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Control and Treatment
of Egg Breaking and

Processing Wastes

by W. J. Jewell, W. Siderewicz, R. C. Loehr, R. R. Zall,
0. F. Johndrew Jr., and H. R. Davis, Cornell University
and J. L. Witherow, EPA, Corvallis, Oregon

Part 1 appeared on page 23 of the March/April issue.

In a study of five egg breaking
plants ranging in size from small to
very large installations, in-plant
waste conservation methods resulted
in recovery of product with a value
between, $250 and $500 per day for
a medium sized facility.

After completion of the effluent
analysis, detailed in-plant sampling
was conducted to determine the
source of poliutants. This included
collecting weighted composited sam-
ples of the egg washer overflow and
sump contents, continual overflow
from the egg breaker and flushing of
vats, tanks, strainers, piping and
pasteurizer. Other sources of water
included rejected inedible eggs from
the washer and breaker operations
that were not deposited in the proper
receptacles, egg product dripping
from the breaking machine, malfunc-
tioning egg loading device on the
egg washing machine, leaking
pumps and piping connections and
vat spillovers. All of the latter losses
are examples of unmeasurable loss-
es that were referred to as floor
losses. Examples of the comparison
of the total of various sources are
shown in Figure 6. Although the egg
washers contributed only five to ten
percent of the plant’s total wastewa-
ter, the BOD loss represented from
one quarter to half the total plant
loss. Since the total volume of egg
washing water in a medium sized fa-
cility (three breakers, for example)
would-be about 500 gpd, it seemed
appropriate to consider removing this
entire stream from the sewer. The
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water use (Figure 6) for the egg
breaking machine is excessive due
to malfunctioning of a float valve.
See Figure 7 for an estimate of the
relative quantities of organic wastes
in most egg breaking facilities and
their sources. The differences be-
tween values in Figure 6 and Figure
7 can be attributed to a high water
usage for plant A during the day the
data were taken, and inclusion of the
pasteurizer flushing in the floor loss-
es in Figure 6.

Informing management of the
weight of BOD, lost in their opera-
tions provides little understanding or
motivation for decreasing the losses.
BOD or COD losses should be relat-
ed to the loss of egg product which
can be easily translated to dollar
losses. Although frequently difficult
to achieve, a mass balance of all
materials at a facility indicates the
relationship of various losses to the
quantity of final product. The mass
balance for plant A shown in Figure
8 is an average of three separate
days of sampling in which the total
weight of material passing out of the
plant was five percent more than the
measured total input weight. The
losses of egg product to the sewer
represent a daily loss of about $440
in revenue for plant A. This magni-
tude of loss represents a significant
portion of the income of the plant.

Analysis of the waste source sur-
vey resulted in developing 13 steps
that could be taken to control wastes
by in-plant management (Table 4).
Plants A, B and C attempted to im-
plement those identified as 2, 3, 4,
6, 11 and 13. Each plant manager
adopted the changes that he could
implement quickly at a low cost. It
was estimated that the cost of the
plant modifications was less than
$300. The egg washwater was
segregated from the sewer and

Part 2

placed in a sanitary landfill along
with the shells.

For plant A, the percent of materi-
al lost to the sewer was about 6.3
percent of processed egg before ef-
forts were made to control waste
losses. This was reduced to an aver-
age loss of 1.7 percent using in-
plant management (see Table 5).
The total amount of edible egg liquid
did not change, but the animal food
recovered increased by nearly five
percent. The degree of waste control
achieved in plant A represented an
estimated 80 percent of the control
that is practically feasible. A summa-
ry of all water and BOD, losses be-
fore and after modification is shown
in Figure 9. The average quantity of
the eggs lost in all facilities before
modification was about 12.5 percent
of the liquid eggs processed, while
the average losses after use of in-
plant management were 6.4 percent.
In-plant control of wastes was capa-
ble of decreasing water usage by
about 26 percent and BOD, reduc-
tion by more than 50 percent.

