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ABSTRACT

This document presents the findings of an extensive study of the meat
packing industry by the Environmental Protection Agency for the purpose
of developing effluent limitations guidelines, and Federal standards of
performance for <the industry, to implement Sections 304 and 306 of the
Federal Water Pollution Control Act Amendments of 1972 {(the "Act").

The segments of the meat packing industry included in the study were red
meat slaughterhouses, packinghouses. Not included were plants that only
process meat but do no on-site slaughtering, rendering operations
carried out off the site of the packing plant, and all poultry (white
meat) processing plants.

Effluent limitations guidelines are set forth for the degree of effluent
reduction attainable through the application of the "Best Practicable
Control Technology Currently Available", and the "Best Available
Technology Economically Achievable", which must be achieved by existing
point sources by July 1, 1977, and July 1, 1983, respectively. The
ugtandards of Performance for New Sources" set forth the degree of
effluent reduction which is achievable through the application of the
best available demonstrated control technology, processes, operating
methods, or other alternatives., The proposed recommendations require
the best biological treatment technology currently available for
discharge into navigable water bodies by July 1, 1977, and for new
source performance standards. This +technology is represented by
anaerobic plus aerated plus aerobic lagoons with efficient solid-liquid
separation, or their equivalent. The recommendation for July 1, 1983,
is for the best biological, chemical andsor physical treatment and in-
plant controls. In this instance, efficient bioclogical treat is
complemented by water conservation practices, improved nutrient removal
concepts, and water filtration types of final treatment., When suitable
land 1is available, land disposal may be an economical option to
eliminate any direct discharge. Recycle or reuse of effluents into the
plant may offer an additional alternative in this regard.

Supportive data and rationale for development of the proposed effluent
limitations guidelines and standards of performance are contained@ in
this report.
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SECTION I

CONCLUSIONS

A conclusion of this study is that the meat packing industry comprises
four subcategories:

Simple Slaughterhouses
Complex Slaughterhouses
Low-Processing Packinghouses
High-Processing Packinghouses

The major criterion for the establishment of the categories was +the 5-
day biochemical oxygen demand (BOD5) in the plant waste water. Other
criteria were the primary products produced and the secondary (by-
product) processes employed.

The wastes from all subcategories are substantially organic in character
and are amenable to biological treatment.

Discharge 1limits recommended for 1977 that represent the performance
average for the best treatment systems in the industrxy for +the four
subcategories have been developed for BODS, 1TSS, pH, fecal coliform, and
oil and grease, The same limits are recommended for new sources with
additional requirements for controlling ammonia to a level again
commensurate with performance of the best existing, fully demonstrated
treatment systems. It is estimated that the costs of achieving these
limits by all plants within the industry is between $50-70 million.
These costs would increase the capital investment in the industry by
about three percent and would egqual about 20 percent of the industry's
1971 capital investment,

For 1983, effluent 1imits were determined as representative of
performance by best available technology for the industry for 5-day
biochemical oxygen demand (BOD5) and suspended solids. Limits for
ammonia, fecal c¢oliform, pH and 0il and Grease were established on the
basis of both performance of the very best in-plant and end-of-pipe
waste water controls in +the industry and transfer of available
technology from cocther industries. It is, also, concluded +that, where
suitable and adequate land is available, land disposal is a economical
option. It is estimated that +the costs above those for 1977 for
achieving the 1983 1limits by all plants within the industry are about
$107 million. These costs would further increase the capital investment
in the industry by about six percent, and would equal about 44 percent
of the industry's 1971 capital investment.







SECTION II

RECOMMENDATIONS

Guideline recommendations for discharge to navigable waters for July 1,
1977, are based on +the characteristics of well operated bioclogical
treatment plants, The guidelines for 5-day biochemical oxygen demand
(BOD5) range, for example, from 0.12 kg/1000 kg live weight killed (LWK)
for simple slaughterhouses to 0.24 kg/1000 kg LWK for an average high-
processing packinghouse. Other major parameters that are limited are
suspended solids, oil and grease, fecal coliform, and pH. :

Recomm=nded New Source Standards are the same as the 1977 guidelines
with additional requirements for controlling.

Guidelines recommended for 1983 are considerably more stringent. For
example, BODS5 1limits range from 0.03 kgrsl000 kg LWK for simple
slaughterhouses to 0,08 kg/1000 kg LWK for an average high-processing
packinghouse. Limits are also placed on the other parameters mentioned
above, with particular attention +to the ammonia discharge. The
suspended solids range from 0.05 to 0.10 kg/1000 kg LWK.

For +the effluent limitations for 1977, 1983 and standards of
performance, adjustments for BOD3, TSS, and Ammonia (as needed) are
recommended for limitations affecting plants which produce final
products using raw materials (animals, blood viscera, etc.) slaughtered
at a different site and "imported®" for use at the site, Means for
determining the weight of animals slaughtered at other plants (termed
equivalent live weight killed ~ ELWK) are recommended +to assist in
uniform application of the adjustments. A similar mechanism using
empirically derived relationships for BOD5 and TSS is recommended for
the high-processing packinghouse subcategory.







SECTION IIIX

INTRODUCTION

PURPOSE_AND AUTHORITY

Saction 301(b) of the Federal Water Pollution Control Act Amendments of
1972 (the Act) requires the achievement by not later than July 1, 1977,
of effluent 1limitations for point sources, other than publicly owned
+regtment works, which are based on the application of the best
practicable control technology currently available as defined by the
Administrator pursuant to Section 304 (b) of +the Act, Section 301 (b)
also requires +the achievement by not later than July 1, 1983, of
effluent limitations for point sources, other than publicly owned
treatment works, which are based on +the application of the best
available technology economically achievable which will result in
reasonable further progress toward the national goal of eliminating the
discharge of all pollutants, as determined in accordance with
regulations issued by the Administrator pursuant to Section 304 (b) of
the Act. Section 306 of the Act requires the achievement by new sources
of a Federal standard of performance providing for the contrcl of the
discharge of pollutants which reflects the greatest degree of effliuent
reduction which the methods, or other alternatives, including, where
practicable, a standard permitting no discharge of pollutants.

Section 304 (b) of the Act requires the Administrator to publish within
one year of enactment of the Act, regulations providing guidelines for
effluent limitations setting forth +the degree of effluent reduction
attainable through the application of +the best practicable control
technology currently available and the degree of effluent reduction
attainable through the application of the best available technology
economically achievable including treatment techniques, process and pro-
cedure innovations, operation methods and other alternatives. The
regulations proposed herein set forth effluent limitations guidelines
pursuant to Section 304 (b) of the Act for the red meat slaughtering and
packing plant subcategory within the meat products source category.

section 306 of the Act requires the Administrator, within one year after
a category of sources is included in a 1list published pursuwant to
Section 306 {b) (1) (A) of the Act, to propose regulations establishing
Federal standards of performances for new sources within such
categories. The Administrator published in the Federal Register of
January 16, 1973 (38 F.R. 1624), a list of 27 source categories.
Publication of the list constituted announcement of the Administrator's
intention of establishing, under Section 306, standards of performance
based upon best available demonstrated technology applicable to new
gources for the red meat slaughtering and packing plant subcategory




within the meat products source category, which was included in the list
published January 16, 1973.

SUMMARY QF METHODS USED FOR DEVELOPMENT OF THE EFFLUENT
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The effluent 1limitations guidelines and standards of performance
proposad herein were developed in the following manner. The point
source category was first studied for the purpose of determining whether
separate limitations and standards are appropriate for different
segments within a point source category. This analysis included a
determination of whether differences in raw material used, product
produced, manufacturing process employed, age, size, waste water
constituents, and other factors require development of separate effluent
limitations and standards for different segments of the point source
category. The raw waste characteristics for each segment were then
identified, This included an analysis of (1) the source and volume of
water used in the process employed and the source of waste and waste
waters in the plant; and (2) the constituents {including thermal) of all
waste waters including potentially hazardous constituents and other
constituents which result in taste, odor, and color in water or aquatic
organisms, The constituents of waste waters which should be subject to
effluent 1limitations guidelines and standards of performance were
identified.

The known range of control and treatment technologies existing within
each category was identified. This included identification of each
distinct control and «reatment technology, including an identification
in terms of the amount of constituents (including +thermal) and the
chemical, physical, and biological characteristics of pollutants, and of
the effluent levels resulting from the application of each of the
trzatment and control +technologies, The problems, limitations and
reliability of each treatment and control technology and the regquired
implementation time was also identified. In addition, the nonwater
quality environmental impact, such as the effects of the application of
such technologies upon other pollution problems, including air, solid
waste, noise and radiation were also identified. The energy
requirements of each of the control and +treatment technologies was
identified as well as the cost of the application of such technologies.

The information, as outlined above, was +then evaluated in order to
determine what levels of technology constituted +the "hest practicable
control +technology currently available", "best available technology
sconomically achievable" and the "best available demonstrated control
technology, processes, operating methods, or other alternatives%", 1In
identifying such technologies, various factors were considered. These
included the total cost of application of technology in relation to the
effluent reduction benefits to be achieved from such application, the




age of equipment and facilities involved, the process employed, the
engineering aspects of the application of wvarious +types of control
techniques, process changes, nonwater guality environmental impact
(including energy requirements) and other factors.

The data for identification and analyses were derived from a number of
sources. These sources included Refuse Act Permit Program data, EPA
research information; data and information from the North Star Research
and Development Institute files and reports, a voluntary guestionnaire
issued +through the BAmerican Meat Institute (AMI), the National
Independent Meat Packers Association (NIMPA), and Western States Meat
Packers Association (WSMPA); qualified technical consultation; and site
vigsits and interviews at several meat packing plants and slaughterhouses
in wvarious areas of +the United sStates. Questionnaire information
provided about 80 percent of +the raw dJdata used +o categorize the
industry, to characterize the raw waste, and to assess the effectiveness
of wvarious treatment systems. Information from the USDA was primarily
product and production data. Data from the Refuse Act Permit Program
(RAPP) were of very limited wvalue; they were used primarily to verify
the types of treatment used by various plants and to assist in selecting
the pollutant parameters listed in Section VI, Although data were
obtained for 104 plants, only 85 of the plants were identifiable. ‘The
data for identifiable plants were the only data used for categorization
and raw waste characterization. The other sources, including site
visits and interviews, were used to f£ill in the information gaps and to
provide additional insight and understanding to develop the rationale in
categorization.

The data were coded and stored in a computer for analysis in
categorizing the industry and characterizing the raw wastes., Originally
the data were listed as 81 numeric or non-numeric variables, Numeric
values were available for the six raw waste variables (see Section V),
and for kill, flow, processed meat production, and amount of cutting.
The non-numeric variables described the various methods of handling
blood, paunch, viscera, hair, hides, the types and methods of rendering,
and the sampling procedure used to obtain waste water samples, Where
appropriate, missing data were listed as a separate variable. The first
attempt to categorize the industry was based on a correlation analysis,
but no useful pattern or correlation was found encompassing +the 81
variables and the 85 plants.

Based on knowledge of +the industry and the results of the initial
correlation analysis, some variables with a presumed equivalent effect
on raw waste were combined, and others with little or no effect on raw
waste were eliminated. This reduced the number of variables from 81 +to
53. This analytical process was repeated and the number of variables
was again reduced, this time from 53 to 26. For example, animal +type
was eliminated as a variable because no significant correlation was




found between it and raw waste, Also, the blood handling processes
involving either blood water evaporation or whole blood drying were
lumped together as a single variable because the waste load from either
process is similar,

The first analysis did not result in any reasonable grouping of plants
by raw waste load., The second step produced ten groups of plants--four
groups of slaughterhouses and six of packinghouses. However, there
remained some overlap of BOD5 distribution between the groups,
particularly for +the six groups of packinghouses. Additional analysis
revealed a positive correlation quantity of processed meat products for
packinghouses, The six packinghouse groups could be combined to form
two distinct subcategories with reasonably distinctive waste load
distributions. The +two subcategories are called 1low- and high-
processing packinghouses, The distinction between them, as described in
detail in Section IV, is based on the quantity of production of
processed meat products relative to the guantity of animals slaughtered.

To achieve a more consistent and useful grouping of slaughterhouses, an
empirical weighting factor was assigned to each secondary processing
technique; +this factor reflected +the relative contribution of each
technique to the raw waste load (see Section 1IV). Two distinct
subcategories of slaughterhouses were identified; one had plants with
empirical weighting factors adding up to less than 4.0, and the other
included those plants totalling more than 4.0. These two subcategories
were termed simple and complex slaughterhouses. The raw waste data were
then statistically analyzed for each subcategory; the results are
presented in Section V.

The empircal weighting factors listed in Section IV were, in some cases,
calculated from raw data obtained from the sources mentioned above or
from published information; in other cases +they were based upon
experience and Jjudgment, The credibility of the weighting factors is
based on the fact that the numbers used are good predictors of raw waste
load relative to in-plant operations and alsoc to the fact that they
explain differences in raw waste load between plants in the same
subcategory but with different in-plant operations.

The value of 1.5 kg BODS per 1000 kg IWK for hide processing, for
example, was obtained in two ways: first, from the raw waste data from
two hide curing plants, and second, from the difference between actual
and expected raw waste Jload from a slaughterhouse killing about 1500
head per day, but processing about 7000 hides per day. The value of 1.0
kg BOD5 per 1000 kg LWK for wet dumping of paunch was calculated from
data provided in reference 12. Assumptions were made that the BODS
waste load is caused by the loss of most of the water-soluble portion of
paunch contents; that 71 percent of the weight of the paunch is lost to
the sewer as 1liquid; that the BOD5 of the liguid is 28,240 mgsl; and
that there are 50 kg of paunch contents per 1000 kg LWK. Therefore, for




a weight of 454 kg (1000 pounds) per head of cattle, the paunch factor
is calculated to be (18,240 x 10-6 x 50 x 0.71) or about 1.0 kg
BOD5/1000 kg IWK (1 lb BOD5/1000 kg LWK).

The value of 1,2 kg BOD5/1000 kg IWK for coagulating and separating
blood, with the blood water sewered, was calculated assuming 35 kg blood
per 1000 kg LWK. The blood water was assumed to have a BOD5 of 40,000
mgsl and to account for 82.4% of the weight of +the whole blood, The
value of 2.0 kg BODS per 1000 kg LWK for wet and low temperature
rendering was obtained by assuming 150 kg rendered material per 1000 kg
IWK, and a liquid effluent weight equal to 45 percent of the weight of
rendered material. The BOD5 of the liquid was assumed +to be 30,000
mgsLl. All remaining factors presented in Section IV under "Secondary
Manufacturing Processes"--whole blood drying, dry rendering, and various
method of hair and wviscera processing--were estimated based on
experience and an engineering knowledge of the processes and the
effluent characteristics involved.

All references used in developing the guidelines for effluent
limitations and standards of performance for new sources reported herein
are included in Section XIIT of this document.

GENERAL DESCRIPTION OF THE_ INDUSTRY

Meat packing plants carry out the slaughtering and processing of cattle,
calves, hogs, and sheep for the preparation of meat products and by-
products from these animals. The plants in this industry range from
plants that carry out only one operation, such as slaughtering, to full-
line plants that not only slaughter, but also carry out processing to
varying degrees (manufacturing of meat products such as sausages, cured
hams, smoked products, etc). The amount of processing varies
considerably, because some process only a portion of their kill, while
others process not only their kill, but also the kill from other plants.
Most full-line plants (packinghouses) and many slaughterhouses also
render by-products; edible and inedible by-products are rendered from
edible fats and trimmings and from inedible materials, respectively.

Reportedly, there were 5991 meat slaughtering plants in these 48 con-
tiguous states and Hawaii on March 1, 1973. 1 Of these, 1364 were
federally inspected. The industry produced about 37 billion pounds of
fresh, canned, cured, smoked, and frozen meat products per vyear.
Perhaps 85 percent of the plants in the industry are small plants (local
meat lockers, etc. handling less +than 43,000 kg or 100,000 lbs. of
animals per day) for which waste Jload data are almost universally
unavailable. The remaining 15 percent of the plants account for by far
the largest part-=-probably over 90 percent--of the production, and thus,
of the waste load. In 1966, about 70 percent of all waste water in the
meat packing industry went to municipal systems; at that time it was
projected that, by 1972, 80 percent would be discharged +to municipal




I+t was

systems.
water flow from all small plants in the U.S.,

systems;

While the industry is

Nebraska and Iowa led the nation

in beef

estimated that in 1962 65 percent of the total waste
discharged to municipal
2 the figure is undoubtedly higher today.

spread over much of the country, the states of
slaughter with nearly

4,7

million head each in 1972. t Between them, these two states accounted
for over 26 percent of the beef production in the nation. The other
states making up the first ten in beef slaughter, each with over one
million head, are Texas, California, Kansas, Colorado, Minnesota,

Illinois, Wisconsin, and Ohio,

Iowa led in hog slaughter

+ion. The second

by

rest of the first ten include, in order, Minnesota, Pennsylvania,
Michigan, Indiana, Wisconsin, Virginia, and Tennessee. '

Table 1. Commercial Slaughter in 48 States
Live Weight

Killed Percent

{millions Percent Change

of pounds) of Total Since
1971 1972 in 1972 1971
Beef 36,588 37,126 62,7 +1.5
Hogs 22,535 20,249 34,2 -10,1
Calves 919 767 1.3 -16.6
Sheep & lambs 1,111 1,081 1.8 - 2.7
TOTAL 61,153 59,223 100.0 - 3.2

Source: [Livestock Slaughter, Curvent Swmary, 1872.1

Colorado,

0.64 million

New York led in

calves

a wide margin, slaughtering nearly 21
million animals in 1971 for nearly 25 percent of the national produc-
state, Illinois, slaughtered about 6.3 million; the

Ohio,

california, and Texas led in sheep and lambs, with about 1.8,
1.7, and 1.5 million head, respectively. . with
head, followed by New Jersey with 0.28, Pennsylvania with

.25, and Wisconsin with 0.23 million.




The total live weight of livestock slaughtered was about three percent
lower in 1972 +than in 1971, with only beef showing a small increase.
Table 1 1lists the 1971 and 1972 slaughter in terms of live weight killed
(LWK) . Beef, with nearly 63 percent, and hogs, with over 34 percent,
account for about 97 percent of the total slaughter.

Waste Waters from slaughtering of animals, the processing of meat and
the associated facilities and operations (stock yards, rendering, and
feed manufacturing) contain organic matter (including grease), suspended
solids, and inorganic materials such as phosphates and salts. These"
materials enter the waste stream as blood, meat and fat, meat extracts,
paunch contents, bedding, manure, curing and pickling solutions, and
caustic or alkaline detergents,

PROCESS_DESCRIPTION

A general flowsheet of a typical full-line packing plant, or "packing-
house", is shown in Figure 1., Such a plant is a "packinghouse" rather
than a "slaughterhouse" by virtue of +the "processing" step. As a
packinghouse, processing will include a wide range and volume of
products. For example, processed products maybe more for +the animals
killed at the site. Such a packinghouse is termed "low processing." On
the other hand, a packinghouse may bring in carcasses from other plants
and process much more than is killed at the site. Such a packinghouse
is termed "high processing", Less complete plants would operate on
appropriate parts of the flowsheet of Figure 1. For example, primary
processes through cooling of carcasses are typical of all
slaughterhouses, or abattoirs. The secondary processes of blood
processing, hide processing, and rendering may Or may not be carried out
in the slaughterhouse. Most pork plants include processing to some
extent; many beef plants, however, are only abattoirs. A slaughterhouse
may have all of the operations of a packinghouse, except for the
processing, cutting and deboning steps, as noted in Figure 1. Such a
slaughterhouse, based on high waste load from secondary processes, would
be termed a Y“complex" slaughterhouse., A slaughterhouse may, also, be
extremely simple; the simplest kind, with no secondary processing, is
shown in Figure 2. If the plant has relatively few secondary processes,
and those processes are of a type that give a low waste load, the plant
is termed a "simple" slaughterhouse.

The meat packing operations begin at the point at which animals arrive
at the plant and carry through the shipping of the product to the whole-
sale trade (or sometimes directly to the retailer). In the case of very
small operations such as meat lockers, the product may go directly to
the consumer. All processes and handling methods and their management
are considered part of the plant system. These include not only the
processes directed toward the production of food products, but, also,
those involved in recovery of materials of wvalue for by-product
manufacture, such as animal feed ingredients, The latter processes,
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indicated as secondary processes in Figure 1, include those recovery
steps such as screening and gravity separation for proteinaceous solids
and grease, and serve to reduce the rlant waste load. Hence, processes
often considered primary waste treatment are actually part of the plant
system, €ven though their effectiveness will have a large bearing on the
plant's raw waste load. For the purposes of this study, "primary" waste
treatment refers to these in-plant control measures,

The number of processes carried out and the way in which they are
carried out varies from plant to plant, and has an effect upon the
effluent treatment reguirements. It is convenient to discuss them in
terms of the processes listed at the beginning of the next sub-section.
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Processes | Products

Primary |  Secondary
Animals
A
Livestock
Pens
Killing ———)[aiod Processing j—————> Dried Blood
é Hide Removal Hide Processing Hides
E,, Hog Dehaiting Hair Recovery Hog Hair
a ¢ |
% Eviscerating |} > Edible Offal
é Trimming -———ﬁ'Wscerq ‘Handling
2 * | " —>Tripe, etc.
g Cooling l >Carcasses
inedible
Cutting ' Rendering J__"‘_‘——> By-Products
Deboning > Cut Meat
S — -
P'°°‘§;‘,?‘§nq Rendering Edible taltow
Curing
] > Meat Products
Cooking
Canning
Process Water
Recovery
System

3

Source: Industrial Waste Study of the Meat Product Industry

Figure 1. Process Flow in a Packing Plant
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Animals

Livestock
Pens
Killing
Hide Removal to
—> Qutside
Hog Dehairing Processing
Eviscerafing > Minor By~-Product
Trimming Processing
Cooling ————> Carcosses

Figure 2. Process Flow for Slaughterhouse
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MANDFACTURING PROCESSES

production related activities at meat packing plants include:

1. Animal stockyards or pens
2. slaughtering, which in turn, includes:
Killing

Blood processing
Viscera handling and offal washing
Hide processing

3. Cutting and deboning
4. Meat processing
5. Rendering
Edible
Inedible
6, Materials recovery (primary separation)

As indicated in a general waste flow diagram for a packinghouse, Figure
3, all of these processes contribute to the raw waste load except the
materials recovery or primary separation step; this removes material
that would otherwise be discharged.

Stockyards and Pens

In most meat packing plants, animals are held in holding pens for less
than one day. The animals are usually watered but not fed while waiting
their turn for sliaughter. The pens are often covered for protection
from the elements, and sometimes are enclosed. In winter in northern
climates they may be heated enough +to minimize condensation. Waste
water results from watering troughs, from periodic washdown, and from
liquid wastes from the animals. Runoff, if the pen is not covered, also
contributes wasteload. These waste waters are usially contained and
enter the sewer downstream of any materials recovery processes, but
before biological treatment,

Slaughtering

The slaughtering of animals includes the killing (stunning, sticking--
cutting the jugular wvein, bleeding) and hide removal for cattle, calves
and sheep, and scalding and dehairing for hogs; eviscerating; washing of
the carcasses, and cooling. In the present context blood, viscera, and
hide processing are included as subprocesses. Not all plants carry out
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Waste Processes
Solid | Liquid Primary |  Secondary
1 1 ™ -
Animals
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|<- - __' f_: - Pens
k_ i Manure |
| 'L_I'f_p_ i —- Kitling Blood Processing
T e R s
| l E_ Hide Removal Hide Processing
- — l ~— —{ Hog Dehairing Hair Recovery
T e L
I | | Eviscerating - -
l k‘ Viscera Hondling
] Trimming —
e — k==
‘ | ; Cooling
| | |<‘“ ————————— 1 inedible -
| l . c"nﬂng Rendering ;
| F- Deboning
| 1
I il T |
| [ Edible
l Processing Rendering |
| Grinding ]
| | 1 Curing l
| l(_ U Pickling |
| | Smoking
| | Cooking |
| | ' Canning l
g |
| solid Wosfel !
Composting o ‘
I_._Lﬂd..F_"l.._l : ;L |
S';;o-r;io_r; Recovery |
| | Treatment | K— e — =1 ‘system [T
e —
v
Fingl Effluent
Figure 3. Waste Water Flow Diagram for a
Packinghouse.
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all operations; for example, some only follow a narrower definition by
shipping out blood, hides, and viscera for processing elsewhere,

Animals taken from the pens are immobilized upon entering the kill area
by chemical, mechanical or electrical means. Cattle are usually stunned
by a blow to the brain. A steel pin driven by a powder charge or by air
pressure delivers the blow. Hogs are immobilized by an electric shock
from electrodes placed on the head and back, or by running them through
a tunnel where they breath a carbon-dioxide atmosphere. The latter is
becoming rare, Stunned cattle are suspended by a hind leg from an
overhead rail for sticking and bleeding. Immobilized hogs are hung over
a bleeding trough or are placed on a conveyor with their heads hanging
over the bleeding +trough. When they are stuck, the blood drains into
the trough for collection., During bleeding, the conveyor ' carrying the
animal moves slowly over the trough or gutter that catches the blood so
it can be collected for blood processing., Sheep, lambs, and calves are
generally handled 1like cattle., Some blood spills or splashes outside
the collecting area, especially as the carcasses are conveyed +o the
next operation. Also, clean-up operations wash considerable blood into
the sewer.

Following bleeding, the hides are removed from the cattle, usually by
mechanical means., Before pulling, the hide 1is separated (by
conventional or air-driven, hand-operated knives) sufficiently for
fastening to +the hide puller. Air knives are gaining favor because a
skinner can be trained to use them very quickly and there is less chance
of damaging the hide. The most common hide puller pulls the hide ‘'tup";
i.e., from <+he neck +to the tail, after the head is removed., A newer
puller pulls downward, over the head. A traveling cage places the
operator at the proper 1level for skinning and attaching the puller.
Very small plants skin by hand. Some blecod and tissue falls +to the
floor from +this operation, or blood even splashes on walls. Much is
collected, but some reaches the sewer, particularly during clean-up.

The hogs are usually not skinned, but are passed through a scalding tank
of water at about 130°F, then dehaired. The dehairing machine is a
rotating drum containing rubber fins., As the hog passes through the
drum, the rubber fins abrade off the hair and water constantly flowing
through the machine carries the hair to screens or other dewatering
device for recovery. In small plants, dehairing is often a hand
oparation. The hair is sometimes baled and sold for such uses as the
manufacture of natural bristle brushes, and for furniture stuffing.
Occasionally, it is hydrolyzed and dried for use in animal feed. Often
it is disposed of as solid waste. Following dehairing, hog carcasses
are singed for final hair removal, and sprayed with water to cool and
wash. They are inspected and trimmed to remove any remaining hair or
other flaws. Scald water and dehairing and wash water contain hair,
s0il, and manure. The final carcass washwater is relatively clean. All
are discharged to the sewer.




A trend appears to be developing for skinning hogs, much 1like cattle,
This eliminates the scalding and dehairing.

Next, the carcass is opened by hand knives and the animal is
eviscerated, The heart, liver, tongue(cattle), and kidneys are removed
from the viscera and washed; these are sold as edible meat or are used
in mea* products, Lungs may be sold for pet food., The balance of the
viscera is channeled to the viscera handling subprocess. The carcass is
also trimmed and inspected., Scrap trimmings go to rendering for edible
or inedible by-products. Blood and tissue from the evisceration find
their way directly to the sewer and are washed into the sewer during
clean~up. The carcasses, cut in half for beef and hogs, and left whole
for sheep and calves, are hung in a coocler where they stay at least 24
hours. Materials recovered during clean-up, particularly by dry clean-
up procedures, go to inedible rendering, either on- or off-site.

Blood Processing

Handling and processing of the blood is usually a part of the slaughter-
house operation. However, in some cases, the blood may be shipped out
of a plant for processing elsewhere, The blood may be heated +to
coagulate the albumin; then the albumin and fibrin are separated (such
as with a screen or centrifuge) from the blood water and forwarded for
further processing into such products as pharmaceutical preparations.
The blood water or serum remaining after coagulation may be evaporated
for animal feed, or it may be sewered. In most cases, the whole blood
is sent directly to conventional blood dryers and used for animal feed.

Viscera Handling

The beef paunches may be handled either wet or dry. For wet handling,
the contents of the paunches, 50 to 70 pounds Of partially digested feed
("paunch manure") are washed out with water and passed over a screen.
The separated solids go to solid waste handling. The 1liquor passing
through the screen is generally sewered. In dry handling, paunch
contents are dumped on a screen or other dewatering device and the
solids are sent either to a dryer or to a truck for removal from the
plant., In some plants, the entire paunch contents are sewered; solids
are later removed at the sewage treatment plant; it is common to scald
and bleach the paunches. The paunch is then washed thoroughly if it is
to be used for edible products. Hog stomach contents are normally wet
processed. A newer practice is to send the entire contents to
processing or to haul out for disposal elsewhere.

The intestines may be sent directly to rendering or they may be hashed

and washed and then sent to rendering. O©Often, the beef paunches and hog
stomachs and the intestines are washed and saved for edible products.
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For example, it is common practice to bleach the paunches for marketing
as tripe, and to recover hog casings and chitterlings (large intestines
of hogs). Occasionally, paunches and stomachs are given only a brief
washing and are sold for food for mink or pet <£food. Stomachs may be
routed, unopened, directly to inedible rendering. Hog intestines still
find some market as sausage casings and for surgical sutures. Any
viscera washing or cleaning operation results in the contents of
stomachs, intestines, etc, as well as a considerable amount of grease
being discharged to the sewer,

Hide Processing

Hides may be processed wet or dry. Wet processing involves hide
demanuring, washing, and defleshing, followed by a brine cure in a brine
vat or raceway. The cure time may be as short as 12 hours. In dry
curing, the washed, defleshed hides are packed with salt and stacked in
the curing room. Often hides are only. salted and hauled to other plants
or to tanneries for washing, defleshing and curing. Washing may be done
by batches in a rotating screen or in a +tumbler similar. to a large
concrete mixer, Defleshing is usually done by passing the hide through
rotating scraper knives. In very small plants both may be done by hand..
some effort is being made toward +transferring some of +the tannery
operations to the slaughtering plant; this allows bettexr recovery and
ensuing wastes to be channeled into animal feed. On the other hand,
some specialty plants have come into being that take the green, unwashed
hides from the slaughtering operation and deflesh, c¢lean, and cure them
as an intermediate step before they go to the tannery., Hide processing
leads to significant loads of blood, tissue, and dirt being sewered.
The curing operation contributes salt (sodlum chloride) +to the waste
water,

Cutting

Although meat cutting may be considered part of the M"processing
operation®", it is often carried out in a separate part of the building,
or may be carried out 1in plants that do no further processing. The
latter is particularly true in the case of beef plants. 1In the cutting
area, +the carcasses are cut for direct marketlng of smaller sections or
individual cuts, or for further processing in the processing operations.
Trimmings from this operation that do not go +to products, such as
sausages and canned meats, go to rendering of edible fats and tallows.
Inedible materials are rendered for inedible fats and solids. Thexe is
always some material that reaches the floor, and a considerable amount
that adheres to saw blades or conveyer systems, including meat, bone
dust, fat +tissues and blood that can be recovered for inedible
rendering. Much of this, however, is washed to the sewer during clean-

up.
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Meat Processing

The edible portion resulting £rom slaughtering and cutting may be
processed in a variety of ways. These include the manufacture of many
varieties of sausages, hams, bacon, canned meats, pickled meats,
hamburger, portional cuts, etc., Obviously, the processing of edible
products is complex and varies from plant to plant. Some beef cuts are
delivered to curing rooms for preparation of corned beef. Hog carcasses
are cut up and hams, sides, and shoulders are géenerally sent to curing.
Some loins may be deboned and cured for such products as Canadian bacon.
{Most 1loins are packaged without curing for the retail market.) An
average of about 400 kg of edible "processed" products is obtained from
the processing of 1000 kg LWK in meat processing operations. It is
recognized that this number can vary~-it may be much higher in some hog
operations, but when edible rendered products such as lard, and fresh
pork products such as loins, which are not considered as processed
products, are excluded, the wvalue is not unreasonable. Further, the
value of 400 kg processed product per 1000 kg LWK (or a ratio of
processed products +o LWK of 0.4) forms a natural break point in
categorizing packinghouses--products to IWK ratio of less than 0.4 are
low-processing packinghouses; high-processing packinghouses have a ratio
of at least 0.4.

The curing operation involves injecting a salt and sugar solution into
the meat, usually with a multineedle injection machine. Some curing is
done by soaking in cure solution. 8moking is done in smokehouses at
elevated temperatures. Smoked flavors are, also, obtained by soaking in
or injecting a solution containing "liquid smoke", Spills from cooking
aquipment, excess cure solution sSpilled during injection, and materials
washed into the sewer during clean-up all contribute to the waste load.

The processing operations may be carried out either in packing plants or
in separate plants that do processing only. The "meat packing" industry
concerns only the processing associated with packing plants.

Rendering

Rendering separates fats and water from tissue. Two types of rendering,
wet or dry, may be used for either edible or inedible products. A type
of dry rendering process called "low temperature®™ rendering is coming
into common use, particularly for edible rendering. Edible trimmings
from the cutting operations that do not go inte products such as
sausages and canned meats go to rendering for preparation of edible fats
and tallows. The inedible processing is carried out in an area in the
packing plant separate from the processing of edible products. Inedible
products find use mainly in animal feed.
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The materials to be rendered are normally passed through a grinder. For
inedible rendering, this includes bones, offal (usually without
cleaning), condemned animals, etc. From there it is fed to a continuous
rendering operation, or to a blow tank that can be pressurized
periodically to feed batch cookers. Economics usually dictate the type
of process used. :

Wet rendering is usually carried out in pressure tanks with 40 to 60 psi
steam added directly. The fat phase is separated from the water phase
after cooking. The solids in the water phase are screened out, leaving
what is called tankwater. ' Tankwater is frequently evaporated to a thick
protein-rich material kncwn as "stick", which is added to animal feeds.

Dry rendering is carried out either in vessels that are open to atmos-
pheric pressure or are closed and under a vacuum, The material is
cooked until all of the free moisture in the tissue is driven off. The
cooked material is +then screened to remove +the fat from the solid
proteinaceous residue. Dry rendering can be either a batch or
continuous operation, depending upon the equipment used, Batch
operations are conducted in moderate~sized agitated vessels; continuous
operations are conducted in either agitated vessels that are long enough
+o provide sufficient retention +time to evaporate the water, or in
multistage evaporators. Dry batch rendering is <the most widely wused
rendering process.

Low temperature rendering is a fairly recent development used primarily
to produce edible products, In this process, the material +to be
rendered is first finely ground. The mass is then heated to just above
+he melting point of the fat. Centrifugation is used to remove the non-
fatty material, and the fat is further clarified in a second centrifuge.
The water phase may be further treated in other types of equipment for
gre=ase and sclids recovery. _

Spills from cooking equipment, collection tanks, and discharges from
equipment washdown further contribute +to total waste discharges.
However, rendering operations sexrve to recover a number of materials,
2.9., grease, fats, offal tissue) which might, otherwise, dramatically
increase +total plant waste loads. Moreover, since material such as
grease that 1s less readily biodegradable is reduced in raw waste
discharges, subsequent efficiencies in biological waste treatment are
enhanced,

Materials Recovery
The waste water from the plant, excluding only the waste water from the
holding pens and, perhaps, paunch screening, usually runs through catch

basins, grease traps, or flotation units., The primary purpose of these
systems is not waste treatment per se, rather the purpose is the
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recovery of grease, which is sent to inedible rendering and represents a
valuable by-gproduct. The very important function of removal of
pollutants is, also, sServed, Grease recovery most often has been the
controlling factor, so the systems may be considered part of the
manufacturing operation rather than a stage in pollution abatement.
However, if the catch basin or grease trap is not adegquate to meet the
final effluent requirement, it may be necessary to further remove grease
by an air £flotation unit, with or without the addition of chemicals.
This unit functions as primary treatment although its main function is
product recovery.

