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REVIEYW NOTICE

This document presents conclusions and recommendations of a study
conducted for the Effluent Guidelines Division, United States
Environmental Protection Agency, in support of proposed regulations
providing effluent limitations guidelines and new source standards
for the meat packing industry.

The conclusions and recommendations of this documant may be subject

to subsequent revisions during the document review process, and as

a result, the proposed guidelines for effluent linitacions as contained
within this document may be superceded by revisions prior to final
promulgation of the regulations in the Federal Register on or before
October 18, 1973, as required by the Federal Water Pollution Control
Act Amendments of 1972 (P.L. 92-500),
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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, Federal standards of
performance, and pretreatment standards for the industry, to implement

Sections 304(b) and 306 of the Federal Water Pollution Control Act Amend-
ments of 1972 (the "Act").

The meat packing plants included in the study were slaughterhouses and
packinghouses; plants that only process meat, but do no slaughtering, and

rendering operations carried out off the site of the packing plant were
not included.

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 "Standards of Per-
formance for New Sources' set forth the degree of effluent reduction which
is achievable through the application of the best available decmonstrated
control technology, processes, operating methods, or other alternatives.
The proposed regulations require the best secondary 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, or their equivalent,

The recommendation for July 1, 1983, is for the best secondary treatment
and in-plant control, as represented by greatly reduced water use, air
flotation with pH control and flocculant addition, and a final sand filter
added to the 1977 technology. 1In addition, an ammonia removal system will
be required. When suitable land is available, land disposal with no
discharge may be a more economical option,

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 1

CONCLUSIONS
NOTICE

This document is a preliminary draft. It has
not been formally released by EPA and should
not, at this stage, bz construed to represent
Ageney policy. It is being circulated for
comment on its teehnical accuracy and policy
implications,

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

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

The major criterion for the establishment of the categories was the

5-day piochemical oxygen demand (BODg5) in the plant wastewater. Other
criteria were the primary products produced and the secondary (by-product)
processes used. Information relating to other pollutants and the effects
of such parameters as age and location of plants, kind of animal, and
treatability of wastes all lent support to the categorization selected.

The wastes from all subcategories are amenable to biological treatment

processes, and no materials harmful to municipal waste treatment processes
were found.

Discharge limits that represent the average of the best treatment systems
in the industry for the four subcategories are being met by about 25
percent of the plants for which data are available; these limits are
recommended for 1977. The same limits are recommended for new sources.
It is estimated that the costs of achieving these limits by all plants
within the industry is less than $53 million. These costs would increase
the capital investment in the industry by about three percent and would
equal about 20 percent of the industry's 1971 capital investment.

For 1983, effluent limits were determined as the best achievable in the
industry for 5-day biochemical oxygen demand'(BODs) and suspended solids.
Limits for Kjeldahl nitrogen, ammonia, nitrites and nitrates, and phosphorus
were established on the basis of transfer of technology from other industries
or of newly developing technology. it is also concluded, that, where suit-
able and adequate land is available, land disposal is a more economical option.

1

NOTICE: These are tentzuve recommendations based upon inforination in this

report and are subjoct to change based ujco comements received and further
review by EPA, '




It is estimated that the costs above those for 1977 for achieving the
1983 limits by all plants within the industry are less than $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.

2

NOTICE: These are tentatize recommandations based upan information in this
report and are subject to change based upon comments received and further
review by EPA.
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SECTION II

RECOMMENDATIONS

Cuideline recommendations for discharge to navigable waters for

July 1, 1977, are based on the characteristics of well operated
secondary treatment plants. The guidelines for 5-day biochemical
oxygen demand (BODg) range, for example, from 0.08 kg/1000 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 and grease. Total Kjeldahl nitrogen,
ammonia, phosphorus, and nitrite-nitrate are also included.

Recommended New Source Standards are the same as the 1977 guidelines.

Guidelines recommended for 1983 are considerably more stringent. For
example, BODg limits range from 0.03 kg/1000 kg LWK for simple slaughter-
houses to 0.09 kg/1000 kg LWK for an average high-processing packing-
house. 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 0.12 kg/1000 kg LWK; grease is below the
1imits of detection by standard analytical methods; and total Kjeldahl
nitrogen, ammonia, nitrogen, phosphorus, and nitrite-nitrate are limited
by the concentrations achievable by the technology rather than by a
relation to the production level. In cases where suitable and adequate
land is available, land disposal (no discharge) will be a practical
option.

3

+ ..., ¢ These are tentative recommendations based upon it f 1. nin this
‘| rez.it and are subject to change based upon comments reccict ond turther
re.iew by EPA,




SECTION III
TNTRODUCTION

PURPOSE AND AUTHORITY

Section 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 limitations for point sources, other than publicly owmed
treatment 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 304(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 control of the discharge of pollutants
which reflects the greatest degree of effluent reduction which the
Adninistrator determines to be achievable through the application of

the best available demonstrated control technology, processes, operating
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 control measures and
practices achievable including treatment techniques, process and pro-
cedure innovations, operation methods and other alternatives. The
regulations proposed herein set forth effluent limitations guldelines
pursuant to Section 304(b) of the Act for the meat packing plant sub-
category 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 list published pursuant

to Section 306(b)(1)(A) of the Act, to propose regulations establish-
ing 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
applicable to new sources for the meat packing plant subcategory within
the meat products source category, which was included in the list
published January 16, 1973. :

5



SUMMABY OF METHODS USED FOR DEVELOPMENT OF THE EFFLUENT
LIMITATIONS GUIDELINES AND STANDARDS OF PERFORMANCE

The effluent limitations guidelines and standards of performance proposed
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, wastewater 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 sources of waste and wastewaters
in the plant; and (2) the constituents (including thermal) of all waste
waters including toxlc constituents and other constituents which result

in taste, odor, and color in water or aquatic organisms. The constituents

of wastewaters which should be subject to effluent limitations guidelines

and standards of performance were identified.