Treatability studies were conduct-
ed on wastewaters from egg break-
ing operations in New York State. In
considering possible solutions to the
effluent problem, the small size of
each individual facility must be kept
in mind. The largest facility has a
production capacity less than
150,000 dozen per day (about
180,000 Ib/day) and a total design
waste flow of less than 200,000 gpd,
equivalent to 2000 per capita per
day. 1t can be difficult to provide an
efficient and inexpensive waste treat-
ment system for such small but high-
ly contaminated waste flows. Devel-
opment of efficient, inexpensive and
simple waste treatment approaches
that could provide varying levels of
treatment was the focus of this por-
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Figure 6. Unit operations contribution of waste of egg breaking wastes before in-
plant modification for waste reduction in Plant A.
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Figure 7. Approximate sources of organic waste
loads generated in egg breaking facilities.

tion of the study. Four types of treat-
ment systems were examined—aer-
ated lagoons, activated sludge,
anaerobic lagoons and rotating bio-
logical contactors.

The aerated lagoons were simulat-
ed using a 20-liter reactor with a
surface area of 2.5 ft2. The system
was inoculated with mixed liquor
from a local activated sludge plant.
The lagoons were fed on a fill-and-
draw basis, usually once per day,
with distilled water added to account
for evaporation losses. Multiple com-
partment units were used and were
of the same size as the aerated la-
goons but with baffles added. The
activated sludge system consisted of
a 5.5 liter reactor followed by an
800 mil. clarifier. Settled sludge was
returned to the activated sludge unit.
Substrate was fed continuously to
the activated sludge unit over a 16
hour period. Solids were wasted
from the clarifier to maintain a spe-
cific solids retention time (SRT).

The rotating biological contactor
(RBC) had four sections with a total
of 36 polyethylene discs (effective
surface area of 250 ft2). The liquid
volume was 136 liters.
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waste contro! modification.

The anaerobic-aerobic series la-
goon treatment was tested using a
volume of 30 liters in the first unit
and a second unit with a hydraulic
detention period of six days. Feed
for all units was obtained from either
plant A or B after in-plant modifica-
tions had been completed. All feed
samples were obtained by composit-
ing wastes over an entire working
day.

The egg processing wastes which
were fed to the various treatment
processes and the resulting treated
effluent were analyzed for a number
of characteristics. Total solids, total
alkalinity, ortho-phosphate and BOD,
determinations were made in accord-
ance with procedures outlined in
Standard Methods.® Ammonia and
Kjeldahl nitrogen were determined as
described by Prakasam et al.” Both
nitrogen analyses are identical to
procedures presented in Standard
Methods except for the use of micro-
Kjeldahl digestion and distillation
equipment. COD values were ob-
tained by use of the Jeris COD test.®

Additional analyses performed in-
cluded suspended solids, by use of
a Millipore filter apparatus and No.

Figure 8. Mass balance of egg materials in processing Plant A before

9-873B (2.4 cm dia.) Reeves Angel
glass fiber filters. Dissolved oxygen
determinations and oxygen uptake
were determined by a Y.S.. Model
54 D.0O. meter. Effluent turbidity of
certain treatment processes was de-
termined using a Hach Mode! 2100
turbidimeter.

Examples of the performance of
the aerated lagoons are shown in
Figure 10. The BOD, loading rate on
the 30 day HRT aerated lagoon was
120 Ib. per acre per day or about
eight Ib. per 1000 ft® of reactor per
day. Nitrification was more than 90
percent complete, with from O to 4.6
mg/l NH,-N and 0.t to 4.5 mg/I
NO,-N appearing in the effluent. Ox-
ygen uptake rates decreased from
25.3 to 7.0 mg/Il/hr as the hydraulic
retention period increased from 10
to 30 days. The aerated lagoons
were capable of reducing a total in-
fluent COD ranging from 4000 to
6000 mg/l to a soluble effluent of
less than 700 mg/!l at all three hy-
draulic retention periods. The ef-
fluent from all units was character-
ized by fine non-settling suspended
solids (SS) varying from 560 to 1300
mg/}. The SS in the effluent impart-
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Table 4. Recommendations for Minimizing Waste Generation o :
Egg Breaking Facilities

. Eliminate storage vat spillovers.
. Reduce lengths of product lines.