The most widely used method of solids recovery employs a catch basin.
Solids (grit, residual flesh) settle to the bottom and are removed
continuously or periodically; dgrease floats to the top and is scraped
off, often continuously. For effective recovery, +these units usually
have greater than a 30-minute detention +time and are designed to
minimize turbulence.

The best grease recovery is accomplished by employing dissolved air
filotation in a tank. The tanks are usually large enough to retain the
liquid for twenty minutes to one hour., Air is injected into a portion
of +he effluent, pressurized, and recycled, or is injected into the
waste water before it enters the tank, The 1liquid 1is pressurized to
"supersaturate" it with air. The liquid then enters the tank where air
bubbles coming out of solution rise +to the surface, carrying grease
particles with them, The grease is removed by skimmers. While the
tanks are not designed for the most effective removal of settleable
solids, some solids settle to the bottom and are scraped into a pit and
pumped out.

In addition to recovery systems above, some plants also recover part of
the settleable solids before the waste streams enter the grease removal
system by employing self-cleaning screens, either static, vibrating, or
rotating. The solids +hat are recovered from these, as well as the
s0lids recovered from the catch basins are sometimes returned +to the
plant's inedible rendering system.
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PRODUCTION CLASSIFICATION

The U.S. Bureau of Census, Standard Industrial Classification Manual 4
classifies +the meat products industry under Standard Industrial
Classification (SIC) group code number 201 (Major Group 20). Meat
packing plants are classified as Industry No. 2011, which is defined as:

#Establishments primarily engaged in the slaughtering,
for their own account or on a contract basis for the
trade of cattle, hogs, sheep, lambs, and calves for
meat to be s0ld or to be used on the same premises in
canning and curing, and in making sausage, lard, and
other products."

Abattoirs on own account or for the trade; except nonfood animals
Bacon, slab and sliced, mitsc#*

Beaf, mitsc

Blood meal

Canned meats, except baby foods, mitsc
Cured meats, mitsc

Lamb, mitsc

Lard, mitsc

Meat extracts, mitsc

Meat, mitsc

Meat packing plants

Mutton, mitsc

Pork, mitsc

Sausages, mitsc

Slaughtering plants; except nonfood animals
Variety meats (fresh edible organs), mitsc
Veal, mitsc

*mitsc - made in the same establishment as the basic materials.

ANTICIPATED INDUSTRY GROWTH

Shipments of meat slaughtering and meat processing plants in 1972 was
$23.8 Dbillion and is expected to rise by about six percent to about
$25.3 billion in 1973. The U,S, Industrial Outlook: 1973, estimates
that this annual growth rate of six percent per year will be substained
through 1980 for American producers, 5

Factors that should contribute to growth can be distinguished from those
that act to restrain this growth.
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A growing population and rising family incomes will continue to maintain
consumer demand for meat products. Historically, as incomes of American
families have grown, they have substituted higher priced food products
such as meats for the bread and potatoes in their diets. Demand for
beef, in particular, has continued to grow on a per capita basis as well
as in total; for example, in 1972 +the +typical American consumed 115
pounds of beef, which was two pounds more than in 1971. In addition,
larger quantities of porticon-controlled meats are being processed in
response to institutional demands by fast-food outlets, hotels,
restaurants, and other institutions.

Several factors serve to restrain potential growth of the American meat
industry, including higher meat prices, removal of import quotas, and
+he availability of synthetic (soybean protein) substitutes. Factors
in higher meat prices may be sharply reduced hog and calf slaughter in
1972, for an overall decrease of more +than three percent from 1971.
Supplies must increase sharply during the remainder of the decade to
achiave the projected growth rates, Although firms in the industry have
installed new plants and equipment, the resulting increased efficiency
has been more than offset by higher costs for labor, livestock,
packaging materials, and transportation--costs that have been passed on
to consumers in the form of higher retail prices. On the other hand, it
is expected that new plants will be built to replace those that become
obsolete and are no longer economically feasible to operate. Also, new
plants will be needed to satisfy an overall growing demand for meat as
the population and faimily incomes increase. The +trxend 1is for new
plants to be larger and perhaps more specialized (such as large beef or
pork slaughterhouses) and to be located near the animal supply. This
means that plants will continue to0 move away from the consumer (the
large city) to the more rural areas where the large feed 1lots are
located.
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SECTION IV

INDUSTRY CATEGORIZATION

CATEGORIZATION

In developing effluent limitations guidelines and standards of perfor-
mance for the meat packing industry, a judgment was made as to whether
limitations and standards are appropriate for different segments (sub-
categories) within the industry. To identify any such subcategories,
the following factors were considered:

Waste Water characteristics and treatability
Final products

Primary manufacturing processes

Secondary manufacturing processes

Raw materials

Size, age, and location of production facilities.

CoOOQ0OO0O

After considering all of these factors, it was concluded that the meat
packing industry consists of two major groups: slaughterhouses and
packinghouses which are defined below.

A slaughterhouse is a plant that slaughters animals and has
as its main product fresh meat as whole, half or gquarter
carcasses or smaller meat cuts.

A packinghouse is a plant that both slaughters and processes
fresh meat to cured, smoked, canned, and other prepared meat
products., *

Each of +the above groups was further subdivided into two segments,
giving a total of four subcategories:

I. Simple Slaughterhouse--is defined as a slaughterhouse that
does a very limited by-product processing, if any,
usually no more than two of such operations as rendering,
paunch and viscera handling, blood processing, or hide or
hair processing.

IT, Complex Slaughterhouse--is defined as a slaughterhouse that
does extensive by-product processing, usually at least three
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of such operations as rendering, paunch and viscera handling
blood processing, or hide or hair processing,

11T, Low-Processing Packinghouse--is defined as a packinghouse
that processes no more than the total animals killed at that
plant, normally processing less than the total kill.

Iv. High-Processing Packinghouse--is defined as a packinghouse
that processes both animals slaughtered at the site
and additional carcasses from outside sources.

*Processed meat products are limited to: chopped beef, meat stew,
canned meats, bacon, hams (boneless, picnic¢, water added), franks,
wieners, bologna, hamburger, luncheon meat loaves, sausages.

The differences between the four subcategories and +the relationships
between them is shown schematically in Figure 4. The simplest plant is
a Simple slaughterhouse, and it does 1little secondary (by-product)
processing. By adding substantial secondary processing, the plant
becomes a Complex Slaughterhouse. By adding a meat processing
operation, but processing less than produced in the plant as fresh meat,
(processing less +than +the plant Kkills), the plant becomes a Low
Processing Packinghouse., When the plant processes more than it kills
(e.g., brings in carcasses from outside in addition to processing its
own), it becomes a High Processing Packinghouse, The degree of
secondary processing conducted at any packinghouse is somewhat variable,
although a large number of by-product recovery operations are typically
practiced. The basic slaughter capacity of a plant was not an adeguate
¢criterion for categorization, However, there is a tendency for the
smaller capacity slaughterhouses to do 1little by-product processing,
thus to fall in the simple slaughterhouse subcategory. The large
capacity slaughterhouses, on the other hand tend to do more by-product
processing, thereby falling in the complex subcategory. These slaughter
capacity tendencies are reflected in the kill averages for each of these
subcategories, as indicated in Section V.

The packinghouses slaughter animals and prepare processed meat products,
Those plants in the low processing subcategory tended to have larger
slaughter capacities but produce a smaller quantity of processed
products in comparison with the high processing packinghouses.

The normalized waste water flow (liters per 1000 kg LWK) increases with
kill rate. It also increases with increased production of processed
meat products, and apparently at a faster rate than for slaughter
operations alcone., Thus, the normalized waste water flow increases from
simple slaughterhouses t0 complex slaughterhouse +t¢ low-processing
packinghouses; finally, to the maximum in high-processing packinghouses.
As indicated in other sections of this report, the wasteload for plants
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in any given subcategory, which includes most of +the pollution
parameters described in Section VI, increases with increased total water
consumption. Therefore, even though raw waste 1loads differ somewhat
{(particularly for complex slaughterhouses and low-processing
packinghouses where the latter has higher flowrates but lower raw waste
loads) the larger waste load reported in Section V for subcategories
with greater water consumption is as expected.

P e e et =

Waste Water Characteristics and Treatability

Industrial practices within the meat packing industry are diverse and
produce variable waste loads. It is possible to develop a rationale
division of the industry, however, on the basis of factors which group
plants with similar raw waste characteristics, The waste water
characteristic used in categorizing the industry is five~day biochemical
oxyoen demand (BODS5S) in units per 1000 units 1live weight killed: kg
BOD5/1000 kg LWK (1lb BODS5/1000 LWK). BODS provides the best measure of
plant operation and treatment effectiveness among the parameters
measured, and more data are available than for all c¢ther parameters
except suspended solids. Suspended solids data serve to substantiate
the conclusions developed from BOD5 in categorizing the industry.

The major plant waste load is organic and biodegradable: BOD5, which is
a measure of biodegradability, is the best measure of the load entering
the waste stream from the plant. Furthermore, because secondary waste
treatment is a biological process, BODS5, provides a useful measure of
the +treatability of the waste and the effectiveness of the treatment
process. Chemical oxygen demand (COD) measures +total organic content
and some inorganic content. COD is a good indicator of change, but does
not relate directly +to biodegradation, and thus does not indicate the
demand on a biological treatment process or on a Stream.

As developed in more detail in Section V, specific differences exist in
the BOD5 1load for raw wastes for four distinct groupings of meat
products operations. As defined above, these groupings (by plant type)
are substantiated as subcategories on the basis of waste load.

A number of additional parameters were also considered. Among these
were nitrites and nitrates, Kjeldahl nitrogen, ammonia, total dissolved
solids, and phosphorus. In each case, data were insufficient to justify
categorizing on +the basis of +the specified parameters; on the other
hand, the data on these parameters helped to verify judgments based upon
BODS.
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Judging from secondary waste treatment effectiveness and final effluent
limits; waste waters from all plants contain the same constituents and
are amenable to the same kinds of biological treatment concepts. It was
anticipated that geographical location, and hence climate, might affect
the treatability of the waste t¢o some degree, Climate has occasionally
influenced the kind of secondary waste treatment used, but has not had
an influence on the ultimate treatability of the waste or the treatment
effectiveness, given careful operation and maintenance.

Final Products

The final products of a meat packing plant provide further support for
the selected subcategorization, Final products relate directly to
processes employed, as discussed below. A plant that processes meat to
products such as canned, smoked, and cured meats is significantly
different from a plant that does no processing. Thus, there is a clear
distinction between a packinghouse-~a plant that both slaughters and
processes—-and a slaughterhouse,

Because of product differences, a further division of packinghouses is
justified; some plants process no more than they kill, and others
process far more by bringing in additional carcasses and meat cuts from
other plants.  Therefore, packlnghouses divide into two subcategories,
depending on the amount of final product that they produce.

Low-Processing Packinghouse--has a ratio of weight of pro-
cessed products to live welght killed less than 0.4. This
numerical designation actually-?gproximates the ratio of
weight for beef animals, when the entire

carcass is processed (i.e., forty percent of the weight of
a live animal ultimately is processed into final products).
For purely hog operations this ratioc may reach 0.55 or higher due
to efficiencies in carcass utilization.

However, excluding rendered products results in an

average situation where the ratip 0.4 appears reasonable.
It is noteworthy that in practice, these plants have

an average ratio not of 0.4, but about 0.14. This low
ratio indicates that, on the average, low processing
plants process only about a thir@ of their kill.

High-Processing Packlnghouse--hab a ratio of weight of pro-
cessing products to live weight killed greater than 0.4. From
the earlier definition, such a plant must bring in carcasses
from outside sources for processing., For these types of
plants the average ratio is about 0.65--high processing
plants, on the average, process about one-third more carcasses
than animals killed at the site.
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The inedible by-products of a meat packing plant (i.e., tallow, dried
blood, tankage, dried solids) also affect categorization. However, the
methods of by-product manufacture vary greatly, and the effect of
recovered bhy-products upon categorization is discussed in "Secondary
Manufacturing Processesgh.

Primary Manufacturing Processes

The primary manufacturing processes include the storage and slaughtering
of animals and the dressing (evisceration), cutting, and processing of
carcasses. As diagrammed in Section III, Figure 1, there is a distinct
difference between the types and amounts of primary processes in various
plants. Together with final products, this factor enhances the logic of
the chosen subcategories.

Secondary Manufacturing Processes .

Secondary manufacturing processes are those by-product operations for
the handling, recovery, and processing of blood, trimmings, and inedible
offal, This includes paunch and viscera handling, hide processing, hair
recovery and processing, and edible and inedible rendering. Secondary
processes used interrelate with both +the final products and waste
characteristics; however, +the kind of manufacturing process is more
relevant +than the specific by-product. The process by which a by-
product is made determines the waste load. Thus, it is the nature of
the secondary processes rather than by-products themselves which define
the cateqories. Unfortunately, there are a number of secondary
manufacturing processes that can be used within each by-product area.
Furthermore, there 1is no typical or wusual combination of secondary
manufacturing processes in the industry. Therefore, some other means of
grouping plants by secondary manufacturing processes is regquired,

computer analysis, literature, and experience indicated that empirical
weighting factors (relative contributions to waste loads) assigned to
each geccndary processing technique would permit a further analysis of
the slaughterhouse subcategory wherein the types and amounts of second-
ary processes prove critical.

Therefore, waste loads in terms of kg BODS5,/1000 kg LWK (lb BOD5-/1000 1b
LWK) were estimated for each secondary process that contributes
materially to the raw waste load. Estimates were made from discussions
with consultants, data oktained in this study, and from the experience
of the investigators. As summarized in the subcategory definitions and
waste characteristics Sections above, the waste load factors should be
considered relative to each gther rather than as absolute waste 1lgad
values. The factors applied to the secondary processes were: -
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Process Factor

Paunch handling:

wet dumping 1.0
dry dumping 0.1
Blood processing:
- Steam coagulated and screened or
centrifuged, with blcod water sewered 1.2
whole blood dried 0.3
- Rendering (edible or inedible)
‘ wet and low temperature,
sewering water 2.0
Dry ‘ 0.5
Hide processing
Defleshing, washing, curing 1.5
‘Hair processing
Hydrelyzing 1.0
Washing 0.7

Viscera Handling :
Casing saving, hashing and washing,
or stomach and chitterling washing 0.6
Tripe processing 0.4

The waste load factors for the secondary processes were summed for each

slaughterhouse, The sum of +the waste load factors divided the
slanghterhouse = sample into two distinct clusters, one group of
slaughterhouses with totals below 4.0 and +the other above 4.0, The

plants with totals below 4.0 were relatively simple; i.e., they had few
secondary processes and those processes tended to be the types that were
low waste 1load contributors.  These M"simple" slaughterhouses had
relatively low total waste loads, The plants with waste load factors
above 4.0 werxe much more complex; i.e., they had many secondary
processes. These Y"complex" slaughterhouses had distinctly higher waste
lcoads.

The waste load factors serve an additional purpose. Occasionally, a
-plant in one of the subcategories will conduct an unusually high amount
of secondary processing as an example, one complex slaughterhouse
currently processes hides from several other plants. Its raw waste load
is wunusually. high. ' However, when a waste load of 1.5 kg BOD5/1000 kg
LWK (1.5 1b BOD5/1000 1b LWK, or about 1.5 1k BODS5 per hide processed)
is taken into account for the extra hides processed, the total waste
load for the plant can be explained and the relation of other waste
sources to those from the hide processing is established.
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Raw Materials

Raw materials characteristics help to sybstantiate the above categor-
ization, The raw materials include live animals (cattle, hogs, sheep,
lambs, and calves), water, chemicals, and fuel. B2although different
kinds of animals vary greatly in size and require some different pro-
cessing techniques, these effects are best handled by incorporation into
other factors, For example, weight wvariations are accounted for by
normalizing (dividing) waste parameter values by the daily 1live weight
killed; +this gives a waste load per unit of raw material independent of
the kind of animal. Plant process options or alternatives are dependent
on the kind of animal, mainly in by-product processing. The
consideration of these process options in categorization is described in
the section above on secondary manufacturing processes. The industry
subcategories have the following distribution of animal type slaughtered
which <c¢learly  shows a difference between  slaughterhouse and
packinghouse, but which also reveals no significant Ccifference within
either of +hese +two  groups, - thus =~ further substantiating the
categorization. T

A definite relationship was fcund between raw waste load and water use,
both in individual plants and in the four subcategories. Variations in
water flow between subcategories are caused by different process
requirements., Highly varying water use in plants within the same
subcategory are the result of varying operating practices.

Animal Simple Complex Low-Processing High~Processing

Type . 8laughterhouse Slaughterhouse - Packinghouse Packinghouse Total
Beef, ) )

only 52.6 61.1 14,8 9.1 314
Hogs,
only 26.3 27.8 25,9 : 40.8 30.2
Beef &
hogs & :
Other 21.1 11,1 59.3 50.1 38.4
Total 100.0 100.0 100.0 100.0 100.0

Table 1A, Estimates of the Distribution of Primary Raw Materials
by Subcategory '
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Chemicals used in packing plants (i.e., preservatives, cure, pickle, and
detergents) do not sexve as a basis for categorization. Differences in
waste loads caused by chemicals are the result of different operating
practices.

Fuels are usually natural gas oxr fuel oil. They have no effect on
categorization. : ‘ .

Size, Age, and Location

Size, age, and location are not meaningful factors for categorization of
the industry. Neither the information from this study, nor +that from
previous studies, reveals any discernible relationship between plant
size and effluent guality or other basis for categorizing. Both high
and low guality raw wastes were found at both ends of the plant size
spectrum within the industry. The very small plants may use a table or
bed instead of a rail to support the animal carcass in the slaughtering
operations. 'This practice has no known effect on the raw waste 1load
from small plants, relative +to categorization, but it may greatly
facilitate waste disposal for these plants, Other factors perhaps
related to plant size, such as degree of by-product recovery, are
discussed elsewhere, ,

Age as a factor for categorization might be expected +to be at least
amenable to  quantitative identification and interpretation, but
unfortunately age does not even achieve that degree of usefulness, The
meat packing industry is a relatively o014 industry, and some o0l1ld plants
incorporate early operating ideas and practices, Some plants, on the
other hand, are very new and incorporate the latest operating ideas and
practices. Nevertheless, most older plants have been updated by changes
in plant processes and plant structure. Therefore, to say that a plant
was built 50 years ago and 1is 50 years o0ld is not particularly
meaningful in +erms of interpreting in-plant practices. In fact, within
the study sample the two plants with the lowest waste load differed in
age by about 5C years. Consequently, no consistent pattern between
plant age and raw waste characteristics was found.

Examination of the raw waste characteristics relative to plant location
raveals no apparent relationship or pattern. The effect of manure and
mud-coated animals processed in the winter by northern plants was not
found to be significant. The type of animal handled, which is sometimes
influenced by locaticn, does not seem to affect the waste load or other
m=2asure of categorization. _ , !
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effluents are so dilute that concentration becomes limiting. In these
cases, concentration 1is expressed as milligrams per liter, mgr/l. Kill
and amount of processed meat products are expressed in thousands of kg.

Using information from the sources and methods outlined in Section III,
the following Tables 2 through 5 include a summary of data showing
averages, standard dev1at10ns, ranges, and number of observations
{plants}) is presented in the following sections for each of the four
subcategories of the industry. _

L

Slaughtexrhouses

A typical flow diagram illustrating the sources of waste waters in - both
simple and complex slaughterhouses is shown in Figure 5. It should be
noted that a simple slaughterhouse normally conducts very few of the by-
product operations (secondary processes) listed in Fiqure 5, whereas a
complex slaughterhouse conducts most or all of them., Occasionally
slaughterhouses may not have waste waters from some of the operations
shown, depending upon individual plant circumstances. For example, some
slaughterhouses have dry animal pen clean-up with no discharge of waste
water, some have little or no cutting, and other may have a separate
sewer for sanitary waste.

The flow diagrams include both beef and hog operations. BAs noted in
Section IV, no distinction was made in subcategories for the type of
animal. It is recognized, however, that in some small plants there will
be more significant differences in pollution wasteloads depending on the
animal type. These cases, however, are still within the wasteloads
cited for the subcategory. .

Simple Slaughterhouses

Table 2 summarizes the plant and raw waste characteristics for a simple
slaughterhouse. The table shows that 24 of the 85 plants analyzed were
simple slaughterhouses (about one~half were beef and the others divided
between hogs and mixed kill) and that the BODS5 wasteload covers a range
from 1.5 to 14.3 kgs/1000 kg LWK (same value in 1b/1000 1b' IWK).
Defining small plants as those with a LWK of less than 43,130 kg (95,000
1bs), and medium plants as those with a LWK between #3,130 kg and
344,132 kg (758,000 1b), it can be stated that only small and medium
plants were included. In fact, two are small and twenty-two are medium.
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Chemicals used in packing plants (i.e., preservatives, cure, pickle, and
detergents) do not serve as a basis for categorization. Differences in
waste loads caused by chemicals are the result of different operating
practices.

Fuels are usually natural gas ox fuel oil. They have no effect on
categorization., '

Size, Age, and Location

Size, -age, and location are not meaningful factors for categorization of
the industry. Neither the information from this study, nor that from
previous studies, reveals any discernible relationship between plant
size and effluent quality or other basis for categorizing. Both high
and low quality raw wastes were found at both ends of the plant size
spectrum within the industry. The very small plants may use a table or
‘bed instead of a-rail to support the animal carcass in the slaughtering
operations. This practice has no known effect on the raw waste 1load
from small plants, relative +to categorization, but it may greatly
facilitate waste disposal for these plants. Other factors perhaps
related to plant size, such as degree of by-product recovery, are
discussed elsewhere.

Rge as a factor for categorization might be expected +to be at 1least
amenable to = gquantitative identification and interpretation, but
unfortunately age does not even achieve that degree of usefulness. The
meat packing industry is a relatively old industry, and some old plants
incorporate early operating ideas and practices. Some plants, on <the
other hand, are very new and incorporate the latest operating ideas and
practices. Nevertheless, most older plants have been updated by changes
in plant processes and plant structure. Therefore, to say that a plant
was built 50 years ago and is 50 years o0ld is not particularly
meaningful in +erms of interpreting in-plant practices. In fact, within
the study sample the two plants with the lowest waste load differed in
age by about 5C years. Consequently, no consistent pattern between
plant age and raw waste characteristics was found.

Examination of the raw waste characteristics relative to plant location
reveals no apparent relationship or pattern. The effect of manure and
mud~coated animals processed in the winter by northern plants was not
found to be significant. The type of animal handled, which is sometimes
influenced by locaticn, does not seem to affect the waste load or other
msasure of categorization.
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SECTION V

WATER USE AND WASTE CHARACTERIZATION
WASTE WATER CHARACTERISTICS

Water is a raw material in the meat packing industry that is used +to
cleanse products and to remove and convey unwanted material. The
principal operations and processes in meat packing plants where waste
water originates are:

o] Animal holding pens

o] Slaughtering

o Cutting

o] Meat processing

o Secondary manufacturing (by-product operations)
including both edible and inedible rendering

o] Clean-up

Waste waters from slaughterhouses and packinghouses contain organic
matter (including grease), suspended solids, and inorganic materials
such as phosphates, nitrates, nitrites, and salt. These materials enter
the waste stream as blood, meat and fatty tissue, meat extracts, paunch
contents, bedding, manure, hair, dirt, contaminated cooling water losses
from edible and inedible rendering, curing and pickling solutions,
preservatives, and caustic or alkaline detergents. :

Raw_Waste Characteristics

The raw wasteload from all four subcategories of the meat packing
industry discussed in the following paragraphs includes the effects of
in-plant materials recovery which incidentally serves the function of
primary waste treatment. '

The parameters used to characterize the raw effluent were the flow,
BOD5, suspended solids (Ss), grease, chlorides, phosphorus, and Kjeldahl
nitrogen. As discussed in Section VI, BOD5 is considered to be, in
general, the best available measure of the wasteload. Parameters used
to characterize +the size of the operations were the kill (live weight)
and amount of processed meat products produced. All wvalues of waste
parameters are expressed as kgs/1000 kg IWK, which has the same numerical
value when expressed in 1lb/1000 1b LWK. In some cases, treated
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effluents are so dilute that concentration becomes limiting. In these
cases, concentration is expressed as milligrams per liter, mgrs1l. Kill
and amount of processed meat products are expressed in thousands of kg.

Using information from the sources and methods outlined in Section 1III,
the following Tables 2 through 5 include a summary of data showing
averages, standard deviations, ranges, and number of observations
(plants) 1is presented in the following sections for each of the four
subcategories of the industry. :

v
|

§;aughterhouses

A typical flow diagram illustrating the sources of waste waters in : both
simple and complex slaughterhouses is shown in Figure 5. It should be
noted that a simple slaughterhouse normally conducts very few of the by-
product operations (secondary processes) listed in Figure 5, whereas a
complex slaughterhouse conducts most or all of them. Occasionally
slaughterhouses may not have waste waters from some of the operations
shown, depending upon individual plant circumstances. For example, some
slaughterhouses have dry animal pen clean-up with no discharge of waste
water, some have little or no cutting, and other may have a separate
sewer for sanitary waste.

The flow diagrams include both beef and hog operations. As noted in
Section IV, no distinction was made in subcategories for the type of
animal, It is recognized, however, that in some small plants there will
be more significant differences in pollution wasteloads depending on the
animal type. These cases, however, are still within the wasteloads
cited for the subcategory.

simple Slaughterhouses

Table 2 summarizes the plant and raw waste characteristics for a simple
slaughterhouse. The table shows that 24 of the 85 plants analyzed were
simple slaughterhouses (about one~half were beef and the others divided
between hogs and mixed kill) and that the BODS wasteload covers a range
from 1.5 to 14.3 kgrs/1000 kg IWK (same value in 1b/1000 1b  IWK).
pefining small plants as those with a LWK of less than 43,130 kg (95,000
lbs), and medium plants as those with a LWK between 43,130 kg and
344,132 kg (758,000 1b), it can be stated that only small and medium
plants were included. 1In fact, two are small and twenty-two are medium.
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Complex Slaughterhouses

Table - 3 summarizes the plant and raw waste characteristics for complex
slaughterhouses. Nineteen of <the 85 plants analyzed were complex
slaughterhouses (11 were heef; 6, hogs; and 2, mixed). Defining a large
plant as one with a LWK of greater than 344,132 kg (758,000 1lb), and a
medium plant as in the paragraph above, the kill data of Table 3 shows
all complex slaughterhouses included are either medium or large.
Actually about one-third were large.

Packinghouses

A typical flow diagram illustrating the sources of waste waters in both
low- and high-processing packinghouses is shown in Figure 6. as defined
in Section IV, +the main difference between a low- and high-processing
packinghouse is the amount of processed products relative to kill; i.e.,
a ratico of less than 0,4 for a low- and greater than 0.4 for a high-
processing plant. As a vyesult, +the wastelocad contribution €from
processing is less for a low-processing packinghouse, A comparison of
Figqures 5 and 6 shows that a packinghouse has the same basic processes
and operations contributing to the wasteload as a slaughterhouse, with
the addition of the meat processing for the packinghouse. Another
difference is that the degree and amount of cutting is much greater for
a packinghouse, In some cases, unfinished products may be shipped from
one plant to another for processing, resulting in more products produced
at a plant than live weight killed.

Low-Processing Fackinghcuses

Table 4 summarizes the plant and raw waste characteristics for low-
processing packinghouses, Twenty-three of the 85 plants analyzed were
low-processing packinghouses. The average ratio of processed products
£o kill in these 23 plants is 90.1#%, with a standard deviation of 0.09.
The low-processing packinghouses included in the analyses have a ratio
of processed products to ILIWK well below +the wvalue of ¢.4 used to
distinquish between low- and high-processing plants, Using +the above
definitions of plant size, the kill data schows +that all the
packinghouses in the sample are medium or large in size.
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Table 2, Summary of Plant and Raw Waste Characteristics for Simple Slaughterhouses
. Kieldahl Total
Suspended Nitrogen Chlerides Phosphorus
Flow Kill BOD Solids Grease as N as C1 as P
1/1000 kg kg/1000 kg | kg/1000 kg | kg/1000 kg | kg/1000 kg | kg/1000 kg | kg/1000 kg
Base LWK 1060 kg/day LWK LWK LWK LUK LWK LWK
(Number of Plants) (24) (24) (24} {22) (12) (5) (3 (5}
Average 5,328 220 6,0 5.§ 2.1 0.68 2.6 0.05
Standard Deviation 3,6&4 135 3.0° 3.1 2.2, 0.46 2.7 0.03
Range, low-high 1,334— 18.5~ 1.5~ 0.6~ 0. 24~ 0.23~ 0. 41~ 0. 014~
- 14,641 552. 14,3 12.9 7.0 1.36 5.4 0.086

Table 3. Summary of Plant and Raw Waste Characteristics for Complex Slaughterhouses
Kjeldahl Total
- Suspended Nitrogen Chlorides Phospherus
Flow Kill BOD, Solids Grease as ¥ as C1 as P
1/1000 kg kg/1000 kg | kg/1000 ke | kg/1000 kg | kg/1000 kg | kg/1000 kg | kg/1000 kg
Base LWK 1000 kg/day LWK LWE LWK LWK LWK LWK
(Number of Plants) (19) (19) (19) (16) (11 {(12) (6) (5)
Average 7,379 593 10.9 9.6 5.9 0.84 2.8 0.33
Standard Deviation 2,718 356 4.5 4.1 5.7 0.66 2.7 0.49
Range, low-high 3,627- 154- 5.4 2.8~ 0.7- 0.13~ 0.81- 0,05~
12,507 1498 18,8 20.5 16.8 2.1 7.9 1.2
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High~Processing Packinghouses

Table 5 summarizes the plant and raw waste characteristics of high-
processing packinghouses. Nineteen of the 85 plants analyzed were high-
processing packinghouses. The range of data for the 19 plants is large
for all wasteload parameters. The range ©of 0.4 to 2.14% for the ratio of
processed products to LWK suggests that much of the wasteload variations
caused by the wide variation in processing, relative +to kill. Plant
size as measured by kill ranges from small to large; two plants were
small, 11 medium, and 6 large. '

iscussion of Raw Wastes

The data in Tables 2 throuagh 5 cover a waste water flow range of 1334 to
20,261 171000 kg LWK (160 to 2427 gals1000 1b LWK); a wasteload range of
1.5 to 30.5 kg BOD5/1000 kg LWK (1.5 to 30.5 1b/1000 1lb LWK); and a kill
range of 18.5 to 1498 kkg LWK/day (40 to 3300 thousand 1b/day). A
comparison of +the data from Tables 2 and 3 for simple and complex
slaughterhouses shows that the averages of all the waste parameters are
higher for a complex plant. This was expected because, by the method of
categorization of slaughterhouses, complex slaughterhouses conducted
more secondary (by-product) processes.

The data listed in Tables 4 and 5 for low- and high-processing packing-
houses show that high~processing plants have much higher average values
for all waste parameters on a LWK basis,

Some variations in waste water flow and strength within any one of the
four subcategories can be attributed to differences in the amount and
types of operations beyond slaughtering, such as by-product and prepared
meat processing, and the effectiveness of material recovery in primary
in-plant +treatment. However, +the major causes of flow and wasteload
variations are variations in water use and in housekeeping practices.

Excess water use removes bady fluids and tissues from products and
conveys them into the waste water. The effect of waste water flow on
wasteload is discussed in more detail later in this Section.

In all four sukcategories, statistical correlation analysis of the data
revealed that the raw BOD5 wasteload correlates very well with suspended
solids, with grease, and with Kjeldahl nitrogen on a LWK basis. This
means that an increase (decrease) in one parameter will account for a
certain predictable increase (decrease) in another of the parameters.,

The effect of plant size (kill) on wastelocad as measured by BODS for
each cateqgory was assessed by a regression analysis as outlined in
Section IIT. The results showed <that larger plants tend to have
slightly higher pollutional wastelcads. This trend is not caused by
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differences in processing. Rather, it results from some of the plants
operating at ever inereasing throughput, often beyond the LWK for which
the plant was designed, Under these circumstances, housekeeping and
water management practices tend to become careless., As a result, 1line
speed-up overloads fixed operations such as inedible rendering and blood
handling with consequent increases in raw waste loads,

Only four small plants were included in the analysis; two were simple
slaughterhouses and two were high-processing packinghouses. Three of
the four were substantially below the average BOD5 wasteload for their
subcateogry, suggesting that small plants can meet effluent 1limits of
larger plants. The only other information available on small plants is
that of Macon and Cote., 8 Accurate waste data were obtained on ten
small packinghouses in 196l1. Because there was insufficient information
on these plants to subcategorize them as low- or high-processing
packinghouses, and the plants were not identified, the results were not
used in determining wasteloads for the various subcategories. Those
plants that practiced blood recovery had BOD5 wasteloads between 2.7 and
8.3 kgs/l0C0 kg LWK; +the other plants which sewered blood had
considerably higher waste loads. Although some of the data did not
include the waste load from clean-up, Macon determined that the clean-up
could add from 0.35 to 3.0 kg BOD5/1000 kg LWK. These results indicate
that the waste 1locad from small packinghouses not sewering blood is
slightly less than those from larger packinghouses. This further
substantiates that standards set for medium and large plants can be met,
without special hardship, by a small plant, if the small plant is
properly equipped for blood disposal, paunch handling, and similar high
waste-related operations.

Data in Tables 2 through 5 show that chlorides and phosphorus values are
less frequently measured than are values for the other parameters. From
the data reported, however, chlorides and phosphorus are dependent on
in-plant operations and housekeeping rractices, For example, large
amounts of chlorides contained in pickling solutions and used in the
processing of ham, bacon, and other cured products ultimately end up in
the waste waters. This explains the unusually high chloride values for
high-processing packinghouses, i.e,, four to six times the wvalues for
the other subcategories, where relatively large amounts of products are
cured.

Very little wuseful information on other waste parameters such as
Kj=ldahl nitrogen, nitrites, nitrates, ammonia, and total dissolved
solids were reported by the 85 plantes whose data were summarized by
subcategory in this section. However, some information on these
parameters was obtained from other sources 7 and from field verification
studies conducted
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Table 4.

for Low-Processing Packinghouses

Summary of Plant and Raw Waste Characteristics

Base

Flow

1/1000 kg
LWK

¥ill

1000 kg/day

BODg

kg/1000 kg
LVK

Suspended
Solids

kg/1000 kg
LWK

Grease

kg/1000 kg
LWK

Kjeldahl
Nitrogen
as #

*g /1000 ke
LWE

Chlorides
as C1

ke/1600 kg
LWK

Total
Phosphorus
as P

kgl 1000 kg
LWK

Processed
Products

1000 kg/day

Ratio of
Processed
Products

to Kill

(Sumber of Plants)
Average
Standard Deviation

Range, low-high

23

7,862

4,019

2,018~
17,000

(23)
435
309

89—
1,394

(29)

8.1

(22}

(15}
3.0
2.1

0.8-
1.7

(6>

(5}
3.6

-~ 0
O

%)

0.13

n.16

0.03-
0.43

(23)
54
s2

3.0-
244,

(23)

0.14

0.0¢

0.016-
1.362

Table 5.

Summary of Plant and Raw Waste Characteristics
for High-Processing Packinghouses

Base

Flow

1/1000 kg
WK

Kill

1000 kg/day

EOD5

kg /1000 ke
LWK

Suspended
Solids

kg/1000 kg
LUK

Grease

kg /1000 kg
LWK

Kjeldahl
Nitrogen
as &

kg/1000 kg
LUK

Chlorides
as U1

kg/1000 kg
LWK

Total
Phosphorus
as P

ke /1000 kg
LUK

Processed
Products

1000 kg/day

Ratio of
Processed
Products

to Kill

(Number of Plants)

Average

Standard Deviation

Range of low-high

a9y
12,514
4,894

5, 4bb-
20,261

(19)
350
356

8.8-
1,233,

(19)
16.1

6.1

Qs

19.5

(10}

9.0

(&)

(&)
15.6

3

0.38

0.22

(19
191
166

4,5-
bil,

(19)

0.65

0.39%

0.40-
2.14




during this program. Typical ranges are given below for these waste
parameters, It should be noted that the values for dissolved solids in
the waste water are also affected by the dissolved solids content of the
plant water supply.