The full range of control and treatment technologies existing within

each category was identified. This included identification of each
distinct control and treatment technology, including an identification in
teims of the awount of constituents (including thermal) and the chemical,
physical, and biological characteristics of pollutants, of the effluent
level resulting from the application of each of the treatment and control
technologies. The problems, limitations and reliability of each treatment
and control technology and the required 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 "best practicable control
technology currently available", "best available technology economically
achievable" and the 'best available demonstrated control technology,
processes; operating methods, or other alternatives". In 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 various types of control techniques process
changes, nonwater quality environmental impact (including energy require-
ments) 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 North Star files and
reports; a voluntary questionnaire issued through the American Meat
Institue (AMI), the National Independent Meat Packers Association
(NIMPA), and Western States Meat Packers Association (WSMPA); qualified
technical consultation; and on-site visits and interviews at several
exemplary meat packing plants and slaughterhouses in various areas of the
United States. All references used in developing the guidelines for
effluent limitations and standards of performance for new sources re-
ported herein are included in Section XIII 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 scraps and trimmings and from inedible materials, respectively.

Reportedly, there were 5991 meat slaughtering plants in these 48 con-
tiguous states and Hawaii om March 1, 1973.! Of these, 1364 were federally
inspected. The industry produced about 37 billion pounds of fresh,
canned, cured, smoked, and frozen meat products per year. Perhaps 85
percent of the plants in the industry are small plants, for which waste
load 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 wastewater 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 systems. It was estimated
in 1962 that 65 percent of the waste from small plants discharged to
municipal systems;2 the figure is undoubtedly higher today.

While the industry is spread over much of the country, the states of
Nebraska and Iowa led the nation in beef slaughter with nearly 4.7 -
million head each in 1972.1 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 by a wide margin, slaughtering nearly 21
million animals in 1971 for nearly 25 percent of the national produc-
tion. The second state, Illinoils, slaughtered about 6.3 million; the
rest of the first ten include, in order, Minnesota, Pennsylvania, Ohio,
Michigan, Indiana, Wisconsin, Virginia, and Tennessee.

Colorado, California, and Texas led in sheep and lambs, with about 1,8,
1.7, and 1.5 million head, respectively. New York led in calves with
0.64 million head, followed by New Jersey with 0.28, Pennsylvania with
0.25, 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 lists the 1971 and 1972 slaughter in terms of liveweight killed
(LWK). Beef, with nearly 63 percent, and hogs, with over 34 percent,
account for about 97 percent of the total slaughter.

Wastewaters from slaughtering of animals, and the processing of meat,
and the associated facilities and operation (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 solu-~
tions, and caustic or alkaline detergents.

Table 1. Commercial Slaughter in 48 States

Live Weight i

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, Current Summary, 1972.1
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[ I8
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 packing-
house, it may process a wide range and volume of products. For example,
it may process no more than its own carcasses; that is, only what it
kills, or even less. 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 it kills. Such a packinghouse is
termed "high processing'. Less complete plants would operate on appro-
priate 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 blcod 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 "complex" slaughterhouse. A slaughter-
house may also be extremely simple; the simplest kind, with no secondary
processing, is shown in Figure 2, 1If 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 operatjions, the product may go directly to the consumer. All
procedses 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 re-
covery of materials of value for by-product manufacture, such as animal
feed ingredients. The latter processes, indicated as secondary processes
in Figure 1, include those recovery steps such as screening and gravity
separation for proteinaceous solids and grease, and also serve to

reduce the plant waste load. Hence, processes often considered primary
waste treatment are actually part of the plant system, even 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 requirements. It is convenient to discuss them in
terms of the processes listed at the top of page 12.
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MANUFACTURING PROCESSES

Meat packing processes include:

1. Animal stockyards or pens

2. Slaughtering, which in turn, includes:
Killing
Blood processing
Viscera handling and offal washing
Hide processing

3. Cutting

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 ma-

terials recovery or primary separation step; this removes material that
would otherwise be lost to the sewer,

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 slaughter. 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. A small volume of
wastewater results from periodic washdown and from runoff; this enters the
sewer downstream of any materials recovery processes.

Slaughtering

The slaughtering of animals includes the killing (stunning, sticking-—-
cutting the jugular vein, 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
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

12
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becoming rare. Stunned cattle are suspended by their hind legs 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 like cattle. Some blood spills or splashes outside the collecting
area, especially as the carcasses are conveyed to 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 is 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 "up"; Z.e., from
the neck to the tail, after the head is removed. A newer puller pulls
dovnward, over the head. A traveling cage places the operator at the
proper level for skinning and attaching the puller. Very small plants
skin by hand. Some blood 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 sereens for recovery. In small
plants, dehairing is often a hand operation. 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 for 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,
soil, 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 like 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 meat
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.
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The carcasses, cut in half for beef and sheep, and left whole for hogs
and calves, are hung in a cooler where they stay at least 24 hours.
Materials recovered during clean-up, particularly by dry clean-up pro-
cedures, 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 from the blood
water and forwarded for further processing such as pharmaceutical. prep-
arations. The blood water or serum remaining after coagulation may be
evaporated for animal feed, or it may be sewered. 1In most cases, the
whole blood is sent directly to blood dryers and used for animal feed.

In small plants it is occasionally sewered.

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 liquor passing
through the screen is generally sewered. In dry handling, paunches are
dumped on a screen 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.

A newer practice 1s to send the entire contents to processing or to haul
- out for disposal elsewhere. The paunch is then washed thoroughly if it
is to be used for edible products. Hog stomach contents are normally
wet processed.

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

and washed and then sent to rendering. Often, the beef paunches and hog
stomachs and the intestines are washed and saved for edible products.

For example, it 1s 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 an inedible dryer. 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.
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Hide Processing.

Hides may be processed wet or dry. Wet processing involves hide demanur-
ing, 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 washed and hauled to other plants or to
tanneries for defleshing and curing; sometimes they are hauled without
even washing. 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 plante
both may be done by hand. Some effort is being made toward transferring
some of the tannery operations to the slaughtering plant; this allows
better 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, clean,
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 (sodium chloride) to

the wastewater.

Lutting
Although meat cutting may be considered part of the 'processing operation",
it is often carried out in a separate part of the building, or may be
carried out in plants that do no further processing. The latter is
particularly true in the case of beef plants. In the cutting area, the
carcasses are cut for direct marketing 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. There 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.