COBPNOUALN =

-
wn =

egg washing.

. Minimize use of improper stacking of eggs in storage, or weak storage boxes.
. Minimize number of times eggs handled and length of conveyor system.

. Efficient collection of discarded eggs.

Frequent adjustment of brushes in washers to minimize breakage.

Frequent inspection of egg breaking carrying trays to insure efficient collection.
. Collection of shell attached albumen from conveyance system.

. Minimize ysage of water in plant clean-up.

. Efficient removal of egg solids from storage units prior to rinsing.

. Recovery egy chalazaes and gelatinous egg solids from the egg strainer.

. Recovery of initial flush of blend tanks and pasteurizer.

. Segregate and recover or dispose on land the overtlow and sump discharge from

Table 5. Comparison of Mass Balances Obtained for Egg
Breaking Operations in Plant A Before and After Mod-
ifications for Waste Control
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Figure 9. Summary of the average or-
ganic and water volume losses before
and after plant modification for waste
controf.

ed a highly turbid yellow appearance
to the effluent. Even though these
results indicate that this process is
capable of soluble COD removal effi-
ciencies greater that 90 percent, the
effluent quality will probably not sat-
isty most discharge requirements.

Graphical kinetic analyses were
conducted to determine the substrate
removal coefficient, K, base 10, COD
basis at 20 degrees C. For sub-
strate from plants A and B, the re-
moval coefficient was 0.76 day’’
(least square regression coefficient r
= 0.90) and 0.58 day' (r = 0.97),
respectively.
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Fate of Input
Fraction of Total Throughput, Percent
Shells and Loss
Adhering Animal Edible to
Albumen’ Food Food Sewer
Before Modification 12.2 3.4 78.2 6.3
After Modification 12.2 7.9 77.3 1.7
It was anticipated that treatment
serone womrication—_ _ _ _ _ " of egg breaking wastewaters with the

activated siudge process wauld be
difficult because of the high strength
of the wastes. In order to achieve an
acceptable organic mass loading it
was necessary to maintain the hy-
draulic detention period longer than
four days. The data shown in Figure
11 illustrate that the effluent quality
was similar to the effluent from the
aerated lagoons. The sludge in these
units settied poorly, and high effluent
turbidities (70 to 100 JTU) indicated
that this process would be a poor
choice for the treatment of egg
breaking wastes.

The activated sludge process is
capable of producing an effluent
suitable for discharge to a joint treat-
ment system without resulting in a
surcharge for excessive oxygen de-
mand or suspended solids. However,
problems with settieability of the
sludge should be anticipated.

A final aerobic treatment process
investigated was the rotating biologi-
cal contactor (RBC). All of the previ-
ous treatment schemes involved sus-
pended growth systems, while the
RBC is an adhered growth treatment
unit. This system is similar to the
previous processes in that excess
solids are produced by the oxidation
of the substrate and must be re-
moved from the effluent.

Table 6 summarizes the results
obtained with the RBC study. The pH
of the effluent varied from 7.2 to 7.7.
Regardiess of the loading rates used
(1.4 to 7.3 ib COD/1000 ft2), there

was always a dissolved oxygen leve
in all of the four RBC cells. The RBC
units are capable of producing ef-’
fluents suitable for further treatment
and at low loadings can produce ef-
fluents with turbidities less than 27
JTU.