Nirrates and Nitrites as N, mg/1 0.01 0.85
Kjeldahl nitrogen, mgr1 50 300
Ammonia as N, mg/l 7 50
Total dissclved solids, mg/l 500 - 25,000

Bacteria are present in the raw waste from meat packing plants. The
usual measure is in terms of coliforms, and for these the MPN (most
probable number) typically is in the range of 2 to 4 million per 100 ml.

The procesgs waste water normally is warm; it averages about 329C (90°F) ;
it reaches a high of about 389C (100°F) during the kill period, and a
low of about 279C (80°F) during cleanup. Biological treatment processes
operate best under warm conditions; e.g., the optimum for anaerobic
lagoons is about 32°C (90°F); hence, they are facilitated by the waste
water temperature.

The pH of the procéess waste water is typically in the range of 6.5 to
8.5, although on occasion it may be outside this range. An alkaline pH
is important in the operation of anaerobic lagoons, as long as it does
not get above this range.

PROCESS FLOW_DIAGRAMS

The most typical flow arrangement used in the meat packing industry is
shown schematically in Figure 7. The system is used in about 70 percent
of the plants studied. The figure shows that most of the waste water
flows through a recovery system which consists of screening followed by
a catch basin. Frequently, the only waste streams to by-pass this
system are the pen washing, sanitary wastes, hog scalding and dehairing
wastewaters, and hide-processing waste waters. Pen washings normally
pass through a manure trap and then are mixed with the other waste
waters before entering further treatment for discharge to a watercourse
or a municipal sewer. Only noncontaminated water, such as cooling
water, completely by-passes treatment; it usually discharges directly to
a stream. In plants in which barometric condensers are used, the water
can become ccntaminated., Most of this water is sent to further <treat-
ment.
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The second most frequently used waste water arrangement is shown
schematically in Figure 8, 1In this flow arrangement, several low

arease bearing streams by-pass the screen and catch basin. This permits
an increase in the detention time of +the grease-bearing stream in a
grease recovery sSystem because the system can now handle a lower waste
water flow, Low-grease-bearing waste waters normally originate from the
pens, some secondary (by-product) processing, and sanitary wastes. This
arrangement is commonly used when dissolved air flotation is included in
primary treatment., A portion of the effluent from the flotation unit is
racycled to a pressurization tank where air is added for flotation.

Several modifications of the flow arrangement shown in Figure 8 are used
by the industry. Some plants add chemicals to the waste stream via a
mixing tank just prior to the flotation unit. This, usually, increases
grease and sclid recovery but it also may increase the moisture content
of +he skimmings to 85 to 95 percent, making the handling of skimmings
more difficult., Other plants may have two dissolved air flotation units
in series., Chemicals are usually added to the waste stream entering the
second unit, Skimmings from the first unit are almost always rendered
while these from the second unit, which contain chemicals, may be
landfilled. A few plants add chemicals to both units to achieve a high
wasteload reduction, Chemicals may reduce the rendering efficiency or
produce a finished grease that is unacceptable on the market.

A third flow arrangement, which has been installed in a few recently
built plants, is shown in Figure 9. The purpose of this arrangement is
t0 segregate waste streams according to the +type of +treatment to be
applied. In the scheme shown, the streams are divided into low and high
grease-bearing streams, and manure-bearing streams. For example, floor
drains located on the kill floor after the carxcass 1is opened, are
connected +to +the high grease-bearing streams; hide processing waste
watey is directed to the manure-bearing streams. Segregation into the
threz major waste streams permits optimum design of each catch basin and
flotation unit for recovery and waste load reduction, with minimum
investment in equipment. A more detailed list of the seqgregated stream
contents is given by Johnson. 8

Although there are a number of operations where waste water could be
reused or recycled, the industry is generally recycling or reusing only
non-contaminated cooling water, as illustrated in Figures 7, 8, and 9.
One minox exception is reuse of lagoon water as cooling water.
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WATER USE_—~ WASTELOAD RELATIONSHIPS

Increasad water use causes increased pollutional wasteload in the meat
packing industry. This was verified by  regression and correlation
analyses of individual plant data over long periods (up to two years),
and also on the data for each of the four subcategories. For example,
multiple regression analysis of the data relating BODS5 wasteload to kill
and flow revealed that a variation of one standard deviation would
change the predicted BoDS5 for 'a simple slaughterhouse by 1.0 kgrs1000 kg
IWK (1.9 1br/1000 1b LWK); it would change the predicted 1load for a
complex slaughterhouse by 2.8 kgrs1000 kg LWK (2.8 1br/1000 1b LWK).
Another regression analysis between BODS5 and flow on a LWK basis showed
that one standard -deviation in flow changed the predicted BOD5 by 5.6
and 5.3 kg/1000 kg LWK (5.6 and 5.3 1b/10060 lb LWK) for low~- and high~
processing packinghouses, respectively.

Figure 10 shows +the average and range of the results of separate
regression analysis on the flow-wasteload data from each of eleven
plants. This figure clearly illustrates that water use strongly affects
the pollutional wasteload for a plant in any given subcategory. For
example, the figures show that a 20 percent reduction in water use
would, on the average, result in a BOD5 reduction of 3.5 kg/1000 kg LWK
(3.5 1b/1000 1b LWK) .

Further evidence for the dependence of pollutional wasteload on water
flow is +that, in three of the four subcategories, the plant with the
lowest wasteload also had the lowest water use. In the fourth sub-
category, the plant with the lowest wasteload had the second lowest
water use. Moreover, substantially improved effluent quatity was found
for those plants which conserved water use as part of general
housekeeping practices. '

L.ow water use, and consequently low absolute wasteload, requires
efficient water management practices. For example, available data
showed that two simple slaughter houses practice very good water use
practices, The plants both had wasteloads of about 2 kgrs1000 kg LWK (2
1bs1009 1b LWK) ; their wastewater flows ranged from 1333 to 2415 171000
kg LWK (166 +to 290 gals1000 1b 1IWK). One plant was an old beef
slaughterhouse; the other, a new hog slaughterhouse. = This outstanding
performance was achieved in a sugcategory for which the flows ranged to
21,000 1/1000 kg LWK (1750 gals1000 1b LWK), and for which the BODS
loading ranged to over 14 kg/1000 kg LWK (14 1b/1000 1lb LWK).
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SOURCES OF WASTEWATER
SLoRLIDE

Animal Pens

Although pen wastes only contain an estimated 0.25 kg of BOD5/1000 kg
IWK, 9 the wastes are high in nutrients. 10 Frequently, the solid
wastes are removed by dry cleaning, followed by little or no washdown.
If the pens are washed down, a manure trap is frequently used to recover
solids rather than letting them enter a treatment system. Any rainfall
or snowmelt runoff is normally contained and routed for treatment with
other raw waste flows.

Another waste water source in the pens is the watering troughs. Each
trough may discharge 8 1/min (2.1 gal/min) or more. With perhaps 50 ox
more pens in a large plant, the water source becomes significant. The
total waste from the pens, however, is a minor contributor to the waste
load.

Slaughtering

The slaughtering operation is the largest single source of wasteload in
a meat packing plant, and blood is the major contributor. Blood is rich
in BoD5, chlorides, and nitrogen, It has an ultimate BOD of 405,000
mg/1l and a BODS5 between 150,00 and 200,000 mgrs1i. 31 Cattle contain up to
50 pounds of blood per animal, and typically only 35 pounds of the blood
are recovered in the sticking and bleeding area. The remaining 15
pounds of blood are lost as wastes which represents a wasteload of 2.25
to 3.0 kg BOD5/1000 kg LWK (2.25 to 3.0 1b/1000 1b LWK). Total loss of
the blocd represents a potential BOD5 wasteload of 7.4 to 15 kg/1000 kg
LWK (7.5 to 15 1b/1000 1lb LWK). Because very few meat plants practice
blood control outside of the bleeding area, the typical BODS load from
blood losses in the slaughtering operation is estimated to be 3 kg/1000
kg LWK. In beef plants, much of this loss occurs during hide removal.

Beef paunch or rumen contents is another major source of waste load,
Paunch manure, which contains partially digested feed material, has a
BODS of 50,000 mgs/l. 12 At an average paunch weight of 50 pdunds per
head, dumping of the entire contents can contribute 2.5 kg/1000 kg LWK.
However, the common practices are to either screen the paunch contents,
washing the solids on the screen (wet dumping), or to dump on a screen
to recover the solids, allowing only the "juice" to run to the sewer
(dry dumping) . Because 60 to 80 percent of the BOD5 in. the paunch is
water soluble, wet dumping of the paunch represents a BOD5 loss of about
1.5 kg/1000 kg LWK. If dry dumping is practiced, the pollutional waste-
load is much less than this, When none of the paunch is sewered but is
processed or hauled ocut of the plant for land disposal, paunch handling
does not contribute to the wasteload. Nevertheless, cooking of the
rumen or paunch in a hot alkaline solution (tripe processing) will add
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to the wasteload, particularly +to the grease load. The strong
alkalinity of these waste waters may also make grease recovery more
difficult.

The hog scald tank and dehairing machine are other sources of pollution.
The overflow from a hog scald tank is usually about 84 1/1000 kg LWK (10
gal/1002 1b LWK) at a BOD5 1loss of about 3000 mgrsl. This could
represent a BODS5 loss of about 0,25 kg/1000 kg LWK. Continucus overflow
of water from the dehairing machine is estimated to contribute a maximum
BODS5 load of 0.4 kgs1000 kg LWK.

Other sources of waste from the slaughtering of animals and dressing of
carcasses 1is from carcass washing, viscera and offal processing, and
from stomach and peck flushing.

The offal operations such as chitterling washing and cleaning intestinal
casings can contribute to the pollution lcad of a plant. If the slime
waste from +the casings 1is not sewered, the wastelcad £from these
operations would be greatly reduced.

The highest source of water use in slaughtering is from the washing of
carcasses; an extreme example for which data are available shows rates
of 2915 1/min (350 gal/min) ., Flushing the manure from chitterling and
viscera, or conveyer sterilizing, and the tripe "umbrella" washer are
other high water use operations.

Meat Processing

The major pollutants from meat processing are meat extracts, meat and
fatty tissue, and curing and pickling solutions, Loss of these
solutions can be the major contributor to the waste load from
processing. The results of a recent study showed that only 25 percent
of the curing brine remained in the product. 11 The rest of +the brine
is 1lost to +the sewer. This source of chlorides, plus others such as
from hide curing and the use of salt on the floors *to reduce
slipoeriness, explains why some packinghouse wastes have high chlorides,
A content of 100C¢ mg/l of chlorides is not uncommon in the effluent from
a2 packinghouse. Another constituuent of the cure is dextrose; it has a
BOD5 equivalent of 2/3 kg/kg (1br/lb). Consequently, packinghouses with
a sizeable curing facility will have high BOD5 waste unless the wastes
from curing are segregated or recycled. In one plant over 2000 pounds
of dextrose was lost daily. 13 The pollution load from meat and fatty
tissue can be substantially reduced by dry clean-up prior +to washdown.
The water use in meat processing should be primarily limited to cleanup
operations and to product washing, cooling, and cooking.
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Secondary Manufacfu;inq Processes

Secondary manufacturing processes, as described in Section IV, are those
by-product operations within the industry for +the handling, recovery,
and processing of blood, trimmings, and inedible offal. This includes
paunnch and viscera handling, hide . processing,: -hair .- recovery and
processing, and edible and inedible renderlng- ‘Thoge viscera and offal
Opcratlons that occur on the slaughtering floox, such as paunch handling
and tripe processing, were considered under slaughtering.

The hashing and washing of viscera, often performed prior to rendering,
produces a strong waste load with a BODS value of about 70,000 mgrl. 11
The waste conservaticn trend in the past few years has been toward not
hashing and washing prior to rendering, but sendlng the uncleaned vis-
cera directly +o rendering., In one plant, removal of ‘the hasher and
washer reduced the "BOD5 to the waste treatment plant by 910 kg (2700
pounds) per day, with an attendant increase in the rendered animal feed
production.

Efficient recovery of hog hair is now practiced widely within the
industry, although the market for this ky-product has been reduced in
recent years. ‘Very few plants hydrolyze hog hair, but rather wash and
bale for sale or dispose of it directly to land fill. ~ The waste 1load
from the recovery and washing of the hair is estlmated to contrzbute
less than 0. 7 kg/1000 kg LWK.

dide curing operations are hecomlng increasingly involved at meat
packing plants. Just a few years ago many plants were shipping hides
gresn or in salt pack. Today, however, many beef slaughter -operations
include hide curing in tanks, vats, or raceways. The hides, prior to
being soaked in brine, are washed and defieshed. These washings, which
are gsewered, contain blood, dirt, manure, and flesh.,  In most defleshing
operations +the bulk of the tissue is recovered. 1In addition to these
wastes, soaking the hide in the brine results in a net overflow of
approximately . 7.7 liters (2 gallons) of brine solution per hide. 1In a
faw plants the brine in the raceway is dumped weekly, whereas in others
it is dumped vyearly or whenever the s0lids build up to a point where
+hey interfere with the hide curing operation. The life of +the brine
can be extended by pumping the recycled brine over a vibrating or static
screen. The waste load from the overflow and washings in a typical hide
curing operatlon, where the hide curing wastes are not frequently
dumped, is about 1.5 kgr/1000 kg LWK for BODS and about 4 kg/l000 kg IWK
for salt. .

Blood proc9351ng may be either wet or dry. Continuous dryers, which are
gquite common, use a jacketed vessel with rotating blades to prevent
burn-on; this process. results in low losses to the sewer (estimated to
contribute about 0.3 kg BODS5/1000 kg LWK). Continuous ring dryers are
sometimes used: they produce a relatively small amount of blood water
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that, in some small plants, is discharged +to the sewer. The old
technique of steam sparging the blood to coagulate it 1is still
frequently used., The coagulated blood is separated from the blood water
by screening. The blood water has a BOD5 of about 30,000 mg/l. It is
often sewered, contributing a waste load of about 1.3 kgr/1000 kg LWK.
This 1loss can be eliminated by evaporating the blood water, either by
itself or by combining it with other materials in conventional inedible
dry rendering operations.

Wet rendering and low temperature rendering are potentially large
sources of pollution. Tank water from wet rendering can have a BODS
value of 25,000 +o 45,000 mgrs1l, and the water centrifuged from low
temperature rendering can have a BOD5 of 30,000 to 40,000 mg/l. It 1is
estimated that sewering of either of the waste streams produces a waste
load of 2 kg ROD5/1000 kg LWK. These waste loads can be eliminated by
evaporation or combining with other materials wused in dry inedible
rendering. Triple~-effect vacuum evaporators are often used to concen-
trate the "tankwater" from the wet rendering operation. The wasteload
from wet rendering is primarily caused by overflow or foaming into the
barometric leg of these evaporators and dJdischarge to the sewer or,
sometimes directly to a stream. From dry rendering the polluticn comes
from the condensing vapors, from spillage, and from clean-up operations.
A recent study revealed that a typical dryer used 454 to 492 1/min (120
to 130 gal/min) of water for condensing vapors, and that the effluent
contained 118 mg/1l of BOD5 and 27 mg/l grease. The estimated wasteload
from dry rendering is 0.5 kgrs1000 kg LWK.

Cutting

The main pollutants from cutting operations are meat and fat scraps from
trimming, and bone dust from sawing operations, Most of thesge
pollutants enter +the waste stream during clean-up operations. These
wastes can be reduced by removing the majority of them by dry c¢lean-up
prior to washdown, and, also, by some form of grease trap in the cutting
area, The collected material can be used directly in rendering. Bone
dust is a large source of rhosphorus and, when mixed with water, does
not settle out readily; thus it is difficult to recover, and should be
captured in a box under the saw,

Clean-Up
Macon® found that clean-up contributes between 0.3 and 3 kg BOD5/1000 kg
ILWK in small packinghouses., Data collected by the Iowa Department of
Environmental Quality showed that anywhere from 27 to 56 percent of the
total BODS5 waste lcocad is contained in the clean-up waste waters. The
clean-up operation, thus, is a major contributor to the waste load. It,
also, leads to a significant loss of recoverable by-products.
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Detergents used in clean-up can adversely affect the  efficiency of
grease recovery in the plant catch basin,

The techniques and procedures used during clean-up can greatly influence
the water use 1in a plant and the total pollutional waste load. For
example, dry cleaning of floors prior to wash down to remove scraps and
dry scraping of the blood from the bleed area into the blood sewer are
first steps. A light wash down, again draining to the blood sewer,
before +the normal washdown definitely descreases the pollution load from
clean-up. :
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SECTION VI

SELECTION OF POLLUTANT PARAMETERS

SELECTED PARAMETERS

Based on a review of the Corps of Engineers Permit Applications from the
meat packing plants, previous studies on waste waters from meat packing
plants, 3,15 industry data, questionnaire data, published reports, 1+
and data obtained from sampling plant waste waters during this study,
the following chemical, physical, and bioclogical constituents constitute
pollutants or measures of pollution as defined in the Act.

BODS (5 day, 20°C biochemical oxygen demand)
CoD (chemical oxygen demand)

Total suspended solids

Dissolved solids

0il anéd Grease

Ammonia nitrogen (and other nitrogen forms)
Phosphorus

Temperature

Fecal Coliforms

PH

on the basis of all evidence reviewed, there do not exist any purely
hazardous types of pollutants {(such as heavy metals or pesticides) in
the waste discharged from the meat processing plants, In addition,
except for those parameters for which limitations are established (BOD,
TSS, oil and grease, pH, and fecal coliforms) the data or the technology
are inadequate to substantiate reliable limitations at this time.

RATIONALE_FOR SELECTION OF IDENTIFIED PARAMETERS

Biochemical Oxygen Demand (BOD)

Biochemical oxygen demand (BOD) is a measure of the oxygen consuming
capabilities of organic matter and is the most ' important parameter in
characterizing the highly organic raw wastes from meat products plants
The BOD does not in itself cause direct harm to a water system, but it
does exert an indirect effect by depressing the oxygen content of the
water. Sewage and other organic effluents during +their processes of
decomposition exert a BOD, which can have a catastrophic effect on the
ecosystem by depleting the oxygen supply. Conditions are reached
frequently where all of +the oxygen is used and the continuing decay
process causes the production of noxious gases such as hydrogen sulfide
and methane. Water with a high BOD indicates the presence of
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decomposing organic matter and subseguent high bacterial counts that
degrade its quality and potential uses.

Dissolwved oxygen (DO) is a water quality constituent that, in
appropriate concentrations, is essential, not only to keep organisms
living Fkut also to sustain species reproduction, vigor, and the
development of populations. Organisms undergo stress at reduced D.O.
concentrations that make them less competitive and able to sustain their
species within the aguatic environment. For example, reduced DO
concentrations have been shown to interfere with fish population through
delayed hatching of eggs, reduced size and vigor of embryos, production
of deformities in young, interference with food digestion, acceleration
of blood clotting, decreased tolerance to certain toxicants, reduced
food efficiency and growth rate, and reduced maximum sustained swimming
speed, Fish food organisms are likewise affected adversely in
conditions with suppressed DO. Since all aerobic aquatic organisms need
a certain amount of oxygen, the consequencéeés of total lack of dissolved
oxygen due to a high BOD can kill all inhabitants of the affected area.

If a high BOD is present, the quality of the water is wusually visually
degraded by the presence of decomposing materials and algae blooms due
to the uptake of degraded materials that form the foodstuffs of the
algal populations.

Chemical oOxvgen Demand (COD)

is a parameter associated with BOD, COD is a measure of the presence of
materials not readily degradable by microorganisms; thus relates to the
demand for chemically bound oxygen as opposed to the dissolved oxygen.
For example, complex cellulosic materials exert COD over an extended
period and accordingly disrupt chemical balances in streams. COD
provides a rapid determination of the waste strength, Its measurement
will indicate a serious plant or treatment malfunction long before the
BODS can be run. A given plant or waste treatment system usually has a
relatively narrow range of COD:BODS ratios, if the waste characteristics
are fairly constant, so experience permits a Jjudgment +to be made
concerning plant operation from COD values, 1In the industry, COD ranges
from about 1.5 to 5 times the BODS; the ratio may be to the low end of
the range for raw wastes, and near the high end following secondary
treatment when the readily degraded material has been reduced %o very
low levels,

Total Suspended Solids

suspended so0lids include both organic and inorganic materials. The
inorganic components include sand, silt, and clay. The organic fraction
includes such materials as grease, ¢il, tar, animal and vegetable fats,
various fibers, sawdust, hair, and various materials from sewers. These
solids may settle out rapidly and bottom deposits are often a mixture of
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both organic and inorganic solids. They adversely affect fisheries by
covering the bottom of the stream or lake with a blanket of material
that destroys the fish-food bottom fauna or the spawning ground of fish,
Deposits containing organic materials may deplete bottom oxygen supplies
and produce hydrogen sulfide, carbon dioxide, methane, and other noxious
gases.

In raw water sources for domestic use, state and regional agencies
generally specify that suspended solids in streams shall not be present
in sufficient concentration to be objectionable or to interfere with
normal treatment processes. Suspended solids in water may interfere
with many industrial processes, and cause foaming in boilers, or
encrustations on equipment exposed to water, especially as the
temperature rises. Suspended solids are undesirable in water for
textile industries; paper and pulp; beverages; dairy products
laundries; dyeing; photography; c¢ooling systems, and power plants.
Suspended particles also serve as a transport mechanism for pesticides
and other substances which are readily sorbed into or onto clay
particles.

Solids may be suspended in water for a time, and then settle to the bed
of the stream or lake. These settleable solids discharged with man's
wastes may be inert, slowly biodegradable materials, or rapidly
decomposable substances, While in suspension, they increase the
turbidity of +the water, reduce light penetration and impair the
photosynthetic activity of aquatic plants.

Solids in suspension are aesthetically displeasing., When they settle to
form sludge deposits on the stream or lake bed, they are often much more
damaging to the life in water, and they retain the capacity to displease
the senses, Solids, when transformed +to sludge deposits, may do a
variety of damaging things, including blanketing the stream or lake bed
and thereby destroying the 1living spaces for those benthic organisms
that would otherwise occupy the habitat. When of an organic and
therefore decomposable nature, solids wuse a portion or all of the
digsolved oxygen available in the area. Organic materials, also, serve
as a seemingly inexhaustible food source for sludgeworms and associated
organisms.

Turbidity is principally a measure of the light absorbing properties of
suspended solids, It is frequently used as a substitute method of
quickly estimating the total suspended solids when the concentration is
relatively low.

Dissolved gSolids

Tha dissolved solids in the raw waste water are mainly inorganic salts,
and the salt present in the largest amount is sodium chloride (described
below). Loadings of dissolved solids thus vary to a large extent with
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the amount of sodium chloride entering the waste stream. However,
values of 1500 mg/1 or more may be encountered, The dissolved solids
are particularly important in that they are relatively unaffected by
biological treatment Egrocesses. Unless removed, the salts may
accumulate 1in recycle or reuse systems within a plant. The presence of
sulfates is a further hindrance to treatment systems since sulfates are
reduced to sulfides {(causing odors) in anaerobic system. The dissolved
solids at discharge concentration may be harmful to vegetation and
preclude various irrigation practices. Specific data for dissolved
solids in treated effluents is limited; the technical sophistication and
cost of salt removal systems is high and beyond the scope of even the
best current treatment systems addressed in this study. Limitations on
dissolved solids are therefore not being specified at this time. This
same circumstance applies to chlorides (a dissolved salt) which are
described below in more detail., In natural waters the dissolved solids
consist mainly of carbonates, chlorides, sulfates, phosphates, and
possibly nitrates of calcium, magnesium, sodium, and potassium, with
traces of iron, manganese and other substances.

Many communities in the United States and in other countries use water
supplies containing 20C0 to 4000 mg/l of dissolved salts, when no better
water is available. Such waters are not palatable, may not guench
thirst, and may have a laxative action on new users., Waters containing
more than 4000 mg/l of total salts are generally considered unfit for
human use, although in hot climates such higher salt concentrations can
be tolerated whereas they could not be in temperate climates. Waters
containing 5000 mg/l1 or more are reported to be bitter and act as
bladder and intestinal irritants. It is generally agreed that the salt
concentration of good, palatable water should not exceed 500 mg/l.

Limiting concentrations of dissolved solids for fresh-water fish may
range from 5,000 to 10,000  mgrsl, according to species and prior
acclimatization. Some fish are adapted to living in more saline waters,
and a few species of fresh-water forms have been found in natural waters
with a salt concentration of 15,000 to 20,000 mg/l. Fish can slowly
become acclimatized to higher salinities, but fish in waters of low
salinity cannot survive sudden exposure +to high salinities, such as
those resulting from discharges of oil-well brines. Dissolved solids
may influence the toxicity of heavy metals and organic compounds to fish
and other aguatic life, primarily because of the antagonistic effect of
hardness on metals.

Waters with total dissolved solids over 500 mg/l have decreasing utility
as irrigation water. At 5,000 mg/l water has little or no value for
irrigation.

Dissolved solids in industrial waters can cause foaming in boilers and
cause interference with cleaness, color, or taste of many finished
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products.,  High contents of dissolved solids also tend to accelerate
corrosion. : _

Specific conductance is a measure of the capacity of water to convey an
elactric  current. This property is related to the total concentration
of lonized substances in water and water temperature. This property is
frequently used as a. substitute method of quickly estimating the
dissolved solids concentration. . ,

- 0il and Grease

Greass, also called oil and grease, or hexane solubles, is a major
pollutant in the raw waste stream of meat packing plants. The source of
grease is primarily from carcass dressing, washing, trimming, viscera
handling, rendering and clean-up operations, Grease forms unsightly
films on the water, interferes with aquatic life, clogs sewers, disturbs
biological processes 1in sewage treatment plants, and can also become a
fire hazard. The loading of grease in the raw waste load varies widely,
from C.25 to 27 kgs/1999 kg LWK (9.25 to 27 1bs/1000 ib LWK). This would
correspond to an average concentration of about 650 mg/l. Grease may be
harmful +o. municipal treatment & facilities particularly to trickling
filters. 0il and grease exhibit an oxygen demand. 0il emulsions may
adhere to the gills of fish or coat and destroy algae or other plankton.
Deposition of o0il in the bottom sediments can serve to exhibit normal
benthic growths, thus interrupting the aquatic food chain. Soluble and
emulsified  material ingested by fish may taint the flavor of the fish
flesh. Water soluble components may exert toxic action on fish,
Floating o©il may reduce the re-aeration of the water surface and in
conjunction with emulsified o1l may interfere with photosynthesis,
Water insoluble components damage the plumage and costs of water animals
and fowls. 0il and  grease in a water can result in the formation of
objectionable surface SlleS preventing the full aesthetic enjoyment of
the water.

- Ammonia

Ammonia 1is a common product of the decompositicn of organic matter.
Dead and decaying animals and plants along with human and animal body
wastes account for much of the ammonia entering the aquatic ecosystem.
Ammonia exists in 1ts nen-ionized form cnly at higher pH levels and is
+he most toxic in +this state. The lower the pH, the more ionized
ammonia is formed and its toxicity decreases. - Ammonia, in the presence
of dissolved oxygen, i1s converted +to nitrate (NO3) by nitrifying
bacteria., Nitrite (NO2}), which 1is an intermediate product between
ammonia and nitrate, sometimes occurs in guantity when depressed oxygen
conditions permit. Ammonia can exist in several other chemical
combinations including ammonium chloride and other salts.
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Nitrates are considered to be among the poisonous ingredients of
mineralized waters, with potassium nitrate being more poisonous than
sodium nitrate. Excess nitrates cause irritation of the mucous linings
of the gastrointestinal tract and the bladder; the symptoms are diarrhea
and diuresis, and drinking one liter of water containing 500 mgrs1l of
nitrate can cause such symptoms.

Infant methemoglobinemia, a disease characterized by certain specific
blood changes and cyanosis, may be caused by high nitrate concentrations
in the water used for preparing feeding formulae. While it 1is still
impossible to state precise concentration limits, it has been widely
recommended that water containing more than 10 mgs/1l of nitrate nitrogen
(NO3-N) should not be used for infants. WNitrates are, also, harmful in
fermentation processes and can cause disagreeable tastes in beer. In
most natural water the pH range is such that ammonium ions (NH4+)
predominate. 1In alkaline waters, however, high concentrations of un-
ionized ammonia in undissociated ammonium hydroxide increase the
toxicity of ammonia solutions. In streams polluted with sewage, up to
one half of the nitrogen in the sewage may be in the form of free
ammonia, and sewage may carry up to 35 mgs/l of total nitrogen. It has
been shown that at a level of 1.0 mgs/1l un-ionized ammonia, the ability
of hemoglobin to combine with oxygen is impaired and fish may suffocate.
Evidence indicates that ammonia exerts a considerable toxic effect on
all aquatic 1life within a range of 1less than 1.0 mg/l to 25 mg/1,
depending on the pH and dissolved oxygen level present.

ammonia can add to the problem of eutrophication by supplying nitrogen
through its breakdown products. Some lakes in warmer climates, and
others that are aging quickly are sometimes 1limited by the nitrogen
avallable. Any increase will speed up +*+he plant growth and decay
process,

Phosphorus

During +he past 30 years, a formidable case has developed for the belief
that increasing standing crops of aquatic plant growths, which often
interfere with water uses and are nuisances to man, frequently are
caused by increasing supplies of rthosphorus. Such phenomena are
associated with a condition of accelerated eutrophication or aging of
waters. It is generally recognized that phosphorus 1is not the sole
cause of eutrophication, but there is evidence to substantiate that it
is frequently the key element in all of the elements required by fresh
water plants and is generally present in the least amount relative to
need. Therefore, an increase in phosphorus allows use of other, already
present, nutrients for plant growths. Phosphorus is usually described,
for this reasons, as a "limiting factor."

When a plant population is stimulated in production and attains a
nuisance status, a large number of associated liabilities are
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immediately apparent. Dense populations of pond weeds make swimming
dangerous. Boating and water skiing and sometimes fishing may be
eliminated because of the mass of vegetation that serves as an physical
impediment to such activities., Plant populations have been associated
with stunted fish populations and with poor fishing. Plant nuisances
emit vile stenches, impart tastes and odors to water supplies, reduce
the efficiency of dindustrial and municipal water treatment, impair
aesthetic beauty, reduce or vrestrict resort trade, lower waterfront
propexrty values, cause skin rashes to man during water contact, and
serve as a desired substrate and breeding ground for flies.

Phosphorus in the elemental form is particularly toxic, and subject to
bioaccumulation in much the same way as mercury. Colloidal elemental
phosphorus will poison marine fish (causing skin tissue breakdown and
discoloration). Also, phosphorus is capable of being concentrated and
will accumulate in organs and soft tissues, ZExperiments have shown that
marine fish will concentrate phosphorus from water containing as 1little
as 1 ug/l.

Temperature

Because of the long detention time at ambient temperatures associated
with typically large bioclogical treatment systems used for treating meat
packing waste water, the temperature of the final effluent from most
packing plants will be wvirtually the same as the temperature of the
receiving body of water, Noncontaminated cooling waters +that are
discharged directly will tend to have a maximum of 40-43°C (1C5-110°F)
during the summer months, and will be cooler at cother times of the year.
The quantity of this cooling water is small compared with +the process
waste water flow. The temperature of the raw waste typically averages
about 32°9C (90°9F), with a high of about 389F (100°F) during the kilil
period and a low of about 279C (80°F) during the clean-up periocd. These
temperatures are an asset for biological treatment of the waste,
maintaining high rates cf growth of the microorganisms upon which the
treatment depends, Temperature is one of the most important and
influential water guality characteristics. Temperature determines those
species that may be.  present; it activates the hatching of young,
regulates their activity, and stimulates or suppresses their growth and
development; it attracts, and may kill when the water becomes too hcot or
becomes chilled +too suddenly. Colder water generally suppresses
development, Warmer water generally accelerates activity and may be a
primary cause of aquatic plant nuisances when other environmental
factors are suitable.

Temperature 1is a prime regulator of natural processes within the water
environment. It governs physiological functions in organisms and,
acting directly or indirectly in combination with other water quality
constituents, 1t affscts aguatic life with each change. These effects
include chemical reaction rates, enzymatic functions, molecular
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movements, and molecular exchanges between membranes within and Dbetween
the physiological systems and the organs of an animal.

Chemical reaction rates vary with temperature and generally increase as
the temperature is increased. The solubility of gases in water varies
with temperature. Dissolved .oxygen is decreased by the decay or
decomposition of dissolved organic substances and +the decay rate
increases as the temperature of the water increases reaching a maximum
at about 30°C (86°F). The temperature of stream water, even during
summer, is below +the optimum for pollution-associated bacteria.
Increasing the water temperature increases the bacterial multiplication
rate when the environment is favorable and the food supply is abundant.

Reproduction cycles may be changed significantly by increased
temperature because this function takes place under restricted
temperature ranges. Spawning may not occur at all because temperatures
are too high. Thus, a fish population may exist in a heated area only
by c¢ontinued immigration. Disregarding +the decreased reproductive
potential, water temperatures need not reach lethal levels to decimate a
species. Temperatures that favor competitors, predators, parasites, and
disease can destroy a species at levels far below those that are lethal.

Fish food organisms are altered severely when temperatures approach or
exceed 909°F, Predominant algal species change, primary production is
decreased, and bottom associated organisms may be depleted or altered
drastically in numbers and distribution. Increased water temperatures
may cause aquatic plant nuisances when other environmental factors are
favorable,

Synergistic actions of pollutants are more severe at higher water
temperatures, Given amounts of domestic sewage, refinery wastes, oils,
tars, insecticides, detergents, and fertilizers more rapidly deplete
oxygen in water at higher temperatures, and the respective toxicities
are likewise increased. '

When water temperatures increase, the predominant algal species may
change from diatoms to green algae, and finally at high temperatures to
blue-green algae, because of species temperature preferentials, Blue-
green algae can cause serious odor problems. The number and
distribution of benthic organisms decreases as water temperatures
increase above 90°%, which is close to the +tolerance 1limit for the
population. This could seriously affect certain fish that depend on
benthinc organisms as a food source.

The cost of fish being attracted to heated water in winter months may be

considerable, due to fish mortalities that may result when the £fish
return to the cooler water. '
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Rising temperatures stimulate the decomposition of sludge, formation of
sludge gas, multiplication of sagrophytic bacteria and fungi
(prarticuylarly in the presence of organic wastes), and the consumption of
oxygen by putrefactive processes, thus affecting the esthetic value of a
water course,

In general, marine water temperatures do not change as rapidly or range
as widely as +those of freshwaters. Marine and estuarine fishes,
therefore, are 1less tolerant of temperature variation. Although this
limited tolerance is greater in estuarine than in open water marine
species, temperature changes are more important +to those fishes in
estuaries and bays than to those in open marine areas, because of the
nursery and replenishment functions of the estuary that can be adversely
affected by extreme temperature changes,

Feggl Ccoliforms

Fecal coliforms are used as an indicator since they have originated from
the intestinal +tract of warm blooded animals. Their presence in water
indicates the potential presence of pathogenic bacteria and viruses.