Meat Processing

The edible portion resulting from 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 generally sent to curing. Some loins may be deboned

and cured for such products as Canadian bacon. (Most loins are packaged
without curing for the retail market.) :
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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. Smoking 1s done in smokehouses at elevated
temperatures. Smoked flavors are also obtained by soaking in or injecting
a solution containing "liquid smoke'. Spills from cooking equipment,
excess cure solution spilled 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 into 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.

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
material, rich in protein, known as stick, which is added to animal feeds.

Dry rendering is carried out either in vessels that are open to atmo-
spheric 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 liberated
fat is then screened to remove 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 to provide sufficient retention time to
evaporate the water, or in multistage evaporators. Dry batch rendering
is the most widely used rendering process..
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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 the 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 grease and solids
recovery,

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

MATERIALS RECOVERY

The wastewater from the plant, excluding only the wastewater from the hold-
ing pens and, perhaps, paunch screening, usually runs through catch basins,
grease traps, or flotation units. The primary purpose of these systems is
usually the recovery of grease, which 1s sent to inedible rendering. The
very important function of removal of pollutants is also served. 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
adequate 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 can be considered primary treatment
because its main function is for pollution abatement rather than product
recovery.

The most common method of solids recovery employs a catch basin. Solids
settle to the bottom and are removed continously or periodically; grease
floats to the top and is scraped off, often continuously. For effective
recovery, these units usually have greater than a 20-minute detention
time and are designed to minimize turbulence.

The best grease recovery is accomplished by employing dissolved air flota-
tion 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 the
effluent, pressurized, and recycled, or is injected into the wastewater
before it enters the tank. The liquid is 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. 1In some cases, flotation
is added to other recovery systems for the primary purpose of pollution
abatement.
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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 that are recovered from these, as well as the solids
recovered from the catch basins are returned to the plant's rendering system.

PRODUCTION CLASSIFICATION

The U.S. Bureau of Census, Standard Industrial Classification Manual®
classifies the meat products industry under Standard Industrial Classifica-
tion (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 sold 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*

Beef, mitse

Blood meal

Canned meats, except baby foods, mitse

Cured meats, mitsc

Lamb, mitsc

Lard, mitse

Meat extracts, mitsc

Meat, mitse

Meat packing plants

Mutton, mitse

Pork, mitse

Sausages, mitsc

Slaughtering plants: except nonfood animals

Variety meats (fresh edible organs), mitse

Veal, mitse .

*mitse - 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 billion 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 he substained through 1980
for American producers.
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Factors that should contribute to growth can be distinguished from those -
that act to restrain this growth,

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 portion-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 the
availability of synthetic substitutes. Two factors in higher meat prices
may be the 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 achieve 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 lahbor, livestock, packaging materials, and
transportation--costs that have been passed on to consumers in the form
of higher retail prices. On June 26, 1972, the U.S. eliminated all
quantitative restrictions on meat imports to try to curb rising meat
prices and to help meet the increased demand for beef; this effort was
not completely successful, as indicated by the drastic price increases
during the rest of the year.

Finally, synthetic meat substitutes, such as protein derivatives from

soy beans, have been introduced into consumer markets. Although of minor
importance in 1973, these substitutes may reduce growth in meat
slaughtering and meat processing by 1980 if meat prices remain high and
widespread consumer acceptance of the substitutes is achieved.
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SECTION 1V

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:

Wastewater characteristics and treatability
Final products ‘

Primary manufacturing processes

Secondary manufacturing processes

Raw materials

Size, age, and location of production facilities.

After considering all of these factors, it was concluded that the meat

packing industry consists of two major groups: slaughterhouses and
packinghouses.

A slaughterhouse is a plant that slaughters animals and has
as its main product fresh meat, usually carcasses broken
down no smaller than quarters.

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, giving a
total of four subcategories:

I.

II.

Simple Slaughterhouse--is defined as a slaughterhouse that
does a very limited amount of processing of by-products
(i.e.,secondary processing). Usually, no more than two
secondary processes, such as rendering, paunch and viscera
handling, blood processing, or hide or hair processing are
carried out. '

Complex Slaughterhouse-~is defined as a slaughterhouse that
does extensive processing of by-products (Z.e.,secondary
processing). It usually carries out at least three of the
secondary processes listed above.

21



III. Low-Processing Packinghouse--is defined as a packinghouse
that normally processes less than the total animals killed
at the site, but may process up to the total killed,

IV. High~-Processing Packinghouse--is defined as a packinghouse
that processes both the total kill at the site and additional
carcasses from outside sources,

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 little 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, (pro-
cessing less than the plant kills), 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.

RATIONALE FOR CATEGORIZATION

Yastewater Characteristics and Treatability

Industrial practices within the meat packing industry are diverse and
produce variable waste loads. It is possible to develop a rational
division of the industry, however, on the basis of factors which
group plants with similar raw waste-characteristics. The wastewater
characteristic used in categorizing the industry is five-day bio-
chemical oxygen demand (BODg) in units per 1000 units live weight
killed: kg BOD5/1000 kg LWK (1b BOD5/1000 LWK)., BODg provides the
best measure of plant operation and treatment effectiveness among

the parameters measured, and more data are available than for all
other parameters except suspended solids. Suspended solids data
serve to substantiate the conclusions developed from BODs in categor-
izing the industry.

The major plant waste load is organic and biodegradable: BODg, which

is a measure of biodegradability, is the best measure of the load
entering the waste stream from the plant. Furthermore, because second-
ary waste treatment is a biological process, BOD, also provides a use-
ful 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 bilodegradationm,
and thus does not indicate the demand on a biological treatment process
or on a stream,
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As developed in more detail in Section V, specific differences exist
in the BODg load 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. 1In each case, data were insufficient to just~
ify categorizing on the basis of the specified parameters; on the

other hand, the data on these parameters helped to verify judgments
based upon BODg.