Anaerobic lagoons would not usu-
ally be acceptable because of the
oxygen demand of their discharges,
and in cold climates removal efficien-
cies would be depressed. Thus, all
anaerobic lagoons were followed in
series with aerobic lagoons operat-
ing with a six day detention period.
Comparative studies were conducted
at 20 and 10 degrees C.

The data shown in Figure 12 is
representative of the capability of the
combined system. A total hydraulic
retention period of 26 days reduced
a total influent COD of 6000 to 8000
mg/l to between 5 and 16 mg/| sol-
uble BOD,. This system also resulted
in an effluent that contained large
flocs of rapidly settling suspended
solids leaving a clear effluent. Data
for all units are summarized in Table
7. All soluble COD removal efficien-
cies exceeded 98 percent. )

Graphical analysis for the sub-
strate removal coefficient, K, was
canducted for the anaerobic la-
goons. The 20 degrees C anaerobic
lagoon K was 0.63 day!. This was
very similar to the removal coeffi-
cients obtained for the aerobic la-
goon treatment of wastes (0.76 and
0.58 day' for piants A and B, re-
spectively). This procedure was not
applicable to the lower temperature
units because the effluent character-
istics of the units studied were simi-
lar. The observed efficiencies at 10
and 20 day hydraulic retention peri-
ods at 10 degrees C were similar to
those observed at 20 degrees C.

in no case did the total effluent
turbidity exceed ten JTU for units
operated at 20 and 10 degrees C.
Since all solids settled rapidly the
soluble BOD, values shown in Figure
12 of about ten mg/i are indicative
of the efficiency that this treatment
combination is capable of achieving
with an influent COD varying be-
tween 5,000 and 10,000 mg/l and a
total system hydraulic detention peri-
od of 26 days.

Egg wastewaters are highly biode-
gradable and for this reason can be
treated by various combinations of
systems. Utilization of multi-cell units
enables the use of smaller systems
to achieve the same treatment effi-
ciency. Data supporting this state-
ment are illustrated in Figure 13. To-
tal COD removal with a one-cell aer-
ated lagoon at ten-day HRT achieved
60 percent removal efficiency, while
a five-cell aerobic lagoon with the
same overall HRT achieved a remov-
al efficiency of 83.5 percent and a
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five-cell anaerobic unit with a ten
day HRT obtained a removal efficien-
cy of 91 percent. These data indi-
cate that addition of individual com-
partments to lagoons treating egg
breaking wastes will improve the effi-
ciency for any given volume. To pro-
tect the system against shock loads,
no more than three cells should be
used for any lagoon.

Empirical approximations of the
guantities of sludge accumulated in
both the anaerobic and aerobic la-
goons are summarized in Tables 8
and 9. In all anaerobic units operat-
ed at 20 degrees C, the accumula-
tion of solids was low and represent-
ed about five percent of the solids
added. The higher accumulations at
ten degrees C reflect lower rates of
stabilization. However, bioprecipita-
tion of the solids in these units ena-
bles the treatment efficiency to be
nearly equal to that at 20 degrees C.
Discussion

In cases where in-plant waste
control was not utilized, 12.5 per-
cent of its processed product was
lost to the sewer. This level of prod-
uct loss agrees with a recent survey
of plant practices in the U.S. where
average loss was reported to be
12.1 percent with the maximum
range of 4 to 25 percent.b |t was rel-
atively simple and inexpensive to re-
duce the loss from 12 percent down
to 6 percent, and in one case to 3
percent on a long term basis using
in-plant management. On the basis
of this analysis it was concluded that
of the total losses of around 12 per-
cent, about half are readily con-
trolled by good in-plant management.
Of the remaining wastes (6 percent),
3 percent can be removed by careful
management and further implementa-
tion of some of the more costly sug-
gestions shown in Table 4. This level
of in-plant control would provide 75
percent BOD, reduction and would
be considered difficult to achieve by
many facilities. It is estimated that
product losses in the industry could
be controlled at about 2 percent with
high quality management using all
recommendations given in Table 4.

