 1,000 ppm (%). The daily pollution load from such & milk plant
would equal that of a community of at least 430 peonle.

The soiuble =o0lids in delry waste serve as an excellent nutr-
ient for microbilsl growth as they contain about 53% lactose, 35% nrotein,
and rnecessary salts. Extreme precautions are necessary to avold the ob-
noxlous conditions so generally known. An understanding of the blochem-
istry of the treatment process would help produce desirable effluents.

Gross Chanzes During Aerstion

The problem was eporoached as one of aerobic fermentation of a
very dilute solutiorn. A laboratory fermentor was used throughout these
studales (7). The device ellows excess aglitation and aeration. Melodors
were absent when a simulated woste mede from skim milk wes fed continu-
ously at the rate cof one liter per hcour into 20 liters of aersting solu-
tion. <Zxamination of the non-settled mixed erfluent showed that about
LL to 5U% o1 the COD had disappeared. More det21iled analysis showed that
all the protein (ubuerfl.LQ es nitrogen) of the sdded waste was now in
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But the Warburg studies showed that only about 37.5% of the theoretical
amount of oxygen was used; thus burning up three-eighte of available
sugar to 002 and water, while the remainder was incorporated into cell
substance. "The utllization of sugar in the presence of NH3 for cell
synthesis must be therefore: ‘

& (CH,0) # 3 O, # NHz ===mmms S CSHYNOE #3605 46 Eo0.

Removal of Protein

Similar reasoning showed how the caselin, C-HleNeo , was used
by sludge organisms. Theoretically, complete oxidat?on would be:

n' e e—em———— Y hd
Cs“12”2°3 F &G, > 8 Co, # 2 NHB,/ 3 Hy0
Manometric dats again showed that only 3 of the carbons were completely
oxidized. Thus czsein was removed from solution for assimilation and
oxidation in this manner:
CSH12N203 A3 Cp === C5H7N02 A NH3 £ 3 coe £ 0.
nemovael of Skim Milk OCrganics

From the above, a mole of orgenic cell substance of 113 units
may be formed from 240 unite of sugar or 184 units of casein. Fortun-
ately, this approximated the proportions of sugar and protein in skim
milk. This permitted the addition of the two equations to give one

8 (Cheo) £ 08H12N203 /:6 02 -> 2 C5H7N02 A6 CO2 A7 Heo
The nitrogen required for sugar assimilation is supplied by the protein.
Therefore, 226 units of organic cell material may be produced from 424
units of organic milk solids, showing about 53% conversion to cells.

The same value 1s obtained even when the ash and moisture content of the
dried milk end of the sludge are taken into consideration. This approx-
imates the values observed in many experiments.

Endogenous Respiration

Starving or unfed cells also have an oxygen demand and the
warburg studies showed that the organisms oxidized themselves thusly:

CoHaNOp # 5 05 =mmmmeex 5 Co, # NHy # 2 H,O.

In order to completely oxidize 113 units of cells, there are required
160 units of oxygen. This endogenous respiration goee on very slowly.
During the tests, 10 microliters of oxygen were used per mg of cell per
hour. This equals 14.3 micrograms of oxygen, and from the equation of

cell substance, an amount equsl to about 1% of the original weight of
cells. Rates as high as 1.25% were observed in field trials. Lower
rates mey be anticipated as the more easlly oxidized materials are used

up.



Rate of Oxidetion

Polarc-raphlc studies ghowed that an oxygen concentration of
C.35 to 0.5 pom was necessary to mesintain eerobic conditions (€). When
©CC ppm sludze wers treated with milk, the rate of oxidatlon was con-
stant above a milk ccrcentration of 100 opm. The speed of milk oxlda-
ticn wses related to the cell concentraticn. TIf the cell concentration
ir 3oubled, milix cxidaticn should tcke half as long, but the same
arount of oxygen would be required. After assimilation was comvnleted,
the rate of oxvgen aemand by endogenous respiration alone contirued at
one-tenth the

rate required during assimilation.

Application of Data

Fror the data presented to tnis peint, information 1s avail-
able on the azocunt of ocxyger required fcr complete oxldation of a
waste, the amcunt reduired curing the rapla assimllatlon process, and
the smount required for endogenous resplration. The rate at which oxy-
zen is used bty the zludge auring assizilatlo:r and during endogenous
respiration is alsc xnown. In addlition, the amount of new solids pro-
Suced can be calculated es well as the time required fer such produc-
tion.