Judging from secondary waste treatment effectiveness and final
effluent limits, wastewaters from all plants contain the same consti-
tuents 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 to some degree.
Climate has occasionally influenced the kind of secondary waste treat-
ment 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, packinghouses divide into two subcat-
egories, depending on the amount of final product that they produce.

Low-Processing Packinghouse--has a ratio of weight of pro-
cessed products to live weight killed less than 0.4. This
numerical designation actually approximates the ratio of
weight of processed products to live weight, when the entire
carcass 1s processed (Z.e., forty percent of the weight of

a live animal ultimately is processed into final products).
'In practice, these plants have an average ratio not of 0.4,
but about 0.14., This low ratio indicates that low process-

~ ing plants process only about a third of their kill,
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High-Processing Packinghouse--has a ratio of weight of pro-
cessed 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 type of
plants the average ratio is about 0.65~-~high processing
plants process about one-third more carcasses than are

killed at the site,

The inedible by-products of a meat packing plant (Z.e., tallow, dried
blood, tankage, dried solids) also affect categorization. However,
the methods of by-product manufacture vary greatly, and the effect

of recovered by-products upon categorization is discussed in "Second-
ary Manufacturing Processes'.

Primary Manufacturing Processes

The primary manufacturing processes include the storage and slaught-
ering of animals and the dressing (evisceration), cutting, and pro-
cessing 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 categories. Unfortunately, there are a number of secondary
manufacturing processes that can be used within each by-product area.
Furthermore, there is no typical or usual combination of secondary
manufacturing processes in the industry. Therefore, some other means
of grouping plants by secondary manufacturing processes is required.

Computer analysis, literature, and experience suggested that empirical
weighting factors (relative contributions to waste loads) assigned to
each secondary processing technique would permit a further analysis of
the slaughterhouse subcategory wherein the types and amounts of second-
ary processes prove critical.
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Therefore, waste loads in terms of kg BODg/1000 kg LWK (1b BOD5/1000
1b LWK) were estimated for each secondary process that contributes
materially to the raw waste load, Estimates were made from discus-
sions with consultants, data obtained in this study, and from the
experience of the investigators. As summarized in the subcategory,
definitions and waste characteristiecs section above, the waste load
factors are most important relative to each other rather than as ab-
solute waste load values., The factors applied to the secondary
processes were:

Process Factor

Paunch handling:
- wet dumping 1.0

Blood processing:

- Steam coagulated and screened,
with blood water sewered 1.

- Whole blood dried 0

Rendering (edible or inedible)
- Wet and low temperature,

sewering water 2.0
Dry 0.5
Hide Processing
- Defleshing, washing, curing 1.5
Hair processing
- Hydrolyzing 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
slaughterhouse sample into two distinct clusters, one group of
slaughterhouses with totals below 4.0 and the other above‘A.O

The plants with totals below 4.0 were relatively simple; z.e., they

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

higher waste loads.
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The waste load factors serve an additional purpose. Occasionally,

a slaughterhouse in one of the subcategories carries out an unusually
high amount of secondary processing. An example is a complex slaughter-
house that processes hides from several other plants. Its raw waste
load is unusually 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 1b BOD per hide processed)
is taken into account for the extra hides processed, the waste load for
the plant leads to loglcal assignment of this plant to its proper
subcategory.

Raw Materials

Raw materials characteristics help to substantiate the above categor-
ization. The raw materials include live animals (cattle, hogs, sheep,
lambs, and calves), water, chemicals, and fuel. Although 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 variations are accounted

for by normalizing (dividing) waste parameter values by the daily
live weight killed; this gives a waste load per unit of raw material
independent of the kind of animal. The effects on waste load of
differences in the plant processes that are dependent on the kind of
animal are not significant.

A definite relationship was found between raw waste load and water
use, both in individual plants and in the four subcategories. Var-
iations 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.

Chemicals used in packing plants (Z.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 or fuel oil. They have no effect on
categorization.

Size, Age, and Locatidn

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. Other factors perhaps related
to plant size, such as degree of by-product recovery, are discussed
elsewhere.
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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 uscfulness,
The red meat industry 1s 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 old is not par-
ticularly meaningful in terms of interpreting in-plant practices. 1In
addition, no consistent pattern between plant age and raw waste
characteristics was found.

Examination of the raw waste characteristics relative to plant loca-
tion reveals no apparent relationship or pattern. The effect of manure
and mud-coated animals processed in the winter by northern plants

is not as significant as other factors. The type of animal handled,
vhich is sometimes influenced by location, does not seem to affect

the waste load either.
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SECTION V

WATER USE AND WASTE CHARACTERIZATIONW
WASTEWATER 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
wastewater originates are:

] Animal holding pens
° Slaughtering

] Cutting

o Meat processing

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

) Clean-up

Wastewaters from slaughterhouses and packinghouses contain organie
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, condenser 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 (primary waste treatment).

The parameters used to characterize the raw effluent were the flow,

. BODg, 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 values of waste
parameters are expressed as kg/1000 kg LWK, which has the same numerical
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value when expressed in 1b/1000 1b LWK. In some cases, treated effluents
are so dilute that concentration becomes limiting. In these cases,
concentration is mg/l. Kill and amount of processed meat products are
expressed in thousands of kg.

The data used to compute the values presented in Tables 2 through 5

were obtained through questionnaires distributed to their members by

the three major trade associations--—the American Meat Institute, the
National Independent Meat Packers Association, and the Western States
Meat Packers Association; through data provided directly by the
companies; and through data obtained from state pollution control agencies
and the Environmental Protection Agency. Some information on the kill
and amount of processed products was obtained from the U.S. Department
of Agriculture. Sufficient information was collected on 85 identifiable
plants to allow the plants to be categorized and the data to be included
in characterization of the raw waste. The information found in the

open literature was not detailed enough to be included.

A summary of data including averages, standard deviations, ranges, and
number of observations (plants) is presented in the following sections
for each of the four subcategories of the industry. The four sub-
categories are:

1) Simple Slaughterhouse
2) Complex Slaughterhouse
3) Low-processing Packinghouse
4) High-processing Packinghouse

A detailed description of the subcategories was presented in Chapter IV.