The maximum range of water and
product loss for all plants was 0.43
to 1.41 gal. per dozen and 0.0048
to 0.0478 Ib BOD, per dozen eggs
processed (0.0062 to 0.058 iIb BOD,
per Ib liquid egg produced), re-
spectively. On the average, more
than one egg per dozen processed
goes to the sewer in 0.9 gal of
water. The water use compares well
with the U.S. survey® where the
range was 0.485 to 3.27 gal. per
dozen eggs processed with an aver-
age of 1.49 gal. per dozen eggs. A
survey of three Dutch plants report-
ed water use to be 0.49 to 1.56 gal.
per dozen eggs.® The Dutch study
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reported the amount of product loss
varying from 0.5 to 4.2 percent.

in large plants (10 to 12 breakers)
it may be uneconomical to collect
and fand dispose 9460 to 13,625 lit-
ers (250-3600 gal.) a day of the
highly contaminated egg washing
waters. An alternative solution might

be to- recover the protein either by
drying, chemical precipitation, or
heat treatment.

Since the major contributor to egg
losses in the breaking industry is the
egg washer, it seems logical that a
larger plant with multiple breakers
could set aside one of its breakers
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Figure 10. Aerobic lagoon treatment of total egg breaking wastewater from Plant B
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INDUSTRIAL WASTES /29



to be preceded by a washer, to han-
dle “dirties,”” and the remainder of
the breakers could be operated with-
out washers. Kraft, et al.' have
shown that commercially processed
whole eggs resulting from both
washed and unwashed eggs contain
similar bacterial population counts.

The advantage of breaking eggs
without first washing them is that
egg processors will reduce the
amount of egg product lost to the
sewer and at the same time recover
an inedible by-product. Assuming
that egg processors lose 0.04 ib
COD/dozen eggs, 25 percent from
washers, and 5.83 x 10° dozen eggs
are broken annually, it is estimated
that 12 million Ibs of inedible liquid
eggs-could be recovered by eliminat-
ing washers. Further study of this
possible change in processing is
necessary.

Four of the five plants surveyed
disposed of empty egg shells by
trucking them to local sanitary land
fills on a daily basis. One of the
plants used an incineration system to
reduce the moisture content of the
shells from 30 to 2 percent. Air
drying coflects and retains the nu-
trients present in the adhering liquid

portion of the shell," and may be an
asset when sold to poultry feed
producers.'? Assuming 20 million
cases of egg at 47 Ib/case are
processed each year and 11 percent
of an egg’s weight is shell, the egg
breaking industry has capabilities of
providing nearly 53,000 tons of dried
egg shell products annually.

Although egg breaking accounts
for only 11 percent of the nation's
eggs and grading operations, the re-
mainder, the pollution potential of
the processing industry, is greater
than that of the grading process.
BOD losses from the grading opera-
tion of plant C amount to 0.001 Ib
BOD/dozen eggs graded. Hamm et
al.” indicated that egg grading loss-
es average 0.0014 |b BOD/dozen in
egg grading plants. Therefore, egg
breakers handle a small portion of
the country’'s eggs, but the losses
per dozen are tenfold higher than
losses of grading operations.

This treatability study en-
compassed a variety of aerobic and
combination anaerobic bench scale
treatability units. It is evident that the
high degree of treatment of egg
processing wastewaters for the pur-
pose of direct discharge to surface