The presence of coliforms, more specifically fecal coliforms, in water
is indicative of fecal polliution. In general, the presence of fecal
coliform. organisms indicates recent and possibly dangerous fecal
contamination.  When ' the fecal coliform count exceeds 2,000 per 100 ml
there is a high correlation with increased numbers of both pathogenic
viruses and bacteria. _

Many microorganisms, pathogenic to humans and animals, may be carried in
surface water, particularly that derived from effluent sources which
find their way into surface water from municipal and industrial wastes.
The diseases  associated with bacteria include bacillary and amcebic
dysentery, Salmonella gastroenteritis, typhoid and paratyphoid fevers,
leptospirosis, chlorea, wvibriosis and infectious hepatitis. Recent
studies have emphasized the value of fecal coliform density in assessing
the occurrence of Salmonella, a common Lkacterial pathogen in surface
water.  Field studies involving irrigation water, field crops and soils
indicate that when the fecal coliform density in stream waters exceeded
1,000 per 100 ml, the occurrence of Salmonella was 53.5 percent..
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pd, Acidity and Alkalinity

The usual pH for raw waste falls between 6.5 and 8.5; unusual processes
such as hog hair hydrolyzing may raise this slightly, but not enough to
significantly offget treatment effectiveness or effluent quality.
However, some adjustment may be required, particularly if pH adjustment
has been used to lower the pH for protein precipitation, or if the pH
has been raised for ammonia stripping. The pH of the waste water then
should be returned to its normal range before discharge. The effect of
chemical additions for pH adjustment should be taken into consideration,
as new pollutants could result, Acidity and alkalinity are reciprocal
terms. Acidity is produced by substances that yield hydrogen ions upon
hydrolysis and alkalinity is produced by substances that yield hydroxyl
ions. The +terms “total acidity" and "total alkalinity" are often used
to express the buffering capacity of a solution. Acidity in natural
waters is caused by carbon dioxide, mineral acids, weakly dissociated
acids, and the salts of strong acids and weak bases. Alkalinity is
caused by strong bases and the salts of strong alkalies and weak acids.

The term pH is a logarithmic expression of the concentration of hydrogen
ions. At a pH of 7, the hydrogen and hydroxyl ion concentrations are
essentially equal and the water is neutral. Lower pH valuées indicate
acidity while higher wvalues indicate alkalinity. The relationship
between pH and acidity or alkalinity is not necessarily 1linear or
direct,

Waters with a pH below 6,0 are corrosive to water works structures,
distribution lines, and household plumbing fixtures and can thus add
such constituents to drinking water as iron, copper, zinc, cadmium and
lead. The hydrogen ion concentration can affect the 'taste" of the
watear. at a low pR water tastes "gour". The bactericidal effect of
chlorine is weakened as the pH increases, and it is advantageous to keep
the pH close to 7. This is very significant for providing safe drinking
water.

Extremes of pH or rapid pH changes can exert stress conditions or kill
aquatic 1life outright. Dead fish, associated algal blooms, and foul
stenches are aesthetic 1liabilities of any waterway. Even moderate
changes from "acceptable" criteria limits of pH are deleterious to some
species, The relative toxicity to aquatic life of many materials is
increased by changes in the water pH. Metalocyanide complexes can
increase a thousand-fold in toxicity with a drop of 1.5 pH units, The
availability of many nutrient substances varies with the alkalinity and
acidity. Ammonia is more lethal with a higher pH,

The lacrimal fluid of the human eye has a pH of approximately 7.0 and a

deviation of 0.1 pH unit from the norm may result in eye irritation for
the swimmer. Appreciable irritation will cause severe pain.
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SECTION VI1II
CONTROL AND TREATMENT TECHNOLQOGY
SUMMARY

The wasteload discharged from the meat packing industry to receiving
streams c¢an be reduced +to desired lewvels, including no discharge of
pollutants, by conscientious waste water management, in-plant waste
controls, process revisions, and by the use of primary, secondary, and
tartiary waste water treatment. Figure 11 is a schematic of a suggested
waste reduction program for the meat packing industry to achieve high
removal of pollutants in subsequent treatment,

This section describes many of the techniques and technologies that are
available or that are being developed to achieve the wvarious 1levels of
waste reduction., In-plant control techhiques and waste water management
suggestions are described first. Waste treatment technology normally
employ=d as a primary treatment is then described. 1In the case of the
meat packing industry this "primary" treatment is a materials recovery
process, and is considered as part of the in-plant system, although many
of these systems have been improved for reducing pollutional 1levels.
The effluent €from these processes is considered  the "raw waste",
Secondary treatment systems, which are employed in the treatment of the
raw waste, are presented with a description of the process, the specific
advantages and disadvantages of each system, and the effectiveness on
specific waste water contaminants found in packing plant waste. The
tertiary and advanced treatment systems that are applicable to the waste
from typical packing plants are described in the last part of this
section. Some of these advanced treatment systems have not been used in
full scale on meat packing plant waste; therefore, the development
status, reliability, and potential proklems are discussed in greater
detail than for the prlmary and secondary treatment systems which are in
widespread use.

IN~PLANT CONTROL_TECHNIQUES

The wasteload from a meat packing plant is composed of a waste water
stream containing the various pollutants described in Section VI, The
cost and effectiveness of treatment of the waste stream will wvary with
the quantity of water and the wasteload. 1In fact, as indicated in
Section V, the pollutional wasteload increases as water use increases.
In-plant control technigues will reduce both water use and pollutional
wasteload. The latter will be reduced directly by minimizing the entry
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of so0lids into the waste water stream and indirectly by reducing water
use. ‘

The in-plant control techniques described below have been wused in
packing plants or have been demonstrated as technically feasible.

[ Water
Racycle

Partial
Tertiary
T ' Treat.
Waste Screening, ]
Water Skimming, Secondatry Full
Mgme, & Bettling - Tertiary
Waste Reduction In-Plant Primary Treatment Treat.
T se—— Dissolved
Techniques . Gontrols Treat, Alr
‘ Flotation Irrigatien
Water— | - By—Proauct By-Product BOD, Sus. Removal of No .
Flow & Recovery, Recovery, Solids, Fine Sus. Discharge
Waste Grease, Grease, Grease Solids, Salt),
Waste Reduction Load & Coarse Sua. Solid Removal Phosphorus,
Effect Reduction Solids Removal to %8.5% Ammonia (as
Removal BOD5 necessary)
: : to 99,5%
BOD5
. Post Post
AP_O}J'_%E%O 0 ezi‘:::;ns In=-Plant 1 In-Plant ﬁz:c::s Secondary ) Secondary
fppiteatlion & ' Treatment _ Treatment

Figure 1l. Suggested Meat Packing Industry Waste Reduction Program
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Pen Wastes

The best livestock holding pens are covered and dry cleaned with only
periodic washdown as reguired by Department of Agriculture regulations.
Bedding material and manure are readily disposed of on farm land as
fertilizer, A separate sewer and manure pit are provided for 1liquid
wastes from the pens; disposal is on land or to the secondary treatment
system., Drinking water in the pens is minimized and based on need.
Watering troughs should have automatic level controls.

Blood Handling

In good practice, blood 1is not sewered. Blood is almost totally
contained and collected in a blood collection system. Water or steam
are not necessary to operate such a system, and both should be avoided.
After dry cleaning the floors and walls exposed +to blood flows and
gsplashing, a £first water wash, using a minimum amount of water, can be
drained into the blood collection system. 12 - Bloodwater can be avoided
by installing a blood dryer. If a plant handles bloodwater, it should
not Le sewered, but can be rendered, evaporated, or mixed with  paunch
and  cooked to produce a feed material. 18 Blood drying in direct feed
dryers for use as a feed material has been demonstrated on a full scale.
40 RBlood collection by a vacuum system may be a feasible process if
markets for edible blood develop. Very limited amounts of edible blood
are collected for pharmaceuticals. In general, improved blood
collection methods need +to be developed to match the high production
rate of American plants.

Paunch

The use of water in the initial dumping of paunch material or in pumping
it must be discontinued. Dumping the entire paunch contents (including
the 1liquid) for disposal or treatment without sewering, followed by a
high pressure but minimal water rinse of the paunch will minimize the
pollutional wasteload from this operation., Consideration should also be
given +to vacuuming out the residual material instead of washing it out.
In each case the economics of recovery of the paunch and cost of the
resulting waste treatment should be examined and compared to direct
rendering of the paunch, as is.,

Liquids screened from +the paunch material should be collected and
evaporated or rendered, not wasted. Plants that presently slurry the
paunch with water for pumping should either install a solids handling
pump, thus avoiding the need for a water slurry, or devise an alternate
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handling technique; e.g., transporting the entire unopened paunch to
rendering.

Viscera Handling

The production necessity of the inedible hashing and washing operation
is subject to conjecture, Inedible wviscera can be rendered without
washing. A good gquality grease may be obtained if the washings of
edible viscera (i.e., chitterlings) are collected in a catch basin in
the immediate area before sewering. 19 The grease and solids wasteload
from the viscera can be commensurately reduced through such by-product
recovery +techniques. Caustic washings £from any viscera processing
should be segregated before sewering to minimize grease saponification
and to avoid a high pH in the waste water.

Troughs

Troughs have been installed under the killing floor carcass conveying
line to keep as much blood, trimmings, bone dust, and miscellaneous
pieces off the floor as possible, The +troughs have proven very
effective in collecting and containing solids, bleood, etc., that under
ordinary circumstances would have ended up in the sewer. Substantial
wasteload reductions are evident in +the plants using these troughs.
Variations in animal size may be a problem; however, if large variations
are rare, some accomodation should bhe possible. A squeegee or scraper
shaped to fit the trough is used in <c¢lean-up to move all collected
materials to the inedible rendering system.

Rendering

Both wet and dry rendering are used for edible, as well as inedible,
rendering processes; although the trend is toward dry rendering. In
processing lard, low- or medium-temperature continuous rendering systems
are CoOmmon. The water centrifuged from this process can be sold as 50
+o 60 percent edible "stickwater® and thus should be evaporated and not
discharged to the sewer.

In dry rendering, sprays are commonly used to condense the vapors. In
inedible dry rendering, catch-basin effluent can be reused as condenser
water, In edible dry rendering, the vapors are commonly condensed with
fresh water, A direct heat exchanger can be used to condense the vapors
without increasing waste water volumes.

In wet rendering, the greases are drawn off the top of the +tank, then
the water phase (tankwater) is removed. This tankwater has a BODS5
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ranging from 22,000 mg/l to as high as 45,000 mgs/1 and suspended solids
as high as 2 percent. Under no circumstances can this type of waste be
discharged to the sewer. It must be evaporated and the end product,
commonly <¢alled stick or stickwater, is then blended into animal feed
materials. The tankwater may, also, be dried directly with inedible
solids in a dry rendering tank. The bottom sludge from wet rendering is
pressed for recovery of residual grease, and the remaining solids
(cracklings) are used as edible product from edible  rendering, and as
animal feed ingredient from inedible rendering.

Even if the tankwater is evaporated, pollution can occur. Triple-effect
vacuum evaporators can readily foam over, further contaminating the
waste water. :

Hide Processing

An overflow of water from the hide curing vat or raceway occurs because
water is added to the curing solution and because hides dehydrate as
they take on salt. This overflow could be contained and collected
separately, allowing a more intensive treatment, at a reasonable cost,
to achieve a higher guality effluent, especially in texms of salt
concentrations, It is especially important +o dump +the raceway
infrequently--perhaps only annually. When dumped, it should be drained
gradually, over a period of 24 hours or more, to avoid an extreme shock
load on the treatment system, The life of the solution can be extended
by pumping it over a static or vibrating screen.

Scald Tank,

The hog scald tank contains settled solids and waste water with a high
wasteload. Collection, treatment, and reuse of this water should be
considered. Slow drainage of the tank will reduce any shock load on the
waste treatment system and should be standard practice, Provision
should be made for the removal of the solids through the bottom of <the
tank to a truck for land disposal.

Pickle and Curing Soclutions

These solutions are high in salt content and, in many curing solutions,
high in sugar content. Salt is a difficult pollutant +to remove and
sugar has a very high BODS. The operations involving injecticn or
soaking of meat products in these solutions should be equipped to
collect all of the solution presently wasted. The collection pans and
equipment should be designed to permit reuse of these solutions. 10,17
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Water Conservation Practices

The following practices’and equipment should be employed to reduce

water

consumption in ' plants with coincidental reduction of

pollutional wasteload: 10,17

1.

Replace all drilled épray pipe systems with spray nozzles
designed and located to provide a de81red water spray
pattern,

Replace all washwater valves with squeeze- 0r press-to-
open valves wherever possible. Foot- or knee-operated
valve control is useful where operator fatique is a
problem or where the operation requires the operator
to work with both hands. ‘

Install foot-pedal operated handwashlng and drlnklng
fountain water valves to ellmlnate constantly running
water.

Install automatic control for sprays which need to
operate only about 50 percent of the time.

Product chillers using cold water may be economically
replaced by chillers using a cryogenic liquid such as
nitrogen, thus reducing water consumptlon and perhaps.
improving product quallty.

The boiler blowdown is potentially reusable and

should be considered for use in clean-up or in the plant
laundry. Detergent use will be reduced as well as water
conserved.

Plant clean-up as an operating procedure consumes a
substantial quantity of water in most plants. Reduced
water use can be achieved with equipment such as high
pressure water gpray systems, steam and water mix

spray systems, or automated clean-in-place (CIP) systems.
Management control is particularly vital in clean-up
operations if water is to be conserved and cleanliness
standards are to be maintained.

Whenever possible, water should be reused in lower:
quality needs. Examples include carcass washwater
reused for hog dehairing, and lagoon water reused for
cooling. The general axiom is: use the lowest quality
of water satisfactory for the rrocess.
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Clean-Up Operations

In addition to water conservation practices, other steps can, also, be
+aken to reduce the wasteload from clean-up: floors and other surfaces
should be dry squeegeed or scraped wherever feasible, to keep a maximum
amount of solids and grease out of the waste water; pull the drain
basket only after cleanup has been completed; use the minimum of water
and detergent, consistent with cleaning requirements, and automate the
cleaning of conveyors, piping and other eguipment.
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IN-PLANT PRIMARY TREATMENT

Flow Equalization

Egualization facilities consist of a holding tank and pumping eguipment
designed to reduce the fluctuations of waste streams., They can be
economically advartageous whether the industry is treating its own
wastas or discharging into a city sewer after some pretreatment. The
equalizing tank will store waste water either for recycle or reuse or to
feed the flow uniformly to treatment facilities throughout the 24hour
day. The +tank 1is characterized by a varying flow into the tank and a
constant flow out.

The major advantages of equalization for the meat packer are that
treatment systems can be smaller, since they can be designed for the 24-
hour average rather than the peak flows, and secondary waste treatment
systems operate much better when not subjected +to shockloads or
variations on feed rate.

Screens

Since so much of the pollutional matter in meat wastes is originally a
solid (meat particles and fat) or sludge (manure solids), interception
of +the waste material by various types of screens is a natural first
step. To assure best operation for application to the plant waste water
stream, a flow equalization facility should precede it.

Unfortunately, when these pollutional materials enter the sewage flow
and are subjected to turbulence, pumping, and mechanical screening, they
break down and release soluble BODS5 to the flow, along with colloidal
and suspended and grease so0lids. Waste treatment-—-that is, the removal
of soluble, colleidal and suspended organic matter--is expensive. It is
far simpler and 1less expensive +to keep the solids out of the sewer
entirely.

Static, vibrating, and rotary screens are the primary types used for
this step in the in-plant primary treatment, Whenever feasible, pilot-
scale studies are warranted before selecting a screen, unless specific
operating data are available for the specific use intended, in the same
solids concentration range, and under the same Operating conditions.
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Static Screens

The primary function of a static screen is to remove "free" or trans-
porting fluids. This can be accomplished in several ways and, in most
older concepts, only gravity drainage is involved. A concavely curved
screen design wusing high velocity pressure-feeding was developed and
patented in the 1950's for mineral classification and has been adapted
to other uses in the process industries. This design emgloys bar inter-
ference to the slurry which knives off thin layers of the flow over the
curved surface, 17

Beginning in 1969, United States and foreign patents were allowed on a
three-slope static screen made of specially coined curved wires. This
concept used the Coanda or wall attachment phenomena +to withdraw the
fluid from the under layer of a slurry which is stratified by controlled
velocity over the screen., This method of operation has been found to be
highly effective in handling slurries cocntaining fatty or sticky fibrous
suspended matter., 17

The arrangement of transverse wires with unique singular curves in the
sense of flow provides a relatively non-clogging surface for dewatering
or screening. The screens are precisely made in No. 316 stainless steel
and are extremely rugged. Harder, wear-resisting stainless alloys may,
also, be used for special purposes. Openings of 0.025 to 0.15 cm (0.010
to 0.060 inches) meet normal screening needs. 17 -

Vibrating Screens

The effectiveness of a vibrating screen depends on a rapid motion.
Vibrating screens operate between 900 rpm and 1800 rpm; the motion can
either be circular or straight line, varying from 0.08 to 1.27 cm (1/32
to 1/2 inch) total +travel. The speed and motion are selected by the
screen manufacturer for the particular application.

0f prime importance in the selection of a proper vibrating screen is the
application of the proper cloth. The capacities on 1liquid vibrating
screens are based on the percent of open area of the cloth. The cloth
is selected with the proper combination of strength of wire and percent
of open area. If the waste solids to ke handled are heavy and abrasive,
wire of a greater thickness and diameter should be used to assure long
life. However, if the material is 1light or sticky in nature, the
durability of the screening surface may be the smallest consideration.
In such a case, a light wire may be necessary to provide an increased
percent cf open area.
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Rotary Screens
on2 +type .of Dbarrel or rotary screen, driven by external rollers,
receives. the waste water at one open end and discharges +the solids at
the .other open end. The ligquid passes outward through the screen
fusually ' stainless steel screen cloth or perforated metal) to a
receiving. box and effluent sewer mounted below the screen. The screen
is usually sprayed continuously by means of a line of external :spray
nozzles. The screen is usually inclined towards the solids exit end.
This type is popular as an offal screen but has not been used to any
great extent in secondary "polishing"--that is, in removing solids from
waste streams .containing low solids concentrations. 17 (A screen of
this type has been developed for recycle of hide brining waters.)

.Another rotary screen commonly used in the meat industry is driven by an
~external pinion gear. The raw flow is discharged into the interior of
the screen below center, and solids are removed in a +trough and screw
conveyor mounted lengthwise at . the center line of the barrel. The
liquid exits outward through the screen into a box in which the screen
is partially submerged. The screen is usually 40 x 40 mesh, with 0.4 mm
(l/64 inch) openings. Perforated 1ift paddles mounted lengthwise on the
inside surface of the screen assist in 1lifting the solids to the
conveyor trough. This type is also generally sprayed externally +to
raduce blinding. Grease c¢logging can be reduced by coating the wire
cloth with teflon, Solids removals up to 82 percent are reported. 17

Applications

A broad range of applications exist for screens as the first stage of
inplant primary treatment processés. These include both the plant waste
water and waste water discharged from individual processes. The latter
include paunch manure, hog stomach c¢ontents, hog hair recovery,
stickwater solids, hide washing operations, hide curing brine recycle,
and others. ,

- catch_Basins

The catch basin for the separation of grease and solids from meat
packing waste waters was originally developed to recover marketable
grease. Since the primary object was grease recovery, all improvements
were centered on skimming. Many catch basins were not equipped with
automatic bottom sludge removal equipment. These basins could often be
completely drained to the sewer and were "sludged out" weekly or at
frequencies such that septic conditions would not cause the sludge to
rise. - ‘Rising sludge was undesirable because it could affect the color
and reduce the market value of the grease,
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In.the ‘past twenty years, with waste treatment gradually becomrng an
added  economic . incentive, catch basin design has been improved in the
s0lids removal area as well. In fact, the low market value of inedible
greages and tallow has reduced concern -about gquality of the sklmmlngs.
and now -the concern is shlftlng toward overall effluent quality improve~
ment. - Gravity grease recovery systems will remove 20 to 30 percent of
the BOD5, 40 to 50 percent of the suspended. sollds and 50 to 60 percent
of the grease (hexane solubles). 17

The major1ty of the grav1ty grease recovery basins (catch basins} are
rectangular. Flow rate is the most important criterion for de51gn- 30
'~ to 40 minutes detention time at one holr peak flow is - a common sizing
factor. 17 . The use of an equalizing tank ahead of the ‘catch basin
obviously minlmlzes the size requirement for ‘the basin. A ‘shallow
ba51n--up to 1.8m (6 feet)--is preferred. ' :

A "sklmmer"‘ skims the grease and scum off the top into collectlng
troughs. A scraper moves the sludge at the bottom into . a submerged
hopper from which it can be pumped Both skimmings and- sludge go to by-
product recovery. : o

Usually two identical catch ba51ns, ‘with a common wall, are desirable so
operation can continue if one is down for malntenance or repair. Both
concrete and steel tarnks are used. .

‘Concrete tanks have the inherent advantages of lower overall maintenance
and more permanence of structure. However, some plants prefer to be
able to modify. thelr operation for future expansion or alteratlons or
.even relocatlon. : .

All-steel tanks have the advantage of being semiportable, more easily
field-erected,  and more ea31ly modified than concrete tanks. The all-
steel tanks, however, requrre additional maintenance as a result of wear
from abrasion.

A tank uslng all—steel walls and concrete bottom is probably the best
compromise between +the all-steel tank and the all-concrete tank, The
advantages are the same as for steel; however, the all-steel tank
requires a footing underneath @ the supporting members, whereas, the
concrete bottom forms the floor and supporting footlngs for the steel
‘wall tank. ‘ -

Dissolved Air Flotation

As a materials recovery concept, dissolved air flotation is actually
functioning to treat wastes. .
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However within the context of this repcrt, therefore, the effluent from
a dissolved air flotation system is considered raw waste. This system
is normally used to remove fine suspended solids and is particularly
effactive on grease in waste waters from meat packing plants. This is a
relatively recent technology in the meat industry; however, it is in
fairly widespread use and increasing numbers of plants are installing
these gystems.

Dissolved air flotation appears to be the single most effective device
+*+hat a meat packing plant can install to reduce the pollutional
wasteload in its waste water stream. It is expected that the use of
dissoclved air flotation will become standard practice in the industry,
especially as a step in achieving the 1977 or 1983 standards.

Technical Description
Air flotation systems are used to remove any suspended material from
waste water with a specific gravity close +to +that of water. The
dissolved air system generates a supersaturated solution of waste water
and compressed air by raising the pressure of the waste water stream to
that of the compressed air, then mixing the two in a detention tank.
This supersaturated mixture of air and waste water flows to a larxge
flotation ¢tank where the pressure 1is released, thereby generating
numerous small air bubbles which effect the flotation of +the suspended
organic material by one of three mechanisms: 1) adhesion of the air
bubles to the particles of matter; 2) trapping of the air bubbles in
+he floc structures of suspended material as the bubbles rise; 3)
adsorption of the air bubbles as the floc structure is formed from the
suspended organic matter, 18 In most cases, bottom sludge removal
facilities are also provided.

There are three process alternatives varying by the degree of waste
water that is pressurized and into which the compressed air is mixed.
In the total gressurization process, Figure 12, the entire waste water
stream is raised to full pressure for compressed air injection. 1In
partial pressurization, Figure 13, only a part of the waste water stream
is raised to the pressure of the compressed air for subsequent mixing.
In the recycle pressurization process (Alternative B of Figure 13),
treated effluent from the flotation tank is recycled and pressurized for
mixing with the comgressed air and then, at the point of pressure
r2lease, is mixed with the influent waste water. Alternative A (Figure
13) shows a side-stream of influent entering the detention +tank, thus
reducing the pumping required in +the system shown in Figure 12.
Operating costs may vary slightly, but performance should be essentially
equal among the alternatives.
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Improved performance of +the air flotation system is achieved by
coagulation of the suspended matter prior to treatment. This is done by
pH adjustment or the addition of coagulant chemicals, or both. Aluminum
sulfate, iron sulfate, lime, and polyalectrolytes are used as coagulants
at varying concentrations up to 300 to 400 mg/l in the raw waste. These
chemicals are essentially totally removed in the dissolved air unit,
thereby adding little or no load to the downstream waste treatment
systems, Chemical precipitation is also discussed later, particulary in
regard +t06 crhosphorus removal, ‘under tertiary treatment; phosphorus can
also be removed at this primary (in-plant) treatment 'stage. A slow
paddle mix will improve  coagulation. It has been suggested that the
proteinaceous matter in meat packing plant waste .could be removed by
reducing the waste water to the iscelectric pR range .of about 3,5, t9
The protein material would be coagulated at that point and readily
removed as float from +the +top of the dissolved air unit, This is a
typical practice in the meat dindustry in +the United States at the
present ‘

However, a somewhat comparable practice involving by-=product recovery is
gaining acceptance. In this system, segregated sewers are required
along with two stages of air flotation treatment of the waste waters. A
good quality grease product can be recovered from a grease-bearing waste
water without the addition of chemicals in the first dissolved air
system, The effluent frcm the first dissolved air unit is mixed with
effiuent from the other waste streams in the plant and this is fed <to
the second dissolved air unit which may or may not include chemicals
addition, as mentioned above.

one of the manufacturers of dissolved air flotation equipment indicated
a 60 percent suspended solids removal and 80 to 90 percent grease
removal without the addition of chemicals. With the addition of 300 +to
400 mgs/1l of inorganic coagulants and a slow mix to coagulate the organic
matter, the manufacturer says that 90 percent or more of the suspended
g0lids can ke removed and more than 90 percent of the grease. 20 Total
nitrogen is also reduced as exemplified by the 35 to 70 reduction
efficiencies for the air flotathn units for Wthh data were available
for this study. '

North Start's staff observed the operation of several dissolved air units
during the verification sampling program and other plant visits. One -
plant that was visited controlled the f¢ed rate and pH of the waste
water and achieved 90 to 95 percent removal of solids and grease. Other
plants had relatively gcod operating success, but some did not achieve
the results that should have been attainable, It appeared that they did
not fully understand the process. chemistry and were using erroneous
operating procedures.

The Alwatec process has been developed by a company in 0Oslo, Norway, and
uses a lignosulfonic acid precipitation and dissolved air flotation,
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recovering a high protein product that is valuable as a feed. 21 Nearly
instantaneous protein precipitation and hence, nitrogen removal is
achieved when high protein-containing effliuent, such as that from a meat
packing plant, is acidified to© a pH between 3 and 4, and high molecular
weight fully sulphonated sodium 1lignosulphonate is added. BODS
reduction is reported to range from 60 to 95 percent and the recovered
protein material leads to a veduction of nitrogen in the effluent of 85
+0 90 percent The effluent must be neutralized before further treatment
by the addition of milk of lime or some other inexpensive alkali. This
process is being evaluated on meat packing waste in one plant in the
United States at the present time.

Problemg and Reliability

The reliability of the dissolved air flotation process and of the
equipment seems +to be well established, although it is relatively new
technology for the meat packing industry. As indicated above, it
appears that the use of the dissolved air system is not fully exploited
by some of the companies who have installed them for waste water treat-
ment, The potential reliability of the dissolved air process can be
realized by proper installation and operation. The feed rate and
process conditions must be maintained at the proper levels at all times
to assure this reliability. This fact does not seem to be fully
understood or of sufficient concern to some companies, and thus full
benefit is frequently not achieved.

The sludge and float taken from the dissolved air system can be disposed
of with the sludges obtained from secondary waste treatment systems.
The addition of polyelectrolyte chemicals was reported to create some
problems for sludge dewatering; however, this may have been the unigque
experience of one or two meat packing plants. The mechanical egquipment
inveolved in the dissolved air flotation system 1is fairly simple,
requiring standard maintenance attention for such things as pumps and
mechanical drives.

BIQLOGICAL WASTEWATER TREATMENT SYSTEMS

The biological treatment methods commonly used for the treatment of meat
packing wastes after in-plant primary treatment (solids removal) are the
following biological systems; anaerobic processes, aerobic lagoons,
variations of the activated sludge process, and high-rate trickling
filters. Based on operational data from a pilot-plant system, <the
rotating biological contactor shows potential as a secondary treatment
gystem. Several of these systems are capable of providing 70 to 97
percent BODS reductions and 80 to 95 percent suspended solids reduction,
while combinations of these systems can achieve reductions greater than
99 percent in BOD5 and grease, and greater than 97 percent in suspended
solids.
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The selection of a secondary biological system for treatment of meat
packing wastes depends upon a number of important system
characteristics. some of these are waste water volume, equipment used,
pollutant reduction effectiveness required, reliability, consistency,
and resulting secondary pollution problems (e.g., sludge disposal and
odor control). Nevertheless, the highly biodegradable character of the
wastes from meat packing and slaughtering operations makes biological
treatment an attractive, reasonable alternative which 'will discharge
well-treated effluents without dependence upon influent concentrations.
The characteristics and performance of each of the above mentioned
secondary +treatment systems, and, for common combinations of them, are
described below. Capital and operating costs are discussed in Section
VIII, Since the treatment of wastes does not differ for the four
subcategories of the meat packing industry (see Section 1IV), no
distinction by subcategory is made in the following discussion.

Anaerobic Processes

Two types of anaerobic processes are used: anaerobic lagoons and
anaerobic contact systems. Elevated temperatures (299 to 359C or 859 to
952F) and the high concentrations of carbohydrates, fats, proteins, and
nutrients typically found in meat packing wastes make these wastes well
suited to anaerobic treatment. Anaerobic or faculative microorganisms,
which function in the absence of dissolved oxygen, break down the
organic wastes to intermediates such as organic acids and alcochols.
Methane bacteria then convert the intermediates primarily to carbon
dioxide and methane. Unfortunately, much of -the organic¢c nitrogen
present in the influent is converted to ammonia nitrogen. Also, if
sulfur compounds are present (such as from high-sulfate raw water--50 to
100 mgrsl sulfate) hydrogen sulfide will be generated or acid conditions
will develop which suppress methane production” and create odors.
because they provide high overall removal of BOD5 and suspended solids
anaerobic processes are economical with no power cost (other than
pumping) and with low land requirements.

Anaerobic Lagoons

Anaerobic lagoons are widely used in the industry as the first step in
secondary treatment or as pretreatment prior to discharge to a municipal
system. Reductions of up to 97 percent in BOD5 and up to 95 percent in
suspended solids can be achieved with the lagoons; 85 percent reduction
in BOD5 is common. A usual arrangement is two anaerobic lagoons in
parallel, although occasionally two are used in series. These lagoons
are relatively deep (3 to 5 meters, or about 10 to 17 feet), low
surface~area systems with typical waste 1loadings of 240 +to 320 kg
BOD5/1000 cubic meters (15 to 20 1lb BOB5/1000 cubic feet) and a
detention time of five tc ten days. A thick scum layer of grease and
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paunch manure is fregquently allowed to accumulate on the surface of the
lagoon to retard heat loss, +to ensure anaerobic conditions, and
hopefully to retain - obnoxious odors. Low pH and wind can adversely
affect the scum layer, : _ :

Plastic covers of nylon-reinforced Hypalon, polyvinyl chloride, 'and
styrofoam have been used on occasion in place of the scum layer; in fact
some states ‘require +this, Properly installed covers provide a
convenient means for odor control and collection of methane gas.

Influent waste water flow should be near, but not on, the bottom of <the
lagoon. In some installations, sludge is recycled to ensure adequate
anaerobic seed for the influent, The effluent from the lagoon should be
located to prevent short-circuiting the flow and carry-over of the scum
layer. For best operation, the pH should be between 7.0 and 8.5. At
lower pH, methane-forming bacteria will not survive and the acid formers
will take over to prcduce very noxious odors. At a high pH (above 8,.5),
acid forming bacteria will be suppressed to lower the lagoon efficiency.

Advantages-Disadvantages. Advantages of an anaercbic lagoon - system are
initial 1low cost, ease of operation, and the ability to handle large
grease loads and shock waste 1loads, and yet continue +to provide a
consistent quality effluent.2t Disadvantages of an anaerobic lagoon are
+he hydrogen sulfide generated from sulfated waters and the typically
high ammonia concentrations in the effluent of 100 mgs/l or more. If
acid conditions develop, sever odor problems result, If the gases
evolved are contained, it is possible to use iron filings to remove
sulfides. ‘

Application. Anaercbic lagoons used as the first stage in secondary
treatment are usually followed by aerobic lagoons. Placing a small,
mechanically aerated lagoon between the anaerobic and aerobic lagoons is
becoming popular. A number of plants are currently installing extended
aeration units following the anaercbic lagoons to obtain nitrification.
Anaerobic lagoons are not permitted in some states or areas where the
gound water is high or the so0il conditions are adverse (e.g., too
porous), or because of odor problems. ' -
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Anaerobic Contact System

The anaerobic contact system requires far more equipment for operation
than do anaerobic lagoons, and consequently is not as commonly used.
The equipment, as - illustrated .in Figure 14, consists of equalization
tanks, digesters with mixing equipment, .air or wvacuum gas stripping.
units, and sedimentation tanks (clar:.f:.ers).r overall reduction of 90 t0
97 percent in BOD5 and suspended sollds is achievable,

Equalized waste water flow is 1ntroduced 1nto a mixed digester where
anaerobic decomposition takes place at a temperature of about 339 +o
3509C (909 to 95°9F). BODS5 loadings into the digester are between 2.4 and
3.2 kg/cubic meter (0.15 and 0,20 lb/cubic foot), and the deténtion time
is 'between three and twelve hours. After gas stripping, the digester
effluent is clarified and sludge is recycled at a rate of about onethird
the raw waste influent rate. Sludge at the rate of about 2 percent of
the raw waste volume is removed from the system.7

Advantages-Disadvantages. Advantages of the anaerobic contact system
are high organic waste 1load reduction in a vrelatively short time;
production and collection of methane gas that can be used to maintain a
high temperature in the digester and, to provide auxiliary heat and
power; good effluent stability to grease and wasteload shocks; and
application in areas where anaerobic lagoons canhnot be used because of
odor or so0il conditions. Disadvantages of araerobic contactors are
higher initial and maintenance costs and some odors emitted from the
clarifiers, ‘ -

Applications, Rnaerobic contact systems are restricted to use as the
first stage of secondary treatment and can be followed by the same
systems following anaerobic 1lagoons or +trickling f£filter roughing
systems.

i S s g e i .

Aerated lagoons have been used successfully for many years in a limited
number of installations for treating meat packing wastes, Bowever, with
recent tightening of effluent limitations and because of the additional
treatment aerated lagoons can provide, the number of installations is
increasing,

BAerated 1lagoons use either fixed  mechanical turbine-type aerators,
floating propeller-type aerators, or a diffused air system for supplying
oxygen to the waste water., The lagoons usually are 2.4 to 4,6 m (8 to
15 feet) deep, and have a detention time of two to ten days. BOD5S
reductions range from 40 to 60 percent with little or no reduction in
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suspended so0lids., Because of this, aerated lagoons approach conditions
similar to extended aeration without sludge recycle (see below).

Advantages-Disadvantages

Advantages of this system are that it can rapidly add dissolved oxygen
(DO} to convert anaerobic waste waters to an aerobic state; provide
additional BODS reduction; and require a relatively small amount of
land. Disadvantages are the power requirements and that the aerated
lagoon, in itself, usually does not reduce BOD5 and suspended solids
adequately to be used as the final stage in a high performance secondary
system.

Applications

Aerated lagoons are usually the second stage of secondary treatment and
must be followed by an aerobic (shallow) lagoon to capture residual
suspended solids and to provide additional treatment.

Aerobic_Lagoons

Aerobic lagoons (or stabilization lagoons or oxidation ponds) are large
surface area, shallow lagoons, usually 1 to 2.3 m (3 to 8 feet) deep,
loaded at a BOD5 rate of 20 to 50 pounds per acre. Detention times will
vary from about one month to six or seven months; thus, aerobic lagoons
require large areas of land.

Aerobic lagoons serve three main functions in waste reduction:

o Allow solids to settle out;
o) Egualize and control flow;
0 Permit stabilization of organic matter by aerobic and

facultative microorganisms and, also, by algae.