Slaughterhouses

A typical flow diagram illustrating the sources of wastewaters 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 wastewaters 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
wastewater, some have little or no cutting, and others may have a
separate sewer for sanitary waste.
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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 waste-
loads 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 kg/1000 kg LWK (same value in 1b/1000 1lb LWK).
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 43,130 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.

Complex Slaughterhouses

Table 3 summarizes the plant and raw waste characteristics for complex
slaughterhouses. Nineteen of the 85 plants analyzed were complex slaugher-
houses (11 were beef; 6, hogs; and 2, mixed). Defining a large plant

as one with a LWK of greater than 344,132 kg (758,000 1b), and a med-

ium 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 wastewaters 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., less than 0.4 for a low- and greater than 0.4 for a high-processing
plant. As a result, the wasteload contribution from processing is less
for a low-processing packinghouse. A comparison of Figures 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. 1In
some gases, unfinished products may be shipped from one plant to another
for processing, resulting in more products produced at a plant than

live weight killed.
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Table 2. Summary of Plant and Raw Waste Characteristics for Simple Slaughterhouses
Kjeldahl Total
Suspended Nitrogen Chlorides Phosphorus
Flow Kill BOD5 Solids Grease as N as Cl 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 1000 kg/day LWK LWK LWK LWK LWK LWK
(Number of Plants) (24} (24) (24) (22) (12) (5) (3 (5)
Average 5,328 220 6.0 5.6 2.1 0.68 2.6 0.05
Standard Deviation 3,644 135 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- 0.01- 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 Phesphorus
Flow Kill BOD5 Solids Grease as N as Cl as P
1/1000 kg kg/1000 kg | kg/1000 kg | kg/1000 kg | kg/1000 kg | kg/1000 kg | ke/1000 kg
Base LWK 1000 kg/day LWK LW LWK © LWK -LWK LWK
(Number of Plants) (19) (19) 19) (16) (11) (12) (6) (5)
Average 7,379 595 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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Low~Processing Packinghouses

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 pro-
ducts to kill in these 23 plants is 0.14, with a standard deviation of
0.09. The low-processing packinghouses included in the analyses have a
ratio of processed products to LWK well below the value of 0.4 used to
distinquish between low- and high-processing plants. Using the above
definitions of plant size, the kill data shows that all the packinghouses
in the sample are medium or large in size.

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
variation 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.

Discussion of Raw Wastes

The data in Tables 2 through 5 cover a wastewater flow range of 1334
to 20,261 1/1000 kg LWK (160 to 2427 gal/1000 1b LWK); a wasteload
range of 1.5 to 30.5 kg BODg/1000 kg LWK (1.5 to 30.5 1b/1000 1b LWK);
and a kill range of 18.5 to 1498 thousand kg LWK/day (40 to 3300
thousand 1lb/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 complekx plant. This was expected
because, by the method of categorization of slaughterhouses, complex
slaugherhouses conducted more secondary (by-product) processes. In
addition, the daily LWK for a complex slaughterhouse is notably larger,
about 2.7 times based on averages.

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 wastewater 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.
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Table 4.

Summary of Plant and Raw Waste Characteristics
for Low-RProcessing Packinghouses

Kjeldahl Total
Suspended Nitrogen Chlorides Phosphorus | Processed Rati
Flow Ki11 BODsg Solids Grease as ¥ as Cl as P Products tio of
. Processed
171000 kg kg/1000 kg | kg/1000 kg | kg/1002 kg | kg/1900 kg | kg/1000 kg | kg/1000 kg Products
Base LWK 1000 kg/day LUK LWK LWK LYK LWK LWK 1000 kg/fday | to Kill
(Junmber of Plants) (23) (23) (21) {22) (15) (6) (5 (4) (23) (23)
Average 7,842 435 8.1 5.9 3.n 0.53 3.6 0.13 54 0.14
Standard Deviation 4,019 309 4.6 4.0 2.1 0.44 2.7 0.16 52 0.09
Range, low-high 2,018~ 89~- 2.3~ 0.6~ 0.8~ 0.04~ 0.5~ 0.03- 3.0- 0.016~
17,900 1,394 18.4 13.9 7.7 1.2 4.9 0.43 244, 0.362
W
[+,
Tqable 5. Summary of Plant and Raw Waste Characteristics
' for High~Processirg Packinghouses
Kjeldahl Total
) Suspended Nitrogen Chlorides Phosphorus | Processed
Flow K111 BODg Solids Grease as as Cl as P Products Ratic of
Processed
1/1000 kg kg/1000 kg | kg/1000 kg | kg/1000 kg | kg/1000 kg { kg/1000 kg | kg/1000 kg Products
Bage LWK 1000 kg/day LWK LWK LWK LWK LUK LWK 1000 kg/day to Kill
(lumber of Plants) (19) (19) (19) (14) (10) (3) 7) (3) (19) (19
Average 12,514 350 16.1 10.5 9.0 1.3 15.6° 0.38 191 0.65
Standard Deviation 4,894 356 6.1 6.3 8.3 0.92 11.3 0.22 166 0.39
Range of low=high 5,444~ 8.8- 6.2~ 1.7~ 2,.8- 0.65=- 0.8~ 9.2~ 4.5- 0.4~
20,261 1,233, 30.5 22.5 27.0 2,7 36.7 0.63 631. 2.14
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Excess water use removes body fluids and tissues from products and
conveys them into the wastewater, The effect of wastewater flow on
wasteload 1s discussed in more detaill later in this Section.

DALT
4

In all four subcategories, a correlation analysis of the data revealed
that the raw BODs5 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 wasteload as measured by BODg for
each category was assessed by a regression analysis. The results

showed that larger plants tend to have slightly higher pollutional
wasteloads. This trend is not caused by differences in processing.
Rather, it results from some of the plants operating at ever increasing
throughput, often beyond the LWK for which the plant was designed.

Under these circumstances, housekeeping and water management practices
tend to become careless. Often waste management personnel do not have

- the authority to enforce or change plant practices. Line speed-up
overloads fixed operations such as inedible rendering and blood handling.