Titl 6 Rt ti Bil i Il C t t T | t Gl be i ti
F
K er uIr all its
e tl 1.
RBC Loading Rates
Volumetric (gal/1000 ft. * -day) 40 80 160
Organic (16 COD/1000 ft. ? -day) 1.38 3.13 7.32
Parameter Influent istics
total
. N ., 262
Clarified Effluent Characteristics
COD, total 320 350 760
COD, soluble 200 170 240
SS 45 104 304
TKN, total 29.7 54.5 63.8
NH;-N 1.5 16.3 17.0
NO,-N 1.9 4.1 425
NO,-N 11.5 3.4 60
JTU 27 56 86
Removal Efficiency, %
COD. total 92.3 92.5 86.1
COD, soluble 95.1 96.3 957
TKN, total 86.8 70.0 75.6
Table 7. Characteristics of the Anaerobic-aerobic Lagoon
Series Treatment System
¢ stem No.
Parameter 1 2 3 4 S
Temp.. °C 20 10 20 10 20
HRT
Anaerobic Unit 20 20 10 10 5
Aerobic Unit 6 6 6 6 6
System Effluent Soluble 90 66 72 86 72
COD, mg/t!
Removal Efficiency, Total 98.7 98.4 98.5 98.1 96.7
COD, %
Effluent Turbidity, JTU 4.8 9.1 21.4
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‘waters can be achieved most easily=:

by the combination anaerobic-aero- -
bic lagoon treatment. Anaerobic-aer-
obic lagoons are advantageous from
the standpoint of low maintenance
requirements, energy requirements
and capital costs. Treatability studies
have shown that the two-lagoon sys-
tem is capable of producing an ef-
fluent of low turbidity with good sol-
ids settling characteristics and ex-
tremely low oxygen demand
substances. These results are illus-
trated in Figure 14. Thus, the treat-
ment which was found to be most ef-
fective in controlling the egg break-
ing wastewater is shown in Figure
15.

There are a number of design
considerations involved with full-
scale operation of anaerobic-aerobic
systems. Bench scale studies indi-
cated that a scum layer will form on
the anaerobic lagoon and retain
odors associated with the system. It
is not known how stable this scum
layer will be under field conditions.

Another possible drawback of
these systems is the possible impact
of low temperatures on treatment
plant efficiency. At temperatures low-
er than ten degrees C, the removal
capacity of this combination may be
diminished even though the organic
removal efficiencies were nearly the
same at ten degrees C as they were
at 20 degrees C.

Often, municipal systems utilize
aerobic treatment processes. If an
industry such as an egg breaking
plant discharges to a particular
plant, there may be difficulty in
meeting regulatory effluent guide-
lines. Experience from this study in-
dicated that poor effluent quality can
be expected when treating egg pro-
cessing wastes aerobically. In the
town where plant E is located, there
does not seem to be a probiem with
the operation of the municipal trick-
ling filter, but the egg processing
wastes constitute less than ten per-
cent of the municipality’s organic
loading.

Conclusions

1. Eleven percent of eggs produced
in the U.S. go to egg breaking plants
resulting in 2.9 x 108 kg (6.40 x 108
Ib) of liquid egg products which
grossed $195 million in 1969.

2. Most egg breaking plants are lo-
cated in small communities. The
highly contaminated wastewaters
generated in egg breaking industries
can cause difficulties in municipal
treatment facilities. In the five egg
breaking plants sampled, the waste-
water ranged between eight and
1500 percent of the wastes generat-
ed from all other sources in the com-
munities in which they were located.
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Figure 12. Series lagoon treatment with 20 day HRT at 20 de-
grees C in the first anaerobic lagoon and six-day HRT at 20

degrees C in the aerobic lagoon.

3. Wastewater characterization indi-
cated a highly contaminated dis-
charge with COD's greater than
6000 mg/l, and BOD, equal to
about 60 percent of the COD.

4. Up to 15 percent of the total egg
liquid output was lost to the sewer in
plants where good in-plant manage-
ment was not practiced. Losses
equivalent to three eggs for every
dozen broken were reported as max-
imum losses that occur in plants
where no waste conservation mea-
sures were practiced. The average
pre-modification product loss in all
five plants sampled was 12.5 per-
cent (by weight) of the processed
output.

5. the measured average amount of
liquid egg recovered per dozen eggs
broken was 0.55 kg (1.21 ib), and
this represented recovery of 80 per-
cent of the total egg weight.