Table IT following shows calculations made for a single feed-
ng of 1C0.1c of milk sclids at 1,CC0 ppm ccncentration when acted upon

; F
by 5.0 zpm active sludge.
TABLE II

Celculations for Oxidation of 160 1b of Milk Solids (1,000
ppm Corcentretion) by 5C 1b of Active Sludge (500 ppm concentration)

Assimilation Endogenocus Total

Phase Respiration
Cxyzen Required
Per Cent 37.5 £2.5 1C0,0
Pournds 5.3 76.1 121.4
Poundes mner hour 7.5 0.75
Time required (hours) 6
New Cells prcduced (pounds) 5C
Ceil sclids oxidized (ver cent
per hour) 0.5-1.0

Non-Accurmulation of Sludge

A study of the ebove tabulation shows that conditions may be
egtablished favoring noraccumulation of sludge. TII 1t is assumed that
2,500 ppm sludge eclids are in an aerator and endogenous respliration
procesds ot 1% per hour, a total of 20% or 500 puw will disappear in
24 hours. The addition of 1,00C ppm of skim milk will produce 500 ppm
of new cells to replace the amount destroyed. 1In this way, it is
theoretically possibie to meintesin a constant level of sludge while des-
troylng waste. Xountz nas successfully applizd this principle to



Purification

Actusily, the procss is more than the simple assimilative
oxication of organic matter with subsequent oxidation of the cells by
thelr own endogenous respilration. The rate of purification or removal
ol waste from solution is much greater than the rate of oxldation, as
srhown so well by Gellman and Heukelekian (3). They found the average
rate ol purification for seven industrial wastes to be six times the
rate cI oxidation. Qur studies showed that when 1,000 ppm simulated
mllx weste were added to 1,000 ppm sludge in a single dose, purifica-
tion rates were ten or mor2 tirses grcater than oxidation rates (6). 1In
30 minutes, one-half of the oxysgen demanding substances was removed
“rom the waste. Accordin: to theg above equations, the expectation
7ould be that the removal of nutrients would be eight-thirds or 2.67
tlzes the rate of oxidaticn. Gellman and Heukelekian obtained such
valuss Ior scme wastes, but wider ratios were obtained with higher car-
ncaydrale-typs wastes. Since oxidation does not oecur immediately,
waterieal is apparently accumulated ror subsequent oxidation.

storage and Cxidation

Further study with dalry waste showed that purification con-
Sists of several interrclated processes: removal from solution, syn-
thesis, storage, and cxildation (15). A glycogen-like substance was the
r1ajor storage product and was readlly oxidized. It was estimated that
auring purification an active aerated sludge may store as much as 50%
oI 1ts own weilzht. Cne would then anticipate that rapid and comolete
ourificeticrn could be sccomviished in about 20 to 30 minutes if 1,000
zpr oI scoluble creanic sudstances were mixed with 3,00G prm well aerated,
:tarved sludge. Tlie loaded sludge could be removed leaving a clear ef-
Yluent. The concentrated sludge may be aerated to burn the stored mat-
:rial. The starved ceils :ay be reused for seed or s portion of the
-caded sludge may be disposéd of oy other means. Eckenfelder and assoc-
ietes have aprlied tais prccess of urification ané aeration of sludge
clurry to various organic wastes (EE. '

Summary

Laboratory studies on dalry wastes have made aveilable basic
information of value to sanltary engineers. Speciflically, each pound
of oxygen demand requires a pound of oxygen for complete combustion.
'he hish rate of oxygen utiilzation during asssimilative growth must be
»atisiled to prevent obnoxious coniitions. This phese of assimilation
"équires at lcast 37.5% of %the total oxygen demend within a reletively
ifort period depending upcn the concentration of the sludge and of the
@0llds. Oxyzen is utilized a8t a much slower rate during ¢ndogenous
"espirsllion, and eir flow ray then be reduced about ten times. & sig-
‘ificant amcunt of sludge is oxidized during the first 24 hours and may
Jmount to as much as 20% of the sludge weight.

Equations of assimilation and endogenous respiration showing
these changes have been developed and detailed data are presented.



The biological treastment is a comnlex process of water puri-
*iceticon involvinz the multifold activities of microorganisms. Waste
renoval 1s a combination of cell synthesis, conversion for temporary
storaze, and oxidation. Application of basic information on synthesis,
storage, and oxidation should be of prime consideration in designing
dlochemical treatment pvlants for waste disposal.