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 BODs5 wasteload for their
subcategory, suggesting that small plants can meet effluent limits of
larger plants. The only other information available on small plants is
that of Macon and Cote.® Accurate waste data were obtained on ten
small packinghouses in 1961. 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 BODs5 wasteloads

between 2.7 and 8.3 kg/1000 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 load from small packinghouses
not sewering blood are slightly less than those from larger packing-
houses. 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.
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Data in Tables 2 through 5 shows 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 practices. 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 wastewaters. This explains the unusually high chloride
values for high-processing packinghouses, 7.e., four to six times the
values for the other subcategories, where relatively large amounts

of products are cured.

Very little useful information on other waste parameters such as Kjeldahl
nitrogen, nitrites, nitrates, ammonia, and total dissolved solids were
reported by the 85 plants whose data were summarized by subcategory in
this chapter. However, some information on these parameters was obtained
from other sources’ and from field verification studies conducted

during this program. Typical ranges are given below for these waste
parameters. It should be noted that the values for dissolved solids

in the wastewater are also affected by the dissolved solids content of
the plant water supply.

Nitrates and Nitrites as #, mg/1 0.01 - 0.85
Kjeldahl nitrogen, mg/1 50 - 300
Ammonia as N, mg/l 7 - 50
Total dissolved solids, mg/l 500 - 25,000

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 wastewater
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 waste-
waters, and hide-processing wastewaters. Pen washing normally pass
through a manure trap and then are mixed with the other wastewaters
before entering further treatment for discharge to a watercourse or a
municipal sewer. Only non-contaminated water, such as cooling water,
completely by-passes treatment: they usually discharge directly to a
stream. In plants in which barometric condensers are used, the water
can become contaminated. Most of this water is sent to further treat-
ment.

The second most frequently used wastewater arrangement is shown

schematically in Figure 8. In this flow arrangement, several low grease-
bearing streams by-pass the screen and catch basin. This permits an
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increase in the detention time of the grease-bearing stream in a grease
recovery system because the system can now handle a lower wastewater
flow. Low—-grease-bearing wastewaters 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 recycled 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 solid recovery but it also may increase the moisture
content of the skimmings to 85 to 95 percent, making the handling of
skimnings 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
alimost always rendered while those 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 unaccept-
able 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 to 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 carcass is opened,
are connected to the high grease-bearing streams; hide processing
wastewater 1s directed to the manure-bearing streams. Segregation
into the three 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 tlie
segregated stream contents is given by Johnson.®

Although there are a number of operations where wastewater 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 minor exception is reuse of lagoon water as cooling water.
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WATER USE - WASTELOAD RELATIONSHIPS

Increased 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 BOD; wasteload to
kill and flow revealed that a variation of one standard deviation would
change the predicted BODy for a simple slaughterhouse by 1.0 kg/1000
kg LWK (1.0 1b/1000 1b LWK); it would change the predicted load for a
complex slaughterhouse by 2.8 kg/1000 LYK (2.8 1b/1000 1b LWK). Another
regression analysis between BODs and flow on a LWK bases showed that
one standard deviation in flow changed the predicted BODg by 5.6 and
5.3 kg/1000 kg LWK (5.6 and 5.3 1b/1000 1b 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 example, the figures show that
a 20 percent reduction in water use would, on the average, result in a
EODg reduction of 3.5 kg/1000 kg LWK (3.5 1b/1000 1b LWK).

Further cvidence 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,

Low water use, and consequently low pollutional wasteload, requires
good water management practices. For example, two simple slaughter-
houses practice very good water use practices. The plants both had
wasteloads of about 2 kg/1000 kg LWK (2 1b/1000 1b LWK); their waste-
water flows ranged from 1333 to 2415 1/1000 kg LWK (166 to 290 gal/1000
1b LWK). One plant was an old beef slaughterhouse; the other, a new
hog slaughterhouse. This outstanding performance was achieved in a
subcategory for which the flows ranged to 21,000 1/1000 kg LWK

( 1750 gal/1000 1b LWK), and for which the BODg loading ranged to

over 14 kg/1000 kg LWK (14 1b/1000 1b LWK).
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SOURCES OF WASTEWATER
Animal Pens

Although pen wastes only contain an estimated 0.25 kg of BOD5/1000 kg
LWK,? the wastes are high in nutrients.l0 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.

Another wastewater source in the pens is the watering troughs. Each
trough may discharge 8 1/min (2.1 gal/min) or more. With perhaps

50 or more pens in a large plant, the water source becomes significant.
The total waste from the pens, however, is a minor contributer to

the waste load.

Slaughtering

The slaughtering operation is the largest source of wasteload in a

meat packing plant, and blood is the major contributor. Blood is

rich in BODs, chlorides and nitrogen. It has an ultimate BODg of
405,000 mg/1 and a BODg between 150,000 to 200,000 mg/1.!}

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 probably lost, and this
represents a wasteload of 2.25 to 3.0 kg BOD5/1000 kg LWK (2.25 to

3 1b/1000 1b LWK). Total loss of the blood represents a potential

BODs wasteload of 7.5 to 15 kg/1000 kg LWK (7.5 to 15 1b/1000 1b LWK).
Because very few meat plants practice blood control outside of the
bleeding area, the typical BODs load from blood losses in the slaughter-
ing operation is estimated to be 3 kg/1000 kg LWK. In beef plants, much
of this loss probably occurs during hide removal, and particularly

from the use of the automatic "down" hide puller.

Beef paunch or rumen contents is another major source of waste load.
Paunch manure, which contains partially digested feed material, has a
BOD5 of 50, 000 mg/1.12 At an average paunch weight of 50 pounds

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 out of the plant for land disposal, paunch handling
does not contribute to the wasteload. Cooking of the rumen or paunch

in a hot alkaline solution (tripe processing) will also add to the waste-
load, particularly to the grease load. The strong alkalinity of these
wastewaters may also make grease recovery more difficult,
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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/1000 1b LWK) at a BOD5 concentration of about 3000 mg/l. This
could represent a BOD5 loss of about 0.25 kg/1000 kg LWK. Continuous
overflow of water from the dehairing machine 1s estimated to contribute
a maximum BODg5 load of 0.4 kg/1000 kg LWK.