Actually, if the pond is quite deep, 1.8 to 2.4 m (6 to 8 feet), so that
the waste water near the bottom is void of dissolved oxygen, anaerobic
organisms may be present. Therefore, settled solids can be decomposed
into inert and soluble organic matter by aercobic, anaerobic or
facultative organisms, depending upon the lagoon c¢onditions, The
gsoluble organic matter is, also, decomposed by microorganisms. It is
essential to maintain aerobic conditions in at least the upper 6 to 12
inches in shallow lagoons since aerobic microorganisms c¢ause the most
complete oxidation of organic matter. Wind action assists in carrying
the upper layer of liquid ({(aerated by air-water interface and photo-
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synthesis) down into the deeper portions. The anaerobic decomposition
generally occuring in the bottom converts solids to 1liquid organics
which can become nutrients for the aerobic organisms in the upper zone.,

Algae growth is common in aerobic lagoons; this currently is a drawback
when aserobic lagoons are used for final +treatment. Algae may escape
into +he receiving waters, and the algae added to receiving waters are
considered a pollutant. Algae in the lagoon, however, play an important
role in stabilization. They use C02, sulfates, nitrates, phosphates,
water and sunlight to synthesize their own organic cellular matter and
give off free oxygen. The oxygen may then be used by other
microorganismsg for +their metabolic processes. However, when algae die
+hey release their organic matter in the 1lagoon, causing a  secondary
loading. Lagoon discharge pipes located about 30 cm or 1 foot below the
lagoon surface will help reduce the algae content in the effluent.

From some of the data used in this study ammonia was found to dissipate
without the coincident appearance of an equivalent amount of nitrite and
nitrate in aerobic lagoons. From this, and the fact that aerobic
lagoons have a known tendency £o become anaerobic near the bottom, it
appears that some denitrification is occurring.

Ice and snow cover in winter can reduce +the overall effectiveness of
aerobic lagoons by inhibiting algae activity, preventing mixing, and
preventing reaeration by wind action and diffusion. This cover,. if
prasent for an extended period, can result in anaerobic conditions.
However, most of these difficulties can be substantially overcome by
providing for increased detention time in initial design (up to 90 days)
by installing additional aerobic chambers and/or using submerged
diffused aerators. A further dampening of ambiant climate conditions is
achieved when raw effluents have an elevated temperature which will
persist through much of a biological treatment system and thus Jdeter
freezing. When there is no ice and snow cover oOn large aerobic lagoons,
high winds can develop a strong wave action that c¢an damage dikes.
Riprap, segmented lagoons, and finger dikes are used to prevent wave
damage. Finger dikes, when arranged aprropriately, also, prevent short
circuiting of the waste water through the lagoon. Rodent and weed
control, and dike maintenance are all essential for good operation of
the lagoons,

advantages—-Disadvantaqges

advantages of aerobic lagoons are that they reduce suspended solids, and
colloidal matter remaining in aerated chamber or anaerobic lagoon
effluents, oxidize organic matter, permit flow control and waste water
storage. Disadavantages are reduced effectiveness during winter months,
the large land requirements, the algae growth problem, ineffectiveness
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in eliminating residual grease, and odor problems for a short time in
spring, after the ice melts and before the lagoon becomes aerobic again.

Applications

Aerobic lagoons usually are the last stage in secondary <treatment and
frequently follow anaerobic or anaercbic-aerated lagoons. Large aerobic
lagoons allow plants to store waste waters for discharge during perlods
of high flow in the receiving body of water or to store for 1rr1gat10n
purposes during +the summer, These lagoons are particularly popular in
rural areas where land is available and relatively inexpensive.

Activated Sludge

The conventional actlvated sludge process is schematically shown in
Figure 15. In this process recycled biologically active sludge or floc
is mixed in aerated tanks or  basins with waste waters., The
microorganisms in the floc adsorb organic matter from the wastes and
convert it by oxidation-enzyme systems to such stable products as carbon
dioxide, water, and sometimes nitrates and sulfates. The time reguired
for digestion depends on the type of waste and its concentration, but
the average time is six hours. The floc, which is a mixture of micro-
organisms (bacteria, protozoa, and filamentous types), food, and slime
material, can assimilate organic matter rapidly when properly activated;
hence, the name activated sludge.

From the aeration tank the mixed liquor waste waters, in which 1little
nitrification has +taken place, are discharged to a sedimentation tank.
Here the sludge settles out, producing a clear effluent, low in BODS5,
and a biologically active sludge. A .portion of the settled sludge,
normally about 20 percent, is recycled to serve as an inoculum and to
maintain a high mixed liquor suspended solids content. Excess sludge is
removed (wasted) from the system, usually to thickeners and anaerobic
digestion, or +to chemical treatment and dewatering by filtration or
centrifugation. ' : . : -

This conventional activated sludge process can reduce BOD5 and suspended
solids up to 95 percent. However, because it cannot readily handle the
shock loads and widely varying flow common to meat packing waste waters,
this particular version of -activated sludge is not a commonly used-:
process for treating meat packing wastes. L ’

Various modifications of <the activated sludge process have been
developed, such as the tapered aeration, step aeration, contact
stabilization, and extended aeration. Of +these, extended aeration
processes are being used for treatment of meat packing wastes.
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Extended Aeration

The extended aeration process is similar to the conventional activated
sludge process, except that the mixture of activated sludge and raw
waste water is maintained in the aeration chamber for longer periods of
time. The common detention time in extended aeration is one to three
days, rather than six hours. During this prolonged contact between the
sludge and raw waste, there is ample time for the organic matter +to be
adsorbed by +the sludge and also for the organisms to metabolize the
organic matter which they have adsorbed. This allows for a much greater
removal of organic matter. In addition, the organisms undergo a
considerable amount of endogenous respiration; therefore, oxidize much
of the organic matter which has been built up into the protoplasm of the
organism, Hence, in addition to high organic removals from the waste
waters, up to 75 percent of the organic matter of the microorganisms is
decomposed into stable products and consequently less sludge will have
to be handled,

In extended aeration, as in the conventional activated sludge process,
it is necessary to have a final sedimentation tank. Some of the solids
resulting from extended aeration are rather finely divided and,
therefore, settle slowly, requiring a lcnger period of settling.

The long detention time in the extended aeration tank makes it possible
for nitrification to occur. 1In nitrification under aerobic conditions,
ammonia is converted to nitrites and nitrates by specific groups of
nitrifying bacteria. For this to occur, it is necessary to have sludge
detention times in excess of ten days.21 This can be accomplished by
regulating the amounts of sludge recycled and wasted each day. Oxygen
enriched gas could be used in place of air in the aeration tanks to
improve oveéerall performance. This would require that the aeration tank
be partitioned and covered, and that the air compressor and dispersion
system be replaced by a rotating sparger system, which costs less to buy
and operate. When cocurrent, staged flow and recirculation of gas back
through the ligquor is employed, between 90 and 95 percent oxygen use is
claimed.22 Although this modification of extended aeration has not been
used in treating meat packing wastes, it is being used successfully for
treating other wastes.

Advantages and Disadvantages

The advantages of the extended aeration process are that it is stable to
shock loading and flow fluctuations because the incoming raw waste 1load
is diluted, by the 1liquid in the system, t0 a much greater extent than
in conventional activated sludge. Also, because of the long detention
time, high BODS reductions can be obtained. Other advantages of the
system are the elimination of sludge digestion equipment and the
capability to produce a nitrified effluent. Disadvantages are that it
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is difficult to remove most of +the suspended solids from the mixed
liquor discharged from the aeration tank; large volume tanks or basins
are required to accommodate the long detention times; and operating
costs for aeration axe high.

Applications

Because of the nitrification process, extended aeration systems are '
being used following anaerobic lagoons to produce low BOD5 and low
ammonia-nitrogen effluents. They are also being used as the first stage
of secondary treatment followed By polishing lagoons.

Trickling Filter

A trickling filter «consists of a bed of rock or prefabricated plastic
filter media on the surface of which the microbial flora develops; a
rotary arm waste water distribution system; and an under-drainage
system, The distribution arm uniformly distributes waste water over the
filter media. The microflora adsorbs, and eventually metabolizes the
organic matter in +the 1liquid as it trickles down through the media.
When the growth becomes fairly thick it kegins to slough off the surface
of the media as large pieces of solids which are carried with the liquid
out through the under-drainage system. Consequently, the trickling
filter must be followed by an appropriate sedimentation tank to remove
the solids. To avoid clogging the trickling filter, the waste water
must be pre-treated (primary, in-plant treatment) to remove most solids
and grease,

The high-rate trickling filter is used in treating meat plant waste
waters either as a roughing filter preceding a conventional secondary
treatment such as activated sludge or as complete secondary treatment in
several stages. Hydraulic loading for high rate trickling filters 1is
generally in the range of 93.5 to 187 million liters per hectare (10 to
20 million gallons per acre) per day.

In treating high organic wastes with trickling filters there is a
definite 1limit +to BODS removal by a single stage. Common practice has
been to use a multistage filter system, The first staqge filter can be
fed at a BODS rate of 0.016 to 0.024 kgfcubic meter of media (100 to 150
pounds/1000 cubic feet) and can resu;t in 40 to 50 percent removal of
BODS5. 1If the second stage filter is the final filter to be wused, the
loading should not exceed 0.4 kg BODS5/cubic meter of media (25 pounds of
BODS5 per 1000 cubic feet}) of media. However, since the raw waste load
of meat packing plants is relatively strong, this may mean that the size
of the second filter will be excessively large. In this case, it might
be better to provide still a third stage; then loadings can be higher in
the second stage-—up to 0.8 to 1.2 kg BODS5 per cubic meter of media (50
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to 75 pounds of BOD5/1000 cubic feet of media). The loading to the
third stage should be limited to 0.32 kg of BOD5/cubic meter of media
(29 pounds/1000 cubic feet)., The overall removal of such a system can
be asg high as 95 percent reduction in BOD5. When staging of filters is
used, it is desirable to provide a sedimentation tank for each stage.
However, large rock or synthetic media can be used without intermediate
sedimentaton. Because of the size of second and third stage filters and
because of the number of sedimentation tanks that may be required, this
system is no 1longer generally used in the meat packing industry.
Although single-stage filters alcne result in considerably less BODS
raduction than staged trickling filter systems, they have found use in

the meat industry, particularly as a pretreatment prior to some type of
activated sludge system.

Advantages and Digsadvantages

Advantages of the roughing trickling filter are that it can smooth out
hydraulic and BOD5 loadings; provide some initial reduction in BODS - (490
to 50 percent); and <+the fact <that it is not injured materially by
extended rest periods such as weekends, However, if there are long rest
periods it is desirable to recirculate the effluent of one of the
settling +tanks through the filter to keep the floc moist. Anotherx
advantage of the roughing filter is its reliability with minimum care
and attention. A disadvantage of the trickling filter system in general
is that it is a costly installation, it may, also, be necessary to cover
the filters in winter to prevent freeze-up, and the effluent
concentration fluctuates with changes in incoming wasteload.

Rotating Biological Contactor

Process Degcription

The rotating biological contactor (RBC) consists of a series of closely
spaced flat parallel disks which are rotated while partially immersed in
the waste waters being treated. A biological growth covering the
surface of the disk adsorbs dissolved organic matter present in the
waste water. As the biomass on the disk builds up, excess slime is
sloughed of f periodically and is removed in sedimentation tanks. The
rotation of +the disk carries a thin film of waste water into the air
where it absorbs the oxygen necessary for the aercbic biological
activity of +the biomass, The disk rotation also promotes thorough
mixing and contact between the biomass and the waste waters. In many
ways the RBC system is a compact version of a trickling filter. In the
trickling filter the waste waters flow over the media and thus over +the

microbial flora; in +the RBC system, the flora is passed through the
waste water.

92




The system can be staged +to enhance overall waste water reduction.
Organisms on the disks selectively develop in each stage and are thus
particularly adapted to the composition of the waste in that stage. The
first couple of stages might be used for removal of dissolved organic
matter, while +the latter stages might be adapted to nitrification of
ammonia,

Davelopment Status

The RBC system was developed independently in Europe and the United
States about 1955 for +the treatment of domestic waste, but found
application only in Europe. Currently, there are an estimated 1000
domestic installations in Eurcpe.21 However, the use of the RBC for the
treatment of meat packing waste is relatively new. The only operational
information available on its use on meat packing waste was obtained on a
pilot-scale system, although a large installation was recently completed
at the TIowa Beef Processors plant in Dakota City, Nebraska, for the
further treatment of meat packing waste effluents from an anaerobic
lagoon. The pilot-plant studies were conducted with a four-stage RBC
system with four-foot diameter disks. The system was treating a portion
of the effluent from the Austin, Minnesota, anaerobic contact plant used
to treat meat packing waste. These results showd a BODS removal in
excess of 50 percent with loadings less than 0.037 kg BOD5 on an average
BOD5 influent concentration of approximately 25 mgr/l. Data from
Autotrol Corporaton revealed ammonia removals of greater than 90 percent
by nitrification in a multistage unit. Four to eight stages of disks
with maximum hydrauli¢ 1loadings of 61 liters per day per square meter
(L.5 gallons per day per square foot) of disk area are considered normal
for ammonia removal.

Advantages and Disadvantages

The major advantages of the RBC system are its relatively low installed
cost; the effect of staging to obtain both dissolved organic matter
reduction and removal of ammonia nitrogen by nitrification; and its good
resistance to hydraulic shock loads. Disadvantages are that the system
should be housed, if located in ¢o0ld climates, to maintain high removal
efficiencies, +to control odors, and to minimize problems with
temperature sensitivity. Although this system has demonstrated its
durability and reliability when used on domestic wastes, it has not yet
been fully tested to treat meat packing rlant wastes.

Uses

Rotating biological contactors could be used for the entire aerobic
secondary system. The number of stages required depends on the desired
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degree of treatment and the influent strength., Tyrical applications of
the rotating kiological contactor, however, may be for polishing the
effluent from anaerobic processes and from roughing trickling filters
and as pretreatment prior to discharging wastes to a municiapl system.
A BOD5 reduction of 98 percent is achievable with a four-stage RBC.Z1

Performance of Varioug Biological Treatment Systems

Table 6 shows BOD5, suspended solids (SS), and grease removal
efficiencies for various biclogical treatment systems used to treat meat
packing waste waters., Average values are presented for ten systems;
exemplary values for five systems. Exemplary values each represent one
system (except for anaerobic plus aerobic lagoons, where they represent
two systems) considered to be among the best for that kind of system and
whose values were actually verified in the field sampling study con-
ducted during this program.

The number of systems used to calculate average values, also shown in
Table 6, clearly shows that the anaerobic plus aerobic lagoons are the
most commonly used. In fact this system was used by about 63 percent of
the plants included in the study that reported having secondary systems
{(see Section VIII). .

The estimated value of BOD5 shown for +the anaerobic lagoons plus
rotating biological contactor is based upon pilot-plant results and is
coneidered to be conservative,

The wvalues shown for the anaerobic lagoons plus extended aeration are
also estimated and are all below the values calculated by using average
removal efficiencies for the two components of the system individually.
For example, if the BODS reduction for both +the anaerobic lagoon and
extended aeration were 90 percent, the calculated efficiency of the two
systems combined would be 99.0 percent
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extended aeration were 90 percent, the calculated efficiency of
systems combined would be 99.0 peécent Y the two

Table 6. Performance of Various Secondary
Treatment Systems.

| Secondary Treatment Systém Water Wasteload Reduction

{aumber of systems used Average‘Values Exemplary Values

to determine averages) BODs | .8S |Grease BOD5 Ss IGrease

Anaerobiec + Aerobic
lagoon (22) 95.4 93.5 95.3 98.9 96.6 98.9

Anaerobic + aerated + ' ‘
Aerobic lagoon (3) 98.3 | 93.3 | 98.5 199.5 | 97.5 | 99.2

Anaerobic Contact Process +
Aerobic lagoon (1) 98.5 | 96.0 } 99.0

Ixtended Aeration + , ,
Aerobic lagoon (1) 96.0 | 86.0 | 98.0 [96.0 | 86.0 | 98.0

Anaerobic lagoon + Rotating
Biological contactor | 98.5e{ --

Anaerobic lagoon + Extended
Aeration + Aerobic lagoon 98e 93e 98e

Anaerobic lagoon +
Trickling filter (1) 97.5 | 94.0| 96.0

2-Stage Trickling filter (1) 95.5 95.0 98.0

Aerated + Aerobic
lagoon (1) 99.4 94.5 —— 99.4 894.5 -

Anaerobic Contact (1) 96.9 | 97.1| 95.8 |96.9 97.1 | 95.8

e — estimated
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TERTIARY AND ADVANCED TREATMENT

Chemical Precipitation of Phosphorus

Phosphorus is an excellent nutrient for algae and thus can promote heavy
algae blooms. As such, it cannot be discharged into receiving streams
and 1ts concentration should not be allowed to build up in a recycle
water stream, However, the presence of phosphorus 1is particularly
useful in spray irrigation or land utilization systems as a nutrient for
plant growth.

The effectiveness o©f chemical precipitation, Figure 16, is well
established and has been verified in full scale during +the North Star
verification sampling program. One packing plant operates a dissolved
air flotation system as a chemical precipitation unit and achieves a 95
percent rhosghorus removal +t0 a concentration of less than 1 mg/1.
Chemical precipitation can be used for primary (in-plant) +treatment +to
remove BOD5, suspended solids, and grease, as discussed earlier in
conjunction with dissclved air flotation. Also, it can be used as a
final +treatment following biological treatment, +to remove suspended
solids in addition o phosphorus.

Technical Description

Phosphorus occurs in waste water streams from packing plants primarily
as phosphate salts. Phosphates can be precipitated with trivalent iron
and trivalent aluminum salts. It can, also, be rapidly precipitated by
agglomeration of the precipitated colloids and by the settling rate of
+he agglomerate.1® Laboratory investigation and experience with inplant
operations have substantially confirmed <that phosphate removal is
dependen® on pH and that this removal tends to be limited by the optimum
pH for the iron and aluminum precipitation occurs in the 4 to 6 range,
whereas the calcium precipitation occurs in the alkaline side at pH
values above 9,5.18 Coincident with +the phosphate removal 1is the
efficient removal of suspended solids which are cleaned from the water
in the flocculant.

Since +the removal of phosphorus 1is a two-step process involving
precipitation and then agglommeration, and both are sensitive +to pH,
setting the pH level takes on added significance. If a chemical other
than lime is used in the precipitation-coagulation process, two levels
of pH are required. Precipitation occurs on the acid side and
coagulation is best carried out on the alkaline side. The precipitate
is removed by sedimentation or by dissolved air flotation.t®
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Polyvelectrolytes are polymers that can be used as primary coagulants,
flocculation aids, filter aids, or for sludge conditioning. Phosphorus
removal may be enhanced by the use of such polyelectrolytes by producing
a better floc than might occur without such chemical addition.23

The chemically precipitated sludge contains grease and organic matter in
addi+tion +o the phosphorus, if the system is used in primary treatment.
If it is used as a post-secondary treatment, the sludge volume will be
legs and it will contain primarily phosphorus salts. - The sludge from
either treatment can be landfilled without difficulty.

Float

Primary T
: or ' , Air Partial
H ‘
Secondary ——>| Ajugtment g.gzw.'ca'-—é Flotation |———> Tertiary
Treatment | U Addition System |- Treated
Effluent r Effluent
Sludge
I ) fO
Disposal

Figure 16. Chemical Precipitation

Development Status

This process is well-established and understood technically. Although
its use on meat industry waste is very limited, it is gaining acceptance
as a primary waste treatment process. Where it is in use, it is being
operated successfully if the process chemistry is understood and the
means to control the process are available.
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Problems_and Reliability

As indicated above, the reliability of this process is well established;
however, it 1is a chemical process and as such requires the appropriate
control and operating procedures. The problems that can be encountered
in operating this process are those caused by a lack of understanding or
inadequate equipment. Sludge disposal is not expected to be a problem.
The use of polyelectrolytes and their effect on the dewatering
properties of the sludge are open to some question at the present time.

Sand Filter

A slow sand filter is a specially prepared bed of sand or other mineral
fines on which doses of waste water are intermittently applied and from
which effluent is removed by an under-drainage system, Figure 17; it
removaes solids from the waste water stream, BOD5 removal occurs
primarily as a function of the degree of solids removal, although some
biological action occurs in the top inch or two of sand. Effluent from
the sand filter is of a high guality with BOD5 and suspended solids
concentrations of less than 10 mgs/1.24 Although the performance of a
sand filter is well known and documented, it is not in common use
because it is not needed to reach current waste water standards,

A rapid sand filter functions as the slow sand filter but operation is
under pressure in a c¢losed vessel or may be built in open concrete
tanks, It is primarily a water treatment device and thus would be used
as tertiary treatment, following secondary treatment. Mixed media
filters are special versions of rapid sand filters that permit deeper
bed-penetration by gradation of particle sizes in the bed. Up-flow
filters are, also, special cases of rapid filters.

Chlorination,
Optional

_ for Odor Control
!;rlmurg or
econdary Dosing Sand
Treatment ;
Effluent Tank Filter
] > Teate
uent
Surface or Back
Clean Wash

to Regenerate

Figure 17, Sand Filter System
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Technical Description

The slow sand filter removes solids primarily at +the surface of the
filter. The rapid sand filter is operated to allow a deeper penetration
of suspended solids into the sand bed and thereby achieve solids removal
through a greater cross-section of the bed. The rate of filtration of
the rapid filter is up to 100 times that of the slow filter. Thus, the
rapid filter requires substantially 1less area than the slow filter;
however, the cycle time averages about 24 hours in comparison with
cycles of up to 30 to 60 days for a slow filter.25 The larger area
required for the latter means a higher first cost. For small plants,
the slow sand filter can be used as secondary treatment. In larger
sizes, the labor in maintaining and cleaning the surface may operate
against 1its  use, The rapid sand filter on the other hand can be used
following seccondary treatment, but would tend to clog quickly and
requi*e frequent automatic backwashing if used as secondary treatment,
rasulting in a high water use. This washwater would also need treatment
if the rapid sand filter is used following conventional solids removal.

The rapid filters operate essentially unattended with pressure~loss
control and piping installed for automatic backwashlng. They may be
enclosed in concrete structures or in steel tanks.23

Clean-up of the rapid sand filter requires backwashing o¢f the bed of
sand with a greater quantity of water than used for the slow sand
filter., Backwashing is an effective clean-up procedure and the only
constraint is to minimize the washwater required in clean-up as this
must be disposed of in some appropriate manner other than discharging it
to a stream.

Development Status

The slow sand filter has been in use for 50 years and more. It has been
particularly well suited to small cities and iscolated treatment systems
serving hotels, motels, hospitals, etc., where treatment of low flow is
required and land and sand are available. Treatment in these applica-
tions has been a sanitary- or municipal-type raw waste. The Ohio
Environmental Protection Administration is a strong advocate of slow
sand filters as a secondary treatment for small meat plants, following
some form of settling or solids removal. As of early 1973, 16 sand
filters had been installed and 8 were proposed and expected to be
installed, All 24 of these installations were on waste from packing
plants.26 The land requirements for a slow sand £filter are not
particularly significant in relation to those required for lagooning
purposes in secondary treatment processes. However, the gquality and
quantity of sand is important and may be a constraint in the use of sand
filters in some local situations. It should, also, be recognized that
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this process requires hand labor for raking the crust that develops on
the surface, Frequency of raking may be weekly or monthly, depending
upor. the degree of previous treatment and the gradation of the sand.

Problems and Reliability

The reliability of +the slow sand filter seems to be well established in
its long-term use as a municipal waste treatment system. When the sand
filter 1is operated intermittently there should be little danger of
operating mishap with resultant discharge of untreated effluent or poor
quali+ty effluent. The need for bed cleaning becomes evident with the
reduction in quality of the effluent or in the increased cycle time,
both of which are subject to monitoring and control. Operation in cold
climates is possible as 1long as +the appropriate adjustment in the
surface of the bed has Dbeen made to prevent blockage of the bed by
freezing water. . Chlorination, both before and after sand €filtering,
particularly in the use of rapid filters, may be desirable to minimize
or =liminate potential odor problems and slimes that may cause clogging.

The rapid sand filter has been used extensively in water treatment
plants and in municipal sewage treatment for tertiary treatment; thus
its use in tertiary treatment of secondary treated effluents f£from meat
plants appears +o be a practical method of reducing BOD5 and suspended
solids to 1levels below those expected from conventional secondary
treatment.,

Microscreen-Microstrainer

2 microstrainer is a filtering device that uses a fine mesh screen on a
partially submerged rotating drum to remove suspended solids and thereby
reduce the BOD5 associated with those solids, Figure 18. The
microstrainer 1is used as a tertiary treatment following the removal of
most of the solids from the waste water stream. The suspended solids
and BOD5 c¢an be reduced to 3 to 5 mg/l in municipal systems., 19 There
are no reports of their use in the tertiary +treatment of meat rplant
wastes.

Secondary Micro-
Tﬁ?:&ﬁ? Screen __Backwash to
Clear Screen/Strainer

\ ' . Tertiary
— Treated
Effluent

Figure 18. Microscreen/Microstrainer
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Technical Description

The wmicrostrainer is a filtration device in which a stainless steel
-microfabric is used as the filtering medium. The steel wire cloth is
mounted on the periphery of a drum which is rotated partially submerged
in the waste water. Backwash immediately follows the deposition of
solids on the fabric, and in one installation, this is followed by
ultraviolet light exposure to inhibit microbioclogical growth.19 The
backwash water containing the solids amounts to about 3 percent of the
waste water stream and must Dbe disposed of by recyecling to the
bioclogical treatment system.28 The drum is rotated at a minimum of 0.7
and up to a maximum of 4.3 revolutions per minute.19 The concentration
and percentage removal performance for microstrainers on suspended
solids and BOD5 appear to be approximately the same as for sand filters,

Development Status

While there is general information available on the performance of
microstrainers and on tests involving the use of them, there aprears *o
be only one recorded installation of a microstrainer in use on mueicipal
waste; the requirements for effluent guality have not necessitated such
installation. The economic comparisons between sand filters and
microstrainers are inconclusive; the mechanical equipment required for
the microstrainer may be a greater factor than the land requirement for
+the sand filter at the present time.

Problems and Reliability

The test performance of the micrestrainer fairly well establishes the
reliability of the device in its ability to remove suspended solids and
the associated BODS5, Operating and maintenance problems have not been
reported; this is probably because, in large part, of the limited use of
the device in full-scale applications. As a mechanical filtration
device requiring a drive system, it would have normal maintenance
requirements associated with that kind of mechanical equipment. As a
device based on microopenings in a fabric, it would be particularly
intolerant to any degree of grease loading,

Nitrification-Denitrification

This two-step process of nitrification and denitrification, PFigure 19,
is a system to remove the nitrogen which appears as ammonia in treated
meat plant waste waters, and it is of primary importance for removal of
the ammonia generated in anaerobic seccndary treatment systems. Ammonia
removal is becoming more important because of stream standards being set
at levels as low as 1 to 2 mg/l.7 In chemical balance as described
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below removal of ammonia is virtually complete, with the nitrogen gas as
the end product, '

Technical Description

The large quantities of organic matter in raw waste from meat packing
plants is fregquently and effectively treated in anaerobic lagoons. Much
of +the nitrogen in the organic matter, present mainly as protein, is
converted to ammonia in anaercbic systems or in 1localized anaerobic
environments. The following sets of equations indicate the nitrifica-
tion of the ammonia to nitrites and nitrates, followed by the subsequent
denitrificaticn +to nitrogen and nitrous oxide.28 The responsible
organisms are indicated also.

Partial — Partial
Secondary : Aeration | Angerobic Aeration Tertiary
Treatment System Pond Cell > Treated

Effluent Effluent

Carbon
Source,
e.g. Methanol
Figure 19. Nitrification/Denitrification
Nitrifications
NH3 + 02 NO2- + H30+ (Nitrosomonas)
2NO2~ + 02 2N03- {(Nitrobacter)

Denitrification (using methanol as carbon source)
6H+ + 6NO_- + 5CH_OH 5C0_2_ + 3N2_ + 13 H20
small amounts of N20 and NO are, also, formed (Facultative

heterotrophs)

Nitrification does not occur to any great extent until most of the
carbonaceous material has been removed from the waste water stream. The
ammonia nitrification is carried out by aerating the effluent
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sufficiently long to assure the conversion of all the nitrogen in the
raw effluent +o0 the nitrite-nitrate forms prior +to +the anaerobic
denitrification step.

The denitrification step, converting nitrates to nitrogen and nitrogen
oxides, takes place in the absence of oxygen. It is thought to proceed
too slowly without the addition of a biodegradable carbon source such as
sugar, ethyl alcohol, acetic acid, or methanol. Methanol is the least
expensive and performs satisfactorily. Investigators working on this
process have found that a 30 percent excess of methancl over the
stiochiometric amount is required.23,30

In current waste treatment practice using anaerobic and aerobic lagoons,
ammonia nitrogen that disappears in the aerobic system does not show up
to a large extent as nitrites and nitrates. Ammonia stripping 1is not
likely to account for the loss, It appears that denitrification must
actually be occurring in the bottom reaches of the aerobic lagoons,
where anaerobic conditions are probably approached,

Presuming total conversion of the ammonia to nitrites or nitrates, there
will be wvirtuwally no nitrogen remaining in the effluent from the de-
nitrification process. Total nitrogen removal can be maintained at 90
percent over +the range of operating temperatures; the rate increases
with temperature to an optimum value of approximately 30°C for most
aerobic waste systems. Temperature increases beyond 30¢ result in a
decrease in the rate for the mesophilic organisms, 28

The waste water is routed to a second aeration basin following de-
nitrification, where +the nitrogen and nitrogen oxide are readily
stripped from the waste stream as gases. The sludge from each stage 1is
settled and recycled to preserve the organisms required for each step in
the process.

Development Status

The specific nitrification-denitrification process has been carried out
successfully at the bench~- and pilot-scale levels. Culp and Culp23
suggest that the "practicality of consistently maintaining the necessary
biological reactions and the related economics must be demonstrated on a
plantdeveloped at the Cincinnati Water Research Laboratory of +he EPA
and is being built at Manassas, Virginia.31 This work and other
demonstrated useful concepts are reported in a recent EPA technical
booklet. *7 As mentioned above, observations of treatment lagoons for
meat packing plants gives some indication that the suggested reactions
are occurring in present systems. Also, Halvorson3z reported that
Pasveer is achieving success in denitrification by carefully controlling
the reaction rate in an oxidation ditch, so that dissolved oxygen levels
drop to zero just before the water is reaerated by the next rotor.
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Problems _and Reliability

In view of the experimental status of this process, it would be pre-
mature +to speculate on the reliability or problems incumbent in a full-
scale operation. It would appear that there would be not exceptional
maintenance or residual pollution problems associated with this process
in view of the mechanisms suggested for its implementation at this time.

Ammonia_S+tripping

ammonia stripping is a modification of the simple aeration process for
removing gases in water, Figure 20. Following pH adjustment, the waste
water is fed to a packed tower and allowed to flow down through the
tower with 4 countercurrent air stream introduced at the bottom of the
tower flowing upward to strip the ammonia. Ammonia-nitrogen removals of
up to 98 percent and down to0 concentrations of less than 1 mg/l have
been achieved in experimental ammonia stripping towers,23

Technical Descriptiocn

The pH of the waste water from a secondary treatment system is adjusted
to between 11 :and 12 and the waste water is fed to a packed tower or to
a cooling tower type of stripping tower. As pH is shifted above 9 the
ammonia is present as the soluble gas in the waste water stream rather
t+han as the ammonium ion.30 Ammonia-nitrogen removal of 90 percent was
achieved with countercurrent air flows ketween 1.8 and 2.2 cubic meters
per liter (250 and 300 cubic feet per gallon) of waste water in an
experimental tower with hydraulic loadings between 100 and 125 1liters
per minute per square meter (2.5 and 3 gallons per minute per square
foot). A maximum of 98 percent ammonia removal was reported with the
air rate at 5.9 cubic meters per liter (800 cubic feet per gallon) and a
hydraulic loading of 33 liters per minute per square meter (0.8 gallons
per minute per square foot). The ammonia concentration was reduced to
less than one part per million at 98 percent removal. The high
percentage removal of ammonia-nitrogen is achieved only at a substantial
cost in terms of air requirements and stripping tower c¢ross sectional
area, 23

Because the system involves the stripping of ammonia from a water
stream, ambient air temperatures below 09C (329F) present a problem;
operation in cecld climates may require somewhat more costly
modifications such as housing inside a building or heating of the air
prior to introducing it to the stripping tower. The residual pollution
would be the ammonia stripped from +the waste water stream and
concentration of ammonia in the air stream prior to mixing with the
ambient air would be about 10 milligrams per cubic meter, whereas the
threshhold for odor is about 35 milligrams per cubic meter.23
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Development Status

The ammonia stripping process is a well-established industrial practice
in the petroleum refinery industry. The only significant difference
be+ween petroleum refinery application and that on a meat packing plant
waste would probably be the comparatively small size of stripping tower
for the meat packing plants in comparison to the refinery. The air
stripping of ammonia from secondary effluent is reported primarily on an
experimental basis in equipment that is 1.8 meters (6 feet) in diameter
with a packing depth of up to 7.3 meters (24 feet), Two large

! Ammonia
Secondary ; ' pH Sripping
Treatment Adjustment
Effluent | Tower
Air
Blowers 5 Treated

Effluent

Figure 20. Ammonla Stripping

scale installations of ammonia stripping of lime treated waste water are
reported at South Tahoe, California, and Windhoek, South africa.23,118
The South Tahoe ammonia stripper was rated at 14.2 M liters per day
(3.75 MGD) and was essentially constructed as a cooling tower structure
rather +han as a cylindrical steel tower which might be used in smaller
sized plants.

Thus, although there is no reported use of ammonia stripping on meat

packing plant waste, the technology is well established and implementa-
tion, when standards require it, should be without difficulty.

Problems and Reliabiility

The reliability of this process has been established by the petroleum
refinery uses of the process over many years. although operational
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difficulties in very cold climates, and maintenance problems due to
scaling of the stripping tower have been encountered. Although the
source of +the ammonia may be different and there may be other
contaminants in the water stream, none of +this should affect the
established reliability of this process. The experience of other users
of the process will have pretty well identified potential problems, and,
presumably, the solutions for these problems. The maintenance
requirements would be only those normally associated with the mechanical
equipmant involved in pumping the waste water o the top of the +tower,
where the feed 1is introduced to the tower, and in maintaining the air
blowers. The tower f£ill would undoubtedly be designed for the kind of
service inwvolved in treating a waste water stream that has some
potential for fouling. :

Sprav/Flood Irrigation

A no discharge level for meat packing waste can be achieved by the use
of spray or flood irrigation of relatively flat land, surrounded by
dikes which prevent run-off and upon which a cover crop of .grass or
other vegetation is maintained. Waste Water disposal is achieved by
this method to the level of no discharge. Specific plant situations may
preclude the installation of irrigation systems; however, where they are
feasible, serious consideration should ke given to them.

Technical Description

Wastes are disposed of in spray or flood irrigation systems by dis-
tribution through piping and spray nozzles over relatively flat terrain
or by the pumping and disposal through the ridge and furrow irrigation
systems which allow a certain level of flooding on a given plot of land,
Figure 21. Pretreatment for removal of solids is advisable to prevent
plugging of the spray nozzles, or deposition in the furrows of a ridge-
and-furrow system, or collection of solids on the surface, which may
cause odor problems or <clog the soil. Therefore, +the BOD5 would
undoubtedly have already been reduced in the preliminary treatment in
preparation for distribution through the spray system.