6. The average egg liquid loss in a
medium size facility (two or three
breakers) represents a decrease in
revenue between $500 and $700
per day.

7. The losses on a product basis av-
eraged as follows: before in-plant
waste conservation 0.034 kg
BOD,/kg egg liquid produced and
wastewater volumes of 7.5 I/kg
(0.90 gal/lb) egg liquid produced.
in-plant modifications decreased av-
erage BOD, losses by 50 percent
and wastewater volume by 24 per-
cent.
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8. In-plant waste control reduced the
waste generated from an average of
12.5 percent product loss to 6.4
percent product loss. This is equiva-
ient to additional egg product re-
covered worth between $250 and
$500 per day in a medium sized
breaking facility, not including the
savings from reduction in cost of
waste treatment.

9. Adoption of in-plant waste control
measures that cost less than $300
per plant could resuit in reduction of
waste load equivalent to about two-
thirds of that which is technically
achievable. Good plant management
appears to be capable of reduction
of product loss to about five percent
of the liquid egg output. If more ex-
tensive and costly modifications are
made to the plant to recover the first
flushing from the pasteurizers, pipes,
and tanks, the product loss to the
sewer could probably be reduced to
less than two percent of the output.
10. On a national basis in-plant
waste control would result in annual
product recovery of 3.2 x 107 kg (7
x 107 Ibs) of liquid egg of a quality
suitable for animal food which is now
lost to the sewer.

11. Egg breaking wastes obtained
from three facilities, A, B, and C,
were highly biodegradabie with no
observed toxic effect to biological
treatment processes.

12. High concentrations of organic
material were not reduced to levels

Figure. 13. Comparison of multi-cell and single cell aerobic
and anaerobic treatment processes at 20 degrees C.

acceptable for direct discharge to
surface waters in conventional pro-
cesses, such as activated sludge and
aerobic lagoons; even at low design
loadings.

13. Aerobic lagoons, with hydraulic
retention times (HRT) of 30 days re-
duced the total COD from 5800 to
1000 mg/! and resulted in a high ef-
fluent turbidity.

14. When anaerobic lagoons were
followed by six-day HRT aerobic la-
goons, the overall system efficiency
COD removal was greater than 98
percent at 20 degrees C and 10 de-
grees C and at anaerobic lagoon
HRT's of 5, 10, and 20 days. Ef-
fluent quality from the aerobic la-
goon in a series system operating at
20 degrees C with a 20 day HRT
anaerobic primary unit averaged as

follows: 90 mg/l sol-

uble COD, 13 mg/| soluble BODS,
92 mg/I NO, -N, 21 mg/l NH-N and
turbidity of five JTU.

15. Design capacity should be relat-
ed to the maximum pro-
duction capacity that can be
achieved when eggs are plentiful
during the months of May and June.
In most facilities wastewater flows
are very low at night and during
weekends.
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Table 8. Measured Sludge Solids Accumulation Rate in Anaerobic Lagoons
Anaerobic Lagoon Operating Conditions Solids Accumulation Rate
HRT (days) Temp (°C) % of total solids added per day
10 10 30
20" 10 68
5 20 12
10 20 6.0
20 20 5.4
Table 9. Measured Sludge Volume Accumulation Rate in Effluents
Lagoons from 6-day HRT Aerobic Lagoons Following Anaerobic
Pretreatment Sludge volume
Anaerobic lagoons Aerobic lagoon accumulated
HRT (days) Temp (°C) Temp (°C) (% total volume treated)
10 10 10 1.7
20 10 10 3.7
20 \ 20 20 2.7
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Figure 14. Summary of effluent turbidity from various aerobic and anaerobic-aero-

bic treatment systems.
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Figure 15. A recommended wastewater treatment system to achieve maximum or-
ganic pollution control of egg breaking wastewaters.
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