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

The offal operations such as chitterling washing and casing saving

can contribute substantially to the pollution load. If the slime
waste from the casing saving is not sewered, its pollutional wasteload
would be greatly reduced.

The highest source of water use in slaughtering is from the washing of
carcasses; an extreme example was 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.

ifeat 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 lost to the sewer. This source of chlorides, plus others such as

from hide curing and the use of salt on the floors to reduce slipperiness,
explains why some packinghouse wastes have high chlorides. A content

of 1000 mg/l of chlorides is not uncommon in the effluent from a
packinghouse. Another constituent of the cure is dextrose; it has a BODs
equivalent of 2/3 kg/kg (1b/1b). Consequently, packinghouses with a
sizeable curing facility will have high BODg waste unless the wastes

from curing are segregated or recycled. In one plant over 2000 pounds

of dextrose was lost daily.!3 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 clean-~

up operations and for product washing, and cooling, and cooking.
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Secondary Manufacturing 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 paunch and viscera handling, hide processing, hair recovery and
processing, and edible and inedible rendering. Those viscera and offal
operations that occur on the slaughtering floor, such as paunch handling
and tripe processing, were considered under slaughtering.

The hashing and washing of viscera, often performed prior to renderin§,
produces a strong waste load with a BOD5 value of about 70,000 mg/1.!
The waste conservation trend in the past few years has been toward not
hashing and washing prior to rendering, but sending the uncleaned vis-—
cera directly to rendering., In one plant, removal of the hasher and
washer reduced the BODs to the waste treatment plant by 910 kg (2000

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 by-product has been reduced in recent
years. Very few plants hydrolyze hog hair, but rather wash and bale
for sale or disposes of it directly to land fill. The waste load from
the recovery and washing of the hair is estimated to contribute less
than 0.7 kg/1000 kg LWK.

Hide curing operations are becoming increasingly involved at meat
packing plants. Just a few years ago many plants were shipping hides
green 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 defleshed. These washings, which
are sewered, contain blood, dirt, manure, and flesh. In most defleshing
operations the bulk of the tissue is recovered. In addition to these
wastes, soaking the hide in the brine results in a net overflow of
approximtely 7.7 liters (2 gallons) of brine solution per hide, 1In a
few plants the brine in the raceway is dumped weekly, whereas in others
it is dumped yearly or whenever the solids build up to a point where
they interfere with the hide curing operation. The 1ife 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 operation, where the hide curing wastes are not frequently

dumped, is about 1.5 kg/1000 kg LWK for BODs and about 4 kg/1000 kg LWK
for salt.
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Blood processing may be either wet or dry. Continuous dryers, which

are quite 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 BODs/1000 kg LWK). Continuous ring dryers are
sometimes used: they produce a relatively small amount of blood water
that, in some small plants, is discharged to the sewer. The old
technique of steam sparging the blood to coagulate it is still frequently
used. The coagulated blood is separated from the blood water by
screening. The blood water has a BODg of about 30,000 mg/1.1! It is often
sewered, contributing a waste load of about 1.3 kg/1000 kg LWK. This
loss 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 BODg
value of 25,000 to 45,000 mg/l, and the water centrifuged from low
temperature rendering can have a BOD5 of 30,000 to 40,000 mg/l. It

is estimated that sewering of either of the waste streams produces a
waste load of 2 kg BODS/1000 kg LWK. These waste loads can be eliminated
by evaporation or combining with other materials used 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 discharge to the sewer or,
sometimes directly to a stream. TFrom dry rendering the pollution comes
from the condensing vapors, from spillage, and from clean-up operatioms.
A recent study10 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/l of BODs and 27 mg/l grease. The estimated
wasteload from dry rendering is 0.5 kg/1000 kg LWK.

Cutting

The main pollutants from cutting operations are meat aud fat scraps

from trimming, and bone dust from sawing operations. Most of these
pollutants enter the waste stream during clean-up operations. These
wastes can be reduced by removing the majority of them by dry clean-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 phosphorus 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.
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Macon® found that clean-up contributes between 0.3 and 3 kg BOD5/1000
kg LWK in small packinghouses. Data collected by the Iowa Department
of Environmental Quality showed that anywhere from 27 to 56 percent of
the total BOD5 waste load 1is contained in the clean-up wastewaters.
The clean-up operation thus is a major contributor to the waste load.
It also leads to a significant loss of recoverable by-products.
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 in a plant and the total pollutional waste load. For
example, dry cleaning of floors prior to wash down to remove scraps

and dry squeegeeing 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 decreases 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 wastewaters from meat packing
plants,3:15 industry data, questionnalre data, published reports}

and data obtained from sampling plant wastewaters during this study, the
following chemical, physical, and bilological constituents constitute
pollutants as defined in the Act.

BOD5 (5 day, 20°C biochemical oxygen demand)
COD (chemical oxygen demand)

Suspended solids

Dissolved solids

Grease

Ammonia nitrogen

Kjeldahl nitrogen

Nitrates and nitrites

Phosphorus

Chloride

On the basis of all evidence reviewed, there do not exist any purely
hazardous or toxic pollutants (such as heavy metals or pesticides) in
the waste discharged from the meat processing plants.

RATIONALE FOR SELECTION OF IDENTIFIED PARAMETERS

5-Day Biochemical Oxygen Demand (BODS)

This parameter is an important measure of the oxygen consumed by micro-
organisms in the aerobic decomposition of the wastes at 20°C over a
five~-day period. More simply, it is an indirect measure of the bio-
degradability of the organic pollutants in the waste. BODgs can be related
to the depletion of oxygen in a receiving stream or to the requirements
for waste treatment. Values of BODg range from 300 to 3800 mg/l in

the raw waste, although typical values range from 900 to 1500 me/l.

If the BOD5 level of the final effluent of a meat packing plant into a
receiving body is too high, it will reduce the dissolved oxyeen level

in that stream to below a level that will sustain most fish life; Z.e.,
below about 4 mg/l. Many states currently restrict the BODg of effluents
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to below 20 mg/l if the stream is small in comparison with the flow of
the effluent. A limitation of 200 to 300 mg/l of BODg is often applied
for discharge to municipal sewer, and surcharge rates often apply 1if
the BOD¢ is above the designated limit.