In a flood irrigation system the waste loading in the effluent would be
limited by +the waste 1loading tclerance of the particular crop being
grown on the land, or it may be 1limited by the scil conditions or
potential for wvermin or oder problems. '
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Waste Water distributed in either manner percolates through the so0il and
the organic matter in the waste undergoes a biological degradation. The
ligquid in the waste stream is either stored in the soil or leached to a
groundwater aquifer and discharges into the groundwater. Approximately
10 percent of the waste flow will be 1lost by evapotranspiration (the

loss caused by evaporation to the atmosphere through the leaves of
plants) . 28

Primary,
Secondary |
or, Holding Pumping l Application
Partial T - .
Tertiary Basin | System | Site
Treatment
Effluent
Grass or
Hay Crop

Figure 21, Spray/Flood Irrigation System

spray runoff irrigaticn is an alternative technique  which has been
tested on the waste from a small meat packer3?® and on cannery waste.*0
With this technique, about 50 percent of the waste water applied to the
soil is allowed to run off as a discharge rather than no discharge as
discussed here. The runoff or discharge from this <+type of irrigation
system is of higher quality than the waste water as applied, with BODS
removal of about 80 percent, total organic carbon and ammonia nitrogen
are about 85 percent reduced, and phosphorus is about 65 percent re=
duced. 39

The following factors will affect the ability of a particular land area
to absorb waste water: 1) character of the soil, 2) stratification of
the soil profile, 3) depth to groundwater, 4} initial moisture content,
5) terrain and groundcover,2®

The greatest concern in the use of irrigation as a disposal system is
the total dissolved solids content and particularly the salt content of
the waste water. A maximum salt content of 0.15 percent is suggested in
rckenfelder .28 In orxder +0o achieve this 1level of salt content, 30
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percent of +the +total waste water stream from a typical plant was
determined 0 require treatment in an ion exchange system upstream from
the spray irrigation system.

‘An application rate of 330 liters per minute per hectare (35 gallons per
minute per acre) has been recommended in determining the quantity of
land required for various plant sizes., This amounts to almost 5 cm (2
inches) of moisture per day and is relatively low in comparison with
application rates reported by Eckenfelder for various spray irrigation
systems. However, soils vary widely in their percolation properties and
experimental irrigation of a small area is recommended before a complete
system is built. In many arsas, rates as low as one~fourth inch pex
acre per day are prerequisite for conservative, 1long term disposal
requirements, . This latter rate may be particularly applicable where
some type of cropping or land conservation activity is to be conducted.
In such instances, requirements for intermittent irrigation of waste
water {i.e., supplemental to rainfall or other irrigation water source)
may dictate storage volumes and disposal rates. Care must also be given
+to a balanced nutrient load (normally nitrogen) applied to any given
soil or crop. A number of grass and clover crops, for example, may be
expected +to thrive when treated waste waters serve to supplement normal
moisture and nitrogen supplies. One recent example of the use of +the
general concept 1in the industry contemplates installation of a system
for irrigation disposal of 1.2 million gallons per day on approximately
400 acres. This translates to very conservative loading rates of less
than 0.1 inches per acre per day; at the same time, the systems shows
how planning flexibility is often useful to allow disposal on alternate
days or alternate sections of 1land at higher rates if +this proves
desireable.

The economic benefit from spray irrigation is estimated on the basis of
raising one crop of grass hay per season with a yield of 13.4 metric
tons of dry matter per hectare (six tons per acre) and values at $22 per
metric ton ($20 per ton). These figures are conservative in terms of
the number of crops and the price to be expected from a grass hay crop.
The supply and demand sensitivity as well as transportation problems for
moving -the hay c¢rop to a consumer all mitigate against any more
optimistic estimate of economic benefit. 29 ‘

cold climate uses of spray irrigation may be subject to more constraints
and greater land requirements than plants operating in more temperate
climates. However, a meat packer in Illinois reportedly operated an
irrrigation system successfully. Eckenfelder also reports that wastes
have Dbeen successfully disposed of by spray irrigation from a number of
other industries.

North Star found in its survey that the plants located in the arid

regions of +the southwest were most inclined to use spray or flood
irrigation systems. Additional details on the general subject of land
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disposal may be found in the, "Development Document Guidelines for
Effluent Limitations and sStandards of Performance for New Sources for
the Feedlots Point Source Category", EPA January 1974.

Problems and Reliability

The long-~term xreliability of spray or flood irrigation systems is a
function of the ability of the soil to continue to accept the waste as
it is disposed of through the irrigation system, and thus reliability
remains somewhat open to  gquestion, Problems 1in maintenance are
primarily in the control of the rproper dissolved solids level and
salinity content of the waste water stream and also in climatic
limitations that may exist or develop, Many soils are improved by spray
irrigation; at the same time, use of +this concept is a manner
commensurate with crop/soil needs will militate potential problems of
overland or subsurface runoff to streams.

Ion_ Exchange

Ion exchange, as a tertiary waste treatment, is used as a deionization
process in which specific ionic species are removed from the waste water
stream, Figure 22. Ion exchange would ke used to remove salt (sodium
chloride) from waters. Ion exchange resin systems have been developed
to remove specific ionic species, to achieve maximum regeneration
operating efficiency, and +to achieve a desired effluent guality. 1In
treating meat packing waste, the desired effluent quality is a +total
waste water salt concentration of 300 mgsl. Ion exchange systems are
available that will remove up to 90 percent of the salt in a water
stream. 19 They can also be used to remove nitrogen.

Technical Description

The deionization of water by means of ion exchange resin involves the
use of both cation and anlon exchange resins in sequence or in
combination to remove an electrolyte such as salt. 19

RSO3 + NacCl RSO3Na + HCl

R-0OH + HCl R-Cl + H20
where R represents the resin

The normal practice in deionization of water has been to make the first
pass through a strong acid column, cation exchange resin, in which the
first reaction above occurs. Effluent from the first column is passed
to a second column of anion exchange resin to remove the acid formed in
+he first step, as indicated in the second reaction. As indicated in
the two reactions, the sodium chloride ions have been removed as ionic
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species, A great variety of ion exchange resins, used singley or in
mixed bed units, have been developed over the vyears for specific
deionization objectives for various water quality conditions.

Waste Water treatment with ion exchange resins has been investigated and
attempted for over 40 years; however, recent process developments in the
treatment of secondary effluent have been particularly successful in
achieving high quality effluent at reasonable capital and operating
costs. One such process is a modification of the Rohm and Haas, Desal
process, 1?9 In this process a weak base ion exchange resin is converted
to the bicarbonate form and the secondary effluent is treated by the
resin to convert the inorganic salts. After the first step, the process
includes a flocculation/aeration and precipitation step tc remove
organic matter; . however, this should be unnecessary if the sand filter
and/or carbon  adsorption system 1is used upstream of the ion exchange
system. The effluent from the first ion exchange column is further
treated by a weak cation resin to reduce the final dissolved salt
content to approximately five mg/l. The anion resin in this process is
regenerated with aqueous ammonia and the cation resin with an agqueous
sulfuric acid. The resins did not appear to be susceptible +o fouling
by the organic constituents of the secondary effluent used in this
experimsnt. : - :

\ Tertiary
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Figure 22. Ion Exchange
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Other types of resins can be used for nitrate and phosphate removal, as
well as color bodies, COD, and fine suspended matter. Removal of these
various constituents can range from 75 percent to 97 percent.

The cycle time on the ion exchange unit will be a function ¢f <the time
required to block or to take up the ion exchange sites available in the
resin contained in the system, Blockage occurs when the resin is fouled
by suspended matter and other contaminants. The ion exchange system 1is
ideally 1located at the end of the waste water processing scheme, thus
having the highest quality effluent available as a feedwater. The ion
exchange system needed for irrigation purposes (mentioned earlier) based
on an assumed inlet salt concentration of 2000 mg/l, was required to
treat 30 percent of the waste water stream. This inlet concentration is
fairly conservative, based on the North Star survey data. Salt
concentration should be easily reduced +o 1000 mgs/1l and less with a
minimal effort at controlling salt discharge into the waste water.

To achieve a recyclable water quality, it may be assumed that less <than
500 mgs1l of total dissolved solids would have to be achieved. ©f the
total dissolved solids, 300 mgs/l of salt are assumed to be acceptable.
To achieve this final effluent quality, 95 percent of the waste water
stream would be subjected to ion exchange treatment.

The rasidual pollution will be that resulting from regeneration of the
ion exchange bed. The resin systems as indicated earlier, can be
tailored +o +he ion removal reguirements and efficient use of
regeneration chemicals thus minimizing liquid wastes from the
regeneration s+tep.

i e e S ke i e e s St e et S

Ion exchange as a unit operation is well established and commonly used
in a wide range of applications in water +treatment and water
deionization. Water softening for boiler feed treatment and domestic
and commercial wuse is probably the most widespread use of ion exchange
in water treatment, Deionization of water by ion exchange is used *o
ramove carbon dioxide; metal salts such as chlorides, sulfates,
nitrates, and phosphates; silica; and alkalinity. Specific resin
applications such as in wastewater treatment have not been widespread up
to the present +time, as there has not been a need for such a level of
treatment. However, process development and experimental work have
shown the capability of ion exchange systems to achieve the levels of
salt removal required for the suggested irrigation and closed-loop water
recycle systems examined in this report.

Part of the economic success of an ion exchange system in treating
packing plant waste will probably depend on a high quality effluent
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being available as a feed material. This again, can be provided by an
upstream treatment system including carbon adsorption or sand filtration
to remove a maximum of the particularly bothersome suspended organic
material. However, the affect of a low quality feed would be primarily
economic because of shorter cycle times, rather than a reduction in the
overall effectiveness of the ion exchange system in removing a specific
ionic species such as salt.

Problems and Reliability

Inasmuch as ion exchange is widely used, the reliability of the concept
is well established. The application of <the <technology in waste
treatment has not been tested and, therefore, the reliability in that
application has yet to be firmly established. The problems associated
with ion exchange operations would primarily center on the quality of
the feed to the ion exchange system and its effect on the cycle time.
The operation and control of the deionization-regeneration cycle can be
totally automated, which would seem +0 be the dJdesired approach.
Regeneration solution is used periodically to restore the ion exchange
resin to its original state for continued use., This solution must be
disposed of following its use and that may require special handling or
treatment. The relatively small quantity of regenerant solution will
facilitate its proper disposal by users of this system,

i

Carbon Adsorption

Carbon adsorption is a unit operation in which activated carbon adsorbs
soluble and trace organic matter from waste water streams, Figure 23,
Either granular or powdered activated carbon can be used to remove up to
98 percent of colloidal and dissolved organics measured as BODS and COD
in a waste water stream. 30 The organic molecules which make up the
organi¢ material attach themselves to the surface of the activated
carbon and are thereby removed. Larger particles should be filtered
from the waste water in <+reatment systems upstream from carbon
adsorption since the effectiveness of the latter will be substantially
reduced by gross particles of organic matter, Total organic carbon
removal efficiencies of about 50 to 55 percent have been reported for
carbon adsorbers and 45 to 50 percent removal of soluble corganic carbon
is reported. 118 Carbon adsorption treatment of meat packing waste would
‘be required only if a closed loop water recycle .system were to be
installed with a requisite low organic concentration.
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Technical Description

Activated carbon in a granular or powdered form provides an active
surface for the attachment and resultant removal of organic molecules
from waste water streams. This is a surface adsorption phenomenon and
is not preferential for any particular molecule. Thus, in addition to
trace organic matter, odors and color bodies will also be removed from
the waste water stream by carbon adsorption. The rate of adsorption is
controlled by the rate of diffusion of the organic molecules within the
capillary pores of the carbon particles. This rate varies inversely
with the sqguare of the particle diameter and increases with increasing
concentration of organic matter and with increasing temperature. The
implication of the particle diameter~adsorption rate relationship is
that the smaller the carbon particle the larger the adsorption rate will
be, in any given system. This factor is the basis for the interest in
prowdered activated carbon in preference to granular carbon. 23

Partial Tertiary i _ Tertiary
Tré?'tment ‘—{ Adggg::: " b———> Treated
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}

Carbon
Regeneration and
Storage

Figure 23. Carbon Adsorption

The granular carbon is effectively used in packed or expanded bed
adsorbers. A number cf rrocesses have been experimentally attempted to
utilize powdered carbon in various process systems such as the fluidized
bed and carbon~veffluent slurry systems. Regeneration of the carbon is
periodically required, A standard regeneration technjque is
incineration of the organic matter deposited on the surface of the
carbon. It is economically important to regenerate and recover the
carbon and regeneration has been a serious 11m1tat10n to the use of
powdered activated carbon up to the present time.
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Carbon adsorption will remove up to about 98 percent of +he colloidal
and dissolved organic nmnatter with resulting effluent COD's down to 12
mg/l in any of the various physical systems devised for contacting
activated carbon and waste water., This is a finishing treatment for
waste water intended +to @ remove the trace organic material left after
standard secondary and partial tertiary treatment. Essentially all of
the gross organic particles must be removed from the waste water before
entering this treatment system, 23

The residual pollution associated with carbon adsorption will be <that
caused by regeneration and a properly operated low oxygen furnace
achieving complete combustion of the organic matter should present no
pollution problem for the surrounding air environment.

Davelopment Status

Activated carbon treatment in water purification is common practice and
well established. Several large scale pilot projects testing carbon
adsorption as a treatment of waste waters are presently underway. In
addition, carbon towers have been used for the removal of suspended
solids in a small number of municipal treatment systems requiring high
guality effluent. The treatment has not been applied specifically +to
mea+ packing plant effluent; however, at the point in a waste treatment
system where an activated carbon system would be used, there should be
no significant difference between municipal waste and meat packing
waste., The effluent should be of high quality.

The primary question demanding the attention of research investigators

in the use of this system is to find an economic method for the use of
activated carbon in powdered form rather than granular form.

Problems and Reliabilities

Since this +technology is well established in the water treatment
industry, it presumably can be operated with <the proper +type of
feedstream on an efficient and reliable basis. While the treatment of
waste water for this system 1is largely limited to large scale pilot
projects, the reliability and utility of such treatment should be
clearly established within a relatively short time, certainly before the
need for equipment to meet 1983 standards.

Operating and maintenance problems do not seem +to be significant,
particularly if +the guality of the feedwater is maintained by
appropriate upstream treatment systems. Regeneration is no problem in
the packed and expanded bed systems and presumably can be worked out for
powdered carbon systems before the mid 1980's.
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Reverse Osmosls

The reverse osmosis process uses semipermeable membranes to remove
contaminants down +to molecular size, Figure 24. + is capable of
removing divalent ions at efficiencies of wup to 98 percent and
monovalent ions and small organic molecules at 70 to 90 percent. 33
Total solids concentrations between 25 mgs/l1 and 65 mgs/l have Dbeen
obtained in reverse osmosis effluent. 33 Reverse osmosis would not be
needed for applications other than a clcsed loop recycle water system.
The application of reverse osmosis to date has been 1limited to
capacities no larger than 190,000 liters (50,000 gallons) per day.

Technical Description

Sevaral different kinds of semipermeable membranes are available for use
in +he reverse osmosis process. Data are available on +the use of
cellulose acetate membranes. These and other semipermeable membranes
are more permeable to pure water than to dissolved salt and other 1ions
and molecules. The process operates by reversing the normal osmotic
process by increasing the pressure on the side of the membrane
containing the contaminated water until pure water flows through the
membrane from the contaminated side to the pure water side. Excellent
rejection oxr removal of essentially all contaminants in a waste water
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Figure 24. Reverse Osmosis
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stream from a meat packing plant would be achieved through a reverse
osmosis system, However, the rate at which pure water would be produced
is still unacceptably low for economic application of this system.
Current development work is aimed at improving the rate at which pure
water can be produced, while retaining the high quality of the effluent.

Development Status

The application of reverse osmosis +to the +treatment of waste water
streams has been confined to experiments on domestic sewage on a small
scale. As a waste treatment process, +the limited capacity  of
commercially available units and the high operating costs *tend +to limit
the potential applicability of reverse osmosis waste water treatment in
the near future.

Problems and Reliability

The reliability of reverse osmosis remains open to question until larger
scale and longer term experiments have been conducted on waste water
treatment. The two operating problems that persist in reverse osmosis
are maintaining flux or water purification rates and the relatively
short operating life of the membranes. Another significant problem
remains in the bacterial growth that has been observed on reverse
osmosis membranes, which seriously reduces their operating efficiency,.
Microbial growth has also been observed in the support structure under
the membranes. Chlorine cannot be used because the membranes which are
presently available are damaged by chlorination.1? Research on these
operating problems is continuing, including membrane research at North
Star Research Institute, where new membranes are being developed and
tested. For example, a new North Star membrane, NS-1, which is formed
on the surface of a porous polysulfone support material, is a
nonceliulosic membrane which has significantly better operating
characteristics than most membranes currently available.

Electrodialysis

Electrodialysis is a process that uses an applied electric current to
separate ionic species in a solution, Figure 25. Membranes allow
specific ions to pass from the waste water stream on one side of the
membrane to a highly concentrated solution c¢f contaminants on the other
side of the membrane, Electrodialysis is used to remove dissolved
solids such as salt, which is of particular concern in meat industry
waste. Single-pass removal efficiencies of up to 40 percent of the salt
are the reported performance of the system. 390
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Technical Description

The electrodialysis process incorporates a number of chambers made by
alternating anionic and cationi¢ membranes that are arranged between two
electrodes. A brine solution 1is alternated with contaminated waste
water solution in the chambers between the differing membranes.
Electric current is arplied across the membrane chambers causing the
cations to move towards the cathode and the anions towards the anode.
However, after passing from the chambers containing the waste water into
adjacent brine chambers, the ions can travel no further toward the
electrodes. Their path is blocked by a membrane that is impermeable to
that particular jionic sgecies. 1In this manner, the waste water stream
is depleted while the adjacent brine stream is enriched in the ions
which are to be removed.

Power costs limit the salinity of the effluent waste water after
treatment in the electrodialysis system to approximately 300 to 500 mgr/1l
of salt. 34 This 1limitation is 4imposed because of the increase in
electrical resistance in the treated waste water that would occur at
lower concentrations of salt.
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Figure 25. Electrodialysis

Development Status

The residual pollution from an electrodialysis unit would be the brine
solution used and generated in the chambers of the unit. This brine
solution might be handled by a blowdown system which removes the
quantity of salt added per unit of time. Electrodjalysis 1is an old
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process and in fairly widespread use for the purpose of desalting
brackish water. 3% The treatment of waste water in electrodialysis
systems has not been done except on an experimental basis. There is no
reported application of the process on waste water from <the meat
industry which tends to have a fairly substantial salt content. The
potential utility of the process is, therefore, speculative as to its
use on waste water, however, 1its widespread use in water desalting
suggests that, if the need arises for its application, it is technically
feasible to desalt waste water in such a process.

Problems and Reliability

The reliability of the electrodialysis system in removing salt from
waste waters 1is only speculative based on the use of the system in
desalting brackish waters. It has demonstrated its reliability in the
desalting application. The problems associated with using this process
in +reating waste water from meat packing plants is the substantial
cost, the necessity of brine disposal, and the bacterial growth which
occurs on the dialysis membranes. '8 Chlorine cannot be applied because
it damages the membranes.
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SECTION VIII
COST, ENERGY, AND NON-WATER QUALITY ASPECTS
Summary

The waste water from meat packing plants is amenable +to treatment in
secondary and tertiary waste treatment systems to achieve low levels of
pollutants in the final effluent. In-plant controls, by-product
recovery operations, and strict water management practices can be highly
effective 1in reducing the wasteload and waste water flow from any
industry plant. These water management practices will reduce the
raquisite size of secondary and tertiary treatment systems and improve
their waste reduction effectiveness.

The waste treatment investment for a +typical plant in each industry
subcategory is 1listed 1in Table 7 to achieve each of four successively
increased degrees of treatment:

A - reduction of organics by the use of anaerobic plus aerated
plus aerobic lagoon treatment systems and disinfection by
chlorination.

B - in-plant controls plus partial tertiary treatment.

C - no discharge via land disposal by irrigation.

D - waste wWater recycle.

The costs reported in Table 7 are based on the assumption +that the
average plant in each subcategory has anaerobic plus aerobic waste
treatment lagoons or the equivalent, already installed. The costs are
therefore the total incremental investment costs required to achieve an
effluent quality associated with each increment of added <treatment or
control from the present treatment systems as described above. These
costs are primarily a function of total waste water flow. The average
daily flow used for each subcategory is as follows:

Simple slaughterhouse - 1,17 M literss/day (0.310 MGD)
Complex slaughterhouse - 4.35 M literss/day (1.16 MGD)
Low=Processing packinghouse - 3.4 M literss/day (0,85 MGD)
High-Processing packinghouse - 4.4 M literss/day (1.2 MGD)

Treatment W"A" comprises the three lagoon treatment system--anaerobic-
aerated-aerobic lagoons--or its equivalent as the means to achieve the
reduction of the organic load to the 1977 guideline. The typical plant
in each of +the four industry sukcategories has adequate in-plant
facilities-usually a catch basin--to preclude the need for in-plant
additions in stage "an,

Treatment "B" incorporates improved in-plant practices and the addition

of a dissolved air flotation unit along with an ammonia removal step and
sand filtering, or the equivalent, in addition to treatment system "A".
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These treatment systems are applicakle to plants in any of the
subcategories. The organic loading and total waste water flow will vary
‘both within and between subcategories; however, these factors influence
tr2atment system sizing rather than applicability, as indicated in
Section IV.

Treatment "C" is the irrigation alternative and includes the treatment
achieved in "AY, plus dissolved air flotation, ion exchange on a part of
the waste water stream, chlorination, and the irrigation system. Total
dissolved solids are a limiting factor in water for irrigation; thus
plants in the "high-processing packinghouses"™ subcategory, which exhibit
a high average chloride content in the raw waste (Chapter 5) may need to
devote special attenticn to it.

Treatment "D" comprises all of +the treatment +echniques presumably
required to produce a recyclable waste water stream of potable quality.
Thase technologies can be used by all of the subcategories if they are
effective for any one of them,

Table 7. Total Investment Costs Per Plant for Upgrading Present
Waste Treatment System to Each Stage of Treatment
(From Unit Costs Given in Tables 12 and 13)

Effluent Simple Complex Low~Processing |High-Processing
Quality |[Slaughterhouse |Slaughterhouse | Packinghouse Packinghouse
A $ 90,000 $ 159,000 $ 148,000 $ 170,000
B 435,000 685,000 646,000 758,000
C 278,000 507,000 468,000 566,000
D 743,000 1,335,000 1,244,000 1,497,000

*#Locker plants were not included in any subcategory, but were assumed to
require an investment of 310,000 each to go to no discharge by 1977,
which appears to be the most attractive choice other than municipal
treatment.
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The annual operating costs for a treatment system +0 achieve the
indicated effluent quality are reported in Table 9, The costs to
achieve +treatment level "A" range from 12 to 21 cents per head of beef,
depending on the subcategory. The costs to achieve treatment level YB"
vary from $0.90 +to $1.50 per head more than present waste treatment
costs, Costs above present for level "C" are about two-thirds of those
for 1level "B", and costs for level D are nearly twice those for level
ll'B". ’

Energy consumption associated with waste water +treatment in +the meat
industry 1is not a serious constraint, wvarying from 10 to 40 percent of
present power consumption. The higher percentage is for the smaller
packing plants that consume relatively small quantities of electric
energy at the present time.

With the implementation of these standards, land becomes the primary
waste sink instead of air and water. The waste to be land fillsd from
packing plants can improve soils with nutrients and soil conditioners
contained in the waste. Odor problems can be avoided or controlled in
all treatment systems. )

WTYPICALI" PLANT

The waste treatment systems applicable to waste water from the meat
packing industry can be used by plants in all four subcategories of the
industry. A hypothetical "™typical" plant was constructed in each
subcategory as a basis for estimating investment and total annual costs
for the application o©of each waste +treatment system within each
subcategory. The costs were estimated, and, in addition, effluent
reduction, energy reguirements, and non-water quality aspects of the
treatment systems were determined.
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The waste treatment systems are applied on the basis of the following
rlant configurations for each subcategory:
Industry Subcategory
Low- High~
Simple Complex Processing Processing
Slaughter- Slaughter-~ Packing- Packing-
house housge house house
Kill, kg LWX/day 220,000 595,000 435,000 350,000
(lb LWK/day) (484,000) K1,310,000) (900,000) {800,000)
Waste Water flow
liters/1000 kg LWK 5,328 1,379 7,842 12,514
{gal’/1000 1lb LWK) {(639) {885) (94l) {1,500)
Raw waste, BOD5
kg/1000 kg LWK 6.0 10.9 8.1 16.1
(171000 1b 1LWK) (6.0) {(10.9) (8.1) (16.1)
Processed meat
production
kgrsday 0 0 54,000 191,000
{lb/day) (119,000) (422,000)

The plant size distribution for each subcategory has been estimated on the
basis of responses to the North Star questionnaire as follows:

Plant | Simple complex Low—Processing; High-Processing Total
Small 65.4% OE 63.0% 0% 50.4%
Medium 33.9 50 27.2 17.3 39.0
Large 0.7 50 9.8 82.7 10.6
TOTAL 100.0 [100.0 100.0 - 100.0 100.0

Locker plants

kill are related as fcllows:

are not included in this tabulation.

Plant

Small - less than 11.4 MM kgs/year (25 MM 1b)
Medium - 11l.4 to 91 MM kg/year (25-200 MM 1lb)
Large ~ greater than 91 MM kg/year (200 MM 1b)
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Table 8.

Estimated Total Investment Cost
to the Industry to Achieve a Given

Level of Effluent Quality from
Present Level of Treatment .

Investment Investment
Total Industry Cost per Cost per
Effluent Investment, million kg LWK million 1b LWK
Quality ($ millions) per year per year
A 52,8% 2,355 1,069
B 159.7 7,119 3,232
¢ 119.0 5,306 2,409
D 252.2 11,240 5,103

*Includes $10,000 per plant for 2600 locker plants, totaling $26 million.

Table 9. Total Increase in Annual Cost of Waste Treatment,
$/1000 kg ($/1000 1b) LUWK.
Effluent Simple . Complex _ Low-Frocessing High-a—l’ro.cess ing
Quality Slaughterhouse §laughterhouse Packinghouse Packinghouse
A 0.35 0.26 0.33 0. 46
(0.16) (0.12) (0.15) {0.21)
B 2.93 1.92 2.44 3.37
(1.33) (0,87) (1.11) (1.53)
c 2.00 1,34 1.74 2,42
(0.91) (0.61) (0.79) (1.10)
b &4 3.17 4.30 5.62
(2.15) o (1.48) (1.95) (2.55)
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Table 10, Waste Treatment Systems, Thelr Use
and Effectiveness

Treatment
Syatem _ Uge Effluent Reduction
Dissolved air flotation | Primary treatment Grease, 60% removal, to
(DAF) or by-product 100 to 200 mg/l
recovery BODy, 30% removal
88, 30% removal
DAF with pH contrel and Primary treatment Grease, 95-99% removal,
flocculants added or by-product BODg, 90% removal
recovery 88, 98% removal
Anaercobic + aerobic Secondary treatment BODS, 95% removal
lagoons
Anaerobic + aerated + Secondary treatment BODS, to 9972 removal

aerobic lagoons

Anaerobic contact Secondary treatment | BOD., 90-95% removal

process

5!

Activated sludge Secondary treatment BODS. 90-95% removal

Extendéd aeration Secondary treatment BODS, 95% removal

Anaerobic lagoons + Secondary treatment BODS, 90-957 removal
rotating biological
contactor
Chlorination Finish and -
: disinfection
Sand filter, Tertiary treatment &]| BOD;, to 5-10 mg/1
Secondary treatment | 55, to 3-8 mg/l
Microstrainer Tertiary treatment BODg, to 10-20 mg/1
§8, to 10~15 mg/l
Electrodialysis Tertiary treatment TDS, 90% removal
Ion exchénge e Tertiary treatment Salt, 90% removal
Ammonia stripping Tertiary treatment 90-95% removal
Carbon adsorption Tertiary treatment BOD5, to 98% removal as
colloidal & dissolved
organic

Chemical pfécipitation Tertiary treatment Phosphorus, 85-95% removal,
‘ to 0.5 mg/l or less

Reverse osmosis Tertiary treatment Salt, to 5 mg/l
TDS, to 20 mg/l

Spray irrigation No discharge Total

Flood irrigation No discharge Total

Ponding and evaporation | No discharge Total
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WASTE TREATMENT SYSTEMS

The waste treatment systems included in this report as appropriate for
us2 on meat racking plant waste water streams can be used by all plants
in the industry. 'The treatment systems will work, subject <to specific
nperating constraints or limitations. However, the cost of such
treatment systems may be uneconomical or beyond the economic capability
of somz plants.

Th=- waste treatment systems, their use, and the minimum effluent
raduction associated with each are listed in Table 10. The dissolved
air flotation system can be used upstream of any secondary treatment
system. When operated without chemicals, the by-product graase
recovered in +the floc skimmings has an economic value estimated at
11¢/kg (5¢/1b). The use of chemicals will increase the quantity of
grzase removed from the waste water stream, but may reduce the value of
the grease because of the chemical ccntaminants.

Elementary biological treatment systemse generally require more land than
Mechanically assisted systems which in turn increase the energy
consumption and cost of equipment in achieving comparable levels of
waste reduction. Some of the tertiary systems are interchangeable. Any
of them can be used at the end of any of the seccndary treatment systems
+o achieve a required effluent quality. Chlorination is included if a
disinfection treatment is required. A final clarifier has been included
in costing out all biological treatment systems that generate a
substantial sludge volume; e. g., extended aeration and activated
sludge. The c¢larifier is needed to reduce the solids content of the
final effluent.

The most feasible system for no discharge at this time is flood or spray
irrigation, or, in some cases, evaporation from a shallow pond. Closing
the loop to a +total water recycle or reuse system 1is technically
feasible, but costly. The irrigation cption does require large plots of
accessible land--roughly 2.7 hectaress/million liters (25 acress/million
gallons) of waste water per day; and limited concentrations of dissolved
solids. More detalled descriptions of each treatment system and its
effectiveness are presented in Section VII-Control and Treatment
Technology.

0f all the plants in the study sample that reported waste water
treatment, 55 percent indicated discharging raw waste to a municipal
treatment system. Thirty-eight plants reported some on-site secondary
treatment, Of the 38 plants, 63 percent used the anaerobic plus aerobic
lagoons system, This system was used to treat large and small waste-
water streams alike, varying from 76,000 liters per day (0.2 MGD) to 4.8
million liters per day (1.3 MGD). 7The rest of the systems listed as
secondary treatment were wused by 1, 2, or 3 plants each, except the
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TREATMENT AND_CONTROL_COSTS

In-Plant control Costs

The cost of installation of in-plant controls is primarily a function of
the specific plant situation. Building layout and construction design
will 1largely dictate what can be done, how, and at what cost in regard
to in-plant waste contrecl techniques. No in-plant <c¢ontrol costs were
included in the cost estimates for Level 1 and 2 technologies, although
a dissolved air flotation system as primary treatment was included in
the Tevel 2 costs. Rcugh approximations of the range of costs for the
in-plant controls requiring capital equipment are listed in Table 1l.

Table 11.

In-Plant Control Equipment Cost Estimates

Plant Area

Item

Equipment Cost Range

Pen wastes

Blood handling

Paunch handling

Viscera handling
ITroughs

Rendering

Hide processing
Hog Scald Tank

Pickle & Curing
solutions

Water Conservation

Water Conservation

Roof on pens

Manure sewer

Curbing & collection
system

Blood dryer

Solids pumping

" system

Liquid screening &
collection equip-
ment

Localized catch basin

Surface condensers

Tankwater evaporator

Overflow collection
& treatment

Water treatment &
reuse system

Solution collection,
treatment, reuse
system

Install spray nozzles

Pregs-to-open &
foot operated valves

$5000 - $10,000
$8 - $§12/foot

$10,000 ~ $50,000

$30,000 - 550,000

$10,000 - $20,000

$5,000 - $10,000

86,000 - $12,000
$5 - $10/faot

$15,000 - $20,000
$50,000 - $200,000

45,000 ~ $20,000

$10,000 - 525,000

$10,000 - $30,000

$5,000 - 510,000

$10,000 - $20,000
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WASTE TREATMENT SYSTEMS

The waste treatment systems included in this report as appropriate for
us2 on meat packing plant waste water streams can be used by all plants
in *he industry. Thez treatment systems will work, subject to specific
operating constraints or limitations. However, the cost of such
treatment systems may be uneconomical or beyond the economic capability
of som= plants.

The  waste +treatment systems, their use, and the minimum effluent
reduction associated with each are listed in Table 10, The dissolved
air flotation system can be used upstream of any secondary treatment
system, When  operated without chemicals, the by-product grease
recovered in +the floc skimmings has an economic value estimated at
112/kg (5¢/1b). The use of chemicals will increase <the guantity of
gr=aase removed from the waste water stream, but may reduce the wvalue of
the grease because of the chemical ccntaminants.

Tlementary biological treatment systems generally require more land than
Mechanically assisted systems which in turn increase the enerqy
consumption and cost of  equipment in achieving comparable levels of
waste reduction. Some of the tertiary systems are interchangeable. Any
of them can be used at the end of any of the seccndary treatment systems
+0 achieve a required effluent quality. Chlorination is included if a
disinfection treatment is required. A final clarifier has been included
in costing out all biological treatment sSystems that generate a
substantial sludge volume; e. ¢g., extended aeration and activated
sludge. The clarifier is needed to reduce the solids content of the
final effluent,

The most feasible System for no discharge at this time is flood or spray
irrigation, or, in some cases, evaporation from a shallow pond. Closing
the loop to a total water recycle or reuse system 1is +technically
feasible, but costly. The irrigation option does require large plots of
accessible land--roughly 2.7 hectares/million liters (25 acres/million
gallons} of waste watexr per day; and limited concentrations of dissolved
s0lids. More detailed descriptions of each treatment  system and its
effectiveness are presented in Section VII-Control and Treatment
Technology. -

0of all the plants in the study sample that reported waste water
treatment, 55 percent indicated discharging raw waste to a municipal
treatment system, Thirty-eight plants reported some on-site secondary
treatment. Of the 38 plants, 63 percent used the anaerobic plus aerobic
lagoons sSystem. This system was used to treat large and small waste-
water streams alike, varying from 76,000 liters per day (0.2 MGD) to 4.8
miliion liters per day (1.3 MGD). The rest of the systems "listed as
saecondary treatment were used by 1, 2, or 3 plants each,. except the
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scale at one site.

of the plants.

other +than sand filters and spray irrigation, there is no reported
of any of the advanced treatment systems. Sand filters are wused
secondary treatment in Ohio instead of anaerobic lagoons, which
discouraged by the Ohio Environmental Protection Administration.
few spray irrigation systems are located in arid regions of
Southwestern U.S.

systems in use as do packinghouses. Municipal treatment and

bulk of the industry. A breakdown of the sample by subcategory is
follows: '

Secondary Treatment by Each Bubcategory, 7%

rotating biological ccntractor, which is now being evaluated at full-

Dissolved air flotation is used as a primary treatment, either alone or
along with screens or a catch basin, by about 30 percent of the plants
in the sample. About 5 percent use chemicals in the flotation system.

Chlorination is a rare practice, according to the information collected
in the survey questionnaires; it appears to be used by about 5 percent

use
for
are
The
the

Among the industry sukcategories, for which we have specific plant
information, slaughterhouses have almost twice as many air flotation

the

anaerobic plus aerobic system for secondary treatment are used by the

as

Low- High-
Simple Complex Processing | Processing | North Star
Slaughter- | Slaughter- Packing=- Packing- Sample of
house house house house Industry

Municipal
treatment, %

56 29 70 59 55

Anaerobic +
aerobic ' 33 65 11 14 28
lagoons, %

Other, % 11 6 19 27 17

TOTAL 100% 100% 100% 100% 100%

rather than in cities, thus often precluding municipal treatment.