Seferences

1. Delaporte, A. V. Deoxygenating Wastes. First Ontario Industrial
Waste Conference, p 36-39. June 1954,

2. Zckenfelder, W. Ww., Jr., end C'Connor, D. J. The Aeroblc Biologic-
al Treatment of Organic Wastes. Proc. 9th Ind. Waste Conf.,
Purdue Univer., p 512-530 (1958k) .

3. Gellman, I., and Heukelekian, H. Studies of Biochemical Oxidation
by Direct Methods. III. Oxidetion and Purification of Indus-~
trigl Wastes by Activated Sludge. Sewage and Ind. Wastes 25:
1196-1209. (1353),

7. Hoover, S. R., Jasewicz, L., Peplnsky, J. B., and Porges, N. Assim-
llation of Dairy Wastes by Activated Sludge. Sewage and Ind.
Wastes 23: 167-173. :(1951).

>. Foover, S, R., Pepinsky, J. B., Jasewicz, L., and Porges, N. ;
Aeration as a Partial Treatment tor Dalry Wastes. Proc. 6th
Ind. Waste Conf., Purdue Univ. 313-319. (1951).

6. Hoover, S. R., Jasewicz, L., and Porges, N. Biochemical Oxidation
of Dairy Wastes. Relationship Between the Rate of Purification
ard Rate of Oxidation and Graphical Estimation of Firgt Order
Velocity Constants. Proc. 9th Ind. Waste Conf. Purdue Univ.,,

71—790 (195“’)'

7. Hoover, S. R., and Porges, N. Treatment of Dalry Waste by Aeration.
IT. Continuous Aeration Studles. Proc. 5th Ind. Waste Conf.,
Purdue Univ., 137-1L4k, (1549).

8. Hoover, s. R., and Porges, N. Assimilation of Dairy Wastes by
Activated Sludge. II. The Equation of Synthesis and Rate of

Oxygen Utilization. Sewage and Ind. Wastes, 2lb: 306-312, (1952).

Hoover, S. R., and Porges, N. Treatment of Dairy Waste by Aeration.
U.S. Dept. Agr. Bur. Agr., and Ind. Chem., AIC-332 (ERRL) 7pp.
Mar. 1952.

\0

10. Kountz, R. R., Big Problem; Dairy Wastes. Striking Solution: Bio-
Cxidation. Food Eng., 26 (10): 89-90. (1954,

11. Kountz, R. R., Dairy Waste Treatment. J.Milk and Food Tech., 18:
24325, ' (1955).

l2. Perges, N., Rapid Blo-Cxidation Method of Waste Disposal. 1955.
Proc. of Am. Soc. Brewing Chem. p 56-64.



'_.l
ON

Porges, N., Weste Trestment by Cptimel Aeration -- Theory and
Practice in Da;r) saete Disposal. J.¥ilk and Food Tech.,
19: 3k-38. (1959).

Porzee, 1., Jesewicz, L., and Eoover, 5. R., A Microbiological
rr cess Renort. Aerctic Treatment of Dalry Wastes. Applied
icreoiolczy, 262-270.  (19%3).

| ey

Porge:s, ., Jesewicz, L., and Eoover, S. R. Biochemical Oxidation
cf Dn*ry Viasles. /ITI. Purif icetion, Oxidation, Synthesls an
Stere. e, rce. 10tk Ind. Waste Conf., Purdue U“lV., 135-146
(12255,

Porges, 1., Jacewicz, L., ard Zcover, S. R., Principles of Biolog
torl Cxidntion. Presented at Conference on Riological Waste
Treatment, Menhattan College, April 1955.

TABLE I

ot

Analyticsel and Empiricel Composition of Milk
Ingredients and Sludge

Lactose Caseln Sludge

Compositicn in %
Carbon 39.98 52.85 L2.26
Hydrcgen £.72 6. 48 5.69
Nitrogen 6] ? 11.27
Cxyzen 53.30 24, 70 27.00

Retio of Atoms = % /atomic weilght

Carbon 3.33 4,40 3.94
Eydrogen 6.71 6.43 5.65
Witrcgen o 1.08 0.81
Cxygen 3.33 1.55 1.69
Formula: 012324012 08H12N203 C5H7N02

¥ole Weight 360 184 113