A 20-day biochemical oxygen demand (BOD2 ), sometimes called "ultimate
BOD, is usually a better measure of the waste load than BODg. However,
the test for BOD,, requires 20 days to run. so it is an impractical
measure for most purposes,

Chemical Oxygen Demand (COD)

COD is yet another measure of oxygen demand. It measures the amount of
organic and some inorganic pollutants under a carefully controlled direct
chemical oxidation by a dichromate-sulfuric acid reagent. COD is a much
more rapid measure of oxygen demand than BODg, and is potentially very
useful. However, it does not have the same significance, and at the
present time cannot be substituted for BODg because COD:BODg ratios vary
with the types of wastes.

COD provides a rapid determination of the waste strength. Its measure-
nment will indicate a serious plant or treatment malfunction long before.
the BODg can be run. A given plant or waste treatment system usually

has a relatively narrow range of COD:BODg5 ratios, if the waste character-
istics are fairly constant, so experience permits a judgment to be made
concerning plant operation from COD values, In the industry, COD

ranges from about 1.5 to 5 times the BODg; 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 to very

low levels.

Suspended Solids

This parameter measures the suspended material that can be removed from
the wastewaters by laboratory filtration, but does not include coarse
or floating matter than can be screened or settled out readily. Sus-
pended solids are a visual and easily determined measure of pollution
and also a measure of the material that may settle in tranquil or slow-
moving streams. Suspended solids in the waste from meat packing plants
correlate quite well with BODs. A high level of suspended solids is

an indication of high BODs. Generally, suspended solids range from
one-third to three-fourths of the BOD. values in the raw waste. Sus-
pended solids are also a measure of the effectiveness of solid removal
systems such as clarifiers and fine screens.
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Dissolved Solids

The dissolved solids in the wastewater 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
the amount of sodium chloride entering the waste stream. Frequently
dissolved solids in the final effluent amount to about 500 mg/l;
however, values of 1500 or more are not uncommon., The dissolved
solids are particularly important in that they are relatively
unaffected by biological treatment processes. Therefore, unless re-
moved, they will accumulate on recycle or veuse of water within a
plant. Further, the dissolved solids at discharge concentrations may
be harmful to vegetation and preclude various irrigation processes.

Lrease

Grease, 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 in sewage treatment plants, and can also become a
fire hazard. The loading of grease in the raw waste load varies widely,
from 0.25 to 27 kg/1000 kg LWK (0.25 to 27 1b/1000 1b LWK). This would
correspond to an average concentration of about 650 mg/l. Effluent
limitations of grease into receiving waters may be as low as 10 mg/l

and into sewer systems, typically 100 mg/l. Grease may be harmful to
municipal treatment facilities and to trickling filters.

Ammonia Nitrogen

Ammonia nitrogen in raw waste is just one of many forms of nitrogen in
a waste stream. Anaerobic decomposition of protein, which contains
organic nitrogen, leads to the formation of ammonia. Thus, anaerobic
lagoons or digesters produce high levels of ammonia. Also, septic
(anaerobic) conditions within the plant in traps, basins, etc., may
lead to ammonia in the wastewater. Another source of ammonia can be
leakage in ammonia refrigeration systems; such systems are still fairly
common in meat packing plants.

Ammonia is oxidized by bacteria in a process called "nitrification" to
nitrites. and nitrates. This may occur in an aerobic treatment process

and in a stream. Thus, ammonia will deplete the oxygen supply in a
stream; its oxidation products are recognized nutrients for aquatic growth
and for some toxic qualities (see below). Also, free ammonia in a stream
is known to be harmful to fish.
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A typical concentration in the raw waste load is about 10 to 40 mg/l;
however, after treatment in an anaerobic secondary system, the con-
centrations of ammonia can reach as high as 100 to 200 wg/l. Ammonia
is limited in drinking water to 0.05 to 0.1 mg/l.! In some cases a
stream standard is less than 2 mg/l.

Kjeldahl Nitrogen

This parameter measures the amount of ammonia and organic nitrogen; when
used in conjunction with the ammonia nitrogen, the organic nitrogen can

be determined by the difference. Under septic counditions, crganic nitrogen
decomposes to form ammonia. Kjeldahl nitrogen is a good indicator of

the crude protein in the effluent and, hence, of the value of material
being lost in the wastewater. The protein content is usually taken as
6.25 times the organic nitrogen. The sources of Kjeldahl nitrogen are
basically the same as for ammonia nitrogen, above, except for the re-
frigeration system. The raw waste loading of Kjeldahl nitrogen is
extremely variable and highly affected by blood losses. Typical loadings
range from 0.04 to 6.76 kg/1000 1b LWK (0.04 to 6.76 1b/1000 1b LWK),

and concentrations range from about 4 to 750 mg/l. Typical raw waste
concentrations of Kjeldahl nitrogen are between 50 and 100 mg/l, Kjeldahl
nitrogen has not been a common parameter for regulation and is a much

more useful parameter for raw waste than for final effluent.

Nitrates and Nitrites

Nitrates and nitrites, normally reported as N, are the result of oxida-
tion of ammonia and of organic nitrogen. They may also enter the waste
stream from use in the plant as preservatives. Nitrates are important

in the water supply used for human or livestock consumption, because high

nitrate concentrations can lead to toxicity (methmoglobinemia or "blue

babies",nitrate poisoning and death in young cattle). From investigation
of this toxicity, nitrates as N should not exceed 20 mg/l in water
supplies,1 although the U.S. Public Health Service recommends a limit

of 10 mg/l. 16  Nitrates are essential nutrients for algae and other
aquatic plant life.

Phosphorus

Phosphorus, commonly reported as P, is a nutrient for aquatic plant life
and can therefore cause eutrophication in water courses., The threshold
concentration of phosphorus in receiving bodies that can lead to
eutrophication is about 0.01 mg/l. The primary source of phosphorus

in raw waste from meat packing plants are bones an