The complex slaughterhouses have an unusually low percentage using
municipal treatment in ccmparison with the other three subcategories.
The plants in this subcategory are typically the large-scale
slaughterhouses and they tend to be located close to the animal supply
This
tabulation does not take into account the large number of small plants
in the industry. Derending on the source of information, the total




number of plants in the industry wvaries from 4000 +to 6000 and the
approximate percentage of small plants varies from 85 to 90 percent.
However, these small plants account for only 10 percent or less of the
industry's output and, probably, a somewhat smaller proportion of the
total waste water load., Of the few small plants for which data were
available, about 50 percent reported discharging waste water into city
sewers. The remaining 50 percent used a wide variety of secondary
treatment systems. Based on all of the available information, it is
astimated that 50 percent of the small plants wuse municipal <treatment
facilities, a small percent probably dump raw waste into local streams
or use land disposal, and the remaining plants treat +their own waste.
Taken as single point sources of waste water, these small plants
represent an unknown but a very small fraction of the total wastelocad on
receiving streams.
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TREATMENT AND_CONTROL_COSTS

In-Plant Control Costs
The cost of installation of in-plant controls is primarily a function of
the specific plant situation. Building layout and construction design
will largely dictate what can be done, how, and at what cost in regard
to in-plant waste contrcl techniques. No in-plant control costs were
included in the cost estimates for Level 1 and 2 technologies, although
a dissolved air flotation system as primary treatment was included in
the Level 2 costs. Rcugh approximations of the range of costs for the
in-plant controls requiring capital equipment are listed in Table 11.

Table 11.

In-Plant Control Equipment Cost Estimates

Plant Area

Ttem

Equipment Cost Range

Pen wastes

Blood handling

Paunch handling

Viscera handling
‘Troughs
Renderding

Hide processing

Hog Scald Tank

Pickle & Curing
solutions

Water Conservation

Water Conservation

Roof on pens

Manure sewer

Curbing & collection
aystem

Blood dryer

Solids pumping
sysatem

Liquid screening &
collection equip-
ment

Loealized catch basin

Surface c¢ondensers

Tankwater evaporator

Overflow collection
& treatment

Water treatment &
reuse system

Solution collectien,
treatment, reuse
system

Install spray nozzles

Pressg-to-open &
foot operated valves

$5000 - $10,000
$8 - $12/foot

$10,000 - $50,000

530,000 -~ $50,000

410,000 - $20,000

$5,000 - $10,000

6,000 - 512,000
35 - 410/foot

$15,000 - $20,000
$50,000 -~ $200,000

$5,000 - $20,000

$10,000 - $25,000

$10,000 - 330,000

$5,000 - $10,000

$10,000 - $20,000




Secondary _and Tertiary 'I‘reatnient Costs

The total investment cost and annual cost expressed 1in #7100 kg LWK
(/100 1lb LWK) are reported by subcategory for each secondary treatment
system, air flotation, and chlorination in Table 12. These costs are
listed on the same basis for each tertiary or advanced treatment system
in Table 13.

The annual costs of secondary treatment for all categories vary from 6.0
to 17.8 /100 kg LWK (2.7 to 8.1 £/100 1lb 1WK), excluding +the highest
figures. The 10-year (1962-1971) average earnings reported by the
American Meat Institute are 75#/100 kg (38427100 1b) LWK. These
estimatad annual costs of waste treatment, which are very conservative
from an accounting viewpoint, represent between 8 and 24 percent of the
l0-year average earnings. Presuming an acceptable recycle water guality
can be achieved +through advanced waste treatment, including ammonia
stripping, ion exchange, carbon adsorption, and chemical precipitation,
the total estimated investment would vary from $700,000 to $1.6 million,
including secondary treatment costs. The annual costs would range from
26 to 55¢/100 kg LWK (12 to 2527100 1lb IWK), or about 35 to 74 percent
of the i0year average earnings. ;

No discharge could be achieved by a spray irrigation system, incor-
porating partial treatment by ion exchange to reduce dissolved solids,
and would result in total costs between $270,000 and $544,000 and annual
costs between 13 and 24¢/100 kg LWK (6 and 11#£/100 1lb LWK).

Investment Costs Assumptions

The waste treatment system costs are based on the kill, waste water flow
and BOD5 figures 1listed previously for a "typical", but hypothetical,
plant in each subcategory. Investment costs for specific waste
treatment systems are largely dependent on the waste water flow, Some
of the lagoon systems are designed on BODS loading, which has been shown
to increase with increased water use.

In averaging the waste water flow for each subcategory, it was found
that one standard deviation for three subcategories was 100 percent of
the average water flow, and 75 percent of the average for the cther
subcategory. The capacity-cost relationships of +the biclogical
treatment systems tend to flatten out as the capacity approaches 3,785
million 1liters (1 million gallons) per day. Thus, the investment cost
of treatment facilities will not change substantially with small changes
in water use, and interpolation or extrapolation of investment cost for
different capacities 1is best made by the use of graphical presentation
and analysis of the data. However, the capacity-cost relationships of
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Table 12, Secondary Waste Treatment System Costs
[Investment, $1000, Annual Costs, ¢/100 kg
(¢/100 1b LWK)]

Simple Complex Low-Processing High-Processing
Slaughterhouse Slaughterhouse Packinghouse Packinghouse

Waste Treatment Total Annual Total Annual Total Annual Total Annual
System Investment Cost Investment Cost Investment Cost Investment Coxst

Pre-treatment and
Finishing Systems

Dissolved Air Flotation,
pre—treatment

Chlorination,
finishing
Secondary Systems

Anaerobic + aerobic

L
—

Anaerobic + aerated +
aerobic

L)

Aerated + aerobic

~
.
—r

Anaerobic contact
process

~—
St

Activated sludge

o P W W~ B0 RO
- . . - -
oon L WwWw £~ O 9o

e
S

Anaerobic lagoon +
extended aeration

-~
L

Anaerobic lagoon +
rotating biological
contactor

-~
w
. e
=]
—




_

Table 13. Advanced Waste Treatment System Costs
[Investment, $1000; Annual Costs, ¢/100 kg LWK
(¢/100 1b LWK)]

Simple Complex - Low-Processing High-Processing
Slaughterhouse Slaughterhouse Packinghouse Packinghouse _
Waste Treatment Total Annual Total Annual Total Annual Total Annual
System Investment| Cost Investment} Cost Investment | Cost Investment| Cost
Sand Filter 140 6.0 195 2.9 188 3.7 215 4.8
2.7 ' : (1.3) a.n (2.2)
Microstrainer 105 6.6 146 3.1 140 4,2 161 5.3
(3.0) _ (1.4) (1.9} (2.4)
Revefse osmosis 640 28.4 1600 25.5 1470 32.6 1860 46.2-
o (12.9) ' {(11.6) (14.8) (21.0)
'.-l

Electrodialysis 275 33.8 625 32.8 588 41.8 700 60.0
N (15.4) (14.9) (19.0) (27.3)
Ion exchange 57 4.4 102 2.4 ‘ 92 3.1 122 4iob
{2.0) (L.1) (1.4) (2.0)
Ammonia Stripping 75 5.3 1i2.5 2.6 106 3.5 119 4.2
(2.4) (1, 2) (1.6) (1.9)

Carbon adsorption 238 13.2 475 9.0 438 11.4 537 15.8 |
: (6.0) (4.1) (5.2) . {7.2)
Chemical precipitation 65 8.8 81 6.2 79 7.7 86 1 1i.¢
(4.0) (2.8) . (3.5} (5.0)
Spray irrigation | 91 4.2 254 3.1 229 4.0 297 5.3
(1.9) {1.4) (1.8 To(2.4)




the advanced treatment systems are more similar to those of a typical
process industry, with a capacity ratio exponent between 0.6 and 0.8,
and cost estimates may be made using the exponential approach. Because
of industry variability and cost estimating approximation, specific
plants within each subcategory will incur waste treatment investment
costs which will differ from those reported for each subcategory by as
much as 50 to 10 percent, and perhaps more.

The investment cost data were collected from the 1literature, personal
plant visits, equipment manufacturers, engineering contractors, and
consultants. These costs are "ball-park® type estimates implying an
accuracy of + 20 to 25 percent, Rarely is it minus. All costs are
reported in August 1971 dollars. Percentage factors were added to the
basic system estimate for design and engineering (10%) and for con-
tingencies and omissions (15%). Land costs were estimated to be 32470
per hectare (31000 per acre).

In addition to the variation in plant water flows and BOD5 loadings and
the inherent inaccuracy in c¢ost estimating, one additional factor
further limits the probability of obtaining precise cost estimates for
waste treatment systems. This factor was reported by a number of
informed sources who indicated that municipal treatment systems will
cost up to 50 percent more than c¢comparable industrial installations.
The literature wusually makes no distinction between municipal and
industrial installation in reporting investment costs.

Annual Costs Assumptions

The components of annual costs include capital cost, depreciation,
operating and maintenance costs, and energy and power costs. The cost
of capital is estimated to be ten percent of the investment cost for the
meat packing industry. This cost should be a weighted average of the
cost o©of egquity and of debt financing throughout the industry. Neither
individual companies nor industry associations have a known figure for
this cost. Presuming that target and realized return-on-investment
{ROI) or return-on-assets (ROA) figures incorporate some estimate of
capital cost plus an acceptable profit or return, industry and corporate
reports were used as a guide in selecting the 10 percent figure. One
sample of companies reported earnings at 7.1 percent of total assets for
1971, 35 a recent business periodical reported earnings at 10.1 percent
of invested capital, 36 and general industry sources report corporate
target ROI or ROA fiqures at 12 to 15 percent for new ventures, The ten
vercent figure is probabkly conservative and thus tends to result in a
high estimate of annual cost.,

The depreciation component of annual cost was estimated on a straight-
line basis over the following lifetimes, with no salvage value:
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Land costs -- not depreciated
Cost of improvements for land intensive treatment -- 25 years

Simple treatment systems without complex process equipment:
e.g., extended aeration, sand filter -- 25 years

Treatment systems reguiring complex process equipment -- 10 years

The operating and mainténance costs include the cost of one man-year at
$4.20/hr for each typical secondary treatment system plus 50 percent for
burden, supervision, etc. One-half man-year was included in the annual
cost for each tertiary treatment plus the 50 percent burden, etc. If a
licensed +treatment plant operator is assumed, an additional annual cost
of $5000 would be reflected in operating costs, General and maintenance
supplies, taxes, insurance, and miscellaneous operating costs were
2stimated as 5 percent of the total investment cost per year for process
aquipment based systems and 2.5 percent of the total investment cost for
land intensive waste treatment systems. Specific chemical-use costs
were added when such materials were consumed in the waste treatment
system, By-product income, relative to waste treatment was credited
only in the dissolved air flotation system for 160 mgs/l of grease
recovered per day and sold at $0.05 per pound, and in spray irrigation
for 13,400 kg of dry matter (hay or grass) per hectare at $22/100 kg (6
tons/acre at $29/ton) and one Ccrop per season.

ENERGY REQUIREMENTS

The estimated electrical energy consumption per plant based on 1967
Census of Manufacturers 37 data is as follows:

Small plants -- 0.72 million KWH per year
Medium plants -- 5.5 million KWH per year
Large plants -- 18.6 million KWH per yéar

The meat packing industry consumes relatively small gquantities of
energy. The waste treatment systems require power primarily for pumping
and aeration. The aeration horsepower is a function of the wasteload
and that for pumping depends on waste water flow rate,

Power consumption for waste treatment varies from 0.8 to 3.4 million KWH
per year for various secondary treatment systems. This consumption is
between 10 and 40 percent of that indicated above for 1973. The larger
olants with greater power consumpticn would tend toward the smaller per-
centage, The total additional power consumption to achieve Level 1 and
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Level 2 does not appear to raise sgerious power supply or cost questions
for the meat packing industry.

Thermal enerqy costs roughly egual electrical energy costs for
operations within the industry. Waste treatment systems impose no
gignificant addition to the +thermal energy requirements of plants.
Waste Water can be reused in cooling and condensing service if it is
separated from the process waters in surface condensers. These heated
wastewaters improve the effectiveness of anaerobic ponds which are best
maintained at 909F or more. Improved thermal efficiencies are
coincidentally achieved within a plant with this technique.

Waste Water treatment costs and effectiveness can be improved by the use
of energy and power conservation practices and techniques in each plant.
The wasteload increases with increased water use. Reduced water use
therefore reduced the wasteload, pumping costs, and heating costs, the
last of which can be further reduced by water reuse as suggested
previously.

NON-WATER POLLUTION BY WASTE TREATMENT SYSTEMS
Solid Wastes

Solid wastes are the most significant non-water pollutants associated
with the waste treatment systems apglicable to the meat packing
industry. Screening devices of various design and operating principles
are used primarily for removal of large-scale solids such as hair,
paunch manure, and hog stomach contents from waste water, These solids
may have some economic value as inedible rendering material, or they may
be landfilled or spread with other solid wastes.

The so0lids material, separated from the waste water stream, that contain
organic and inorganic matter, including <those added +to aid solids
separation, is called sludge. Typically, it contains 95 to 98 percent
water before dewatering or drying. Both the primary and secondary
treatment systems generate some quantities of sludge; the quantity will
vary by the type of system and is roughly estimated as follows:
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Treatment System Sludge Volume as Percent of raw
waste water volume

Dissolved air flotation Up to 10%

Anaercobic lagoon - Sludge accumulation in these
lagoons is usually not sufficient

Aerobic and aerated lagoons to require removal at any time.

dctivated sludge 10 - 15%

Extended aeration 5 - 10%

Anaerobic contact process approximately 2%

Rotating biological ccntactor unknown

The raw sludge can be concentrated, digested, dewatered, dried, incin-
erated, land-filled or sub-surface injected on-site, or spread in sludge
holding ponds. The sludge from any of the treatment systems, except air
flotation with polyelectrolyte chemicals added, is amenable to any of
these sludge handling processes.

The sludge from air flotation with chemicals has proven difficult to
dewater. A dewatered sludge is an acceptable land £fill material.
sludge from secondary treatment systems is normally ponded by the meat
industry plants on their own land or dewatered or digested sufficiently
for hauling and derosit in public land fills. The final dried sludge
material can be safely used as an effective soil builder. Prevention of
run~off is a critical factor in plant-site sludge holding ponds. Costs
of +typical sludge handling techniques for each secondary treatment
system generating sufficient quantities of sludge to require handling
equipment are already included in the costs for these systems.

Air Pollution

Oodors are the only significant air pollution problem associated with
waste treatment in the meat packing industry. Malodorous conditions
usually occur in anaerobic waste treatment processes or localized
anaerobic environments within aerobic systems. However, it is generally
agreed that anaerobic ponds will not create serious odor problems unless
the process water has a high sulfate content; then it most assuredly
will. Sulfate waters are definitely a localized condition varying even
from well to well within a specific plant. In northern climates,
however, the change in weather in the spring may be accompanied by a
period of increased odor problems.
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The anaerobic pond odor potential is somewhat unpredictable as evidenced
by a few plants that have odor problems without sulfate waters. In
these cageés a cover and collector of the off-gas from the pond controls
odor. The off-gas is then burned in a flare.

The other potential ocdor generators in the waste treatment are tanks and
process equipment items for the anaerobic contact process that normally
generate methane, However, with the process confined to a specific
piece of equipment it is relatively easy to confine and control odors by
collecting and burning the off-gases. The high heating value of +these
gases makes it worthwhile and standard practice to recover the heat for
use in the waste treatment process,

odors - -have been generated by some air flotation systems which are
normally housed in a building, thus localizing, but intensifying the
problem.- Minimizing the unnecessary holdup of any skimmings or grease-
containing solids has been suggested as a remedy.

Odors can;5best be controlled by elimination, at the source, in pref-
erence to treatment for odor control which remains largely unproven at
this time.

L : Noise

The only 'matérial increase in noise within a packing plant caused by
waste treatment is that caused by the installation of an air flotation
system or aerated lagocns with air blowers. Large pumps and an air
compresser are part of an air flotation system. The industry normally
houses such a system in a low-cost building; thus, the substantial noise
generated by an air flotation system is confined and perhaps amplified
by the installation practices. All air compressors, air blowers, and
large pumps in use on intensively aerated treatment systems, and other
treatment gsystems as well, may produce noise levels 1in excess of the
Occupational sSafety and Health Administration standards. The industry
must consider these standards in solving its waste pollution problems.
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SECTION IX

EFFLUENT REDUCTION ATTAINABLE THROUGH THE
APPLICATION OF THE BEST PRACTICABLE CCNTROL
TECHNOLOGY CURRENTLY AVAILABLE
EFFLUENT LIMITATIONS GUIDELINES

Introduction

The effluent limitations which must be achieved July 1, 1977, are to
specify the degree of effluent reduction attainable through the appli-
cation of the Best Practicable Control Technology Currently Available.
Best Practicable cControl Technology Currently Available is generally
based upon the average of the best existing performance by plants of
various sizes, ages, and unit processes within the industrial category
and/or subcategory. This average is not based upon a broad range of
plants within +the meat packing industry, but based upon performance
levels achieved by exemplary plants. o

Consideration must also be given to:

e} The total cost of application of technology in relation to
the effluent reduction benefits to be achieved from such
application;

o The size and age of equipment and facilities involved;

o The processes emgloyed:

-0 The engineering aspects of the appllcatlon of various types
of control techniques;

e} Process changes;

o Non-water quality environmental impact (including energy

requirements).

Also, Best Practicable Control Technology Currently Available emphasizes
treatment facilities at the end of a manufacturing process, but includes
the control technologies within the process itself when the latter are
considered to be normal practice within an industry.

A further consideration is the degree of economic and engineering
reliability which must be established for the +technology +to be
"currently available", As a result of demonstration projects, pilot
plants and general use, there must exist a high degree of confidence in
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th2 engineering and economic practicability of the technology at the
tima of start of construction of installation of the control facilities.

EFFLUENT REDUCTION ATTAINABLE THROUGH THE APPLICATION OF
BEST PRACTICAELE CCNTROL TECHNOLOGY CURRENTLY AVAILABLE

Based on the information contained in Sections III through VIII of this
report, a determination has been made that the quality of effluent
attainable through the application <¢f +the Best Pollution Control
Technology Currently Available is as 1listed in Table 14, The
production basis for the basic 1limitations in this and subsequent
sactions is the maximum average output over any 30 day period, i.e., the
"maximum month." A number of plants in the industry  which have
biological treatment systems for which effluent quality data were
available are meeting these standards.

Exceptional cases may arise occasionally that require adjustment. An
example is a plant that processes a large volume of hides or blood from
other plants in addition to its own. Adjustments can be made to the
effluent quidelines on the basis of information contained. in Sections
v, Vv, and VII for BOD5 and suspended solids. The adjustments for
exceptions are listed in Table 15.

IDENTIFICATION OF BEST PRACTICABLE CONTROL
TECHNOLOGY CURRENTLY AVAILABLE

Best Pollution Control Technology Currently Available for the meat
packing industry involves biological waste treatment following in-plant
golids and grease recovery steps. To assure that treatment will
successfully achieve +the limits specified, certain in-plant practices
should be followed.

1. Reduce water use by shutting off water when not in use,
practicing extensive dry clean-up before washing, and
exercising strict management ccntrol over housekeeping and
water use practices, Water use should be controlled at
least to the following values:

Class of Plant liters/1000 kg LRK gals1000 1b LWK
Simple slaughterhouse 5,416 650

Complex slaughterhouse 7,497 900
Low-processing packinghouse 8,333 1000

High-processing packinghouse* 12,495 1500

*This is for an assumed mix of kill and processing of about 0.65 kg
processed meat products/kg TWK.
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Table 14, Basic Effluent Limitations for 1 July 1977 Shown as the
Average of Dally Values for any Period of Thirty
Consecutive Days (1)

Suspended :
BODS Solids Grease
- Plant (2) kg/1000 kg kg/1000 kg kg/1000 kg

Subcategory : LWK LWK . LWK
Simple
Slaughterhouse 0.12 0.20 0.06
Complex ‘
Slaughterhouse 0.21 0.25 0.08
Low-Processing
Packinghouse 0.17 0.24 0.08
High-Processing
Packinghouse 0.24 0.31 0.13

The values for BOD5 and suspended solids are for average plants; 1l.e., plants
with a ratio of average weight of processed meat products to average LWK of
0.55. Adjustments can be made for high~processing packinghouses at other
ratios according to the following equations:

kg BOD5/1000 kg LWK = 0,21 + 0.23 (V - 0.4)

kg S5/1000 kg LWK = 0.28 + 0,30 (v - 0.4)
where ¥ = kg processed meat products/kg LWK, and is 0.4 or greater

(1) Maximum limitations for a period of one day may be determined by a
multiple of two times the 30 consecutive day average.

{2) TFor all subcategories pH should range between 6.0 and 9.0 and fecal
coliform bacteria should be controlled to 400 counts/100 ml at any time.
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Table 15, Adjustment Factors for Exceptions in Operations
in any Plant Subcategory--1977

Adjustment Factors
BODS Suspended
Solids

Exceptional Practice kg/kkg ELWK | kg/kkg ELWK
Processing hides from other
plants in addition to own:

Defleshing, washing,

curing 0.02 0.04
Processing blood from other
plants in addition to own:

Steam coagulation and

screening, sewering

water 0.02 0.04
Rendering material from
othier plants in addition
to own:

Wet and low-temperature,

sewering water 0.03 0.06

Dry 0.01 0.02
Incremental
Adjustment = (Adjustment (Total weight of source animals* as kkg ELWK
to Guidelines, Factor) X (Plant LWK in 1000's kg)

*Source animals are those animals killed at another location from which the
additional hides, blood, etc., originate. If the weight of the source
animals equivalent to the materials being processed is unknown it can be
estimated by the use of the following:

Fox blood:

Equivalent liveweight killed (ELWK) = (liters of bloed) x (0.028)
or (gal of blood) x (0.108) in kkg

Equivalent livewelght killed (ELWK)
(1b of blood) x (0.013) in kkg

(kg of blood) x (0.02% or

For rendering material:

Equivalent liveweight killed (FLWK) (kg of rendering materials x
(0.0067) or (1b of rendering

materials x (0.003)

For cattle hides:

Equivalent liveweight killed (ELWK) = (number of hides) x (0.45) in kkg
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The above values of water use represent . the averages for the
subcategories; several of the exemplary plants were found to.

have raw waste watér flowrates at or below this average.--

They vary because of differences in water

reguirements and, to a lesser extent, practices for subcategorles.

It is possible for each subcategory to achieve its flow rate

without large in-plant modifications; however, many plants

will require greatly improved water control and housekeeping practices.

2. In-plaht recovery systems should include, as a minimum, a
gravity catch basin with at least a 30-minute detention time;
further addition of air flotation is more effective.

3. Blood recovery should be practiced extensively, with all
major bleeding areas curbed and with separate drains to
blood collection tanks. If blood is coagulated blood
water should be evaporated.

4. Water from low temperature rendering should be evaporated.

5. Barometric leqg evaporators which tend to foam, such as for
tankwater evaporation, should be equlpped Wlth foam breakers
and demisters, _ L.

5. F '«r(-ﬂ
E B

6. Uncontamlnated cooling water should not be dlSChirgEd +o
the secondary waste treatment system.
7. Paunch contents should be dumped w1thout using water.

The above in-plant practlces, in addition to good housekeeplng, can
readily produce a raw waste load below that c¢ited as average in Section V.
With an average waste load, the following secondary trea+ment systems

are able to meet the stated guidelines:

1. Anaerobic lagoon + aerated + aerobic (shallow) lagoon

2. Anaerobic lagoon + extended aeration

3. Anaerobic contact process + aerobic (shallow) lagoons

4. A solids removal stage and chlorination may be requlred as
a final process. _

RATIONALE FOR THE_ SELECTION OF
BEST PRACTICABIE CCNTROL _TECHNCLOGY CURRENTLY AVAILAELE

Age _and _Size of Equipment and Facilities

The industry has generally modernized its plants as new methods that are
economically attractive have been introcduced. No relationship between
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age of production plant and effectiveness of its pollution control was
found. Also, size is not a significant factor, even though plants vary
widely in size, Small plants are not mechanized to the extent of the
rest of the industry; still they are able +to achieve at 1least as
effective control as larger plants. This is partly because the small-
gscale of operation permits options for simple paunch viscera and blood
disposal, with small low-cost in-plant equipment that are not open to
large operations because of the immense volume of materials concerned.

Total Cost of Application in Relation to Effluent Reduction Benefits

Based on the information contained in Section VIII of this report, the
industry as a whole would have to invest an estimated amount of $50-%70
million tc achieve the effluent limitations described. This amounts to
a cost of about $2,355 for installed capacity of one million kg LWK
($1,069 per cone million 1lb) per year. The cost increase will amount to
about $0,345/1000 kg LWK ($0.157/1000 1lb LWK). Based on an estimated
overall investment of $1.7 billion, the maximum increase in investment
would be about 3 percent. This also represents about 20 percent of the
capital expenditures reported for 1971, 3%

All plants discharging to streams can implement the Best Pollution

Control Technology Currently Available., The technology is not affected
by different processes used in the rplants.

Engineering Aspects of Control Technique Applications

The specified level of technology is practicable because it 1is being
practiced by plants representing a wide range of plant sizes and types.
The parameters pH and fecal coliform are limited for all subcategories
as discussed under "Simple Slaughterhouses."

Simpile_Slaughterhouses

The BOD5 guideline was taken as the performance achieved by four plants
in the subcategory. This performance was found to be 0.12 kilograms per
1000 kilograms live weight killed (kgs/kkg LWK) using all data available.
Two plants that were very unusual in operation came in the same range,
but were not included in the average since performance routinely
exceeded even the better treatment systems used to derive limitations.
A seventh plant (but one that discharged to a municipal system) had an
extremely low raw waste load and, with <the 1less <than an outstanding
biological <treatment, would have readily met the requirement. Of the
plants used for the limitation, all had final BODS5 values near to or
better than the standard.
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The suspended so0lids content varied much more widely among the plants
studied, with an average of 0.20 kg/1000 kg ILWK. Of these plants, two
were particularly high in suspended solids--between 0.3 and 0.4 A
suspended solids level that is higher than the BOD5 1level is normally
ancountered for biological treatment systems particularly those which
are highly efficient in BOD reduction. As a further check on the
veracity of this number it was determined that three of the exemplary
biological treatment systems averaged about 97 percent removal of
suspended solids. When this factor was applied to the average suspended
solids of the raw waste load for the sukcategory of 5.6 kgrs1000 kg LWK,
+he result was 0.17 kgs/1000 kg lwk., Plant operation with a lower than-
average raw waste load and with a similar treatment system would give a
suspended solids value well within the guideline.

The average grease content in the treated effluent from the five plants
was below the range of the reliability of the analytical method used for
grease (10 wmg/1). This limit would give a grease value of about 0.03
kgs/1000 kg IWK. From +the removal efficiency standpoint; 98 to 99
nercent was achieved in the better plants. These efficiencies would
reduce the grease in the average raw waste to the limit specified.

Control of pH in the range of 6.0 to 9.0 is as commonly encountered in
raw waste and treated effluents; control of fecal coliform to 400 counts
per 100 mg/l 1is readily accomplished - by reasonable application of
disinfection technology such as chlorination.

Complex Slaughterhousges

BODS limitations for complex slaughterhouses are based: upon averages of
actual effluent data for £five plants in the subcategory. Suspended
solids proved quite wvariable for plants in this subcategory; in several
instances raw wastes at the same or lower suspended solids level as
simple slaughterhouses were not as effectively removed. The 1limitation
is at a 1level achieved by one plant in this subcateqgory, five plants
with similar raw wastes in the simple slaughterhouse subcategory, and
within 25-30 percent of the suspended solids for two other plants in the
subcategory. The 1limit 1is approximately 35 mg/1l in concentration as
further verified by using the prescribed llmltatlon and the recommended
flowrate of 900 gals/1000 1lb lwk. ‘

The grease level was determined from the average of the five grease
values reported by the best 13 complex slaughterhouses for which <the
average raw waste load was 2.7 kg greases/l000 kg LWK. One plant readily
met +the 1limitation for grease while three o6thers are very close even
with raw waste grease loads. Specific field tests showed one plant to
be below the analytical test limit for grease, while questionnaire data
showed that another plant was just slightly over this amount.
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Low-Processing_Packinghouses

As outlined in Section v, BOD and suspended solids vary primarily with
kill rather +than processing rate. As a consequence, limits for these
parameters in this subcategory may be partially verified by knowing kill
rates in Jlow processing packinghouses and simple and complex
slaughterhouses. Since kill rates for this subcategory typically fall
between those for +the slaughterhouse subcategories, raw waste and
effluent BOD and suspended solids would show the same relationships if
the same treatment technology werxe applied. BAvailable data revealed the
relationship to be expected even though +treatment systems for this
subcategory showed rather poor performance. However, one plant already
meets the limits for both parameters and the addition of mechanical
asration and megsures to0 reduce raw waste loads would readily permit
four more plants to meet the limits. No correction was applied for the
amount of processing in this subcategory because the ratio of processed
products to LWK was so low that any adjustment was not significant. The
value obtained for grease corresponded to the level achieved by two
plants, both practicing reasonable grease recovery and using biological
treatment, - .

g;gh-Processihg*gggk;nggguseg

The BOD5 and. suspended solids effluent limits were derived by applying
the exemplary treatment technology rproven in use by plants in the other
three subcategories to the average raw waste values given in Table 5 for
this subcategory. This resulted in effluent limit values of 0.24 kg
BOD5,/1000 LWK and 0.31 kg suspended s0lids/1000 kg LWK; these values
apply to a high-processing packinghouse that has a ratio of average
- weilght of processed products to average LWK of 0.55. However, because
*he amount of processed products relative to the LWK varies considerably
for highprocessing packinghouses, adjustments for BOD5 and suspended
solids were developed for plants having a ratio of average weight of
processed products to average LWK other than 0.55. These adjustments
are presented at the bottom of Table l4. The adjustment equations were
derived from two equations for predicting the total BOD5 and suspended
solids in the raw effluent from +the LWK and amount of processed
products, and by assuming exemplary treatment removals for BOD5 and
suspended solids of 98,5 and 97 percent, respectively. The two
predicting equations were developed from a multiple regression analysis
of the combined <raw waste data for both 1low- and highprocessing
packinghouses.

The use of thé same proven technology regarding grease showed that for

the raw wastes from eight plants in the subcategory, the final effluent
would contain no more +than the specified 1limit at the level of
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reliability for +the analytical method for the grease determination
specific data were available for only two plants; one met the
limitations, one would meét the 1limit with reduced flowrates since
concentrations is the latter plant effluent were very low,

ADJUSTMENTS_IN EFFLUENT GUIDELINES FOR EXCEPTIONAL CASES

Instances may arise in plants in any of the sukcategories which Jjustify
adjustments in +the recommended effluent limits, The exceptions occur
when certain materials—--~hides, blood and offal--are brought into a plant
for processing. In these cases, the effluent limitations for BODS, SS§, -
or other parameter can be increased by an incremental adjustment based
on the adjustment factors listed in Tables 15 and 17 and the amount of
outside material processesd. '

The incremental adjustments for a given waste parameter in a plant are
determined by first calculating the estimated additional daily waste
load for each exceptional practice in units of 1000 kilograms of
equivalent liveweight killed (ELWK) and then normalizing (dividing)
these values by +the actual IWK for the plant. Adding the sum of the
incremental adjustments for outside materials +to the corresponding
effluent limitation for production due +to on-site slaughtering will
yield the adjusted effluent limit for plants with except10na1 practices,
This can be expressed as follows:

(AEL} = (BEL} + (IA)
where AEL = Adjusted effluent llmlt .
BEL = Basic effluent limitation (on-site kill)
IA = Incremental adjustment (ocutside sources)
S (total weight of animals
! in 1000 kg from which
IA = {adjustment factor from Table 15) x outside source materials

came_or ELWK)
(Plant IWEK in 1000 k.

Following are examples illustrating the calculation of adjusted effluent
Example_ 1

Determine the adjusted effluent limit for BODS and Ss for a simple
slaughterhouse with a kill of 1500 head of cattle per day and processing
an additional 1000 hides from an outside source, From Table 15,
adjustment factors are 0.02 for BODS and 0.04 for suspended solids.




Assumption: 454 kg (1C00 pounds)/head cattle

Calculations:

IA for BODS because of additional 1000 hides

= 0.02 kg BODS 1000 hides
x 1 hides/head x 454 kqs/head = 0.013 kg BOD5
1000 kg LWK 1500 head x 454 kgshead 1000 kg LWK

From Table 14, the Basic Effluent Limit (BEL} for BoODS for a simple
slaughterhouse 4is (.12 kg BODS5/1¢00 kg LWK. Hence, the adjusted
effluent limit for BOD5S is

AEL

i}

(0.12) + (0.013) kg BODS
1000

D
kg LWK

0.133 kg BOD5/1000 kg LWK

Similarly, for suspended solids

Ia = 0.04 kg S8 x 1000 hides x 454 kgrhead = 0.027 kg 88
1000 kg LWK 1 hideshead 1000 kg LWK
1500 head x 454 kg/head

From Table 14, BEL for Ss ~ 0.20
Then

(0.20 + 0.027)
0,227 kg_$5/1000 kg LWK

e

el

[
[

Determine the AEL for BOD5 for a low-processing packinghouse that kills
1500 head of cattle and also does dry rendering of an additional 136,000
kg of raw by-products (offal and bone) from an outside source.

Assumption: There are approximately 68 kg (150 pounds) of raw by-
products per head of cattle. For an assumed live weight per head of
cattle of 454 kg, fifteen percent of the LWK is the estimated amount of
raw by-products per head of cattle, Actually, this 4is a 1liberal
estimate since a typical range of percentages is 10 to 12.5 percent of
the LWK for cattle. For baby beef the percentages range from 9 +to 14
perecent; calves, 11.5 to 15 percent; hogs, from 8 +to 35 percent
(depending strongly on the amount of fat trimming) ; and sheep, from 7.5
to 10 percent,
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From Table 15, adjustment factors are 0.0l for BODS and 0.02 for
suspended solids.

Calculations:

IA for dry rendering
136,000 kg offal x 454 kg
= 0.01 kg BODS X 68 kg offals/head head
1000 kg LWK 1500 head x 454 kgs/head

=  0.013 kq_BOD5
1000 kg LWK

From Table 14, BEL for BODS5 = 0.21. Then, AEL = 0.21 + 0.013
= 0,223 kg BOD5/1000 kg LWK

Comments: Note in Example 2 that the estimated number of cattle from
which +the 136,000 kg of offal came is 2000. To determine the AEL for
suspended solids, etc. simply use the adjustment factor and BEL for SS
or other parameters illustrated for BOD3.

Example_ 3

Determine the AEL for BODS for an average high=-processing packinghouse
killing 700 cattle and 1000 hogs and processing 100C¢ additional hides
and 23,550 1liters of blood from an cutside beef slaughterhouse, The
blood is processed by steam cocagulation, sScreening, and sewering the
blood water.

Assumptions: Cattle weigh 454 kgs/head (10C0C 1b)
Hogs weigh 102 kgshead (225 1b)
15.7 liters 15.7 kg of blood per head of cattle

Prom Table 15, adjustment factors are;
for blood processing, 0.02
for hide processing, 0.02

0.02 kg BODS 23,550 1 blood
IA = 1000 kg LUWK 15.7 1/head x_ 454 kg/head

700 head x 6454 kg/head + 1000 head x 102 kg/head

IA for blood = 0.02 1500 x_ 454 = 0.0324_ka BODS
| 700 x 454 + 1000 x 102 1000 kg LWK

IA for the 1000 hides

0.02 kg BOD5 x 1000 hides x 454 kg LWK

147




1000 kg LWK 1 hide/head head

454 kg LWK + 1000 head x 102 kg LWK
700 head x head head

IA
hides

0.0216 kg BOD5/1000 kg LWK

From Table 14, BEL = 0.24 kg BOD5/100 kg LWK
Adding these two IA's to the BEL for this,

AEL = BEL + IA + IA
blood hides
= .20 + 0.032 + 0,022
AEL = 0.294% kg BOD5/1000 kg LWK

Process_changes

Significant in-plant changes will not be needed by the vast majority of
plants to meet the limits specified, Many plants will need to improve
their water conservation practices and housekeeping, both responsive to
good plant management control. Some plants may find +that addition of
improved gravity separation systems, such as air flotation with chemical
precipitation, may enable them to meet the gquidelines more readily.

The major impact when the option of an activated sludge-type of process
is used to achieve the limits will be the proklem of sludge disposal.
Nearby land for sludge disposal may be necessary--in some cases a sludge
digester (stabilizer) may offer a solution. Properly operated activated
sludge-type systems should permit well conditioned sludge to be placed
in small nearby soil plots for drying without great difficulty.

Another problem is the odor that emits periodically from anaercbic
lagoons. Covering with a plastic sheet and burning the off-gas offers a
potential solution to this problem. It is necessary tc avoid high-
sulfate water supplies., The odor problem c¢an be avoided with all
aerobic systems,

I+ is concluded that no new kinds of impacts will be introduced by
application of the best current technology.
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SECTION X

EFFLUENT REDUCTION ATTAINABLE THROUGHE THE APPLICATION OFf‘
THE BEST AVAILABLE TECHNOLOGY ECONCMICALLY ACHIEVABLE =~-=
EFFLUENT LIMITATIONS GUIDELINES

INTRODUCTION

The effluent limitations which must be achieved no later than Jul 1,
1983, are not based on an average of the best performance within an
industrial category, but are determined by identifying the very best
control and +treatment +technology employed by a specific.point source
within the industrial category or subcategory, or by one industry where
it is readily transferable tc another. A specific finding must be made
as to the availability of control measures and practices to eliminate
the discharge of pollutants, taking into account the:cost of such
elimination. : Lo * -

Consideration must also be given to:

o The age of the equipment and facilities involﬁed;-'

o The process employed;
o] The engineering aspects of the application of varlous types'

of contrecl techniques;
o] Process changes;

o The cost of achieving the effluent reduction resuiting
from application of the technology:

o Non-water quality environmental impact (including energy
requirements) .

Also, Best Available Technology Economically Achievable emphasizes in=
process controls as well as control or additional treatment techniques
amployed at the end of the production process.

This level of technology considers those plant processes and control
technologies which, at the pilot plant, semi-works, and other levels,
have demonstrated both technological performances and economic viability
at a level sufficient +to reasonably justify investing in' such
facilities, It is the highest degree ¢f control technology that has
been achieved or has been demonstrated to be capable of being  designed
for plant scale operation up to and including "no discharge" of
pollutants. Although economic factors are considered in @ this.
development, the costs for this level of control are intended to be the
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top-of-the-line of current technology, subiject to limitations imposed by
economic and engineering feasibility.

EFFLUENT_ RERDUCTION ATTAINABLE THROUGH APPLICATION QF

e s e i S e

Based on the information contained in Sections III through VII of +this
report, a determination has been made that the guality of effluent
attainable through the application of the Best Available Technoloay
Economically Achievable is as 1listed in Table 16. The technology to
achieve these goals is generally available, although it may not have
been applied as yet to a packing plant or on a full scale.

Exceptional cases may arise occasionally that require adjustment in the
guidelines--these include the processing of large quantities of
materials (e.g., hides and blood) from cther plants in addition to their
own. Adjustments can be made on the basis of the information contained
in Sections IV, V, and VII for BOD5 and suspended sgolids, The
adjustments for exceptions are listed in Table 17. Kjeldahl nitrogen,
ammonia, phosphorus, and nitrite-nitrate levels which are concentration
limited are unaffected.

I+ should also be pointed out that a packer should consider land
disposal, and hence no discharge, for 1983. Where suitable 1land is
available, evaporation or irrigation is an option that not only is
recommended from the discharge viewpoint, but also will usually be more
economical than the system otherwise required.

IDENTIFICATION OF THE BEST AVAILABLE TECHNOLOGY
ECONOMICALLY ACHIEVABLE

The Best Available Technology Economically Achievable includes that
listed wunder the Best Practicable <Control  Technology  Currently
Available, In addition, it includes improved pretreatment, such as
dissolved air flotation with pH control and chemical flocculation; an
ammonia control step which may involve ammonia stripping or a
nitrification-denitrification sequence; and a sand filter or egquivalent
following secondary treatment.

150




Table 16. Recommended Effluent Limitation Guidelines for July 1, 1983
Shown as the Average of Daily Values for any Period of Thirty
Consecutive Days

BOD Suspended Ammonia
5 Solids Grease ag N#*#*
Plant kg/1000 kg kg/1000 kg
Subcategory (1) LWK LWK mg/l mg/1l
Simple
Slaughterhouse 0.03 0.05 10 4
Complex '
Slaughterhouse 0.04 0.07 10 4
Low-Ptocessing
. Packinghose 0.04 0.06 10 4
H
High-Processing 0.08 0.10
Packinghouset : 10 4

k%For waste treatment at this level, concentration becomes limiting,

+The values for BODg and suspended solids are for average plants; Z.e., plants with ratios of average
weight of processed meat products to average LWK of 0,55 Adjustments can be made for high-processing
packinghouses at other ratios according to the following equations:

kg BOD511000 kg LWK = u.07 + 0.08 (y - 0.4)

kg SS/1000 kg LWK = 0.09 + 0.10 (y - 0.4)
where y = kg processed meat products/kg LWK, and is 0.4 or greater

(1)For all subcategories pH should range'betwéen 6.0 and 9.0 and fecal coliform

bacteria should be controlled to 400 counts/100 ml at any time.




Table 17. Adjustments for Exceptions in All
Plant Subcategories--1983 in kg/kkg ELWK

Adjustment Factors
Suspended
Exceptional Practice BODj Solids
Processing blood from other'
plants in addition to own:
Steam coagulation and
screening, sewering
water 0.007 0.013
Rendering material ffom
other plants in addition
to own:
Wet and low-temperature,
sewering water 0.01 0.02
Dry ' 0.003 0,007
Incremental |
Adjustment = (Adjustment (Total welght of source animals* as kkg ELWK
to Guideline, Factor) * (Plant LWK in 1000's kg)
kg/1000 kg

*Source animals are those animals killed at another location from which the
additional hides, blood, etc., originate., If the weight of the source
animals equivalent to the materials being processed is unknown it can be
estiwated Ly tie use of the following.

For blood:

Equivalent liveweight killed (ELWK)

: (liters of blood) x (0.028) or
(gal of blood ) x (0.108) in kkg

Equivalent livewelght killed (ELWK)

{kg of blood) x (0.029 or
(1b of blood) x (0.013) in kkg

For Rendering material:

Equivalent liveweight killed (ELWK)
in kkg

(kg of rendering materials x (0.0067) or
(1b of rendering materials x (0.003)

For cattle hides:

Equivalent livewelght killed (ELWK)
in kkg

(number of hides) x (0.45)
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Tn-plant controls and modifications are also required to achieve
the specified levels. These include:

o Segregation of grease-bearing from nongrease~bearing waste
streams;
e} Water control systems and procedures to reduce water use

to about 50 percent of that listed in Section IX;

o} Processing or outside disposal of entire wet pauch contents
or rendering of unopened paunch.

o Installation of surface (or comparable) systems for
heat exchangers and evaporators;
Segregation, clean-up, and reuse of pickling and brine solutions

o) Provision for collection of excess solutions:

0 Installation of dry rendering operations;

o] General elimination of viscera washing operations;

o Design for extensive use of troughs under carcass conveying
lines;

o Instigation and continuous enforcement of meticulous dry
clean-up and materials recovery procedures.

o Elimination of steam coagulation cof blood and installation

of whole blood drying equipment.

To reduce the water use to the required levels, several changes in
normal plant operations may be required. Push-to-open valves need to be
used wherever possible, Spray nozzles can be redesigned for lower water
flow. Automatic valves that close when the water is not in wuse should
be installed; examples are in carcass washers and for washdown
operations. Automatic level control should be used in pen watering
troughs. Pens should be covered in areas where rain and snow are
significant; wood c¢chips should be used for bedding and dry clean-up
‘procedures should be used. ‘

Water reuse should be practiced, reusing water for lower quality needs.
For example, carcass washing water can be reused for hog dehairing and
lagoon water can Le reused for cooling waters (this latter has the
advantage of heating a lagoon for greater bioclogical activity).

Dissolved solids can be minimized by changing some current practices.
Excess cure solutions should be collected immediately for direct reuse
or treatment to recover solutions, Loncentrated brine overflow from
hide curing should be segregated for salt recovery, perhaps by
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evaporation. Salt should not be used on floors as an antislip material;
other methods such as steel or rubber antislip mats are available +o
counteract this problem. Reducing carxrcass and head washing water will
raduce the body fluids (and thus the salts) washed into the sewer in
this step.

If suitable land is available, land disposal is the best technology; it
is no discharge. Depending on the amount and type of 1land, the above
in-plant techniques and primary treatment, including dissolved air
flotation with pH control, may be adequate before discharging to the
land. On the other hand, a secondary treatment system may be required
before disposal to soil. Any of the systems mentioned in Section 1IX, or
avan simpler ones, are suitable., The potential problem of dissolved
solids in irrigation systems c¢an wusually be avoided by minimizing
dissolved sollids as described above; in some cases a part of the stream
may need to be treated by ion exchange.

Technology 1is available for small plants for no discharge via the
irrigation or evaporation or other land disposal methods. Interim or
remedial concepts include irrigation or evaporation or other land
disposal methods. Interim or remedial concepts include a septic tank
used with a drainfield or large cesspcol. Strict in-plant controls are
readily managed to minimize the raw waste load.

RATIONALE FQR_SELECTION OF THE
BEST AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE

Aqe_and Size of Equipment and Facilities

Neither size nor age are found to affect the effectiveness of endof-
process polluticn control, Although in-plant control can be managed
quite effectively in older plants, some of the technologies required for
reducing the raw waste locads to the low levels +that are possible are
costly to install in older plants, For example, rercuting of sewers to
segregate waste streams is both very difficult and costly.

Small plants, for the reasons discussed in Section IX, have more options
for waste control than do large plants. It 1is anticipated that most
small plants will find land disposal the best choice.

Total Cost of Application in Relation to
Effluent Reduction Benefitsg

Based on information c¢ontained in Section VIII of this report, the
industry as a whole would have to invest up to a maximum of $107 million
above that required to meet the 1977 standards. This amounts to a cost
of about $4760 for installed capacity of one million kg LWK ($2160 for
one million pounds) per year, The operating cost increase will amount
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to about $2.10/1000 kg LWK ($0.96/1000 1lb LWK). The capital investment
above that to meet the 1977 standards amounts to about six percent of
+he +total 1investment of the industry, estimated at about $1.7 billion.
It also equals about 44 percent of the capital investment reported for
+he industry for 1971.

All plants discharging to streams can implement the Best Available

Technology Economically Achievable; the technology is not affected by
different processes used in the plants.

Engineering Aspects of Control Technique Application

The specified level of technology is achievable. It is already being
met for BODS5 and suspeénded solids by one plant, both medium and large
plants are included. The 1limits are not being met, however, for
ammonia, Kjeldahl nitrogen, or phosphorus; newer technology is required
for these parameters. phosphorus 1is effectively removed by chemical
treatment in air flotation, and by filtration of the final effluent from
the secondary treatment. The greatest unknown is the nitrification-
denitrification step. However, nitrification has been achieved in pilot
units and to a limited extent in plant operations. Denitrification has
been explored successfully on laboratory and pilot scales, Ammonia
stripping may require pH adjustment and later neutralization; it is a
technology transferred from other industries.

Each of +the identified technologies, except ammonia removal, is
currently being practiced in one or more packing plants. They need to
be combined, however, to achieve the limits specified.

Technology for land disposal is being used by several plants in Texas;
it 1is already being planned for at least one plant in Iowa., Other
industries, e.g., potato processing, are using it extensively.
Secondary treatment and large holding ponds may be required in the North
+0 permit land disposal over only about one-half the year., Application
of technology for greatly reduced water use will facilitate land
disposal,

Process_ Changes

In-plant changes will be needed by most plants to meet the limits
specified. These were outlined in +the "Identification of the Best
Available Technology Econcmically Achievable", above,
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Non-Water Quality Impact

The major impact will occur when the land disposal option is chosen.
There is a potential, but unknown, Jlong-term effect on the soil of
irrigation of packing plant wastes. To date, impacts have been
generally obviated by careful water aprlication management.

Otherwige, the effects will essentially be those described in Section

IX, where it was concluded +that no new kinds of impacts will be
introduced.
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SECTION.XI

NEW SOURCE PERFORMANCE STANDARDS

INTRODUCTION

The effluent limitations that must be achieved by new sources are termed
performance standards. The New Source Performance Standards apply to
any source for which construction starts after the publication of the
proposed regulations for +he Standards. The Standards are determined by
adding to the consideration underlying the identification of the Best
Practicable cControl Technology Currently Available, a determination of
what higher levels of pollution control are available through the use of
improved production processes and/or treatment techniques. Thus, in
addition +to «considering the best in-plant and end-of-process control
technology, New Source Performance Standards are based on an analysis of
how the level of effluent may be reduced by changing the production
process itself. Alternative processes, operating methods or other
alternatives are considered. However, the end result of the analysis is
to identify effluent standards which reflect levels of control
achievable through the use of improved production processes (as well as
control technology), rather +than prescribing a particular type of
process or technology which must be employed. A further determination
made is whether a standard permitting no discharge of pollutants is
practicable.

Consgideration must also be given to:

o} Operating methods;

o Batch, as opposed to continuous, operations;

o Use of alternative raw materials and mixes of raw materials:
o) Use of dry rather than wet processes (including substitution

of recoverable solvents for water);

o] Recovery of pollutants as by-products
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EFFLUENT REDUCTION ATTAINABLE FOR NEW SOURCES

The effluent limitation for new sources is the same as that for the Best
Practicable Control Technology Currently Available for the pollutants
BOD, suspended solids, oil and grease, pH, and fecal coliforms, In
addition to these pollutant parameters the following additional limits
on ammonia are required for new sources, (See Section IX):

Ammonia
Plant kg/kkg LWK

Subcateqory
Simple Slaughterhouse 0.17
complex Slaughterhouse 0.24
Low-Processing
Packinghouse 0.24
High~Processing | 0.40

Packinghouse

This limitation is readily achievable in newly constructed plants.
However, +the gquidelines for the Best Available Technology Economically
Achievable should be kept in mind; it may be a practical approach to
design a plant which arproaches the 1983 guidelines. Consideration
should also be given to land disposal, which would be no discharge; in
many cases this will be the most attractive and economical option.
Additional adjustments in the ammonia limitation may be made for plants
in all subcategories for the following processes involving materials
derived from animals slaughtered at other locations:
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Table 18 - Adjustment Factors for Exceptions in Operations
in any Plant Subcategory -- New Source Performance

Standards
Adiustment Factor
_ Ammonia
Exceptional Practice : kg/kkg ELWK*
Processing Blood in
addition to own: :
Steam Coagulation 0.03
Rendering Materials in
addition to own: . :
Wet or Low Temperature 0.05
bry 0.02

*Adjustments are for the average of daily values for any
period of thirty consecutive days. Daily maximum values
are determined as a multiple of two times the thirty day
average.
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IDENTIFICATION OF NEW SCURCE CONTROL TECHNQLOGY

The technology is the same as that identified as the Best Practicable
Control Technology Currently Available (see Section IX).  However,
certain steps that will bé necessary to meet the 1983 guidelines .should
be considered and where p0551b1e, 1ncorporated These include:

o] In-Plant controls

- Segregation of grease-bearlng streams from nongrease~
' .bearing waste streams;

- Water control systems and procedures to reduce water
use considerably below those cited in Section IX;

- Processing or outside disposal of wet paunch contents
or renderlng of unopened pauhnch,

- Installatlon of shell-ln—tube or comparable systems for
heat exchangers and evaporators;

- Provision for collection of excess cure solutions:

b

- InstallatiOn of dry’rendering Operations; .
- General elimination of viscera washing operatlons.

- Desxgn for extensive use of troughs under carcass c0nvey1ng
lines; :
; ‘ , .
- Installation of dissolved air flotation, with provision
for a second unit to be added later;

- Instigation and continuous enforxcement of meticulous
dry clean-up and materials recovery procedures,

o End-of-Process Treatment
- Chemical and biological measures for nutrient removal,
e.g,., alum precipitation, nitrification-denitrification;
- Land disposal (evaporation, irrigation) wherever possible;
this should be a prime consideration;
- Sand filter oy microscreen for effluent secondary treatment;

- Solid waste drying, composting, upgrading of protein content.

- Sludge recycle and/or digestion
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RATIONALE FOR SELECTION OF BEST AVAILABLE DEMONSTRATED TECHNOLOGY

In addition +to +the discussion in Section IX on the rationale for Best
Practicable Control Technology Currently Available, additional comments
are presented regarding technology for +the added 1limitations for

nutrients.

Chemical precipitation for removal of rhosphorus and residual suspended
solids is an accepted practice as a "polishing® step for biological
+reated effluents particularly municipal wastes which contain similar
concentrations of phosphorus as biologically treated meat packing
wastes. Moreover, the general concert of precipition for phosphorus
renoval is now serving as the basis for guidelines utlllzed in the State
of North Carolina. ;

The nitrite-nitrate limits are already being achieved by nine plants in
the State of Iowa (0of which two glants simultaneously meet ammonia
requirements) . High rate mechanical aeration to volatilize ammonia and
convert ammonia to nitrates is an accepted concept, as is reduction of
nitrates by anaerobic filters or similar denitrification systems.

With further regard +to ammonia control as part of total nitrogen
removal, six plants within all sukcategories already meet the sgpecified
limits using well operated treatment systems. The ammonia removal is
perhaps incidental to the efficient BOD and suspended solids controls at
these plants and 1is not directly attributable +*o specific design
requirements. However, new sources may be availed of most recent
advances in systems for denitrifying effluents using extended air
activated sludge, nitrification-denitrification-nitrogen gas removal,
final clarification, and chlorination with expected high levels of
nitrogen control as outlined in the EPA Technology Transfer Manual,
"Nitrification~-Denitrification Facilities, August, 1973%,
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SECTION XIV

GLOSSARY

Abgptoix; A slaughterhouse.
wActW:  The Federal Water Pollution Control Act Amendments of 1972.

Activated Sludge Process: Aerated basin in which waste waters are
mixed with recycled bioclogically active sludge for periods of about
six hours.

Aerated: The introduction and intimate contacting of air and a
ligquid by mechanical means such as stirring, spraying, or bubbling.

Aerobic: Living or occurring only in the presence of dissolved or
molecular oxygen. -

Algae: Major group.of lower plants, single and multi~-celled,
usually aquatic and capable of synthesizing their foodstuff by
photosynthesis.

ammonia Stripping: Ammonia removal from a ligquid, usually by intimate
contacting with an ammonia-free gas such as air.

Anacrobic: Living or active only in the absence of free oxygen.

Bacteria: Primitive plants, generally free of pigment, which
reproduce by dividing in one, two, or three planes. They occur as
single cells, chains, filaments, well-criented groups or amorphous
masses. Most bacteria do not require light, but a limited number
are photosynthetic and draw upon light for energy. Most bacteria
are heterotrophic (utilize organic matter for energy and for

~growth materials), but a few are autotrophic and derxive their bodily
needs from inorganic materials.

Barometric Condenser: A mechanical device to condense vapors by the
direct and intimate contacting of the vapors and the cooling water.

Bedding: Material, usually organic, which is placed on the floor
surface of livestock buildings for animal comfort and to absorb urine
and other liguids, and thus promote cleanliness in the building.
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Biological Oxidation: The process whereby, through the activity of
living organisms in an aerobic envircnment, organic matter is
converted to more biologically stable matter.

Bioclogical sStabilization: Reduction in the net enerqgy level of
organic matter as a result of the metakolic activity of organisms,
so that further biodegradation is very slow.

Biological Treatment: Organic waste treatment in which bacteria
and/cr biochemical action are intensified under contreolled conditions.

Blood Water (Serum): Liquid remaining after coagulation of the blood.

Blowdown: A discharge of water from a system to prevent a buildup
of dissolved scolids in a boiler.

BODS: A measure of the oxygen consumgtion by aerobic organisms
over a 5 day test period at 20°C. It is an indirect measure of
the concentration of biologically degradable material present in
organic wastes contained in a waste stream.

Capacity~Cost Relationship: The variation of investment cost for
equipment or a total plant as a function of its size or capacity.

Capacity-Ratio Exponent (n): In capacity-cost relationships, cost
usually increases at a slower rate than capacity. The ratio of
capacities of an exponential power (n) in estimating investment cost
at one capacity, given the cost at a different capacity: e.q.,
{(C1/C2)n (cost of C2 = Cost of C1.

Carbon Adsorption: The separation of small waste particles and
molecular species, including color and odor contaminants, by attach-
ment to the surface and open pore structure of carbon granules or
powder., The carbon is usually "activated", or made more reactive

by treatment and processing.

Casings: The cleaned intestines of cattle, hogs, or sheep used as a
case for processed meat such as sausage.

Category and Subcategory: Divisions of a particular industry which
possess different traits that affect raw waste water quality.

Chemical Precipitation: A wagte treatment process whereby substances
disgolved in the waste watexr gtream are rendered insoluble and form

a solid phase that settles out or can ke removed by flotation
techniques, ‘ :

Chitterling: Large intestine of hogs.




Clarification: Process of removing undissolved materials from a
liqguid. Specifically, removal of solids either by settling or
filtration.

Clarifier: A settling basin for separating settleable solids from
Cm: Centimeter. '

Coagulant: A material, which, when added to liquid wastes or water,
creates a reaction which forms insoluble floc particles that adsorb
and precipitate colloidal and suspended solids. The floc particles
can be removed by sedimentation. Among the most common chemical
coagulants used in sewage treatment are ferric sulfate and alum.

COoD-Chemical Oxygen Demand: An indirect measure of the biochemical
load imposed on the oxygen resource of a body of water when

organic wastes are introduced into the water. A chemical test is
used to determine COD of waste water.

composting: Present—-day composting is the aerobic, thermophilic
decomposition of organic wastes to a relatively s#able humus. The
resulting humus may contain up to 25% dead or living organisms and is
subject to furthexr, slower decay but should be sufficiently stable
not to reheat or cause odor or fly problems. In composting, mixing
and aeration are provided to maintain aerobic conditions. The
decomposition is done by aerobic organisms, primarily thermophilic
bacteria, actinomycetes and fungi. Heat generated provides the
higher temperatures the microorganisms require.

Contamination: A general term signifying the introduction into water
of microorganisms, chemical, organic, or inorganic wastes, or sewage,
which renders the water unfit for its intended use.

Cracklings: 'The crisp solid residue left after the fat has been
separated from the fibrous tissue in rendering lard or tallow.

Curing: A process, method, or treatment involving aging, seasoning,
washing, drying, injecting, heating, smoking or otherwise treating a
product, especially meat, to preserve, perfect, or ready it for use.

Denitrification: The process involving the facultative conversion
by anaerokic kacteria of nitrates into nitrogen and nitrogen oxides.

Digestion: Though "aerobic" digestion is used, the term digestion
commonly refers to the anaerobic breakdown of organic matter in water
solution or suspension into simpler or more biologically stable
compounds or both, Organic matter may be decomposed to soluble
organic acids or alcohols, and subseguently converted to such gases
as methane and carbon dioxide. Complete destruction of organic solid
materials by btacterial action alone is never accomplished.
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Dissolved Air Flotation: A process involving the compression of air
and liquid, mixing to super-saturation, and releasing the pressure to
generate large numbers of minute air bubbles. As the bubbles rise to
the surface of the water, they carry with them small particles that
they contact. The process is particularly effect;ve for grease removal.

Dissolved Oxygen: The oxygen dissolved in sewage, waterxr, or other
liguid, usually expressed as milligrams per liter or as percent of
saturation.

Effluent: Liquid which flows from a c¢ontaining space or process unit.

Electrodialysgis: A physical separation process which uses membranes
and applied voltages to separate ionic species from water.

Eutrophications: Applies to lake or pond - becoming rich in dissolved
nutrients, with seasonal oxygen deficiencies.

Evapotranspiration: Loss of water from the soil, both by evaporation
and by transpiration from the plants growing thereon.

Extended Aeration: A form of the activated sludgé process except
that the retention time of waste waters is one to three days.

Pacultative Bacteria: Bacteria which can exist and reproduce under
either aerobic or anaerobic conditions.

Facultative Decomposition: Decomposition of organic matter by
facultative microorganisms,

Feed: A material which flows into a containing space or process unit.

Filtration: The process of passing a liguid through a porous medium
for the removal of suspended material by a physical straining action.

Floc: A mass formed by the aggregation of a number of fine suspended
particles.

Flocculation: The process of forming larger masses from a large
number of finer suspended particles.

Floc Skimmings: The flocculent mass formed on a quieted liquid
surface and removed for use, treatment, or disposal.

Full-Line Plant: A packinghouse that slaughters and produces a
substantial quantity of processed meat products.




Green Hides: Animal hides that may have been washed and trimmed,
but have not been treated, cured, or processed in any manner.

Hectare- . A metrlc measure of area equlvalent to 100 ares (also metrlc)
and 2 47 acres. o ,

:Hydrolyz1ng: "~ The reactiOn'involving the decomposition of organic
materials by interaction with water in the presence of acids or
alkalies., Hog hair and feathers, for example, are hydrolyzed to

a proteinacous product that has some feed value.

Influent: A liquid whlch flows into a contalnlng space Oor process unit,
Ion Exchange' A reversible chemlcal reaction between a sol;d and a
ligquid by means of 'which ions may be interchanged between the two,

It is in common use in water softening and water deionizing. -

Kqg: Kilogram or 1000 grams, metric unit of weight.

Kjeldahl Nitrogen. A measure of the total amount of nltrogen in the
ammonia and organic. forms in waste water.

RKWH: Kilowatt-hours, a measure of total electrical energy consumption,

Lagoons: An all-inclusive term commonly given to a water impoundment
in which organlc wastes are stored or stablllzed or both,

Locker Plant: Very small meat packlng plant that slauqhters
animals and may produce processed meat products, lt stores meat in
frozen form for its customers,

TWK: Live weight killed, a measure of production in a meat packing
plant, commonly expressed in thousands of kilograms or pounds per day.

M Meter, metric unit of length.

Micrometer: Also micron, a metric measure of length equal to one
millionth of a meter or 39 millionths of an inch.,

Mms Millimeter = 0.001 meter.

Mg/1l: Milligrams per liter; approximately equals parts per milliocn;
a term used to indicate concentration of materials in water.

MGD or MGPD: Million gallons per day.
Microstrainer/microscreen: . A mechanical filter- consisting of a

cylindrical surface of metal filter fabric with openings of 20-60
micrometers in size,




Manicipal Treatment: A city or community-owned waste treatment plant
for municipal and, possibly, industrial waste treatment.

New Sourced Any building, structure, facility, or installation from
which there is or may be a discharge of pollutants and whose con-
struction is commenced after the publication of the proposed
regulations.

Nitrate, Nitrite: Chemical compounds that include the NO3~ (nitrate)
and NO2- (nitrite) ions. They are composed of nitrogen and oxygen,
are nutrients for growth of algae and other plant life, and contribute
to eutrophication.

Nitrification: The process of oxidizing ammonia by bacteria into
nitrites and nitrates.

No Discharge: No discharge of effluent to a water course. A
system of land disposal with no run-off or total recycle of the
waste water may be used to achieve it.

Non-Water Quality: Thermal, air, noise and all other environmental
parameters except water.

offal: The parts of a butchered animal removed in eviscerating and
trimming that may be used as edible prcducts or in production of
inedible by-rroducts.

off-Gas: The gaseous products of a process that are collected fox
use or more typically vented directly, or through a flare, into

the atmosphere.

Organic Content: Synonymous with volatile solids except for small
traces of some inorganic materials such as calcium carbonate which
will lose weight at temperatures used in determining volatile solids.
Oxidation Lagoon: Synonymous with aerobic or aerated lagoon.
Oxidation Pond: synonymous with aerobic lagoon.

Packinghouse: Meat packing plant that slaughters animals and also
produces manufactured mea# products such as weiners, sausage, canned
meats, cured products, etc.

Paunch: The first stomach, or rumen of cattle, calves, and sheep.
The contents are sometimes included in the term.

Paunch manures Contents of the paunch.
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Peck: The second stomach of a ruminant.

Pens (Holding Pens): The area or building for holdlng llve animals
at meat packing plants prior to slaughter,

Percolation: The movement of water through the ﬁgil‘prqf}Le,
. lJ . "

pH: A measure of the relative acidity or alkalinity of water. A
pH of 7.0 indicates a neutral condition. A greater pH indicates
alkalinity and a lower pH indicates acidity. A one unit change in
PH indicates a ten fold change in the concentratlon,of hydrogen
ion.

Pickle Sclution: A water solution that may contain salt, sugar,
curing or pickling agents, preservatives, and other chemicals, It.
is used for injection or soaking of meat to prepare flnlshed meat
products.

Pollutant: A substance which talnts, fouls, or otherW1se renders
impure or unclean the recipient systemn.

Pollution: The presence of pollutants 1n a system sufficient +o
degrade the quality of the system. : _

Polishing: Final treatment stage before discharge of effluent to a
water course, carried out in a shallow, aerobic lagoon or pond,
mainly to remove fine suspended solids that settle very slowly.

Some aerobic microbiological activity, also, occurs.

Polyelectrolyte Chemicals: High molecular welght substances which
dissociate into ions when in soluticn; the ions either being bound

to the molecular structure or free to diffuse throughout the sqlvent,
depending on the sign of the ionic charge and the type of electrolyte.
They are often used as flocculating agents in waste water treatment,
particularly along with dissolved air flotation.

Pondings: A waste treatment technique involving the actual holdup of
all waste waters in a confined space with evaporation and perc¢olation
the primary mechanisms operating to dispose of the water.

Ppm: Parts per million, a measure of concentration, expressed
currently as mg/1.

Pretreatment: Waste Water treatment located on the plant site and
upstream from the discharge to a municipal treatment system.

Primary Waste Treatment: In-Plant by-product recovery and waste water
treatment involving physical separation and recovery devices such as
catch basins, screens, and dissolved air flotation.
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Processing: Manufacture of sausages, hams, canned meats, smoked meat
products, etc., from fresh meat cuts or ground meats. :

Process Water: Alliwater that comes into direct contact with the
raw materials, intermediate products,‘final products, by-products,
or contamlnated waters and air.

Raceway!? Circular shaped vat contalnlng brine, agitated by a
paddle wheel and used for brlne curing of hldes.

Raw Waste: The waste water effluent from the in-plant primary waste
treatment system.

Recycle: The return of a quantity of effluent from a specific unit
or process to the feed stream of that same unit. This would also
apply to return of treated plant waste waterx for several plant uses.

Rendering: Separation of fats and water from tissue by heat or
physical energy.

Return-on-Assets (ROA) : A measure of potential or realized profit as
a percent of the total assets (or fixed assets) used to generate
the profit.

Return-on-Investment (RCI) : A measure of potentlal or realized profit
as a percentage of the investment requ1red to generate the profit,

Reuge: Water reuse, the subsequent use of water following an
earlier use without restoring it to the original gquality.

Reverse Osmosis: The physical separation of substances from a
water stream by reversal of the noxrmal osmotic process; i.e., high
pressure, forcing water through a semi-permeable membrane to the
pure water side leaving behind more concentrated waste streams.

Riprap: A foundation or sustaining wall usually of stones and brush,
so placed on an embankment or a lagcon to prevent erosion.

Rotating Biological Contractor: A waste treatment device involving
closely spaced light-~weight disks which are rotated through the
waste water allowing aerobic microflora to accumulate on each disk
and thereby achieving a reduction in the waste content.

Rumens The large first compartment of the stomach of a ruminant;
see paunch. '

sand Filter: A filter device incorporating a bed of sand that,
depending on design, can be used in seccndary or tertiary waste
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+*reatment.

Secondary Processes: Edible and inedible rendering and the processing
of blood, viscera, hide, and hair,

Sedimentation Tank: A tank or basin in which a liquid (water, sewage,
liquid manure) containing settleable suspended solids is retained

for a sufficient time so part of the suspended solids settle out by
gravity. The time interval that the liquid is retained in the tank

is called "detention period". 1In sewage treatment, the detention
period is short enough to avoid putrefaction. -

Se¢ondary Treatment: The waste treatment following primary in-
plant treatment, typically involving blologlcal waste reduction
systems.,

Semipermeable Membrane: A thin sheet-like structure which permits
the passage of solvent but is impermeable to dissolved substances.

Septic: A condition characterized by or produc1ng bacterial
decomposition; anaerobic.
Settling Tank: synonymous with "Sedimentation Tank".

Sewage: Water after it has been fouled by various uses. From the
standpoint of source it may be a combination of the liquid or water-
carried wastes from residences, business buildings, and institutions,
together with those from industrial and agricultural establishments,
and with such groundwater, surface water, and storm water as may be
present.

Shock Load: A quantity of waste water or pollutant that greatly
exceeds the normal discharged into a treatment system, usually -
occurring over a limited pericd of time,

Slaughterhouse: Meat packing plant that slaughters animals to produce
fresh meats. It does not produce manufactured meat products such as
weiners, sausage, canned meats, etc.

Sludge: The accumulated settled solids deposited from sewage or other
wastes, raw or treated, in tanks or basins, and containing more or
less water to form a semi-liguid mass.

Slurry: A solids~water mixture, with sufficient water content to
impart fluid handling characteristics to the mixture,

Stick or Stickwater: The concentrated (thick) liquid product from
evaporating the tankwater from rendering operations. It is added
+0 solids and may be further dried for feed ingredients.
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Stoichiometric Amount: The amount of a substance involved in a
gpecific chemical reaction, either as a reactant or as a reaction
product,

55: Suspended solids; sclids that either float on the surface of,
or are in suspension, in water; and which are largely removable by
laboratory filtering as in the analytical determinate of S8 content
of waste water,

Surface Water: The waters of the United States including the
territorial seas.

Tankwater: The water phase resulting from rendering processes,
usually applied to wet rendering,

Tertiary Waste Treatment: Waste treatment systems used to treat
secondary treatment effluent and typically using physical-chemical
technologies to effect waste reduction. Synonymous with "Advanced
Waste Treatment",

Tdtal Dissolved Solids (TDS) : The solids content of waste water that
1§ soluble and is measured as total solids content minus the
suspended solids.

Tripe: The edible product prepared from the walls of the paunch or
rumen. :

Viscera: A1l internal organs of an animal that are located in the
great cavity of the trunk proper.

Zero Discharge: The discharge of no pollutants in the waste water
stream of a plant that is discharging into a receiving body of water.
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METRIC UNITS
CONVERSION TAELE

MULTIPLY (ENGLISH UNITS) by TC OBTAIN (METRIC UNITS)
ENGLISH UNIT ABBREVIATICN . CONVERSTION ABBREVIATION METRIC TNIT

acre ac 0.405 ha hectares

acre - feet ac ft 1233.5 cum cubic meters

British Thermal BTU 0.252 kg cal kilogram~calories
Unit :

British Thermal BTU/1b 0.555 kg cal/kg kilogram calories/
Unit/pound kilogram -
cubic feet/minute cfm 0.028 cu m/min cubic meters/minute
cubic feet/second cfs 1.7 cu m/min cubic meters/minute

cubic feet cu ft 0.028 cu m cubic meters
cubic. feet cu ft 28.32 1 liters
cubic inches cu in 16,39 cu cm cubic centimeters
degree Fahrenheit °F 0.555 (°F-32)* °C degree Centigrade
feet ft 0.3048 m meters
gallon . gal 3.785 1 liters
gallon/minute gpm 0.0631 1l/sec liters/second
horsepower hp 0.7457 kw kilowatts
inches in 2.54 cm centimeters
inches of mercury in Hg 0.03342 atm atmospheres
pounds 1b 0.454 kg kilograms
million gallons/day med 3,785 cu m/day cubic meters/day
mile ' mi 1.609 km kilameter
pound/square inch psig (0.06805 psig +1)* atm atmospheres
{gauge) {absolute)
Jequare feet sg ft 0.0929 sqg m square meters

square inches sq in 6,452 sq cm square centimeters
tons (short) ton 0.907 kkg metric tons

. (2000 kilograms)
yard yd 0.9144 m meters

*Actual conversion, not a multiplier
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